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Preface

The imporfance of Microprocessor and Microcontroller System is well known
in various engineering fields. Overwhelming response to our books on various subjects
inspired uws to write this bock. The beook is structured to cover the key aspects of the
subject Microprocessor and Microcontroller System,

The book uses plain, lucid language to explain fundamentals of this subject. The book
provides logical method of explaining various complicoted concepls and stepwise methods
to explain the important topics. Each chapter is well supported with necessary illustrations,
practical examples ond solved problems. All the chapters il the book are arranged in o
proper sequence that permits each topic to build upon earlier studies. All care hos been
token to moke students comfortable in understanding the basic concepts of the subjec.

The book not only covers the entire scope of the subject but explains the philosophy of
the subject. This makes the understanding of this subject more clear and maokes it more
interesting. The book will be very useful not only to the students but also to the subject
teachers. The students hove to omit nothing and possibly have to cover nothing more.

We wish to express our profound thanks to all those who helped in making this book o
reality. Much needed moral support and encourogement is provided on numerous
occosions by our whole fomilies, We wish to thank the Publisher and the entire teom of
Technical Publications who have token immense pain to get this book in fime with quality
prinfimg.

Any suggestion for the improvement of the book will be ocknowledged and well
appreciated.

A P. Godse
D. A Godse
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Introduction to Microprocessor
and Microcomputer Systems

1.1 Introduction to Microprocessor

This chapter, the first of this text, is written primarily to introduce to the student the
microprocessor based system and the role of microprocessor in it. It also explains various
components required to build a microprocessor system and the working of generalized
microprocessor unit.

What is a Microprocessor Based System? Don't worry, we shall get fair idea about this
on completion of this chapter.

Interprets the meaning of the
imstruciion and acts according to the
imstruction and get the work done with
the help of hs subardinates

Gives siep by step
procedurs 1o solve
the probsem or to

implement the task

Managing

Slep by slep
procedures or

instructions

Request for raw
nput matenial

Raw kncoming
matesial Leni J Hawmalerial{

Manager & his
siubordinales
hanidlis

Fig. 1.1 Working of small organization

(1-1)
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As a part of introduction to the microprocessor based system, [ would like to share
philosophy behind this microprocessor based systems. Let us consider a small
organization. It consists of managing body, manager and his subordinates, incoming unit
and dispatch umit. (To maintain the simplicity and just to explain analogy I have
considered small organization as shown in the Fig. 1.1) (See Fig. 1.1 on previous page).

As shown in the Fig. 1.1, managing body gives step by step procedure to solve the
problem or to implement the task. Manager interprets the step by step procedures and
instructions given by the managing body and executes those with the help of his
subordinates. The manager and his subordinates who belong to processing unit can request
for raw material to stores. If raw material is not available in stores, processing unit can
request for raw material to incoming unit. After processing the raw material, processing
unit can either dispatch product or keep it in stores.

Looking at this environment somebody came up with ideas.
* (Can we design such an organization without any involvement human beings ?

s Can we replace human being with some electronic devices which can mimic the
operations executed by human beings 7.

In this way the idea of microprocessor based system was born and design process was
started. Over the period of design process, designers first came up with an integrated
circuit which has an ability to mimic the processes executed by the processing unit. They
replaced raw material by data and instructions by code with 1s and 0s. The integrated
circuit accepts data as an input and process it according to instruction code to generate an
information. As an example, we can say, marks of students in various subjects is a data
and result prepared on the basis of these marks is an information.

To get the data as an input and to give information to the users, the designer team
came up with the input and output devices which is an another integrated circuit.
Therefore, with the use of input device processing unit can get the input and after
processing the input, processor will give the information to the user with the help of
output device. The integrated circuit was also designed which has an ability to store the
data, instruction code and information. The processing unit reads instruction code from
this circuit and act accordingly. Some meaningful name was given to each integrated
circuit as given below.

For Processing Unit Integrated Circuit :

As it is a heart of organization and has an ability to process input as per the
instructions of managing body, it was named 'Central Processing Unit' (CPU) or simply
"Processor’.
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For Incoming Unit Integrated Circuit :

As it gives input data to the processor it was named Input device.
For Dispatch Unit Integrated Circuit :

As it gives information to the user, it was named Output device,
For Storage Unit Integrated Circuit :

As it stores data instruction code and informabion, it was called Memory.

The system with central processing unit, input device, output device and memory can
be visualized as shown in the Fig. 1.2. The system designed here is very small in physical
size as compared to the organization with a human being. The processor is an integrated
circuit in a very small size and hence more appropriate name for it was suggested as a
‘Microprocessor’. The system as a whole was then referred to as ‘Microprocessor Based
System.'

Informati Informati
&D nput |23 ] | Infermation , | output rmation

Data, Instruction code
informaticon

Memory

|
Fig. 1.2 Simple microprocessor based system

1.1.1 Simple Model of Microprocessor

In the last section we have seen the basic blocks of the microprocessor based system.
Let us discuss each block with some details. This section explains the working of
microprocessor block with help of simple model.

Simple model is a sequential digital circuit as shown in the Fig. 1.3. It consists of 4 bit
up-counter, decoders, registers, switch control circuit, control unit and arithmetic logic unit
(ALUY.
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Fig. 1.3 Sequential digital circuit

1.1.1.1 Counter

It is a 4 bit up-counter. It counts from 0 to 15 and it always starts from zero. The
counter is driven by the clock signal and the output of counter is given to the decoder A.

1.1.1.2 Decoder A

It is a 4:16 decoder. The four bit output of counter is used as an input for the decoder
A. It activates its output depending on the status of inputs. The output of the decoder A is
used to select one of the registers within the register array.

1.1.1.3 Register Array

Register array consists of sixteen 3 bit registers. Each register can store 3 bit word. The
outputs of all registers are connected to the common bus through the Output Enable (OE)
switch as shown in Fig. 1.4.
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Fig. 1.4 Register array with tri-state switches

The output of the decoder A is used to activate output enable signals for sixteen
registers (Ry-Rys). At a ime only one output of decoder is activated according to the input
signal, so data from only one register is available on the common bus.

1.1.1.4 Common Bus

The three bit common bus is connected to register A, register B, and to the register I
through the switch. If the switch is at position A then common bus is connected to the A



Microprocessor & Microcontroller System: 1-6 Introduction to Microprocessor
& Microcomputer Systems

or B register; otherwise it is connected to the register I. The switch position is controlled
by the switch control cireuit.

1.1.1.5 Register |

It is used to store data from the common bus.

1.1.1.6 Decoder B

It is a 3:B decoder. The data from the Register T is used as an input for the decoder. If
switch is in position B, this data is decoded and used to select appropriate control circuit
from the control unit as shown in Table 1.1.

D, Dy Dy Selacted Control Circuit
00 0 MOV A, C

0o o 1 MOV B, C

o0 1 0 ADD

o1 1 suB

1 0 0 AND

1 0 1 OR

11 0 LOAD A

111 LOAD B

Table 1.1

1.1.1.7 Control Unit

It consists of eight control circuitss MOV A, C, MOV B, C, ADD, SUB, AND, OR,
LOAD A and LOAD B. These control circuits are used to generate signals which select the
operation of ALU and activate input cnable signal of register A and register B. At a time
output from only one control circuit is activated as selected by the decoder output.

MOV A, C

This control circuit generates control signals which activate input enable signal for
register A and output enable signal for register C. So the data from register C is copled
into register A.

MOV B, C

This control circuit generates control signals which activate input enable signal for
register B and output enable signal for register C. So the data from register C is copied
into register B.
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ADD

This control circuit generates control signals required for addition operation which is
to be performed by the ALU ie. A + B —» C.

sSUB

This control circuit generates control signals required for subtraction operation which
is to be performed by the ALU. ie. A - B - C.

AND

This control circuil generates control signals required for logical AND operation which
is to be performed by the ALLL

OR

This control circuit generates control signals required for logical OR operation which is
to be performed by the ALUL

LOAD A

This control circuit generates control signals which activate input enable signal for
register A. It also indicates switch control circuit to change switch position to A.

LOAD B

This control circuit generates control signals which activate input enable signal for
register B. It also indicates switch control circuit to change swiltch position o A.

1.1.1.8 Switch Control Circuit

Switch control circuit is responsible for switch position. It gets the input from LOAD A
and LOAD B control circuits. If any of the above inputs is activated, it changes switch
position to A, otherwise it holds switch at position B.

1.1.1.9 ALU

ALL takes the input from register A and register B. This input is processed according
to the operation selected by the control unit. The process result is stored in the register C.

1.1.1.10 Operation

As mentioned earlier, counter starts from zero. When counter output is zero, decoder
selects the first register (Ry) from the register array and the data from the selected register
(Rg) is available on the common bus. Initially switch is at position B, so data from the
common bus is decoded. According to data, confrol unit selects the operation and ALU
performs the operation.

e
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The important thing in this process is the data from selected register decides the
operation. The data which decides the operation is called “Operation code” or “Opcode”.
Each operation has its own opcode. The Table 1.2 shows the opcodes for different
operabons.

For operations MOV A, C and MOV B, C the data is transferred from register C to
register A and register B respectively.

In operations ADD, SUB, AND and OR data which is to be processed is taken from A
and B registers. But in case of LOAD A and LOAD B operations data from common bus is
directly loaded into the A and B register respectively. For this operation switch must be in
position A.

Opcode

Operation
Dz by Dy
MOV A, C Q 0 0
MOV B, C g 0 1
ADD 0 1 0
su8 o 1 1
AND 1 0 0
OR 1 0 1
LOAD A 11 0
LOAD B 1 1 1

Table 1.2

After each operation counter is incremented by one, so that decoder selects the next
register. Again data from selected register is available on the common bus and the process
is repeated. The following example will help you to understand the process sequence.

Example : Add two numbers

Steps : Load 1st number in A

Load 2nd number in B
ADD two numbers

First step is to load the number in register A. To do this, it is necessary to have
opcode of LOAD A operation in the register 0 (Ey) and the number in the register 1 (R,).
Similarly in the second step it is necessary to have opcode of Load B operation in register
2 (R,) and the number in register 3 (R;). Finally, it is necessary to have opcode of ADD
operation in register 4 (Ey).
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Fig. 1.5 shows the register array contents if number 1 = 100 and number 2 = 010

Operation :
STEF 1 : Counter output (0000)
Ry |11 0 Initially, the counter is in the reset condibion so
R, [1 0 o counter output is zero {0000). The decoder A will select
the register 0 (Ry), since the input for decoder is zero.
register is se . da om Te r
Re 11 1 Once the 0 (Ry) is selected, data from register 0
Ry |0 1 o fe. 110 is available on the common bus. The decoder B
R, [0 1 0 will use this data to select the operation. As data is 1 1 0,
decoder B will select LOAD A operation. LOAD A
Rs _ operation will enable input for register A and change the
Ry - switch position from B to A. (Refer Fig. 1.6).
Fig. 1.5
CLK
4 Bit UP
counter
ofofolo Ragister Contral Ut
array i
pce Al R Moo MOV A
R N gy
¥ R '
= = 010 MOV B.C I E?
Yy R, a0D  He A B
#16 | I M= '{1 L
i [
Decoder | R
AISE.. ] Decoder] ——AALY/
A - i
W e R e I =1 g 13
¥ R Sowilch i
.,I,.m F:'L eontrol i C
B & ciredit 1 = L
Yiz_ Ry | H
¥ia  PRag ] LOAD A |
Yis  Rus %
]i LOAD B
I
. MV

Fig. 1.6
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STEP 2 : Counter cutput {0001)

The decoder A will select the register 1 (R,), since the input for decoder is one. Once
the register 1 is selected, data from register 1 ie. 100 is available on the common bus. This
data is directly transferred to the register A because switch is positioned at A and input
for register A is already enabled. After data transfer, switch position is changed from
position A to position B. (Refer Fig. 1.7).

CII.H
4 Bit up
counier &5
ol of of 1 Register Control wnit
array
pceAlL Pl 770 MOV AC
"y i
ki
?E 22 111 1 MY 8,05 b Fy
D 3 010 '
s R 070 1
\I,.-E Rﬁ ADD =
Ya Rg A
¥ R [~
418 7 z — | e —)
A
n“f:;mr Yy g g Daumdar_r \ELU
o Rg (8 — Li] AND  H#
Yio Ry Switch C
|
11 Ry ﬁnﬂ_-::ﬁ o
Y2 Ry I F?
Yz Ry —
Y14 Rys | el
Tig  Ryg
I L&D B I‘

Fig. 1.7
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STEFP 3 : Counter output (0010}

The decoder A will select the register 2 (R;). Once the register 2 (R;) is selected, data
from register 2 i.e. 1 1 1 is available on the common bus. The decoder B will use this data
to select the operation. As data is 1 1 1, decoder B will select LOAD B operation. LOAD B
operation will enable input for register B and change the switch position from B to A.

Controd Uit

MO A

MOV B.C

ADD

(Refer Fig. 1.8).
CLE
4 Bit UP
counier

ojojpio Register
array
DCB ALY Ral 110
Yy Ffi™ 00
IZ_F‘Z. 111
T e
Ya Ry 010

"l"'ﬁ Eﬁ

Yg Ry

FET- I A Ry

Decodar "l"i Eﬂ

(A)

Y Ra |

Yo Ry

Y1 Ry

Yiz Ry

Yz Rys

Yig  Ryg

Yis Ry

LOAD A

Fig. 1.8
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STEF 4 : Counter output (0011)

The decoder A will select the register 3 (Ry) Once the register 3 is selected, data from
register 3 ie. 0 1 0 is available on the common bus. This data is directly transferred to the
register B because switch is positioned at A and input for register B is already enabled.
After data transfer, switch  position is changed from posiion A to positon B.
(Refer Fig. 1.9)

CLE
4 Bitup
counter
010} 4§ 1 Register Cantrel unit
amray
DCBA o Ry 110 MOW AC
A Rl 100
A Ra 111 MOV B,C F?
AENELLS ,
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416 i T _ 1T 1§
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{ AT i \8) i an ey
Yio  Ryg Switch 1 ; &
"I". H mmi ]
1 11 clrcuit |
il oor P
Yiz R | 7
Y1z Ris : }:
Yia Ry LOCAD A
Yis__ Ryg
LOAD B I

Fig. 1.9

STEP 5 : Counter output (0100)

The decoder A will select the register 4 (R;). Once the register 4 is selected, data from
register 4 ie, 0 1 0 is available on the common bus. As data is 0 1 0, decoder B will select
ADD control drcuit. ADD operation will generate signals to select add operation which is
to be performed by ALU. Then ALU will add the contents of register A and register B and
it will store the result in the register Cie. 110 Refer Fig. 1.10.
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The above example shows how two numbers can be added using the sequential circuit.
Using same circuit we can subtract, multiply, divide, logically AND or logically OR the
two numbers. This can be achieved by writing appropriate opcodes with necessary data in
proper sequence into the register array.

Another important thing you must be noticed that LOAD A and LOAD B operations
require two steps. In step one, register input is enabled and switch position is changed. In
the second step actual data is moved from the next register. This data is not the operation
code/opcode, but it is called operand. It is- important to note that, to complete one
operation, opcode or sometimes opcode and operand are required. This complete operation
is referred as instruction. Thus instruction is a combination of opeode and operand.
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Instruction sequences for different operations.
a) Subtract 01 0 (2) from 1 11 (7)
Register Array Operation
1 1 0 Load & register
i 1 1 With 7 {1 1 1)
i 1 1 Load B register
0 1 0 With 2 (0 1 0}
L0 1 1 Bublract conlents of B register from
the contends of A register and sltore
the result in registar C

b) Logically AND 0 1 1 (3) with 1 0 1 (5)

Register Array Operation

1 1 i Load A register

0 1 1 With 3 {0 11)

i 1 1 Load B register

1 0 1 With 5 (1 0 1)

1 ] ] Logically AND the confents of
Register A and register B and
Store the result in register C

¢)Solve 101(5)+001(1)-011(3)

Register Array Operation
1 1 0 Load register A
1 0 1 With 5 (1 0 1)
1 1 1 Load register B
0 0 1 With 1 (0 0 1)
0 1 0 Add contents of register A with the contents of register
B and store the result in register C.
0 0 0 Copy the contents of register C 1o register A
1 1 1 Load register B
0 1 1 With 3 (0 1 1)
o] 1 1 Subtract Contents of register B from the contents of

register A and store the result in register C.
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d) Solve : 100 (4) ~0 11 (3) v 001 (1)

Register Array Opearation

1 1 0 Load register A

1 ] 0 With 4 (100}

1 1 i Load register B

0 1 1 With 3 (011}

1 0 0 Logically AND the conlents of register A and
registar B and store the result in register C.

] 0 0 Copy the contents of register C to register A

1 1 1 Lead register B

0 1 1 With 3 (01 1)

1 0 1 Logically OR the contents of register A and

register B and store the result in register C.

From the above description and examples you must have noticed that in simple model,
hardware components are fixed, but by changing the sequence of opeodes and operands
(instructions) it is possible to process different operations. Controlling the operation in a
fixed hardware by changing sequence of instructions is the basic principle used in the
microprocessor. The simple model used in this chapter is a very small version of the
microprocessor. In the next secion we will discuss the various terminologies used in the

MACTOPTOCeSS0r.

1.1.2 Terminologies used In Microprocessor
Fig. 1.11 shows the small model with specific labels and special blocks. Block 1
represents a microprocessor whereas block 2 represents memory.

Microprocessor : [t consists of counter, switch control circuit, decoder B, control unit,
ALU and registers.

Memory : It is a combination of register array and the decoder circuit.

Program : The sequence of instructions written for specific operation is called
PR,

Program counter : The counter used in a small model is used to locate instructions in
a proper sequence (program}. Thus it is called a program counter.
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Address and Address Bus : The output of the program counter is given to the
memory. The internal decoder (decoder A) in the memory, decodes this output of the
program counter to locate a specific register in the memory. This means that output of the
program counter addresses a specific register in the memory. Thus the output of program
counter is called address and the group of wires that carries this address is called address
bus. Address bus shown in Fig. 1.11 iz 4-bit wide. 50 it can address 16 { 74 registers in
the register array. The number of address lines decide the how many registers from the
register array {memory locations) can be accessed. For example if there are 16 address lines
then it is possible to access 21 (65536) memory locations.

Block 1 Mlcmprnces:sn;-“__
'I'_‘,IJ‘_I{
Program
coumber
l':'l-l.ll e EITT TN I'|-III'IIIIII'!I-III-I.IIII.IIIIIIIIIII:II:::.I::::JI nﬂm m
][ fAddressbus  Register Control unit
| array i
if[oce ale R MOV AC
: ¥y Ry
i hf R
i £ i
v R, WOV B,
§ ¥ R I AL
¥, "
ﬁf‘ = Ad Instruction |
416 I rd i regisier - ] sun |-
Decoder "fa HE Ilﬂmm' _r
I'I:l ————
W Ty Rg | 8 decoder— || ]
g Rag Swilch ]
N R conbnl E‘ﬂ
— - circut o
iz Ry ?'
Yia FRya ;
T4 Ria LOIAD A
Yis Ry
Block 2 memary LOADS [—p
Fig. 1.11

Data and Data Bus : The data within the registers is used in different forms such as
opcodes and operands. This data is moved from register to register, from memory to
register through group of wires called data bus. The data bus within the microprocessor is
called internal data bus where as data bus outside the microprocessor is called external
data bus. Data bus shown in the Fie. 1.11 i= 3-hit wide The size of the data bus decides
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the size of operands. It also decides the maximum number of operations that
microprocessor can perform. As data bus in the small model is 3-bit wide it can perform
{13} eight different operations. The standard size of data bus is in multiple of § ie. 8, 18,
24, 32 etc. The microprocessor with B-bit data bus can execute maximum 256 I{Ea]
instructions.

Word Length : The group of bits that microprocessor can recognize and process is
called word, and microprocessors are classified according to their word length. For
example, a microprocessor with an 8bit word is known as 8-bit microprocessor and a
microprocessor with an 16-bit word is known as 16 bit microprocessor.

Instruction register : The register in which instruction opcode is stored temporarily is
called instruction register.

Instruction decoder : The decoder (decoder B in small model) which takes the
instruction opcode from the instruction register and decodes it to generate appropriate
control signals corresponding to the instruction is called instruction decoder.

1.1.3 Different Phases in the Execution Process
The three blocks in the Fig. 1.12 shows the three different phases involved in the

execution process.

These are : 1) Fetch 2) Decode 3) Execute

mr: Feich
Program !
eountar i
Repter Conol
aray
DCEALL Py MO AC
Ty Ry
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i Ry MOYELC
¥y Ry
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¥a Ry
. ¥ R o L suB
4:98 I I et
Daoodar TI Hﬂ l:Lr.:- J
(A ¥, R,  r— =1 g
Yo Ry
Yy Ay o
Yiz Ry
Yia  Rys
Yia R | LOAD &
Yig Ry
Msmry f LOADE |t -

Fig. 1.12 Fetch, Decode and Execute
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1.1.3.1 Fetch

In fetch phase, microprocessor places the contents of the program counter on the
address bus and gels instruction code, opcode from the addressed memory location. The
microprocessor then saves opcode in the instruction register,

1.1.3.2 Decode

In this phase, the opcode from the instruction register is decoded with the help of
instruction decoder to generate appropriate control signals to execute the instruction.

1.1.3.3 Execute

In this phase, microprocessor generates appropriate control signals and executes the

1.1.4 Microprocessor Architecture and its Operation

In the last section we have seen simple model of microprocessor system. We have seen
the important components of the microprocessor system like, microprocessor, memory unit
and clock. In microprocessor block we have seen program counter, instruction decoder,
instruction  register, different registers, control logic and ALU. In this section, we are
going to see more practical microprocessor block diagram and programmer’s model. (Refer
Fig. 1.13 and Fig. 1.14). The microprocessor's block diagram and the microprocessor

TUL L 71 -
Al T | | s egsier
L, 117 5T ¢
B VA H L
5P
Ingtrection re
. Mooy
» register
Contral Logic < 60
N N

External input and
output contral lines

Fig. 1.13 Block diagram of microprocessor
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B, By By By programming model show you how a specific
Accumulator (8)|  Status Reg, microprocessor is constructed. The block diagram
shows  microprocessor's  functions for data

Reg. B Reg. C processing and data handling. It also shows how
Reg. D Reg. E each of these logic functions are connected together.
The programming model assists you in the

Reg. H Reg. L programming process, The difference is that the
Stack pointer (SP) programming model shows only those parts of the

- microprocessor which the programmer can change.

Program counter (PC) So we can say that block diagram makes it easier to

Big By understand the architecture of a microprocessor and

the programming model makes it easier to

understand the working of microprocessor in a
- programming environment.

The block dmgram shown in Flg. 1.13 includes three major logic devices

« ALU

Fig. 1.14 Programmer's model

e Several registers
* Confrol unit
The internal data bus is used to transmit data between these logic devices.
ALU:

Orie of the microprocessor’s major logic devices is the arithmetic logic unit (ALU). It
contains the microprocessor’s data processing logic. It has two inputs and an output. The
internal data bus of microprocessor is connected to the two inputs of ALU through the

temporary register and the accumulator.

The ALU’s single output is connected to the internal data bus. It allows to send the
output of ALU over the bus to any device connected to the bus. In most of the
microprocessors register A gives data for the ALY and after performing the operation, the
resulting data word is sent to the register A and stored there. This special register, where
the result is accumulated is commonly known as accumulator.

The ALU works on either one or two data words, depending on the kind of operation.
The ALU uses input ports as necessary. For example, addition operation uses both ALU
inputs while complementing data operation uses only one input. To complement the data
word, all the bits of the word's that are logic 1 are set to logic 0, and all the bits of the
word at logic 0 are set to logic 1.

The ALU of the most of the microprocessors can perform following functions.
s Add
= Subtract
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= AND

« OR

¢  Exclusive OR
* Complement
= Shift right

o Shaft left

» Increment

* Decrement
Ragisters :

Registers are a prominent part of the block diagram and the programming model of
any microprocessor. The basic registers found in most of the microprocessors are the
accumulator, the program counter, the stack pointer, the status register, the general
purpose registers, the memory address register, the instruction register and the temporary
data registers.

The Accumulator :

The accumulator is the major working register of microprocessor. Most of the time it
is used to hold the data for manipulation. Whenever the operation processes two words,
whether arithmetically or logically, the accumulator contains one of the words. The other
word may be present in another register or in a memory location. Most of the times the
result of an arithmetic or logical operation is placed in the accumulator. In such cases,
after execution of instruction original contents of accumulator are lost because they are
overwritten.

The accumulator is also used for data transfer between an 1/0 port and a memory
location, or between one memory location and another.

The Program Counter :

The Program Counter is one of the most important registers in the microprocessor. As
mentioned earlier, a program is a series of instructions stored in the memory. These
instructions tell the microprocessor exactly how to solve a problem. It is important that
these instructions must be executed in a proper order to get the correct result. This
sequence of instruction execution is monitored by the program counter. It keeps track of
which instruction is being used and what the next instruction will be.

The program counter gives the address of memory location from where the next

instruction is to be fetched. Due to this the length of the program counter decides the

maximum program length in bytes. For example, microprocessor that has 16 bit program
counter, can address 2'* bytes (64 K) of memory.
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Before the microprocessor can start executing a program, the program counter has to
be loaded with valid memory address. This memory location must contain the opcode of
first instruction in the program. In most of the microprocessors this location is fixed. For
example, memory address (0000H) for 16 bit program counter. The fixed address is loaded
into the program counter by resetting the microprocessor.

As said earlier, the instructions must be executed in a proper order to get the correct
result, This does not mean that every instruction must follow the last instruction in the
memory. But it must follow the logical sequence of the instruchons. In some situations, it
is better to execute part of a program that is nol in sequence (don't confuse with logical
sequence) with the main program. For example, there may be a part of a program that
must be repeated many times during the execution of the entire program. Rather than
writing repeated part of the program again and again, the programmer can write that part
only once. This part is written separately. The part of the program which is written
separately is called subroutine. The Fig. 1.15 shows how the main and subroutine
programs are execubed,

Main program Subrouling program
Subtoule 'L':ALL/_ Part of the

—_— program to be
— [ repeated

“Retum to
instructinon after
CAL subrouting cal

Fig. 1.15 Execution of subroutine programs

Subroutin

The program countér does the major role in subroutine execution as it can be loaded
with required memory address. With the help of instruction it is possible to lead any
memory address in the program counter. When subroutine is to be executed, the program
counter is loaded with the memory address of the first instruction in the subroutine. After
execution of the subroutine, the program counter is loaded with the memory address of
the next instruction from where the program control was transferred to the subroutine
program.

The Status Register : The status register is used to store the results of cerfain
condition when certain operations are performed during execution of the program. The
status register is also referred fo as flag register. ALU operations and certain register
operations may set or reset one or more bits in the status register. Status bits lead to a
new set of microprocessor instructions. These instructions permit the execution of a
program to change flow on the basis of the condition of bits in the status register. 5o the
conditon bits in the status register can be used to take logical decisions within the
program. Some of the common status register bils are:
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1) Carry/Borrow : The carry bit is set when the summation of two 8 bit numbers is

greater than 1111 1111 (FFH). A borrow is generated when a large number is subtracted
from a smaller number.

2) Zero : The zero bit is set when the contents of register are zero after any operation.
This happens not only when you decrement the register, but also when any arithmetic or
logical operation causes the contents of register to be zero.

3) Negative or sign : In 2's complement arithmetic, the most significant bit is a sign
bit. If this bit is logic 1, the number is negative number, otherwise a positive number. The
negative bit or sign bit is set when any arithmetic or logical operation gives a negative
result.

4) Auxiliary Carry : The auxiliary carry bit of status register is set when an addition in
the first 4 bits causes a carry into the fifth bit. This is often referred as half carry or
intermediate carry. This is used in the BCD arithmetic.

5) Overflow Flag : In 2's complement

arithmetic, most significant bit is used to B; By
represent sign and remaining bits are used .

to represent magnitude of a number (see g e — -
Fig. 1.16). This flag is set if the result of a Magnitude

signed operaton Is too large to fit in the
number of bits available (7-bits for 8-bit Fig. 1.16 2's Complement 8-bit number

number) to represent it.

For example, if you add the B-bit signed number 01110110 {+118 decimal} and the 8-bit
signed number 00110110 (+ 54 decimal). The result will be 10101100 (+ 172 decimal), which
is the correct binary result, but in this case it is too large to fit in the 7-bits allowed for the
magnitude in an 8-bit signed number. The overflow flag will be set after this operation to
indicate that the result of the addition has overflowed into the sign bit.

6) Parity : When the result of an operation leave the indicated register with an even
number of 1s, parity bit is set.

The Stack Pointer : -

This is an important register which programmer uses frequently. In the earlier sections
we have seen how subroutines are executed by changing the program counter contenis.
But one question you may have in your mind is that how the program counter is loaded
with the address of the next instruction (return address) from where the program control
was transferred to the subroutine. This return address is kept in a special memory area
called the stack. Before transferring the program control to the subroutine the return
address is pushed onto the stack. After the execution of subroutine the return address is
popped off from the stack and loaded into the program counter.
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The memory address of the stack area is given
by a special register called the stack pointer. Like

the Program Counter, the 5Stack Pointer ITFB E — P
automatically points to the next available location
in the memory. In most microprocessors, the stack ITEC )
pointer decrements (points to the next lower
memory address) when data is pushed on the FTFD c
stack. This allows the programmer to build the
stack down in memory as shown in the Fig. 1.17. 27FE B
Usually stack operations are 2 byte operations.
This means that the stack pointer decrements by 27FF A
two memory address locations each time when
2 byte data is pushed on the stack. When the data
is popped off from the stack, the stack pointer is
incremented by two memory address locations.

It i8 important to note that as you go on Fig. 1.17 Stack operation
storing (pushing) data on the stack, the stack
puointer always peoints the last data placed on the stack and when you try to remove (pop)
data you always get the last data placed on the stack. This kind of stack operation is
called LIFO (last in first out) operation.

General Purpose Registers :

In addition to the six basic registers, most microprocessors have other registers called
general purpose registers, The general purpose registers are used as simple storage area,
mainly these are used to store intermediate results of the operation. Getting the operand
from the general purpose registers is more faster than from memory so it is better to have
sufficient number of general purpose register in the microprocessor. The microprocessor
used in this chapter has six general purpose registers (Refer Fig. 1.13) called the B, C, D, E,
H, and L registers. These registers individually can operate as 8 bit registers. Together, the
BC, DE, and HL registers can operate as 16 bit register pairs.

Memory Address Register :

The memory address register gives the address of memory location that the processor
wants to use. That is, memory address register holds 16-bit binary number. The output of
the memory address register drives the 16-bit address bus. This output is used to select a
memory location.

The Instruction Register :

The instruction register holds the operation code (opcode) of the instruction the
microprocessor is currently executing. The instruction register is loaded during the opcode
fetch cycle. The contents of the instruction register is used to drive the part of the control
logic known as the instruction decoder.
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Temporary Data Register :

The need for the temporary data registers arises because the ALU has no émmge of its
own. The ALU has two inputs. One input is supplied by accumulator and other from
temporary data register. The programmer cannot access this temporary data register and,
therefore it is not a part of programming model.

Control Logic :

The control logic is a important block in the microprocessor. The control logic is
responsible for working of all other parts of the microprocessor together. It maintains the
synchronization in operation of different parts in the microprocessor. The synchronization
is achieved with the help of one of the control logic's major external inputs,
microprocessor’s clock. The clock is a signal which is the basis of all the timings inside the
MiCrOProcessor.

Usually microprocessor’s control logic is microprogrammed. This means that the
architecture of the control logic itself is much like the architecture of a very special
purpose mMicroprocessor.

The contro!l logic receives the signal from instructon decoder which decodes the
instruction stored in the instruction register. The control logic then generates the control
signals necessary to carry out this instruction. The control logic does a few other special
functions. It looks after the microprocessor power-up sequence. It also processes interrupts.
An interrupt is like a request to the microprocessor from other external devices such as the
memory and 1/0. The interrupt asks the microprocessor to execute a special program.

Internal Data Bus :

The internal data bus connects the different parts of microprocessor together and it
enables the communication between these parts. The data transfer through this internal
data bus is controlled by control logic.

Microprocessor’s internal data bus usually connected to an external data bus. Due to
this microprocessor can communicate with external memory or 1/0 devices. Usually the
internal data bus is connected to the external data bus by logic called a bi-directional bus
{transceiver).

1.2 Microcomputer Systems

In the last secton we have seen simple model of microprocessor. But in practice, the
microprocessors have more memory access capacity, more data bus width and more
instructions which they can process. These factors decide which microprocessor is superior
than the other. Normally, microprocessor is selected as per the requirement of the
application. To have a better performance we can either go for superior microprocessor or
we can use more than one microprocessor in the same system and execute the task in
parallel. According to superiority and number of microprocessors used, microprocessor
systems are classified as follows :
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¢ Microcomputers
s Minicomputers
* Mainframe computers

Microcomputers : As the name implies micro-computers are smaller computers. They
contain only one Central Processing Unit. One distinguishing feature of a microcomputer is
that the CPU is usually a single integrated circuit called a microprocessor.

Microcomputer is the integration of microprocessor and supporting peripherals
{memory and I/0 devices). The word length depends on the microprocessor used and is
in the range of 8 bits to 32 bits. These type of computers are used for small industrial
control, process control and where storage and speed requirements are moderate.

Minicomputers : Minicomputers are the scaled up version of the microcomputers with
the moderate speed and storage capacity. These are designed to process smaller data
words, typically 32 bit words. This type of computers are used for scientific calculations,
research, data processing application and many other.

Mainframe Computers : Mainframe computers are implemented using two or more
central processing units (CPU). These are designed to work at very high speeds with large
data word lengths, typically 64 bits or greater. The data storage capacity of these
computers is very high. These type of computers are used for complex  scientiiic
calculations, large data processing applications, Military defense control and for complex
graphics applications (e.g. : For creating walkthroughs with the help of animation
softwares).

Review Questions

1. Draw the block diagram of simple microprocessor based system and exploin the function of each
block.

2. Dwaw and explain the simple model of microprocessor.

3. Define operand and instruction.

4. List the various digifal components used m the microprocessor.

5. What is memory 7

6. Define progranm.

7. What is the function of program counfer 7

8. What do vou mean by address bus and data bus 7

9. Whal do you mean by word length ?
10. State the function of instruction register and instruckion decoder,
11, List the various phases invelved in the instruckion execution process.
12. Explain the operation performed in the various pheses of imstruction execubion.
13. Explain various functions of ALLL

[
P.

Whet &5 accwmulator 7
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15. What iz program counter ?

16. What is subroutine 7

17, Explain the execution of subroutine program.
18. What is status register 7 Explain ils use,

18. List various flags in the status register.

What is stack and stack pointer 7

Explain the operation of stack.

What do you mean by general purpose regislers 7
What is the function of timing and control wnit in microprocessor ?
What is microcomputer 7

What is minicomputer 7

What is mainframe computer ?
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8085 Microprocessor

2.1 Introduction

In the last chapter we have seen the basic structure of microprocessor. In this chapter
we will see features, pin diagram, architecture, typical configuration, and memory
interfacing for B085A microprocessor, designed by Intel.

The BOB5A is an 8-bit microprocessor suitable for a wide range of applications. It is a
single-chip, NMOS device implemented with approximately 6200 transistors on a 164 x 222
mil chip contained in a 40-pin dual-in-line package.

2.2 Features of 8085
The featurss of B0BS include :

1.

[ o

It is an B-bit microprocessor ie. it can accepl, process, or provide B-bit data
simultaneously.

It operates on a single +5 V power supply connected at V; power supply ground
is connected to Ve

It operates on clock cycle with 50% duty cycle.

It has on chip clock generator. This internal clock generator requires tuned circuit
like LC, RC or crystal. The intemal clock generator divides oscillator frequency by
2 and generates clock signal, which can be used for synchronizing external devices.
It can operate with a 3 MHz clock frequency. The B0B5A-2 version can operate at
the maximum frequency of 5 MHz.

It has 16 address lines, hence it can access (2'%) 64 Kbytes of memory.

7. It provides 8 bit I/O addresses to access (2° ) 256 1/0 ports.
8. In 8085, the lower 8-bit address bus (A,-A,) and data bus (D,-D,) are

multiplexed to reduce number of external pins. But due to this, external hardware
(latch) is required to separate address lines and data lines.

It supports 74 instructions with the following addressing modes :
a) Immediate b) Register c) Direct d) Indirect e) Implied

2-1)
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10.

11.

12,

13.
14.

15,

16.

17.

18.

The Arithmetic Logic Unit {(ALU) of 8085 performs :

a) & bit binary addition with or without carry

b) 16 bit binary addition. «¢) 2 digit BCD addition.

d) B-bit binary subtraction with or without borrow

e} B-bit logical AND, OR, EX-OR, complement (NOT), and bit shift operations.
It has 8-bit accumulator, flag register, instruction register, six B-bit general
purpose registers (B, C, D, E, H and L) and two 16-bit registers (SP and PC).
Getting the operand from the general purpose registers is more faster than
from memory. Hence skilled programmers always prefer general purpose
registers to store program variables than memory.

It provides five hardware interrupts : TRAP, RST 7.5, RST 6.5, RST 55 and
INTR.

It has serial 1/0 control which allows serial communication.

It provides control signals {IDHH, ﬁ; ﬁ}l to control the bus cycles, and
hence external bus controller is not required.

The extermal hardware (another microprocessor or egquivalent master) can
detect which machine cycle microprocessor is executing using status signals
(I0/M, Sy S;). This feature is very useful when more than one processors are
using common system resources (memory and [/0 devices).

It has a mechanism by which it is possible to increase its interrupt handling
capacity.

The BOBS has an ability to share system bus with Direct Memory Access
controller. This feature allows to bransfer large amount of data from 1/O
device to memory or from memory to I/0 device with high speeds.

It can be used to implement three chip microcomputer with supporting 1/0
devices like IC 8155 and IC 8355.

2.3 Architecture of 8085
Fig. 2.1 shows the architecture of B0BS.
It consists of various functional blocks as listed below :
Registers
Arithmetic and logic unit
Instruction decoder and machine cycle encoder
Address buffer
Address/Data buffer
Incrementer / Decrementer address latch
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2.3.1 Register Structure

Fig. 2.2 Register structure of 8025
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Fig. 2.1 Architacture of 8085

The Fig. 22 shows the register structure of
B085. The shaded portion of this register model is
called programmer's model of B0B5. It includes six
B-bit registers- (B, C, D, E,L H and L} one
accumulator, one flag register and two 16-bit
registers (SP and PC). All these registers are
accesible to programmer and hence they are
included in the programmer's model. The
remaining registers - temporary, W and Z are not
accessible to the programmers; they are used by
microprocessor for internal, intermediate operations.
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The B085 registers are classified as :
1. General Purpose Registers
Z. Temporary Registers
a) Temporary data register b) W and Z registers
3. Special Purpose Registers
a) Accumulator b) Flag registers ¢} Instruction register
4. Sixteen Bit Registers
a) Program Counter (PC)  b) Slack pointer (SF)
1. General Purpose Registers :

B, C, I, E, H, and L are 8-bit general purpose registers can be used as a separate 8-bit
registers or as 16-bit register pairs, BC, DE, and HL. When used in register pair mode, the
high order byte resides in the first register (i.e. in B when BC is used as a register pair)
and the low order byte in the second (i.e. in C when BC is used as a register pair).

HL pair also functions as a data pointer or memory pointer. These are also called
scratchpad registers, as user can store data in them. To store and read data from these
registers bus access is not required, it is an internal operation. Thus it provides an efficient
way to store intermediate results and use them when required. The efficient programmer
prefers to use these registers to store intermediate results than the memory locations which
require bus access and hence more time to perform the operation.

2. Temporary Registers

a) Temporary data register : The ALLl has two inputs. One input is supplied by the
accumulator and other from temporary data register. The programmer can not access this
temporary data register. However, it is internally used for execution of most of the
arithmetic and logical instructions.

For example : ADD B is the instruction in the arithmetic group of instructions which
adds the contents of register A and register B and stores result in register A. The addition
operation is performed by ALU. The ALU takes inputs from register A and temporary
data register. The contents of register B are transferred to temporary data register for
applying second input to the ALL.

b) W and Z registers : W and Z registers are temporary registers. These registers are
used to hold B-bit data during execution of some instructions. These registers are not
available for programmer, since 8085 uses them internally.

Use of W and Z registers :

The CALL instruction is used to transfer program control to a subprogram or
subroutine. This instruction pushes the current PC contents onto the stack and loads the
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given address into the PC. The given address is temporarily stored in the W and Z
registers and placed on the bus for the fetch cycle. Thus the program control is transferred
to the address given in the instruction. XCHG instruction exchanges the contents of H with
D and L with E. At the time of exchange W and Z registers are used for temporary
storage of data.

3. Special Purpose registers :

a) Register A (accumulator) : It is a tri-state eight bit register. It is extensively used in
arithmetic, logic, load, and store operations, as well as in, input/output (I/0) operations.
Most of the times the result of arithmetic and logical operations is stored in the register A.
Hence it is also identified as accumulator.

b) Flag register : It is an 8-bit register, in which five of the bits carry significant
information in the form of flags : 5 (Sign flag), Z (Zero flag), AC (Auxiliary carry flag),
P (Parity flag), and CY (carry flag), as shown in Fig. 2.3.

Dy Dg Ds DBy D3 Dy Dy DOg
5 | Z | X |AC | X | F | X | CY

Fig. 2.3 Flag register
S5-Sign flag : After the execution of arithmetic or logical operations, if bit Dy of the
result is 1, the sign flag is set. In a given byte if Dy is 1, the number will be viewed as
negative number. If Dy is 0, the number will be considered as positive number.

Z-Zero flag : The zero flag sets if the result of operation in ALU is zero and flag resets
if result is non zero. The zero flag is also set if a certain register content becomes zero
following an increment or decrement operation of that register.

AC-Auxiliary carry flag : This flag is set if there is an overflow out of bit 3 ie. , carry
from lower nibble to higher nibble (D4 bit to Dy bit). This flag is used for BCD operations
and it is not available for the programmer.

P-Parity flag : Parity is defined by the mumber of ones present in the accumulator.
After an arithmetic or legical operation if the result has an even number of ones, i.e. even
parity, the flag is set. If the parity is odd, flag is reset.

CY-Carry flag : This flag is set if there is an overflow out of bit 7. The carry flag also
serves as a borrow flag for subtraction. In both the examples shown below, the carry flag
is set.

ADDITION SUBTRACTION
98 H 1001 1011 BAH 1000 1001
+ TS5H + 0111 0401 - ABH — 1010 1011

Camy [1J10H [7J00010000 Bomow [1JDEH  [1]1101 1110
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¢} Instruction register : In a typical processor operation, the processor first fetches the
opcode of instruction from memory (e it places an address on the address bus and
memory responds by placing the data stored at the specified address on the data bus). The
CPU stores this opcode in a register called the instruction register. This opcode is further
sent to the instruction decoder to select one of the 256 alternatives.

4. Sixteen Bit Registers

a) Program counter (PC) : Program is a sequence of instructions. As mentioned earlier,
microprocessor fetches these instructions from the memory and executes them sequentially.
The program counter is a special purpose register which, at a given time, stores the
address of the next instruction to be fetched. Program counter acts as a pointer to the next
instruction. How processor increments program counter depends on the nature of the
instruction; for one byte instruction it increments program counter by one, for two byte
instruction it increments program counter by two and for three byte instruction it
increments program counter by three such that program counter always points to the
address of the next instruction.

In case of JUMF and CALL instructions, address followed by JUMF and CALL
instructions is placed in the program counter. The processor then fetches the next
instruction from the new address specified by JUMP or CALL instruction. In conditional
JUMF and conditional CALL instructions, if the condition is not satisfied, the processor
increments program counter by three so that it points the instruction followed by
conditional JUMP or CALL instruction; otherwise processor fetches the next instruction
from the new address specified by JUMP or CALL instruction.

b) Stack pointer (S5P) : The stack is a reserved area of the memory in the RAM where
temporary information may be stored. A 16-bit stack pointer is used to hold the address of
the most recent stack entry.

2.3.2 Arithmetic Logic Unit (ALU)
The 8085's ALU performs arithmetic and logical functions on eight bit variables. The
arithmetic unit performs bitwise fundamental arithmetic operations such as addition and

subtraction. The logic unit performs logical operations such as complement, AND, OR and
EX-OR, as well as rotate and clear. The ALU also looks after the branching decisions.

2.3.3 Instruction Decoder

As mentioned earlier, the processor first fetches the opcode of instruction from
memory and stores this opcode in the instruction register. It is then sent to the instruction
decoder. The instruction decoder decodes it and accordingly gives the timing and control
signals which control the register, the data buffers, ALU and external peripheral signals
(explained in later sections) depending on the nature of the instruction.
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The B0BS executes seven different types of machine cyeles. It gives the information
about which machine cycle is currently executing in the encoded form on the 55 5; and
IO/M lines. This task is done by machine cycle encoder.

2.3.4 Address Buffer

This is an 8bit unidirectional buffer. It is used to drive external high order address
bus (As-Ag) It is also used to tri-state the high order address bus under certain
conditions such as reset, hold, halt, and when address lines are not in use,

2.3.5 Address/Data Buffer

This is an 8-bit bi-directional buffer. It is used to drive multiplexed address/data bus,
iLe. low order address bus (A;-A,) and data bus (D, -D). It is also used to tri-state the
multiplexed address/data bus under certain condifions such as reset, hold, halt and when
the bus is not in use.

The address and data buffers are used to drive extermal address and data buses
respectively. Due to these buffers the address and data buses can be tri-stated when they
are not in use.

2.3.6 Incrementer/Decrementer Address Latch

This 16-bit register is used to increment or decrement the contents of program counter
or stack pointer as a part of execution of instructions related to them.

2.3.7 Interrupt Control

The processor fetches, decodes and executes instructions in a sequence. Sometimes it is
necessary to have processor the automatically execute ome of a collection of special
routines whenever special condition exists within a program or the microcomputer system.
The most important thing is that, after execution of the special routine, the program
control must be transferred to the program which processor was executing before the
occurrence of the special condition. The occurrence of this special condition is referred as
interrupt. The interrupt control block has five interrupt inputs RST 5.5, RST 6.5, RST 7.5,
TRAP and INTR and one acknowledge signal INTA.

2.3.8 Serial I/O Control

In situations like, data transmission over long distance and communication with
cassette tapes or a CRT terminal, it is necessary to transmit data bit by bit to reduce the
cost of cabling. In serial communication one bit is transferred at a time over a single line.
The 8085's serial 1/0 control provides two lines, SOD and SID for serial communication.
The serial output data (SODY) line is used to send data serially and serial input data (SID)
line is used to receive data serially.
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2.3.9 Timing and Control Circuitry

The control circuitry in the processor B085 is responsible for all the operations. The
control circuitry and hence the operations in 8085 are synchronized with the help of clock
signal. Along with the control of fetching and decoding operations and generating
appropriate signals for insbruction execution, confrol circuitry also generates signals
required to interface external devices to the processor, BOSS.

2.4 Pin Definitions of 8085

Fig. 2.4 {a) and (b) show B025 pin configuration and functional pin diagram of B085
respectively. The signals of 8085 can be classified into seven groups according to their
functions.

I, 3V ow
1 |2 |e0 T
%] ~ ) (Ve Sersl SID_5 | *1 % Voo Vas
X[ |2 ;| |How nfu 500 4
HEE'I':::EE al:rl.m M Eﬂm
4 2| ] cugoum
so[ s =] Jamerm ﬁr‘fﬁ_ﬁ' )
= N S WA 1T
RST7S[ |7 M| o g INTR 10
reras[ s ss, &
rsTss[ |9 2| @ E%ﬁf
i S R
AL |1 panalY g RS ] B0B5A
A |12 S ii TNTA 11
AD [ 4a Aag f HLDA 36 E T
A [ 114 Ay gg k- E—y
An[ s S I 2, o
AD,[ | 18 =50 A tE"m
ADs[ 117 gy N =
ADy[ |18 Asp
A0, |1a Ay
Ves[ |20 2] A HF;L 3T
ouUT CLK OUT

Fig. 2.4 (a) Pin configuration Fig. 2.4 (b} Functional pin diagram
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a) Power supply and frequency signals.
b) Data bus and address bus
c) Control bus

d) Interrupt signals
e) Serial 1/O signals

f) DMA signals
g) Reset signals

2.4.1 Power Supply and Frequency Signals
i) ¥ @ It requires a single +5 V power supply.
ii) Vg : Ground reference.
iii) X; and X; : A tuned circuit like LC, RC or crystal is connected at these two pins.

The internal clock generator divides oscillator frequency by 2, therefore, to operate a
system at 3 MHz, the crystal of tuned circuit must have a frequency of 6 MHz.

iv) CLK OUT : This signal is used as a system clock for other devices. Its frequency is
half the oscillator frequency.

2.4.2 Data Bus and Address Bus

A) ADy to AD, : The B bit data bus (D - D) is multiplexed with the lower half
(A, - Ay} of the 16 bit address bus. During first part of the machine cycle (T,), lower 8 bits
of memory address or [/O address appear on the bus. During remaining part of the
machine cycle (T, and T;) these lines are used as a bi-directional data bus.

B) Ay to A5 : The upper half of the 16 bit address appears on the address lines Ag to
A;s. These lines are exclusively used for the most significant B bits of the 16 bit address
lines.

2.4.3 Control and Status Signals

A) ALE (Address Latch Enable) : We know that AD; to AD. lines are multiplexed and
the lower half of address (A - Ay) is available only during T; of the machine cycle. This
lower half of address is also necessary during T, and Ty of machine cycle to access specific
location in memory or 1/O port. This means that the lower half of an address must be
latched in T; of the w.achine cycle, so that it is available throughout the machine cycle.
The latching of lower half of an address bus is done by using external latch and ALE
signal from 8085.

B) RD and WR : These signals are basically used to control the direction of the data
ﬂﬂwbetweenprmaﬁsurandmuryurlfﬂdeﬁﬂefpmtAlﬂwmﬁindica’msthntﬂm
data mustbemdfrﬂmtlmselectedmemur}rlncaﬁmwlfﬂpmmdahhm-ﬁu]nwm
WR indicates that the data must be written into the selected memory location or I/0 port
via data bus.
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E]IDJ’-I-_'LE,D:nﬂ SI:IDfﬁindimtmwhEﬂmrIfDupﬂnﬂnnmmmanpmﬁmh
being carried out. 5 and S indicate the type of machine cycle in progress.

D) READY : It is used by the microprocessor to sense whether a peripheral is ready or
not for data transfer. If not, the processor waits. It is thus used to synchronize slower
peripherals to the microprocessor.

2.4.4 Interrupt Signals

The 8085 has five hardware interrupt signals : RST 5.5, RST 6.5, RST 7.5, TRAP and
INTE. The microprocessor recognizes interrupt requests on these lines at the end of the
current instruction execution.

The INTA (Interrupt Acknowledge) signal is used to indicate that the processor has
acknowledged an INTR interrupt.

2.4.5 Serial VO Signals

A) SID (Serial I/P Data) : This input signal is used to accept serial data bit by bit from
the external device.

B) 50D (Serial O/F Data) : This is an output signal which enables the transmission of
serial data bit by bit to the external device.

2.4.6 DMA Signal
A} HOLD : This signal indicates that another master is requesting for the use of
address bus, data bus and control bus.

B) HLDA : This active high signal is used to acknowledge HOLD request.

2.4.7 Reset Signals
A} RESET IN : A low on this pin
1} Sets the program counter to zero (D000H).
2) Resets the interrupt enable and HLDA flip-flops.
3) Tri-states the data bus, address bus and control bus. (Nete : Only during RESET is
active).
4) Affects the contents of processor’s internal registers randomly.

On reset, the PC sets to 0000H which causes the BOBS to execute the first instruction
from address 0000H. For proper reset operation reset signal must be held low for at least 3
clock cycles. The power-on reset circuit can be used to ensure execution of first instruction
from address 0000H.

B) RESET OUT : This active high signal indicates that processor is being resel. This
signal is synchronized to the processor clock and it can be used to reset other devices
connected in the system.
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2.5 Clock Circuits

The B085 has on clock ator.

Vecl*S V) — CROW pig 2.5 shows the mtefslp block dm of
L the on chip clock generator. The internal
T Q 4 clock generator requires tuned circuit like

X, D.; Cik LC, RC or crystal, or external clock source
G asaninputtagmeratemeciuchﬂe

internal T-flip flop divides the frequency by
o 2. Hence the operating frequency of the
- 8085 is always half of the oscillator

Fig. 2.5 Block diagram of built-in clock ency.
generator frequ

LC Tuned Circuit :
It is a LC resonant tank circuit. The

resonant l'-requenc}' for this circuit is given by
A
f. =
LE C : zn,.fl_l:c +Cpy )
X Where C,, is the internal capacitance and

it is normally 15 pF. The output ﬁ‘equunqr of
) this circuit has 10% wariations. To minimize

Fig. 2.6 L.C circuit the wvariations in the output frequency, it is
recommended to have C_, at least twice that of C,, i.e 30 pF.

RC Tuned Circuit : Fig. 2.7 shows the
RC tuned circuit. The output frequency of

this circuit is also not exactly stable. But X,
this circuit has an advantage that its

component cost is less. c R

Crystal Oscillator Circuit : I X5

Fig. 28 shows the crystal oscillator B
circuit. It is the most stable circuit. The 20

PF capacitor in the circuit is connected to Fig. 2.7 RC circult
assure oscillator siert-up at the correct

frequency.
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5
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Crystal ]
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BOBS
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I (NC)
Fig. 2.8 Crystal clock circuit Fig. 2.9 External frequency source

External Clock :

Fig. 2.9 shows how to drive clock input of 8085 with extermal frequency source. Here
external clock is applied at X, input and X, input is kept open.

2.6 Reset Circuit

On reset, the PC sets to 0000H which causes the B0B5 to execute the first instruction
from address 0000H. For proper reset operation reset signal must be held low for at least 3
clock cycles. The power-on reset circuit can be used to ensure execution of first instruction
from address 0000H. Fig. 2.10 shows the power-on reset circuit with typical R, C values.
(Note: R, C values may vary due to power supply ramp up time).

Upon power-up, RESET IN must remain low for at least 10ms after minimum Vee has
been reached, in the circuit shown in Fig. 2.10. Upon power up or key press, the RESET
IN goes low and slowly rises to +5 V, providing sufficient Hme for the processor to reset
the system. The diode is connected to discharge the capacitor immediately when power
supply is switched OFF,

+5 W

IN 4148 /

100 0

contact 1

I

Fig. 2.10 Power on resat
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After RESET, 8085 loads 0000H in PC register and clears the INTE flag. Before going to
execute interrupt service routine, it is necessary to setup certain parameters, required to
execute interrupt service routine. To avoid interrupt to occur before completion of these
initial requirements, after power on or reset, INTE flip-flop is cleared to disable interrupts.
It can be enabled by El instruction after initial settings.

As we know that, after power up or reset 8085 fetches its first instruction from 0000H
address, and it has to be the first instruction from monitor program. Therefore EPROM
consisting of monitor program must be located from address 0000H in any 8085
microprocessor system.

2.T 8085 Interrupt Structure and Operation

2.7.1 Types of Interrupts
The 8085 has multilevel interrupt system. It supports two types of interrupts:
a. Hardware b, Software

Hardware : Some pins on the 8085 allow peripheral device to interrupt the main
program for I/O operations, When an interrupt occurs, the 8085 completes the instruction
it is currently executing and transfers the program control to a subroutine that services the
peripheral device. Upon completion of the service routine, the MPU returns to the main
program. These types of interrupts, where MPLU pins are used to receive interrupt requests,
are called hardware interrupts.

Software : In software interrupts, the cause of the interrupt is an execution of the
instruction. These are special instructions supported by the microprocessor. After execution
of these instructions microprocessor completes the execution of the instruction it is
currently executing and transfers the program control to the subroutine program. Upon
completion of the execution of the subroutine program, program confrol returmns to the

main program.
2.7.2 Overall Interrupt Structure

2.71.2.1 Hardware Interrupts in B08S

The BO85 has five hardware interrupts :
1. TRAP 2. RST 75 3. RST 65 4. R5T 5.5 5. INTR
When any of these pins, except INTR, is active, the internal control circuit of the B0B5
produces a CALL to a predetermined memory location. This memory location, where the
subroutine starts is referred to as wector location and such interrupts are called vectored
interrupts. The INTR is not a vectored interrupt. It receives the address of the subroutine
from the external device.
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In 8085, all interrupts except TRAP are maskable. When logic signal is applied to a
maskable interrupt input, the 8085 is interrupted only if that particular input is enabled.
These interrupts can be enabled or disabled under program control. If disabled, B085
disables an interrupt request. The interrupt TRAP is nonmaskable whish means that it is
not maskable by program control. The Fig. 2.11 shows the interrupt structure of 8085, The
figure indicates that, the 8085 is designed to respond to edge triggering, level triggering or

bath.
Priarity Inpul pin Mask Vecior
(B Q |
. L [=rH hl—r—\
+ va edge : CLR Q D"_-ﬁ‘_.} 18
friggerad
Fesat———1} MTE
RST 7.5 Interrupt |
recognized 16

Level triggered

O —

i

4 RST

Level triggered DJ'.
v L [

Baoth +ve edge
and level triggered

El ]
3 a
0——3 Intarrupt
Hmt_.-_.} =] snabla
Ay intermupl recognized e

5_*_|_E ___)_mﬂmm

Level triggered hard-ware

Fig. 2.11 Interrupt structure of 8085

TRAP :

This interrupt is a nonmaskable interrupt. It is unaffected by any mask or interrupt
enable. TRAP has the highest priority. TRAP interrupt is edge and level triggered. This
means that the TRAF must go high and remain high until it is acknowledged. This avoids
false triggering caused by noise and transients.
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. I_Dﬂcm. D024H
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Fig. 2.12 Interrupt circuit for trap interrupt

As shown in the Fig. 212, the positive edge of TRAFP signal sets the D HAip-flop.
However, due to the AND gate, it is necessary to suslain high level on the TRAP input.
There are two ways to clear TRAP interrupt :

1. By resetting microprocessor ie. giving a low signal on RESETIN pin (External

signal).

2. By giving a high TRAP ACKNOWLEDGE {Internal signal).

After recognition of TRAP interrupt, B085 internally generates a high TRAP
ACKNOWLEDGE which clears the flip flop. Once the TRAF is acknowledged, the B085
completes its current instruction. It then pushes the address of the next instruction ie.
return address onto the stack and loads PC with the fixed vector address 0024H. Due to
this, B085 starts execution of instructions from address 0024H which is the starting address
of an interrupt service routine for TRAP.

RST 7.5 : The RST 75 interrupt is a maskable interrupt. It has the second highest
priority. As shown in Fig. 2.11, it is positive edge triggered and the positive edge trigger
is stored internally by the D-flip flop until it is cleared by software reset using SIM
instruction or by internally generated ACKNOWLEDGE signal.

The positive edge signal on the RST 7.5 pin sets the D flip flop. If the mask bit M 7.5
is 0 ie. RST 7.5 is unmasked then 8085 completes its current instruction. It then pushes the
address of the next instruction onto the stack and loads PC with the fixed vector address
003CH. Due to this, B085 starts execution of instructions from address 003CH which is the
starting address of an interrupt service routine for R5T 7.5.

RST 6.5 and RST 55 : The RST 6.5 and RST 55 both are level triggered. These
interrupts can be masked using SIM instruction. The RST 6.5 has the third priority whereas
B5T 55 has the fourth priority. The vector addresses of RST 6.5 and RST 55 are 0034H
and 002CH respectively. After recognition of RST 6.5 or RST 5.5 interrupt, 8085 completes
its current instruction; pushes the address of next instruction onto the stack and loads PC

with corresponding vector address.
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INTR : INTR is a maskable interrupt, but not the vector interrupt. It has the lowest
priority. The following sequence of events occur when INTR signal goes high.

1. The BO8S5 checks the status of INTR signal during execution of each instruction.

2. If INTR signal is high, then B085 completes its current instruction and sends an
active low interrupt acknowledge signal (INTA) if the interrupt is enabled.

3. In response to the INTA signal, external logic places an instruction OPCODE on the
data bus. In the case of multibyte instruction, additional interrupt acknowledge
machine cycles are generated by the B085 to transfer the additional bytes into the
MICTOPTOCEsSOT.

4. On receiving the instruction, the B085 saves the address of next instruction on stack
and executes received instruction.

Note : T]‘lEﬂl‘EﬁC‘ﬂﬂE, the external logic can place any instruction code on the data bus in
response to the INTA. However, only CALL and EST codes save the contents of the PC on
the stack and branch program control fo the subroutine address.

Response for RST instruction : If the external device places an opcode for any one of
the RST instruction (RST 0 - RST 7), then 8085 pushes the contents of PC onto the stack. It

then branches the program control to the vector address of the corresponding RST
mstruction.

Response for CALL instruction : If the extermal device places an opcode for CALL
instruction then 8085 generates two additional interrupt acknowledge cycles.

1. It sends an active low interrupt acknowledge signal second time.

2. In response to second INTA signal, external logic places the lower byte address for
the CALL instruction.

3. After receiving lower byte address, 8085 sends the third interrupt acknowledge
signal.

4. In response to third INTA signal, external logic places the higher byte address for
the CALL instruction.

5. After receiving sixteen bit address for CALL, B0B5 pushes the contents of the PC

onto the stack and branches the program control to the subroutine whose address
is received from the external logic.

Example : The Fig. 2.13 shows the diagram of external logic that gives the RST 7
instruction opcode on interrupt acknowledge.

External logic controls a tri-state buffer with the INTA signal in order to place am
opcode for RST 7 instruction. The INTA signal from the microprocessor is used as an
Output Enable signal for the buffer as well as reset signal for D flip flop. The request from
the [/O device is routed through the D flip-flop to the INTR. The D flip flop is used to
hold the INTR signal high until 8085 gives interrupt acknowledge signal. The INTA signal
that is generated enables the tri-state buffer whose data inputs are hardwired to the value
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8085 Microprocessor
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Fig. 2.13 External logic that gives the RST 7 instruction opcode

equal to the opcode for RST 7 (FFH) instruction. The 8085 receives this opcode during
interrupt acknowledge cycle. After receiving the opcode 8085 pushes the contents of
program counter onto the stack, thus saving the return address. It then branches the
program control to the address 0038H (Vector address of RST 7). Table 2.1 shows the

summary of hardware interrupts in 8085.

Interrupt type Trigger Pricrity Maskable Vector address
TRAP Edge and Level | 1% {Highest) No 0024 H
RST 7.5 Edge 2nd Yas DO3CH
RST 6.5 Level 3 Yes 0034H
RST 5.5 Level 4 Yes 002CH
INTR Leve! 5% (Lowest) Yes -

Table 2.1
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2.7.2.2 Software Interrupts in B85

The BOBS has eight software interrupts from RST 0 to RST 7. The vector address for
these interrupts can be calculated as follows.

Interrupt number x 8 =  vector address

For example :
Sx B=40 = 28H

+ WVector address for interrupt R5T 5 is 0028H.
The Table 2.2 shows the vector addresses of all interrupts.

Instruction HEX code Vector address
RET O c7 0000H
RST 1 CF Qo0aH
RET 2 o7 0010H
RST 3 DF 0018H
RST 4 ET 00204
RET & EF 0028H
RST & F7 0030H
RST 7 FF No3aH

Table 2.2 Vector addrasses for software 'inturrupts

2.7.3 Masking / Unmasking of Interrupts
As mentioned earlier, maskable interrupts are enabled and disabled under program
control. In this section we will see how interrupts can be masked or unmasked using
program control. There are three instructions used for masking / unmasking of interrupts :
1. El 2. DI 3. 5SIM
El : Enable Interrupt

The EI instruction sets the interrupt enable flip-flop, as shown in Fig. 2.11. Thus RST
7.5, RST 6.5, R5T 5.5 and INTR are enabled using EI instruction.

It is important to note that when any interrupt is acknowledged, interrupt enable flip
flop resets and disables all interrupts. To enable interrupt in further process it is necessary
to execute El instruction within interrupt service routine.

Dl : Disable Interrupt

The DI instruction resets the interrupt enable flip flop, as shown in Fig. 211, Thus it
disables RST 7.5, RST 6.5, RST 5.5 and INTR interrupts.
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SIM : Set Interrupt Mask

This instruction is used to set interrupt mask and to send serial output. It transfers the
contents of accumulator to interrupt control logic and serial 1/0 port. Thus it is necessary
to load appropriate contents in the accumulator before execution of SIM instruction.

2.7.4 Pending Interrupts

The Read Interrupt Mask, RIM, instruction is used to handle pending interrupts. It
loads the status of the interrupt mask, the pending interrupts and the contents of the serial
input data line, SID, into the accumulator. Thus, it is possible to monitor status of
interrupt mask, pending interrupts and serial input. There are number of interrupts. When
one interrupt is being serviced, other interrupt requests may occur. If the interrupt
requests are of higher priority, 8085 branches program control to the requested interrupt
service routines, But when the interrupt requests are of lower priority, 8085 stores the
information about these interrupt requests. Such interrupts are called pending interrupts.
The status of pending interrupts can be monitored using RIM instruction.

2.8 /O, Memory and System Buses

We know that the central processing unit, memory unit and I/0 unit are the hardware
components/modules of the computer. They work together with communicating each other
and have paths for connecting the modules together. The collection of paths connecting the
various modules is called the interconnection structure. The design of this interconnection
structure will depend on the exchanges that must be made between modules. A group of
wires, called bus is used to provide necessary signals for communication between
modules. A bus that connects major computer components/modules (CPU, memory, 1/0)
is called a system bus. The system bus is a set of conductors that connects the CPU,
memory and I/0 modules. Usually, the system bus is separated into three functional
ETOUpS :

= Data Bus
* Address Bus
» Control Bus

The 8085 microprocessor provides AD; - ADyg lines as an address/data lines, and
I0/M, RD and WR lines as control lines. We have to take support of external components
to generate address, data and control bus for memory and 1/0 interfacing.

2.8.1 Generation of Address and Data Bus - Demultiplexing AD, -AD,

We know that AD, to AD. lines are multiplexed and the lower half of address
{Ag - Ag) is available only during T; of the machine cycle. This lower half of address is
also necessary during T, and T, of machine cycle to access specific location in memory or
I/O port. This means that the lower half of an address bus must be latched in T; of the
machine cycle, so that it is available throughout the machine cycle. The latching of lower
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half of an address is done by using external latch and ALE signal from 8085. The Fig. 2.14
shows the hardware connection for latching the lower half of an address. The IC 7415373
is an B-bit latch, having 8 D flip-flops. The input is transferred to the output only when
clock is high. This clock signal is driven by ALE signal from 8085 The ALE signal is
activated only during T}, so input is transferred to the output only during Ty ie. address
(Ap - Aq) on the ADy to AD; multiplexed bus. In the remaining part of the machine cycle,
ALE signal is disabled so output of the latch (Ay - A) remains unchanged. To latch lower
half of an address, in each machine cycle, the B085 gives ALE signal high during T, of

every machine cycle.

i T4L5373
ADy L] D a -{:?— Ay
AD, * Ay
Ay ' CLK Ay
ADy * * Ay
AD, . Ay
.H.Dﬁ_ 1 A‘E
-ﬁ.Dﬂ - .ﬁ.ﬁ
ADy —o — Ay
G| oc
Enabla Output condral
ALE — =
Dy
D'I
Dy
Dy
By
D
Dg
Dy

Fig. 2.14 Latching circuit

The address lines Ag - Az are not multiplexed, thus the output of latch and address
lines Ag - A5 constitutes address bus (Ag - Ayg).

2.8.2 Generation of Control Signals
The 8085 microprocessor provides RD and WR signals to initiate read or write cycle.
Because these signals are used both for reading/writing memory and for reading/writing

an input device, it is necessary to generate separate read and write signals for memory
and 1/0 devices.
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The 8085 provides 10/M signal to indicate whether the initiated cycle is for 1/O device
or for memory device. Using I0/M signal along with RD and WR, it is possible to
generate separate four control signals :

MEMR  (Memory Read) : To read data from memory.
MEMW  (Memory Write) : To write data in memory.
IOR (/O Read) : To read data from I/0 device.
TOW (/O Write) : To write data in 1/0 device.

Fig. 2.15 shows the circuit which generates MEMR, MEMW, IOR and IOW signals.

BOBS

3 3l %

S .
>

Fig. 2.15 Generation of MEMR, MEMW, IOR and IOW signals

We know that for OR gate, when both the inputs are low then only cutput is low.
Table 2.3 shows the truth table used to generate MEMR, MEMW, IOR and IOW signals.
The signal 10/M goes low for memory operation. This signal is logically ORed with RD
and WR to get MEMR and MEMW signals. When both RD and 10/M signals go low,
MEMR signal goes low. Similarly, when both WR and I0/M signals go low, MEMW
signal goes low. To generate IOR and IOW signals for I/O operation, 10/M signal is first
inverted and then logically ORed with RD and WR signals.
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1 0 o Condition never exisis, because RD and WR signals does nol go
low simultaneously

1 0 1 1 1 0 1
1 i ] 1 i 1 0
1 1 1 1 1 1 1

Table 2.3
Same truth table can be implemented using 3:8 decoder as shown in Fig. 2.16.

I* sV

G Vee Y
¥ -
MEMA
i
. 3:8 MEMW
WR——— A  Decoder Y
RD B Y4
oM —— ¢ (T4L5138) ¥ __
IR
¥ -
v oW
G, G.

T

Fig. 2.16 Generation of control signals using 3:8 decoder

2.8.3 Bus Drivers

Typically, the B085 buses can source 400 pA and sink 2 mA of current, i.e. it can drive
only one TTL load. Therefore, it is necessary to increase driving capacity of the 8085 buses.
Bus drivers, buffers are used to increase the driving capacity of the buses.

Unidirectional Buffers :

As we know, the address bus is unidirectional, 8-bit unidirectional buffer, 7415244 is
used to buffer higher address bus. The Fig. 2.17 shows the logic diagram of 74L5244. It
consists of eight non-inverting buffers with tri-state outputs. Each one can sink 24 mA and
source 15 mA of current. These buffers are divided into two groups. The enabling and
disabling of these groups are controlled by 1G and 2G lines.
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Fig. 2.17 Logic diagram of the T4L5244

Bi-directional Buffer :

To increase the driving capacity of data bus, bi-directional buffer is used. Fig. 2.18
shows the logic diagram of the bi-directional buffer 7415245, also called an octal bus
transceivers. It consists of sixteen non-inverting buffers, eight for each direction, with
tri-state output. The direction of data flow is controlled by the pin DIR. When DIR is high,
data flows from the A bus to the B bus; when it is low, data flows from B to A. The active
low enable signal and the DIR signal are ANDed to activate the bus lines. Each buffer in
this device can sink 24 mA and source 15 mA of current.

20 T4LS5245 i0

Voo GND
ot 81118 Function table
3| A A B |17 Srech
4| Ay Bs |18 E":';;“' n:]n;m Operation
5 B
Ad 4|18 L L |8 Datato ABus
8 B L A Datato B Bus
As 5114 H X | isclation
7| A Bs |13
8 A-.. B, 12 H=High level L=Low level X=Imalevant
9| As _ By
DIR ] "
1 19
Diraction Enabla
caniral

Fig. 2.18 Logic diagram of the T4L5S245
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2.8.4 Typical Configuration
Fig. 2.19 shows schematic of the BI85 microprocessor demultiplexed address bus and

control signals.

G5V
|
20
As 17 v 3 a
15 ?‘LC“ Bl
_13 i 72w
ifras2aa) Octal g High-
! LS 17 12
F "“‘g' { driver 1,_—-""-11 MI::“
4 | 18 i;“
Py 2 I 1B
1 1'3 16
Ty .
A0 a5
1
x, ‘Vee  READY
Ehll'-tz!':ll' Ays
crystal )
:u:mFI_ % Ag
L
- .: m’
=24 80D
—Slem Ay
Ml
NC _ 78 a B0A6 A ALE
a7 0 [
=~ oLk ouT —
a8 [Z1H]
100 K L O, WR
IWTA
o 1 ; T
w2 LM e
= RST7.5
B P
- S |RSTE.S RESET DR 7§ GND
! T e our [ o] =
rrom- e300 T
w 1 *5”
source = v
29*_‘ 5 18
= Gy Vee 0,
_ O bl — W Contral
i 3 A, TALS138 O, ] OR
RO 2 o8 AR
Wwr 1 |.! decoder O, MEMW
Bl 0, MEMR
. -
= Gwnu"

Fig. 2.19 Typical 8085 configuration
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It also shows clock and reset crcoits. Interrupt lines which are not in use are
grounded. This is necessary because floating interrupt line may cause false triggering of
interrupt. Similarly, since the DMA controller is not used, HOLD line is also grounded. As
we know READY signal is used to synchronize slow peripherals with the microprocessor.
When it is low, microprocessor enters in the wait state and when it is high, it indicates
that the memory or peripheral is ready to send or receive data. Here, the READY signal is
tied high to prevent the microprocessor from entering the wait state. ALE signal is
connected to the clock input of the latch, to latch the low order address in T) of the
machine cycle. To control the direction of the bi-directional buffer 7415245, RD signal from
8085 is connected to DIR input of the bi-directional buffer. Thus, when RD signal is low,
DIR is low and data flows from memory or 1/0 device to the microprocessor, performing
read operation. When RD signal is high, DIR is high and data flows from microprocessor
to memory or /0 device performing write operation.

2.9 Instruction Cycle

During normal operation, the microprocessor sequentially fetches, decodes and
executes one instruction after another undil a halt instruction (HALT) is executed. When
HALT instruction is executed, microprocessor enters in HALT state and remains in that
state until reset signal is not activated, Upon activation of reset signal microprocessor
again starts the fetch, decode and execute cycle, ie. instruction cycle. This is illustrated in
Fig. 2.20.

Fig. 2.20 Fetch, decode, execute cycla
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The fetching, decoding and execution of a single instruchon constitutes an instruction
cycle, which consists of one to five read or write operations between processor and
memory or input/output devices. Each memory or [/O operation requires a particular
time period, called machine cycle. In other words, to move byte of data in or out of the
microprocessor, a machine cycle is required. Each machine cycle consists of 3 to 6 clock
periods/cycles, referred to as T-states. Therefore we can say that, one instruction cycle
consists of one to five machine cycles and one machine cycle consists of three to six
T-stales ie. three to six clock periods, as shown in the Fig. 2.21.

Inslruction cyche
1
E I |
Mac:h'rlaln‘::.r:'h 1 Machine cycla2 =~ == s SERCELEEEE Machina cycla 5
T- state 1 T- state 2 Toglate d cooorninnn T-slale &

Fig. 2.21 Relation between instruction cycle, machine cycle and T-state

There are seven different types of machine cycles in the B085A. Three status signals
I0/M, S, and S identify each type as shown in Table 2.4. These signals are generated at
the beginning of each machine cyele and remain valid for the duration of the cycle.

Machine Cycle Status Control
oM | s, g RD | WR | INTA

Opcode Fetch o 1 1 0 1 1
Memory Read o 1 0 0 1 1
Memaory Write 0 0 1 1 0 1
'O Read 1 1 0 0 1 1

WO Write 1 0 1 1 0 1
INTR Acknowledge 1 1 1 1 1 o
Bus Idle 0 0 0 1 1 1

Table 2.4 8085 machine cycles

2.10 Instruction, Execution, Sequence and Data Flow

To execute an instruction, microprocessor has to perform sequence of machine cycles,
depending on the instruction. In this section, we study how to represent different signals,
their fimings and sequence of machine cycles and data flow involved in it.
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2.10.1 Representation of Signals

Before going to see the timing diagram, we will see the signals and its representation
used in the timing diagrams.
Clock Signal :

The B085 divides the clock frequency provided at x, and x, inputs by 2, which is
called operating frequency. All the operations within the 8085 are synchronized with this
operating frequency. Therefore in the timing diagram operating frequency clock is shown
on the top and then the signals are shown with reference to operating frequency clock.
Ideally, the clock signal should be square wave with zero rise time and fall ime, as shown
in the figure. But in practice, we don't get zero rise time and fall ime. Therefore the clock
and other signals are always shown with finite rise and fall imes. Fig. 2.22 shows the

practical way of representing clock signal.

iy, W, ¥,

1 Clock cyeled

(a) ideal (b) Practical
Fig. 2.22 Clock signal representation

Single Signal :
Single signal is represented by a line. It may have status either logic 0 or logic 1 or

tri-state. The change in the state of the signal takes finite time and hence the state change
of signal is represented with finite rise time and fall time, as shown in the Fig. 2.23.

Logic 1 Logic 1
[ £
) Tri-state L
Logic O Logic 0
=T, T——_ -

Fig. 2.23 Single signal represantation
Group of Signals :

Group of signal, is also called a bus eg. address bus and data bus. To avoid
complications in the timing diagram these signals are grouped and shown in the form of
block as shown in Fig. 2.24.

><\— State change —/ ><L— Vialid mm_..% Tri state X

Fig. 2.24 Group of signals representation
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In the group representation individual state is not considered, but the group state is
considered. Change in state of single signal changes the state of group. It is represented by
the cross as shown the Fig. 2.24. The tri-state condition of the group signals is shown by
dotted lines. Two straight lines represent valid state/stable state.

In microprocessor systems, activation of signal/signals depends on the state of other
signal/signals. Such situations are shown in the timing diagrams with the help of specific
symbols. There are four possibilities :

Activation of a signal with the change in state of other signal.

Activation of a signal with the change in state of other signals.

Activation of signals with the change in state of other signal.

Activation of signals with the change in state of other signals.

Fig. .25 shows the representation of dependence of the signal/signals, in the tming
diagram.

d i' Dther signal

signal

Fig. 2.25 a) Activation of signal with Fig. 2.25 b) Activation of signal with
the change in state of other signal the change in state of other signal

Fig. 2.25 c) Activation of a signal with Fig. 2.25 d) Activation of signals with
the change in state of other signals the change in state of other signals
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2.10.2 Signal Timings

In BOBS microprocessor, signals are achivated at specific instant for specific ime period.
Once we understand this, it is very easy to draw timing diagrams. The following section
explains when the signals are activated and for what period they remain in active state.
ALE (Address Latch Enable) :

This signal is active high signal. It is activated in the beginning of the T, state of each
machine cycle, except bus idle machine eycle, and it remains active in the T; state as
shown in the Fig. 2.26.

Maching cycia 1 Machine cyche 2—‘

: \_/\_/\_/_\_ﬂ/_\ﬂ_

Fig. 2.26 ALE activation and its period
A, - A; (Lower byte address) :
The lower byte of address is available on the multiplexed address/data bus
(ADg - ADs) during T; state of each machine cycle, except bus idle machine cycle, as
shown in Fig. 2.27.

Machine cycle 1 Machine cycle 2 ——

BB RURLIRL P_/ =/
.-nfmF

4

Fig. 2.2T Lower address on the multiplexed bus
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Dy - Dy (Data bus) :

The data from memory or I/O device and from microprocessor to memory or 1/0
device is transferred during T, and T, - states. It is important to note that in read machine
cycle, data will appear on the data bus during the later part of the T; - state, as shown in
the Fig. 2.28, whereas in write cycle data will appear on the data bus at the beginning of
the T, - state, as shown in the Fig. 2.28.

I
I

| | |
SRV QREY I W R U AUV AN EY
------- ==

(a) Fig. 2.28 Data bus {b)

To read data from memory or I/O device it is necessary to select memory or 1/O
device. After selection, device will put the data from selected location on the data bus.
This action needs finite time. This time is referred to as ‘access time’ . In case of write
c]rt:le,d.alniaavaﬂab]ehiﬂwregiatersetuftheudmpmceaanranditcanp:tﬂ'ﬂt data on
the data bus with zero access time.

Ag - A4z (Higher byte address) :

The higher byte of address is available on the Ag- A bus during T,, T, and T, - state
of each machine cycle, except bus idle machine cycle, as shown in Fig. 2.29.

-

g EptiataWaaatal

g S )

Fig. 2.29 Higher byte address on AB-A15
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Iﬁfﬁ. 3', 31 :

These signals are called status signals. They decide the type of machine cycle to be
executed. They are activated at the beginning of T,-state of each machine cycle and
remain active till the end of the machine cycle.

s aaatatiatn
-{ oM=0,5=1.5=1 X 1o =0, 5,=0,5,=1 i

Fig. 2.30 Status signals

RD and WR :  These signals decide the direction of the data transfer. When RD signal is
active, data is transmitted from memory or [/0 device to the microprocessor, and when
WR signal is active, data is transmitted from microprocessor to the memory or 1/0 device.
Both signals are never active at a time.

As we know data transfer in 8085 takes place during T, and T, these signals are
activated during T, and T, as shown in the Fig. 2.31.

Read cycle Write cycle —————

BURU YRR RTIRIYRY
N L

Fig. 2.31 RD and WR signals

2.10.3 Machine Cycles
The 8085 has seven machine cycles. These are :

1. Opeode Fetch

2. Memory Read
3. Memory Write
4. 1/O Read



Microprocessor & Microcontroller System  2-32 8085 Microprocessor

5. 17O Write
b. Interrupt Acknowledge
7. Bus Idle

In cach machine cycles, particular signals are activated and data flow takes place In
terms of opcode or operand to carry out instruchon execution. Let us see which signals are
activated and how data flow takes place in each machine cycle one be one.

1. Opcode Fetch Cycle :

The first machine cycle of every instruction is opcode feich cycle in which the 8085
finds the nature of the instruction to be executed. In this machine cycle, processor places
the contents of the program counter on the address lines, and through the read process,
reads the opcode of the instruction. Fig. 232 (a) shows How of data (opcode) from
memory to the microprocessor and Fig, 2.32 (b) shows the timing diagram for opcode fetch
machine cycle. The length of this cycle is not fixed. It varies from 4T states to 6T states as
per the instruction. The following section describes the opcode fetch cycle in step by step
manner.

Step 1 : (State Ty) In T, state, the BDB5 places the contents of program counter on the
address bus. The high-order byte of the PC is placed on the Ag-Ayg lines. The low-order
byte of the PC is placed on the AD, - AD, lines which stays on only during Ty. Thus
microprocessor activates ALE (Address Latch Enable) which is used to latch the low-order
byte of the address in external latch before it disappears.

In T;, 8085 also sends status signals IO/M, S; and Sy I0/M specifies whether it is a
memory or I/0 operation, 5, status specifies whether it is read /write operation; S; and Sy
together indicate read, write, opcode fetch, machine cycle operation, or whether it is in
HALT state. In opcode fetch machine cycle status signals are : [0/M= 0,5, =1, 5, = 1.

Step 2 : (State T;) In T, low-order address disappears from the AD; - AD, lines.
(However A, - Ay remain available as they were latched duﬂnngj.IIsz,,EﬂEEaﬂldsR_D
signal low to enable the addressed memory location. The memory device then places the
contents of addressed memory location on the data bus (ADy - AD.).

Step 3 : (State T;) During T, 8085 loads the data from the data bus in its Instruction
Register and raises RD to high which disables the memory device.
Step 4 : (State T,)

In T, microprocessor decodes the opcode, and on the basis of the instrucdon

received, it decides whether to enter state T, or to enter state T, of the next machine cycle.
One byte instructions those operate on eight bit data (8 bit operand) are executed in T,
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For example : MOV AB, ANA D, ADD B, INR L, DCR C, RAL and many more.

Note : For one byte instructions which operate on eight bit data, data is always available
in the internal memory of B0BS i.e. registers.

Step 5 : (State T and Tg) States Tg and T, when entered, are used for internal
microprocessor operations required by the instruction. During Ty and T, 8085 performs
stack write, internal 16 bit, and conditional return operations depending upon the type of
instruction. One byte instructions those operate on sixteen bit data (16 bit operand) are
executed in Tg and Ty, For example DCX H, PCHL, SPHL, INX H, etc,

2. Memory Read Cycle :

The BOBS executes the memory read cycle to read the contents of R/W memory or
ROM. The length of this machine cycle is 3-T states (T; - Tj). In this machine cycle,
processor places the address on the address lines from the stack pointer, general purpose
register pair or program counter, and through the read process, reads the data from the
addressed memory location. Fig. 233 (a) shows flow of data from memory to the
microprocessor and Fig. 233 (b) shows the timing diagram for memory read machine
cycle. Memory read machine cycle is similar to the opcode fetch machine cycle. However,
they use only states T, to Ty, and the status signal values (I0/M =0, %, =1, 5, = 0)
appropriate for memory read machine cycle are issued in Ty. The following section
describes the memory read machine cycle in step by step manner.

Step 1 : (State T;) In T, state, microprocessor places the address on the address lines
from stack pointer, general purpose register pair or program counter and actvates ALE
signal in order to latch low-order byte of address.

During Ty, B085 sends status signals : 10/M = 0, 8; = 1, and Sy = 0 for memory read
machine cycle.
Step 2 : (State T;) In T, 8085 sends RD signal low to enable the addressed memory
location. The memory device then places the contents of addressed memory location on the
data bus (AD, -ADy).

Step 3 : (State T;) During Ty 8085 loads the data from the data bus into specified
register (F, A, B, C, D, E, H, and L) and raizes RD to high which disables the memory
device.
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3. Memory Write Cycle

The 8085 executes the memory write cycle to store the data into data memory or stack
memory. The length of this machine cycle is 3T states (T; — T3). In this machine cycle,
processor places the address on the address lines from the stack pointer or general
purpose register pair and through the write process, stores the data into the addressed
memory location. Fig. 2.34 shows the timing diagram for memory write machine cycle. The
memory write timing diagram is similar to the memory read timing diagram, except that
instead of RD, WR signal goes low during T, and T,. The status signals for memory write
cycle are : I0/M = 0, 5; = 0, S = 1. The following section describes the memory write
machine cycle in step by step manner.

Step 1 : (State Ty) In T, state, the 8085 places the address on the address lines from
stack pointer or general purpose register pair and activates ALE signal in order to latch
low-order byte of address. During T,, 8085 sends status signals :

10/M =0, 5 = 0and 5; = 1 for memory write machine cycle.

Step 2 : (State T;) In T, 8085 places data on the data bus and sends WR signal low for
writing into the addressed memory location.

Step 3 : (State T;) During T, WR signal goes high, which disables the memory device
and terminates the write operation.

4, 5. IO Read and I/O Write Cycles

The 1/O read and I/O write machine cycles are similar to the memory read and
memory write machine cycles, respectively, except that the I0/M signal is high for 1/0
read and 1/0 write machine cycles. High 10/M signal indicates that it is an 1/0 operation.
Fig. 235 and Fig. 2.36 show the timing diagrams for [/O read and I/0 write cycles,
respectively.

6. Interrupt Acknowledge Cycle

In response to INTR signal, 8085 executes interrupt acknowledge machine cycle to read
an instruction from the external device. Theoretically, the external device can place any
instruction on the data bus in response to INTA. However, only RST and CALL, save the
PC contents (return address) before transferring conirol to the interrupt service routine.
The next sections explain interrupt acknowledge cycles for R5T and CALL instructions.
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Interrupt acknowledge cycle for RST instruction

Fig. 2.37 shows the timing diagram of the interrupt acknowledge machine cycle and
execution of RST instructon. The interrupt acknowledge cycle is similar to the opcode
fetch cycle, with two exceptions.

1. The INTA signal is activated instead of the RD signal.
2. The status lines (I0/M, Sy and S,) are 111 instead of 011.

During interrupt acknowledge machine cycle (M;), the RST is decoded, which initiates
1 byte CALL instruction to the specific vector location. The machine cycles M, and M, are
memory write cycles that store the contents of the program counter on the stack, and then
a new instruction cycle begins.

LY WAVAVAVAVAVAVAVAWAVAVYAVAN

LT PCy 1BB-11H BPIH
ADy-AD, W PC - {RaT FH---—4----—~ ()l D OAPTH) Wisnal) Dy OAPCL)
ALE T\ \ —\ —
INTR I\EH*
MR\
I0/M,5,,5, K [AEK]] |E8.71] [3,0.1) }

S /T

3

Fig. 2.37 Restart instruction
Interrupt acknowledge cycle for CALL instruction

Fig. 238 shows the timing diagram of the interrupt acknowledge machine cycle and
execution of a CALL instruction. For CALL instruction, it is necessary to fetch the two
bytes of the CALL address through two additional interrupt acknowledge machine cycles
{(M; and M, in Fig. 2.38). The machine cycles My and M; are memory write cycles that
store the contents of the program counter on the stack, and then a new instruction cycle

begins.
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7. Bus ldle Cycle

There are few situations where the machine cycles are neither Read nor Write, These

situations are :

1. For execution of DAD instruction (this instruction adds the contents of a specified
register pair to the contents of HL register pair) ten T states are required. This means that
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after execution of opcode fetch machine cycle, DAD instruction requires & extra T-states to
add 16 bit contents of a specified register pair to the contents of HL register pair. These
extra T-states which are divided into two machine cycles do not involve any memory or
[/0 operation. These machine cycles are called BUS IDLE machine cycles. Fig. 2.39 shows
Bus Idle Machine Cycle for DAD instruction.

Instruction cycle of DAD instruction ——— |

Opcade Fetch Buside |
Ty | T | Ty | Tg | Ty | Tp | Ty | Ty | T | Ty
CEC WA WA Wa Wa WA W Wa Wa Wa WA
ALE [/

Aosig N Ry Unspecilied__ ) Ul!mpud'ﬁm:l
ADy - AD, Ep- )
oM, 5,5, Y ll -n,:,-u?q- ré!l'-_u,t.-ms,-u

=L/
wR L/
WA | [

Fig. 2.39 Timing diagram for DAD instruction

hhmﬂﬂéﬂ,ﬁmﬁm]ﬂeqﬂamﬂnﬂhmr&wmﬂqﬂmu@tﬁ
and ALE signals are not activated.

2. During internal opcode generations, for TRAP and RST interrupts, 8085 executes Bus
Idle Machine Cycles. Fig. 2.40 shows the Bus Idle Machine Cycle for TRAP. In response to
TRAP interrupt, 5085 enters into a Bus Idle Machine Cycle during which it invokes restart
instruction, stores the contents of PC onto the stack and places 0024H (Vector address of
TRAF) onto the program counter.
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M1(OF) M1(BT) M2(MW)

s [T [T [T [T [ Ta [0 [Te [T | T2
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5,5,

AgPuye [PC-1H PCH {5R-1]H
AD,,-AD,._"L _._.,.%Lﬂ'.“ Ea =

ALE

INTA

RD |/

WR

READY \_:‘?-u.} /

Fig. 2.40 Bus idle machine cycle for trap

The number of machine cycles required to fetch complete instruction depends on the
imstruction type :

1. One byte 2. Two byte 3. Three byte

One byte instruction doesn’t require any additional machine cycle. Two byte
instruction requires one additional memory read machine cycle, whereas three byte
instruction requires two additional memory read machine cycles.

The number of machine cycles required to execute the instruction depends on the
particular instruction. The total number of machine cycles required varies from one to five.
It is possible that memory read and memory write machine cycles occur more than once in
a single instruction cycle. The following examples illustrate the timing diagrams and
machine cycles used for few 8085 instructions.

- Example 2.1 : Draw the timing diagram for instruction MVI A, 30H which is stored at
address 2000H.

2000H JE

2001H 30
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Solution : This instruction consists of two bytes; the first is the opcode for MVI A
instruction and the second is the data byte. The B085 needs to read these bytes first from
memory and thus requires at least two machine cycles. The first machine cycle is opcode
fetch and second is memory read. Fig. 2.41 shows the timing diagram for this instruction.
This instruction cycle is described in the following paragraphs.

1. The first machine cycle is an opcode fetch machine cycle. In Ty, the microprocessor
places the 16 bit memory address (2000H) from the program counter on the address bus,
20H on the A - Az, and 00H on AD; - ADy and increments program counter to 2001H to
point to the next memory location. It activates ALE signal (active high) to latch the
low-order address 00H from the bus AD, - AD,. It also gives the stafus signals (10/M, 5
and Sp) 011 to indicate that it is an opcode fetch machine cycle. In T,, the 8085 activates
RD (active low) and reads the contents of memory location 2000H ie. 3EH. Then 8085
places the opcode in the instruction register and disables the RD signal during Ts. During
T the 8085 decodes the opcode and recognizes that it needs memory read machine cycle
to read second byte of the instruction. In T, the contents of the bus A;s-Ag are unknown,
and the data bus AD, - ADy, goes into high impedance state.

M, (Opcode Fatch) M. [Memary Read)

N WAWEWAWEWAWAWE

High crdar High arser
Ais = Ay X M mamary sddrass X"MMX m‘ﬁmﬂuu

07000 o Y- ) oo Yo

,—"("”;7 s

Efé': Status |03 / M=0, 8,51, 8,71 Opcods Fatch HJFH'U-L$1'1+3IJ'0

Fig. 2.41 Timing diagram for MVI A, 30H instruction
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1 After opcode fetch machine cycle 8085 executes memory read machine cycle. In Ty
of memory read machine cycle, 8085 places the address 2001H on the address bus and
merements the program counter to point the next memory location (2002H). 8085 then
activates ALE signal and sends status signals (I0/M, S; and Sp) 010 to indicate memory
read machine cycle. During T, and T,, 8085 activates RD signal and reads the 8 bit data
from memory location 2001H (30H). The BO8S then stores this data into the accumulator.

mwp Example 2.2 : Indicate machine cycles and T-States reguired for execution of STA
instruction.

Solution :  For instruction shown in Fig. 2.42, three machine cycles are required to fetch
the instruction and one additional machine cycle is required to store the contents of
accumulator into the memory. So following machine cycles are required for STA
instruction.

INSTRUCTION CYCLE
MACHINE
CYCLE
TSTATE
CLOCK
TYPE OF
MACHINE OPCODE FETCH MEMORY READ | MEMORY READ | MEMORY WRITE
CYCLE
Tha addreas | cortants of This adiclrass Thi addreas The sddraas ks
ADDRESS | the program counbar) (PC+1} poirts ba (PG+2) points io the dinect
BUS | Paints o the first byle the secand byte thee therd byte addiress accessed
(Opoode) of the insiruction | of the instnucticn of the instructian in W, and My
DATA BUS | Imstruction Opeode (of STA)| Low ander byba High ander byba Centants of tha
&l he direct ol tha diresst Ui aler
adorass addrass

Fig. 2,42 Machine cycles for STA instruction

1. Opcode Fetch (4T- States).
2. Memory Read (3T- States).
3. Memory Read (3 T-States).
4. Memory Write (3 T-States).
Thus for STA instruction 13 T-States are required.
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iy Example 2.3 :  Indicate machine cycles and T-States reguired for execution of LXI
insfruction. '
Solution : For instruction shown in Fig. 243, three machine cycles are required to fetch
the instruction. As it is an immediate instruction, operand ie. immediate 16-bit data is
given within the instruction, no further machine cycle is required.
Machine cycles required for LXI instruction. '

— INSTRUCTION CYCLE -
MACH
[:mu:_E My My, —
T STATE Ty | Ta | Ty | Ty | T2 Ty
CLOCK
TYPE OF
MACHINE || OPCODE FETCH . | MEMORY READ | MEMORY READ
GYCLE
The eddness | condenis of The address The address
ADDRESS | tha program coundar) {PE+1) points to (PC+2) poiris to
BUS | points ioiha frst byie tha second byta tha thind byta
{Opcode) of the instruction | of the instructon of the instruction
DATA BUS | Instrucion Dpeade (of LXI) | Low order byte High aroer byte
of the diredt of tha dinect
addrass address

Fig. 2.43 Machine cycles required for LXI instruction(10)

1. Opcode Fetch (4T- States).
2. Memory Read (3T- States).
3. Memory Read (3T- States).
Thus for LXI instruction 10 T-States are required. |
wmp Example 2.4 : Indicate machine cycles and T-States required for execution of LHLD
instruction.

Solution : For instruction shown in Fig. 2.44, three machine cycles are required to fetch
the instruction and two additional machine cycles are required to load 16-bit contents from
two consecufive memory locations into HL register pair. So following machine cycles are
required for LHLD instruction.



e, B085 Microprocessor

2-47

Microprocessor & Microcontroller System

ssuppE [A0p 0]
fq papad aplg

i puw fpy

SLIEM AHONIW

BLppE AR
Aq pajuiod wAg

i pue Ty
PRSSECCR FRRIpPE
PR e

5 SEUBPE UL

ALIHM AHONIW

sSppE
PRI A o
el e yliH

LOFEnasUl g o
sk pupg e
o wwad (Z+0d)
FRRINER Bl

Ov3H AHOWIW

EAT T
Pap ol jo
wplg sepio mo

VOEELE B JO
a1k pusoas ay)
oy s {}+9d)

Ov3H AHOWIN

FTIAD NOILONBLSNI

SNavivo

snd
sS3Ha0Y

FM3AD
HHIHIYH
40 3dAL

H2OMD
LVLE L

F12AD
ANIHIYIN

Fig. 2.44 Machine cycles and T-states required for execution of LHLD instruction

1. Opcode Fetch (4 T-States).

2. Memory Read (3 T-States).

3. Memory Read (3 T-5tates).

4. Memory Write (3 T-States).

5. Memory Write (3 T-States).

Thus for LHLD instruction 16T-States are required.
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2.10.4 Concept of Wait States

In some applications, speed of memory system and I/0 system are not compatible
with the microprocessor's timings. This means that they take longer time to read/write
data. In such situations, the microprocessor has to confirm whether a peripheral is ready to
transfer data or not. If READY pin is high, the peripheral is ready otherwise B085 enters
wait state.

Fig. 245 shows the timing diagram for memory read machine cycle with and without
wait state.

MR OR 10R MR OR IOR
T; Ts Ty Ty T, T T,
S Va Ve Ve Wa Wa Wa Wa
EI:.: Xnii-nlfhmnmms.ﬂ ﬁ-% uﬂ-n{hmmrﬂms‘..lsq.n K
Ag- Ay -X_ X X

EN

ouT
ADg-Ady | | X Ag-ty By~ Dy ﬁ_{ﬁ.h By~ b7
ALE p" \

Fig. 2.45 Read machine cycle with and without wait state

Wait states continue to be inserted as long as READY is low. After the wait state, BO85
continues with Ty of the machine cycle. During a wait state the contents of the address
bus, the data bus, and the control bus are all held constant.

The wait state then gives an addressed memory or I/0 port an extra clock cycle time
to output valid data on the data bus. This feature allows to use cheaper memory or 1/0
devices that have longer access times.
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Review Questions

1. Explain the features of 8085,
2. Give the clack out frequency and stale time, T, of an 8085A operating with each of the following
Sfrequency crystals : 6.25 MHz, 6.144 MHz, 5 MHz and 4 MHz.
‘3. List the internal registers in 8085A, their abbreviations and lengths. Describe the primary function
of each register.
Give the format of flag register in 8085. Explmin each flag.
Draw the functional Hock diagram of microprocessor 8085 and explain in brief.
Explain different control signals used by 8085,
Why AD, - AD- lines are mulfiplexed 7
What is the use of ALE signal 7
What is the use of CLKOUT and RESET OUT signals of 8085 processor ?
10. - Deseribe the function of following pins in 8085,
a READY b ALE & IOM d HOLD e RESET
11. Explain the signals used in DMA operation in B08S.
12. Dyaw and explain typical 8085 configuration.
13. Define
i) Instruction cycle i) Machine cycle i) T state
14. What is the necessity to Wave fwo status lines 51 and Sp in 8085 7
15, Show the representation of single signal.
16, Show the representation of group of signals.
17. In which T - cycle the ALE signal is activated 7
18. Explain how the mulliplexed datafaddress bus is shared for date and address.
19, Draw and explain the tming diagram of apcode fetch machine cycle.
20. Draw and explain the timing dingram of memory read machine cycle.
Draow and explain the timing diagram of memory. wrife machine cycle.
Draw and explain the timing diagrams for 1/O read and 1O write machine cycles.
Explain the interrupt acknowledge cycle for RST instruction.
D and explain the bus idle machine cyele.
Indicale machine cycles and T-stales required for execution of LDA instruchion.
Explain the use of Ready signal in 8085.
Draw and explain the timing diagram for memory read machine cycle with and withoul wait state.
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8085 Instruction Set and
Assembly Language Programming

3.1 Introduction

In the previous chapter we have studied block diagram of microprocessor 8085. The
block diagram shows microprocessor’s functions for data processing and data handling. It
also shows how each of these logic functions are connected together. Such microprocessor
performs a particular task by executing proper sequence of instructions. Thus to perform a
task in a particular microprocessor system, programmer has to know the instructions
supported by microprocessor used in the microprocessor system.

This chapter explains the set of instructions supported by the B085 microprocessor and
explains how to write programs (set of instructions written in a proper sequence to
perform a particular task) using them. This chapter also gives a large number of programs
to perform different tasks.

3.2 Instruction Classification

The instructions provided by the 8085 can be categorised into five different groups
based on the nature of function of the instructions.

* [Data transfer operations

* Arithmetic operations

* Logical operations

* Branch operations and

» Stack, Input/Output and Machine control operations

3.2.1 Data Transfer Operations

The data transfer instructions load given data into register, copy data from register to
register, copy data from register to memory location, and vice versa. In other words we
can say that data transfer instructions copy data from source to destination. Source can be
data or contents of register or contents of memory location whereas destination can be
register or memory location. These instructions do not affect the flag register of the
PrOCESSOr.

(3-1)



Microprocessor & Microcontroller System  3-2 8085 Instruction Set and ALP

3.2.2 Arithmetic Operations

The arithmetic instructions provided by 8085 perform addition, subtraction, increment
and decrement operations.

* Addition : Any B-bit number, or the contents of a register, or the contents of a
memory location can be added to the contents of the accumulator and the
resulted sum is stored in the accumulator. The resulted carry bit is stored in the
carry flag. In 8085, no two other registers can be added directly, i.e. the contents
of B and C registers cannot be added directly. To add two 16-bit numbers the
BOB5 provides DAD instruction. It adds the data within the register pair to the
contents of the HL register pair and resulted sum is stored in the HL register
pair.

* Subtraction : Any 8-bit number, or the contents of a register, or the contents of a
memory location can be subtracted from the contents of the accumulator and the
result is stored in the accumulator. The resulted borrow bit is stored in the carry
flag. In B0B5, no two other registers can be added directly.

* [Increment/Decrement : The 8085 has the increment and decrement instructions
to increment and decrement the contents of any register, memory location or

register pair by 1.

3.2.3 Logical Operations
The logical instructions provided by 8085 perform logical, rotate, compare and
complement operations.
= Logical : Using logical instructions, any 8-bit number, or the contents of a
register, or of a memory location can be logically ANDed, ORed, or
Exclusive-ORed with the contents of the accumulator and the result is stored in
the accumulator. The result also affects the flags according to definition of fags.
For example, the zero result sets the zero flag.

= Rotate : These instructions allow shifting of each bit in the accumulator either
left or right by 1 bit position.

* Compare : Any 8-bit number, or the contents of a register, or the contents of a
memory location can be compared for equality, greater than, or less than, with
the contents of the accumulator.

* Complement : The result of accumulator can be complemented with this
instruction. It replaces all 0s by 15 and all 1s by Os.

3.2.4 Branching Operations

These instructions allow the 8085 to change the sequence of the program, either
unconditionally or under certain test conditions. These instructions include branch
instructions, subrouting call and return instructions and restart instructons.
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3.2.5 Stack, Input/Qutput and Machine Control Operations

These instructions control the stack operations, input/output operations and machine
operations. The stack instructions allow the transfer of data from register pair to stack
memory and from stack memory to the register pair. The input/output instruction allows
the transfer of B-bit data to imput/output port. On the other hand machine instructions
control the machine operations such as interrupt, halt, or do nothing.

3.3 Instruction and Data Format

Each instruction of the BOB5S microprocessor has specific information fields. These
information field: of instructons are called elements of instrucHon. These are :

* Operation code : The operation code Held in the instruction specifies the
operation to be pusformed. The operation is specified by binary code, hence the
name operafion code or simply opcode. For example, for 8085 processor
operation code for ADD B instruction is 80H.

* Source / destination operand : The source/destination operand field directly
specifies the source/destination operand for the instruction. In 8085, the
instruction MOV A,B has B register contents as a source operand and A register
contents as a destination operand because this instruction copies the contents of
register B to register A.

* Source operand address : We know that the operation specified by the
instruction may require one or more operands. The source operand may be in
the B0BS register or in the memory. Many times the instructon specifies the
address of the source operand so that operand(s) can be accessed and operated
by the 8085 according to the instruction.

In B085, the source operand address for instruction ADD M is given by HL register
pair.

* Destination operand address : The operation executed by the 8085 may produce
result, Most of the times the result is stored in one of the operand. Such operand
is known as destination operand. The instruction which produce result specifies
the destination operand address. In 8085, the destination operand address for
instruction INR M is given by HL register pair because INR M instruction
increments the contents of memory location specified by HL register pair and
stores the result in the same memory location.

* Next instruction address : The next instruction address tells the 8085 from where
to fetch the next instruction after completion of execution of current instruction.
For BRANCH instructions the address of the next instruchion is specified within
the instruction. However, for other instructions, the next instruction to be fetched
immediately follows the current instruction. For example, in B0B5, instruction
after INR B follows it. The instruction [MF 2000H specifies the next instruction
address as 2000H.
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3.3.1 Instruction Formats

The B085A instruction set consists of one, two and three byte instructions. The first
byte is always the opcode; in two-byte instructions the second byte is usually data; in
three byte instructions the last two bytes present address or 16-bit data.

1. One byte instruction :

For Example : MOV A, B whose opcode is 78H

Farmat: | Opcode which is one byte. This instruction copies the
1 byte contents of B register in A register,

2. Two byte instruction :

For Example : MVI B, 02H. The opcode for this
instruction is 06H and is always followed by a byte

Format: | Opeode | Operand data (02H in this case). This instruction is a two byte
2 bytas instruction which copies immediate data into B
register.

3. Three byte instruction :

For Example : JMP 6200H. The opcode for this
instruction is C3H and is always followed by
Format : Opcoda | Operand | Oparand 16 bit address (6200H in this case). This
3 byles instruction is a three byte instruction which
loads 16 kit address into program counter.

3.3.2 Opcode Formats

The BI85A microprocessor has 8-bit opeodes. The opcode is unique for each instructon
and contains the information about operation, register to be used, memory to be used etc.
The B0B5A identifies all operations, registers and flags with a specific code. For example,
all internal registers are identified as shown in the tables 3.1(a) and 3.1(b).

Registers Code Register Pairs Code
B 000 BC D 0
(- 0 1 DE o 1
D 0 0 HL i 0
E o1 1 AF or SP 1 1
H 10 0 Table 3.1 (b)
L 10 1

M (Memory) 1 1 0
A 11 1

Table 3.1{a)
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Similarly, there are different codes for each operation. The operation codes are
identified as follows :

Instruction Operation Code Instruction Operation Code

B; Bg By By|By; B; By By By Bg Bg By|By By By By

AC| data i 1 0 of(1 1 1 0|Wir,data {0 O D D|D 1 1 O
ADCr 1“0 0 0|1 5 5 5§ MOP o o o0 90 0 0 a9
ADD r 1 0 0 9|0 8§ 85 8§ ORA r I I | 1! 5 § 3
AD data 1 1 0 41 1 0 © ORI data 1 1 i 1|0 1 1 0
AMAY |1 0 1 0|0 S S S| OUTaddr |1 1 0 1|0 0 1 1
AMidata [1 1 1 0|0 1 1 D| PCHL 1 1 1 0|1 0 0 1
CALLaddr | 1 1 © 011 1 0 1 POP mp 11 D Dlo O 0 1
CMA g o 1 o]1 1 1 A1 PUSH rp 11T D D)o 1T O 1
CMC g o 1 1 1 1 1 1 RiRotate) o o o AlD 1 1 1

CMP ¢ i 0 1 1(1 5 5 5 RET 11 0 o1 @ 0 1
DAA o o 3 o070 1 1 1 RIM o o 1 6|9 0 ©o O
DAD rp o o DD DY O 0O 1 RST m 1 1 m n|ln 1 1 1
DCR r 0 0o 8 5|5 1 0 1 SBBr 1 o0 o0 1|1 8§ 5§ 8
DCX p o o 0D D|1T o 1 1 SBI data 1 1 0 11 1 1 0
(]} 1 1 1 1|0 o 1 1 ]|SHDaddr |0 0 1 00 0 1 0

El T 1 1 111 0 1 1 SiM @ 0 1 1|0 0 0 O
HLT o 1 1 1|0 1 1 0 SPHL 1 1 1 111 0 0o 1

IM 1 1 0 111 0 1 1 SThaddr (O O 1 1|0 0 1 O
INR r 0o 0o 5 5|5 1 0 0 STAX m o o o s|0o o0 1 O
INX rp o ¢ 0 DO O 1 1 8TGC o 0o 1 10 1 1 1
JMP addr |1 1 O 00 O 1 1 SUB r i 0 0 1{j0 & S5 8§
IDAaddr { O © 1 1|1 © 1 0 SUI data 11 0 1|0 1 1 0O
LDAX mp 0 ¢ ¢ D1 0 1 O XCHG 11 1 o1 0 1 1
LHLD addr | O 0O 1 1 0 1 0 XRA T T 0 1 0|1 5 § 8
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Ll rp a D D)o O o A ¥R data 1 1 1 o)1 1 1 0
MOV rd, = 1 D DD 8§ § §
J condition addr i T T|F 0o 1 0
Flag Type | ¢ T
C condition addr 1T T T|F 1 0 0 7 = =
R condition 1 T T|F 0 ©0 0O : ° ; F = Flag siak
3 1 1

Note : DDD defines the destination register, 555 defines the source register, DD
defines the register pair, D defines direction, TT defines Flag Type and F indicates flag

status.

Table 3.2 Instruction codes

MNow, we will see how opcodes are designed for some instructions using information
given in the above tables.

Example 1 :

Example 2 :

Example 3 :

Example 4 :

Instruction
Operation code
Register code

Operation code

MVI B Operation ; Move immediate 8-bit data
0 0DD D110

00 0
0000 %1 1 0=06H
MVI A Operation ; Move immediate 5-bit data
c0oDD D110

11 1
0011 111 0=3EH
LXI B Operation ; Load immediate 16-bit data
00 0001

D D
00
00
. LXI D Operation ; Load immediate 16-bit data
. 00

D 0001
1
1

000 1=11H
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Example 5 :

Instruction : MOV A, B Operation ; Copy data from source
register to destination
register

Operationcode : 0 1 DD DS § 5§

Register code : 111 00 0

o Opcode 00111 1 00 0=78H
Example 6 :

Instruckion : MOV E, L Operation; Copy data from source
register to destination
register

Qperationcode : 0 1 DD DS 5 §

Register code : 01 1101

i Opcode 0101 110 1=5DH

3.3.3 Data Formats
The operand is an another name for data. It may appear in different forms :

* Addresses
* Numbers/Logical data and

* Characlers

Addresses : The address is a 16-bit unsigned integer number used to refer a memory
location.

Numbers/Data : The 8085 supports following numeric data types.

* Signed Integer : A signed integer number is either a positive number or a
negative number. In BOB5, B-bits are assigned for signed integer, in which most
significant bit is used for sign and remaining seven bits are used for magnitude.
Sign bit-0 indicates positive number whereas sign bit-1 indicates negative
number,

* Unsigned Integer : The 8085 microprocessor supports B-bit unsigned integer.
* BCD : The term BCD number stands for binary coded decimal number. It uses

ten digits from 0 through 9. The B-bit register of 8085 can store two digit BCD
number.
Characters : The BOB5 uses ASCIl code to represent characters. It is a 7-bit
alphanumeric code that represents decimal numbers, English alphabets, and other spe-.‘_lal
characters.
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3.4 Instruction Set of 8085

In this section, the instructons from all groups are mr.plainud with the help of
examples. Before to discuss these instructions, let us get familiar with the notations used in
the explanation of instructions. These are:

Notation

addr

Meaning

Memory location pointed by HL regisier pair
8-bi} register

18-bit ragister pair

Source register

Destination register

16-bit address/B-bit address

3.4.1 Data Transfer Group

1.

MVl r, data (8) This instruction directly loads a specified register with an 8-bit data
given within the instruction. The register r is an B-bit general
purpose register such as A, B, C, D, E, H and L.

Operation r + B8-bit data (byte)

Example

MYI B, &0H ; This instruction will load &0H directly into the B
register.

MVI M, data {(B) This instruction directly loads an B8-bit data given within the
instruction  into a memory location. The memory location is
specified by the contents of HL register pair.

Operation M + byte or (HL) «+ byte

Example i H=20HandL=50H

MVI M, 40H ; This instruction will load J40H inte memory whose
address 15 2050H.

Before Execution After Execution
204FH Z204FH
HL = 2050H MVIM, 40H  H = 2050H] 40

2051H 2051H
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3. MOV rd, rs

6.

Operation
Example

MOV B, A

MOV M, rs

Operation

Example

MOV M, B

MOV rd, M

Operation

Example
MOW C, M

LXI rp, data (16)

Operation
Example

LXI B,1020H

L

£l
E i

This instruction copies data from the source register into
destination register. The rs and rd are general purpose registers
such as A, B, C, I, E, H and L. The contents of the source register
remain unchanged after execution of the instruction.

rd « rs

A= 20H

This instruction will copy the contents of register A
(20H) into register B.

This instruction copies data from the source register into memory
location pointed by the HL register pair. The rs is an 8-bit general
purpose register such as A, B, C, I), E, H and L.

(HL) « rs

If HL = 2050H, B = 30H.

This instruction will copy the contents of B register
{30Hd) dinte the memory location whose address is
specified by HL (2050H) .

This instruction copies data from memory location whose address
is specified by HL register pair into destination register. The
contents of the memory location remain unchanged. The rd is an
B-bit general purpose register such as A, B, C, D, E, H and L.

rd « (HL)

HL = 2050H, contents at 2050H memory location = 40H

This insktructicon will copy the contents
location pointed by HL register pair (40H)
register,

of memory
into the C

This instruction loads immediate 16-bit data specified within the
instruction into register pair or stack pointer. The rp is 16-bit
register pair such as BC, DE, HL or 16-bit stack pointer.

rp + data (16)

This instruction will load 10H into B register and 20H

into € register.
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7. STA addr This instruction stores the contents of A register into the memory
location whose address is directly specified within the instruction.
The contents of A register remain unchanged,

Operation ! (addr) « A
Example : A=50H
STA 2000H i This instruction will store the contents of A reglster

{50H) to memory location 2000H.

B. LDA addr This instruchon copies the contents of the memory location whose
address is given within the instruction into the accumulator. The
contents of the memory location remain unchanged.

Operation A « (addr)

Example : {(2000H} = 30H

LDA Z000H i This instructicon will copy the contents of @ memory
location 2000H 1.e. data 30H into the A register

9. SHLD addr This instruction stores the contents of L register in the memory
location given within the instruclion and contents of H register at
address next to it. This instruction is used to store the contents of
H and L registers directly into the memory. The contents of the H
and L registers remain unchanged.

Operation t (addr) & L and {(addr + 1) « H
Example : H=30H, L=E0H
SHLD 2500H ; This instruction will copy the contents of L register

at address 2500H and the contents of H register at
address 2501H.

10. LHLD addr This instruction copies the contents of the memory location given

within the instruction into the L register and the contents of the
next memory location into the H register.

Dperation : L ¢ {addr), H « {addr + 1)

Example : {2500H) = 30H, (2501H) = &0H

LHLD 2500B ; This instruction will copy the contents of memory
location 2500H i.e. data 30H into the L register and
the contents at memory location 2301H L.e. data 60H
into the H register.
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11. STAX rp

Operation

Example

STRX B

12. LDAX rp

Operation

Example

LDAX D

13. XCHG

Operation
Example
KCHG

»a

LE

4 &

This instruction copies the contents of accumulator into the
memory location whose address is specified by the specified
register pair. The rp is BC or DE register pair. This register pair is
used as a memory pointer. The contents of the accumulator remain
unchanged.

(rp) + A

BC = 10:20H, A = 50H

This instructiecn will copy the contents of A register
(50H) to the memory location specified by BC register
pair (10Z0H) .

This instruction copies the contents of memory location whose
address is specified by the register pair into the accumulator. The
rp is BC or DE register pair. The register pair is used as a memory
pointer.

A+ (rp)
DE = 2030H, (2030H) = 80H

This instruction will copy the contents of memory
location specified by DE register pair (BOH) into the
accumulator.

This instruction exchanges the contents of the register H with that
of D and of L with that of E.

HeDand L & E

DE = 2040H, BL = T0&0H

This instruction will load the data into registers as
follows H= 20H, L=40H, D= T0H and E = 80

3.4.2 Arithmetic Group

1.

ADD r

Operation

This instruction adds the contents of the specified register to the
contents of accumulator and stores result in the accumulator. The
r is B-bit general purpose register such as A, B, C, D, E, H and L.

A—A4+T
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Exampla

ADD

2. ADDM

Operation

Example :

ADD M

3. ADI data (8)

Operation
Example

ADI 7OH

4 ADCr

Operation

Example

ADC C

Aw 20H, C= 30H.

This instruction will add the contents of C register,
i.e. data 30H to the contents of accumulator, i.e.
data 20H and it will store the result 50H in the
accumulator.

This instruction adds the contents of the memory location pointed
by HL register pair to the contents of accumulator and stores result
in the accumulator. The HL register pair is used as a memory
pointer. This instruction affects all flags.

A—A+M

A= 20H, HL = 2050H, (2050H) = 10H

This instruction will add the contents of memory
location pointed by HL register pair, 2050H i.e. data
i0H te the contents of accumulator i.e. data 20H and
it will store the result, 30H in the accunulator.

This instruction adds the 8 bit data given within the instruction to
the contents of accumulator and stores the result in the
accumulator.

A & A + data (8)

A= 50H

This instruction will add 70H to the contents of tha
accumulator (50H) and it will store the result in the
accumelator (COH) .

This instruction adds the contents of specified register to the
contents of accumulator with carry. This means, if the carry flag is
set by some previous operation, it adds 1 and the contents of the
specified register to the contents of accumulator, else it adds the
contents of the specified register only. The r is 8bit general
purpase register such as A, B, C, D, E, H and L.

A=A+ o+ CY

Carry flag=1, A=50H, C=20H

This instruction will add the contents of © (20H)

regiater to the contents of acoumulator (50H) with
carry (1) and it will store result, T1H (50H + 20H + 1
= 71H) in the accumulator
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5. ADCM

Operation
Example

ADC M

6. ACI data (8)

Operation
Example

ACI Z0H

7. DAD rp

Operation

Example
DAD D

8. SUBr

This instruction adds the contents of memory location pointed by
HL register pair to the contents of accumulator with carry and
stores the result in the accumulator. HL register pair is used as a
memory pointer.

A~ A+M+CY

Carry flag= 1, HL = 2050H, A= 20H, (2050H) = 30H.

This instruction will add the contents of memory
location pointed by HL register pair, 2050H, i.e. data
30H to the contents of accumulator, i.e. data 20H with
carry flag (1). It will store the result (30+20+1=51H)
in the accumulator.

This instruction adds 8 bit data given within the instruction to the
contents of accumulator with carry and stores result in the
accumulator.

A e~ A+ data (8) + CY

A =30H, Carry flag=1

This instruction will add 20H to the contents of
accumulator, i.e. data 30H with carry (1) and stores
the result, 51H {30 + 20 + 1 = 51H) in the
accumulater.

This instruction adds the contents of the specified register pair lo
the contents of the HL register pair and stores the result in the HL
register pair. The rp is 16-bit register pair such as BC, DE, HL or
stack pointer, Only higher order register is to be specified for
register pair within the instruction.

HL « HL + rp

DE = 1020H, HL = 20500

This instruction will add the contents of DE register
pair, 1020H to the contents of HL register pair,
2050H. It will s=tore the result, 3070H in the HL

register pairc.

This instruction subtracts the contents of the specified register from
the contents of the accumulator and stores the result in the
accumulator. The register r is B-bit general purpose register such as
A B C D E Hand L.
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Operation

Exampla

SUB B

9. SUB M

Operation

SUB M

10. SUI data (8)

Oparation

Example
501 20H

11. SBB r

Operation

LR

A A-=T

A =50H, B= 30H.

Thiz instruction will subtract the contents of B
register (30H) from the contents of accumulator (50H)
and storas the result (20H) in the aceumulatear.

This instruchion subtracts the contents of the memory location
pointed by HL register pair from the contents of accumulator and
stores the result in the accumulator. The HL register pair is used as
a memory pointer.

A—A-M

HL = 1020H, A= 50H, (1020H) = 10H

This instruction will subtract the contents of memory
location peinted by HL register pair, 1020H, i.e. data
108 from the contents accumalator, i.e. data 50H and
stores the result (40H) in accumulator.

This instruction subtracts an 8-bit data given within the instruction
from the contents of the accumulator and stores the result in the
accumulator.

A « A - data (8)

A= 40H,

This instruction will subtract 20H from the contents of
apcumulater (40H). Tt will store the result (20H) in

the accumulator.

This instruction subtracts the specified register contents and borrow
flag from the accumulator contents. This means, if the carry flag
(borrow for subtraction) is set by some previous operation, it
subtracts 1 and the contents of the specified register from the
contents of accumulator, else it subtracts the contents of the
specified register only. The register r is B-bit register such as A, B,
C, D, E Hand L.

A—A-r-CY
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Example Carry flag=1, C=20H, A= 40H

SBR C ; This instruction will subtract the contents of C
register (20H) and carry flag (1) from the contents of
accumulator (40H).It will store the result (40H = Z20H
= 1= 1FH) in the accumalator.

12. SBB M This instruction subtracts the contents of memory location pointed
by HL register pair from the contents of accumulator and borrow
flag and stores the result in the accumulator.

Operation : A— A-M-CY

Examplae : Carry flag=1, HL=2050H, A =50H, (2050H) = 10H.

SEE M i This instruction will subtract the contents of memory
location; pointed by HL register pair, 2050H, i.e. data
10K and borrow (Carry flag = 1) from the contents of
accumulater (50H) and stores the result 3FH in the
accumulator (30 - 10 - 1 = 3F).

13. 5Bl data (8) This instruction subtracts 8 bit data given within the instruction
and borrow flag from the contents of accumulator and stores the
result in the accumulator.

Operation ;A e A -data(8)-CY

Example : Carry flag=1, A =50H

EBI Z20H ;This instruction will subtract 20H and the carry flag
{1} from the contents of the accumulator (50H). It
will store the result (S50H - 20H - 1 = 2FH) in the
accumulator.

14. DAA This instruction adjusts accumulator to packed BCD (Binary Coded

Decimal) after adding two BCD numbers.
Instruction works as follows :

1. If the value of the low-order four bits (D;-Dp) in the
accumulator is greater than 9 or if auxiliary carry flag is set, the
instruction adds & (06) to the low-order four bits.

2. If the value of the high-order four bits (D;-D,) in the
accumulator is greater than 9 or if carry flag is sef, the instruction
adds 6{60) to the high-order four bits.



Microprocessor & Microcontroller System 3 -16 BOBS Instruction Set and ALP

Example

IE, A= Q011 1001 = 3% BRCD

and C o= 0001 0010 = 12 BCD then
ADD C ; Gites A = 0100 1011 = 4BH
DAR f adds 0110 bBecause 1011>%,

i A=0101 4001 = 51 BCD

If A o= 1001 6119 = 8& BCD

and D o= 0000 0111 = Q7 BCD then
ADD D ; Giwes A = 1001 1101 = 49DH

DAR i adds 0110 because 1101 > B,
A = 1010 0011 = A3H,
1010 > 9 sc adds 0110 0000,
A = 0000 0011 = 03 BCD, CF = 1.
15. INR r This instruction increments the contents of specified register by 1.
The result is stored in the same register. The register r is B-bit
general purpose register such as A, B, C, D, E, H and L.

Operation : TeT+1
Exampla : B=10H
IR B i This instruction will increment the ocontents of B

register (10H) by one and stores the result (10 + 1 =
11H) in the same i.e. B register.

16. INR M This instruction increments the contents of memory location
pointed by HL register pair by 1. The result is stored at the same
memory location. The HL register pair is used as a memory

pointer.

Operation : M M+ 1

Example : HL=2050H, {2050H) = 30H

INE M ; This instruction will increment the contents of memory
location pointed by HL register pair, 2050H, i.e. data
30H by one. It will store the result (30 + 1 = 31H) at
the same place.

17. INX rp This instruction increments the contents of register pair by one. The

result is stored in the same register pair. The rp is register pair
such as BC, DE, HL or stack pointer (SF).

Operation  : 1« 1p+1
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Example
INX H

18. DCR r

Operation

Example

DCR E

1. DCR M

Operation

Example
DCE M

20. DCX rp

Operation
Exampie
DCE D

-

L]

LT

HL = 10FFH

This inmstruction will increment the contents of HL
register pair (10FFH) by one. It will store the result
(10FF + 1 = 1100H) in the same i.e. HL register pair.

This instruction decrements the contents of the specified register by
one, It stores the result in the same register. The register r is 8-bit
general purpose register such as A, B, C, D, E, H and L.

ré—r-1

E=20H

This instruction will decrement the contents of E
register (20H) by one. It will store the result (20 -
1=1FH) in the same, i.e. E register.

This instruction decrements the contents of memory location
pointed by HL register pair by 1. The HL register pair is used as a
memory pointer. The result is stored in the same memory location.

MeM-1

HL = 2050H, (2050H) = 21H

This instructicon will decrement the contents of memory
location pointed by HL register pair, 2050H, i.e. data
21H by one. It will store the result (21 - 1 = 20H) in
the same memory location.

This instruction decrements the contents of register pair by one.
The result is stored in the same register pair. The rp is register pair
such as BC, DE, HL or stack pointer (SP). Only higher order
register is to be specified within the instruction.

pep-1
DE = 1020H

This instruction will decrement the contents of [E
register pair (1020H) by one and store the result
{1020 = 1 = 101FH) in the same, DE register pair.
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3.4.3 Logic Group

1.

ANA r This instruction logically ANDs the contents of the specified
register with the contents of accumulator and stores the result in
the accumulator. Each bit in the accumulator is logically ANDed
with the corresponding bit in register r, i.e. Dy bit in A with Dy bit
in register r, Dy in A with Dy in r and s0 on upto D, bit. The
register r is 8-bit general purpose register such as A, B, C, D, E, H

and L.
Operation 1 A+ Anar
Examgple i A=10101010 (AAH), B= 00001111 (OFH)
ANA B i This instruction will logically AND the contents of B

1010 1010 register with the contents of accumulator. It will
0000 1111 Storethe result (OAH) in the accumulater.

0000 1010 = 0AH

ANA M This instruction logically ANDs the contents of memory location
pointed by HL register pair with the contents of accumulator. The
result is stored in the accumulator. The HL register pair is used as

a memory pointer.

Oparation : A+~ AaM

Example : A = 01010101 = (55H), HL = 20530H(2050H) — 10110011 =
(B3H)

ANA M i This instruction will logically AND the contents of

0101 0101 memory location pointed by HL register palr (B3H) with
1011 0011 the contents of accumulator (55H). It will store the

result (11H) in the accumulator
0001 0001 =11H

ANI data This instruction logically ANDs the B bit data given in the
instruction with the contents of the accumulator and stores the
result in the accumulator.

Operation T A« A adata (B)
Example i A=10110011 = (B3H)
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ANI 3FH
1011 0011
0011 1111

0011 0011

i This instruction will logically AND the contents of
accumulater (B3H) with 3FH. It will store the result
(33H) in the accumulator.

= 33H

The AND operation clears bits of a binary number. The task of clearing a bi! in a
binary number is called masking. The Fig. 3.1 shows the process of masking.

Operation :
Example :
XRA C

1010 1010
0010 1101

_(—_ XX XX XNAXX Unknown 8-bit binary number
* 1111 pooo Masking pattern
XX KX ' Result
Masked bits

Fig. 3.1 Masking using AND operation

This instruction logically XORs the contents of the specified register
with the contents of accumulator and stores the result in the

accumulator. The register r is 8-bit general purpose register such as
A,BCDEHand L

A+ A Tr
A=1010 1010 (ARRH), C= 0010 1101 {2DH)

; This instruction will logically XOR the contents of C

register with the contents of accumelateor. It will
store the result (87TH) in the accumilator.

1000 0111 = (87H)

5 XRA M

Operation :
Example :

XRA M i
0101 0101
1011 0011

This instruction logically XORs the contents of memory location
pointed by HL register pair with the contents of accumulator. The
HL register pair is used as a memory pointer.

A— Aa M

A = 0101 0101 = (55H), HL = 2050H (2050H) — 1011 0011
= {B3H}

This instruction will logically XOR the contents of
memory location pointed by HL reglster palr (2050H)
i.e. data B3H with the contents of accumulator (55H).
It will store the result (EGH) in the accumilator.

1110 0110=EsH
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6.

T.

XRI data

Operation
Example

¥RT 38H

1011 0011
0011 1001

This instruction logically XORs the 8 bit data given in the
instrucon with the contents of the accumulator and stores the
result in the accumulator.

A« A @data

A=10110011 = {B3H)

This inatructicon will legically XOR the contents of
accumilator (B3H) with 39H. It will store the result
{2RH) in the accumulator.

1000 1010=8AH

The XOR instruction is used if some bits of a register or memory location must be
inverted. This instruction allows part of a number to be inverted or complemented. This is
illustrated in Fig. 3.2

—C

XX XX XX XX Unkrown B-bit binary numbar
® 0000 1111 Pattern for inverling lower 4-bits
XX XX Result
Inverted bits

Fig. 3.2 Inversion of part of a number using XOR operation

ORA r

Operation
Example

ORA B
1010 1010
0001 0010

&

¥

1%

This instruction logically ORs the contents of specified register with
the contents of accumulator and stores the result in the
accumulator. Each bit in the accumulator js ORed with
corresponding bit in register r. ie. Dy bit in accumulator is ORed
with Dy bit in register r, [ in A with D, in r and so on upto Dy
bit. The register r is 8-bit general purpose register such as A, B, C,
D, E Hand L.

A+ Avr

A=1010 1010 (ARH), B= 0001 0010 (12H)

This instruction will logically OR the contents of B
register with the contents of accumulator. It will
store the result (BAH) in the accumulator.

1011 1010 =BAH
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8. ORAM

Operation
Example

ORA M v
0101 0101
1011 0011

This instruction logically ORs the contents of memory location
pointed by HL register pair with the contents of accumulator. The
result is stored in the accumulator. The HL register pair is used as
a memory pointer.

A AvM

A=0101 0101 = (55H) HL = 2050H
{2050H) — 1011 0011 = (B3H)

This instruction will logically OR the contents of
mamory location pointed by HL register pair (B3H) with
the contents of accumulateor (55H). It will store the
result (FTH} in the accumulator.

1111 0111=F/H

9. ORI data

Operation
Example
CEI 0OBH

1011 0011
0000 1000

L]

This instruction logically ORs the 8 bit data given in the instruction
with the contents of the accumulator and stores the result in the
accumulator.

A v data (8)

A= 1011 0011 = (B3H)

:This instruction will logically OR the contents of
accumalator (B3H) with 08H. It will store the result
(BEH) in the acoumulator.

1011 1011 = BBH

The OR instruction is used to set (make one) any bit in the binary number. This is
illustrated in Fig. 3.3.

10. CMP r

_CLr: X XXX XXXX Unknown 8-bit binary number
+ 1111 o000 Sefting pattern

Ex:x Resul
Set bits
Fig. 3.3 Setting bit's using OR operation

Hﬁﬁimuwﬂmmhmﬂ\emmmuuf&uspedﬂmiugmﬂfmm
contents of the accumulator and sets the condilion flags as a result
of the subtraction. It sets zero flag if A = r and sets carry flag if

A < r. The register r is 8-bit general purpose register such as A, B,
C,D,E Hand L

A=
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Example
CHMPF D

11. CMF M

Operation

Example

CMPF M

12. CPI data

Qperation
Example

CPFI 30H

13. STC
Operation

STC

A= 1011 1000 (B8H) and D= 1011 1001 (BSH)

s This inatruction will compare the contents of D

register with the contents of accumulator. Here A < D
an carry flag will set after the execution of the
imatructicn.

This instrucion subtracts the contents of the memory location
specified by HL register pair from the contents of the accumulator
and sets the condition flags as a result of subtraction. It sets zero
flag if A = M and sets carry flag if A < M. The HL register pair is
used as a memory pointer.

A - M

A = 1011 1000 (BBH), HL = 2050H and (2050H) = 1011
1000 (BEH)

This instruction will compare the contents of memory
location (BBH) and the contents of accumulator. Here A
= M so zero flag will set after the execution of the
inastruction.

This instruction subtracts the 8 bit data given in the instruction
from the contents of the accumulator and sets the condition flags
as a result of subtraction. It sets zero flag if A = data and sels
carry flag if A < data.

A — dalta (8)

A= 1011 1010 = (BAH)

This instruction will compare 30H with the contents of
accumulator (BRH). Here A > data so zeroc and carry
both flags will reset after the execution of the
instruction.

This instruction sets carry flag = 1
CY 1

carry flag=0

; This instruction will set the carry flag=1
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15. CMA

Operation
Example

CHA

3.4.4 Rotate Group

1. RLC

Operation

Cy

Example
RLC

2. RRC

]

TBTEGB.'.EA B3 |Bz | By | By
‘\MMMJ—l

This instruction complements the carry flag.
CY «CY

Carry flag=1

This instruction will complement the carry flag 1i.e.
carry flag=10

This instruction complements each bit of the accumulator.
AcA
A=1000 1000 = 88H

This instruction will - complement each bit of
accumulator A= 0111 0111 = 77TH

This instruchon rotates the contents of the accumulator left by one
position. Bit By is placed in By as well as in CY.

Befora Execution

After Execution

% | 8 oy [ B |8 [ 8 [ 8 | 5

A=01010111 (57H) andCY = 1

After execution of the instruction the accumulator
contents will be (1010 1110) AEH and carry flag will
reset.

This instruction rotates the contents of the accumulator riglll.th}r
one position. Bit By is placed in B as well as in CY.
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Operation

Before Execution

Example
REC

Operation

After Execution

By | Bg| Bs| By | By | By| By By

A=1001 1010 (92H) andCY =1

After execution of the instruction the accumulator
contents will be (0100 1101) 4DE and carry flag will
reset,

This instruction rotates the contents of the accumulator left by one
position. Bit B; is placed in CY and CY is placed in By,

Before Execution

|,{;~,-- By | Bg | Bs | By | B3| By | By | By
WA AN A AT .—I
Aftar Execution
By By | Bg | By | By 1By | By | By | CY

LR

A=10101101 {(ADH) and CY =0

After execution of the instruction accumulator contents
will be (0101 1010) 5ARH and carry flag will set.

This instruction rotates the contents of the accumulator right by
one position. Bit By is placed in CY and CY is placed in B,



Microprocessor & Microcontroller System 3 - 25 8085 Instruction Set and ALP

Operation :
Before Execulion
E-I.- E-ﬂ. B-ﬁ H-‘ EJ Ez- E‘I Eu. =] Y
A I A AT
After Execution
Cy | By |Bg | Bg | By | By |By | By |E'n
Example - A=10100011 (A3H) andCY =0

BARR i After emecution of the instructlon accumulator contentsa
' will be {0101 O00L) 51H and carry flagwill set.

3.4.5 Stack Operations

The stack is a portion of read/write memory set aside by the user for the purpose of
storing information temporarily. When the information is written on the stack, the
operation is called PUSH. When the information is read from stack, the operation is called
POP.

The microprocessor stores the information, much like stacking plates. Using this
analogy of stacking plates it is easy to illustrate the stack operation.

Fig. 3.4 shows the stacked plates. Here, we realize that if it
is desired to take out the first stacked plate we will have to
remove all plates above the first plate in the reverse order. This
means that to remove first plate we will have to remove the
third plate, then the second plate and finally the first plate.
This means that, the first information pushed on to the stack is

Fig. 3.4 Stacked plates the last information popped off from the stack. This type of

operation is known as a first in, last out (FILO). This stack is
implemented with the help of special memory pointer register. The special pointer register
is called the stack pointer. During PUSH and POP operation, stack pointer register gives
the address of memory where the information is to be stored or to be read. The stack
pointer’s contents are automatically manipulated to point to stack top. The memory
location currently pointed by stack pointer is called top of stack.

1. PUSH rp This instrucHon decrements stack pointer by one and copies the
higher byte of the register pair into the memory location pointed
by stack pointer. It then decrements the stack pointer again by one
and copies the lower byte of the register pair into the memory
location pointed by stack pointer. The rp is 16-bit register pair such
as BC, DE, HL. Only higher order register is to be specified within
the instruction.
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Operation

: SP«5P-1, (SP) «rpH, SP « 5P -1, (5P) + rpL.

SP —={ Lowerbyla

SP —={ Higher byie Higher byte

SP —]

(a) Initial position (b) Decrements SP & (c) Decrements SP &

Example
FOSH D H

storas higher byte stores lower byte

Fig. 3.5 Steps involved in PUSH Operation

5P = 2000H, CE = 1050H.

This instruction will decrement the stack pointer
(2000H) by one (5P = 1FFFH) and copies the contents
of D register ([10H) into the memory location 1FFFH. It
then decrements the stack pointer again by one (5P =
1FFEH) and copies the contents of E register (50H)
into the memory location 1FFEH.

Before Execution After Execution
1FFEH 1FFE iFFEH | 50
1FFFH 1FFFH| 10
10 a0
2000H 2000H

2. PUSH PswW

Operation

This instruction decrements stack pointer by one and copies the
accumnulator contents into the memory location pointed by stack
pointer. It then decrements the stack pointer again by one and
copies the flag register into the memory location pointed by the
stack pointer.

SP 5P -1
(SF) « A
SP « 5P -1

(SP) « Flag register
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Example

PUSH PESW H

SF = 2000H, A= 20H, Flag register = 80H

This instruction decrements the stack pointer (5P =
Z000H) by one (5P = 1FFFH) and copies the contents of
the accumulater ({20H)into the  memory location 1FFFH.
It then decrements the stack pointer again by one (SP
= 1FFEH) and copies the contents of the flag register
{(B0H) into the memory location 1FFEH.

Before Execution After Execution

1FFEH 1FFE IFFEHl 8O

2000
2 L

1FFFH 1FFFH 20

3. POP rp

Opearation :

2000H 2000H

This instruction copies the contents of memory location pointed by
the stack pointer into the lower byte of the specified register pair
and increments the stack pointer by one. It then copies the contents
of memory location pointed by stack pointer into the higher byte of
the specified register pair and increments the stack pointer again
by one. The rp is 16-bit register pair such as BC, DE, HL. Only
higher order register is to be specified within the instruction.

rpL & (5P}

SP «5P +1
rpH « (5F), SP « 5F + 1

§F —={ Lowerbyte Lovwar byte Lower byta

Higher byta SP —s Highar byte Higher byta

5P —=

{a) Initial position, (b) rl:ilv::dr:mmh IE:;“;nd (c) Inurununh?

Example :
FOF B H

reads highe
Fig. 3.6 Steps Involved in POP Operation

SP = 2000H, {2000H) = 30H, (2001H) = S0H

This Ainstruction will copy the contents of memory
location pointed by stack pointer, 2000H (i.e. data
J0H) into the C register. It will then increment the

stack pointer by one, 2001H and will copy the contents
of memory location pointed by stack pointer, Z001H
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{i.e. data 50H} into B register, and increment the
stack pointer again by one.

Before Execution After Execution
2000 n00H| 30 5P 2002 000H| 30
E 2001H| 90 rore | 0 a001H| 50
2002H 2002H
4. POP PSW This instruction copies the cortents of memory location pointed by

the stack pointer into the flag register and increments the stack
pointer by one. [t then copies the contents of memory location
pointed by stack pointer into the accumulator and increments the
stack pointer again by one.

Operation : Flag register + (SF)
SP+«5P+1
A « (SP)
SP « 5P + 1
Example i SP=2000H, (2000H) = 30d, (2001H) = 50H
FOF PEW i This instruction will copy the contents of memory

location pointed by the stack pointer, 2000H (i.e. data
30H) inteo the flag register. It will then increment
the stack peointer by one, Z001H and will copy the
contents of memory location pointed by stack pointer
into the accumulater and increment the stack pointer

again by one.
Before Execution After Exacution
2000 2000H| 30 2002 2000H| 20
H 2001H| 50 i © 2001H| 50
2002H 2002H
3. SPHL This instructon copies the contents of HL register pair into the

stack pointer. The contents of H register are copied to higher order
byte of stack pointer and contents of L register are copied to the
lower byte of stack pointer.
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Operation : SP « HL

Example : HL=2500H

SPHL # This instruction will copy 25300H into stack pointer. So
after execution of instruction stack poinkter contents
will be 2500H.

6. XTHL This instruction exchanges the contents of memory location pointed

by the stack pointer with the contents of L register and the
contents of the next memory location with the contents of H
register. This instruction does not modify stack pointer contents.

Operation : L+« (5P)
H«(SP+1)

Example : HL = 3040H and SP = 2700H, (2700H) = 50H, (2701H) =
&0H

XTHL This instruction will exchange the contents of L

register(40H) with the contents of memory location
27T00H {i.e. 50H) and the contents of H register (30H)
with the contents of memory location 2701H (1.e. &0H) .

Before Execution After Execution
P 2700 2T00H | 50 SP 2700 arooH | 40
>’ n 0 | 27014| 60 xRl ©° 0] 270m| 30
2702H Z702H

3.4.6 Branch Group

1. JMP addr This instructon loads the PC with the address given within the
instruction and resumes t+ - program execution from this location.

Operation : PC + addr

Example :
JMP 2000H ; This instruction will lead PC with 2000H and processor
will fetch next instruction from this address.
2. Jecond addr This insbruchion causes a jump to an address given in the

instruction if the desired condition occurs in the program before
the execution of the instruction. The Table 3.3 shows the possible
conditions for jumps.
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Example
JC 2000H

3. CALL addr

MNote

Operation

Example

Instruction coda Description Condition for jump
JC Jump on cary CY =1
JNC Jump on not camy CY =0
JP Jump on positive 5=0
JM Jump an minus 8=1
JPE Jump on parity even P=1
JPD Jumip on parity odd F=0
JZ Jump on zero Z=1
JMNZ Jump on nol zeno Z=10

Table 3.3 Conditional jumps
Carry flag=1

: This instruction will cause & jump to an address 2000H

i.8. program counter will load with 2000H since CF =1,

A subroutine is a group of instructions, performs a particular
subtask which is executed number of times. It is written separately.
The microprocessor executes this subroutine by transferring
program control to the subroutine program. After completion of
subroutine program execution, the program control is returned
back to the main program.

The CALL instruction is used to transfer program control to a
subprogram or subroutine. This instruction pushes the current PC
contents onto the stack and loads the given address into the PC.
Thus the program control is transferred to the address given in the
instruction. Stack pointer is decremented by two.

When the subroutine is called, the program control is transferred
from calling program to the subroutine. After execution of
subroutine it is necessary to transfer program conirol back to the
calling program. To do this processor must remember the address
of the instruction next to the CALL instruction. Processor saves this
address on the stack when the CALL instruction is executed.

The stack is a part of read/write memory set aside for storing
intermediate results and addresses.

(SP - 1) « PCy
(SP - 2) + PCy
SP « 5P -2
PC « addr

Stack pointer = 3000H.
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6000R CALL 2000H ; This instructiom will store the address of
instruction next to CALL (i.e. 6003H) on the
astack and load PC

6003 — with 2000H.
Before Execution After Execution
E 3000 2FFEH 2FFE 2FFEH| 03
8000 2FFFH N 2000 2FFFH| &0
3000H 3000H

4. C cond addr This instruction calls the subroutine at the given address if a
specified condition is satisfied. Before call it stores the address of
instruction next to the call on the stack and decrements stack
pointer by two. The Table 3.4 shows the possible conditions for

calls.
Instruction code Description Condition for CALL
cC Call on carry CY = 1
CNC Call en not carry CY=0
CP Call on positive =0
CM Call on minus =1
CPE Call on parity even P=1
CPO Call on parity odd P=0
cZ Call on zero Z=1
CNZ Call on not zero Z=10
Table 3.4 Conditional calls
Operation :  If condition true (SP - 1) « PCH
(SP - 2) + PCL
PC « addr
else PC + PC + 3
Example i Carry flag= 1, stack pointer = 4000H.

2000H CC 3000H ; Thir instruction will store the address of the next
instruction if.e. 2003H an thea stack and load the
program  counter with 3000H, since the carry flag
is szet.

5. RET This instruction pops the return addr (address of the instruction
next to CALL in the main program) from the stack and loads
program counter with this return address. Thus transfers program
control to the instruction next to CALL in the main program.
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Operation : PGy« (SP)
PCy « (5P+1)
SP «SF + 2
Example + If 5P = 27FDH and contents on the stack are as shown then
8P — 2TFD 00
27FE 62
27FF
RET ; This instruction will load PC with 6200H and it will

transferprogram control to the address 6200H. It will
also increment the stack pointer by two.

Before Execution After Execution
27FD 2TFDH| 00 27TFF 27FDH| 00
27FEH 6200 STFEH
27FFH 27FFH
€. R condition This instruction returns the control to the main program if the

specified conditon is satisfed. Table 3.5 shows the possible
conditions for retumn.

Instruction code Dascription Condition for RET
RGC Retum on camy CY =1
RNC Retum on not camy CY =0
RP Relum on positive E=0
RM Retum on minus S=1
RPE Return on parity even P=1
RPO Return on parity odd P=0D
RZ Retum on rero 2=
RNZ Retum on not zero £=10
Table 3.5 Conditions for retum
7. PCHL This instruction loads the contents of HL register pair into the

program counter. Thus the program control is transferred to the
location whose address is in HL register pair.

Operation : PC+«HL
Example : HL= &000H

PCHL # This instruction will load 6000H into the program
counter
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8. RSTn

Operation :

Example :
2000H RST 6;

3.4.7 Input/Output

1. IN addr{8-bit)
Operation :
Example :

IN B80H

.

2.  OUT addr(8-bit)

This instruction transfers the program control to the specific
memory address as shown in Table 3.6, This instruction is like a
fixed address CALL instruction. These fixed addresses are also
referred to as vector addresses. The processor multiplies the RST
number by 8 to calculate these vector addresses. Before transferring
the program control to the instruction following the vector address
RST instruction saves the current program counter contents on the
stack like CALL instruction

Instruction code Vector address
RST O O0x8 = 0000H
RST 1 1x8 = 000BH
RST 2 2x 8 = 0010H
RST 3 Ax8 = 0018H
RST 4 dx 8 = 0020H
RST & 5x B8 = 0028H
RST & Ex B8 = 0030H
RST 7 T=8 = 0038H
Table 3.6 Vector addresses for return instructions
(SP - 1) « PCy
(SP - 2) « PC_
SP « 5P -2, PC « (n % 8) in hex

SP = 3000H

This instruction will save the current contents of the
program counter (i.e. address of next instruction
2001H) onm the stack and it will lcad the program
counter with vector address & X 8= 48y, = 30H) 0030H.

This instruction copies the data at the port whose address is
specified in the instruction into the accumulator.

A (addr)
Port address = 80H, data stored at port address B80H,

(80H) = 10H

This instruction will copy the data stored at address
B0H,; i.e. data 10H in the accumulator.

This instructon sends the contents of accumulator to the output
port whose address is specified within the instructon.
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Operation : (addr) « A

Example : A=40H

OUT 5S0H i This instruction will send the contents of
accumulator (40H) to the output port whose address is
S0H.

3.4.8 Machine Control Group

1.

P

El This instruction sets the interrupt enable flip flop to enable
interrupts. When the microprocessor is reset or after interrupt
acknowledge, the interrupt enable flip-flop is reset. This instruction
is used to reenable the interrupts.

Operation : IE (F/F) «1

ol This instruction resets the interrupt enable flip-flop to disable
interrupts. This instructon disables all interrupts except TRAP
since TRAP is non-maskable interrupt (cannot be disabled. It is

always enabled).

Operation : IE (F/F) «0

NOP No operation is performed.

HLT This instruction halts the processor. It can be restarted by a valid
interrupt or by applying a RESET signal.

SIM This instruction masks the interrupts as desired. It also sends out

serial data through the SOD pin. For this instruction command byte
must be loaded in the accumulator.

% Dy D, D, D D D D

00 SOE x RST 7.5 MSE MT7T5 M B.5 MEE
Mask RST 5.5
Sedial culpul dada 1 - Mask
ailhar 1 ar 0 T 0~ Unmask
Serial outpul enabie
0- Disable Mask RST 6.5
1 - Enable 1 - Mask
0 - Unmask
Rasel RST 7.5 fip-flep
Mask RST 7.5
Mask sal enable. || should be - 1 - Mask
1 1o make Dy-Dy effective 0 - Unmask
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Example : ;1) A= DEH
Dy Dg Ds Dy D3 Dy Dy Dp

S0D SOE X RST7TS | MSE | M75 | M5 | mss | RegstrA
1] 0 a 1] i 1 1 i) = OEH
5IM ;This instruction will mask BST 7.5 and BRST £.5

interrupts where as RST 5.5 interrupt will be unmasked.
It will alse disable serial output.

6. RIM This instruction copies the status of the interrupts into the
accumulator. It also reads the serial data through the SID pin.

b D D, D, Dy D D 0O

SI0 | 175 | 165 | 155 IE M75| MBS | M55

Seslal Input data — |—— Set if RST 5.5 iz masked
Set ifRST 7.5 is panding —— Set if RST 6.5 is masked
Set if RST 6.5 is pending ———— maak

Set If RST 5.5 is pending SetIfRST 7.5 Is masked

Set if interruept enable fip-flop is ot

Example :
RBRIM ¢ After axecubtion of BIM instruction if the contents of
accumulator are 4BH then we get following information.
By Dg Ds Dy Dy 0 -1 Dy
I EID | 7.5 | 6.5 | 55 IE M7T.5 ME.5 M5.5 Register A
I 0 1 0 0 1 0 1 1 = 4BH

ie a) RST 75 is pending
b) B5T 55 and RST 6.5 are masked
¢} Interrupt Enable Hip-flop is set
d) Serial i/p data is zero.

3.5 Addressing Modes

Part of the programming flexibility for each microprocessor is the number and
different kind of ways the programmer can refer to data stored in the memory. The
different ways that a microprocessor can access data are referred to as addressing modes.
The B085 has 5 addressing modes. These are :

1. Immediate 2. Register
3. Direct 4. Indirect

5. Implied
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1. Immediate Addressing Mode :

In an immediate addressing mode, 8 or 16 bit data can be specified as a part of
instruction. In 8085, the instructions having ‘1" letter fall under this category. 1" indicates
immediate addressing mode,

Example :
MVI A, Z0H : Moves B-bit immediate data (20H) into
; accumulator
MVI M, 3Z0H Mowves B-bit immediate data {30H) intec the

LXI SP, Z2700H
LXI D, 10FrFH

Moves l6-bit immediate data (2700H) into BP.
Mowves 16-bit immediate data (10FFH) into DE
register pair ( D = 10H and E = FFH).
2. Register Addressing Mode :

The register addressing mode specifies the source operand, destination operand, or
both to be contained in an B085 registers. This results in faster execution, since it is not
necessary to access memory locations for operands.

; memory location pointed by HL regiaster pair.

Example :
MOV R, B i Moves the contents of register B into the
i accumulator.
SPHL ¢+ Moves the contents of HL register pair into

atack pointer.
ADD C # Adds the contents of register C into the
; contents of accumulator and stores result in
¢ the accumulator.

3. Direct Addressing Mode :

The direct addressing mode specifies the 16 bit address of the operand within the
instruction itself. The second and third bytes of instruction contain this 16 bit address.

Example :
LDA Z2000H Loads the B-bit contents of memory location
2000H into the accumulator.
SHLD 3000H Stores the HL register pair inteo two consecutive

mamory locations. Lower byte i.e. the contents
of L register into memory location 3000H and
higher byte i.e. the contents of H register into
; memory location 3001H.

4. Indirect Addressing Mode :
In indirect addressing mode, the memory address where the operand located is
specified by the contents of a register pair.

e s Ma s ma ws

Example :
LDAX B ; Loads the accumulator with the contents of
j memory location pointed by BC register pair.
MOV M, A ; Stores the contents of accumulator into the
H

memory location pointed by HL register pair.
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3. Implied Addressing Mode :

In implied addressing mode, opcode specifies the address of the operands.
Example :

CHA ; Complements contents of accumulator.
RAL ; Rotates the contents of accumulator left through
{ Carry.

Note : Many of the advanced processors support addressing mode called index
addressing mode. In this mode, the address of the operand within the memory is
generated by adding the offset/displacement to the register specified in the instruction.
The offset/displacement is also a part of the instruction. In 8085 such addressing mode is
not available. However, we can implement such kind of program structure, by using
memory pointer (HL register), any other register pair and a instruction sequence given
below :

LXI H, Base addr
LXI B, Offset/Displacement

Loads the base address
Loads the offset or displacement

Ww Tws Sa Na S

DAD B Gives the addition of HL and BC
in HL register pair.
MOV A, M Load the data from memory in the

i accumulator
By incrementing or decrementing contents of BC register or loading another contents,
we can change the index/offset/displacement.

3.6 Instruction Set Summary

Data Transfer Group

Sr. Instruction Operation Flags No. of Addrassing mode
no. affected Bytas

1. MV r, data (8) r « data(8) MNo 2 Immediate

2 Myl M, data (8) (HL) +- data (8) Mo 2 Immediate and Indirect

3. MOV rd, rs rd «rs Mo 1 Register

4, MOV M, s (HL} =~ rs Mo i indirect

5, MOV rd, M rd +— {HL) N 1 Indirect

8. | LXIp, data (18) P + data (16) No 3 Immediate

T. STA addr (addr) «— A Mo 3 Diract

8. LDA addr A - (addr) Mo 3 Direct

g, SHLD addr (addr) « L No 3 Direct

(addr + 1) « H
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10. LHLD addr L « (addr) No Diract
HL = (addr+1}
1. STAX p (rp) +— A No Indirect
12, LDAX p A i (rp) No Indirect
13 XCHG HeD L E Mo Register
Arithmetic Group
Sr. | Instruction Opearation Flags affactad No. of Addressing
na. Bytes mode
1. ADD r AeA+r All 1 Registar
2, ADD M A e A+ (HL) All i Register Indirect
3. | ADI data(8) A A + data (B) All 2 Immediate
4, ADC r AeA+r+CY Al 1 Register
5. ADC M A A+ [HL) + CY Al 1 Register indiract
€. | ACI| data (8) |A « A + dala(8) + CY Al 2 Immediate
7. DAD rp HL «HL + p Y 1 Register
g, Sub r Ae—A-—T All 1 Ragsiler
8. Sub M A« A - (HL) All 1 Register Indirect
10. | SUI data (8) A = A - data (8) Al 2 immediate
11. SBE r Ae=A-r=-CY All 1 Register
12, SEB M A A = [HL) - CY Al 1 Register Indirect
13. SB| data A «— A — data(8) - CY Al 2 Immediate
14, DAA A[BCD) « A{Binary) Al 1 Implied
15. INR r Fer+1 5ZPAC 1 Register
18 INR M {HL) 4 (HL) + 1 5ZPAC 1 Register Indirect
17. INX rp rp o+ + 1 Mo 1 Registar
i8. DCR r Frer-=1 5, LP AC 1 Register
18 DCR M {HL) « (HL} - 1 5ZPAC 1 Register Indirect
20 DCX p pem-1 No 1 Register
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Logic Group

1. ANA T Ad=RA AT All, CY =0 AC = 1 1 Regisier

2 | ANA M A+ A a (HL) All, CY = 0 AC = 1 1 Register Indirect
3 AN data(8) A +« A » data(8) All, CY = 0 AC =1 2 Immediate

4. XRA r A—Adr Al CY =0AC =0 1 Register
5. XRA M A+ A @ HL) All, CY =0 AC = D 1 Register Indirect
6. | XRI data (8) A « A © data (B) Al CY =0AC =0 2 Immaediate
T. DORA T Be—Awr AlLCY =0AC =10 1 Registar

8. ORA M A A v [HL) Al CY =0 AC =0 1 Register Indirect
8. | ORI data (B) A+ A v data (B) AllLCY =0AC =0 2 Immediate
10. CMP r A= All 1 Register

1. CMP M A — [HL) All 1 Register Indirect
12. | CPI data (8) A = data (8) All 2 Immediate
13, STC CY + 1 Y 1 Impliad

14. CMC CY & CY cY 1 Implied

15. CMA A A Mo 1 implied
Rotate Group

Sr. | Instruction Operation Flags Mo. of Addressing
ne. affected Bytes mode

1. RLC Bj+ 4 + By, By «By CY « By cY 1 Implied

2 RRC B .4+ B, By By CY « By cY 1 Imgplind

3 RAL Bj + 1 = Bj. By «CY CY « By cY 1 Implied

4 RAR Bi_ 4+ B, By «CY CY « By cY 1 Implied
Branch Group

Sr. | Instruction Operation Flags No. of Addressing
no. affacted | Bytes mode

1. JMP addr PC + addr No 3 Immediate

J cond addr if condition true PC « addr No 3 Immediate
3. PCHL PC «— HL Mo . 1 Registar
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4, CALL addr (8P = 1) « PCy No 3 Immediate
(5P - 2) «— PGL
S5P+— 5P -2
PC « addr

5. CALL cond If condition trua MNo 3 Imrmediate
addr (SP - 1) + PCy
(SP - 2) « PC
SP 4= 3P =2
PC i— addr

6. RET PC + (SF) M 1 Register Indirect
F":H = [SP + 1)
SP 5P + 2

T. RET cond i condition brus Mo 1 Register Indirect
PC_ + (SP)
PCy & [SP + 1)
P« 5P + 2

B RST n (8P = 1) « PCy Mo 1 Register Indirect
(8P - 2) « PC_
SP « &P -2
PG +— [n x B} in hex

Stack Group
&r. | Instruction Operation Flags No. of Addressing
no. affected Bytes mode
1. PUSH mp SP 8P -1 Mo i Regisier Indirect
(SP) + rpH
SP 5P -1
(3P} « rpL
2. PUSH PSW SP &8P =1 Mo 1 Register Indirect
(SP) « A
SP 8P =1
{SP) flag ragister
3 POP rp pl. & (SP) Nao 1 Register Indirect
SP « 8P +1 i
PH + [SP)
SP 5P +1
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4. POP PSW flag register + (EP) No 1 Register indiract
SP « 5P + 1 1
A « (SP)
SP « 5P + 1

5. SPHL SP —HL Mo 1 Register

8. XTHL L (SP) Ma 1 Register Indirect
H 4 (SP + 1)

Input/iQutput Group

Sr. | Instruction Opearation Flags Mo. of Addressing
no. affected Bytes mode
1. I addr (B) A« (addr) Mo 2 Direct
2. | OUT addr (8) (addr) «— A Mo 2 Diract

Machine Control Group

Sr. | Instruction Oparation Flags Mo. of Addressing
no. affactad Bytos mode

1. El IE(FIF) « 1 Mo 1 -

2 Dl IE(FIF) + 0 Mo 1 -

3. NOP Mo operation Mo 1 -

4, HLT Halts the processor Mo 1 -

5. Sim Sarial interrept mask No 1 -

-3 RiMm Read intermupt mask No 1 -

3.7 Assembly Language Programming

A program is a set of instructions arranged in the specific sequence to do the specific
task. It tells the microprocessor what it has to do. The process of writing the set of
instructions which tells the microprocessor what to do is called “Programming”. In other
words, we can say that .rogramming is the process of telling the processor exactly how to
solve a problem. To do this, the programmer must “speak” to the processor in a language
which processor can understand.
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3.7.1 Steps Involved in Programming

Specifying the problem :

The first step in the programming is to find out which task is to be performed.
This is called specifying the problem. If the programmer does not understand
what is to be done, the programming process cannot begin.

Designing the problem-solution :

During this process, the exact step by step process that is to be followed
{program logic) is developed and written down.

Coding :

Once the program is specified and designed, it can be implemented.
[mplementation begins with the process of coding the program. Coding the
program means to tell the processor the exact step by step process in ils
language. Each processor has a set of instructions. Programmer has to choose
appropriate instructions from the instruction set to build the program.
Debugging :

Once the program or a part of program is coded, the next step is debugging the
code. Debugging is the process of testing the code to see if it does the given

task. If program is not working properly, debugging process helps in finding
and correcting errors.

To write a program, programmer should know :

How to develop program logic?

How to tell the program to the processor?
How to code the program?

How to test the program?

3.7.2 Flowchart

To develop the programming logic programmer has to
write down various actions which are to be performed in
proper sequence. The flow chart is a graphical too! that
allows programmer to represent various actions which are to

The Fig. 37 shows the graphic symbols used in the

flow chart.

Owal : It indicates start or stop operation.
Arrow : It indicates flow with direction.

——il
be performed. The graphical representation is very useful for
clear understanding of the programming logic.

Parallelogram : [t indicates input/output operation.

Rectangle : It indicates process operation.

Diamond : It indicates decision making operation.

©

Fig. 3.7 Graphic symbols
used in flowchart
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Double sided rectangle : It indicates execution of pre-defined process (subroutine).
Circle with alphabet : It indicates continuation.
A: Any alphabet

The Fig. 3.8 shows sample flowchart.

Start

Input process
paramaters

Call subroutine

Process

/ Digplay results /

Stop

Fig. 3.8 Sample flowchart

3.7.3 Assembly Language Program .
Let us define a program statement as 'write an assembly language program to add two
numbers’, The three tasks are involved in this program :
* Load two hex numbers
*  Add numbers and

+ Store the result in the memory
These tasks can be symbolically presented as flowchart, as shown in the Fig. 3.9.

Next job is to find the suitable 8085 assembly language instrucHon/s for each task.
These instructions are as follows :

Task 1 instructions :

Load Z0H as a first

number in register A

Load 40H as a zecond number
in register B

MVI A, 20H

MVI B, 40H

ew TRm g T4
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Start

Load two e
numbens

RUMSEs

Store the
resuil

G

Fig. 3.9 Flowchart for addition of two numbers
Task 2 Instruction :

ADD B : Add two numbers and save
; result in register A

Task 3 Instruction :

SThA 2200H i Store the result in memory
i location Z2000H
HLT ; Stop the program execution

We want to execute three tasks in a sequence, thus writing corresponding instructions
in the same sequence constitutes an assembly language program.

3.7.4 Assembly Language Program to Machine Language Program

Once the assembly language program is ready, it is necessary to convert it in the
machine language program. It is possible to do this by referring the proper hex code for
each assembly instruction from the 8085 instruction set manual. This process is known as
hand assembly and the resulted machine language program is also known as hex code.
Let us see the hex code for our program.

Mnemonics Hex coda
MVI A, 20H 3EH « Opcode
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MVI B, 40H DEH + (Qpcode
40H « Operand
ADD B B0H ¢  Opcode
STA 2200H 3ZH «  QOpcode
00H <  QOparand (lowar byte of address)
2ZH ¢ OQperand (higher byta of address)
HLT TEH &

Opeade

3.7.5 Storing Hex Code in the Memory

Once the hex code is ready, it has to be loaded in the memory of specially designed
microprocessor system (Microprocessor training kit) for execution. To perform this task we
should know the address range of read/write memory in the system. Let us assume that
the read/write memory ranges from 2000H to 22FFH. The microprocessor training kit has
keypad to enter the hex code in the memory. It provides a special routines (monitor
program) to enter a hex code byte by byte and execute the program. Typical steps for
storing hex code in the memory from address from address 2000H are as follows :

1. Reset the microprocessor system by pressing the RESET key.

2. Enter into store mode by pressing SET key.

3. Enter the address of the memory 2000H, where the ficst hex code (starting address
of the program) is to be stored using hex keys.

4. Enter the hex code using hex keys,

5. Increment the memory address by 1 using INC key.

6. Repeat steps 4 and 5 until the last hex code.

3.7.6 Executing the Program

The microprocessor training kit provides a procedure to execute the program. To
activate the procedure we have to enter the starting address of the program (2000H in our
example). To enter this address we have to go into execute mode by pressing GO key and
enter the starting address using hex keys. Unce the starting address is entered, the
program can be executed by pressing EXECUTE key. The EXECUTE key procedure loads
the starting address of our program, 2000H into the program counter and program control
is transferred from monitor program to our program.

After this microprocessor reads one hex code at a time, and when it fetches the
complete instruction, it executes that instruction. Then it fetches the next instruction and
this process continues until the last instruction in the program is executed.
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3.8 Programming Examples

Lab Experiment 1 : Store 8-bit date in memery.
Statement :  Store the data byte 52H into memory location 2000H.

Program 1 :
MVI A, 52H ; Store 52H in the accumulator
STA 2000H ; Copy accumulator contents at address 2000H
HLT { Terminate program execution
Program 2
LXI H, 2000H ; Load HL with 2000H
MVI M, 5ZH ; Store 5ZH in memory location pointed
i by HL register pair (Z2000H)
HLT ! Terminate program execution

The result of both programs will be the same. In program 1 direct addressing
instruction is used, whereas in program 2 indirect addressing instruction is used.

Lab Experiment 2 : Exchange the contents of memory locations,
Statement : Exchange the contents of memory locations 1000H and 2000H

Program 1
LDE 1000H : Get the contents of memory location 1000H
; into accumulator
MOV B, A i save the contents in B register
LDR 2000H ; Get the contents of memory location
;i Z2000H into accumulator.
S5TA 1000H i Store the contents of accumulateor at
address 1000H.
MOV A, B ; Get the saved contents back into A
registar
sTr Z000H ;! SBtore the contents of accumulater at
address 2000H
HLT ; Terminate program execution
Program 2 :

LXI H, 1000H Initialize HL register pair as a pointer

! to memory locatien 1000H

LXI D, 2000H ; Initialize DE register pair as a pointer
i to memory location Z000H

MOV B, M ¢ Get the contents of memory location
i 1000H inte B register

LDORX D i Get the contents of memory location
; 2000H into A register

MOV M, A 7 S5tore the contents of A register into
; memory location 1000H

T MOV A, B i Copy the contents of B register into
accumulator

ETAY D ; Store the contents of A register into
§ memory location 2000H.

HLT i Terminate program execution
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In Program 1 direct addressing instructions are used, whereas in Program 2 indirect
addressing instructions are used.
Lab Experiment 3 : Add two 8-bit mumbers.

Statement :  Add the contents of memory locations 2000H and 2001H and place the result
in memory location 2002H.

Flowchart
Sample problem

{2000H) = 14H 1 Start '
(2001H) = BO9H

Result = 14H + B9H = 9DH

Get tha first nuimber
Source program
L¥XI K, 2000H ; HL points 2000H
MoV A, M i Get first operand Get the sacond number
INX H i HL points 2001H
ADD M ; RAdd second operand
INX H ; HL points 2002H
MOV M, A { Store result at 2002H Add twao numbers
HLT ; Terminate program execution
I Store the resull
Lsb Experiment 4 : Subtract two 8-bit numbers. ( =n )

Statement : Subtract the contents of memory location 2001H
from the memory location 2000H and place the result in memory location 2002H.

Flowchart
Sampla problem
(2000H) = S1H ( Start }
(2001H) = 19H
Result = 51H - 190 = 38H
Gat tha first numibear

Source Pprogram
LXI H, 2000H

HL points 2000H

Iﬁﬂmm

MOV A,M ; Get first operand
INX H ; HL points Z2Z001H
SUB M i 5‘;1:;!:!.;:-:;1: second v b et e
INX H i HL points 200Z2H
MOV M, A ; Store reasult at 2Z002H
HLT ; Terminate program Store the result
; execution
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Lab Experiment 5 : Add two 16-bit numbers.

Statsment : Add the 16-bit number in memory locations 2000H and 2001H to the 16-bit
number in memory locations 2002H and 2003H. The most significant eight bits of the two
numbers to be added are in memory locations 2001H and 2003H. Store the result in
memory locations 2004H and 2005H with the most significant byte in memory location

2005H.
Sample problem

{2000H) = 15H
(2001H) = 1CH
(Z002H) = B7H
(2003H) = 3SAH
Result = 1C15 4+ SABRTH = TaCCH
(2004H) = CCH
(2005H) = TE&H
Flowchart

Siart

IGntlm lowear byte of first number

Eet the lower byts of second number

Add two Iower bytes

Gel tha higher byte of first number

Get the higher byile of second number

Add two highar bytes and camy
from the previous addition

Stora the result

=)
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Source Program 1

WE mE e wmE wE wmE my mE mE me ws mE W

mE mE mE ms  ma

LHLD Z2000H
XCHG
LHLD 2002H
MOV A, E
ADD L
MOV L, A
MOV A, D
ADC H
MOV H, A
SHLD Z2004H
HLT

Source program 2
LHLD 20008
XCHG
LHLD 2002H
DAD D
SHLD 2004H
HLT

Get first 1l6é-bit number in HL

Save first l1l6-bit number in DE

Get second le-bit number in HL

Get lower byte of the first number

Add lower byte of the second number

Store result in I register

Got higher byte of the first number

Edd higher byte of the second number with
Carcy

Store result in H register

Store l6e-bit result in memory locations 2004H
and 2005H.

Terminate program execution

Get first lé-bit number

Save first 16-bit number in DE

Get second 16=bit number in HL

Add DE and HL

Store 16-bit result in memory locations Z004H
and 2005H.

Terminate program execution

In program 1 eight h1t addition instrucHons are used (ADD and ADC) and addition is
performed in two steps. First lower byte addition using ADD instruction and then higher
byte addition using ADC instruction. In program 2 16-bit addition instruction (DAD) is

used.

Lab Experiment & : Subtrsct two 16-bit numbers.

Statement :  Subtract the 16-bit number in memory locations 2002H and 2003H from the
16-bit number in memory locations 2000H and 2001H. The most significant eight bits of
the two numbers are in memory locations 2001H and 2003H. Store the result in memory
locations 2004H and 2005H with the most significant byte in memory location 2005H.

Samplea problem
(2000H)
(200LH)
(2002H)
(2003H)
Result
{Z004H)
(2005H) =

Source program
LELD 2000H
HCHG
LHLD 2002H
MOV A, E
SUB L
MOV L, A
MOV A, D

19H
6AH
15H
SCH

6A19H - 5C13H = OQEO4H

04H
OEH

Wy Wp W AE ey W W

Get first 16-bit number in HL

Save first 1l6-bit number in DE

Get second lé-bit number in HL

Get lower byte of the first number
Subtract lower byte of the second number
Store the result in L register

Get higher byte of the first number
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SBB H ¢ Subtract higher byte of second number with
i borrow

MOV H, A 7 Store lo-bit result in memory locations Z2004H
; and Z2005H.

SHLD Z2004H i Store lé-bit result in memory locations 2004H
7 oand Z005H.

HLT ; Terminate program axecution.

Flowchart

' START I

Get the lower byte of first number

Get the lower byte of second number

number from lower byte of

Subtract lower byte of second
first number

Get the higher byte of first number

Get the higher byte of second number

numbar and borrow from tha

Subfract higher byta of sacond
previous subtraction

Stora the rasul

Ce=)

Lab Experiment 7 : Check rasults ofter axscution of INR B, INR C and INX B instractions.

Statement : If the contents of B = FFH and C = FFH then after execution of following
instructions give the contents of register B and register C.
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Instructiens :
1. INE B
2. INR C
3. INXK B
1. INR B
E — FFH
+ DIH
Q0H — B
B = 00H and C = FFH
2. INR CC
Z — FFH
+ 1M
00H = C
.. B = FFH and T = Q0H
3. INX B
BC —» FF FEF H
+ 00 01 H

oo 00 H =+ BC
B = 00H and €© = 00H

Lab Experiment 8 : Check results ofter axscution of DCR €, DCR B 4nd DCX B instructions.

Statement : If the contents of B = 00H and C = 00H then after execution of following
instructions give the contents of register B and register C.

Instructions
1. DCR C
2. DCR B
i. DCX B
1. DECR C
C — 00H
- 01
FFH =5 O
s B = 00H and € = FFH
2. DCR B
B = O0H
- o
FFH — B
s B = FFH and C = Q0H
3. DCX B
BC —=» 0 o0 0 0 H
- 0 0 ¢ 1 H
F F F F H —= BC
B = FFH and T = FFH
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Lab Experiment 9 : Find the 1's complement of 3 number,

Statement :  Find the 1's complement of the number stored at
memory location 2200H and store the complemented number at

MEmOory tocation 2300H.

Sample problem
(2200H)
Result
Source program
LDA 2200H
CMA
STA 2300H
HLT

e [ 4

e e ma

53H
{2300H) = AAH

Gat the number

Complement number

Store the result

Terminate program execution

Lab Experiment 10 : Find the 2's complement of 2 number.

Statement :  Find the 2's complement of the number stored at memory location 2200H and

store the complemented number at memory location 2300H.

Sample problem

(2Z00H) = HE5H
Result = (2300H) = AAH + 1 = ABH

Source program

LDa 2200 H
CHA

ADI, O1H
STA 2300H
HLT

Tap ma s wa W

Get the number

Complement the number

Add one in the number
Store the result

Terminate program execution

Start

Gat the numbar

Complement the
riurmibar

Store the resull

End

Flowchart

Start
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Lab Experiment 11 : Pack the two unpacked BLD numbers.

Statement :  Pack the two unpacked BCD numbers stored in memory locations 2200H and
2201H and store result in memory location 2300H. Assume the least significant digit is

stored at 2200H. Flowchart
Sample problem
(2200H) = 04
(2201H) = 0% ( sart )
Rasult = (2300H) = 594
Source program Get the number for the
LDA 2201H ; Get the Most significant mast significant BCD digit
BCD digit
RLC Rotate 4 times
RLC b the Jeft and make keast
RLC ﬂth:ﬂdﬂumm
RLC ; Adjust the position ‘Add the number for
ANI FOH i Make least significant BCD lower significant BCD digit
; digit zero ik rotated number
MOV C,A ; store the partial result
LDA 2200H ; Get the lower BCD digit Stors the result
ADD C ; Add lower BCD digit
gTa 2300H : Store the result
HLT i Terminate program execution t End }

Lab Experiment 12 : Unpack the BCD number.

Statement : Two digit BCD number is stored in memory location 2200H. Unpack the BCD
number and store the two digits in memory loca ons 2300H and 2301H such that memory
location 2300H will have lower BCD digit.

Sample problem
{(2200H) = 58
Result = (2300H) = 08 and (2301H) = 05

Flowchart
(See Fig. on next page)

Source program
LoA 2200H i Get the packed BCD number
ANI FOH i Mask lower nibble
ERC
BRC
FRC
RRC ; Adjust higher BCD digit as a lower digit
STA 2301H ; Store the partial result
LDA 2200H i Get the original BCD number
AMNI OFH i Mask higher nibble
STA 2201H ; Store the result
HLT ; Terminate program execution
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Starl

Gl the packed BOD numbar

Mask |owir BCD digit

Adjust higher BCD digit
bex the bowver BCD digi

Slore the adjusled resull

Get the odginal BCD number

Mask higher BCD digil

Store the result

<>

Lab Experiment 13 : Sample subroutive program.

Statement :  Read the program given below and state the contents of all registers after the
execution of each instruction in sequence.

Main program :
6000H LXI SF, 27FFH
60031 L¥XI H, 20004
6006H LXI B, 1020H
&6009H CALL SUB
&O0CH HLT

Subroutine program :
6l00H SUB : PUSH B

6101H FUSH H
6102H L¥XI B, 4080H
6105H LXI H, 4090H
61l0BH DAD B

6109H SHLD 2200H
610CH FOF H

610DH FOP B

&610EH RET
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Solution : The Table 3.7 shows the instruction sequence and i~ contents of all registers
and stack after execution of each instruction.

Sr. | Instructions Registers contents in Hex Memory locations
Ne. A|lB|c|D|E|H| L | SP | Pc | {addresses are in Hex)
1 LXl SP.2TFF | X X | x| x| x| x |27FF | 6003
2 L1 H,2000 X | X | X | x| x |20 00 | 27FF | 8006
3 | baetozo | X |10 | 20| X | X |20 | 00 | 27FF | GO0
4 | calLsus | % |10 | 20| X | x| 20| 00 |27FD | 6100 | 27TFE + 80, 27FD « 0OC
5 | PUSHB X |10 |20 x| x |20 00 |27FB | 6101 | 27FC « 10, 2TFB + 20
6 | PUSHH X |10 |20 x| X |20 oo |27F9 | 6102 | 27FA « 20, 27F9 « 00
T L¥l B,4080 W |40 (80| X | X |20 | OO |27F9 | 6105
8B | LaH4080 | x| 40 |80 | X | X | 40| s0 |27F9 | 6108
% | DADB X |40 | 80| X | X |81 10 | 27F9 | 6108
10 | sHDz200 | % | 40 |80 | % | X | 81| 10 |27F9 | 6108 | 2200 « 10, 2201 « 81
1 | POPH X |40 [80| x| X | 20| 00 |27FB | 610D
12 | POP B X110 |20 X | X | 20| 00 |27FD | G10E
13 | RET ¥ |10 |20 x| x| 20| 00 | 27FF | 600C
14 | HLT X |10 l20| x| x| 20| 00 | 27FF | 600D
Table 3.7

Lab Experiment 14 : Add contents of two memory locations.

Statement :  Add the contents of memory locations 2000H and 2001H and place the result
in the memory locations 2002H and 2003H.

Sample problem :
{2Z000H) = TFH
(2001H) = B9H
Result = JFH + B9%H = 108H
(2002H) = 0BH
{2003H) = O01lH
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Flowchart

Source program :

L¥I
Mow
INX
ADD
INX
MO
HVI
ADC
INX
MOV
HLT

H,
A,
H
M
H
M;
A,
A
H
M,

2000H

M

A

0o

A

e Tam Ma e ME qa Sa S

I T

"

-
T

Start

Gal ther irgt numbar

Get the second numbers

Agdd two number

Stora the lowar
byla of rasult

Store the higher
byte of result

Ce )

HL Points Z2000H

Gat first operand

HL Points 2001H

Add second operand

HL Peints 2002H

Store the lower byte of result at 2002H
Initialize higher byte result with 00H
Add carry in the high byte result

HL Points Z2003H

Store the higher byte of result at 2003H
Terminate program execution

Lab Experiment 15 : Right shift dats within the 8-bit register.

Statement : Write a program to shift an eight bit data four bits right. Assume that data is
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Flowchart

I: Start ,'I

el e number in
accumulator fram
C register

Rataie 4 times
right

Stare result in
C regisier

GD

Lab Experiment 16 : Right shift data within 16-bit register.
Stetement : Write a program to shift an 16-bit data 1-bit right. Assume data is in the BC
register pair.

Flowchart

| Stoe rasult in B register |

:

Gat the numbar in apcunmiiator
from regisior

Fodabs accumiiales fighl
sazh that caery
will meve i the MSE af
A regmaar

| Siore resault in & regisier]

GD
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Source program :
MOV A,B
RAR
MOV B
MOV A,
HAR
MOV C, A
HLT

Lab Experiment 17 : Loft shift 16-bit data within 16-bit registor.

Statement : Write a program to shift an 16-bit data 1-bit left. Assume data is in the HL
register pair.

Flowchart

Start

Add HL with

HL
{ Stop }
Sample problem :

HL = 1025 = 0001 Q000 0010 0101

HL = 0001 0000 0010 0101
+ HL = Q0QO01 0000 Q010 0101
Result = 0010 0000 0100 1010
Source program :
baD H

Lab Experiment 18 : Alter the contents of flay register.
Statement :  Write a set of instructions to alter the contents of flag register in 8085,

Source Program :

PUSH PSW ; Save flags on stack

FOP H i Betrieve flags in ‘L7

MOV AL ;i Flags in accumulator

CME ; Complement accumulator

MOV L,A ;7 Accumulater inm “Lf

PUSH H i Save on stack

POP PSW i Back to flag register

HLT i Terminate program execution
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Lab Experiment 19 : Find 2's comploment of 16-bit mumber.

Let x= 2000 H y =4000 H
i x4 1=2001 H ¥+ 1 =4001 H
Source Program :
LDE Z00O0H Load Accumulater with contents of

20008 location

CHR ; complement the lower byte

ADD 0O1H ; add ©1 to the accumulator

STA 4000H # Store the accumulator data to 4000H
i location

LDA 2001H ; Load accumulator with data from memory
i location 2001H

CHE ; complement the higher byte

ADC 0DO0OH ; add with carry to accumulator

HLT P Stop

Lab Experiment 20 : Simulation of CALL and RET instructions.,

Stetement : If CALL and RET instructions are not provided in the 8085, could it be
possible to write subroutines for this microprocessor ? If so how will you call and return
from the subroutine?

Solution : We know that,

1. CALL instruction transfers the program control to the subroutine program by
loading the address of the subroutine program in the program counter, and before
transferring program control it saves the address of the instruction after the CALL
instruction on the stack.

2. RET instruction loads the program counter with return address from the stack and
thus transfers the program control back to the instruction following the CALL.

Now our task is to implement the operation performed by these two instructions with
the help of other instructions of B085.

Let us implement RET instruction first. To implement this it is necessary to load
program counter with return address. To load program counter with 16-bit address we
have two instructons : JMP address and PCHL. But JMFP address imstruction can not be
used for our purpose because JMP address loads program counter with fix address and
the return address is not fix, it depends on, from where the subroutine is "CALLed’ in the
main program. The other instruction, PCHL loads 16-bit contents of HL register pair into
PC. If we manage to load return address into HL register pair, every time subroutine is
called, then it is possible to implement RET instruction with the help of PCHL instruction.
We can load the HL register pair with return address before we make a CALL for
subroutine program.

The task to implement CALL instruction is simplified because we are going to store
return address into the HL register pair before we make a 'CALL’ for subroutine program.
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MNow it is only required to load program counter with the subroutine address. This can be
implemented by executing JMFP instruction. Here JMP instruction is suitable because
subroutine starting address is a ‘fix" address. The table shows how we can “Call’ and
‘Return’ from the subroutine without using CALL and RET instructions.

Main program Main program without CALL Instruction
GOO0H LXI 5P, 2TFFH B000H LXI SP, 2TFFH | Initialise stack pointer
6010H CALL 2200H 6010H PUSH H ; Saves HL register contents in stack,
since HL is used for implementation of
CALL and RET. After subroutine
program execution the orginal HL
contents are refrieved by exscuting POP
H imstruction
8013H B011H LXI H, B018H . Loads HL with return address.
6014H PUSH H ; Stores return address in the stack
8015H JMP 2200H i Loads program counter with 2200H
6018H POP H . Loads HL with original contents of HL
; from the stack
Table 3.8
Subroutine program Subroutine program without RET instruction
2200 2200H
2X00H RET 2220H POP H ; Loads HL with retum address
2221H PCHL i Loads program counter with refum
: addrass
Table 3.9

Lab Experiment 21 : Find the factorial of o number.
Statement : Write a program to calculate the factorial of a number between 0 to B.

Solution : Main Program :
L¥I sp, 27FFH

LDa 2200H
CPI 02H
JC LAST
MVI D, 00H
MOV E,A
DCRE A
MOV C,A

Initialize stack pointer
Get the number
Check 1f number is greater than 1

Load numbar as a result

Load counter one less than numbar
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CALL FACTO i Call subroutine facto
XCHG ; Get the result in HL
SHLD Z2201EH ; Store result in the memory
JMEP EMD

LAST : LXI H,0001H ; Store result = 01
SHLD 2201H i

END: HLT

Flowchart

{ Start )

Initiadize stack pointer
l Facio
Get the number

Result = Resull X no l

If
Yes niumber < 2 Bl = Mo -1 I
»

M

Result = 1 Load counber
initialize result

CALL facto ac»

Subroutine Program :
FACTO : LXI H,0000H

MOV B,C ; Load counter
BACK : DAD D ;
DCR B i
JNZ BACK ; Multiply by successive addition
¥CHG i Store result in DE
BCR C { Decrement counter

CNZ FACTO ; Call subroutine FACTO
RET ; Return to main program
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3.9 Instruction Comparisons

i Example 3.1 : Compare instructions SUB A and MVI A, 00H.

Solution :

Parameter

SUB A

MVI A, 00H

Number of instruction bytes

One byte instruction

Two byte instruction

Opcode

87H

3EH

Operation

This instruction sublracts the
contants. of registar A from itsell
and shores mesult (0OH} in
ragister A

This imstruction loads OOH in
register A,

Addressing Mode

Register addressing mode

immediate addressing mode

Flags This instruction affects all flags. | This instruction doas not affect
flags

T-states Required 4 T

Machine Cycles Required 1. Opcode fetch 1. Opcode fetch

2. Mamary read

vy Example 3.2 : Compare instructions SUB B and CMP B.

Solution :

Parametar

SUB B

CMP B

Humber of instruction bytes

One byte Instruction

One byte instruction

Opcode

B0H

BEH

Operation

This instruction sublracts the
contentz of register B from
register A and stores result in
register A and affects the flags
according to contents of register
A and B.

This instruction sublracts the
conlenis of register B from
ragister A and affects the flags
according o contents  of
registers A and B.

Result of A — B is stored in
ragister A

Result of A — B iz not stored in
ragister A, The conlents of
ragister & are unchanged.

Addressing Mode

Ragister

Register

Flags

This instruction affacts all flags

This instruction affects all flags
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T-states Required 4 4
Machine Cycles Required 1. Opcode fetch 1. Opcode fetch

mp Example 3.3 : Compare instructions LXI H, 2000H and LHLD 2000H.

Solution :

Paramater

LXI H, 2000H

LHLD 2000H

Mumber of instruction bytes

Three byle instructon

Threa byle instruction

Opcode 21H 2AH
Operand 2000H 2000H
Operation This instruction loads 2000 H in| This instruction loads contents of]

the HL register pair

2000H memory location into L
register and contents of 2001H
memory location into H register

Addressing Mode

Immediate

Direct

Flags This imstruction does not affect| This instruction does not affect
flags flags
Required T-States 10 16
Required Machine Cycles 1. Opcode fetch 1. Opcode fetch
2. Memory read 2. Memory read
3. Memory read 3. Memory road
4, Memory read
5. Memory read

imp Example 3.4 : Compare instruction [MP 2000 H and PCHL .

Solution :
Parameter JMP 2000H PCHL
Number of bytes Three byte instruction One byte instruction
Opcode C3H ESH
Operand 2000H Contents of HL register
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Operation

This instruction coples 2000H in
PC so that processor felches
naxt instruction from address
2000H

This instruction copies the
contents of HL register pair into
PG so that processor fetches
next imstruction from address
spacified by HL register pair.

Addressing Mode

Direct

Indirect

Flags

This instruction does not affect

This instruction does not affect

flags flags

Required T- states 10 -]

Required Machine Cycles 1. Opcoda fetch 1. Opcoda fetch
2. Mamory read

3. Memory read

iy Example 3.5 : Compare instructions HLT and NOF.

Solution :
Parameter HLT NOP

Number of Instruction byte One byte instruction. One byte instruction .

Opcode TEH. 0DH .

Operation This instruction haits. the No operation is performed.
processor.

Flags This instruction does not affect This instruction does not affect
flags . flags.

Required T- states T- states required are undefined | 4-T stales. After this Instruction

becausa this instruction halls
the pracessor. The procassor
can be restarted by a valld

interrupt or by applying a
RESET signal

processor fetches the next
instruction aftar NOP,
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|
mp Example 3.6 : List out differences and similarities between CALL-RET and PUSH-POP
instructions.

Solution : Differences :

8r. No. CALL- RET PUSH- POP
1 These instructions are used for the These instructions are used to store register
execution of subrouting data temporarily in memory.
2 CALL Instruction store the address of next PUSH Instruction slores register contents In

inatruction aftar it in the siack and laads PC | tha stack
with address given in the instruction.

3 RET instruction loads the address from POP instruction gets the register contants
stack into PC. from the stack.
Similarities :

1. They use stack memory.

2 CALL and PUSH instructions decrement stack pointer by 2.
3. RET and POP instructions increment stack pointer by 2.

4. Instructions do not affect flags except POP PSW instruction.

Review Questions

Explain the classification of the instruction set of 8085 microprocessor with suitable examples.
Explain various elements of an instructions.

Give the instruction formats for 8085,

Give the opcode formats for S085.

Explain various data formats supported by 8085,

With the help of one example in each case explain the effect of the following instructions in 5085.
. LHLD addr k. ADD M

c. R8T 4 d. XTHL

e. DAA £ CP 2000

g. DAD B k. IN 20H

i. RIM j. SIM

Write the hwo ways to inftialize stack poinler al FFFFH.

Compare the following pairs of instructions with bheir opcodes, operabions, instruchion byfes,
addressing modes, affected flags and the results.

[N MWA:MH arid  XEA A

FooBop M Pa b

b, SLIB B and CMP B
c. [MP 2700 and PCHL
d. XTHL amd  SPHL

e LDA 2000H arid  LHLD 2000H
f. RRC and RAR
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10

I1.

Ix

13.
14
15.
16,
17.

18,

14

21,

Hmp many fimes will the two [NZ instructions be executed in the following sequence 7 What will
be the contents of H and L when program control reaches fo HLT instruction?
LXI H, 0503H
LOOP : DCR L
INZ LOOP
DCR H
JNZ LOOP
HLT

Explain the following msfructions :
i) LHLD 8850 i) XTHL iii} DAD H iv) INR M.
Analyse the 8085 below to reveal the arithmetic operation performed :
MVT A OF
RLC
MOV B, A
RLC
RLC
RLC
ORA B
Write an 8085 code fo oblain 2°s complement on the 16 number stored at locabions x and r+1.
Store the resull in y and y+1 locebions.
Explain the contents of accumulator fo run 5IM instruction.
Explain restart as a software instruction. Explain the implementation of RSTS.
Explain the instructions RIM and SIM.
Defirte the instruction and instruction set.
Explain the operational difference between the follounng pairs of instructions.
i) 8PHL and XTHL i) CALL addr and [MP addr
i) LHLD gnd SHLD addr iv) XRA A and MVI A, 00H
v} INR Aand ADI0OT H v} DAD RP and DAA.
Explain the operation of following instructions and specify addressing mode and number of M/C
required :
i) DAA i} DAD B
ifi} XTHL i) CNC addr.
Write a program fo unpacks a two digit BCD number stored at memory location 1C00H.
Write an 8085 ALP fo subiract bwo BCD numbers using 10°s complement arithmetic.
Explain the operation performed by 8085 when the following instructions are executed.
i) SBB C i) RRC
i) LDAX B iv) XTHL.
Is it pessible to check AC flag status of B085 ? Explain.
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23,

4.
25.
26.

32

27.
28.
24,

31

With an ALP to clear all flags load the data byte FFH into the accumulator ; increment the
sccumulator, mask all the flags except the carry flag and display the carry flag at PORT 0. Again
load the accummlator the data byte. FFH ; add O1H to it and display the carry flag at PORT 1.
Explain the various steps involved while executing CALL instruction with an example.

Explain DAA instruction with exampie.

What are addressing modes used in the following instructions 7 Explain

MVI M, 03FH

IN 4

PLISH B
RET

What is program 7

Give the steps involved in programming.

What i flowchart ? Explain its use.

Explain the process of writing assembly language program with the help of example.
What do you mesn by hand assembly 7 Exploin with the help of example.

Explain the process of executing the program on the microprocessor fraining kif,

Qaa
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I

In the last chapter we have seen the instruction set of 8085 and some simple assembly
language programs using it. We know that, the program is an implementation of certain
logic by executing group of instructions. To implement program logic we need to take help
of some common programming techniques such as looping, counting, indexing and code
COnversion.

In this chapter, we are going to study how to implement these programming
techniques using 8085 assembly language and some programming examples using them.
This chapter also introduces the BCD arithmetic and programming techniques to
implement BCD arithmetic using 8085 assembly language.

4.1 Looping, Counting and Indexing

Before going to implement these techniques, we will get conversant with these
techniques and understand their use.

Looping : In this technique, the program is instructed to execute certain set of
instructions repeatedly to execute a particular task number of times. For example, to add
ten numbers stored in the consecutive memory locations we have to perform addition ten
times.

Counting : This technique allows programmer to count how many times the
instruction/set of instructions are executed.

Indexing : This technique allows programmer to point or refer the data stored in
sequential memory locations one by one. Let us see the program loop to understand
looping, counting and indexing.

The program loop is the basic structure which forces the processor to repeat a
sequence of instructions. Loops have four sections.

1. Initialization section. 2. Processing section.
3. Loop control section 4. Result section.

(4 - 1)
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Flowchart
Start
Initialization section Start
Processing saction Initalzation section
Loop control saction Loop: control section
Is Is
Mo # looping looping %, Yes
aver over
¥ 7
Yes Mo
I Result section Processing section Result lar:tlnnl
Cee D Cee )
Flowchart 1 Flowchart 2

1. The initialization section establishes the starting values of
* loop counters for counting how many times loop is executed,
* address registers for indexing which give pointers to memory locations and
* other variables
2, The actual data manipulation occurs in the processing section. This is the section
which does the work.
3. The loop control section updates counters, indices (pointers) for the next iteration.
4. The result section analyzes and stores the results.
Note : The processor executes initialization section and result section only once, while it
may execute processing section and loop control section many times. Thus, the execution
time of the loop will be mainly dependent on the execution time of the processing section
section in this flowchart is always executed at least once. If you interchange the position of
the processing and loop control section then it is possible that the processing section may
not be executed at all, if necessary. Refer flowchart 2.
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Program Examples

Lab Experiment 22 : Caleulste the sum of sories of numbers.
Statement : Calculate the sum of series of numbers. The length of the series is in memory
location 2200H and the series itself begins from memory location 2201H.

a. Assume the sum to be 8B bit number so you can ignore carries. Store the sum at
memory location 2300H.

b. Axsumeﬂmm:mmbelﬁbitnumbu.ﬁmrethesumatmmmrflnnﬁnmm

and 2301H.
a. Sample problem
2200H = [04H
2201H = 20H
2202H = 15H
2203H = 13H
2204H = 22H
Result = 20 + 15 4+ 13 + 22 = BAH
& 2300H = BAH
Flowchart
Starl
Sum=0
Pointer = 2201H
Count = [Z200H)

Sum =Sum + (Pointar) I

Painter = Pointar +1
Count = Cownt -1
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Source program

LDR 2Z200H
MOV C; A !} Initialize counter
SUB A ;o osum = 0
L¥I H, 2201H ¢ Initialize pointer
BACK : ADD M § SUM = 5UM + data
INX H ; increment pointer
OCR C ; Decrement counter
JHZ BACE i if counter # 0 repeat
STA 2300H i store sum
HLT ; Terminate program execution

b. Sample problem

2200H= 04H 2201H = 3JAH

2202ZH= 5ZH 2203H = B9H 2204H = 3EH

Result= 9pH + 52H + E89H + 3EH = 1B3H

2300H= B3H Lower byte 2301H = 01H Higher byte

Flowchart

Start

Sum high=0
Sum low =10
Poirtar = 2201H
Count = (2200H)

Sum bow = Sum low + (Pointer)

=
o
o

IEum high = Sum high + 1

Pointer = Poinber + 1
Count = Count = 1

Hao

s

(2300H}) = Swm low
(2301H) = Sum high

ricd

:
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Source program
Lon 2200H
MOV C, A ; Inmitialize counter
LXI H, 2201H ; Initialize pointer
SUB A » Sumlow = 0
MOV B, A ;i Sumhigh = 0
BACK : ADD M i Sum = sum + data
JHNC SKEIFP
INE B Add carry to MEB of SUM
SKIP : INX H Increment pointer

DCR C { Decrement counter
)

JNZ BACK Check if counter # 0 repeat
STA 2300H Store lower byte

MOV A, B

ETA 2301H ; SBtore higher byte

HLT ; Terminate program execution

Lab Experiment 23 : Data transfor from memory block BI to memory bleck B2,

Statement : Transfer ten bytes of data from one memory to another memory block. Source
memory block starts from memory location 2200H where as destination memory block
starts from memory location 2300H.

Flowchart
€D

Inttialize counter = 10

inHiglize saurce mamory palnbar

inétialize destination mamary polnber

Gat the byle from gource memory black

|

Siode byte in the desfination memaery block

Ingramint Sourse Memony pairler, incrament
deslination memary pointer and decrament colunior
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Source program

MVI C, OAH
LXI H, Z2200H
LXI D, Z2300H

BACKE : MOV A, M
STRY D

INX H
INX D
DCR C
JHNZ BACK
HLT

Ma me ws wa Aa

T Ma S we W

Initialize counter

Initialize source memory pointer
Initialize destination memory peointer
Get byte from scurce memory block
Stora byte in the destination memory
block

Increment source memory polnter
Increment destination memory peointer
Decrement counter

If counter # 0 repeat

Terminate program execution

Lab Experiment 24 : Multiply two 8-bit numbers,

Statement : Multiply two B-bit numbers stored in memory locations 2200H and 2201H.
Store the result in memory locations 2300H and 2301H.

Sample problem
(2200H) = 0O3H
(2201H) = B2H
Result =
= 21&6H
(2300H) = 16H
(2301H) = 02H

B2H + BZH + BZH

MNote : In BOBS m.u]l:ipliml:i:rn can be done h}r IEPEﬁt'wE addition.

Flowchart
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Source program

Lo 2200H

MOV E, A

MVI D, 00 ; Gat the first number in DE register pair

LA 2201H

MOV C, A

LXI H, 0000H
BRCK : DAD D

Initialize counter
Besult = 0
Result = result + first number

e Wa Sp e W Wy We

OCR C decremant count

JHEZ BACK If count # 0O repeat

SELD 2300H Store result

HLT Terminate program execution

Lab Experiment 25 : Divide 16-bit sumbar by 8-bit number.

Statement : Divide 16 bit number stored in memaory locations 2200H and 2201H by the 8
bit number stored at memory location 2202H. Store the gquotient in memory locations
2300H and 2301H and remainder in memory locations 2302H and Z303H.

Flowchart

Start

Get the dividend |

Get the divisor

Cuotient = 0

Division = dividend — divisor |

Quotient = quotient + 1 |

is
dividend <
dnsisor

Remainder = dividend

Store the guotient and remainder

GO
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Sample problem
(2200H) = &0H
(2201H) = AQOH
(2202H) = 12H
Fesult = ROGOH/12H = SBESBH Quotient

and 10H remainder
2300H) = EBH

2301H) = (Q8H
2302ZH) = 10H
2303H) = Q0H

Source program
LHLD 2200H ;: Gat the dividend

LDA 2202H
MOV C, A ;i Get the divisor
L¥XI D, 0000H ; Quotient = 0

BACK : MOV A, L
SUB C ; Subtract divisor
MOV L, A ; Zave partial resulc
JHC SKIF ; 1f CY # 1 Hump
DCR H ; Subtract borrow of previous
subtraction

SKIP : INX D ¢ Increment guotient
MOV A, H
CPL, 0O i Check if dividend < divisor
JHNZ BACK ;s 1f no repeat
MOV A, L
CHMP C
JHC BACK
SHLD Z302H ; Store the remainder
XCHG
SHLD Z2300H i Store the guotient
HLT i Terminate program execution

Lab Experiment 26 : Find the negative numbers in a block of dafa.

Statement : Find the number of negative eclements (most significant bit 1) in a block of
data. The length of the block is in memory location 2200H and the block itself begins in
memory location 2201H. Store the number of negative elements in memory location 2300H.
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If MSE = 1

Flowchart
I: Start J
MNeg number =0
Pointer = 2201H
Caount = (2200H)
ko Is
MBS =1
?
Yes
Meg number =Neg number+ 1 I
Paointer = Pointer + 1
Count = Count -1
Mo
Yes
(2300H) = Neg number
t End |
Sample problam
(2200H) = 04H
(2201H) = 56H
(2202H) = ASH
(2203H) = 7T3H
{2204H) = B2H
Result = 02 since Z2202H and 2Z204H contain numbers with a
MSE of 1.
Source program
LDA 2200H
MOV C,A ; initialize count
MVI B, DO i Negative number = 0
L¥XI H, 2201H ; Initialize pointer
BACK : MoV A.M ; Get the number
ANI 80H ; Check for MSB

JZ SKIF
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INR B ; Increment negative number count
SEIF : INX H ;i Increment pointer

DCR C i Decrement count

JHE BACE i If count 2 0 repeat

MOV A,B i

STA 2300H ;i Store the result

HLT ; Terminate program execution

Lab Experiment 27 : Find the largast of given numbers,
Statement

Find the largest number in a block of data. The length of the block is in memory
location 2200H and the block itself start from memory location 2201H. Store the maximum
number in memory location 2300H. Assume that the number in the block are all B bit
unsigned binary numbers.

Flowchart

C

Count = 2200H
Pointer = (2201H)
Max =0

Is
Mo Max < [Pointer)
7

Yas
Max = (Pointer) |

Pointer = Pointer + 1
Count = Count — 1
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Sample problem
(2200H) = 04
(2201H) = 34H
(2202H) = ASH
(2203H) = 78H
(2204H) = 56H
Result = (Z2202H) = AIH.

Source program

LDA 2200H
MOV C,A i Initialize counter
¥BR A § Maximum = Minimum possible walue = 0
L¥XI H, 2201H ; Initialize pointer
BACK : CHMP M § Is number > maximum
JHNC BKIP
MOV A, M ; Yes, replace maximum
SEIP : INX H
CR C
JHNZ BACK
STA 2300H ; Store maximum number
HLT ; Terminate program execution

Lab Experiment 28 : Count number of one's in & number.

Statement : Write a program to count number of 1’s in the contents of D register and store
‘themuntinﬂ'ueﬂmgister.

Source program :
M¥I B, 00H
MVI C,08H
MOV A, D

JHC SEIP

INR B
SKIP : DCR C

JHEZ BACE
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Flowchart

Co=

imitiatze count = [
Initialze coumer = 8

!

Gal tha contanis of
D register in the
acoumulalor

o
R

Rotate confents of
accumulator 2o that
LSEB will go in camy

Lab Experiment 29 : Arrange numbers in the ssconding order.

Stetement :  Write a program to sort given 10 numbers from memory location 2200H in
the ascending order.

Source program :

HMYI B, 09 § Initialize counter 1
START: LXI H, 2200H ; Initialize memory pointer
MVI C, 09H ;} Inmitialize counter 2
BARCK : MOV A, M i Get the number
INK H i Increment memory pointer
CMF M ; Compare number with next number
JC SEIP s If less, don't interchange
JZ SEIP i If eqgual, don’'t intarchange
MOV D, M
MOV M, A

DCX H
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SKIP

Flowchart

MOV
INX
DCR
JHE

JHE
HLT

M, D
H
c
BACK
B
START

Interchange two numbers
Decrement counter 2

If not zero, repeat
Decrement counter 1

If not zero, repeat
Terminate program execution

G

Iﬂhhnﬂuﬂu1nnﬂi

Ay mE ma mE ma mg

Initialize mamony podnber
Initiglize counter = 08H

| Get the number |

I Ina‘&mn@mpﬂﬂw
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Lab Experiment 30 : Calealats the sum of series of even numbers.

Statement :  Calculate the sum of series of even numbers from the list of numbers. The
length of the list is in memory location 2200H and the series itself begins from memory
location 22001H. Assume the sum to be 8 bit number so you can ignore carries and store
the sum at memory location 2210H.

Sample problem :
2200H = 4H
2201H = Z0H
2202H = 15H
2203H = 13H
2204H - 22H
Result = 20 + 22 = 4ZH
2210H = 42H
Flowchart :
Start
Sum=0
Painter = 2201H
Count = (2200H)

Pointer = Pointer +1
Count = Count — 1
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Source program :

LDn 2200H

MW C, A ;i Initialize counter

MVI B, 00H ; sum = 0

LXI H, 2201H ; Initialize pointer
BACK : MOV A, M i Get the number

ANI O1H j Mask Bitl to Bit7

JHZ SKIP ; Don't add if number is ODD

MOV A, B i Get the sum

ADD M i SUM = SUM + data

MOV B, A i Store result in B register
SKIP : INK H ; increment pointer

DCR C ; Decrement counter

JHZ BACEK i if counter {0 repeat

STA 2210H j store sum

HLT ; Terminate program execution

Lab Experiment 31 : Caleulste the sum of saries of odd numbers.

Statement : Calculate the sum of series of odd numbers from the list of numbers. The
length of the list is in memory location 2200H and the series itself begins from memory
location 2201H. Assume the sum to be 16-bit. Store the sum at memory locations 2300H
and 2301H.

Sample program :
2200H = 4H
2201H = 9AH
2202H = 52H
2203H = BAH
2204H = 3FH
Result = B9H + 3FH = CBH
2300H = HlH Lower byte
2301H = (1H Higher byte

Source program
LDA 2200H
MOV C, A i Initialize counter
LXI H, 2201H ; itialize pointer
MVI E, 0O # Sumlow = 0
MOV D, E i Sumhigh = 0

BACK : MOV R, M ¢ Get the number
ANI O1H ; Mask Bitl to Bit7
JZ SKIP i Don"t add if number is ewven
MOV R, E ;§ Get the lower byte of sum
ADD M ; Sum = sum + data
MOV E, A ; Store result in E register
JNC SKIP
INR D ; Add carry to MSBE of SUM
SKIP : INX H ; Increment pointer

DCR C ; Decrement counter



Microprocessor & Microcontroller System 4 -16 Programming Techniques

JHE BACK ; Check i1f counter # 0 repeat
MOV A, E

5Ta 2300H ;i S5tore lower byte

MOV A, D

STA Z2301H i Store higher byte

HLT ; Terminate program execution

GD

Pointer = 2201H
Count = (2200H)

Sum =0 ‘

(2300H) = Sum |
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Lab Experiment 32 : Find the squars of given namber,

Statement :  Find the square of the given numbers from memory location 6100H and store
the result from memory location 7000H.

Source Program :

LXI H,6200H ; Initialize lookup table pointer
LXI D,6l100H ; Initialize source memory pointer
ILXI B, T000H ; Initialize destination memory pointer
BACK : LDAX D ; Get the number
MOV L, A ;: A point to the sguare
MOV R, M ; Get the sguare
STAX B ; Store the result at destination
i memory location
INX D ; Increment source memory pointer
INX B ; Increment destination memory pointer
MOV A, C
CPI 0O5H ; Check for last number
JHNZ BACEK i If not repeat
HLT i End of program
Flowchart :
(o)
hmmunhmmpuuupuiul
Lookup Table
Inittalize sourca pointar
Iriitialize desiEnalion mermary poirbar Digit Square
0 0H
Gat the numbar
1 iH
Find the square 2 4H
3 gH
Siore square in the
destination memony location 4 10H
5 18H
Incrament scurce memony polnber
incremant desfination memory poinbar ] 24H
7 3H
B 40H
8 51H
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Lab Experiment 33 : Search a byte in o given mumber,

Statement :  Search the given byte in the list of 50 numbers stored in the consecutive
memory locations and store the address of memory location in the memory locations
2200H and 2201H. Assume byte is in the C register and starting address of the list is

2000H. If byte is not found store 00 at 2200H and 2201H.

Source program :

BACK

LAST
END

Flowchart :

LXI H
MVI B
MOV A
CHMP C
JE LA
INX H
DCR B
JNZ B
LXI H
SHLD

 2000H
¢ 92H
s M

5T

Tn Tea WE Sy W W S Wa

, 0000H
2200H

JHMP END H

SHLD
HLT

2200H i

Initialize memory pointer
Initialize counter

Get the number

Compare with the given byte
Go last 1If match ococurs
Increment memory pointer
Decrement counter

If not zero, repeat

Store 00 at 2Z200H and 2201H
Store memory address
Etop

Slore memaory address

Programming Techniques
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Lab Experiment 34 : Add two decimal mumbers.

Stetement :  Two decimal numbers six digits each, are stored in BCD packed form. Each
number occupies a sequence of byte in the memory. The starting address of first number is
6000H and second number is 6100H. Write an assembly language program that adds these
two numbers and stores the sum in the same format starting from memory location 6200H.

Flowchart

Stant

Initialize memory pointes
1 to point the first number

Initialize memory poinier
2 o point the second number
Indtialize resull pointer

Selcarry=10

Add two number pointed by
two memory paintars
with carry

Adjust result for decimal valueas

Store this resull al memory
location painted by
result pointer

Increment mamaory paintar 1
Increment memory paintar 2
Increment result pointer
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Source program :
LXI H,&000H
LXI D,e100H
LXI B, 6200H
STC
CHC
BRCK : LODAY D
ADD M
DARA
STAX B
INX H
INX D
INX B
MOV A, L
CPI 06H
JHNE BACK
HLT

Tw e e s W T N S

i

Initialize pointerl to first number
Initialize pointerZ to second number
Initialize pointerd to result

Carry = 0

Get the digit
Add two digits
Adjust for decimal

atore the
Incremsnt
Increment
Increment

Check for

result
pointerl
pointer2
result pointer

last digit

If not last digit repeat

Terminate

program execution

Lab Experiment 35 : Add sach slomont of array with the sloments of another array.

Stelement :  Add 2 arrays having ten 8-bit numbers each and generate a third array of
result. It is necessary to add the first element of arrayl with the first element of array-2
and so on. The starting addresses of arrayl, array2 and array3 are 2200H, 2300H and

2400H, respectively.
Flowchart

Initialize memory pointer 3
far array 3

{Poirier 3) = [Peinier 1] + [Poinber Z)

Poiniar 1 = Poinder 1 + 1
Polrdar 2 = Poinger 2 + 1
Poinler 3 = Pointer 3+ 1
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Source program :
LXI H, 2200H
LXI B, 2300H
LXI D, 2400H

Initialize memory pointer 1
Initialize memory pointer 2
Initialize result pointer

ws wa g

BACK : LOARX B ; Get the number from array 2
ADD M i Bdd it with number in array 1
STRX D ;i Store the addition in array 3
INK H j Increment polnterl
INX B ; Increment pointerc?
INK D i Increment result pointer
MOV A, L H
CPI - OAH } Check pointerl for last number
JNZ BACE ;5 If not, repeat
HLT i Stop

Lab Experiment 36 : Saparate sven sumbers from given numbers.

Sistement :  Write an assembly language program to seperate even numbers from the
given list of 50 numbers and store them in the another list starting from 2300H. Assume
starting address of 50 number list is 2200H.

Flowchart (See on next page)

Source program :

LXI H, 2200H
LXI D, 2300H

Initialize memory pointerl
Initialize memory pointer?

b

MVI C, 32H i Initialize counter
BACK: MOV RA,M i Get the number

ANI O1lH i Check for even number

JHNE SEIP i If ODD, don*t store

MOV A M ; Gat the number

STAX D » Store the number in result list

INKE D i Increment peointer 2
SKIP: INX H § Increment pointerl

DCE C ¢ Decrement counter

JHZ BACKE { If not zero, repeat

HLT i Stop

Lab Experiment 37 : Transfor contents to overlapping memory blocks.

Statement :  Write assembly language program to with proper comments for the following
: A block of data consisting of 256 bytes is stored in memory starting at 3000H. This block
is to be shifted (relocated) in memory from 3050H onwards. Do not shift the block or part
of the block anywhere else in the memory.

Source program :

Two blocks (3000 — 30FF and 3050 - 314F) are overlapping. Therefore it is necessary to
transfer last byte first and first byte last.
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Flowchart (For Lab Experiment 36)

MVI C, FFH
LXI H, 30FFH
LXI D, 314FH
MOV A, M
STRY D

DCX

DCR C
JHE BARCK
HLT

atart

Iniliafze counler = 32H

Ged the numbaer

Pointer 2 = pointar 2 + 1

Pointar 4 = podnter 1 + 1

Counter = counber — 1

Yeas

Initialize counter

Initialize source memory polinter
Initialize destination memory pointer
Get byte from source memory bleck
Store byte in the destination remory
block

Decrement source memory pointer
Decrement destination memory pointer
Pecrement counter

If counter # 0 repeat

Btop execution

Programming Techniques
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Lab Experiment 38 : lnserting siring in & given array of characters,

Statement :  Write an 8085 assembly language program to insert a string of four characters
from the tenth location in the given array of 50 characters.

Solution :
Step 1 : Move bytes from location 10 till the end of array by four bytes downwards.

Step 2 : Insert four bytes at locations 10, 11, 12 and 13.

LXI H, 2131H i Initialize pointer at the last location
i of array.
LXI D, 2135H ; Initialize another peointer to point the
¢ last location of array after insertion.
AGRIN : MOV A, M ; Get the character
STAX D i Store at the new location
DCX D ; Decrement destination pointer
DCX H ; Decrement source pointer
MOV A, L ; [ check whether desired bytes are
CPI 0BH shifted or not]
JHNZ AGAIHN if not repeat the process
INK H adjust the memory pointer
L¥XI D, 2200H Initialize the memory pointer to point
the string to be inserted

REFE : LDAX D ; Get the character
MOV M, A i Store it in the array
INK D ; Increment source polinter
INK H s Increment destination pointer
MOV A, E ; [ check whether the 4 bytes
CPI 04 H are inserted]
JNZ REFE ; if not repeat the process
HLT s stop

Lab Experiment 39 : Dalsting string in o given array of characters.

Statement : Write an 8085 assembly language program to delete a string of 4 characters
from the tenth location in the given array of 50 characters.

Solution : Shift bytes from location 14 till the end of array upwards by 4 characters ie.
from location 10 onwords.
LXI H;, 210DH ; Initialize source memory pointer at the lﬂth
i location of the array.

LXI D, 210%H i Initialize destination memory pointer at the
i 10" location of the array.

MOV A, M { Gat the charactar

STAX D { Store character at new location

INX D i Increment destination pointer

INX H i Increment source pointer
¥

MOV Ay L [ check whether desired
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CPI 32H ; bytes are shifted or not]
JHE REPE ; if not repeat the process.
HLT i stop

Lab Experiment 40 : Add parity bit to 7-bit ASCII characters.

Statement :  Add even parity to a string of 7-bit ASCII characters. The length of the string
is in memory location 2040H and the string itself begins in memory location 2041H. Place
even parity in the most significant bit of each character. Draw a flowchart and write an
8085 assembly language program with comment for each instruction.

Flowchart
( san )

Enitialize memory poinbar
and character counber

-

Gat ASCI character
frewm mEmary location

Is
No Parity odd
T

Yes

Add even parity bif
in MSB

Sore ASCI character
im memary location

Incremant mamaory
Poinier

Decrement character
COURbEr

Mo
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Source program :
LXI H, 2040H

MOV C,M ; Counter for character
REPEAT: INX H i Mamory polnter to character
MOV A,M ;i Character in accumulator
ORA R i ORing with itself to check parity.
JPQ PAREVEN
ORI B80H If odd parity place even parity in

D7 (8OQ) .
Store converted even parity character.

s wE s

PEREVEN: MOV M, A

DCR C i Decrement counter.
JHNEZ REFEAT i If not zero go for next character.
HLT ; Terminate program execution

Lab Experiment 41 : Find the number of nagative, zero and positive numbers.

Statement : A list of 50 numbers is stored in memory, starting at 6000H. Find number of
negative, zero and positive numbers from this list and store these results in memory
locations 7000H, 7001H, and 7002H respectively.

Source program
L¥TI H, 6000H ; Initialize memory pointer
MVI C, O0OH i Initialize number counter
MVI B, OODH i Initialize negative number counter
MVI E, 00H ; Initialize zerc number counter
BEGIN: MOV A, M ;7 Get the number
CPI 0OO0H i If number = 0
JEZ ZEROHUM ;{ Goto zeronum
ANI BOH ; If M5B of number = 1 i.e. if
JNEZ NEGHUM ; number is negative goto NEGNUM
IHE D ; otherwise increment positive number
i counter
JMPF LAST H
EERONUM: INE E i Increment zero number counter
JHMF LAST
HNEGNUM: INR B ; Increment negative number counter
LAST : INX H ; Increment memory pointer
INR C i Increment number counter
MOV R, C
CPI 32ZH : If number counter = 50,, than
JHNZ BEGIM : Btore otherwise check next number
LXI H, 7000 ; Initialize memory pointer.
MOV M, B ; Store negative number.
INX H
MOV M, E ; Store zero number.
INK H
MOV M, D i Store positive number.

HLT
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Flowchart

GD

Inifialize memory pointer initialize
counter io count total numbers

Initialize cownters for negative,
positive and zermn numbers

| Getthe number

Increment zeno
nEmber coundes

Incrament negative
number counter

Increment posithve number
counber

Increment memaory painier

Mumbers = Numbers + 1

Is
niufber =50

Lab Experiment 42 : Multiply two eight bit nambers with shift and add method.

Statement : Multiply the 8-bit unsigned number in memory location 2200H by the 8-bit
unsigned number in memory location 2201H. Store the 8 least significant bits of the result
in memory location 2300H and the 8 most significant bits in memory location 2301H.
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Sample problam
(2200) - 1100 (QCH)
(2201) = 0101 (0O5H)
Multiplicand Multiplier Result
1100 {12,,) 0101 (5y) 12 ®x 5 = 80y,
For simplicity, multiplicand and multiplier are taken 4-bit each.
Steps Product Multiplier Comments
By Bg Bs B, By By B, By| CY | By B; BBy
0 00O0O0OO0OCTO0OD0 1] o1 01 Initial stage
Step 1 0 0O0ODDODODOOUOO D 0 1 0 1 0 Shift left by 1
00O DODODODOOUD 0 1 0 1 D Don't Add since CY = 0
Step2 (0 0 0 0O O O O O 1 01 0 D Shift _
0 00011 00 1 01 0 0 Add multiplicand Since CY = 1
Stepd | 0O 0 0 1 1 0 O O 0 1 0 0 0 Shift left by 1
0 001 1000 0 1 0 0 0 Don't Add since CY=0
Blepd | O O 1 1 0 0 O O 1 o 000 Shift left by 1
o0 1T 111 00 1 0 00 0 Add multiplicand Since CY = 1
Source program
L¥I H, 2200H ; Initialize the memory pointer
MOV E, M ; Get multiplicand
MVI D, OOH ; Extend to l6-bits
INX H ;i Increment memory pointer
MOV A, M ; Get multiplier
LXI H, O0GODH ; Product = D
MVI B, OBH ; Initialize counter with count 8
MULT : DAD H : Product = product = 2
RAL
JHC SKIP ; Is carry from multiplier 1 7
DAD D ; Yes, Product =Product + BMultiplicand
SKIP: DCR B r Is ecounter = zero
JHNE MULT i no, repeat
SHLD 2300E ; Store the result
HLT 7 End of program
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GO

Product = 0
Count = 8
Muliplicand = (2200H)
Muliplier = (Z201H)

Product =2 X
{ Shift left 1 bit )
Multiplier = 2 X multiplier
{=hift heft 1 bit )

{2300H) and [2301H) = product

=
Lab Experiment 43 : Divide 16-bit momber with 3-bit number using shifting technique.

Statement : Divide the 16-bit unsigned mumber in memory locations 2200H and 2201H
(most significant bits in 2201H) by the B-bit unsigned number in memory location 2300H
store the quotient in memory location 2400H and remainder in 2401H.

Assumption : The most significant bits of both the divisor and dividend are zero.
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Sample problem :

For simplicity, dividend and divisor are taken 8-bit and 4-bit respectively
Dividend = 0110 0001 (&LH) Divisor = 0111 (0O7TH)

Steps Dividend Quotient Comment
By Bg B By By B, By By | By B, By By
61 1 06 0 0 010 0 0 O Initial stage
Step 1 11 0000100000 Shift left

o1 0 1 0 0 10|10 @01 MSE of dividend = MS5B dividand — divisor
and Quotient = Quotisnt + 1 since

MSE of dividend > dhvisor

Gep2 |10 1 0 0 1 00| 0 0 1 0 Shift left

oo 1 1 0 1 00| 0 0 1 1 M5B of dividend = M5B dividend — divisor
and Quatient = Quotient + 1 since
M5B of dividend > divisor

Stepd |01 1 0 1 0 DOf O 1 1 O Shift left

61 1 01 0 00f{ 0 1 1 0 | Nochange since M5B of dividand < divisor

Step 4 11 01 0 0 00} 1 1 0 D Shift left

o1 1 0 0 0 00 1 1 0 1 M5B of dividend = MSB dividend — divisor
and Quotient = Quotient + 1 since
MSE of dividend > divisor

Source program

MVI E, 00 ;: Quotient = 0

LHLD 2Z00H ; Get dividend

LDA 2300 ; Get divisor

MOV B, A ; Store divisor

MVI C, 0 { Count = B
MEXT: DAD H ; Dividend = Dividend x 2

MOV A, E

RLC

MOV E, A ; Cuotient = X 2

MOV A, H ;

SUB B ; Is most significant byte of Diwvidend

; > divisor

JC SKIP ; Mo, go to Next step

MOV H, A ; Yes, subtract divisor

INR E ; and Quotient = Quotient + 1
SKIP: DCR C ; Count = Count - 1

JNZ MNEXT i Is count = 0 repeat

MOV AR, E

STA 2401H i Store Quotieant
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MOV A, H

STA 2401H ¢ Store remainder

HLT i End of program.
Flowchart :

Start

Dividand (2200H) and (2201H)
Divisor {2300H)
Couni =8
Quatient = 0

Dividend = Dividend X 2
Quatient = Quotient X 2

B MSBS of dwidend = 8§ MSBS of
dividend — divisor
Quotant = Quotient + 1

Count = cowunt =1

(24D0H) = Quotient
{2401 H) = Remainder

)

Lab Experiment 44 : Simulate DAA insiruction.

Statement : Assume the DAA instruction is absent. Write a subroutine which will perform
the same task as DAA instruction
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Sample problem :
Let us see the execution of DAA instruction.

1. ¥ the value of the low order four bits (D5 - Dp) in the accumulator is greater than 9
or if auxiliary carry flag is set, the instruction adds 6 (06) to the low-order four
bits.

2. If the value of the high-order four bits (D7 - Dy) in the accumulator is greater than
9 or if carry flag is set, the instruction adds 6(06) to the high-order four bits.
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Note : To check auxiliary carry flag it is necessary to get the flag register contents in
one of the registers and then we can check the auxiliary carry flag by checking bit 4 of
that register. To get the flag register contents in any general purpose register we require
stack operation and therefore stack pointer is initialized at the beginning of the source
program.

Source program :

LXI SP, 2Z7FFH Initialize stack pointer

MOV E.A i Store the contents of accumulator
ANI OFH ; Mask upper nibble
CPFI OB H { Check if number is greater than 9
JC SKIP ;i if no go to skip
MoV A, E ; Get the number
ADI 0&H ; Add 6 in the number
JHME SECOMD ; Go for second check
SKIF: FUSH PSW ; Store accumulator and flag contents
; in stack
FOF B ; Get the contentsz of accumulater in B
; register and
¢ flag register contents in C register
MOV A, C ; Get flag register contents in
i accumulator
ANI 10H § Check for bit 4
JZ SECOND ; if zero, go for second check
MOV A, E ; Get the number
ADI 0@ ; Bdd & in the number
SECOND: MOV E, A ; Store the contents of accumulator
ANI FOH : Mask lower nibhble
RRC
RRC
RRC
RRC y Rotate number 4 bit right
CPI OAR H i Check if number is greater than 9
JC SKIF1 ; if no go to skip 1
HOV A, E ;i Get the number
ADI &0 H ¢ Add 60 H in the number
JMF LAST ;7 Go to last
SKIPl: JHC LAST ; 1f carry flag = 0 go to last
MOV A, E ; Get the number
ADI &0 H ; Add 60 H in the number
LAST: HLT

Lab Experiment 45 : Program to test RAM.

Statement : Write an assembly language program with proper comments to perform
following operations :

To test RAM by writing ‘1" and reading it back and later writing ‘0" (zero) and reading
it back. RAM addresses to be checked are 40FFH to 40FFH. In case of any error, it is
indicated by writing 01H at port 10H.
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Source program :
LXI H, 4000H ; Initialize memory pointer

BACE : MVI M, FFH ; Writing '1" into RAM
MOV A, M ¢ Reading data from RAM
CPI FFH i Check for ERROR
JHNEZ ERROR i If yes go to ERROR
INX H ¢ Increment memory pointer
MOV A, H
CPI 50H Check for last check
JNZ BACK If not last repeat

L¥XI H, 4000H
BACK]l : MVI M, OOH

Initialize memory pointer
Writing "0 into RAM

E NE Sa NE W W S

MOV R, M Reading data from RAM
CPI 00H Check for ERROR

INX H Increment memory pointer
MOV R, H

CPI 50H ¢ Check for last check
JHNEZ BACKL i If not last, repeat

HLT ¢ Stop execution

Lab Experiment 46 : Write an assembly lsnguage program to gensrste fibonacei mamber,

MVI D, COUNT Initialise counter

F

MVI B, 00 ; Initialize wvariable to store prewvious
;o number

MVI C; 01 ; Initialize wvariable to store current
; number

BACE : MOV A, B 7 [Add two

ADD T numbars |

MoV B, C i Current number is now previous number

MOW C, A ;7 Save result as a new current number

DCR D 7 Decrement count

JHZ BACK i 1f count # 0 go to BACK

HLT ; Stop.

4.2 Timers

In the real time applications, such as traffic light control, digital clock, process control,
serial commumnication, it is important to keep a track with time. For example in traffic light
control application, it is necessary to give time delays between two transitions. These time
delays are in few seconds and can be generated with the help of executing group of
instructions number of times. This software timers are also called time delays or software
delays. Let us see how to implement these time delays or software delays.

As you know microprocessor system consists of two basic components, Hardware and
software. The software component controls and operates the hardware to get the desired
output with the help of instructions. To execute these instructions, microprocessor takes fix
time as per the instruction, since it is driven by constant frequency clock. This makes it
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possible to introduce delay for specific time between two events. In the following section
we will see different delay implementation techniques.

4.2.1 Timer Delay using NOP Instruction

NOP instruction does nothing but takes 4T states of processor time to execute. So by
executing NOP instruction in between two instructions we can get delay of 4 T-state

1
Operating frequency of 80835

1T state =

4.2.2 Timer Delay using Counters

Counting can create time delays. Since the execution times of the instructions used in a
counting routine are known, the initial value of the counter, required to get specific time
delay can be determined.

Using B bit counter :
Number of T-states

MVI C, count ; Load count 7T T-states
BACK : DCR C i Decrement count 4 T-states
JNZ BACK i If coumt # 0, repeat 10/7 T-states

In this program, the instructions DCR C and JNZ BACK execute number of times
equal to count stored in the C register. The time taken by this program for execution can
be calculated with the help of T-states. The column to the right of the comments indicates
the number of T-states in the instruction cycle of each instruction. Two values are specified
for the number of T-states for the [NZ instruction. The smaller value is applied when the
condition is not met, and the larger value applied when it is met. The first instruction MVI
C, count executed only once and it requires 7 T-states. There are count <1 passes through
the loop where the condition is met and control is transferred back to the first instruction
in the loop (DCR C). The number of T-states that elapse while C is not zero are
(count -1) x (4+10). On the last pass through the loop, the condition is not met and the
loop is terminated. The number of T states that elapse in this pass are 4 + 7.

.~ Total T-states required to execute the given program

= 7 + {count 1) x (4 +10) + 4+7)

MVIC Loops Last loop
Forcount =5
Number of T-state =7+ (5-1)=x(14) + (11)
=7+56+11
= 74

Assuming operating frequency of B085A is 2 MHz,

'I1merequiredfnr1T—ntmr=H:Ht

= 0.5 psec
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Total time required to execute the given program =74x 0.5 psec.
= 37 psec.
Maximum delay possible with 8 bit count
The maximum count that can be loaded in the 8 bit register is FFH (255) so the
maximum delay possible with 8 bit count, assuming operating frequency 2 MHz
= (7 + (255 - 1) x (14) + (11)) = 0.5 psec.
=1?3'?um;.
With these calculations, it can be noticed that delay with 8 bit count suitable for small
delays, and not for large delays.

Using 16 bit counter :

Mumber of T-states
LI B, count ; load 16 bit count 10 T-states
BACKE : DCX B i Decrement count B T-states
MOV A, C ? 4 T-atates
ORA B ; logically OR B and C 4 T-states
JHE BACK { If result is not 0, repeat 10 T-states

In this program, the instructions DCX B, MOV A,.C, ORA B and JNZ BACK execute
number of times equal to count stored in BC register pair. The instruction LXI B, count is
executed only once. It requires 10T-states. The number of T-states required for one loop
=6+4+4+10 = 24 T-states. The number of T-states required for last loop
=6+ 4+4+7 =21 Tstates. 50 total T-states required for execution of given program
are

= 10 + (count-1) = 24+ 21

LXI B Loops Last loop
for count = 03FFH (102344)
Number of T-states = 10 + (1022) = 24 + 21
= 24559

Assuming operating frequency of 8085 A as 2 MHz, the time required for, T state = 0.5
psec.
». Total time required to execute the given program
= 24559 x= (0.5 psec
= 12279.5 psec
= 12.2795 msec
Maximum delay possible with 16 bit count
The maximum count that can be loaded in the 16 bit register pair is FFFFH (65535 H).
So the maximum delay possible with 8 bit count, assuming operating frequency 2 MHz.
= 10(10 + (655535 - 1) = (24) + (21)) = 0.5 usec
= (.786425 sec
If the application requires the delays more than this, then the nested loop technique is
used to implement the delays.
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4.2.3 Timer Delay using Nested Loops

In this, there are more than one loops. The innermost loop is same as explained above.
The outer loop sets the multiplying count to the delays provided by the innermost loop.

MNumber of T states
MVI B, Multiplier count ; Initialize multiplier T T-statas
START: MVI C, Delay count i initialize delay count T T-states
BACK: DCR C ; Decrement delay count 4 T-states
JNEZ BACK i if not 0, repeat 10/7 T-states
DCR B ; decrement multipliercount 4 T-states
JHNE START i If not 0, repeat 10/7 T-states

T-states required for execution of inner loop
Tiwer = 7+ (Delay count -1 )x14 + 11
T-states required for execution of the given program
= (Multiplier count = 1) ¥ (Tinper +14) +11
For delay count = 65H (101) and multiplier count
51H (81)
7#(101 - 1) = 14 + 11
= 1418
Total time required to execute the given program is
(Operating frequency is 2 MHz) = [{81 - 1) = (1418 + 14) +11] = 0.5 psec.
= 57.2855 msec.

Tw

Lab Experiment 47 : Generste a delay of 0.4 seconds.

Statement :  Write a program to generate a delay of 0.4 sec if the crystal frequency is
5 MHz.

Sol. : In B085, the operating frequency is half of the crystal frequency,
: Operating frequency = 5/2 = 25 MHz

. i
Time for one T-state = 33 Miz = 0.4 psec

MNumber of T-states required = =

= 1x10%
Delay program :
LXI B, count s lé-bit count
BACK: DCX B ; Decrement count
MOV A,C
ORE B ; Logically OR B and C
JHEZ BACK If result is not zero repeat

1x106 = 10 + (count — 1) x 24 + 21

1x10°% - 31
count = | ——— |+ 1= 416661
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count = 4lﬁﬁﬁm
= m

Lab Experiment 48 : Generste and display binary ap counter.

Statemeat : Write a program for displaying binary up counter. Counter should count
mumbers from 00 to FFH and it should increment after every 0.5 sec.

Assume operating frequency of 8085 equal to 2 MHz. Display routine is available.
Solution :

L¥I 5P, 27FFH Initialize stack pointer

MVI C, 00H ; Initialize counter
BACK: CALL Display i Call display subroutine

CALL Delay ; Call delay subroutine

INE C ; Increment counter

MOV A, C ;

CPI 0QOH ; Check counter is > FFH

JHZ BACK ; If not, repeat

HLT i Stop

Dealay subroutine :

Delay: L¥XI D, count
BACK: DCX D

Initialize count
Decrement count

H
H
MOV A, E :
ORA D ; Logically OR D and E
JNZ BACK ; If result is not 0 repeat
RET ; Return to main program

Flowchart

Initiakze countar = 00
n 8 , Delay
=1
Call display
Initialze counier
Call delay

Incrermeni countar
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Operating frequency = 2 MHz
1
Time for one T-state = 2!¢H3==ﬂ5ﬂﬂﬂ
Required Time 0.5 sec
MNumber of T-states required = Time for 1 T~ siaie = lM}lw:-'l:-vzllill"
1x10% = 10 + (count — 1) x 24 + 21
1x10% - 31
count = 7 +1 = 416661
count = 41666k = AICIH

Lab Experiment 49 : Gensrate and display BCD up counter with froquency 1 Hz.

Statement : Write a program for

displaying BCD up counter. Counter should count

numbers from 00 to 99H and it should increment after every 1 sec. Assume operating

frequency of BOBS equal to 3 MH=.

Solution :

LXI 5P, 27FFH
MVI C, O00H
CALL Display
CALL Delay
MOV A,C

ADI 0l

DAR
MOV
CPI
JHZ
HLT

Delay subroutine :
Dalay: MVI
BACK1: LXI
BACK: DCX

MOV
ORRA
JNZ BRCE
SR B
JNZ BACK1
RET

Operating frequency : 3 MHz
Time for one T-state

BACK:

¥

c, A
, 00
BACK

B, Multip
Dr Initiﬂ
D
Ay
D

E

Display routine is available.

Initialize stack pointer
Initialize counter

Call display subroutine
Call delay subroutine

.

Increment counter
Adjust it for decimal
Store count

Check count is > 99
If not, repeat

Stop

=i wE WE wWe mg

e Wa W S W

liar-count
lize Count

Initialize multiplier count
Decrement count

Locally OR D and E

If result iz not 0, repeat
Decrement multiplier count
If not zero, repeat

Return to main program.

T s Ma T Sa e S

1
= TNz 0.333 psec
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Required Time

» Number of T-states required = F—F——F——= 3x10°

1 sec
0.333 pisec

Let us take multiplier count = 3.
3% 108

No. of T-states required by inner loop = 3 = 1x10%

1x10% = 10 + {count - 1) = 24 + 21
= 4166610
count = 4166610 = A2C2H

Lab Experiment 50 : Gonorats and display BED down couster with fraquency 1 Hz.

Statement :  Write a program for displaying BCD down counter. Counter should count
numbers from 99 to 00 and it should decrement after every 1 sec. Assume display and

delay routines are available.
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Solution : Flowchart :

Start

Initializa counter = 89

I

[
Call display I

Call delay |

Decramant and adjust counter
for its decimal valua

Is
eowntl = 0

Source program with logic 1 :

LXI SPp, 27FFH
MVI A, 99H

Initialize stack pointer
Initialize counter

i
BACK: CALL Display ;i Call display subroutine
CALL Delay ; Call Delay subroutine
ADI 9%9H ; * ([Explained later)
DAR ; Adjust for decimal
CPI 9SH i Compare with last count
JHZ BACK j If no, repeat
HLT
* Addition : _
- 1001 1004 - . - - 98H
3ot S 100t R
10011 0ot10 :
DAS - dnti s o i
00t SE000: i aa

Program with logic 2 :
LXI SP, 27FFH
MVI C, 99H
BACK: Call Display
Call Delay

Initialize stack polinter
Initialize counter = 99
Call display subroutine
Call delay subroutine

e WmE wa R
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MOV A,C i Get the count
ABNI 0OFH { Check for lower nibble
JHE SEIP i If it is not OFH go to skip
MOV A, C ;i Elze get the count
EEI 06 : and subtract §
MOV C,A i Store the count
S5KIP: DCRE C » Decrement count
MOV A, C : Get the count
CPI S939H i Check it for last count
JHE BACEK i If not; repeat
HLT ; Stop

Lab Experiment 51 : Generate and display the contents of decimal counter.

Statement : Write assembly language program to with proper comments for the following
: To display decimal decrementing counter (99 to 00) at port 05 H with delay of half
seconds between each count. Write as well the delay routine giving delay of half seconds.

Operating frequency of microprocessor is 3.072 MHz. Neglect delay of the main program.
Sourca program :
MV¥I C, 99H ; Imitialize counter

BACK : MOV R, C E
ANI OF ; Mask higher nibble
CPFI OF
JHNE SKIF
MOV A, C
SUI 06 ; Subtract 6 to adjust decimal count
MOV D,A

SKIP: MOV A,C
ouUT 05 ; send count on output port
CALL Delavy ; Wait for 0.5 seconds
DCR C ; decrement count
MoV A, C
CPLI FF
JHZ BACK ; If not zers, repeat
HLT ; Stop execution

Delay subroutine :

Delay: LXI D, Count

Back:: DCX D i & T-states
MOV A, D i 4 T-states
ORA E ; 4 T-states
JHMEZ Back i 10 T=states
RET

! 1
Operating frequency =~ 3072 x 100

3.2552x10°7

1 T-state =
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0.5 sec
By e .3
Number of T-states required = ——rr5—T05 =1.536x10
1.536x10% = 10 + (count - 1) %24+ 21
1.536%10% - 31
Count = 74 +1 = 63999.708
= 64000
= FANH

Lab Experiment 52 : ldontify the arror snd corroct the given delay routine.

Statement : The delay routine given below is in infinite loop, identify the error. Correct
the program, give the machine cycles and T states of each instruction and also find the
maximum delay generated. Assume 1 “T" state = 320 ns.

DELAY H LXI H,N
L1 : DCX H
JNZ L1

Solution : 1) The fault in the above program is at instruction JNZ L1. This condition
always evaluates to be true hence loops keeps on executing and hence infinite loop.

2) Reason for infinite looping : - The instruction DCX H decrease the HL pair count
one by one but it does not affect the zero flag. So when count reaches to 0000H in HL pair
zero flag is not affected and JNZ L1 evaluates to be true and loop continues. Now HL
again decrements below 0000H and HL becomes FFFFH and thus execution continues.

3) The modification in the program is as follows :

No. of T states
DELAY ; LXI H, H; Load 16 bit count -+ 10 T-atates
Ll : DCX H ; Decrement count -+ & T-states
MOV AL —+ 4 T-states
ORA H ;i logically OR H and L —+ 4§ T-states
JHEZ L1 ; If result is not 0 repeat -+ 10 T-states

Total no. of T states required for program execution are
=10 + (count-1)x24 + 21
LXIH + Loops Last Loop
T-states for maximum delay = ?
Now maximum count that can be loaded in 16 bit register pair is FFFFH (65535H) so
[T-states for max. delay = 10 + (65535 — 1) % 24 + 21}

= 1.57247 x 10°
Time for 1 T state = 320 ns
Max. delay = 1.575247 <108 x 320 ns

0.50407904 seconds
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4.3 Code Conversion

This technique allows programmer to translate a number represented using one coding
system to another. For example, when we accept any number from the keyboard it is in
ASCII code. But for processing, we have to convert this number in its hex equivalent. The
code conversion involves some basic conversions such as

¢ BCD to binary conversion

* Binary to BCD conversion

* BCD to seven segment code conversion
* Binary to ASCII conversion and

* ASCII to binary conversion

4.3.1 BCD to Binary Conversion

We are more familiar with the decimal number system. But the microprocessor
understands the binary/hex number system. To convert BCD number into its binary
equivalent we have to use the principle of positional weighting in a given number.

For example : 67 = 6x0AH +7

= 3CH + 7 =43H

To perform above operation it is necessary to separate an 8-bit packed BCD number

into two 4-bit unpacked BCD digits : BCD, and BCD, and then convert each digit into its

binary value according to its positions. Finally, add both binary numbers to obtain the
binary equivalent of the BCD number. Let us see the program for 2-digit BCD to binary

Lab Experiment 53 : 2-Digit BCD to binary sonversion.

Stefement : Convert a 2-digit BCD number stored at memory address 2200H into its
binary equivalent mumber and store the result in a memory location 2300H.

Sample problem

(2200H) = BTH
(Z300H) = 6 = OAH + T = 3CH 4+ 7 = 43H

Source program :

LDA Z200H ; Get the BCD number

MOV B,A ; Save it

ANI OFH ; Mask most significant four bits
MOV C;A i Save unpacked BCD1 in C register
MOV A,B : Get BCD again

ANI FOH ; Mask least significant four bits
RRC ;i Convert most significant four

RRC i bits into unpacked BCD2
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RRC i
REC ¥
MOV B,A i Save unpacked BCDZ in B register
HEA A i Clear accumulator (sum = )
MVI D, DAH i S5et D as a multiplier of 10
sSuUmM ¢ ADD D ; Add 10 unmtil (B) = 0
DCR B i Decrement BCDZ by one
JHE SUM ;i Is multiplication complete 7
; if not, go back and add again
ADD C : Add BCDI1
STA 2300H : 5Store the result
HLT i Terminate program execution
Flowchart
Siar
Gat the number
Mask upper nibble
and
stora number as BCD1
Gel number again
Mask bwer nibble
exchange nibbie
positions of result and
store il as BCD2
Multiply BCD2
nuambser by 10
AddBCD1 |
Store result |

4.3.2 Binary to BCD Conversion
We know that microprocessor processes data in the binary form. But when it is
displayed, it is in the BCD form. In this case we need binary to BCD ion of data.

The conversion of binary to BCD is performed by dividing the number by the power of
ten.
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For example, assume the binary number as
0111 1011 (7BH) = 123,,

To represent the number in BCD requires twelve bits or three BCD digilts as shown
below

123, = 0001 0010 0011
Digit, digit, digity
The conversion can be performed as follows

Step 1 : If the number is equal to or greater than 100, divide number by 100 (Le.
subtract 100 repeatedly until the remainder is less than 100). The quotient
gives the most significant digit, digit 2 of the BCD number. If number is less
than 100 go to step 2.

Step 2 : If the number ie. remainder of first division is equal to or greater than 10
divide number by 10 repeatedly until the remainder is less than 10. The
quotient gives the digit 1. If number is less than 10, go to step 3.

Step 3 : The remainder from step 2 gives the digit 3.
Let us see the program for binary to BCD conversion.

Lab Experiment 54 : Binsry to BCD conversion.

Statement : Write a main program and a conversion subroutine to convert the binary
number stored at 6000H into its equivalent BCD number. Store the result from memory
location 6100H.

Sample problem : (6000)H = BAH

1. BRH = 64H ([Decimal 100} s Divide by 64H (Decimal 100)
BAH/64H -» Quotient = 1 Remainder = 26E
26H < 64H (Decimal 100) - goto step 2 and Digit 2 = 1
2. 26H =z 0AH {(Decimal 10) s Divide by 0AH (Decimal 10)
Z6H/0AH = Quotient = 3 Remainder = 08H
0D8H < OAH (Decimal 10) S goto step 3 and Digit 1 = 3
3. Digit 0 = 0BH
Source program
LXI SP, 27FFH ; Initialize stack pointer
LDA &000H Get the binary number in accumulator

CALL BIN TO BCD
HLT

Call subroutine BIN TO BCD
Terminate program execution

i e Wa %



Dight 1 = 0 Digit 1 = Quotient

Subroutine to convert binary number into its eguivalent

BCD number

BIN TO BCD :
PUSH B
PUSH D
MVI B, 64H
MVI C, DAH
MVI D,00H
MVI E, O00H

ETEPL : CHMP B
JC STEF 2
BUB B
INR E
JMP STEP1

. Wy wa Ry

L1

e WA W WE W

Save BC register pair contents

Save DE register pair contents

Load divisor decimal 100 in B register
Load divisor decimal 10 in C register
Initialize Digit 1

Initialize Digit 2

Check if number < Decimal 100

if yas go to step 2

Subtract decimal 100

update guotient

go to step 1
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STEPZ : CMP C

Check if number < Decimal 10

mE

JC STEF 3 if yes go to step 3
SUB C ; Subtract decimal 10
INE D ; Update gquotient
JMP STEP 2 i Continue division by 10
STEP3 : STA &6100H ¢ Store Digit 0O
MOV A, D ; Get Digit 1
STA 6101H i Store Digit 1
MOV A, E ; Get Digit 2
ETA 6102H i Store Digit 2
POP D i BRestore DE register pair contents
FOP B i Bestore BC register pair contents
RET ; Return to main program

4.3.3 BCD to Seven Segment Conversion

Many times 7-segment LED display is used to display the results or parameters in the
microprocessor system. In such cases we have to convert the result or parameter in
7-segment code. This conversion can be done using look-up techmique. In the look-up table
the codes of the digits (0-9) to be displayed are stored sequentially in the memory. The
conversion program locates the code of a digit based on its BCD digit. Let us see the
program for BCD to common cathode 7-segment code conversion.

Lab Experiment 55 : Find the 7-sagment codes for given sumbars.

Sistemenl : Find the 7-segment codes for given 5 numbers from memory location 6000H
and store the result from memory location 7000H.

Source program
LXI H, 6200H
LXI D, &0D0OH
L¥XI B, TOOOH

Initialize loockup table pointer
Initialize source memory pointer
Initialize destination memory pointer

mp wE W4

BACK: LDRX D ; Get the number
MOV L, A ; A point to the T-segment code
MOV A, M ;i Get the T-segment code
STAX B ; Store the result at destination memory
i location
INX D ;: Increment source memory pointer
INX B ; Increment destination memory pointer
MOV A, C
CPI 05H ; Check for last number
JHZ BACK i If nmot repeat

HLT i End of program
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GO

Initialize |lookup tablke painber

Flowchart :

Lookup Table

Initialize sourcs mamory painber Disgit
Initialize destination meamary pointar

Get the numbear

Fired the T-segmant eode 4

Siore T segment code in the
deslination memory location

Incrgmugnl SOunte Marmon poinlar
Incremant destination memaory pointar

39388388 %|8

W m s W M

4.3.4 Binary to ASCIl Code Conversion

The ASCII Code {American Standard Code for Information Interchange) is commonly
used for communication. In such cases we need to convert binary number to its ASCII
equivalent. It is a seven bit code. In this code number 0 through 7 are represented as 30
through 39 respectively and letters A through Z are represented as 41H through 5AH.
Therefore, by adding 30H we can convert number into its ASCIl equivalent and by adding
37H we can convert letter to its ASCI equivalent. Let us see the program for binary to
ASCII code conversion.

Lab Experiment 56 : Find the ASCI charaster.

Statement : Write an assembly language program to convert the contents of the five
memory locations starting from 2000H into an ASCII character. Place the result in another
five memory locations starting from 2200FH.
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Flowchart

Start

inltialize source memony

pointer
i
Iniialize destination memory
or «<>»
}
Initiallze count = §
1 Is
x number = A Yes
Get the number 7
Mo
CALL ASCHl Mumber = number + 30 Mumber = numbser + 37
]
Slore the number
Crer)
Decrement source memony pointer
Decrement destinalion memory pointer

Decrement couniar

Mo
Yas
Sample problem
(Z0OOH) = 1
(2001H) = 2
{(Z2002H) = 8
{2003H) = A
(2004H) = B Result (2200H) = 3l
(2201H) = 32
(2202H) = 39
{(2203H) = 41

(2204H) = 42
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Subroutine Documentation :

Subrouting ‘ASCII" converts a hexadecimal digit to ASCIL
Passing parameter : The digit is passed using accumulator.

Return value : In the accumulator.
Register used : Accumulator.
Stack used : From 27FEH to 27FDH

Source program :

LXI 5P, Z7FFH
LXT H, 2000H
LXI D, 2200H

Initialize stack pointer
Source memory pointer
Destination memory pointer

s e wE ™R WE W

MVvI {, O5H Initialize the counter
BACK: MOV B, M Get the number
CALL ASCII Call subroutine ASCII
STAX D Store result
INX H i Increment source memory pointer
INX D i Increment destination memory pointer
DCR C i Decrement count by 1
JHME BACK ¢ if not zero, repeat
HLT i Stop program execution subroutine ASCII
ASCIT: CPI, OAH i Check if number is ORH
JHC HNEXT i If ves goto next otherwise continue
ADI 30H H
JHMEP LAST
NEXT : ADI 37H
LAST: RET : Return to main program

4.3.5 ASCIl Code to Binary Conversion

It is exactly reverse process to binary to ASCII conversion. Here, if ASCII code is less
than 3AH then 30H is subtracted lo get the binary equivalent and if it is in between 41H
and 5AH then 37H is subtracted to get the binary equivalent of letter {A-F).

4.4 BCD Arithmetic

4.4.1 BCD Addition

The addition of two BCD numbers can be best understood by considering the three
cases that oocur when two BCD digits are added.

Sum equals 9 or less with carry 0

Let us consider additions of 3 and 6 in BCD.
6 0110 +«— BCD for &
+ 3 0011 « BCD for 3

9 1001 « BCD for 9
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The addition is carried out as in normal binary addition and the sum is 1 0 0 1, which
is BCD code for 9.

Sum greater than 9 with carry 0
Let us consider addition of & and 8 in BCD
(i1 0110 « BCD for 6
+ B 1000 + BCD for B

14 1110 & Invalid BCD number (1110} > 9

The sum 1 11 0 is an invalid BCD number. This has occurred because the sum of the
two digits exceeds 9. Whenever this occurs the sum has to be corrected by the addition of
six (0110} in the invalid BCD number, as shown below

(3] 0110 — BCD for 6
+ 8 1000 — BCD for 8

14 1110 — Invalid BCID number
+ 0110 « Add 6 for correction

o001 0100 « BCD for 14
Y i
After addition of 6 carry is produced into the second decimal position.
Sum equals 9 or less with carry 1

Let us consider addition of 8 and 9 in BCD

8 1000 +« BCD for 8
+ 9 1001 « BCD for 9
17 00010001 « Incorrect BCD result

In this, case, result (0001 0001) is valid BCD number, but it is incorrect. To get the
correct BCD result correction factor of 6 has to be added to the least significant digit sum,

as shown.
] 1000 = BCD for 8
+ 9 1001 «— BCD for 9

17 00010001 #— Incorrect BCD result
+ 00000110 «— Add 6 for correction

00010111 + BCD for 17
Going through these three cases of BCD addition we can summarise the BCD addition
procedure as follows :
1. Add two BCD numbers using ordinary binary addition.
2. If four-bit sum is equal to or less than 9, no correction is needed. The sum is in
proper BCD form.
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3. If the four-bit sum is greater than 9 or if a carry is generated from the four-bit
sum, the sum is invalid.

4. To correct the invalid sum, add 0110, to the four-bit sum. If a carry results from
this addition, add it to the next higher-order BCD digit.

The 8085 supports DAA (Decimal Adjust Accumulator) instruction for adjusting the
result of addition to the BCD number. (See chapter 2 for DAA instruction).

Lab Experiment 57 : Add two 2-digit BCD numbers,
Stotement : Add two 2 digit BCD numbers in memory location 2200H and 2201H and

store the result in memory location 2300H. El hart
Star

Sample problem

{2200H) = 35

(2201H) = 45 Get the first BCD number

Fesult = [(2300H) = 39 + 45

= TE # 6 = B4
{lower nibble is greater than 9 so add &) Getthe second BCD number

| Add two BCD numbers

Source program

Adjust resuii 1o valid BCD number

L¥I H, 2200H Initialize pointer

MOV A, H i Get the first number

INX H ; Increment the pointer

ADD M : Add two numbers IStﬂrﬂ'Ihﬂl'ﬂluﬂ
DAA ; Convert HEX to valid BCD

STA Z2300H § Store the result

HLT H

Terminate program ( End }
execution
Lab Experiment 58 : Add two 4-digit BCD numbers.

Ststement : Add two 4 digit BCD numbers in HL and DE register pairs and store result in
memory locations, 2300H and 2301H. [gnore carry after 16 bit.

Sample problem
{HL} = 3629
(DE} = 4738
Stap 1 : 23 + 38 = 61 and auxiliary carry flag = 1

add 06
g6l + 06 = &7
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Flowchart

Step 2

GO

Get tha two lower digils of first BCD numbsar

Gat the two lower digits

of second BCD number

Add two lower digits

I Adjust result to valid BCD number

Store the result

digils of the

Gel the two most significant

firs! numbsar

Get the two most significant
digits of the second numbaear

Add the two most gignificant
digits and carry of
previous addition

Adjust result o valid BCD number

Store the result

GO

36 + 47 + 0 ([carry of LSB) =
Lower nibble of addition is greater than 9

so add 6.
T & 0o = 23
Result = 8367

7D



Microprocessor & Microcontroller System 4 -54 Programming Techniques
Source program

MOV A, L i Get lower 2 digits of no. 1

ADD E ; Add two lower digita

DAA ; Adjust result to wvalid BCD

STA 2300H : Btore partial result

MOV A, H ; Get most significant 2 digits of no. 2
ADC D ; Add two most significant digits

DAR ; Adjust result to walid BCD

5ThR 2301H { Store partial result

HLT ; Terminate program execution.

4.4.2 BCD Subtraction

When two BCD numbers are subiracted we can use DAA instruction for adjustng
result to the BCD. Therefore, the subtraction of BCD number is carried out using 10's
complement or 100's complement method.

The 10's complement of a decimal number is equal to the 9s complement plus 1 and
the 100's complement of a decimal number is equal to the 99's complement plus 1. The 99

complement of a number can be found by subtracting the number from 99. The steps for
100's complement BCD subtraction are as follows :

» Find the 100's complement of subtrahend.

*  Add two numbers using BCD addibion.
Let us see the program for subiraction of two BCD numbers.

Lab Experiment 59 : Subiraction of twe BCD numbers.

Statement : Subtract the BCD number stored in E register from the number stored in the
D register.
Source program

MVI A, 99H
SUB E ; Find the 99's complement of subtrahend

INE A 7 Find 100's complement of subtrahend

ADD D ; Add minuend to 100%'s complement of subtrahend
DAA ; Adjust for BCD

HLT i Terminate program execution

Lab Experiment 60 : Multiply two 2-digit BCD numbers.
Statement :  Write an assembly language program to multiply 2 BCD numbers.

Source program

MVI C, Multiplier ; Load BCD multiplier
MY¥I B, 00 { Initialize counter

LXI H, 0000H ; Result = 0000
MVI E, multiplicand ; Load multiplicand
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BRCK

MVI D, O0O0H ¢ Extend to 16-bits
H DAD D Rasult + Result + Multiplicand

bl

MOV A, L i [ Get the lower

ADI, O0OH H byte of the result
DAA H Adjust it to BCD and
MOV L, A ; store it]

MOV A, H i [ Get the higher

ACI, OOH ; byte of the result
DAR i Adjuat it teo BCD and
MOV H, A I store it)

MOV A, B i [ Increment

ADI 01 H ! counter

DAA i adjust it te BCD and
MOV B; A S store it]

CMF C ; Compare if count = multiplier
JNZ BACK i if not agual repeat
HLT i Stop

1

2
3.
4
3.

6.

1.
11.

Review Questions

. List the commmon code conversions required in the microprocessor systems.

What do you mean by Looping, Counting and Indexing 7 Explain with the help of example.
Explain the need of software timers.
Explain how software deloys can be implemented using counters.

Explain BCD fo Binary code conpersion technique and write 8085 assembly language program for
the same,

Explain Binary to BCD code corversion lechnique and write 3085 assembly language program for
the same.

Explain BCD fo Seven segment code comversion technigue and write 5085 assembly language
program for the same,

Explain Binary to ASCII code conversion lechnique and write 8085 assembly language program for
the same.

Explain ASCII to Binary code conversion fechnique and write B085 assembly language program for
the same.

Explain the procedure for addition of two BCD numbers.
Explain the procedure for subtraction of fwe BCD numbers.

Qaa
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Stacks and Subroutines

The stack is a part of read/write memory that is used for temporary storage of binary
information during the execution of a program. The binary information is basically the
intermediate results and the return address in case of subroutine calls.

1. For the application programs, the internal memory of the microprocessor (registers)
is not sufficient to store the intermediate results. These intermediate results can be
stored temporarily on the stack and can be referred back when required.

2. A subroutine is a group of instructions, performs a particular subtask which is
executed number of times. It is written separately. The microprocessor executes
this subroutine by transferring program control to the subroutine program. After
completion of subroutine program execution, the program control is returned back
to the main program. The use of subroutines is a very important technique in
designing software for microprocessor systems because it eliminates the need to
write a subtasks repeatedly; thus it uses memory more -efficiently. For
implementation of subroutine technique, it is necessary to define stack. In the
stack, the address of the instruction in the main program which follows the
subroutine call is stored.

5.1 Concept of Stack and Subroutines
This section explains the concept of stack and subroutines in detail.

5.1.1 Stack

The stack is a portion of read/write memory set aside by the user for the purpose of
storing information temporarily. When the information is written on the stack, the
operation is called FUSH. When the information is read from stack, the operation is called
PaP.

(5 - 1)
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The microprocessor stores the information, much like stacking plates. Using this
analogy of stacking plates it is easy to illustrate the stack operation.

Fig. 5.1 shows the stacked plates. Here, we realize that if it is desired to take out the
first stacked plate we will have to remove all plates above the first plate in the reverse
order. This means that to remove first plate we will have to
remove the third plate, then the second plate and finally the
first plate. This means that, the first information pushed on
to the stack is the last information popped off from the stack.
This type of operation is known as a first in, last out (FILO).
This stack is implemented with the help of special memory

pointer register. The special pointer register is called the

Fig- 5.1 Stacked plates @ iack pointer. During PUSH and POP operation, stack
pointer register gives the address of memory where the information is to be stored or to
be read. The stack pointer’s contents are automatically manipulated to point to stack top.
The memory location currently pointed by stack pointer is called top of stack.

The stack pointer 5P, is a 16-bit register in the 8085A which is manipulated by the
microprocessor's control section, during stack related instructions.

3

2
.1

5.1.1.1 Stack Related Instructions

The BOB5A supports following stack related instructions :
LXI SP, data (16} :

It initializes stack pointer with 16-bit address.
SPHL :

It copies the contents of HL register pair into the stack pointer.
PUSH rp :

It is used to write 16-bit data in the stack.
POP rp :

It is used to read 16-bit data from the stack.
CALL addr :

It transfers the program control to the subroutine program after storing the return
address in the stack.
RET :

It reads the return address from the stack and transfers the program control back to
the instruction following the CALL.
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INX 5P :
It increments the contents of stack pointer by one.
DAD SP :

It adds the contenis of stack pointer into the contents of HL register pair and stores
the result in the HL register pair.

XTHL :

It exchanges the contents of memory location pointed by the stack pointer with the
contents of L register and the contents of the next memory location with the contents of H
register.

Now we will see the detail operation and the use of these instructions.

5.1.1.2 Detail Operation and the use of Stack Related instructions
LXI SP, Data and SPHL : Initializes Stack Pointer.

Before execution of any stack related instruction, stack pointer must be initialized with
a valid memory address. The stack poinfer can be initialized by two ways.

1. Direct way : LXI 5P, data (16-bit) ; Loads 16-bit data into 5P

2. Indirect way :LXI H, data (16-bit) ; Loads 16-bit data into HL

SPHL : Loads the contents of HL into SP

Normally, the stack pointer is inibalized by the direct way. When a programmer
wishes to set the stack pointer to a value that has been computed by the program, indirect
way is used. The computed value is placed in H and L and the contents of HL register
pair then moved into the stack pointer.
Note :

1. The stack pointer can be initialized anywhere in the resd/write memory map.
However, as a gensral practice, the stack pointer is initialized at the highest
Read /Write memory location so that it will be less likely to interfere with a
program.

2. Since the BOB5A's stack pointer is decremented before data is written to the stack,
the stack pointer can actually be initialized to a value one higher than the highest
read /write memory location available.

PUSH and POP : Temporarily stores the contents of register pair and program internal

When programmer realizes the shortage of the registers, he stores the present contents
of the registers in the stack with the help of PUSH instruction and then uses the registers
for other function. After completion of other function programmer loads the previous
contents of the register from the stack with the help of POP instruction.
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PUSH Operation : In PUSH operation, 16-bit data is stored on the stack. This 16-bit
data is stored in bwo operations. In the first operation, stack pointer is decremented by one
and then the higher byte of the 16-bit data is stored at the memory location pointed by
stack pointer. In the second operation, stack pointer is again decremented by one and then
the lower byte of the 16-bit data is stored at the memory location pointed by stack pointer.
The Fig, 5.2 shows steps involved in the PUSH operation.

sp —=| Lower byle

§F —={ Higher byte Higher byte

(a) Initial Position (b) Decrements SP & {c) Decrements SP &
stores higher stores lower byte
Fig. 5.2 Steps Involved in PUSH Operation

Example 1 : The contents of BC register pair are 1020H and contents of stack pointer
are 27FFH. Then after execution of PUSH B instruction the stack contents are as shown in
the Fig. 5.3.

27TFCH ZTFCH 27FCH
2TFDH ZTFDH EP —= ZTFDH 20
27FEH Sp —= ZIFEH 10 2TFEH 10
SP —= ZTFFH ZIFFH ZTFFH
(a) Initial position (b} Decremants SP & (c) Decraments SP &
stores higher bytes stores lower bytes

Fig. 5.3 Steps involved in PUSH Operation with example

POF Operation : In POP operation, 16-bit data is read from the stack. This 16-bit
data is read in two operations. In the first operation, the contents from the memory
location pointed by stack pointer are loaded into lower byte of register pair and then the
stack pointer is incremented by one. In the second operation, the contents from the



Microprocessor & Microcontroller System 5-5 Stacks and Subroutines

memory location pointed by stack pointer are loaded into higher byte of register pair and
then the stack pointer is incremented by one. Fig. 54 shows steps involved in the POP
operation.

SP —=] Lower byte Lowar bvyta Lowvar bite

Highar byle 8P —=]  Higher byle Higher byte

SP —=

O T, OSSR @ e

Fig. 5.4 Steps Involved in POP Operation
Example 2 : If the initial contents of stack and contents of stack pointer are as shown

in Fig. 5.5 (a) then after execution POP B contents of BC register will be 3040 (B = 30H
and C = 40H).

27FCH 27FCH 2TFCH
SP —a Z7FDH 40 27FDH 40 27FOH 40
2TFEH 30 §p —e 2TFEH 30 27FEH an
27FFH 27FFH SP —= 2TFFH
(a) Initial posiion, (b} Increments SP and (c) Increments SP
reads lower bytes reads higher bytes

Fig. 5.5 Steps Involved in POP operation with example

Example 3 : Let us consider the following program
LXI SP, 27FFH
LXI B, 2030H
LXI D, 4045H
PUSH D
FUSH B
MOV A, C
ADD E
MOV D, A
POF B
FOFP D

We will see the contents of stack and stack pointer after execution of each instruction
in the above program.
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Instruction 1;
LXI 5P, 2TFFH
2TFCH
sp [z o
ZTFEH
SEEEE ZTFFH
Instruction 2 :
Lxi B8, 2030H
B 20H c ‘ J0H
Instruction 3 :
LX) D, 4050H
D 40 H E ‘ SOH
Instruction 4 :
PUSH D ZIFEH
2TFCH
sp | 27FDH I - 50 H 27TFDH
40 H 2TFEH
2TFFH
Instruction 5 :
PUSH B

20H 2TFCH

sP ZTFBH I —— 50 H 27FDH

4 H 2TFEH

2TFFH
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Instruction 6 :
MOV A C
A A H
Instruction 7 ;
ADDE
A BOH
Instruction B :
MOV D, A
0] BOH
Instruction 9 :
POPB 30H ZTFBH
20H 2TFCH
sp | 27FDH 50 H 27FDH
A0H 27FEH
27FFH
B 20H C 30H
Instruction 10 :
POPD 20 H ZTFBH
IH ZTFCH
5P| 2TFFH | — 50 H 2TFOH
40H 27FEH
—— 2TFFH

D 40 H | E SO0H l
This program shows us how registers can be used for more than one purpose. This

program initializes the stack pointer at 27FFH and stores the original contents of BC and
DE register pairs in the stack. Now registers B, C, D and E are free to use for intermediate
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calculations. Once these calculations are over, we can get back the original contents of B,
C, D and E registers from stack by POP B and POP D instructions. We know that stack
works in FILO fashion. Therefore, the sequence of getting the contents back from the stack
should be exactly in the reverse order that of the sequence of storing the contents in the
stack. In this example the contents of BC register pair are stored after storing the contents
of DE register pair in the stack. But while getting the contents of register pairs from the
stack, first BC register pair contents are retrieved and then DE register pair contents are
retrieved.

Iy Example 5.1 : Exchange the contents of BC and DE registers without using any other

MPU general purpose register.

Solution : LXI SP, 27FFH
FUSH B
PUSH D
FOF B
POP D
We will see the contents of stack and stack pointer after execution of each instruction
in the above program.

Instruction 1:
Lxl SP, 2ZTFFH 2TERH
FIFCH
o1 2 2TFFH —— 2TFDH
HFEH
2TFFH
Instruction 2 ;
PUSH B —
27FCH
sp | 27FOH | —————— c 27FDH
B 27FEH
2TFFH
Instruction 3 :
PUSH D — E ZTFBH
D 2TFCH
sp 2TFEH —— c 2TFDOH
a8 ZTFEH
ZTFFH
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Instruction 4 :
FPOF B

Z7FBH

J

2TFCH

SP 2TFDH _— ZTFDH

| o |9 | m

>

ZTFEH

Z7FFH

Instruction 5:
POP D

ZTFBH

2TFCH

5P 2TFFH — 27FDH

ool afm

10

2TFEH

2TFFH

This program shows us that if you reverse the corder of retrieving the contents from
the stack we will not get the original contents of the register pairs. Here, the contents of
DE and BC register pairs will be exchanged after execution of the program.

imep Example 5.2 : Write a program to load the flag register contents in C register.

Solution : We know that B085 does not provide any instruction to transfer the contents of
flag register to any general purpose register. Therefore, to load flag register contents into
any register, it is necessary to use stack. Following program explains how to use stack to
load flag register contents in the C register.

Program :
L¥I 8P, 27FFH

PUSH PSW
FOP B

We will see the contents of stack and stack pointer after execution of each instruction
in the program.
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Instruction 1 :
LX) 5P, 2TFFH

&P | 2TFFH | —

2TFCH

2TFDH

2TFEH

Instruction 2 :
PUSH PSW

5P 2ZIFBH | ——=

Instruction 3 :
POP B

sP | FFFH | ———

2FFFH

2TFCH

F 2TFDH

A 27FEH

ZTFFH

ZTFCH

oo o

A 2TFEH I
B

2TFFH

CALL Address and RET : Implements Subroutines

Main program
Lx1 5P, 3000

CALL subroutine
MEXT instruction

CALL subroutine
MEXT insiruction

CALL subrouline
MEXT instruction P

HLT

Fig. 5.6 Program flow

Whenever we need to use a group
of instructions several times throughout
a program there are two ways to avoid
rewriting of the group of instructions.
One way is to write the group of
instructions as a separate subroutine.
We can then just CALL the subroutine
whenever we need to execute that
group of instructions. For calling the
subroutine we have to store the return
address on the stack. This process takes
some time. If the group of instructions
is bit enough then this overhead time
and execution time are comparable. In
such cases, it is not d-sirable to write
subroutines. For these cases, we can
use macros. Macro is also a group of



Microprocessor & Microcontroller System ''5-11 Stacks and Subroutines

instructions. Each time we "CALL" a macro in our program, the assembler will insert the
defined group of instructions in place of the "CALL". An important point here is that the
assembler generates machine codes for the group of instructions each time macro is called.
So there is not overhead time involved in calling and retuming from a subroutine. The
disadvantage of macro is that it generates in line code each time when the maero is called
which takes more memory.

5.1.2 Subroutines

From the previous discussions, we know that the subroutine is a group of instructions
stored as a separate program in the memory and it is called from the main program
whenever required.

The BOB5A microprocessor has two instructions to implement subroutines: CALL and
RET. CALL -instruction is used to call a subroutine in the main program and BET
instruction is the last instruction in the subroutine to return it back to the main program.
The CALL instruction saves the address of the instruction following it and then transfers
the program control to the first instruction in the subroutine. When subroutine execution is
completed the RET instrucion reads the return address from the stack and transfers
control back to the instruction following the CALL.

Main program : DELAY subroutine
c000H LEXI SP,3000H c500H DELAY : MVI C, FFH
6003H = G6502H BACK . DCR C
= 6503H JHE BACK
= G6506H RET
6010H CALL DELAY (6500H)
6013H =
STACK STACK STACK
2FFDH 2FFDH 2FFDH
ZFFEH 5P —=2FFEH 13 ZFFEH 13
2FFFH ZFFFH 60 2FFFH 60
SP—= 3000H 3000H SP— 3000H
PC=— &010H PC=— G500H P =— &013H
Before execution of After execution of After execution of
CALL instruction CALL instruction RET instruction

Fig. 5.7 Details in the execution of CALL and RETURN instructions
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Here, the main program initializes stack pointer at 3000H memory location and
executes instructions in sequence till the execution of CALL instruction. After execution of
CALL instruction program control is transferred to the delay subroutine stored at memory
address 6500H. Before transfer of control to the subroutine the address of the instruction
(6013H) which is after the CALL instruction, is stored in the stack. At the end of delay
subroutine RET instruction is executed, which reads the return address (6013H) from the
stack and transfers the program control to the instruction which is after CALL instruction.

Conditional Call and Return Instructions :

In addition to the unconditional CALL and RET instructions, the 8085A instruction set
includes eight conditional CALL instructions and eight conditional RET instructions. These
conditions are checked by reading the status of respective flags. If the condition associated
with the conditional CALL is not met, the instruction following the CALL is executed. If
the condition is met, the program countfer contents are saved on the stack, and the address
contained in the CALL instruction is loaded into program counter. The number of machine
cycles and T-states required by a conditional CALL depends on whether or not the
condition is satisfied. When the condition is not satisfied, two machine cycles with a total
of nine T-state are required to fetch, decode and execute the instruction. When the
condition is satisfied, five machine cycles with 18 T-states are required.

Conditional CALL Instructions

Instruction code Description Condition for CALL
cc Call on carmy CY =1
CNC Call on not camy CY =0
CP Call en positive S=0
CM Call on minus §=1
CPE Call on parity even P=1 h
CPO Call on parity odd P=0
cZ Call on zero Z=1
CNZ Call on not zero £=0

Table 5.1 Conditional calls
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In case of a conditional retfurn instruction, the sequence returns to the main program if
the condition is met otherwise, the sequence in the routine is continued.

Instruction code Description Condition for RET
RC Return on carry CY =1
RNG Returm on not camy CY =0
|} RP Return on positive S=0
RM Retum on minus 5=1
RPE Retum on parity even P=1
RPO Retum on parfty odd P=0
RZ Return on zero LZ=1
RNZ Raturn on not zera Z=0

Table 5.2 Conditions for retum

5.2 Parameters Passing Techniques

We often want a subroutine to process some data or address variable from the main
program. For processing it is necessary to pass these address variables or data, usually
referred to as passing parameters to the subroutine. There are four ways to pass
parameters to and from the subroutine :

1. Using registers

2, Using general memory
3. Using pointers

4. Using stack

5.2.1 Passing Parameters using Registers

The data, to be passed is stored in the registers and these registers are accessed in the
subroutine to process the data. In this technique, the main program loads intermnal registers
with appropriate values before calling the subroutine and subroutine then obtains these
values by referring pre-defined registers, as shown in the following example.

Example :

Passing Parameters Using Registers
;i Main program

II-WI c, 0BH Data to be passed is leoaded in the

register

wE W

CALL SUBl
MOV A, D ; Main program accesses result from
;7 register.
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¢ subroutine
SUBL1: MOV B, C + Subroutine accesses the data from C
; register

MOV D, A ; Btores result in D register.
RET

5.2.2 Passing Parameters using Memory

For the cases where we have to pass few parameters to and from a subroutine,
registers are a convenient way o do it. However in cases where we need to pass a large
number of parameters to subroutine we use memory. This memory may be a dedicated
section of general memory or a part of stack. In this technique, the main program loads
the pre-defined memory locations with appropriate values before calling the subroutine
and subroutine then obtains these values by referring these predefined memory locations,
as shown in the following example.

Example :

Passing Parameters Using General Memory

i Main program
LXI H, 2200H

T

Initialize memory pointer

MVI M, 50H ; Load data into memory
CALL SUB1
LDa Z2300H ; Main program accesses result from

7 memory location 2300H.

i Subroutine
SUB1: LDA 2200H ;! Subroutine accesses the data from
; memory location.

3TA Z2300H i Stores result in memory location

i 2300RH
RET

The subroutine program stores the generated results in the memory locations before
execution of RET. The main program accesses results from the these memory locations for
further processing.

5.2.3 Passing Parameters using Pointers

In this technique, the main program stores the parameters to be passed in the memory,
usually in the consecutive memory locations. Then it loads the interial register pair or
pre-defined memory locations with the starting address of the parameter list. The
subroutine obtains parameter list by accessing it in sequence from the given address.
Example :

Passing Parameters Using Pointers

f Main program
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LXI H, 2200H ; Initialize memory
MOV M, A

INX H

MOV M, B

INX H
MVI M, 30H

SHLD 3000H ; Store memory pointer
CALL SUB1

H Euhrﬂuéine
SUBl: LHLD 3000H ; Subroutine access pointer (address) to data
MOV A, M

+

RET

5.2.4 Passing Parameters using Stack

The stack can be used to pass parameters. To pass parameters to the subroutine using
stack, it is necessary to push them on the stack before the call for the subroutine in the
main program. The instructions in the subroutine read these parameters from the stack.
Whenever the stack is used to pass parameters, it is very important to keep track of what
is pushed on the stack and where the stack pointer points all the ime in the program.

Example :

Passing Parameters Using Stack
i Mailn program
LXI B, 1020H
FUSH B
CALL SUBl

Load BC register pair with 10Z20H
Store BC register pair on stack.

e e

; Subroutine

SUEL

POPF H Store the return address intoe HL register
pair.

FOP B The subroutine accesses data from stack using
BC register pair.

PCHL Here it is not possible to use return

instruction, since stack peinter not peointing
the return address. But the address is available
in HL. Thus the PCHL instruction is used to
transfer program control teo the main program.

Example : Write a program to exchange the higher and lower nibble of ten 8-bit
numbers stored from location 2200H. Make use of subroutine and explain different
parameter passing techniques.

[ Wd W WG WE M Wy WE W
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Solution :
a) Parameter passing using register A

Main program :
LXI s5p, Z27FFH i Initializes stack pointer
LXI H, Z2200H ; Initializesz memory polinter
MVI C, 0OAH ; Initializes counter
BACK: MOV A, M : Stores number (passing parameter)
; in A register
CALL EXCHAHGE i Calls subroutine exchange
MOV M, A ; Steres the result from register A
INX H ; Increments memory pointer
ODCR C i Decrements counter
JHNZ BARCK i 1If not zero, repeat
HLT i Stop
Subroutine program :
EXCHANGE: RLC
RLC
RLC
RLC ; Rotate 4 times left to exchange
i the nibbles
RET ¢+ Return to the main program

b) Passing parameters using memory location

Main program :
LXI 5P, 27FFH ; Initializes stack pointer
LXI H, 2200H ; Initializes memory pointer
MVI C, 0AaH ; Initializes counter
BACK : MOV A, M ¢ Gets the number
STAR 2300H ¢ Stores the number (parameter) at
;7 2300H
CALL EXCHANGE ; Calls subroutine exchange
LDA Z300H i Gets the result
MOV M, A : EBtores the result
INX H i Increments memory pointer
DCR € { Decrements counter
JHZ BACK ; If not zero, repeat
HLT ; Stop
Subroutine program :

EXCHAMGE: LDA 2300H ; Gets the parameter
RLC
RLC
RLC
RELC i Rotate 4 times left to exchange

s the nibbles

STAR 2300H ; Store the result
RET ; Returnm te main progrcam

c) Passing parameters using pointer
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BACK:

LXI SP,
LXI H, 2200H

MVI C, OAH
SHLD 2300H

27FFH

CALL EXCHANGE
INX H

DCR C©

JHZ BACKE

HLT

Subroutine program :

EXCHANGE :

LHLD 2300H
MOV A, M
RLC

RLC

RLC

RLC

MOV M, A
RET

d) Passing parameters using stack.

BACK

LXI 5P,
LXI H, 2200H
MVI C, OAH
MOV A, M
PUSH PSW

2TFFH

CALL EXCHANGE
MOV M, A

INX H

DCR C

JHZ BACK

HLT

Subroutine program :

EXCHANGE:

FOF H
POP PSW
RLC

BLC

RLC

RLC

FCHL

5.3 Subroutine Documentation

Subroutine program must provide enough information so that other users can utilize
the subroutine without having to examine its internal structure. So along with subroutine

program it is necessary to give the following guidelines.

Initializes stack pointer
Initializes memory pointer
Initializes counter

Store pointer to passing
parameter

Calls subroutine exchange
Increments memory pointer
Decrements countar

If not zerg, repeat

Stop

Gets pointer to parameter
Gets number

Rotate 4 times left to exchange
the nibbles

Stores the result

Return to main program.

Initializes stack pointer
Initializes memory pointer
Initializes counter

Gets the number

Stores number in stack as a
parameter

Calls subroutine exchange
Stores the result
Increments memory pointer
Decrements countear

If not zeroc repeat

Stop

Stores return address in HL
Geta the number in accumulator

Botate 4 times left to exchange
the nibbles

Eeturn to main program.
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1. Description of the purpose of the subroutine
2. A list of passing parameters
3. Return value

4. Registers and memory and memory locations used

5. Sample code

If these guidelines are followed while writing the subroutine then the subroutine can
be easily used as a library function in other applications if required.

5.4 Advanced Subroutine Concepts

When one subroutine calls another

Call sub 1 Call sub 2

Sub 1 b2 subroutine to complete a particular task,
. the operation is called nesting. The second
/ - /u subroutine may in turn call a third
subroutine and so on each successive CALL

. \ . \ without an intervening return creates an
RET RET

additional level of nesting. These roulines

are called nested subroutines. Fig. 58
Fig. 5.8 Transfer of control with nested . ... the transfer of control with nested

subroutines

subroutines.

MNested subroutines are commonly classified as :
* Re-entrant Subroutine
* Recursive Subroutine

5.4.1 Re-entrant Subroutine

MARLINE SLIBROUTIME 1

CALL % CALL
SUBROUTINE 1 SLUBROUTINE SUBROUTIME 1 4
MEXT MAINLINE RETURM

INSTRUCTION
AFTER CALL
RETURHN TC

MAIN FROGERAM

Fig. 5.9 Flow of program execution for
re-entrant subroutine

[n some situations it may
happen that subroutinel is
called from main program,
subroutine2 is called from
subroutinel and subroutinel is
again called from subroutinel.
In this situation program
execution flow re-enters in the
subroutinel. This type of
subroutines are called
re-entrant  subroutines. The
flow of program execution for
re-entrant subroutine is shown
in Fig. 59.
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5.4.2 Recursive Subroutine

A recursive subroutine is a subroutine which calls itself. Recursive subroutines are
used to work with complex data structures called trees. If the subroutine is called with N
(recursion depth) = 3, then the N is decremented by one after each subroutine CALL and
the subroutine is called until N = 0. Fig. 5.10 shows the flow diagram and pseudo code for
recursive subroutine.

SUBROAUTINE SUBROUTIMNE
nsn.mve RECURSVE RECURSIVE

T T T2
=N

SUBROUTINE RECURSIVE  RET RET RET

IF Mal

DECGREMENT M
CALL RECURSIVE

ELSE

Fig. 5.10 Flow diagram and pseudoc code for recursive subroutine
Limitations :

The level of subroutine nesting cannot exceed that suppor'ed by the available stack
memory in the system. Since the stack pointer is usually initialized to t» highest available
read /write memory location, and the stack grows toward lower addresses, it is possible
that too many PUSH or CALL operations without a sufficient mumber of intervening POP
or RET operations result in the overflow of stack. For example, assume that read/write
memory allocated in the system for stack has address range from 2000H to Z7FFH. In this

case, if stack grows beyond 2000H then it is called as overflow of stack. Care must be
taken in memory allocation and program design to prevent this.

Lab Experiment 61 : Sulve given squation.
Stitement : Write a program to solve following equation

X=(PxQ)+(RxS)

Assume P, Q, R and S numbers are stored at 2200H, 2201H, 2202H and 2203H memory
hﬂﬁmmspmﬁ?ﬂy.ﬂmm&mrmﬂtmmnqrhmﬁmﬂmﬂ{mﬂm.hhketﬁeuf
subroutine.
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Flowchart :
t Start J
Initialize siack pointer
t Multiphy I
Get the values of
P&Q | Resuit=0
Call multiply Initialize counter = n0'
Stove result 1 Result = Result + n0
Get the values of
R&S Counter = countar - 1
Call muliply
Add result 1 and resull 2
| Store final result
Ce )
Main program :

LXI SP, 27FFH
LXI H, 2200H
CALL MULTIPLY
SHLD 2204H

LXI H, 2202H
CALL MULTIPLY

Initialize stack pointer

Initialize memory pointer

Call subroutine multiply

Store the result 1

et memory pointer for next two numbers
Call subroutine multiply

Ba S T Sa Sa R

XCHG Save result in DE register pair
LHLD Z2Z204H : Get the result 1
DAD D + Add result 1 and result 2
SHLD 2204H t Store final result
HLT ;i Stop
Multiply subroutine :
MULTIFLY: MOW C, M i Initialize numberl as a counter

MVI D, O0OH ;
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INX H H
MOV E, M : Get number 2
LXI H, 0000H ; Result = 0
BALCE - DaD D » Result = Result + number?
DCR C ;i Decrement counter
JHZ BACK i If not zeroc, repeat
RET i Return to main program

Review Questions

1. What is stack ? Explain the use of the stack, and stack pointer ond how they are affected by
immstructions such as PUSH, POP, CALL and RET.

2. What is subroutine ? How is it wseful ? Explain the use of stack in CALL and RETURN

imstructions.
3. The first four imstructions of a typical subroutine are :
PUSH PSW, PUSH H
PUSH B, PUSH D

What wwill be the last five instructions of the subroutine? Explain clearly,
If the CALL and RET imstructions are not provided in the 8085, could it be possible fo write
subroutines for this microprocessor 7 If so how will you call and refurn from the subroutine ?
Diiscuss the passing parameters techniques in the subroutine,

Explain the necessity of subroutire documentation.

What do you mean by nested subroutines ?

Zxprlain the re-entrant subroutine.

Explain the recursive subrouting with the help of example.

.

L -

Qaa
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I[/O and Memory Interface

6.1 Introduction

The important components of any computer system are, processor, memory, and /0
devices (peripherals). The processor fetches instructions (opcodes and operands/data) from
memory, processes them and stores results in memory. The other components of the
computer system ( I1/0 devices ) may be loosely called the Input/Output system. The
main function of 1/0 system is to transfer information between processor or memory and
the outside world.

6.1.1 Input / Qutput System
The Input/QOutput system has two major functions :
* Interface to the processor and memory via the system bus,
* Interface to one or more 1/0 devices by tailored data links

For clear understanding refer Fig. 6.1. Links to peripheral devices are used to exchange
control, status and data between the I/0 system and the external devices.

Address Bus
[l L 11
Data Bus System
|11 HHR LLL]
_| Control Bus
Processor Memory D Systam

T pe

WO Device 11X Device QO Device WO Device
A B c D

_— -
Extemnal 1O Devices

Fig. 6.1 Generic model of computer system
(6 - 1)
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An important point that is to be noted here is, an I/O system is not simply mechanical
connectors for connecting different devices required in the system to the system bus. It
contains some logic for performing function of communication between the peripheral (I/O
device) and the bus. The I/0O system must have an interface internal to the computer { to
the processor and memory ) and an interface external to the computer ( to the external
I/O devices ).

6.1.2 Requirements of /O System

The 1/0 system is nothing but the hardware required to comnect an 1/0 device to the
bus. It is also called /O interface. The major requirements of an I/0 interface are :

1. Control and timing

2. Processor communication

3. Device communication

4. Data buffering

5. Error detection

All these requirements are explained here. The I/0 interface includes a control and
timing requirements to co-ordinate the How of traffic between internal resources { memory,
system bus ) and external devices. Processor communication involves different types of
signal transfers such as

*= Processor sends commands to the 1/O system which are generally the control
signals on the control bus.

* Exchange of data between the processor and the 1/0 interface over the data bus.

# The data transfer rate of peripherals is often much slower than that of the
processor. 5o it is necessary o check whether peripheral is ready or not for data
transfer. If not, processor must wait. So it is important to know the status of
I/O interface. The status signale such as BUSY, READY can be used for this
purpose.

* A number of peripheral devices may be connected to the 1/0 interface. The 1/0
interface controls the communication of each peripheral with processor. So it
must recognize one unique address for each peripheral connected to it.

The 1/O interface must able to perform device communication which involves

commands, status information and data.

Data buffering is also an essential task of an I/0 interface. Data transfer rates of
peripheral devices are quite high than that of processor and memory. The data coming
from memory or processor are sent to an [/O interface, buffered and then sent to the
peripheral device at its data rate. Also, data are buffered in I/O interface so as not to tie
up the memory in a slow transfer operation. Thus the I/0 interface must be able to
operate at both peripheral and memory speeds.
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[/O interface is also responsible for error detection and for reporting errors to the
processor. The different types of errors are mechanical, electrical malfunctions reported by
the device such as bad disk track, unintentional changes to the bit pattern, transmission

errors efc. To fulfil all these requirements the important blocks necessary in any 1/0
interface are shown in Fig. 6.2

Interface Io system imterface o axternal davices
] o
Data fines ———— L . Data
: Status/control register
Address lines ‘ hddlrmr E - #—%—Elﬂlﬂ
: External :
: device E
: interface :
.= ogic |
: ——= Control
Control lines — -
D Interface

Fig. 6.2 Block diagram of VO interface

As shown in the Fig. 6.2, 1/0 interface consists of data register, status/control register,
address decoder and external device interface logic. The data register holds the data being
transferred to or from the processor. The status/conirol register contains information
relevant to the operation of the I/O device. Both data and status/confrol registers are
connected to the data bus. Address lines drive the address decoder. The address decoder
enables the device to recognize its address when address appears on the address lines. The
external device interface logic accepts inputs from address decoder, processor control lines
and status signal from the 1/0 device and generates control signals to control the direction
and speed of data transfer between processor and 1/0 devices.

The Fig. 6.3 shows the 1/0 interface for input device and output device. Here, for
simplicity block schematic of 1/O interface is shown instead of detail connections. The
address decoder enables the device when its address appears on the address lines. The
data register holds the data being transferred to or from the processor. The status register
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contains information relevant to the operation of the 1/0 device. Both the data and status
registers are assigned with unique addresses and they are connected to the data bus.

. Address lines

Bus 1 Data lines

Controf linas

Input davice

(a) /O interface for input device

Bus Data linas

Control lines

Outpul device

(b} VO interface for output device

Fig. 6.3

6.1.3 VO Ports
The simplest form of I/0 interface is an 1/0 port. The transfer between
transfer

data
microprocessor and input device is done with the help of input port. The data
between microprocessor and output device is done with the help of output port.
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Input port :

Input

Dy Dy part

<: . f——
Data bus | (Tri-state buffer) Data from input
device

Enabie (Keyboard)
Fig. 6.4

It is used to read data from the
input device such as keyboard. The
simplest form of input port is a buffer.
The input device is connected to the
microprocessor through buffer as shown
in the Fig. 6.4 This buffer is a tri-state
buffer and its output is available only
when enable signal is active. When
microprocessor wanits to read data from
the input device (keyboard), the control
signals from the microprocessor activates
the buffer by asserting enable input of

the buffer. Once the buffer is enabled, data from the input device is available on the data
bus. Microprocessor reads this data by initiating read command.

To output devics
{Display)

Output port :
ut
D,-0, | dovice
Datatlus: (Latch) :
CLK
Fig. 6.5

6.2 VO Data Transfer Techniques

In I/O data transfer, the system requires the transfer of data between I/0 devices and
microprocessor using /0 interface. It uses various techniques to perform 1/0 operations.

These are :

It is used to send data to the output
device such as display from the
microprocessor. The simplest form of
output port is a latch. The output device
is connected to the microprocessor
through latch, as shown in the Fig. 6.5.
When microprocessor wants to send data
to the output device, it puts the data on
the data bus and activates the clock
signal of the latch, latching the data
from the data bus at the output of latch.
It is then available at the output of latch
for the output device,

¢ Program Controlled I/0 or Programmed 1/0 or Polled 1/0.

» Interrupt Driven 1/0.

* Hardware Controlled 1/0 or DMA.
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6.2.1 Programmed U0

I[/O operations will mean a data transfer between an [/O device and memory or
between an I/0 device and the processor. If in any computer system I/0 operations are
completely controlled by the processor, then that system is said to be using “programmed
VY. When such a technique is used, processor executes programs that initiate, direct and
terminate the I/O operations, including sensing device status, sending a read or write
command and transferring the data. It is the responsibility of the processor to periodically
check the status of the [/O system until it finds that the operation is complete. Let us
consider the following example.

The processbr's software checks each of the 1/0 devices every so often. During this
check, the microprocessor tests to see if any device needs servicing. Fig. 6.6 shows the flow
chart for this. This is a simple program which services I/0 ports A, B and C. The routine
checks the status of 1/0 ports in proper sequence. It first transfers the status of 1/0 port A
into the accumulator. Then the routine block checks the contents of accumulator to see if
the service request bit is set. If it is, [/O port A service routine is called. After completion
of service routine for I/O port A, the polling routine moves on to test port B and the
process is repeated. This test and service procedure continues until all the 1/0 port status
registers are tested and all the I/0 ports requesting service are serviced. Once this is done,
the processor continues to execute the normal programs.

The routine assigns priorities to the different 1/0 devices. Once the routine is started,
the service request bit at port A is always checked first. Once port A is checked, port B is
checked, and then port C. However, the order can be changed by simply changing the
routine and thus the prierities.

When programmed I/0 technique is used, processor fetches 1/0 related instructions
from memory and issues [/O commands to [/O system to execute the instruction. The
form of the instruction depends on the techmique used for I/0 addressing, ie. memory
mapped 1/0 or 1/O mapped 1/0. '

As seen before, using memory mapped 1/0 technique, a memory reference instruction
that causes data to be fetched from or stored at address specified automatically becomes
an [/O instruction if that address is devoted to an [/O port. The usual memory load and
store instructions are used to transfer a word of data to or from an 1/0 port.

When 1/0 mapped 1/O technique is used, separate I/0O instructions are required to
activate READ I/0 and WRITE 1/0 lines, which cause a word to be transferred between
the addressed [/O port and the processor. The processor has two separate instructions, IN
and OUT for 1I/O data transfer, eg. the Intel B0B5 microprocessor has two main 1/0
instructions. The IN port address instruction causes a word to be transferred from 1/0
port having address specified within the instruction to register A (accumulator) of BOE5.
The instruction OUT port address transfers a word from register A to 1/0 port having
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Call the VO port A
samvice routing

Call the VD port B
servipe rouine

Call the VO port C
service routine

Fig. 6.6 Flowchart for /O service routine

When an /O instruction is encountered by the processor, the addressed 1/O  port is
expected to be ready to respond the instruction to prevent loss of information. Thus it is
desirable for the processor to know the [/O device status (ready or not for I/O data
transfer). In programmed [/0 systems, the processor is usually programmed to test the
I/O device status before initiating a data transfer.
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6.2.2 Interrupt Driven /O

Sometimes it is necessary to have the computer automatically execute one of a
collection of special routines whenever certain conditions exists within a program or the
computer system e.g. It is necessary that computer system should give response to devices
such as keyboard, sensor and other components when they request for service.

The most common method of servicing such device is the polled approach. This is
where the processor must test each device in sequence and in effect “ask” each one if it
needs communication with the processor. It is easy to see that a large portion of the main
program is looping through this continuous polling cycle. Such a method would have a
serious and decremental effect on system throughput, thus limiting the tasks that could be
assumed by the computer and reducing the cost effectiveness of using such devices.

A more desirable method would be the one that allows the processor to execute its
main program and only stop to service peripheral devices when it is told to do so by the
device itself. In effect, the method, would provide an external asynchronous input that
would inform the processor that it should complete whatever instruction that is currently
being executed and fetch a new routine that will service the requesting device. Once this
servicing is completed, the processor would resume exactly where it left off. This method
of servicing 1/0 request is called Interrupt driven I/O. It is easy to see that system
throughput would drastically increase, and thus enhance its cost effectiveness. Most
processors allow execution of special routines by interrupting normal program execution.
When a processor is interrupted, it stops executing its current program and calls a special
routine which “services” the interrupt. This is illustrated in Fig. 6.7. The event that causes
the interruption is called interrupt and the special routine executed to service the interrupt
is called interrupt service routine(ISR).

Maln program Interrupt service routine
e

Iy
Iz

Interrupt
DOCUrs —_—

Fig. 6.7 Interrupt operation
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6.2.3 Comparison between Programmed /O and Interrupt Driven /O
The Table 6.1 gives the comparison between programmed [/O and interrupt driven

1/0.

Sr. Programmed O imterrupt Driven O

No.

1. In programmed O, processor has to check| External asynchronous input is used to tell the
each WO device In sequenca and in effect "ask’| processor that 'O device needs its service and
each one if it needs communication with the| hence processor does not have to check
processor, This checking iz achieved by| whether VD device needs ils service or nob
continuous polling cycle and henca processor
can nol axacute other instructions in saguence,

2, During polling processor is busy and therefore,| 0 interrupt driven WO, the procassor is allowed
have serous and decremental effect on syslem| to execute its instructons in sequence and
throughput. only slop lo service 'O device when it is told

fo do so by the device iself. This increases
systermn throughput.

3. it is implemented withowt interrupt hardware| K is implemenied wusing interrupl  hardware
suppart. support.

4. it does not depend on interrupt status, Interrupt must ba enabled to process interrupt

drivan LCk

5| It does not need initialization of stack. It needs initialization of stack.

6. System throughput decreases as number of VD| System throughput does not depend on
devices connected in the system increases, number of IO devices connecled in the

sysiom.

Table 6.1 Comparison between programmed /O and interrupt driven VO

6.2.4 DMA Transfer

In software control data fransfer, processor executes a series of instructions to carry out
data transfer. For each instruction execution fetch, decode and execute phases are required.
Fig. 6.8 gives the flowchart to transfer data from memory to [/0 device.

Thus to carryout these tasks processor requires considerable time. So this method of

data transfer is not suitable for large data transfers such as data transfer from magnetic
disk or nptical disk to memory. In such situations hardware controlled data transfer

technique is used.
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Stan

Initialise Counter
Initialise Source Pointer

Fig. 6.8

There are two main drawbacks in both the techniques, programmed /0 and interrupt
driven 1/O :
1. The I/O transfer rate is limited by the speed with which the CPU can test and
service a device.
2 The time that the CPU spends testing 1/0 device status and executing a number of

instructions for 1/0 data transfers can often be better spent on other processing
m‘hb

To overcome above drawbacks an alternative technique, hardware controlled data
transfer can be used.

6.2.4.1 Hardware Controlled Data Transfer

In this technique external device is used to control data transfer. External device
generates address and control signals required to control data transfer and allows
peripheral device to directly access memory. Hence this technique is referred to as direct
memory access (DMA) and external device which controls the data transfer is referred to
as DMA controller. Fig. 69 shows that how DMA controller operates in a computer
system.
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ADO-ADS 1J ADDRESS BUS
ALE L —
ADDRESS 8
LATCHES A
DATA BUS
MICRO I gfé"- }' MEMORY
PROCESSOR B
BUFFER
CONTROL BUS A
— —— “.q CONTROL BUS
MEMW, MEMR B
HLDA HOLD DATA BUS |
o Loomams
108 0w ____
HLDA Dhia, MIEMWY, MEMFL SMART
CONTROLLER e - | =g Disk
CONTROLLER]
1 DREGQ

Fig. 6.9 DMA controller operating in a microprocessor system

6.2.4.2 DMA Idle Cycle

When the system is turned on, the switches are in the A position, so the buses are
connected from the processor to the system memory and peripherals. Processor then
executes the program until it needs to read a block of data from the disk. To read a block
of data from the disk processor sends a series of commands to the disk controller device
telling it to search and read the desired block of data from the disk. When disk controller
is ready to transfer first byte of data from disk, it sends DMA request DRQ, signal to the
DMA controller. Then DMA controller sends a hold request HRQ, signal to the processor
HOLD input. The processor responds this HOLD signal by floating its buses and sending
out a hold acknowledge signal HLDA, to the DMA controller. When the DMA controller
receives the HLDA signal, it sends a control signal to change switch position from A to B.
This disconnects the processor from the buses and connects DMA controller to the buses.

6.2.4.3 DMA Active Cycle

When DMA controller gets control of the buses, it sends the memory address where
the first byte of data from the disk is to be written. It also sends a DMA acknowledge,
DACK signal to the disk controller device telling it to get ready to output the byte. Finally,
it asserts both the IOK and MEMW signals on the control bus. Asserting the IOR signal
enables the disk controller to output the byte of data from the disk on the data bus and
asserting the MEMW signal enables the addressed memory to accept data from the data
bus. In this technique data is transferred directly from the disk controller to the memory
location without passing through the processor or the DMA controller.
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Thus, the CPU is involved only at the beginning and end of the transfer. The data
transfer is monitored by DMA controller, which is also called DMA channel. When the
CPU wishes to read or write a block of data, it issues a command to the DMA module or
DMA channel by sending the following information to the DMA channel/controller :

1} A read or write operation.

2) The address of /0 device involved.

3) The starting address in memory to read from or write to.
4) The number of words to be read or written.

6.2.5 Data Transfer Modes
DMA controller transfer data in one of the following three modes :
* Single transfer mode (cycle stealing)
s Block transfer mode
* Demand or burst transfer mode
Single Transfer Mode

In this mode device can make only one transfer (byte or word). After each transfer
DMAC gives the control of all buses to the processor. Due to this processor can have
access to the buses on a regular basis.

It allows the DMAC to time share the buses with the processor, hence this mode is
most commonly used.

The operation of the DMA in a single transfer mode is as given below :

1. I/O device asserts DRQ line when it is ready to transfer data.

2. The DMAC asserts HLDA line to request use of the buses from the processor.

3. The processor asserts HLDA, granting the control of buses to the DMAC.

4. The DMAC asserts DACK to the requesting I/0 device and executes DMA bus
cycle, resulting data transfer.
5. 1/0 device deasserts its DRQ after data transfer of one byte or word.
. DMA deasserts DACK line.
. The word/byte transfer count is decremented and the memory address is
incremented.
- The HOLD line is deasserted to give control of all buses back to the processor.

- HOLD signal is reasserted to request the use of buses when 1/0 device is ready to
transfer another byte or word. The same process is then repeated until the last
transfer.

10. When the transfer count is exhausted, terminal count is generated to indicate the
end of the transfer.

b T = o

WO Ol
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Block Transfer Mode

In this mode device can make number of transfers as programmed in the word count
register. After each transfer word count is decremented by 1 and the address is
decremented or incremented by 1. The DMA transfer is continued until the word count
“rolls over” from zero to FFFFH, a Terminal Count (TC) or an external END of Process
(EDP) is encountered. Block transfer mode is used when the DMAC needs to transfer a
block of data.

The operation of DMA in block transfer mode is as given below :

1.
Z

1/O device asserts DRQ line when it is ready to transfer data.

The DMAC asserts HLDA line to request use of the buses from the
microprocessor,

The microprocessor asserts HLDA, granting the control of buses to the DMAC.

. The DMAC asserts DACK to the requesting [/O device and executes DMA bus

cycle, resulting data transfer.

. I/O device deasserts its DRQ after data transfer of one byte or word.

DMA deasserts DACK line. -

. The word/byte transfer count is decremented and the memory address is

incremented.

. When the transfer count is exhausted, the data transfer is not complete and the

DMAC waits for another DMA request from the 1/0 device, indicating that it has
another byte or word to transfer. When DMAC receives DMA request steps

through are repeated.

. If the transfer count is not exhausted, the data transfer is complete then DMAC

deasserts the HOLD tw tell the microprocessor that it no longer needs the buses.

10. Microprocessor then deasserts the HLDA signal to tell the DMAC that it has

resumed control of the buses.

Demand Transfer Mode

In this mode the device is programmed to continue making transfers until a TC or
external EOP is encountered or until DREQ goes inactive.

The operation of DMA in demand transfer mode is as given below :

1. 1/O device asserts DRQ line when it is ready to transfer data.

2. The DMAC asserts HLDA line to request use of the buses from the microprocessor.

3. The microprocessor asserts HLDA, granting the control of buses to the DMAC.

4. The DMAC asserts DACK to the requesting 1/O device and executes DMA bus

cycle , resulting data transfer.

5. 1/0O device deasserts its DRQ after data transfer of one byte or word.
6. DMA deasserts DACK line.
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7. The word/byte transfer count is decremented and the memory address is
incremented.

8. The DMAC continues to execute transfer cycles until the 1/0 device deasserts DRQ
indicating its inability to continue delivering data. The DMAC deasserts HOLD
signal, giving the buses back to microprocessor. It also deasserts DACK.

9. 1/0 device can re-initiate demand transfer by reasserting DRQ signal.

10. Transfer continues in this way until the transfer count has been exhausted.
The flowcharts in the Fig. 6.10 summarized the three data transfer modes of DMA.

6.3 /O Interfacing Techniques in 8085

The most of the microprocessors support isolated 1/0 system. It partitions memory
from 1/0, via software, by having instructions that specifically access (address) memory,
and others that specifically access 1/0. When these instructions are decoded by the
microprocessor, an appropriate control signal is generated to activate either memory or
/O operation. In 8085, 10/M signal is used for this purpose. The 8085 outputs a logic ‘1
on the I0/M line for an I/0O operation and a logic 0" for memory operation. In 8085, it is
possible to connect 64 Kbyte memory and 256 1/0 ports in the system since 8085 sends 16
bit address for memory and 8 bit address for /0. 1/0 devices can be interfaced to an
BOBSA system in two ways :

1. 1/O Mapped 1/O 2. Memory mapped 1/0

6.3.1 /O Mapped /O

In 1/0 mapped 1/0, the 8085 uses 10/M signal to distinguish between 1/0 read/write
and memory read,/write operations. The B085 has separate instructions IN and OUT for
1/0 data transfer. When 8085 executes IN or OUT instruction, it places device address
(port number) on the demultiplexed low order address bus as well as the high order
address bus. In other wonids, we can say that higher order address bus duplicates the
contents of demultiplexed low-order address bus, when B85 micioprocessor execules an
IN or OUT instructon. For example, if the device address is 60H then the contents on Aqg
to Ay will be as follows :

A | A [ A3 | A2 [ A1 |An [ Pa A | A7 |Ps | As | Ma |Pa | M | A | A
o |11 ]o|lo|lofjo|lo]Jo|l1]|]1]|o]o|lo|o]o

Here, Ag follows Ay Ay follows A, and so on, as shown below.

A7 Ag A Aq As Az A Ag Am
At Mg Aiz Az A1 Aqg Ag Ag
0 1 1 0 0 0 0 0 6OH
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The instrucHon IN inputs data from an input device (such as keyboard) into the
accumulator and the instrucion OUT sends the contents of the accumulator to an output
device such as LED display. These are two byte instructions. The second byte of the
instruction specifies the address or the port number of an I/0 device. As it is a byte, the
address or port number can be any of the 256 combinations of eight bits, from 00H to

FFH. Therefore, the 8085 can communicate with 256 different 1/0 devices. When we want
to interface an [/0 device, it is necessary to assign a device address or a port number.

6.3.2 /O Device Selection

As mentioned earlier, the B085 gives 8 bit [/O address. This means it can select one of
the 256 1/O ports. To select an appropriate [/O device, it is necessary to do following
things.

1. Decode the address to generate unique signal corresponding to the device address
on the bus.

2. When device address signal and control signal (TOR or IOW) both are low, generate
device select signal.
3. Use device select signal to activate the interfacing device (I/0O port).
Fig. 6.11 shows the absolute decoding circuit for the I/0O device. The IC 7415138, 3.8
decoder along with 3 input OR gate is used to generate device select signal. This signal is
ORed with control signal (IOR or IOW) to generate device enable signal.

Buffar
or To
Ao— a3 | wLaton Vo
Ay o device
iz— B —1 ©E
Ay P G, lnﬁ—[}o-l
A= >, RIGW
Ag—i .
S RDWR
Yo
T4LS138

Fig 6.11 Absolute decoding circuit for the /O device

To generate device select signal (Yp) low, the address on the address bus must be as
given below :
A, Ay Ay = 000H ; Activates Y, output
Ay Ay Ag Ag = D000H ; Makes G, and G, low to enable output of decoder
Ar=1H  ; Makes G high to enable output of decoder
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Note : Decoder output is enabled only when control signals G, and G, are low and
control signal G is high. Therefore the address of this 1/0 device is 80H as shown in the
table 6.2

Az Ag Ag Ay Ay Az Ay Ag | Address

1 0 ") 0 0 g 0 1] 80H

Table 6.2

6.3.3 Interfacing Input and Output Devices with Examples
Interfacing Input Device :

The microprocessor 8085 accepts 8 bit data from the input device such as keyboard,
sensors, transducers etc. Fig. 6.12 shows the circuit diagram to interface input port (buffer)
which is used to read the status of 8 switches. The address for this input device is 80H as
device select signal goes low when address is 80H.

av

* T 74L5244
%o/ % o
5,/ ] 0, o,
S,/ | 0, Oy
0
—“"—3;’/ - % Tri-stale 3 Data bus
D 5,!'/ Ogf Buffer |04 of 8085
swilches
55/ | o 0%
Sg,/ | Og Og
5/ 0, _ Oy
OE
*

Ag—— A
Ar—E D
L p— P
o~ b—g o IOM
— - ;
= DO PUS
Ap——IG r . g [
. |
T4LS13E

Fig. 6.12 Circuit diagram to interface input port
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When the switch is in the released position, the status of line is high otherwise status
is low. With this information microprocessor can check a particular key is pressed or not.
The following program checks whether the switch 2 is pressed or not.

Program :
IN BOH ; BRead status of all switches
ANT 02H ; Mask bit positions for other switches
J& MEXT i i1f program control is transferred te label
j NEXT, then switch 2 is pressed otherwise not.
Interfacing Output Device :

The microprocessor 8085 sends 8 bit data to the output device such as 7 segment
displays, LEDs, printer etc. Fig 6.13 shows the circuit diagram to interface output port
(latch) which is used to send the signal for glowing the LEDs. LED will glow when output
pin status is low. The IC 7415138 and 3 input OR gate is used to generate device select
signal. The latch enable signal is active high. S50 NOR gate is used to generate latch enable
signal, which goes high when Y, and IOW both are low.

+5W

— 13001

Ag—— A Dat L Opf—WWW—

Pl-l— H Mﬁ A

Pt 8085 I !
e 2 oild H
2k D B S g
A 3300

A’I_G ":ﬁ'l'

Dacoder salact Decoder inpul
I | !
Ay Ag As Ay A A A A
1Jojfoflofo]o|ol]1]=s8m

Fig. 6.13 Circuit diagram to interface output port

The following program glows the LEDs L,, L, and L.
tg Ly lg Ly Ly Ly Lp Ly

1 1 0 1 1 f] 1 0 ] DAH
The code (data) DAH must be sent on the latch to glow LEDs L,, Ly and Ly

Program :

MVI A, DAH ;i Loads the data in the accumulator.
OUT B1H i sends the data on the latch,
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The Fig. 6.14 shows the combined circuit for I/O interfacing. For this circuit the
address of input port is 80H and address of output port is 81H. The following program
displays the status of switches on the LEDs.

Program :
IN BOH - i BRead status of all switches,
OUOT B1H i send status on the ocutput port.

hmsp Example 6.1 : Refer Fig. 6.14 and write a program that will check the switchl status and
do accordingly.

1. SW1 = 0 : Blink lower nibble LEDs.
2. SW1 = 1 : Blink Higher nibble LEDs.

Assume delay roukine is available.
I*E W
RS RS10K
7415244 " T
E By
o SwW
F
e E —i
e i
T} i R D, 1
112 5wa
— v5
R A7 H
r—T7 || e @D
A 0
A e E . I: 3300
P :
] G R c
As—G u,.l_,w.r._.___
' 3300

Fig. 6.14 /O interfacing using /O mapped /O
Solution :
Input port address = 80H
Output port address = 81H
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Flowchart :
Csat )
Initialize stack paintar
Read the switch
slatus
Is
SW1 =0 No
7
Yas
Glow lower Gilow higher
nibbla LEDs nibbla LEDs
CALL Delay | CALL Delay
Switch off lower Switch off higher
nitble LEDs nibbla LEDs
CALL Delay | CALL Delay
Source Program :

LXI 5P, 2TFFH
START : 1IN BOH

ANI 0O1H

JNZ HIGHER

Initialize stack pointer

Read status of switches

Masks Bit 1 to Bit 7

If swl statwus is not =zero goto blink
higher nibble

Load bit pattern to glow lower nibble
LED=s

Send it to output port

Call delay subroutine

Load bit pattern to switch off all LEDs
Send it to output port

Call delay subroutine

JUMF to START

MVI A, FOH

QUT B1H
CALL Delay
MVI A, FFH
OUT B1H
CALL Delay
JHMP START

Sa e Twe M Ma e Se % e SMa Sa T Tae
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HIGHER : MVI A, OFH Load bit pattern to glow higher nibble LEDs

OUT B1H ¢ Send it to output port

CALL Delay ; Call delay subroutine

MVI A, FFH ; Load bit pattern to switch off all LEDs
QUT B1H ; Bend it to output port

CALL Delay i Call delay subroutine

JMP START : JUMP tao START

6.3.4 Memory Mapped VO

In memory mapped I/0, the I/O devices are assigned and identified by 16 bit
addresses. The memory related instructions transfer the data between an [/O device and
the microprocessor, as long as 1/0 port is assigned to the memory address space rather
than to the 1/0 address space. The register associated with the I/O port is simply treated
as a memory location. Thus [/0O device becomes a part of the system’s memory map and
hence its name. In memory-mapped 1/0 every instruction that refers to a memory location
can control 1/0. The source and destination of the data is limited with I/0 mapped 1/0,
since for an IN instruction the destination register is always the accumulator, and for the
OUT instruction the source register is always the accumulator. However, for memory
mapped 1/0 there are number of sources and destinations.

Instructions Interpretation for memory mapped /O

MOV r, M ; Input from a port to specified register.

LDA addr ; Input from a port to accumulator,

LHLD addr ; Input from two ports to HL register pair.

ADD M ; Port contents are added into accumulator

; contents and result is stored in the accumulator.

ANA M ; Port contents are logically ANDed with the accumulator
contents and result is stored in the accumulator.

ORA M ; Port contents are logically ORed with the accumulator
contents and result is stored in the accumulator.

XRA M ; Port contents are logically XORed with the accumulator
contents and result is stored in the accumulator.

CMP M ; Compares the port contents with the accumulator
contents and updates the flag register contents accordingly.

MOV M ; Outputs specified register contents to the port.

STA addr ; Outputs accumulator contents to the port.

SHLD addr ; Outputs HL register contents to two ports.

MVI M, data  ; Outputs immediate data to the port.
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Interfacing of VO port with memory mapped /O

In memory mapped I/0, MEMR (memory read) and MEMW (memory write) control
signals are required to control the data transfer between 1/0 device and microprocessor.
As B0B5 gives 16 bit memory address, it is necessary to decode 16 bit memory address to
generate device select signal in case of memory mapped 1/0. Fig. 615 shows the
Interfacing of 1/0 devices in memory mapped 1/0 mode.

3V

R ----n':'EmH

745244
__Iﬂn

AMTAMCSE@

Cr m I

IAmooama

&

pil

-.'P
r:u:l:_g:l

Fig. 6.15 /O interfacing using memory mapped I/J
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immp  Example 6.2 : [dentify the port address and the mapping scheme for the Fig. 6.16 given
belaw,

DATA OCTAL —_—
BUS LATCH To LEDYs
Dﬂ —
LE OE
WR
Mote : E,E; are aclive low
Fig. 6.16
Solution : Mapping scheme : I/0 mapped [/0
Address lines Port Address
Mo on | oms | oA | oa [ oA | A
o 1 1 1 1 0 0 0 TEH

6.3.5 Comparison between /O Mapped /O and Memory Mapped IO

Sr. No.

Mamory mapped VO

VO mapped VO

1,

In this device address i 18 bit. Thus Ag fo
Aqg lines are used to generate dewvice
addrass.

In this WO device address is B bil. Thus Ay,
to Ay or Ag to Ay lines are used lo
genarale device address.

MEMR and MEMW conirol signals are used
io control read and wrile VO operations.

IOR and 1OW control signals sre used to
control read and write VO operations.

Instructions  ewvailable are LDA  addr,
STA addr, LDAX rp, STAX m, MOV MR,
MOV RM, ADD M, CMP M elc. Hence we
can use direct as well as indirect addressing
modes.

Instructions available are IN and OUT. Oniy
direct addressing can be usad.
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4. Data transfer is between any register and /O| Data transfer is between accumulator and 110

5. Maximum number of 'O deviess are 65538 Maximoem number of 'O devices are 258,
(thaoratically).

6. Ewecution speed wsing LDA addr, STA addr| Execution speed is 10 T-slailes.

s 13 T-slate and 7 T-slales for MOV M, r
and MOW r, M instructions.

Decoding 16 bit address may reguire more| Decoding 8 bit address will require less
hardwara. hardware.

6.4 Memory Interfacing

Memory is an integral part of a microprocessor system, and in this section, we will
discuss how to interface a memory device with the microprocessor. The memory
interfacing circuit is used to access memory quite frequently to read instruction codes and
data stored in memory. This read/write operations are monitored by control signals. The
microprocessor activates these signals when it wanis to read from and write into memory.

6.4.1 Basic Concepts in Memory Interfacing

For interfacing memory devices to microprocessor B085, following important points are

to be kept in mind.

1. Microprocessor BOBS can access 64 Kbytes memory since address bus is 16-bit. But
it is not always necessary to use full 64 Kbytes address space. The total memory
size depends upon the application.

2. Generally EPROM (or EPROMSs) is used as a program memory and RAM (or
RAMs) as a data memory. When both, EFROM and RAM are used, the total
address space 64 Kbytes is shared by them.

3. The capacity of program memory and data memory depends on the application.
4. It is not always necessary to select 1 EFROM and 1 RAM. We can have multiple
EPROMSs and multiple RAMSs as per the requirement of application.
For example :

We have to implement 32 Kbytes of program memory and 4 Kbytes EPROMs are
available. In this case, we can connect 8 EFROMs in parallel (4 Kbytes x 8§ = 32
Kbytes) with different chip select for each EPROM.

5. We can place EFROM/RAM anywhere in full 64 Kbytes address space. But
program memory (EPROM) should be located from address 0000H since reset
address of 8085 microprocessor is 0000H.
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6. It is not always necessary to locate EPROM and RAM in consecutive memory
addresses. For example : If the mapping of EPROM is from 0000H to OFFFH, it is
not must to locate RAM from 1000H. We can locate it anywhere between 1000H
and FFFFH. Where to locate memory component totally depends on the
application.
The memory interfacing requires to :
»  Select the chip
» Identify the register
*  Enabie the appropriate buffer.
Microprocessor system includes memory devices and I/0 devices. It is important to
note that microprocessor can communicate (read/write) with only one device at a time,
since the data, address and control buses are common for all the devices. In order to
communicate with memory or 1/0 devices, it is necessary to decode the address from the
microprocessor. Due to this each device (memory or 1/0) can be accessed independently.
The following section describes common address decoding techniques.
Address Decoding Techniques :

=  Absolute decoding/Full Decoding

* Linear decoding/FPartial Decoding
Absolute decoding

In absolute decoding technique, all the higher address lines are decoded to select the
memory chip, and the memory chip is selected only for the specified logic levels on these
high-order address lines; no other logic levels can select the chip. Fig. 6.17 shows the
memory interface with absolute decoding. This addressing technique is normally used in
large memory systems.

Memory Map :
Memory ICs Aq | Aq [ A A A | Ay [Ag | Ag | A7 | Ag | Ag | Ag | Ag | Ag | Aq | Ag | Address
5|4 3|21 |0

Stafing address of |0 |0 |0jofjo|o|(o|ojojojojo]lolo|o|0| oooOH
EPROM ’

End address of pjof(ofjofjo(o)1(1p1 111111 §1] 1| 03FFH
EPROM

Starting address of | O |O (1 |OQ|O|C|O|O}jOQG|[O]JQ|OJO|D)0O]| 0] 2000H
RAM

Endaddress of RAM (O | O |1 (o0 ]ojo 1|1 }r 111111 ]1]|1]|z2FFH

Table 6.3
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Fig. 617 Absolute decoding technique

Linear decoding

In small systems, hardware for the decoding logic can be eliminated by using
individual high-order address lines to select memory chips. This is referred to as linear
decoding. Fig. 6.18 shows the addressing of RAM with linear decoding t ue. This
technique is also called partial decoding. It reduces the cost of decoding circuit, but it has
a drawback of multiple addresses (shadow addresses).

Fig. 6.18 shows the addressing of RAM with linear decoding technique. A,; address
line, is directly connected to the chip select signal of EPROM and after inversion it is
connected to the chip select signal of the RAM. Therefore, when the status of Ay line is
‘zero’, EFROM gets selected and when the status of Ag line is ‘one” RAM geis selected.
The status of the other address lines is not considered, since those address lines are not
used for generation of chip select signals.



Microprocessor & Microcontroller System 6-27 0 and Memory Interface

"By

it it 0

_::,.-":r

Ve A7

I a8

— G Mg
ﬂa ¥y P [5s]
Fll B "|"E:; oW

K —C ¥ _—

1P— T T MEMR
. Tip WMEMWY
5 G
TALE138] : | o L w7
— D0s Aphg Ay OE D0y Ay A5 Aty OF WR
EPROM (1K) FAM (1K)
Cs 5
A & r % r
Fig. 6.18 Linear decoding
Memory Map :

Memory ICs Iﬁuﬂuﬁﬂa‘u‘nﬁmﬁs Ag | A7 | Ag | Ag | Aq | Az | Az | A | Ag | Address
Startingaddress ol EPROM O | X [ X | X | X | X |0 [0 fO|O|O]|0O|O0O)0]| 0] 0] 0DOOH
Endaddress of EPROM | O | X [ X | X | X | X |1 |11 (1[4 ]1|1}1§1]1]03FFH
Slafing address of RAM | 1 [ X | X | X | X | X |0 |0 )0 |O|O]jO0jO(0]|0O) O] a00H
End address of RAM 1| XX | XX |[X[1f{1}1 |1 |11} 1[1]|1]1]B3IFFH

Table 6.4
Sr. No. Full Address Decoding Partial Address Decoding

1. All higher address [ines are decoded io select] Few higher address lines are decoded lo select

tha mamaory or MO devica, the mamory ar W0 device,

2 More hardware iz required to design decoding) Hardware required to design decoding logic is

longie, less and sometimes it can be eliminated.

3 Higher cost for decoding cincult, Less cost for decoding circuit
4. Mo multiple addresses. It has a disadvantage of muliple addresses

{shadow addresses).

5. Used In large systems. Lsed In small systems.

Table 6.5
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6.4.2 Interfacing Examples

iy Example 6.3 : Design memory system for the 8085 microprocessor such that it should

contain 8 Kbyte of EPROM (Erasable Programmable Read Only Memory) and 8 Kbyte of
RAM { Read/Write Menory).

Solution : Fig. 6.19 shows the desired memory system using IC 2764 (8K) EPROM and
6264 (BK) RAM. Memory requires 13 address lines (Ag-Aq4) sinciI” = BK. The remaining
address lines (A ;-A,; )} are decoded to generate chip select ( C5 ) signals. IC 7415138 is
used as decoder. When ( Aqg-A;3 ) address lines are zero, the Y, output of decoder goes
low and selects the EPROM. This means that A ;-A; address lines must be zero o read
data from EPROM. The address lines Aq5-A, select the particular memory location in the
EFPROM when A ;-A; lines are zero. Similarly, when address lines A ,-A, are 001, the Y,
output of decoder goes low and selects the RAM. The Table 6.6 shows the memory map
for the designed circuit.

Oy
i i .
Vi, i
| >
v Aqg
ﬁ A G Tﬁ ﬁ
RD—{B oW
10— —4—— MEMR
MERWY
74L5138 Vi NS N SN
a8 D70 Aga gy Agghg Ag Al BE | D700 Az Mgy Apfa Ag ArRs BE AR
EPROM (BK) RAM (8BK)
v __ 2764 __ 6264
o C5 [
: T T
A —1B
as—e T
T4LS138
Gy G

Fig. 6.19 Memory system using IC 2764 (8K) EPROM and 6264 (BK) RAM



Microprocessor & Microcontroller System 6-29 /O and Memory Interface

Memory Map :

Momory 1Cs [ Aqs{AralAralAralaralasol A | a8 | A7 | a6 45 | A a3 | 3 | Ay | A [adaress

Staing address of (O |O|O |OjO|OQ|O|O|JO|OjOjO|O|O|O]|O|C000H
EPROM

|El'limﬂEF'HCﬂ|IIﬂ' L I I O O IO O O A O A T O O O B O = =

Ehﬂulddrmﬂmqﬂﬂ1ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ!m

Endaddressof RAM (O (O |1 (1|1 |1 (1|11 |11 |t})1|[1]1]1]3IFFFH

Table 6.6 Memory map

mmp Example 6.4 : Design a microprocessor system for the 8085 microprocessor such that it
should contain 16 Kbyte of EPROM and 4 Kbyte of RAM wusing two 8 Kbyte EPROMs
(2764) and two 2 Kiyte RAMs (6116).

Solution : Fig. 6.20 shows the desired memory system using two (8K % 8) EPROM and
two (2K x 8) RAMs. EFROM memory is 8K, so if requires 13 address lines (A - Ay)
whereas RAM memory is 2K, so it requires 11 address lines (A - Ag). The remaining

higher address lines (A - Ayq) are used to generate chip-select (CS) signals. Table 6.7
shows the memory map for the designed circuit. (See Fig. 6.20 on next page)

Memory Map :
~Aemary ICs Lﬂuhum:ﬂnhuﬂnnhhhhhhA;ﬂum#u[&d&m

Stating Addess of | O |0 | O (O |O (O |D|O]JOJO (0O |D )OO0 |0 (0]0000H
EPROM 1

EndAddress of EFROM 1 QG ¢ 0 [ O} 1 |1 (1 |1 |11 |11 ]1{§10111]1|1}1FFFH

Stating Address of O 0 |1 O jO (O |D|OjO|OfO|OJO |00 }|O]20004
EPROM 2

JFFFH

-
i
—
-
-
=k
-
-
-
—
-
-

End Address of EPROM 2 | 0 | @ | 1 1

[Starting Address of RAM 1] 0 | 1 | 0 | X

End Address of RAM 1 jO | 1 |0 | X 47FFH

MLm= | =

|Starting Address of RAM 210 | 1 |1 | X gcljlojojOo {00000 |0 |0D)|G000H

EndAddress of RAM 2 |0 | 1 [ 1 | X | X |1 |1 |1 v f1 |1 |[1|1]1]1]|1|67FFH
Table 6.7 Memory map

mmp Example 6.5 : Interface 2 Kbyte RAM lo 8085 using 2114 (1K x4) chips, 7415138
decoder and full address decoding and give the address map (memory map).
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Solution : 2114 RAM is 1K x4 i.e. it has 1K (1024) memory locations, each of which is of
4 bits. B085 is an B bit processor. To interface byte RAM, we require two nibble wide
RAMSs, connected together to form byte wide RAM. To form 2K x B RAM we require two
sets of 1Kx 4 + 1K x4 RAM chips. 50 in all we require four 1K x4 RAM chips. Fig. 6.21
(See on next page) shows the interface. The IC 74015138 is used to generate chip select (CS)
signals. Table 6.8 shows the memory map.

Memory Map :

Memory ICs Aag [Arg | Ara| Az | Mg | Ao A [ A | Ar | A | As | Ag | Az | Az | Ag | Ag |Address
Starting Address of RAM 1| O | O (O | O OO jOD|O|O|(O|OJO0O|0O|0)0O]|O]|O0000H
End Address of RAM 1 pjlojofojofjof1 111111 |[1]1]|1]|03FFH
Starting Addressof RAM 2| 0 (O (O (OO |0 O (OO |O|OjOjO]|0O)0]|0|CDOH
End Address of RAM 2 gojo|lo(ojofof1 |11 {111 [1§1]1]03FFH
Starting Address of RAM 3| 0 (O (1 (0 |0 |0 jO (0|0 |O|O|jOfO|0)0O|0]2000H
End Address of RAM 3 J O (O (1 |00 |0} 1|31 ] 1 (1)1} 8]|1})1]|1]23FFH
Stafing Address of RAM 4} 0 | O (1 | D J O |0 jOQ|OJQ|DQjOJO]OQ]0)]Q]|O0]2000H
End Address of RAM 4 | O | O (1 | OO jOf 1 (1)1 ]1|1]1]1 1| 1 | 23FFH

Table 6.8 Memory map

iy Example 6.6 : Design a microprocessor system for the 8085 microprocessor such that if
should contain 2 Kbyle of EPROM and 2 Kbyle of RAM with starting addresses 0000H and

6000H respecrively.

Solution : Fig. 622 (See on page no.6-33) shows the desired memory system using
2Kbyte EPROM and 2Kbyt: RAM. Both EPROM and RAM ere 2K, so they require 11
address lines (A ; - A ;). The remaining higher address lines (A ; - A;,) are used to generate
chip select (CS) signals.

The chip selection logic is designed to have starting address of EPROM, 0000H and
starting address of RAM, 6000H. This is implemented by selecting EPROM only when
higher address lines (Aqg - Aq1) are all zero, and selecting RAM only when higher address
lines (Aqg - Aqq) are 01100 (Binary). The Table 6.9 shows the memory map for the designed
circuit.

Memory Map :
Memory ICs Mg Ara|Ara|Aia|fg|Pag| Ag | Ae | Ay | Ag | Ag | Ay Az | Aq | Ag |Address
Starting address of EPROM oo gjojo|o|OofjOo(O0|O|O|O|(0(0| 0 |O000H
End addrass of EPROM oo gjoj1 |1 (11 {11} fr]1|1]|1|07FFH
Gtarling address of RAM gli1|1|ejo|a|(o|ojo|o|jojOo|O0|0(|0Q]|0|c6000H
End address of RAM ol1|1f(ojo|1 (1 {11 |1}1]1|1]1]1]|1]|6TFFH
Table 6.9 Memory map
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Inmp Example 6.7 : Design a microprocessor system for the 8085 microprocessor such that it
should contain 4 Kbyte of EPROM and 2 Kbyle of RAM using two 2 Kbyles of EPROMs
and hwo 1 Kbytes RAM. Draw the complele interfacing diagram with buffers, latches, and
chip select logic used.

Solution : Fig. 6.23 shows the desired memory system using two 2 Kbyte EFPROMs and
two 1 Kbyte RAMSs.

2 |z

I3

P oo
FANEAY

£

CWS DO E
[

uul";ls'

Fig. 6.23 Memory system using 2 Kbyte EPROMs and two 1 Kbyte RAMs
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The uni-directional buffer is used to drive the high order address bus and
bi-directional buffer is used to drive the data bus. The direction pin of the bi-directional
buffer is controlled by the RD signal from the microprocessor. EPROM memory is 2 Kbyte,
s0 it requires 11 address lines (A;;-Ay) whereas RAM memory is 1K, so it requires 10
address lines (Ag-Ay). The remaining higher address lines (As-A,;) are used to generate
chip-select (CS) signals. Table 6.10 shows the memory map for the designed circuit.

Memory Map :

Memory ICs Aqs|Ava|Asa|ArafAr[Aro] As | Ag | A7 | Ag | As | Ag | Ag | Az | Ay | Ap jaddres]
fotarting Address of EPROM 1| O | O (O (O (O (O | O | O JO|O(O0|0Q )00 0|0 )0DOH
End Address of EFROM 1 ajoja|a]ol|1 111 1 111 1 111 1 1 |GTFFH
Itarting Address of EPROM 2| O (O O (D |1 | O |O|O |0 |D(O|(Df|jOf({0O|0|0|O0800H
EndAddress of EPROM 2 | O |O | O (O § 9| 1|1 )1 |11 1|11 }f1]1]|1]0GFFFH
Starting Address of RAM 1 |D [0 O |1 |jojojOojofjojOo|O|(O0jO|D0|0]0]10D00H
End Address of RAM 1 g|lojoji1fojof1| 11|11 [1f1|1]1]1]|13FFH
Starting Address of RAM 2 | O D | O (1 (17 |O0jO0|0jO|O|O|0O|O(|[DO]|0|0|1800H
End Address of RAM 2 ofojo)]1]1 oy1]1 1 111 1 1] 1 1 1 |1BFFH

Table 6.10 Memory map

imsp Example 6.8 : Design a microprocessor system for the 8085 microprocessor such that i
should contain 8 Kbyte of EPROM and 8 Kbyte of RAM. Use linear addressing technigue
and give the detailed address map.

Solution : Fig. 6.24 shows the desired memory system using 8 Kbyte EFROM and 8
Kbyte RAM. Both EFROM and RAM are 8K, so they require 13 address lines (A;-Ag). As-
problem says to design microprocessor system using linear addressing technique, Ag
address line is used to generate chip select (CS) signals. When A,; address line is low, it
selects EPROM and when it is high, it selects RAM. The Table 6.11 shows the memory
map for the designed circuit.

Memory Map :

Memory ICs  |Aq5|A1q|M13|A12|A11[A0| A9 | As | A7 | As | As | Ae | As | Az | Aq | Ag | Address
Stating address | 0 | X [x|o|o|ofjo|o|o|o|o|o|lo]|o|o]| o] ooooH
of EPROM

Endaddressof | O [ X [ X |1 |1 |1 )1 |11 |11 ]1|1|1}1]|1]|1FFFH
EPROM

Stating address | 1 [ X | X |0JoOo |0 |O0|{0O|0|jO0OjO)|O0O}|O|0C]|0O]|0]| 8000H
of RAM

Endaddressof [ 1 | X | x |1 |t [ 111111 1]1]|1]|1]1]eFFru
RAM

Table 6.11 Memory map
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;o W b

10,
11.
12.
13,
14

15,

16,
17.

Review Questions

What are the inportant functions of 1O system 7
Draw and explain generic model of computer showing /0 system.
Give the major requirements for an [/O module.
Draw and explain the block dingram of 10 system.
What do you mean by inprt port and output port 7
Write a short note on

a) Programmed 10

b} Interrupt driven /O

¢) DMA controlled I/0
Explain IO mapped I/0 interfacing technique.
Explain memory mapped 1O interfacing technique.
Explain with the help of neat diagram inferfacing of input device.
Explain with the help of neat diagram inferfacing of output device.
List the important points which must be considered while inferfacing memory devices to 5085,
Give the comnparison between full and partinl decoding technigues,
Eﬁigﬂmﬂﬂﬁﬁprﬂrmbmdﬁyﬂmuﬁiﬂgdﬂgfﬁ:fEFﬂﬂMmd4ﬂyfﬁnfﬂaw.
EPROM address starts af O0H end RAM address at 4000H. Draw the organisation of the
memiory section which is to be interfaced to the 8085 microprocessor. Indicale clearly the address
rarige for each chip. Use standard address decoders. Explain the various schemes of data iransfer in
microprocessar systems.
An 8 KB ROM having a word length of § bits is lo occupy the first 8 KB of the address space of
am B085A processor. Two 2 KB RAMs having word levigths of 4 bifs each are fo occupy 2 KB
starting from address 4000H. Design address decoding logic.
Interface 8 Kbytes of EPROM and 8 Kbytes of RAM to 8085,
Design a memory address decoder lo interfoce a 4 KB PROM stariing from location 4000H, 16KB
EPROM starting from location 0000H and 32 KB RAM starting from location S8000H. One or
maore of the following available IC's can be used,
PROM IC : 4K = & EPROM IC : 8Kk = & RAM [IC: 16K x &

mimin
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Microcontroller 8051

7.1 Introduction

To make a complete microcomputer system, only microprocessor is not sufficient. It is
necessary to add other peripherals such as read only memory (ROM), read/write memory
(RAM), decoders, drivers, number of input/output devices to make a complete
microcomputer system. In addition, special purpose devices, such as interrupt controller,
programmable timers, programmable [/0 devices, DMA controllers may be added to
improve the capability and performance and flexibility of a microcomputer system.

The key feature of microprocessor based computer system is that it is possible to
design a system with a great flexibility. It is possible to configure a system as large system
or small system by adding suitable peripherals.

On the other hand, the microcontroller incorporates all the features that are found in
microprocessor. However, it has also added features to make a complete microcomputer
system on its own. The microcontroller has built-in ROM, RAM, parallel 1/0, serial 1/0,
counters and a clock circuit.

The microcontroller has on-chip (built-in) peripheral devices. These on-chip peripherals
make it possible to have single chip microcomputer system. There are few more
advantages of built-in peripherals :

* Built-in peripherals have smaller access times hence speed is more.
* Hardware reduces due to single chip microcomputer system.
* Less hardware, reduces PCB size and increases reliability of the system.

(7 -1)
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Comparison between Microprocessor and Microcontroller

We have discussed what is a microprocessor and a microcontroller. Let us see the
points of differences between them.

Mo. Microprocessor Microcontrollar
1. Microprocessor confains ALU, control unit| Microcontrollar contains MICIOpIOCassor,
(clock and timing circult), different register and| memory (ROM and RAM), VO interfacing
interrupt circuit. circuit and peripheral devices such as AD
converter, serial /0, imer etc,
2. It has mamy instructions to move data between| It has one or two Enstructions to move data
mamary and CPL. between memory and GPU.
3. It has ona or two bit handling instructions, It has many bif handiing instructions.
4. Access fimes for memory and 'O devices are| Less access times for built-in memory and WO
more, devices.
5. Microprocessor based system requires more| Microcontroller based system requires less
hardware. hardware reducing PCB size and increasing
tha refiability.
B. | Microprocessor based system is more flexible| Less flexible in design paint of view.
in design point of view.
7. It has single mamory map for data and code, It has separate memory map for data and
code.
8 Lass number of pins are multifunctionsd. More number pins are multifunctioned.

The 8051 is an B-bit microcontroller designed by Intel. It was optimized for B-bit
mathematical and single bit Boolean operations. Its family-MC5-51 includes 8031, 8051 and
8751 microcontrollers. The Table 7.1 gives the summary of MCS-51 microcontroliers.

Internal meamory Timar [

Device PFrogram Data Event counters Interrupts
20524H B K= 8 ROM 256 = 8 RAM 3 = 16-Bit L
BOS1AH 4 K= 8 ROM 128 » & RAM 2 = 16-Bit 5

8051 4 Kx B ROM 128 x & RAM 2 * 16-Bit 5
B032aH nona 256 = 8 RAM 2 = 16-Bit &
B031AH none 128 = & RAM 2 x 16-Bit 5

BO31 nanea 128 = & RAM 2 = 16-Bit 5
B7S1H 4 K= 8 EPROM 128 = 8 RAM 2 = 16-Bit 5
ars1H-12 4 K= & EPROM 128 = & RAM 2 » 16-Bit 5

Table 7.1 MCS-51 family
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In this chapter we are going to see features and the internal hardware details
{(architecture) of 8051 microcontroller.

7.2 Features of 8051

The features of the 8051 family are as follows :
1 4096 bytes on-chip program memaory.
128 bytes on-chip data memory.
Four register banks.
128 user-defined software flags.
64 kilobytes each program and external RAM addressability.
One microsecond instruction cycle with 12 MHz crystal.
32 bidirectional [/0 lines organized as four 8-bit ports (16 lines on 8031).
Multiple mode, high-speed programmable serial port.
Two multiple mode, 16-bit Timers/Counters.
Two-level prioritized interrupt structure.
- Full depth stack for subroutine return linkage and data storage.
Direct byte and bit addressability.
. Binary or decimal arithmetic.
. Signed-overflow detection and parity computation.
. Hardware multiple and divide in 4 psec.
. Integrated Boolean Processor for control applications.
Upwardly compatible with existing 8084 software,

Wom NP Mo WP

A e e
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7.3 8051 Microcontroller Hardware

The Fig. 7.1 shows the internal block diagram of 8051. Tt consists of a CPU, two kinds
of memory sections (data memory - RAM and program memory - EPROM/ROM),
input/output poris, special function registers and control logic needed for a variety of
peripheral functions. These elements communicate through an eight bit data bus which
runs throughout the chip referred as internal data bus. This bus is buffered to the outside
world through an I/0 port when memory or 1/0 expansion is desired.
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7.3.1 Pin-out of 8051

The 8051 is packaged in a 40-pin DIP. The Fig. 7.2 shows the pin diagram of B051. [t is
important to note that many pins of 8051 are used for more than one function. The
altenative functions of pins are shown in bold letters.

Fig. 7.2 shows the pin diagram of 8051.

P1.0 1 40— Vg +SV
P11 2 19 P00 (ADg)
Pi2 3 38 P01 {ADy)
Pot1 (B 4 37 telly
g 5 36 P03 (ADy) S
P1.5 B s P04 (AD,)
P1.6 7 34 P05 (AD)
P17 8 33 PO.G - (ADg)
RST 1 g 32 _PO.T_(ADy)
F3.0 (RXD} 10 8051 31 |—— EA(Vpgp)
P3.1 (TXD) » “g'ﬂ,',“} a0 f—— ALE [PROG)
SR 12 29 |—— TEEN
_FE'E' “"-Ti-{ 13 28 P2.7 (Aqe)
rotS 1Pss (Ty) 14 27 P2.6 (A
P35S (Ty) 15 2 P2.5 (Ay)
P36 (WR) 16 25 EZAA o
Ao {ﬁ} 17 34 P2.3 {Aq)
Oscillator __m 18 23 F2.2 {Agg)
signals | xTAL 1 19 22 P21 (Ag)
GHND — 20 21 P2.0 (Ag)

Fig. 7.2 Pin-out of 8051

Table 7.2 gives the pin-description. The function of all pins of 8051 are explained
below.

The 8051 has 32 1/0 pins configured as four eight-bit parallel ports (PO, F1, F2
and P3). All four ports are bidirectional i.e. each pin will be configured as input or output
(or both). All port-pins are multiplexed except the pins of port 1. Each port consists of a
latch, an output driver and an input buffer.
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Port 0 (Pins 32 - 39)

Port 0 pins can be used as 1/0 pins. The ouput drives and input buffers of port 0 are
used to access external memory. Port 0 outputs the low order byte of the external memory
address, time multiplexed with the data being written or read. Thus, port 0 can be used as
a multiplexed address/data bus.

Port 1 (Pins 1 - B)
Port 1 pins can be used only as I/0 pins.
Port 2 (Pins 21 - 28)

The output drives of port 2 are used to access external memory. Port 2 outputs the
high order byte of the external memory address when the address is 16-bits wide.
Otherwise, port 2 is used as an [/O port.

Port 3 (Pins 10 - 17)

All port pins of port 3 are multifunctional. They have special functions as shown
below including two external interrupts, two counter inputs, two special data lines and
two timing control strobes.

Symbel | Position Name and significance
E Pa.T Fead data control output. Active low pulse generated by hardware whan
external dala mamory is read,
WR P3.6 Write dala control oulput. Active low pulse generated by hardware when
extarnal daia memary is writlen.
T1 P35 Timercounter 1 exiamal input or test pin.
TO Fa4 Timearfcountar 0 extamnal input or tast pin.
INT1 P33 Interrupt 1 input pin, Low-level or falling-edge triggered.
INTD P32 Interrupt 0 input pin. Low-level or falling-edge triggered.
TXD F3A Transmit Data pin for serial port in LART mode, Clock output in shift register
mode,
RXD P3.0 Receive Data pin for serial porl in UART mode. Data VD pin in shift register
made,
Table 7.2

Power-supply pins V.. (Pin 40) and Vg5 (Pin 20)

8051 operates on d.c. power supply of +5 V with respect to ground. The +5 V is to be
connected to pins V- and ground to pin Vo with rated power supply current of
125 mA.

Oscillator pins XTAL2 (Pin 18) and XTAL 1 (Pin 13)

For generating an internal clock signal, the external oscillator is connected at these two
pins.
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ALE {Address Latch Enable, Pin 30)

ADy to ADy lines are multiplexed. To demultiplex these lines and for obtaining lower
half of an address, an external latch and ALE signal of 8051 is used.

RST {Resat, Pin 9)

This pin is used to reset B051. For proper reset operation, reset signal must be held
high atleast for two machine cycles, while oscillator is running.

PSEN (Program Store Enable, Pin 29)

It is the active low output control signal used to activate the enable signal of the
external ROM/EFROM. It is activated every six oscillator periods while reading the
external memory. Thus, this signal acts as the read strobe to external program memory.

EA (External Access, Pin 31)

When the EA pin is high (connected to V), program fetches to addresses 0000H
through OFFFH are directed to the internal ROM and program fetches to addresses 1000H
through FFFFH are directed to external ROM/EPROM. When EA is low (gorunded), all
addresses (0000H to FFFFH) fetched by program are directed to the external
ROM/EPROM.

7.3.2 Central Processing Unit (CPU)

The CPU of 8051 consists of eight-bit arithmetic and logic unit with associated registers
like A, B, PSW, 5P, the sixteen bit program counter and “Data Pointer” (DPTR) registers.
Alongwith these registers it has a set of special function registers. Along with these
registers it has a set of special function registers.

The 8051°s ALU car perform arithmetic and logic functiors on eight bit variables. The
arithmetic unit can perform addition, subiraction, multiplication and division. The logic
unit can perform logical operations such as AND, OR and Exclusive-OR, as well as rotate,
clear, and complement. The ALU also looks after the branching decisions. An important
and unique feature of the BU51 architecture is that the ALU can also manipulate one bit as
well as eight-bit data types. Individual bits may be set, cleared, complemented, moved,
tested and used in logic computation.

7.3.3 Internal RAM

The 8051 has 128-byte internal RAM. It is accessed using RAM address register. The
Fig. 7.3 shows the organisation of internal RAM. As shown in the Fig. 7.3, internal RAM of
B051 is organised into three distinct areas:

+ Working registers

* Bit addressable

& General purpose



Microprocessor & Microcontroller System 7-8 Microcontrollar 8051

E;.td';nu Byte
address

1F Ry 7F
1E Ry
1D Rs
ic R,

Bank 3 18 Ry
1A R,
19 Ry
18 Et'“'
17 Ry
16 R
15 Rs

Bank 2 w4 e
13 Ry
12 R,
::] ::} ml'ﬂ Bit addresses 4 A
oF Ry 2F | 7F 78 T T
DE Rg e | 77 70
0D R 20| 6F &8

Bank 1 0c Rq 2c | 67 B0
0B Ry 28 | 5F 58
0A R, aa | 57 50
09 R, 20 | 4F 48
03 Ry 28 | 47 40
o7 Ry 27| F 38
06 Ry 25 | a7 30
05 Ry 25 | 2F 28
04 Ry 24 | 27 20

Bank 0
03 Ry 23 | 1F 18
0z R 22 | 17 10
o1 R, 21 | oF 08
00 Ry 20 | o7 00| 4

Working register E]jl i Hﬁit General purpose

Fig. 7.3 Organisation of intamal RAM of 8051
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1. First thirtytwo bytes from address 00H to 1FH of internal RAM constitute 32
working registers. They are organised into four banks of eight registers each. The
four register banks are numbered 0 to 3 and are consists of eight registers named
Ry to Ry Each register can be addressed by name or by its RAM address. Only
one register bank is in use at a time. Bits RS; and RS, in the PSW determine which
bank of registers is currently in use. Register banks when not selected can be used
as general purpose RAM. On reset, the bank 0 is selected.

2. The 8051 provides 16 bytes of a bit-addressable area. It occupies RAM byte
addresses from 20H to 2FH, forming a ftotal of 128 (16 = B) addressable bits. An
addressable bit may be specified by its bit address of 00H to 7FH, or 8 bits may
form any bybe address from 20H to 2FH. For example, bit address 4EH refers bit 6
of the byte address 29H.

3. The REAM area above bit addressable area from 30H to 7FH is called general
purpose RAM. It is addressable as byte.

7.3.4 Internal ROM

The 8051 has 4 K byte of internal ROM with address
PG —= Program space from O0000H to OFFFH. It is programmed by
“dd."'EI'EE manufacturer when the chip is built. This part cannot be
DPTR —=| "85 erased or altered after fabrication. This is used to store
final version of the program.

i It is accessed using program address register. The

UFFFH program addresses higher than OFFFH, which exceed the
EF:‘H'éllﬂ internal ROM capacity will cause the B051 to automatically

ROM fetch code bytes from external program memory. However,

DO0OH code bytes can also be felched exclusively from an external

memory addresses 0000H to FFFFH, by connecting the
external access pin (EA) to ground.

7.3.5 Input/Qutput Poits

The 8051 has 32 1/O pins configured as four eight-bit parallel ports { PO, P1, P2,
and P3 ). All four ports are bidirectional, ie. each pin will be configured as input or
output {or both) under software control. Each port consists of a latch, an output driver,
and an input buffer.

The output drives of Ports 0 and 2 and the input buffers of Port 0, are used to access
external memory. As mentioned earlier, Port 0 outputs the low order byte of the external
memory address, time multiplexed with the data being wrilten or read, and Port 2 outputs
the high order byte of the external memory address when the address is 16-bits wide.
Otherwise Port 2 gives the contents of special function register P2.
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et f— oo =)0,
Buffer 0 ofp Driver 1. DDy
T i
i
Lﬂtﬂl 1 F":I't I i -ii—- "D
Buffer 1 o/p Debvar T .
0 fa——=
Bulfar 2 ﬂ.I'Fl- Driver . Ag-fys
T I ——
I} | [w]
= T e T
Buffer 3 . ID.I'FI' Dietver E 1”_’_“
T ]

Fig. 7.4 /0 Ports
All port pins of Port 3 are multifunctional. They have special functions as shown
below including two external interrupts, two counter inputs, two special data lines and
two timing conirol strobes.

Symbol | Position Name and significance
RD P3.7 Read data confrol output, Active low pulse generated by hardware when
axtermal data memory is read.
WR P36 Write data control output. Active low pulse generated by hardwars when
axternal data memory s writhen.
T1 P35 Timercounter 1 extamal input or test pin.
T0 P34 Timer/counter 0 external input or test pin.
INT1 P33 Interrupt 1 input pin. Low-level or falling-edge triggered.
ﬁ F3.2 Interrupt O input pin. Low-level or falling-adge triggered.
TXD P31 Transmit Data pin for sedal port In UART mode. Clock oulpul in shift register
made,
RXD P30 Receive Data pin for sedal port in UART mode, Data /O pin in shift register
moda.
7.3.6 Register Set of 8051
7.3.6.1 Register A (Accumulator)

It is an B-bit register. It holds a source operand and receives the result of the
arithmetic instructions (addition, subtraction, multiplication, and division). The accumulator
can be the source or destination for logical operations and a number of special data
movement instructions, including look-up tables and external RAM expansion. Several
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functions apply exclusively to the accumulator : rotate, parity computation , testing for
zero and so on.

7.3.6.2 Register B
In addition to accumulator, an 8-bit B-register is available as a general purpose register
when it is not being used for the hardware multiply/divide operation.

7.3.6.3 Program Status Word (Flag Register)

Many instructions implicitly or explicitly affect {or are affected by) several status flags,
which are grouped together to form the Program Status Word. Fig. 7.5 shows the bit
pattern of the program status word. It is an 8-bit word, containing the information as
follows.

B, ® B B B B B B

CY | AC FO | RS1 | RBD | OV - P
CY Bit-7 - Carry flag
AC Biteé - Auxiliary carry Hag for BCD operations
Fo Bit-6 - User defined flag (Flag zero)
RS51, RS0 Bit-4-3 - Select the working register banks as follows :
R31 RS0 Bank selection

0 0 00H -07H  Bank 0

0 i 0BH - OFH  Bank 1

1 0 10H - 17TH  Bank 2

1 1 18H - 1FH Bank 3
ov Bit2 - Overflow flag
- Bit-1 - Reserved
P Bit0 - Parity flag {1 = Even parity)

Fig. 7.5 Program status word

7.3.6.4 Stack and Stack Pointer

The stack refers to an area of internal RAM that is used in conjunction with certain
opcodes data fo store and retrieve data quickly. The stack pointer register is used by the
8051 to hold an internal RAM address that is called top of stack. The stack pointer register
is 8-bit wide. It is increased before data is stored during PUSH and CALL instructions and
decremented after data is restored during POP and RET instructions. Ths stack array can
reside anywhere in on-chip EAM. The stack pointer is initialized to 07H after a reset. This
causes the stack to begin at location 08H. The operation of stack and stack pointer is
illustrated in Fig. 7.6.
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On-chip RAM On-chip RAM On-chip RAM

08 09 09

?"f ap g’? _I—- Data 08
Stack peinter SP == 5P+1 07

[a) Status of stack and {b) Stora oparation
stack pointer of resat

Data 1 it o8
——.- Dataz | 08 08
Stack pointer Data3 |07 SP - 5P=1 o7
(c) Read operation
Fig. 7.6
1.3.6.5 Data Pointer (DPTR)

The data pointer (DPTR) consists of a high byte (DPH) and a low byte (DPL). Its
function is to hold a 16-bit address. [t may be manipulated as a 16-bit data register or as
two independent B-bit registers. It serves as a base register in indirect jumps, lookup table
instructions and external data transfer. The DPTR does not have a single internal address;
DFPH (83H) and DPL (82H) have separate internal addresses.

16-bit DPTR
e e e,
om_ | on i
{B3H} B2 46
B-bit 8-bit

7.3.6.6 Program Counter

The 8051 has a 16-bit program counter. It is used to hold the address of memory
location from which the next instruction is to be fetched. Due to this the width of the
program counter decides the maximum program length in bytes. For example, 8051 is
16-bit hence it can address upto Elsb}rm{ﬂll}afmmnqr.

The PC is automatically incremented to peoint the next instruction in the program
sequence after execution of the current instruction. It may also be altered by certain
instructions. The PC is the only register that does not have an internal address.
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7.3.6.7 Special Function Registers

Unlike other microprocessors in the Intel family, B051 uses memory mapped 1/O
through a set of special function registers that are implemented in the address space
immediately above the 128 bytes of RAM. Fig. 7.7 shows special function bit addresses. All
access to the four I/O ports, the CFU registers, interrupt control registers, the
timer /counter, WART and power control are performed through registers between 80H and
FFH.

address (M5B} (LSB) symbol
OFFH

088H | — | -~ | — | BC| BB| BA| B8 | BE] P

0B0H | B7 | Ba | BS | B4 B3| B2 | B1| BO) P3

BOW | A7 (28 | A5 (84 | 83 ) B2 | 81| 80] PO

Fig. 7.7 SFR bit address
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Table 7.3 contains a list of all the SFRs and their addresses and their value in binary.
Comparing Table 7.3 and Table 7.4 shows that all of the SFRs that are byte and bit
addressable are located on the first column of the Table 7.4.

Symbeol Name Address Value in binary
*ACC accumulator DEDH 0000 QOO0
B B Register OFOH 0000 0000
PEW Program Status Word 0DeH Q000 G000
5P Stack Poinler 81H D000 0111
DPTR Data Fointer 2 Byles
DPL Low Byte B2H COO00 OOO0D
DPH .| High Byte AIH 0000 OOODOD
*PO Port 0 B0H 1111 1111
“P1 Port 1 B0H 1111 1111
P2 Port 2 OAOH 1191 1111
3 Port 3 OB0H 1111 1111
oBaH BOS1T XXXO0 0000
P Intermupt Priority Control BOT2 X X000 ODOO
e et Ensbe Contol "™ | o oxoo 2000
TMOD TimenCounter Mode Confrol BEH o000 0DOOD
*TCON TimenCounter Cantrol &8H Q000 0000
* 4+ T200N TimenCounter 2 Control DCEH 0000 000D
THOD TimerfCounter 0 High Byte BCH D000 OODOD
TLO Timer/Counter 0 Low Byle BAH o000 000D
TH1 TimeriCounter 1 High Byte BDH oo00 ODODOD
TL1 Timen'Counter 1 LowByle BBH 0000 OO0
+ TH2 Timer/Counter 2 High Byte 0GOH 0000 ODO0D
+ TL2 TimeriCounter 2 Low Byla DCCH 0000 OODO0D
+ RCAPZH | TIC 2 Capture Reg. High Byte DCBH 0000 0000
+ RCAP2ZL TIC 2 Caplure Reg. Low Byls DCAH 000D DOOO
* SCON Serial Conirol 88H 0000 GDOD
SBUF Serial Data Buffer goH Interminate
pcon | powr con S R el

Table 7.3 List of all SFRs { * = Bit addressable, + = B052 only )
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F319 3+

cr

ar

AT
SBUF gF
P1 ar
TCON THMOD TLO TL1 THO TH1 BF
2] sp DPL DPH PCON ar

Bit
addressable
B
ACC
PSW oT
T2CON
P
P3
IE
F2
SCON

E2B882Z2E2ZRBL88BEEBERE3I

Table 7.4 SFR memory map

7.4 Memory Organization in 8051

Fig. 7.8 shows the basic memory structure for 8051. It can access upto 64 K program
memory and 64 K data memory. The 8051 has 4 Kbytes of internal program memory and
276 bytes of internal data memory.

Pragram Memory (Read Only) Data Memory {ReadWrile)
FIETT Ll ] L e un 1
: Tod FFFFH :
FFFFH :
\ ‘h Extermal —p- :
H Extermal .
: OFFFH
T Intermal x
= 1 = i i FFH aom
EA=D EA=1 i T
: | External Extemal|
: -+ - : 00 :
: 0000 : :
: I : : 0000 T :
PSEN RD WR

Fig. 7.8 Memory structure
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Each memory type has different addressing mechanism, different control signals, and a
different function. Each may be added independently, and each uses the same address and
data buses, but with different control signals.

In addition to the program and data memory, there is another physical address space,
some of these - B, SF, PSW, DPH and DPL registers are discussed earlier. Others-1/0 ports
and peripheral function registers collectively referred as special function registers will be
imtroduced in the following sections.

7.5 Input/Output Pins, Ports and Circuits

The 8051 provides four port for I/0 interfacing. Fig. 7.9 shows a functional diagram of
a typical bit latch and 1/0 buffers in each of the four ports. The bit latch is nothing but
the one bit in the port's SFE. It is represented as a D flip-flop. The signal “write to latch™
acts as clock input for D flip-flop. The data from the internal bus is clock-in in response to
a “write to latch” signal from the CPU. The Q output or Q output after inversion from
D flip-flop is connected at the gate input of the driver FET. The ON and OFF state of the
driver FET due to the data available at the output of latch decides the status of the output
pin. It is possible to read Q output of latkch by activating “read latch” signal from the CPU.
The actual port status can be read by activating “read pin” signal, as shown in Fig. 7.9.

ADDR/DATA BUS Vg

READ
LATCH
POX
FiM
INT BLIS
Cr r . +
L:.I'igl_! [ 4 ML
WRITE — ok Eagiise o
TO T CcL Q —I—'—l S S
LATCH Gl "o b ot S —
Control logic "
READ
PiM

(a) Port 0 bit
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INTERMAL
PULL-UP

PiX
* 4] a I

PiX

WRITE LATCH

:

{b) Port 1 bit

ADDM BlIS

-

LR Y

P2x
PIN

{c) Port 2 bit

ALTERMATE

INTERMAL
FULL-UP

a8

! . PaX
BT BLIS PiM

WRITE
T ——r]
LATCH

REAL

ALTERMATE
INPUT
FURGTION

(d) Port 3 bit
Fig. 7.9 8051 port bit latches and /O buffers
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As shown in the Fig. 7.9, for Port 0 and Port 2 drivers are switchable to internal
ADDR/DATA and ADDR bus, respectively, by internal CONTROL signal. The switching is
required to access external memory. During external memory accesses, the P2 SFR
remains unchanged, but PO SFR gets 1s written to it.

As mentioned earlier, Port 3 has multifunction pins. Therefore, each pin of Port 3 can
be programmed to use as I/0 or as one of the altemate function. This is achieved by the
another control input, “Alternate output function’, as shown in the Fig. 7.9. When laich bit
of Port 3 contains 1, the output level is conirolled by control input, “alternate output
function.”

The port pin can be configured as an input by writing 1 in the latch bit of the
corresponding pin. It turn OFF the output driver FET. Then for, Ports 1,2 and 3, the pin is
pulled high by the intemal pull-up, but can be pulled low by an external source. There is
no internal pull-up for port 0. Therefore, its output pin floats when 1 is written in the
latch bit, and pin can be used as a high impedance input. The Port 0 is said to be “true
bidirectional”, because when configured as an input it floats. )

On the otherhand, the output of Ports 1,2 and 3 are pulled high with pull-up registers,
when configured as an input. Thus they are sometimes called “quasi bidirectional” ports.

The Table 7.7 summarizes the functions of four ports.

Port Functiona

Fert 0 = Used as an inputioutput port

& |Llsed a3 a bidiectional low-ordear address
and data bus for exiernal memaory.

Part 1 ¢ Used as an inputioutput port.

Port 2 ® LUsed as an inputfoutput part

# Used as a higher-order address bus for
extarmal mamary.

Fart 3 * PinAttern used as an inputioutput portate
usa

P3.0-RXD Senal data input

P3.1-TXD Saral data output

P3.2-INTO External intarrupt 0

PA.3-INT1  External interrupt 1

P34-TO External timer 0 input

P3.7-T1 External timer 1 input
P3.6-WR External memory write signal
P3.7-RD External memory read signal

Table 7.5 Port functions
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7.6 Timers and Counters

The 8051 has two 16-bit Timer/Counter registers : Timer 0 and Timer 1. Both can be
configured to operate either as timers or event counters.

In the "Timer” mode, the register is incremented after every machine cycle. Thus, one
can think of it as counting machine cycles. Since a machine cycle consists of 12 oscillator
periods, the count rate is i, of the oscillator frequency. For example, if crystal frequency is
12 MHz, then the timer clock frequency is 1 MHz.

In the "Counter” mode, the register is incremented in response to a 1-to-) transition at
its corresponding external input pin, Ty or T;. In this mode, the external input is sampled
during phase 2 of state 5 of every machine cycle. When the samples show a high in one
cycle and a low in the next cycle, the count is incremented. The new count value appears
in the register during phase 1 of state 3 of the cycle following the one in which the
fransition was detected. Since it takes 2 machine cycles (24 oscillator periods) to recognize
a 1-to-0 transition, the maximum count rate is 14, of the oscillator frequency. There are no
restrictions on the duty cycle of the external input signal, but to ensure that a given level
is sampled atleast once before it changes, it should be held for atleast one full machine
cycle.

7.6.1 Timer/Counter Control Logic

The timers and counters of 8051 are controlled by TR1/0 bits in TCON, gate bits in
TMOD and INT1/0 input pins of 8051. The C/T bit in the TMOD register decides the
operation - bit is 0 for timer selection and bit is 1 for counter operation. This is illustrated
in Fig. 7.10

Oscillator _ 12
frequancy -1 °
Timer operation
CI T =0 (from TMOD)
i
“"\u | o To
o Timer
regisiers
T C /T =1 (From TMOD)
(Input pin) Counter operation

TR1/0 (from TCON) —D
Gate {from TMOD)
INT1/0 D‘ D—

[Input pin)

Fig. 7.10 Timerfcounter control logic
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7.6.2 Timer 0 and Timer 1

In this timers, “Timer" or Counter" mode is selected by control bits C/T in the Special
Function Register TMOD (Fig.7.11). These two Timer/Counters have four operating
modes, which are selected by bit-pairs (M1, M0} in TMOD. Modes 0, 1 and 2 are same for
both Timer/Counters. Mode 3 is different. The four operating modes are described as

follows :
IMSB) {LSE)
LEE C/T M1 MO GATE CiT M1 Mu_}l
e
Timer 1 Timer

GATE Galing coniral when sel. TimenCaunter “x" is M1 WD Dperating Mode

enabled only while “THTx" pin ks high and "TRx" : i .
conrol b is sob When cleared Timer “x° s 0 0 B-bd TeenestCountar “THx" with “TL<"s 5-ba

enabled whenevar “THx" control bilia sel PSRN
0 1 16-bil TimerCounder "THx" with “TLx" are
CT  Timer or Counier selector cleared for Timer cascaded; thene is no prescaier,
opevation (input from Intarnal systam clock). S8l 5 g o0 eload TimeniCounlsr “THx holds

far Counder aparatian (nput from “Tx" inpul pin. a vahm which & o be reloaded indo “TLx"

aach lirme & ovariicws,

1 1 (Timer 0) TLO is an 8-bit Timen/Counber
conirolled by the standard Timer O connol
bits. THI is an B-bit Brner only conlrofad by
Tienes 1 corndl bils.

1 1 {Timer 1) Timer'Counger 1 stoppad.

Fig. 7.11 TMOD : Timerfcounter mode control register
MODE 0

TL1 TH1
{5-Bits) | (B-Bits)

L
uf
a4
i

——4 Intermupt

Timer | counter control logic

Fig. 7.12 Timer/lcounter 1 mode 0 : 13-bit counter
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Both Timers in Mode 0 is an &bit Counter with a divide-by-32 prescaler. This 13-bit
timer is MC548 compatible. Fig. 7.12 shows the Mode 0 operation as it applies to Timer 1.
In this mode, the Timer register is configured as a 13-bit register. As the count rolls over
from all 1s to all Os, it sets the Timer interrupt flag TF1. The counted input is enabled to
the Timer when TR1 = 1 and either GATE = 0 or INT1 = 1. (Setting GATE = 1 allows the
Timer to be controlled by external input INTI, to facilitate pulse width measurements.)
TR1 is a control bit in the Special Function Register TCON (Fig. 7.13) GATE is in TMOD.

{MSB) (LSB)
TF1 TR1 TFO TRO IE1 Im IED ITO
Symbol | Position Mame and significance
TF1 TCOMN.T Timer 1 Owarflow Flag. Set by hardware on imercounter ovarfiow. Cleared whan
interupt processad,
TR1 TCOM.B Timer 1 Run control bil. Sel'deared by software lo tum Smercounter onfofl,
TFO TCOMN.5 Timer 0 Overflow Flag, Sel by hardware on timer'counter overflow, Cleared when
inbesTupl processed,
TRO TCOM. 4 Timer 0 Run confrol bit. Set/ceared by softwars to tum timancountar onfoff.
IE1 TCON.3 Interrupt 1 Edge Flag. Set by hardware when external interrupd edge detected.
Clearad when mtemupt processed.
mi TCOM.2 Intermupt 1 Type control bit, Set'deared by software to apecify falling edgafow
level triggered extemal interrupts.
IED TCON.1 Interrupt O Edge Flag. Set by hardware when external interrupt edge detected.
Cleared when interrupl processed,
ITo TCOM.0 Interrupt 0 Type control bit, Set'cleared by software fo specify falling edgefow
lewel triggered exiamal interrupts,

Fig. 7.13 TCON-timericounter control/status register
The 13-bit register consists of all 8-bits of TH1 and the lower 5-bits of TL1. The upper
3-bits of TL1 are indeterminate and should be ignored. Setting the run flag (TR1) does not
clear the registers.

Mode 0 operation is the same for Timer 0 as for Timer 1. Substitute TRO, TFO and

INTO for the corresponding Timer 1 signals in Fig. 7.12. There are two different GATE bits,
one for Timer 1 (TMOD.7) and one for Timer 0 (TMOD.3).
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MODE 1

Mode 1 is the same as Mode 0, except that the Timer register is being run with all
16-bits.

TLA TH1

Fig. 7.14 Timer/counter 1 mode 0 : 13-bit counter
MODE 2

Mode 2 configures the Timer register as an 8-bit Counter (TL1) with automatic reload,
as shown in Fig. 7.15. Overflow from TL1 not only sets TF1, but also reloads TL1 with the
contents of THI1, which is preset by software. The reload leaves TH1 unchanged. Mode 2
operation is the same for Timer/Counter 0.

{&TEL} # TF1 p— Interrupt

TH1
(8-Bits)

Timer { counter control r:
Fig. 7.15 Timerlcounter 1 mode 2 : 8-bit auto reload

Copyrighted material
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MODE 3

Timer 1 in Mode 3 simply holds its count. The effect is the same as setting TR1 = 0.
Timer 0 in Mode 3 establishes TLO and THO as two separate counters. The logic for
Mode 3 on Timer 0 is shown in Fig, 7.16. TLO uses the Timer 0 control bits : C/T, GATE,
TR0, INTO, and TF0. THO is locked into a timer mode (counting machine cycles) and takes
over the use of TR1 and TF1 from Timer 1. Thus, THO now controls the : Timer 1
interrupt.

TLO %
(B-Biis) TR = Infemuipl

TRI—™
Fig. 7.16 Timer/counter 0 mode 3 : two B-bit counters
Mode 3 is provided fo: applications requiring an extra 8-bit timer or counter. With
Timer 0 in Mode 3, an 8051 can look like it has three Timer/Coanters, and an 8052, like it
has four. When timer 0 is in Mode 3, Timer 1 can be turned on znd off by switching it out
of and into its own Mode 3, or can still be used by the serial port as a baud rate
generator, or in fact, in anv application not requiring an interrupt
The Table 7.6 summarizes the modes of timers.

Mode Brief description

Mode 0 13-bit timer (TL-Sbits and TH-8bits).
Counter overflow is indicated by time intermupt flag.

Mode 1 18-bit timer (TL-Bbits and TH-Ebits)
Reset is same as mode 0.

Mode 2 | Aulomatic reload mode, B-bit counter [TL-8bif) overflow from
TL not only sets TF, but also reloads TL with the contents of TH.

Mode 3 Establishes TL and TH as two separale counters.
Table 7.6 Summary of timer modes
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7.7 Serial Port

The serial port of BO51 is full duplex, means it can transmit and receive
simultaneously. It uses register SBUF to hold data. Register SCON controls data
communication, register-FCON controls data rates, and pin RXD (P3.0) and TXD (P3.1) do
the data transfer. The serial port receive and transmit registers are both accessed at special
function register SBUF. Writing to SBUF loads the transmit register, and reading SBUF
accesses a physically separate receive register. Both mutually exclusive registers use
address 99H. The serial port of B051 is receive-buffered, meaning it can commence
reception of a second byte before a previously received byte has been read from the
receive register. (However, if the first byte siill hasn't been read by the time reception of
the second byte is complete, one of the bytes will be lost).

The 8051 provides four programmable modes for serial data communication. A
particular mode can be selected by setting the SMO and 5MI1 bits in SCON. The mode
selection also decides the baud rate. The Fig. 7.17 (a) and (b) shows the bit patterns for
SCON and PCON.

(M3E) (LS8)
T ] 8 4 3 2 1 0
SMO | SM1 | SM2 | REN | TBa | RBS T RI
Symbol | Position Name and significance
SMD SCON.7 Serial port Mode control bit-0.

Selicieared by software (see note).

SM SCOMG Seral porf Mode controd bal-1.
Selcleared by softwane (see nobe).

SM2 SCOM.5 Serial porl Mode control bil-2.
Sel by software 15 disable receplion of frames for which bil B I8 Dena,
REN SC0ON.4 Recahver Enable control bit.
Seticleared by software o enable/disable serial data recaption.
TEB SCOMN.3 Transemit bit-8.
Seticleared by hardwar: o determine stale of nineth data b&t transmatted n S-bil
UART mode.
RB& SO0MN .2 Recaiva bit-8.
Selfcleared by hardware to Indicate siafe of ninath dats bil recalved.
T SC0N.1 Transmit intemupt flag.

Sel by hardware when byte transmitted. Cleared by software after servicing.
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Rl BCON.D Receive Interrupt flag.
Sat by hardware when byle recaived. Cleared by software after servicing.
Note : The state of (SMO, SM1) salects -
Mode SMO0 SM1
i 0 0 - Shift register ; baud = 12
1 o 1 - &bt UART, vanable dala rate,
2 1 0 - S-bit UART, fived data rate [ baud = 32 or 164
3 1 1 - S-bit UART, varahla data raie,
Fig. 7.17 (a) SCON-serial port control/status register
(MSB) (LSB)
[ L 5 4 3 2 1 0
SMOD - - - GF1 | GFO PD iDL
Symbol Position Name and significance
SMOD PCON.T Seral bawd rate modify bit, i s 0 at resst |t i3 set to 1 by program io doulle
the baud rate.
= PCON, 6-4 Mot defined
GF1 PCON.3 General purpose user flag bit-1. Set/cleared by program.
GFO PCON.2 General purpose user flag bit-0. Set'cleared by program.
PO PCOM.1 Power down bil. It is set to 1 by program fo enter power down configuration
for CHMOS microconirollers.
oL PCON.D Idla mode bit. It i= set to 1 by program to enter idle mode configuration for
CHMOS microcontrollers.
Note : PCOM is not bl addressabla

Fig. 7.17 (b) PCON register

7.7.1 Operating Modes for Serial Port

In this mode, serial data enters and exits through RXD. TXD outputs the shift clock. 8
bits are transmitted/received : 8 data bits (LSB first). The baud rate is fixed at 1/12 the

oscillator frequency.

MODE 1

In this mode, 10-bits are transmitted (through TXD) or received (through RXD) : a start
bit {0), 8 data bits (LSB first), and a stop bit (1). On receive, the stop bit goes into RBS in
Special Function Register SCON. The baud rate is variable.
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MODE 2

In this mode, 11-bits are transmitted (through TXD) or received (through RXD) : a start
bit (0}, 8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1). On
Transmit, the 9th data bit (TB8 in SCON) can be assigned the value of 0 or 1. Or, for
example, the parity bit (P, in the PSW) could be moved into TB8. On receive, the 9th data
bit goes into RB& in Special Function Register SCON, while the stop bit is ignored. The
baud rate is programmable to either 15, or 1, the oscillator frequency.
MODE 3

In this mode, 11-bits are transmitted (through TXD) or received (through RXD) : a start
bit (0), 8 data bits (LSB first), a programmable 9th data bit and a stop bit (1). In fact,
Mode 3 is the same as Mode 2 in all respects except the baud rate. The baud rate in Mode
3 is variable.

In all four modes, transmission is initiated by any instruction that uses SBUF as a
destination register. Reception is initiated in Mode 0 by the condition Rl = { and REN = 1.
Reception is inifiated in the other modes by the incoming start bit if REN = 1.

The Table 7.7 summaries the four serial port modes provided by 8051.

Mode Transmission format Baud rate
o B data bits -'Jimclltm'l'r-ql.mq
i 10-bit (start bit + 8 data bits + slop bit) Warlabha
2 11-bit (start bit + 8 data bits + programmabie 9% Programmable to either .-
data bit + stop bit) mﬁmm
3 11-bit {start bit + B data bit + programmable 97" | Variable
data bit + stop bi)

Table 7.7 Summary of serial port modes

71.7.2 Serial Port Control Register

The serial port control and status register is the Special Function Register SCON,
shown in Fig. 7.18. This register contains not only the mode selection bits, but also the 9th
data bit for transmit and receive (TB& and RB8), and the serial port interrupt bits (TI and
RI).
7.7.3 Generating Baud Rates
Serial Port in Mode O :

Mode 0 has a fixed baud rate which is 1/12 of the oscillator frequency. To run the
serial port in this mode none of the Timer/Counters need to be set up. Only the SCON
register needs to be defined.

Baud rate = @
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Serial Port in Mode 1

Mode 1 has a variable baud rate. The baud rate can be generated by either Timer 1 or
Timer 2 (8052 only).

Using Timer/Counter 1 to Generate Baud Rates

For this purpose, Timer 1 is used in mode 2 {Auto-Eeload).

k¢ Oscillator freq.

Baud rate = o o P%6—THT)]

IFSMOD =0, thenk = 1.
If SMOD = 1, then k = 2. (SMOD is the PCON register)

Most of the time the user knows the baud rate and needs to know the reload value for
THI. Therefore, the equation to calculate TH1 can be written as :

k= Osc. freq.

THI1 256 -
= 384 x Baud rate

TH1 must be an integer value. Rounding off THI to the nearest integer may not
produce the desired baud rate. In this case, the user may have to choose another crystal

frequency.
Since the PCON register is not bit addressable, one way to set the bit is logical ORing
the PCON register. (i.e. ORL PCON, #30H). The address of PCON is 87H.

Using Timer/Counter 2 to Generate Baud Rates

For this purpose, Timer 2 must be used in the baud rate genera.ing mode, If Timer 2
is being clocked through pin T2 (P1.0) the baud rate is :

Timer 2 overflow rate
16

And if it is being clocked internally the baud rate is :

Osc, freq.
32 x[65536 - (RCAPZH, RCAPZL)]

Baud rate =

Baud rate =

To obtain the reload value for RCAP2H and RECAPIL the above equaton can be
rewritten as :
Ose. freq.
32x Baud rate

RCAFPXH, RCAP2L=55536 -

Serial Port in Mode 2

The baud rate is fixed in this mode and is ¥, or ¥, of the oscillator frequency
depending on the value of the SMOD bit in the PCON register. In this mode none of the
Timers are used and the clock comes from the internal phase 2 clock.



Microprocessor & Microcontroller System 7 -28 Microcontroller 8051

SMOD = 1, Baud rate = 15; Osc. freq.
SMOD = 0, Baud rate = 1, Osc. freq.
To set the SMOD bit : ORL PCON#230H. The address of PCON 15 87H.

Serial Port in Mode 3
The baud rate in mode 3 is variable and sets up exactly the same as in mode 1.

7.8 Interrupt Structure

The 8051 provides 5 interrupt sources. The 8052 provides 6. These are shown in
Fig.7.18. The external Interrupts INTD and INTl can each be either level-activated or
transition-activated, depending on bits ITO and IT1 in Register TCON. The flags that
actually generate these interrupts are bits IE0 and IE1 in TCON. When an external
interrupt is generated, the flag that generated it is cleared by the hardware when the
service routine is vectored to only if the interrupt was transition-activated. If the mberrupt
was level-activated, then the external requesting source is what controls the request flag,
rather that the on-chip hardware.

- Yo S— \
INTO o 1E0 b

TPO >
0¥ interrupt
INT1 IEY —= SOUMEes
=g
TF1
Tl R )
Rl ——_ -

Fig. 7.18 MCS - 51 Interrupt structure
The Timer 0 and Timer 1 Interrupts are generated by TR0 and TF1, which are set by a
rollover in their respective Timer/Counter registers (except see Timer 0 in Mode 3}). The
timer flag set upon generation of interrupt is cleared by the on-chip hardware when
microcontroller starts execution of particular interrupt service routine.
The Serial port Interrupt is generated by the logical OR of RI and TI. Neither of these
flags is cleared by hardware when the service routine is vectored to. In fact, the service
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routine will normally have to determine whether it was RI or TI that generated the
interrupt, and the bit will have to be cleared in software.

All of the bits that generate interrupts can be set or cleared by software, with the same
result as though it had been set or cleared by hardware. That is, interrupts can be
generated or pending interrupts can be cancelled in software.

Each of these interrupt sources can be individually enabled or disabled by setling or
clearing a bit in special Function Register IE (Fig. 7.19) . IE contains also a global disable
bit, EA, which disables all interrupts at once.

Mote in Fig. 7.19 that bit position [E.6 is unimplemented. In the 8051s, bit position IE.5
i5 also unimplemented. User software should not write 1s to these bit positions, since they
may be used in future MC5-51 products.

(MSB) (LSH)
EA - ET2 ES ET1 EX1 ETO EX0

Symbol | Position Name and significance

EA IE.¥ Enable All control bit.
Cleared by software fo disable all interrupls, independant of the state of IE4-IE.0.

. IE.& (Resarved)

ET2 IE.5 (Reserved)
ES IE.4 Enable Serial porl control bit

Seticleared by software to enable/disable intermupts from Tl or RI flags.
ET1 IE.3 Enabla Timer 1 conirol bit.

Seticleared by software to enablefdisable interrupis from timerfcounter 1
EXi IE.2 Enabla Extarnal interrupt 1 conirnol bif,

Seticleared by software fo enable/ disable intermupts from INT1.
ETO IE.1 Enable Timer 0 control bit.

Sel'cleared by software to enable/disable interrupts from timer/counter 0.

EXD IED Enable extarmal interrupl 0 control bit,
Selcleared by software to enableldisable interrupls from INTO.

Fig. 7.19 IE-Interrupt enable register

7.8.1 Priority Level Structure

Each interrupt source can also be individually programmed to one of two priority
levels by setting or clearing a bit in Special Function Register IP (Fig. 7.20). A low-priority
interrupt can itself be interrupted by a high-priority interrupt, but not by another low
priority interrupt. A high-priority interrupt can't be interrupted by any other interrupt
source.
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(M3B) (LSB)
- - PS PT1 PX1 PTO | PXD
Symbol | Position Mame and Significance
- P.7 (Raserved)
. P8 {Resarved)
- IP.5 (Reservad)
PS IP.4 Serial port Pricrity control bit.
Seticleared by software lo specify highfiow priorty interrupts for Serial port
PT1 IP.3 Timer 1 Priority control bit
Seticleared by software to specify highflow priorty interrupts for imenicounter 1.
PX1 P2 External interrupt 1 Priority countrod bit.
Setlcleared by software to specify highflow pricrity interrupls for INT1.
PTO iP.A Timer 0 Priority control bit
Sellcieared by software fo specify highflow prionty interrupts for imencounter 0.
PX0D IP.0O External interrupt 0 Priority control bit. Setfclearsd by software to specify
highflow priority interrupts for INTO.

Fig. 7.20 IP - Interrupt priority control register

If two requests of different priority levels are received simultaneously, the request of
higher priority level is servided. If requests of the same priority level are received
simultaneously, an internal polling sequence determines which request is serviced. Thus
within each priority level there is a second priority structure determined by the polling

sequence, as follows :

No. Source Priority within Level
1. FED (higtvest)

2 TFO

3 IE1

4 TF1

5 RI+ T {lowest)

Note that the "priority within level” structure is only used to resolve simultaneous
requests of the same priority level.
The IP register contains a number of unimplemented bits. IP.7 and IP.6 are vacant in

the 8052s, and in the 8051s these and IP.5 are vacant. User software should not write 1s to
these bit positions, since they may be used in future MCS-51 products.
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7.8.2 External Interrupts

The external spurces can be programmed to be level-activated or transition-activated
by setting or clearing bit IT1 or ITO in Register TCON. If ITx = 0, external interrupt x is
triggered by a detected low at the INTx pin. If ITx = 1, external interrupt x is
edge-triggered. In this mode if successive samples of the INTx pin show a high in one
cycle and a low in the next cycle, interrupt request flag IEx in TCON is set. Flag bit IEx
then requests the interrupt.

Since the external interrupt pins are sampled once each machine cycle, an input high
or low should hold for atleast 12 oscillator perieds to ensure sampling. If the external
interrupt is transition-activated, the external source has to hold the request pin high for
atleast one machine cycle, and then hold it low for atleast one machine cycle to ensure that
the transition is seen so that interrupt request flag IEx will be set. [Ex will be automatically
cleared by the CPU when the service routine is called.

If the external interrupt is level-activated, the external source has to hold the request
active until the requested interrupt is actually generated. Then it has to deactivate the
request before the interrupt service routine is completed, or else another interrupt will be
generated.

7.8.3 Single-Step Operation

The 8051 interrupt structure allows single-step execution with very little software
overhead. As previously noted, an interrupt request will not be responded to while an
interrupt of equal priority level is still in progress, nor will it be responded to after RETI
until atleast one other instruction has been executed. This, once an inferrupt routine has
been entered, it cannot be re-entered until atleast one instruction of the interrupted
program is executed. One way to use this feature for single-step operation is to program
one of the external interrupts (say, INTO) to be level-activated. The service routine for the
interrupt will terminate with the following code :

JNBIP32S Wait Here Till INTO Goes High
IB P3.2% ; MNow Wait Here Till it Goes Low
RET1 ; Go back and Execute One Instructuon

Now if INTO pin, which is also the P3.2 pin, is held normally low, the CPU will go
right into the External Interrupt 0 routine and stay there until INTO is pulsed (from low to
high to low). Then it will execute RETI, go back to the task program, execute one
instruction, and immediately re-enter the External Interrupt 0 routine to await the next
pulsing of P3.2. One step of the task program is executed each time P3.2 is pulsed.

7.9 Clock and Oscillator

A machine cycle consists of a sequence of 6 states numbered 51 to 56 (12 oscillator
periods). Each state is divided into two phases : Phase 1 and Phase 2. During Phase 1,
Phase 1 clock is active, and a Phase 2 clock is active during Phase 2. Thus, a machine cycle
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consists of 12 oscllator periods, numbered SI1P1 (State 1, Phase 1), to 56P2 (State 6,
Phase2) or 1 psec. If the oscillator clock frequency is 12 MHz. Each phase lasts for one
oscillator period. Each state lasts for two oscillator periods. Typically, arithmetic and
logical operations take place during Phase 1 and internal register-to-register transfers take

place during Phase 2.

The diagrams in Fig 7.21 show the fetch/execute timing referenced to the internal
states and phases. Since these internal clock signals are not user accessible, the XTAL2
oscillator signal and the ALE (Address Latch Enable) signal are shown for external
reference. ALE is normally activated twice during each machine cycle : once during 51F2
and 52F1, and again during S4P2 and S5P1.

51
PP

52
Loh I s

53

Pl P2jP P2

54 | 55

M P2

56

P1 F2|P

51

52
P1 P2

53

1P2 Pip2

M P2

54 | 55

P P2

56
P1 P2

51
P11 P2

SV IULULUUUUUUULL UL

ALE

REAL¥
—— OPCODE

i
|
|
|
|
I

READ NEXT|
— DPCODE

(DISCARD) | _

51 | 52 |53

- =

54

s5 |56 |

(&) 1-byte, 1-cycle instruction, e.g. INC A, I

READ MEXT

OPCODE
I__ AGARMN

READ MEXT

;—ﬂPGﬂDE

I

I

: READ READ |

| — OPCODE —2ND BH'TE:
____I o ]
s1|s2 |83 | 4|5 |s8 L

(B) 2-byte, 2-cycle instruction, e.g. ADD A, # d:h:
[

READ MNEXT OPCODE AGAIN

- e e e e

1
i READ READ NEXT'OPCODE (DISCARD) I
| —OPCODE | :
¥ ¥ | ¥
s1 |52 |83 EH-EESEES‘I 52 |53 | 54 | 85 |56
(C} 1-byte, 2-cycle instruction, a.g. INC DPTR ; i
1
! READ i :
OPCODE (MOVX) : READ NEXT OPCODE AGAIN
READ NEXT IFE”T% i
OPCODE (DISCARD) | NO NO FETCH i
I ALE " :
1 &~
52 |53 | 54|55 |58 | 51|52 |53 | 84| 55|36
(D) MOVX {1-byte, 2-cycle) | ADDR | DATA [
L. iy
—
ACCESS EXTERNAL MEMORY

Fig. 7.21 Fetch/Execute sequence
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Execution of a one-cycle instruction begins at 51P2, when the opcode is latched into
the Instruction Register. If it is a two-byte instruction, the second byte is read during 54 of
the same machine cycle. If it is a one-byte instruction, there is shll a fetch at 54, but the
byte read (which would be the next opcode), is ignored, and the Program Counter is not
incremented. In any case, execution is completed at the end of 56P2. Fig. 7.21 (a) and (b)
shown the timing for a 1-byte, 1-cycle instruction and for a 2-byte, 1-cycle instruction.

Most 8051 instructions execute in one cycle. MUL (multiply) and DIV (divide) are the
only instructions that take more than two cycles to complete. They take four cycles.

Normally, two code bytes are fefched from Program Memory during every machine
cycle. The only exception to this is when a MOVX instruction is executed. MOVX is a
1-byte 2-cycle instruction that accesses external Data Memory. During a MOVX, two
fetches are skipped while the extermal Data Memory is being addressed and strobed.
Fig. 721 (c) and (d) shown the timing for a normal 1-byte, 2-cycle instruction and for a
MOVX instruction.

7.10 Power Saving Options

The concept of reduction in  power consumption is not just to reduce the electric bill
and battery capacities, but due to reduction in power consumption :
1} It is able to put more functionality into smaller space.
2) It allows the use of smaller and lighter power supplies, and less heat being

generated allows denser packaging of circuit components. Expensive fans and
blowers can usually eliminated.

3} It is important to note that cooler running chip is more reliable, since most random
and wearout failures relate to die temperature.

The BO51 has two power saving features. These are the idle and power down modes of
operation. The Fig. 7.22 shows the on chip hardware that implements these reduced
power modes. Both modes are invoked by software.

xracz [} -
[[u]0
S
% osC
IMTERRUPT
xtaL1 [} 'S D_ CiLsﬂEﬁH SERtAL PORT
— TIMERICOUNTERS

Fig. 7.22 Hardware to implement reduced power modes
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7.10.1 idie Mode

In the Idle Mode (IDL = 0 in Fig. 7.22), the CPU puts itself to sleep by gating off its
own clock. It doesn’t stop the oscillator, It just stop the internal clock signal from getting
to the CPU. Since the CPU draws 80 to 90 percent of the chip’s power, shutting it off
represents a fairly significant power savings. The on-chip peripherals (timers, serial port,
interrupts, etc.) and RAM continue to function as normal. The Stack Pointer, Program
Counter, Program Status Word, Accumulator and all other registers maintain their data
during Idle Mode.

The Idle Mode is invoked by setting bit 0 (IDL) of the PCON register. PCON is not
bit-addressable, so the bit has to be set by a byte operation, such as

ORL PCON, #1

The PCON register also contains flag bits GF0 and GF1, which can be used for any
general purposes, or to give an indication if an interrupt occurred during normal operation
or during Idle Mode. In this application, the instruction that invokes Idle Mode also sets
one or both of the flag bits. Their status can then be checked in the interrupt routines.

While the device is in the Idle Mode, ALE and PSEN are logic high (V). Due to this
external EPROM can be deselected and have its output disabled.

The port pins hold the logical states they had at the time the Idle was activated. If the
device is executing out of external program memory, Port 0 is left in a high impedance
state and Port 2 continues to output the high byte of the program counter (using the
strong pullups to output 1s.) If the device is executing out of internal program memory,
Fort 0 and 2 continue to output whatever is in the PO and P2 registers.

Termination from the Idle Mode

There are two ways to terminate Idle Mode :

1) Activation of any enable interrupt will cause the hardware to clear bit 0 of the
PCON register, terminating the Idle Mode. After the execution of the interrupt
service routine, program execution will resume from the next instruction that
invoked Idle Mode.

& The other way is with a hardware reset. Since the clock oscillator is still running, .
RST only needs to be held active for two machine cycles (24 oscillator periods) to
complete the reset. This exit from Idle Mode writes 1s to all the ports, initializes all
5FRs to their reset values, and restart program execution from location 0.

7.10.2 Power Down Mode

In the Power Down Mode (PD = 0), the CPU puts the whole ckip to sleep by turning
off the oscillator. In case if it is running from an external oscillator, it also gates off the
path to the internal phase generators, so no internal clock is generated even if the external
oscillator is still running. The on-chip RAM, however, saves its data, as long as V.. is
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maintained. In this mode the only [ that flows is leakage, which is normally in the
micro-amp range.

The Power Down Mode is invoked by setting bit 1 in the PCON register, using a byte
instruction such as

ORL PCON, #2

While the device is in Power Down Mode, ALE and PSEN emit low (V). The reason
they are designed to output low is so that power can be removed from the reset of the
circuit, if desired, while the 8051 is in its Power Down Mode.

The port pins continue to output whatever data was written to them. Note that port 2
emils its P2 register data even if execution was from external program memory.

Port 0 also outputs its PO register data, but if execution was from external program
memaory, the PO register data is FFH.

The Table 7.8 summarizes the status of pins in Idle and Power Down Modes.

Internal execution External execution
Pin Idle Power down Idle Power down
ALE 1 0 1 0
PSEN 1 0 1 0
SFR Data SFR Data High-Z High-Z
P SFR Data SFR Data SFR Data SFR Data
P2 5FR Data SFR Data PCH SFR Data
P3 SFR Data SFR Data EFR Data SFR Data

Table 7.8 Status of pins in idle and power down modes
Note : 1. “SFR DATA" means the port pins output their internal register data.
2. "PCH" is the high byte of the program counter.
Termination from Power Down Mode :

The only exit from Power Down is a hardware reset. Since the oscillator was stopped,
R5T must be held active long enough for the oscillator to restart and stabilize. Then the
reset function initializes all the Special Function Registers (ports, timers, ete)) to their reset
values, and restarts the program from location 0. Therefore, timer reloads, interrupt
enables, baud rates, port status, etc. need to be re-established. Reset does not affect the
content of the on-chip data RAM. If V- was held during Power Down, the RAM data is
still good.



Microprocessor & Microcontroller System 7 -36 Microcontroller 8051

Using Power Down Mode :

The software invoked Power Down feature offers a means of reducing the power
consumplion in some applications, Vi to part of the system may be turned off during
Power Down, so that even quiescent and standby currents are eliminated. But before
switching off V- of any chip signal lines connected to the chip must be brought to a logic
low, whether the chip in question is CMOS, NMOS, or TTL. CMOS pins have parasitic p-n
junctions to Vi, which will be forward biased if V- is reduced to zero while the pins are
held at a logic high. NMOS pin 3 often have FETs that look like diodes to V. TIL
circuits may actually be damaged by an input high if Vi = 0.

To ensure safe power down operation it is necessary that Vec for secondary circuit
must be shut off after the 8051 is in power down and V- for secondary circuit must be
swilched on before the 8051 is out off power down. The Fig. 7.23 shows a circuit that can
be used to turn V- off to part of the system ( secondary circuit ) during power down.

& Ve

)
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20K

1 @
— RST 2y —AA A —— o
F

B0s1 R
—--'-I'm-_.,
_I: A3K
= pr——
P26 o 51 A JF
K

Fig. 7.23 Power switching circuit for power down mode

In Fig. 7.23 when V.- i5 switched on to the 8051 capacitor C1 provides a power-on
reset. The reset function writes 1s to all the port pins. The 1 at P26 turns Q1 on, enabling
Voo to the secondary circuit through transistor Q2. As the 8051 comes ou! of reset, Port 2
COMmmences EIniH:i.t'lg the hlgh ]::}rl;e af the program counter, which regsults in the P27 and
F2.6 pins outputting Os. The 0 at P2.7 ensures continuation of V- to the secondary circuit

The system software must now write a 1 to P2.7 and a 0 to P26 in the Port 2 5FR, P21
These values will not appear at the Port 2 pins as long as the device is fetching

instructions from external program memory. However, whenever the 8051 goes into Power
Down, these values will appear at the port pins, and will shut off both transistors,

disabling V. to the secondary circuit.



Microprocessor & Microcontroller System 7 - 37 Microcontroller B051

Closing the switch 51 re-energizes the secondary circuit, and at the same time sends a
reset through C2 to the B051 to wake it up. The diode D1 is to prevent Cl from hogging
current from C2 during this secondary reset. D2 prevents C2 from discharging through the
RST pin when Vo to the secondary circuit goes to zero.

7.11 Multiprocessor Communication in MCS-51

In 8051 serial modes 2 and 3 have a special pmvr.imn for multiprocessor
communications. In these modes, 9 data bits are received. The 9" ane goes into RBS. Then
comes a stop bit. The port can be programmed such that when the stop bit is received, the
serial port interrupt will be activated only if RB8 = 1. This feature is enabled by setting bit
SM2 in SCON. A way to use this feature in multiprocessor systems is as follows.

When the master processor wants to transmit a block of data to one of several slaves,
it first sends out an address byte which identifies the target slave. An address byte differs
frumadal:lb}rtninﬂutﬂm‘imbitlsl in an address byte and 0 in a data byte. With
SM2 = 1, no slave will be interrupted by a data byte. An address byte, however, will
interrupt all slaves, so that each slave can examine the received byte and see if it is being
addressed. The addressed slave will clear its SM2 bit and prepare to receive the data bytes
that will be coming. The slaves that weren't being addressed leave their SM2s set and go
on about their business, ignoring the coming data bytes.

Review Questions

What is microcontrolier?

What is the difference between microprocessor and microcontroller?
List the features af 8051 microcontroller.

Drirw and explain the block diagram of 8051,

Shates parious modes ﬂmiiﬂ&!:fclr timer in B051.

Explain serial communication modes supported by 8051,

Explain interrupt structure of 8051,

Explain the memory struchure of 8051.

Explain the IO port structure of 8051.

Explain the multiprocessar comunication in BOSI.
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The 8051 architecture supports several distinct physical address spaces.

a) Un - chip program memory

b} On - chip data memory

c) External program memory

d) Extermal data memory

€) On-chip special function registers

The most of the instructions can operate with variables from these physical address
spaces.

In this chapter, we will see how to access variables from different physical and logical
address spaces with the help of different addressing modes. Then we will study different
instructions supported by B051.

Instruction Set and
Programming of 8051

8.1 Addressing Modes

The way, using which the data sources or destination addresses are specified in the
instruction mnemonic for moving the data, is called ‘addressing mode'. This section
explains addressing modes used in B051 with examples.

1. Register Addressing

The 8051 can access eight “working registers” (RO-R7). Three bit code within the
instruction selects one of the eight registers from the selected register bank. The
programmer can select a register bank by modifying bits 4 and 3 in the PSW.

Destination Register Source Register

]

(8 - 1)
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Example : Add the contenls of register R3 and R4 from bank 2.

Step1 : Select register bank.
MOV PEW, #00001000B ; select register Bank 2

Step 2 :  Add the contents of R3 and R4.
MOV A, E3
ADD A, E4

2. Direct Byte Addressing

Direct addressing can access any on chip variable or hardware register. i.e. on chip
EAM and special function register. The most significant bit of the address decides whether
it is a location within on chip RAM  (MSB = 0) or in special function register (MSB = 1).

Mamaony

Destination Regisler
- Address of mamory
Diata from with im the instrection
selacted memory
kacation

Example : Add the contents of locations 50H and 51H

MOV A, S0H i load byte from address 50H into A
ADD R, S51H ; hdd the contents of A and the contents
; at memory leocation 51H.

3. Register Indirect Addressing

In this addressing mode R0 and Kl of each register bank can be used as an index or
pointer register. R0 and R1 point to the contents in the RAM. The instruction with indirect
addressing uses the '@ sign.

Memory

Register

Y
il

)
LL

Destination Register

Contents of register are
usad to point memory

Data from
selected memory
location
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Example : ADD the contents of memory location addressed by register 1 to the confents of
RAM location pointed by register 0.

MOV A, BRO { load the contents pointed by RO in A,
ADD A, BER1 ¢ Add the contents of A and the contents pointed
by Rl

4. Immediate Addressing

In this addressing mode source operand is a constant rather than a variable. 50 the
constant can be incorporated in the instruction. Sign “#" indicates it is a immediate
addressing mode.

Destination Regisler

Data specified
in the instruection

Example :
Add the constant 52 Decimal in Accumulator.
MoV A, #52

5. Register Specific

Inherent in the instruction, these refer to a specific register such as accumulator or
DITE.
Example :
EWAP A i Swap nibbles within the Accumulator.
6. Index

Only program memory can be accessed in the index addivessing. Either the DPTR or
PC can be used as an index register.

DFTR Register
Frogram memory |_
A Ragistar Contents of DPTR register
- r’;}
Address of N
sefacted memory FREMGMY

Contents of register A




Microprocessor & Microcontroller System 8-4 Instruction Set and
Programming of 8051

Example :  Read data from the program memory.

MOVC A, @A+DPTR ; This instruction adds the unsigned 8-bit

; and accumulator contents into sixteen bit.

; Data pointer, and uses the sum as an address

i from which byte to be moved inte accumulateor.

8.2 Data Moving {Data Transfer) Instructions

An immediate, direct, register and indirect addressing modes are used in different
MOVE instructions. Table 8.1 lists all types of data moving {data transfer) instructions.

Mneamonic Operation

MOV =dest-byte>, <src-byte> Copy the byte variable indicated by "src-byte' into
the 'dest-biyle' location

MOV A, Rn Copy the contents of register Rn of selected
registar bank 1o A

MOV A, diract Copy the contents of addrass specifiad with
instruction to A.

MOV A, @ Ri Copy the contenis of the address in Rp to A

MOV A # data Load data given in the insiruction fo A

MOV Rn, A Copy the conlents of A o regisier Rn of selected
register bank.

MOV Rn, direct Copy the contents of address to register Rn of
selected register bank,

MOV Rn, # data Load data given in the instructicn to register Rn of
selacted register bank,

MOV direct, A Copy the contents A to the address specified within
instruction,

MOV direct, Rin Copy the contents of registar Rn of selected bank
register to the address specified within instruction.

MOV direct, direct Copy the contentis of the address specified within
instruction to the address specified within
inatruction.

MOV direct, @ Ri Copy the contents of the address given by register
Ri of selected register bank to the address specified
within instruction.

MOV direct, # data Load data given within instruction to the address
spacified within nstruction.

MOV @ Ri, A Copy the contents of A 1o the address given by
registar Ri of selected register bank.
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MOV @ Ri, direct Copy the contents of address specified within

instruction to the address specified by register Ri of
selected register bank.

MOV @& Ri, # data Load the data specified within instruction io the

address specified by register Ri of selected regisior
bank.

MOV DPTR, # data 16 Load data pointer with a 18-bit constant.

Table 8.1 MOV instructions

The MOV instructions can be explained completely with example as given below.

MOV<dest-byta>, <src-byte> Bytes : 1/2/3 Cycles : 1/2
Function : Move h!Lu variable

Description :

Example :

MOV A, Rn

Operation :

The byte variable indicated by the second operand is copied into
the location specified by the first operand. The source byte is not
affected. No other register or flag is affected.

This is by far the most flexible operation. Fifteen combinations of
source and destination addressing modes are allowed.

Internal RAM location 30H holds 40H. The value of RAM location
40H is 10H. The data present at input port 1 is 110010108 (CAH).

MOV RO, #30H ; RO « 30H
MOV A, @R0 ; A «—40H
MOV RI, A : R1 « 40H
MOV B, @ R1 ; B+ 10H
MOV @ R1, P1; RAM (40H) « CAH
MOV F2, P1 ; P2 # CAH

leaves the value 30H in register 0, 40H in both the Accumulator
and register 1, 10H in register B, and CAH (110010108} both in
RAM location 40H and output on port 2.

(A) + (En)

MOV A, R0 ; This instruction copies the contents of the register R0
of selected register bank to the accumulator.
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MOV A direct
Example :

Operation :

Example :

MOV A, @RI
Operation :
Example :

MOV A, #data
Operation :
Example :

MOV Rn, A
Operation :

Example :

MOV Rn, direct

Operation :

MOV Rn, # data

Operation :
Example :

MOV direct, A
Operation :

MOV A, 30H ; This instruction copies the contents of memory
location whose address is 30H to the accumulator.

(A) « (direct)

MOV A, 30H ; This instruction copies the contents of memory
location whose address is 30H to the accumulator.

(A) « ((Ri))
MOVA, @R1 ; This instruction copies the contents of memory

location whose address is specified in the register R1 from selected
register bank.

(A) + # data

MOV A, # 30H ; This instruction copies data given with in
instruction (30H) into the accumulator.

(Rn) « (A)

MOV R2, A ; This instruction copies the contents of accumulator in
R2 register of selected register bank.

(Rn) ¢ (direct)

MOV R1, 40H ; This instruction copies the contents at memory
address 40H into the R1 register of the selected register bank.

(Rn) « # data

MOV R2, #20H ; This instruction loads 20H in the registers B2 of
selected register bank.

(direct) + (A)
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Example :

MOV direct, Rn
Operation :
Example :

MOV direct, direct
Operation :

MOV direct, @Ri
Operation :

Example :

MOV direct, #data
Operation :
Example :

MOV @Ri, A
Operation :
Example :

MOV @R, direct

MOV 20H, A ; This instruction copies the contents of accumulator
to the direct memory address specified in the instruction (20H).

(direct) « (Rn)

Mﬂ?ﬂﬂﬂﬂl;ﬂﬂhﬂﬂtﬁﬂnmﬁmﬂwmnmﬂﬂr@mﬂ
of selected register bank to the direct memory address specified in

(direct) « (direct)

MOV 20H,+40H ; This instruction copies the contents of memory
location whose address is 40H to the memory location whose
address is 20H.

(direct) « (Ri))

MOV 20H, @R3 ; This instruction copies the contents of memory
location whose address is given by register R3 of selected register
bank into the memory location whose address is 20H.

(direct) + #data

MOV 30H, #12H ; This instruction copies data given with in
instruction (12H) into the memory location whose address is 30H.

((RD)) « (A)

MOV @R1, A ; This instruction copies the contents of accumulator
to the memory location whose address is given by register R1 of
selected register bank.

(Ri) « (direct)

MOV @ R2, 30H ; This instruction copies the contents of memory
location whose address is given within the instruction (30H) into
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the memory location whose address is specified by register B2 of
selected register bank.

MOV @RI, #data

Operation : ((Ri)) « #data

Example : MOV @R2, #30H ; This instruction loads 30H into the memory
location whose address is specified by register K2 of selected
register bank.

MOV A, ACC is not a valid instruction.

MOV DPTR, #data16 Bytes : 3 Cycles : 2
Function : Load Data Pointer with a 16-bit constant

Description : The Data pointer is loaded with the 16-bit constant indicated. The
16-bit constant is loaded into the second and third bytes of the
instruction. The second byte (DPH) is the high-order byte, while
the third byte (DPL) holds the low-order byte. No flags are
affected.

This is the only instruction which moves 16 bits of data at ence.
Example : The instruction,
MOV DFTR, #1234H

will load the wvalue 1234H into the Data Pointer: DPH will hold
12H and DPL will hold 34H.

Operation : MOV

(DFTR) + #data 15-0
DFH + #datal5-8 DPL «— # data7-0

8.2.1 Instructions to Access External Data Memory
The Table 8.2 explains the instruciton to access external data memory.

Mnemonic Dparation
MOV A, @Ri Copy the contents of the external address
im Hi o A
MOVX A, @DPTR Copy the contents of the extemnal address
in DPTR to A




Microprocessor & Microcontroller Systems 8-9 Instruction Sat and

Programming of 8051
muxgni,n Copy data from A to the external address
in RL .
MOV BDPFTR, A Copy daia from A to the exiemal address
in DPTR.
Table 8.2

Some examples of the instructions listed in Table 8.2 are given below.

Example 1

Example 2 :

Example 3 :

Example 4 :

MOVX A, @RD

This instruction copies data from the B-bit address in R0 to A.
MOVX A, @ DPTR

This instruction copies data from the 16-bit address in DPTR to A.
MOVX @R1, A

This instruction copies data from A to the &bit address in R1.
MOVX @ DFTR, A

This instruction copies data from A to the 16-bit address in DPTR.

The MOVX instructions can be explained completely with example
as given below.

MOVX <dest-byte> <src-byte> Function : Move External Bytes:1 Cycles:2

Description :

The MOVX instructions transfer data between the Accumulator and
a byte of external data memory, hence the “X" appended to MOV,
There are two types of instructions, differing in whether they
provide an eight-bit or sixteen-bit indirect address to the external
data RAM. In the first type, the contents of R0 or R1 in the current
register bank provide an eight-bit address multiplexed with data on
P0. Eight bits are sufficient for external [/O expansion decoding or
for a relatively small RAM array. For somewhat larger arrays, any
output port pins can be used to output higher-order address bits.
These pins would be controlled by an output instruction preceding
the MOVX. In the second type of MOVX instruction, the Data
Pointer generates a sixteen-bit address. P2 outputs the high-order
eight address bits (the contents of DPH) while po multiplexes the
low order eight bits (DPL) with data. The P2 output buffers are
emitting the contents of DFH. This form is faster and more
efficient when accessing very large data arrays (up to 64 Kbytes),
since no additional instrucHons are needed to set up the output
ports.

It is possible in some situations to mix the two MOVX types. A
large RAM array with its high-order address lines driven by P2 can
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Example :

MOVX A, @Ri

Opearation :
MOVX A, @DPTR :

Operation :
MOVX @RI, A :

Operation :
MOVX @DPTR, A :

Operation :

be addressed via the Data Pointer, or with code to output
high-order address bits to P2 followed by a MOVX instruction
using R0 or R1.

An external 256 byte RAM using multiplexed address/data lines
(e.g.. an Intel 8155 RAM/ I/0/ Timer) is cormected to the 8051
Port 0. Port 3 provides control lines for the external RAM. Ports 1
and 2 are used for normal [/O. Register 0 and 1 contain 12H and
34H. Location 34H of the external RAM holds the value 56H. The
instruction sequence,

MOVX A, @Rl

MOWVX @ R0A

copies the value 56H into both the Accumulator and external RAM
location 12H.

This instruction copies the contenits of external memory whose
address is given by register into the accumulator.

(A} + ((Ri))

This instruction copies the contents of external memory whose
address is given by DPTR register into the accumulator.

(A) « ((DPTR))

This instruction copies the contents of accumulator into the exlernal
memory whose address is given by the register.

((Ri)) « (A)

This instruction copies the contents of accumulator into the external
memory whose address is given by the DPFTR register.

({DPTR)) « (A)

Important Points to Remember in Accessing External Data Memory

# All external data moves with external RAM involve the A repister.
*  While accessing external RAM, Rp can address 256 bytes and DPTR can address

64 kbytes.

o MOVX instruction is used to access external REAM or 1/0 addresses.

l'll_erekareh-'msets of RAM addresses between 00H and FFH, one for internal B051
RAM and another for RAM external to 8051.
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8.2.2 Instructions to Access External ROM / Program Memory
The Table 8.3 explains the instructions to access external ROM/program memory.

Mnemonic Operation

MOVC A, @ A + DPTR | Copy the contents of the external ROM address

formed by adding A and the DPTR, to A_

MOVC A @ A+ PC Copy the conlents of the external ROM address

formed by addding A and the PC, o A,

Exampie 1 :

Example 2 :

Table B.3

Let the contents of DPTR are 1200 and the contents of A are 61H.
MOVC A, @ A + DPTR

This instruction copies the code byte found at the external ROM
address formed by adding A and the DPTR, ie. at an address
(1200 H + 61 H) 1261 H to A,

Let the contents of PC are 4000 H and contents of A are 50H.

MOVC A, @ A + PC

This instruction copies the code byte found at the external ROM
address formed by adding A and the PC, ie at an address
{4000 H + 50 H) 4050 H to A.

The MOVC instructions can be explained completely with example
as given below.

MOVC A,@A+<base-reg> Function : Move Code byte Bytes :1 Cycles:2

Description :

Example :

The MOVC instructions load the Accumulator with a code byte, or
constant from program memory. The address of the byte fetched is
the sum of the original unsigned eight-bit Accumulator contents
and the contents of a sixteen-bit base register, which may be either
the Data Pointer or the PC. In the latter case, the PC is
incremented to the address of the following instruction before
being added with the Accumulator; otherwise the base register is
not altered. Sixteen-bit addition is performed so a carry-out from
the low-order eight bits may propagate through higher-order bits.
Mo flags are affected.

A wvalue between 0 and 3 is in the Accumulator. The following
instructions will translate the value in the Accumulator to one of

four values defined by the DB (define byte) directive.
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REL_PC :

MOVC A,@A+DPTR :

Opearation :
MOVC A @A + PC :

Operation :

Programming of 8051
INC A
MOVC A@A+PC
RET
DB 66H
DB 7iH
DB 88H
DB 9oH

If the subroutine is called with the Accumulator equal to 01H,
will return with 77H in the Accumulator. The INC A before the
move instruction is needed to “ get around” the RET instruchon
above the table. If several bytes of code separated the MOVC
from the table, the corresponding number would be added to the
Accumulator instead.

This instruction loads the accumulator from the contents of
program memory whose address is given by the sum of the
contents of accumulator and contents of DPTR register.

(A) +« ((A) + (DFTR))

This instruction loads the accumulator from the contents of
program memory whose address is given by the sum of the
contents of accumulator and the contents of program counter. The
current contents of program counter are incremented by 1 before
summation

(PC)+~— (PC)+1
(A) « ({A) + (PC))

Important Points to Remember in Accessing External Read Only Memory

s« When PC is used to access external ROM, it is incremented by 1 (to point to the
next instruction) before it is added to A to form the physical address of external

ROM.

» All external data moves with external ROM involve the A regi.ster.

» MOVC is used with internal or external ROM and can add ess 4 K of internal
code or 64 K of external code.

* The DPTR and the PC are not changed.
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8.2.3 PUSH and POP Instructions

The stack refers to an area of internal RAM that is used in conjuction with certain
opcodes to store and retrieve data quickly. The stack pointer, (SP) is an B-bit register used
by the B051 to hold stack address that is called top of stack. The 5P is set to 07 H when
the 8051 is reset. In PUSH and POP operations, it is implied that the SP holds the indirect
address.

8.2.3.1 PUSH

The PUSH instruction increments the stack pointer by one and copies data from the
source address (specified in the PUSH instruction) to the internal RAM location addressed
by the stack pointer. Before copy operation, since SP is incremented, the data is stored
from jow addresses to high addresses in the internal RAM. As data is pushed, the stack
grows up in internal RAM. The top of the internal RAM is at 7FH. S0 if we go on
PUSHing the data onto the stack after 7FH, the data is lost. Fig. 8.1 shows the PUSH
operation.

Source address SP+1 EF‘ is inl:rammied:|

f
sp before PUSHING

- rfermal FAM

Fig. 8.1 PUSH operation
Instruction : PUSH source address

Example : PUSH B

This instruchion increments the stack pointer by one and stores the
contents of register B to the internal RAM location addressed by
the stack pointer (SP).

The PUSH nstruction can be explained completely with example as
given below.
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PUSH direct Function : Push onto stack Bytes:2 Cycles : 2
Description : The Stack Pointer is incremented by one. The contents of the

indicated wvariable is then copied into the internal RAM location
addressed by the Stack Pointer. Otherwise no flags are affected.
Example : On entering an interrupt routine the Stack Pointer contains 09H.
The Data Peinter holds the value 0123H. The instruction sequence,
PUSH DPL
PUSH DrHd
will leave the Stack Pointer set to 0BH and store 23H and 01H in
internal RAM locations 0AH and 0BH, respectively.
Operation : (SF) « (5P)+ 1
((SP)) ¢ (direct)

8.2.3.2 POP

The POF instruction copies the contents of the internal RAM location addressed by the
stack pointer to the destination address (specified in the POP instruction). Then the stack
pointer is decremented by one. This ensures that data placed on the stack is retrieved in
the same order as it was stored. Fig. 8.2 shows the POF operation.

Instruction : POP destination address
Destination address 5P &P s decremented
SP -1 after POPing

~— |rfarnal Fad

Fig. 8.2 POP operation
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Example :

POP ACC

This instruction copies the contents of the internal RAM location
addressed by the stack pointer to the accumulator. Then the stack
pointer is decremented by one.

The POP instruction can be explained completely with example as given below.

POP direct Function : Pop from stack Bytes : 2 Cycles : 2

Description : The contents of the internal RAM location addressed by the Stack
Pointer is read, and the Stack Pointer is decremented by one. The
value read is then transferred to the directly addressed byte
indicated. No flags are affected.

Example : The Stack Pointer originally contains the value 32H, and internal
RAM locations 30H through 32H contain the values 20H contain
the wvalues 20H, 23H, and O01H, respectively. The instruction
sequence,

FOP DPH

POP DPL

will leave the stack Pointer equal to the value 30H and the Data
Pointer set to 012H. At this point the instruction.

POP SP

will leave the Stack Pointer set to 20H. Note that in this special
case the Stack Pointer was decremented to 2FH before being
loading with the value popped (20H).

Operation : (direct) « ((ST))

{SP) « (5P) -1

Important Points to Remember during PUSH and POP
*  When the SP contents become FFH, for the next PUSH, the SP rolls over to 00H.

+ The top of the internal RAM, ie. it's end address is 7FH. So next PUSHes after
7FH result in errors.

#» Generally the SP is set at address above the register banks.
* The PUSH and POFP operations may be applied to the stack pointer (5F).

* When PUSH and POP operations are used for the registers from the register
banks (bank 0 - bank 3), specify direct addresses within the instructions. Do not
use register name from register bank since the register name dees not specify the

bank in use.
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8.2.4 Data Exchange Instructions

When 8051 executes MOV, PUSH or POP instruction, the ‘copy operation’ takes place.
The data from the source address is copied to the destination address. The data at the
source address remains unchanged. The Exchange instructions move data from source
address to destination address and vice versa.

Table 8.4 lists all types of exchange instructions in 8051.

Mnemonic Operation
XCH A, <tyte> Exchange Accumulator with byte variable.
XCH A, Rn Exchange dafa bytes between regisier Rn and A.
XCH A, direct Exchange dala byles batwean address directly given within instruction and A,
XCHA, @ Ri Exchange data bytes beiween A and address in Ri.
KCHD A, @ Ri Exchange lower nibble between A and addrass in Ri.

Table 8.4 Exchange instructions
All the instructions given in the Table 8.4 are explained completely with example as
below.

XCH A,<byte> Bytes : 1/2 Cycles : 1 Function : Exchange Accumulator
with byte variable

Description : XCH loads the Accumulator with the contents of the indicated
variable, at the same time writing the original Accumulator
contents to the indicated variable. The source/destination operand
can use register, direct, or register-indirect addressing.

Example : R0 contains the address 20H. The Accumulator holds the value
3FH (00111111B). Internal RAM location 20H holds the value 75H
(01110101B). The instruction,
XCH A, @RD

will leave RAM location 20H holding the values 3FH (00111111B)
and 75H (01110101B) in the accumulator.

XCH A, Rn
Operation : (A) _}{R“]
*—
Example : XCH A, RO ; This instruction exchanges contents of accumulator

with the contents of register R0 of selected register bank.
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XCH A, direct

Operation : (A) ™ (direct)

—

Example : XCH A, 20H ; This instruction exchanges contents of accumulator
with the contents of memory whose address is given within the
instruciton (20H)

XCH A, @RI

Oparation : (A) 7 (R;)

f—

Example : MOV A, #R2 ; This instruction exchanges the contents of
accumulator with the contents of memory location whose address
is given by the contents of register R2 of selected register bank.

XCHD A, @Ri Function : Exchange Digit Bytes : 1 Cycles : 1

Description : XCHD exchanges the low-order nibble of the Accumulator (bits
3-0), generally representing a hexadecimal or BCD digit, with that
of the internal RAM location indirectly addressed by the specified
register. The high-order nibbles (bits7-1) of each register are not
affected. No flags are affected.

Example : R0 contains the address 20H. The Accumnulator holds the value 36H
(00119110B). Intermal RAM location 20H holds the walue 75H
(01119101B) The instruction,

XCHD A, @R0
will leave RAM location 20H holding the value 76H (011101108}
and 35H (001101018) in the Accumulator.

Operation :

(A ?.qu]'_}f.Rlann]'
—

Important Points to Remember in Exchange Instructions
*  All exchanges involve the A register.
» All exchanges take place internally within 8051,

» When XCHD A, @Ri instruction is executed, the upper nibble of A and the
upper nibble of the address in Ri do not change.

* Immediate addressing mode can not be used in the exchange instructions.
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8.3 Logical Instructions

In this section we are going to study byte and bit level logical operations and rotate
and swap operations.

Byte and bit level logical instructions operate on data using Boolean operators. They
can be used to manipulate data in all 8051 RAM areas (both data and SFRs). We know
that, many of the SFRs, and a unique internal RAM is bit addressable. Such .bit
addressable locations can be efficiently manipulated by bit level instructions. Bit level
instructions yield compact program code that enhances program execution speed.

The Table 8.5 gives the mnemonic for various logical operations supported by 8051.

Boolean Operator Mnemonic in 8051
AND ANL
OR ORL
XOR XRL
NOT CPL
Table 8.5

The 8051 also supports rofate instructions. These instructions operate only on a byte, or
abmaﬁﬂwmhgmmﬂtﬂnﬂmﬂﬂﬂiﬁiﬂﬂﬂ-mﬂpﬂmﬁuﬂm
Table 8.6 shows the mnemonic for various rotate operations supported by 8051.

Rotate operation Mnemanic
Rotate byle left RL
Rotate byte left through camy RLC
Rotate byte right RR
Rotate byle right through camy RRC
Exchange the low and high nibbles in a byte SWAP
Table 8.6

8.3.1 Byte Level Logical Operations

The instructions ANL, ORL, and XRL perform the logical functions AND, OR , and/or
Exclusive-OR on the two byte variables indicated, leaving the results in the first. No flags
are affected.
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The byte-level logical operations use all four addressing modes for the source of a data
byte. Here, directly addressed bytes may be used as the destination with either the
accumulator or a constant as the source. These instructions are useful for clearing {ANL),
setting (ORL), or complementing (XRL) one or more bits in a RAM, output ports, or
confrol registers.

This is illustrated in Fig. 8.3.

- XX XX XX XX Unknown 8-bit binary number
_—C— * 1111 o000 Masking pattern
XX XX Regull
Masked bits

Fig. B.3 Masking using AND operation

_‘<:-—-— XX XX X XXX Unknown B-bit binary number
= + 1111 Q000 Setting pattern

wx}tx Result
Sel bils
Fig. 8.4 Setting bit/ls using OR operation

_d: HXXX XXX X Unknown 8-bit binary number
@ o000 1111 Pattarn for inverting lower 4-bits

XX XX Resuit
Imvarted bits

Fig. 8.5 Inversion of part of a number using XOR operation
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The Table 8.7 gives the list of byte level logical operations.
Mnemonic Destination Byte Cyc
ANL ARn AND register to Accumulater 1 1
ANL A direct AND direct byte to Accumulator 2 1
ANL A @Ri AND indirect RAM to Accumulator 1 1
ANL Asdata AND immediate data to Accumulator 2 1
ANL direct,A AND Accumulator to direct byte 2 1
direct, #dala AND immediala data to direct byle 3 2
ORL AR OR register to Accumulator 1 1
ORL A direct OR direct byte to Accumulator 2 1
ORL A @RI OR indirect RAM to Accumulator 1 1
ORL A #data OR immediate data to Accumulator 2 1
ORL direct,A OR Accumulalor to direct byte 2 1
ORL direct, #data OR immediale data to direct byte 3 2
XRL ARn Exclusive-OR register to Accumulator 1 1
XRL A direct Exciusive-OR direct byle to Accumulator 2 1
XRL A @RI Exclusive-OR indirect RAM o A 1 1
XRL A fidata Exclusive-0OR immediate dala to A 2 1
XRL direct A Exclusive-OR Accumulator to direct byte 2 1
XRL direct, #data Exclusive-OR immediate data to direct 3 -
CLR A Clear Accumulator 1 1
CPL A Complement Accumulator 1 1

Table 8.7 Logical operations
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Byte Level Logical Instructions with Examples

ANL<dest-byte>, <src-byte> Function : Logical-AND Bytes : 1/2/3 Cycles: 1

Description :

Example :

ANL A, Rn

Example :

ANL A, direct

Example :

ANL A, @R1

ANL performs the bitwise logical-AND operation between the
variables indicated and stores the result in the destination variable.
No Hags are affected.

The two operands allow six addressing mode combinations. When
the destination is the Accumulator, the source can use register,
direct, register-indirect, or immediate addressing: when the
destination is a direct address, the source can be the Accumulator
or immediate data.

Note : When this instruction is used to modify an output port, the
value used as the original port data will be read from the output
data latch, not the input pins.

If the Accumulator holds B9H (100001001B) and register 0 holds
95H (10010101B) in the Accumulator.

ANL A, RO

will leave 41H (01000001B) in the Accumulator.

When the destination is a directly addressed byte, this instruction
will clear combinations of bits in any RAM location or hardware

register.

The instruction,

ANL P1, #1110011B

will clear bits 7, 3, and 2 of output port 1.

(A) & (A) A (Rn)

ANL A, R2 ; Logically ANDs A and R2 and store result in A.

(A) < (A) A (direct)

ANL A, 20H ; Logically ANDs contents of A and memory location
whose address is 20H and stores result in A.

(A) «(A) A (R
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Example :

ANLC A, #data

ANL direct, #data
Operation :
Example :

ANL A, @R2 ; Logically ANDs contents of A and memory location
whose address is given by R2 and stores result in A.

(A) + (A) A #data

ANL A, # 50H ; logically ANDs contents of A with 50H and stores
result in A.

(direct) « (direct) A (A)

ANL 20H, A ; Logically ANDs contents of A with the contents of
memory location 20H and stores result at memory loction 20H.

{direct) « (direct) A #data

ANL 20H, #20H ; Logically ANDs the contents of memory location
20H with data 20H and stores result in memory location 20H.

ORL <dest-byte> <src-byte> Bytes : 1/2/3 Cycles : 1/2
Function : Logical-OR for byte variables

Description :

Example :

ORL performs the bitwise logical-OR operation between the
indicated variables, storing the resulis in the destination byte. No

flags are affected.

the destination is the Accumulator, the source can use register,
direct, register-indirect, or immediate addressing; when the
destination is a direct address, the source can be the Accumulator
or immediate data.

Note : when this instruction is used to modify an output port, the
value used as the original port data will be read from the output
data latch, not the input pins.

If the Accumulator helds C3H (11000011B) and RO holds 55H
(01010101B) then the instruction,

ORL A, RO

will leave the Accumulator holding the value D7H (11010111B).
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ORL A, Rn
Operation :

ORL A, direct
Operation :
Example :

ORL A, @Ri

When the destination is a directly addressed byte, the instruction
can set combinations of bits in any RAM location or hardware
mh:r'IMpnﬁundhh be set is delermined by a mask byte,

may be either a constant data value in the instruction or a
varmblemmpmndmﬂuﬁn:mnulahnratmhme The instruction,

ORL  F1, #01100108
will set bits 54, and 1 of output Port 1.

(A} « (A) V (Rn)

ORL A, R2 ; Logically ORs the contents of A and K2 and stores
result in A.

(A) « (A) V (direct)

ORL A, 20H ; logically ORs the contents of A and memory location
20H and stores result in A.

(A) « (A) V ((Ri))
ORL A, @R2 ; Logically ORS the contents of A and memory

location whose address is given by register R2 and stores result
in A

(A) «+ (A) V #data

Uﬂlhﬂlﬂghgmﬂyﬂﬂsﬂmmnmﬁﬁﬂmmm
stores result in A

(direct) « (direct) V (A)

(direct) « (direct) V #data

ORL 20H, #30H ; Logically ORs the contents of memory location
20H and data 30H and stores result at memory location 20H .
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XRL <dest-byte> <src-byte> Bytes : 1/2 Cycles : 1
Function : Logical Exclusive-OR for byte variables

Description :

XRL A, Rn
Operation :

XRL A, direct
Opearation :

XRL performs the bitwise logical Exclusive-OR operation between
the indicated wariables, storing the results in the destination. No
flags are affected.

The two operands allow six addressing mode combinations. When
the destination is the Accumulator, the source can use register,
direct, register-indirect, or immediate addressing; when the
destination is a direct address, the source can be the Accumulator
or immediate data.

(MNote : When this instruction is used to modify an output port, the
value used as the original port data will be read from the output
data latch, not the input pins.)

If the Accumulator holds C3H (11000011B) and register 0 holds
AAH (10101010B) then the instruction.

XEL A, RO

will leave the Accumulator holding the value 69H (01101001B).
When the destination is a directly addressed byte, this instruction
can complement combinations of bits in any RAM location or
hardware register. The pattern of bits to be complemented is then
determined by a mask byte, either a constant contained in the
instruction or a variable computed in the Accumulator at run-time.
The instruction,

XEL F1, # 00110001 B
will complement bits 5, 4 and 0 of output Port 1.

(A) + (A) ¥ (Rn)

XRL A, R2 ; logically XOR the contents of A and K2 and stores
result in A.

(A) + (A) ¥ (direct)

XRL A, 20H ; Logically XORs the contents of A with memory
location 20H and stores result in A.
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XRL A, @Ri
Operation : (A) & (A) ¥ ((Ri))
Example : XRL A8R2 ; Logically XORs the contents of A and the memory
location whose address is given by R2 and stores result in A
XRL A, #data
Operation : (A) + (A) ¥ # data
Example : XRL A, #0H ; Logically XORs the contents of A with data 40H
and stores result in A.
XRL direct, A
Operation : (direct) « (direct) ¥ (A)
Example : XRL 20H, A ; Logically XORs the contents at 20H and the A and

stores the result at 30H.
XRL direct, #data
Operation : (direct) «= (direct) ¥ #data

Example : XRL 30H, #0H ; Logically XORs the contents at 30H and data 40H
and stores the result at 30H.

CLRA Function : Clear Accumulator Bytes : 1 Cycles : 1
Description : The Accumulator is cleared ( all bits set on zero). No flags are
affected.
Example : The Accumulator contains 95H (10010101B). The instruction,
CLR A

will leave the Accumulator set to 00H (000000008B).

Operation : (A) <0

CPL A Function : Complement Accumulator Bytes : 1 Cycles : 1

Description : Each bit of the Accumulator is logically complemented (one's
complement). Bits which previously contained a one are changed to
a zero and vice-versa. No flags are affected.

Example : The Accumulator contains 55H (01010101B). The instruction,
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CFL A
will leave the Accumulator set to AAH (101010108).
Operation : (A) « (A)

8.3.2 Bit Level Logical Operations

Bitkvdmrﬁplﬂlﬁmmvﬂymnvﬂﬁmtwlmitisnﬂcﬁmrjtﬂmt'mmta
particular bit in the internal RAM or SFRs. The internal RAM of 8051 from address 20H
through 2FH is both byte addressable and bit addressable. However, byte and bit
addresses are different. The Table 8.8 shows the correspondence between byte and bit
addresses.

Byte Address in Hex Bit Address in Hex
20 00-07
21 08-0F
2 10-AT
23 18-1F
24 20-2T
25 28-2F
26 30-37
27 38-3F
28 40-47
29 48-4F
2A S0-57
2B 58-5F
2C B0-86T
2D B8-6F
2E T0-77
2F T8 TF

Table 8.8 Bit and byte addresses of internai RAM
As shown in the Table 8.8, addresses of bit 0 and bit 7 of internal RAM byte address
20H are 00H and 07H respectively. From Table 8.8 we can easily interpolate addresses of
bit 1 and bit 6 of internal RAM byte address 26H as 31H and 36H, respectively.

Like internal RAM, some SFRs are bit addressable. The Table 8.9 shows the bit
addressable SFR and the corresponding bit addresses.
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Direct Address in Hax Bit Address in Hax

g

T|3|s|m|e|>|]

g 2|8|s|8| B B|&|d
HHHHHHHHHEE

P2
P3
PEW
TCON
SCON a8

Table 8.9 Bit and byte addresses of SFRs
The Table 8.10 gives the list of bit level operations.

Mnemonic Operands Description Byte Cyc
CLR c Clear Carry flag 1 1
CLR bit Clear direct bit 2 1
SETH c Set Carry flag 1 1
SETH bit Set direct bit 2 1
cPL c Complement Carry flag 1 1
cPL bi Complement direct bit 2 1
ANL C.bit AND direct bit to Carry flag 2 2
ANL C./bit AND complement of direct bit to Carry 2 2
ORL C,bit OR direct bit to Carry fiag 2 2
ORL C /bt OR complement of direct bit lo Carry 2 2
MOV C.bit Move direct bit to Carry flag 2 1
MOV bit,C Move Carry flag to direct bit 2 2

Table 8.10 Boolean variable manipulation



Microprocessor & Microcontroller System 8-28 instruction Set and

Programming of 8051
Bit Level Instructions with Examples
CLR bit Function : Clear bit Bytes : 1 Cycles : 1
Description : The indicated bit is cleared (reset to zero). No other flags are
affected. CLR can operate on the carry flag or any directly
addressable bit.
Example : Port 1 has previously been written with FFH (11111111B). The
instruction,
CLR P12
will leave the port set to FBH (11111011B)
CLRC
Operation : (C) 0
CLR bit
Operation : CLR
(bit) 0
SETB <bit> Function : Set Bit Bytes : 1/2 Cycles : 1
Description : SETB sets the indicated bit to one. SETB can operate on the carry
flag or any directly addressable bit. No other flags are affected.
Example : The carry is cleared. Output Port 1 has been written with the value
34 H (00110100B). The instruction,
SETB C
SETB F1.0
will leave the carry flag set to 1 and change the data output on
Port 1 to 35H (00110101B).
SETB C
Operation : (C) 1
SETB bit

Operation : (bit) « 1
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CPL bit Function : Complement bit Bytes : 1/2 Cycles : 1
Description : The bit variable specified is complemented. A bit which had been a
one is changed to zero and vice-versa. No other flags are affected.
CLR can operate on the carry or any directly addressable bit.
Note : When this instruction is used to modify an output pin, the
value used as the original data will be read from the output data
latch, not the input pin.
Example : Port 1 has previously been written with FFH (11111111B). The
instruction
CPL P11
will leave the port set to FDH (11111101B)
CPL C
Operation : (C) « (O)
CPL bit
Operation : (bit) « (bit)

ANL C,<src-bit>

Function : Logical-AND for bit variables Bytes:2 Cycles:2

Description :

Example :

ANL C, bit
Operation :

ANL C/ bit

If the Boolean value of the source bit is a logical 0 then clear the
carry flag; otherwise leave the carry flag in its current state. A
slash ("/") preceding the operand in the assembly language
indicates that the logical complement of the addressed bit is used
as the source value, but the source bit itself is not affected. No
flags are affected.

Only direct addressing is allowed for the source operand.
Set the carry flag if, and only if, P1.0 = 1, ACC.7 = 1, and OV = I

MOV C, P1.0 ; LOAD CARRY WITH INTUT FIN STATE
ANL C, ACCT ; AND CARRY WITH ACCUMULATOR. BIT 7
ANL C/OV  ; AND WITH INVERSE OF OVERFLOW FLAG

(C) & (C) A (bit)
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Operation : (C) + (C) A (bit)
ORL C, <=src-bit> Bytes : 2 Cycles : 2
Function : Logical-OR for bit variables
Description : Set the carry flag if the Boolean value is a logical 1; leave the carry
in its current state otherwise. Slash (“/”) preceding the operand in
the assembly language indicates that the logical complement of the
addressed bit is used as the source value, but the source bit itself is
not affected. No other flags are affected.
Example : Set the carry flag if and only if P1.0 = 1, ACC.7 = 1, or OV =
MOV C/FPL0 ; LOAD CARRY WITH INPUT PIN P10
ORL CACCY7 ; OR CARRY WITH THE ACC.BIT7
ORL C,/OV ; OR CARRY WITH THE INVERSE OF OV.
ORL C, bit
Operation : (C) « (C) V (bit)
ORL C,/bit
Operation : Q) « (O V (bib)

MOV <dest-bit>, <src-bit> Function : Move bit data Bytes : 2 Cycles : 1/2

Description :

Example :

MOV C, bit
Operation :

The Boolean variable indicated by the second operand is copied
into the location specified by the first operand. One of the
operands must be the carry flag: the other may be any directly
addressable bit. No other register or flag is affected.

The carry flag is originally set. The data present at input Port 3 is
{11000101B). The data previously written to output Port 1 is C5H
(001101018).

MOV P13, C

MOV C, P33

MOV P1.2, C will leave the carry cleared and change Port 1 to
39H (00111001B).

(C) « (bit)
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MOV bit, C
Operation : (©) « (bit)

8.3.3 Rotate and Swap Operations
The Table 8.11 gives the list of rotate and swap operations supported by 8051.

Mnemonic | Operand Destination Byte Cyc
RL A Rotate Accumulator left 1 1
RLC A Rotate A left through the Carnry flag 1 1
RR A Rotate Accumulator Right 1 |
RRC A Rotate A Right through Carry flag 1 1
SWAP A Swap nibbles within the Accumulator 1 1

Table 8.11 List of rotate and swap operations
Rotate and Swap Instructions with Examples

RL A Function : Rotate Accumulator Left Bytes : 1 Cycles : 1

Description : The eight bits in the Accumulator are rotated one bit to the left.
Bit 7 is rotated into the bit 0 position. No flags are affected.

T ] 3 2 1 4] \
+ i g g ‘-I— i ‘-I—
Example : The Accumulator holds are value C5H (11000101B). The instruction,

RL, A
leaves the Accumulator holding the value BEH (10001011B) with
the carry unaffected.

Operation : (An+ 1) —({An)n=0-6
(AD) « (A7)
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RLC A Bytes :1 Cycles : 1 Function : Rotate Accumulator Left through
the Carry flag

Description : The eight bils in the Accumulator and the carry flag are together
rotated one bit to the left. Bit 7 moves into the carry flag; the
original state of the carry flag moves into the bit 0 position. No
other flags are affected.

4 3 2 1
..-..-...-...|....-...|_..._

]

Carry
flag

Example : The Accumulator holds the value CSH (11000101B), and the carry
is zero. The instruction,

RLC A

leaves the Accumulator holding the value 8BH (10001010B) with
the carry set.

Operation : (An+ 1)+~ (An)n=0-6

(A0) «(C)
(©) « (A7)

RR A Function : Rotate Accumulator Right Bytes:1 Cycles: 1

Description : The eight bits in the Accumulator are rofated one bit to the right.
Bit 0 is rotated into the bit 7 position. No flags are affected.

T G 3 4 3 2 1 ]
- --l-+---|- L I e

Example : The Accumulator holds the value C5H (11000101B) The instruction,
ER A
leaves the Accumulator holding the value EZH (11100010B) with
the carry unaffected.

Operation : (An) (A, +1)=0-6

(A7) « (AD)
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RRC A Bytes : 1 Cycles : 1 Function : Rotate Accumulator Right

through Carry flag

Description :

Example :

Operation :

The eight bits in the Accumulator and the carry flag are together
rotated one bit to the right. Bit 0 moves into the carry flag; the
original value of the carry flag moves into the bit 7 position. No
other flags are affected.

FFFFFFF}

Carry
flag

The Accumulator holds the value C5H (11000101B), the carry is
RRC A

leaves the Accumulator holding the value 62 (01100010B) with the
carry set.

(An) «—(An+ 1)n=0-06

(A7) +(C)
(C) « (AD)

SWAP A Function : Swap nibbles within the Accumulator Bytes:1 Cycles:1

Description :

Example :

Swap A interchanges the low-and high-order nibbles (four-bit
fields) of the Accumulator (bits 3-0 and bits 7-4). The operation can
also be through of as a four-bit rotate instruction. No flags are
affected.

Higher nibble | Lower nibble

The Accumulator holds the value C5H (11000101B). The instruction

SWAP A
leaves the Accumulator holding the value 5CH (01011100B)
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Operation : SWAP

(As o) " (Asy)
—

8.4 Arithmetic Instructions

The arithmetic operations of 8051 include increment, decrement, addition, subtraction,
multiplication, division and decimal operations. Like logical operations, arithmetic
study arithmetic instructions in detail.

8.4.1 Flags

We know that, the 8051 has four flags : the Carry (C), Auxiliary Carry (AC), Overflow
(OV), and Parity (P). The C, AC and OV flags are arithmetic flags. They are set to 1 or
cleared to 0 automatically, depending on the result of instructions, shown in Table 8.12.

Instruction Flags Affected
ADD c AC ov
ADDC c AC ov
ANL C, direct c
CINE c
CLR C C=0
CPL C c=C
DAA c
DIV C=0 ov
MOV C, direct C
MUL C=0 ov
ORL C, direct c
RLC c
RRC c
SETB C C=1
SUBB c AC ov

Table 8.12 Flags affected by instructions
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8.4.2 Incrementing and Decrementing

Incrementing and decrementing instructions allow addition and subtraction of 1 from a
given number. These instructions not affect C, AC and OV flags. The Table 8.13 lists the
increment and decrement instructions.

a

Increment Accumulator 1 1

Increment register 1 1

Operand Description Byte Cyc
A

Rn

direct

Increment direct byte 2 1

Increment indirect FLAM 1 i

Decramant Accumulator i 1

Decrement register 1 1

A
Hn
direct

Decrement direct byte 2 1

Decrement indirect RAM 1 1

§§E§§£EEZ§

DPTR

incremeant daia Pointer 1 2

Table 8.13

Incrementing and Decrementing Instructions

INC <byte>

Function : Increment Bytes : 1/2 Cycles : 1

Description

Example :

INC increments the indicated variable by 1. An original value of
OFFH will overflow to 00H. No flags are affected. Three addressing

modes are allowed: Register, direct or register-indirect.

Note : When this instruction is used to modify an output port, the
value used as the original port data will be read from the output
data latch, not the input pins.

Register 0 contains 7EH (011111110B). Internal RAM locations 7EH
and 7FH contain OFFH and 40H, respectively. The instruction

sequence,
INC @R0

INC RO
INC @0

will leave register 0 set to 7FH and internal RAM locations 7EH
and YFH holding ( respectively ) 00H and 41H.
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INC A
Operation :
INC Rn
Operation :
Example :
INC direct
Operation :

Example :

INC @Ri
Operation :

Example :

(A) & (A) + 1

(En) « (En) + 1

INC R2 ; increments contents of K2 by 1

{direct) « (direct) + 1

INC 20H ; increments contents of memory location whose address

is given within the instruction (20H).

((Ri)) « ((Ri)) + 1

INC @R2 ; increment contents of memory location whose address

isg;wmbjrmgisluﬂlhfl.

INC DPTR Function : Increment Data Pointer

Bytes :1 Cycles:2

Description :

Example :

Operation :

Increment the 16-bit data pointer by 1. A 16-bit increment
(modulo2'®) is performed; an overflow of the low-order byte of the
data pointer (DPL) from FFH to 00H will increment the high-order

byte (DPH). No flags are affected.

This is the only 16-bit register which can be incremented.
Registers DPH and DPL contain 12H and FEH, respectively. The

instruction sequence,

INC DPTR
INC DPFTR
INC DPTR

will change DPH and DPL to 13H and 01H.

(DPTR) « (DPTR) + 1
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DEC byte  Function : Decrement Bytes : 1/2 Cycles : 1

Description : The variable indicated is decremented by 1. An original value of
O00H will underflow to OFFH. No flags are affected. Four operand
addressing modes are allowed: accumulator, register, direct, or
Note : When this instruction is used to modify an output port, the
value used as the original port data will be read from the output
data latch, not the input pins.

Example : Register 0 contains 7FH (01111111B). Internal RAM locations 7EH
and 7FH contain 00H and 40H, respectively. The instruction
sequence,

DEC @RD

DEC RO

DEC @R0

will leave register 0 set to 7EH and internal RAM locations 7EH
and 7FH and 7FH set to 0FFH and 3FH.

DEC A

Operation : (A) & (A) -1

DEC Rn

Operation : (Rn) & (Rn) -1

Example : DEC R3 ; Decrements contents of R3 by 1

DEC direct

Operation : (direct) + (direct) — 1

Example : DEC 20H ; Decrements the contents of memory location whose
address is 20H by 1.

DEC @Rn

Operation : ((Ri)) « ((Ri)) -1

Example : DEC &R2 ; Decrements the contents of memory location whose

address is given by register K2 by 1.
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8.4.3 Addition

The 8051 supports two addition instructions : ADD and ADDC. The ADD instruction
adds a byte variable with the accumulator, leaving the result in the accumulator. The carry
flag is set if there is an overflow from bit 7 and cleared otherwise. The AC flag is set to
the carry-out from bit 3 for use by the DA instruction described later. ADDC adds the
previous contents of the carry flag with the two byle variables, but otherwise is the same
as ADD.

The Table shows the list of addition instructions suported by 8051.

Mnemonic Oparand Description Byte Cyc fl_
ADD ARn Add register to Accumulator 1 1
ADD A diract Add diract byle to Accumulator 2 1
ADD AGRI Add indirect RAM to Accumulator 1 1
ADD AMdata Add immediate data to Accumulator 2 1
ADDC AJRn Add register to Accumulator with Camy 1 1
ADDC A direct Add direct byle to A with carry flag 2 1
ADDC A @R Add indiract RAM to A with Carry flag 1 1
ADDG A#data | Add immediate data to A with Carry flag 2 9

Addition Instructions

ADD A,<src-byte> Function : Add Bytes : 1/2 Cycles : 1

Description : ADD adds the byte variable indicated to the Accumulator, leaving
the result in the Accumulator. The carry and awuxiliary-carry flags
are set, respectively, if there is a carry-out from bit 7 or bit 3, and
cleared otherwise. When adding unsigned integers, the carry flag
indicates an overflow occurred.

When adding signed integers, OV indicates a negative number
produced as the sum of two positive operands, or a positive sum
from two negative operands.

Four source operand addressing modes are allowed: register, direct,
register-indirect, or immediate.

Example : The Accumulator holds 89H (10001001B) and register 0 holds 95H

fIARTATATTY Tha fe-teoransb o
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ADD A, RO

will leave 1E (00011110B) in the Accumulator with the AC Hag
clearedandhnﬂ'ltt'iecmy flag and OV set to 1.

ADD A, Rn

Operation : (A) « (A) + (Rn)

Example : ADD A, R2 ; Adds contents of A and R2 and store result in A.

ADD A direct

Operation : (A) + (A) + (direct)

Example : ADD A, 20H ; Adds contents of A and memory whose address is
20H, and store result in A.

ADD A, @Ri

Operation : (A} + (A) + ((Ri))

Example : ADD A, @R2; Adds contents of A and memory whose address is
given by register R2, and store result in A

ADD A, #data

Operation : {A) « (A) + #data

Example : ADD A, #20H ; Adds the contents of A and 20H

ADDC A, <src-byte> Function : Add with Carry Bytes:1/2 Cycles:1

Description : ADDC simultaneously adds the byte variable indicated, the carry
flag and the Accumulator respectively, if there is a carry-out from
bit 7 or bit 3, and cleared otherwise. When adding unsigned
integers, the carry flag indicates an overflow occurred.
When adding signed integers, OV indicates a negative number
produced as the sum of two positive operands or a positive sum
from two negative operands.
Four source operand addressing modes are allowed
register-indirect, or immediate.

Example : The Accumulator holds 89H (10001001B) and register 0 holds 95H

(10010101B) with the carry flag set. The instruction,
ADL. .. RO
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ADDC A, Rn

Operation :

Example ;

ADDC A, direct

Operation :

Example :

ADDC A, @Ri
Operation :
Example

ADDC A, #data
Operation :
Example :

8.4.4 Subtraction

will leave 1FH (DD011111B) in the Accumulator with AC cleared
and both the Carry flag and OV set to 1.

(A} &= (A} + (C) + (Rn)

ADDC A, R2 : Adds the contents of A, R2 and carry flag, and
stored result in A,

(A) & (A} + (C) + (direct)

ADDC A, 20H ; Adds the contents of A, memory location whose
address is 20H and the carry flag and stores result in A

(A) e (A) + (C) + ((R;})

ADDC A, @R2 ; Adds the contents of A, memory location whose
address is given by register R2 and the carry flag, and stores result
in the A.

{(A) & (A} + (C) + #data

ADDC A, #20H ; Adds the contents of A and carry flag and 20H
and stores result in A.

The 8051 supports one subtraction instruction SUBB. The SUBE (subtract with borrow )
instruction subftracts the byte variable indicated and the contents of the carry flag together
from the accumulator, and puts the result back in the accumulator. The carry flag serves as
a “Borrow Required” Aag during subtraction operations when a greater value is subtracted
from a lesser value (as in subtracting 5 from 1} requiring a borrow into the highest order
bit, the carry flag is set; otherwise it is cleared.

The Table shows the list of subtraction instructions supported by 8051.

Mnemaonic Operand Description Byte
sSuBa ARn Subtract regisiar from A with Bomow 1
SUBB A direct Subtract direct byte from A with Borow 2
SUBEB A @RI Subtract indirect RAM from A with Bormow 1
SUBE A #data Subtract immediate data from A with Bormow Z
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Subtraction Instructions

SUBB A, <src-byte> Function: Subtract with borrow Bytes:2 Cycles:1

Description :

Example :

SUBB A, Rn
Operation :
Example :

SUBB A, direct
Operation :
Example :

SUBB subtracts the indicated variable and the carry flag together
from the Accumulator, leaving the result in the Accumulator. SUBB
sels the carry (borrow) flag if a borrow is needed for bit 7, and
clears otherwise. {If C was set before executing a SUBE instruction,
this indicates that a borrow was needed for the previous step in a
multiple precision subtraction, so the carry is subtracted from the
Accumulator along with the source operand.) AC is set if a borrow
is needed for bit 3, and cleared otherwise. OV is set if a borrow is
needed into bit 6, but not into kit 7, or into bit 7, but not bit 6.

When subtracting signed integers OV indicates a negative number
produced when a negative value is subtracted from a positive
value, or a positive result when a positive number is subtracted
from a negative number.

The source operand allows four addressing modes: register, direct,
register-indirect, or immediate.

The Accumulator holds CYH (11001001B), register, 2 holds 34H
{(010101008B), and the carry flag is set, The insbructon,

SUBB A, R2

will leave the value 74H (011101008) in the accumulator, with the
carry flag and AC cleared but OV set.

Notice that CYH minus 54H is 75H. The difference between this
and the above result is due to the carry(borrow) flag being set
before the operation. If the state of rﬁ;e carry is not known
before starting a single or multiple-precision subtraction, it
should be explicitly cleared by a CLR C instruction.

(A) & (A) = (C) = (Rn)

SUBB A, R3 ; Subtracts contents of R3 and <~y trgether from A
and stores results in A.

(A) & (A) - (C) - (direct

SUBB A, 20H ; subtracts the contents of memory location Z0H and
carry together from A stores result in A,
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SUBB A, @RI

Operation : (A) + (A) - (C) - ((Ri))

Example : SUBB A, @R2 ; Subtracts the contents of memory location whose
address is given by R2 and carry together from A and stores result
in A.

SUBB A, #data

Operation : (A) + (A) - (C) - #data

Example : SUBB A, #20H ; Subtracts 20H from A and stores result in A.

8.4.5 Multiplication and Division

The instruction “MUL AB” multiplies the unsigned eight-bit integer values held in the
accumulator and B-register. The low-order byte of the sixteen-bit product is left in the
accumulator, the higher-order byte in B. If the high-order eight-bits of the product are all
zero, the overflow flag is cleared; otherwise it is set. The programmer can check OV to
determine when the B register is non-zero and must be processed.

“DIV AB” divides the unsigned eight-bit integer in the accumulator by the unsigned
eight-bit integer in the B-register. The integer part of the quotient is returned in the
accumulator, the remainder in the B register. If the B-register originally contains 00H then
the overflow flag will be set to indicate a division error, and the values returned will be
undefined. Otherwise OV is cleared.

The divide instruction is also useful for purposes such as radix conversion or
separating bit fields of the accumulator. A short subroutine can convert an eight-bit
unsigned binary integer in the accumulator (between 0 and 255) to a three-digit (two byte)
BCD representation. The hundred’s digit is returned in one register (HUND) and the ten's
and one's digits returned as packed BCD in another (TENONE).

vy Example 1 :  LUse of DIV instruction for Radix Conversion.

BINBCD: CONVERT B-BIT BIMARY VARIRBLE IN ACC
TO 3-DIGIT PACKED BCD FORMAT
HUNRDREDS PLACE LEFT IM YARIABLE “HUND'
TENS AMD OMES PLACES IM “TEHOME'

HUHD EQUD 21H
TERONE EQU 22H
BINBCD: MoV B, #100 ; DIVIDE BY 100 TO
DIV BB ; DETERMIMNE MNUMBER OF HUMDREDS
MoV HUND, A
MoV A, 10 i LOAD DIVIDER
RCH h,B i COURT
DIv AB i DIVIDE
¥

REMAINDER BY 10
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SWAP F
ADD A B ; PACK BCD DIGITS IN ACC
MOV TEHNOMNE, A
RET

The divide instruction can also separate eight bits of data in the accumulator into
sub-fields. For example, packed BCD data may be separated into two nibbles by dividing
the data by 16 leaving the high-nibble in the accumulator and the low-order nibble
(remainder) in B. The two digits may then be operated on individually or in conjunction
with each other. This example receives two packed BCD digits in the accumulator and
returns the product of the two individual digits in packed BCD format in the accumulator.

mp Example 2 : Implementing @ BCD Multiply Using MPY and DIV.

MULBCD: DHPACKE TWO BCD DIGITS RECEIVED IN ACC,
FIND THEIR FPFRODDCT,
AND RETURN FRODUCT IN PACKED BCD FORMAT IN ACC

HMOLBCD: MOV B, #10H + DIVIDE INPUT BY 14
pIv AE i A AND B HOLD SEPARATED DIGITS
i |EACH RIGHT JUSTIFIED IN REGISTER)
MUL AB i A HOLDE PRODUCT IN
i BIHARRY FORMAT
i (0 = 99(DECIMAL)= 0 = B3H)
Mov B, #10 ; DIVIDE PRODUCT BY 10
DIV RE ; B HOLDS £ OF TENS, B
; HOLDS REMAINDER
SWRE A
CRL AB i PRCK DIGITS
RET

Multiplication Instruction

MUL AB Function : Multiply Bytes : 1 Cycles : 4

Description : MUL AB multiplies the unsigned eight-bit integers in the
Accumulator and register B. The low-order byte of the sixteen-bit
product is left in the Accumulator, and the high-order byte in B. If
the product ds greater than 255 (FFH) the overflow flag is set;
otherwise it is cleared. The carry flag is always cleared.

Example : Originally the Accumulator holds the value 80 (50H). Register B
holds the value 160 (0AOH). The instruction,

MUL AB

will give the product 12,800 (3200H), so B is changed to 32H
(00110010B) and the Accumulator is cleared. The overflow flag is
set, carry is cleared.

Operation : (Alg « (A) X (B)
(Blisa
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Division Instruction
DIV AB Function : Divide Bytes : 1 Cycles : 4
Description : DIV AB divides the unsigned eight-bit integer in the Accumulator

by the unsigned eight-bit integer in register B. The Accumulator
receives the integer part of the quotient; register B receives the
integer remainder. The carry and OV flags will be cleared. '
Exception : If B had originally contained 00H, the values returned
in the Accumulator and B-register will be undefined and the
overflow flag will be set. The carry flag is cleared in any case.

Example : The Accumulator contains 250 (0FBH or 11111010B) and B mnl;n.hu
18 (12H or 00010010B). The instruction,

DIV AB

will leave 13 in the Accumulator (0DH or 000011018} and the value
16 (10H or 00010000B) in B, since 250 = (13 x 18) + 16. Carry and
OV will both be cleared.

Operation : DIV

(Ahsg + (A)/(B)
(Blpg

8.4.6 Decimal Arithmetic

Decimal addition is possible by using the DA instruction in conjunction with ADD
and/or ADDC. The eight-bit binary value in the accumulator resulting from an earlier
addition of two variables (each a packed BCD digit-pair) is adjusted to form two BCD
digits of four bits each. If the contents of accumulator bits 3-0 are greater than nine or if
the AC flag had been set, six is added to accumulator producing the proper BCD digit in
the low-order nibble. (This addition might itself set - but would not clear- the carry flag.)
If the carry flag is set, or if the four high-order bits now exceed nine these bits are
incremented by six. The carry flag is left set if originally set or if either addition of six
produces a carry out of the highest-order bit, indicating the sum of the original two BCD
variables is greater than or equal to decimal 100.

mmp Example 3 : Two Byte Decimal Add with Registers and Constants.

BCDADD: ADD THE COMSTANT 1,234 (DECIMALY TO

THE CONTENTS OF REGISTER PAIR <R3><R2>
BCDADD MOV . A,R2

ADD A ¥ 34

DA A

MOV R2,A



Microprocessor & Microcontroller System 8 -45 Instruction Set and

Programming of 8051
Mo A R3
ADDC A, b 12H
A A
MoV B3, A
RET

DA A Function : Decimal-adjust Accumulator for addition Bytes:1 Cycles:1

Description :

Example :

DA A adjusts the eight-bit value in the Accumulator resulting from
the earlier addition of two variables (each in packed-BCD format),
producing two four-bit digits. Any ADD or ADDC instruction may
have been used to perform the addition.

If Accumulator bits 3-0 are greater than nine (oox1010-000x1111),
or if the AC flag is one, six is added to the Accumulator producing
the proper BCD digit in the low-order nibble. This internal addition
would set the carry flag if a carry-out of the low-order four-bit
field propagated through all high order bits, but it would not clear
the carry flag otherwise.

If the carry flag is now set, or if the four high-order bits now
exceed nine (1010w0om-1111xxx), these high-order bits  are
incremented by six, producing the proper BCD digit in the
high-order nibble. Again, this would set the carry flag if there was
a carry-out of the high-order bits, but wouldn't clear the carry. The
carry flag thus indicates if the sum of the original two BCD
variables is greater than 100, allowing multiple precision decimal
addition. OV is not affected.

All of this occurs during the one instruction cycle. Essentially, this
instruction performs the decimal conversion by adding 00H,
D6H60H, or 66H to the Accumulator, depending on initial
Accumulator and PSW conditions.

Note : DA A cannot simply convert a hexadecimal number in the
Accumulator to BCD notation, nor does DA A apply to decimal
subtraction.

The Accumulator holds the value 55H (01010101B8) representing the
packed BCD digits of the decimal number 55. Register 3 contains
the value 68H (01101000B) representing the packed BCD digits of
the decimal number 68. The carry flag is set. The instruction
sequence.

ADDC A, R3
DA A



Microprocessor & Microcontroller System 8- 46 Instruction Set and
Programming of 8051

will first perform a standard fwos-complement binary addition,
resulting in the value BEH (10111110) in the Accumulator. The
carry and auxiliary carry flags will be cleared.

The Decimal Adjust instruction will then alter the Accumulator to
the value 24H (00100100B), indicating the packed BCD digits of
the decimal number 24, the low-order two digits of the decimal
sum of 55, 68, and the carry-in. The carry flag will be set by the
Decimal Adjust instruction, indicating that a decimal overflow
occurred. The true sum 55, 68 and 1 is 124

BCD variables can be incremented or decremented by adding 01H
or 99H. If the Accumulator initially holds 30H { representing the
digits of 30 decimal), then the instruction sequence.

ADD A #99H
DA A

will leave the carry set and 29H in the Accumulator, since
30 + 99 = 129. The low-order byte of the sum can be interpreted
to mean 30 - 1 = 29,

Oparation : DA
IF [[(As g = 9] OR [(AC)] = 1]]

THEN (A q) < (Agq) + 6
AND

IF [ [(As.9) > 9] OR [(C) = 1]]
THEN (Ag.9) ¢ (Agq) + 6

8.5 Jump and CALL Instructions

Jump and CALL instructions change the flow of the program by changing the contents
of program counter. A jump permanently changes the program flow whereas call
temporarily changes the program flow to allow another part of the program to run. There
are jump instructions which change the program flow if certain condition exists. For
example, CJNE (compare and jump if not equal). This instruction compares the magnitude
of the first two operands, and changes program flow if their values are not equal.

The following types of instructions change the program flow :

* Jump on bit conditions.

s Compare byte and jump if not equal.

s Decrement byte and jump if zero.

* Jump unconditionally.

= Call a subroutine.

¢ Return from a subroutine.
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8.5.1 Jump and Call Program Range

We know that a jump and call instructions replace the contents of the program counter
with a new program address. The new address can be specified either by specifying the
difference between the new address and the current program counter contents or by
specifying the entire new address. The difference, in bhytes, of the new address from the
address in the program counter is called the range of the jump or call. For example, if a
jump instruction is located at program address 0200H, and the jump causes the program
counter to become 0230H, then the range of the jump is 30H bytes. Jump and CALL
instructions may have one of the three ranges.

+ Relative range : +127 to - 128 (+7FH to — B0H)
= Absolute range : 0000H to 07FFH
* Long range : 0000H to FFFFH

8.5.2 Jump

The 8051 has three forms of jump instruction. Each causes the program to
unconditionally jump to some other address. They differ in how the machine code
represents the destination address.

LJMF (Long Jump) encodes a sixteen-bit address in the second and third instruction
bytes (Fig. 8.6); the destination may be anywhere in the 64 Kilobyte program memory
address space.

The two byte AJMP (Absolute Jump) instruction encodes its destination using address
bits 10 through 8 form a three bit field in the opcode and address bits 7 through 0 form
the second byte. Address bits 15-12 are unchanged from the (incremented) contents of the
PC, so AJMP can only be used when the destination is known to be within the same ZK
memory block (otherwise 8051 will point out the error),

a)) Long jump | LIMP addr 16 )

e addr 18-addr A addr T-addr 0

b) Albsolute jump { AJMP addr 11 ) :
ad.|§ 11]-E:I|:I:k a| I' épnndlir | addr 7-addr 0 I

¢} Short jump (SJMP rel) :

[ T T T T T T T
I opoode Felative afsel
l 1 L i | L 1

Fig. 8.6 Jump instruction machine coda formats
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A different two-byte jump instruction is legal with any nearby destination, regardless
of memory block boundaries or “pages” 5]MP (Short Jump) encodes the destination with a
program counfer-relative address in the second byte. The CPU calculates the destination at
run-time by adding the signed eight-bit displacement value to the incremented PC,
MNegative offset values will cause jumps uplo 128 bytes backwards; positive values up fo
127 bytes forwards. (SJMP with 00H in the machine code offset byte will proceed with the
following instruction).

Like S]MP all conditional jump instructions use relative addressing. JZ ( Jump if Zero )
and |[NZ (Jump if Not Zero) monitor the state of the accumulator as implied by their
names, while JC (Jump on Carry ) and JNC (Jump on No Carry) test whether or not the
carry flag is set. All four are bwo-byte instructions. B (Jump on Bit), JNB (Jump on No Bit)
and JBC (Jump on Bit then Clear Bit) can test any status bit or input pin with a three byte
instruction; the second byte specifies which bit to test and the third gives the relative offset
value,

The Table 8.14 shows the list of jump instructions supported by 8051.

Mnemonic Opearand Description Byte Cye
AJMP addri1 Absolute Jump 2 2
LIMP addr16 Long Jump 3 2
SJMP ral Short Jump (relative addr) 2 2
JMP @A—I-DF'TH Jump indirect relative to the DPTR 1 2
JZ re Jump if Accumulator is Zero 2 2
JNZ rel Jump if Accumulator is Mot Zero 2 2
JC rel Jump if Carry flag is set 2 2
JNC il Jump if Mo Carry flag 2 .
JB Bit, el Jurnp If direct Bit set 3 2
JNB bit, rel Jump if direct Bit Not set 3 2
JBC bit, rel Jump if direct Bit is set and Claar bit 3 2
CJNE =dest-byte), (sre-byle), rel| Compare and Jump if Not Equal 3 2
DUNZ byte, <ral-addr= Dacrement and Jump if Not Zaro a2 2
Table 8.14

Jump Instructions

AJMP addri1 Function : Absoclute Jump Bytes : 2 Cycles : 2

Description : AJMP transfers program execution to the indicated address, which
is formed at run-time by concatenating the high-order five bits of
the PC (after incrementing the PC twice), opcode bits 7-5, and the
second byte of the instruction. The destination must therefore be
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within the same 2K block of program memory as the first byte of
the instruction following AJMP.

Example : The label “JMPADR" is at program memory location 0125H. The
instruction
AJMP JMPADR
is at location 0345H and will load the PC with 0125H.
Operation : AJMP
(PC) « (PC) + 2
(PCypp) «+ Page address
LJMP addr16 Function : LongJump Bytes:3 Cycles:2
Description : LIMP causes an unconditional branch to the indicated address by
loading the high-order and low-order bytes of the PC{respectively)
with the second and third instruction bytes. The destination may
therefore be anywhere in the full 64K program memory address
space. No flags are affected.
Example : The label “IMPADR" is assigned to the instruction at program
memory location 1234H. The instruction.
LJMP JMPADR
at location 0123H will load the program counter with 1234H.
Operation : LIMP
(PC) «— addryg ;4
SJMP rel Function : Short Jump Bytes : 2 Cycles : 2
Description : Program control branches unconditionally to the address indicated.
The branch destination is computed by adding the signed
displacement in the second instruction byte to the PC, after
incrementing the PC twice. Therefore, the range of destinations
allowed is from 128 bytes preceding this instruction to 127 bytes
following it.
Example : The label “RELADR" is assigned to an instruction at program

memory location 0123H. The instruction,
SIMP RELADR

will assemble into location 0100H. After the instruction is executed,
the PC will contain the value 0123H.
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Operation :

( Note : Under the above conditions the instruction following SJMP
will be at 102H. Therefore, the displacement byte of the instruction
will be the relative offset (0123H-0102H) = 21H. Put another way,
an S5[MFP with a displacement of 0FEH would be a one-instruction
infinite loop.)

SIMP
(PC) « (PC) + 2
(PC) + (PC) + rel

JMP @A + DPTR Function : Jump indirect Bytes : 1 Cycles : 2

Description :

Example :

Add the eight-bit unsigned contenis of the Accumulator with the
sixteen-bit data pointer, and load the resulting sum to the program
counter. This will be the address for subsequent instruction fetches.
Sixteen-bit addition is performed ( modulo 216]; a carry-out from
the low-order eight bits propagates through the higher-order bits.
Meither the Accumulator nor the Data Pointer is altered. No flags
are affected.

An even number from 0 to 6 is in the Accumulator. The following
sequence of instrucons will branch to one of four AJMP
instructions in a jump table starting at ]MP_TBL :

MOV DPFTR, #MP_TBL

™MP @A+DPTR
JMP_TBL : AJMP LABELD

AJMP LABEL1

AJMP LABEL2

AJMP LABEL3

If the Accumulator equals 04H when starting this sequence,
execution will jump to label LABEL2, Remember that AJMP is a
two-byte instruction, so the jump instructions start at every other
address.

(PC) « (A) + (DPTR)
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JZ rel Function : Jump if Accumulator Zero Bytes : 2 Cycles : 2

Description : If all bits of the Accumulator are zero, branch to the address
indicated; otherwise proceed with the next instruction. The branch
destination is computed by adding the signed relative-displacement
in the second instruction byte to the PC, after incrementing the PC
twice. The Accumulator is not modified. No flags are affected.

Example : The Accumulator originally contains 01H. The instruction sequence,
JZ LABEL1
DEC A

JZ LABEL2

will change the Accumulator to 00H and cause program execubtion
to continue at the instruction identified by the label LABELZ.

Operation : (PC) « (PC) + 2

IF (A)=0
THEMN (PC) « (PC) + rel

JNZ rel Function : Jump if Accumulator Not Zero Bytes:2 Cycles:2

Description : If any bit of the Accumulator is a one, branch to the indicated
address; otherwise proceed with the next instruction, The branch
destination is computed by adding the signed relative-displacement
in the second instruction byte to the PC, affer incrementing the PC
twice. The Accumulator is not modified. No flags are affected.

Exampie : The Accumulator originally hold 00H. The instruction sequence,
JNZ LABEL
INC A
INZ LABEL2

will set the Accumulator to 01H and continue at label LABELZ.
Opaeration : (PC) « (PC) + 2
IF (A) # 0
THEN (PC) « (PC) + rel
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JC rel Function : Jump if Carry isset Bytes: 2 Cycles : 2

Description : If the carry flag is set branch to the address indicated; otherwise
proceed with the next instruction. The branch destination is
computed by adding the signed relative-displacement in the second
instruction byte to the PC, after incrementing the PC twice. No
flags are affected.

Example : The carry flag is cleared. The instruction sequence,
JC LABEL 1
CPLC
JC LABEL 2

will set the carry and cause ﬂm execution to continue at the
instruction idenbfied by the 1 LABELZ

Operation : (PC) « (PC) + 2

IF(C)=1
THEN

(FC) & (PC) + rel

~ JNC rel Function : Jump if Carry not set Bytes : 2 Cycles : 2

Description : If the carry flag is a zero, branch to the address indicated;
otherwise proceed with the next instruction. The branch destination
is computed by adding the signed relative-displacement in the
second instruction byte to the PC, after incrementing the PC twice
to point to the next instruction. The carry flag is not modified.

Example : The carry flag is set. The instruction sequence,

JNC LABEL1

CPLC

JNC LABEL2

will clear the carry and cause program execution to continue at
the instruction identified by the label LABEL2.

Operation : (PC) « (PC) + 2
IF(C)=0

THEN {PC) « (PC) + rel
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JB bit, rel

Function : Jump if Bit set Bytes : 3 Cycles : 2

Description :

Example :

Operation :

If the indicated bit is one, jump to the address indicated; otherwise
proceed with the next instruction. The branch destination is
computed by adding the signed relative-displacement in the third
instruction byte to the PC, after incrementing the PC to the first
byte of the next instruction. The bit tested is not modified. No flags
are affected.

The data present at input port 1 is 11001010B. The Accumulator
holds 56 (01010110B). The instruction sequence,

JB P1.2, LABELI

JB ACC.2, LABELZ

will cause program execution to branch to the instruction at label
LABEL 2.

(PC) « (PC) + 3
IF (bit) = 1
THEM
(PC) + (PC) + rel

JNB bit,rel

Function : Jump if Bit Not set Bytes : 3 Cycles : 2

Dascription :

Example :

If the indicated bit is a zero, branch to the indicated address;
otherwise proceed with the next instruction. The branch destination
is computed by adding the signed relative-displacement in the
third instruction byte to the PC, after incrementing the PC to the
first byte of the next instruction. The bit tested is not modified. No
flags are affected.

The data present at input port 1 is 11001010B. The Accumulator
holds 56H (01010110B). The instruction sequence,

JNB P16, LABELI

JNB ACC3, LABEL2

will cause program execution to continue at the instruction at

label LABELZ.
(PC) « (PC) + 3

IF (bit) = 0

THEN (PC) + (PC) + rel
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JBC bit, rel Function: Jump if Bitis set and Clearbit Bytes:3 Cycles:2

Description :

Example :

Operation :

If the indicated bit is one, branch to the address indicated;
otherwise proceed with the next instruction. The bit will not be
cleared if it is already a zero. The branch destination is computed
by adding the signed relative-displacement in the third instruction
byte to the PC, after incrementing the PC to the first byte of the
next instruction. No flags are affected.

MNote : When this instruction is used to test an output pin, the
value used as the original data will be read from the output data
latch, not the input pin.

The Accumulator holds 56 H (010010110B). The instruction
SeqUEence,
JBC ACC3, LABEL1
JBC ACC.2, LABEL2
will cause program execution to continue at the instruction
identified by the label LABEL2, with the Accumulator modified to
52 H ( 01010010B).
(PC) = (PC) + 3
IF (bit) = 1
THEN
(bit) « 0
(PC) &= (PC) + rel

CJNE

<dest-byte> <scr-byte>, rel Bytes : 3 Cycles : 2

Function : Compare and Jump if Not Equal

Description :

Example :

CJNE compares the magnitudes of the first two operands, and
branches if their values are not equal. The branch destination is
computed by adding the signed relative-displacement in the last
instruction byte to the PC, after incrementing the PC to the start of
the next imstruction. The carry Hag is set if the unsigned integer
value of <dest-byte > is less than the unsigned integer value of
<src-byte>; otherwise, the carry is cleared. Neither operand is
affected.

The accumulator contains 45H. Register 7 contains 56H. The first
instruction in the sequence.
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NOT_EQ: JC REQ_LOW ;IFR7 < 60H

Sets the carry flag and branches to the instruction at label
NOT_EQ. By testing the carry flag, this instruction determines
whether R7 is greater or less than 60H.

[f the data being presented to Port 1 is also 45H, then the
instruction.

WAIT : CINE A, P1, WAIT

clears the carry flag and continues with the next instruction in
sequence, since the Accumulator does equal the data read from
P1. { If some other value was being input on P1, the program will
loop at this point until the "1 data changes to 43H.)

CJNE A, direct, rel

Operation : (PC) «(PC) + 3

IF(A) < = (direct)
THEMN
(PC) « (PC) + relative offset
IF (A) < (direct)
THEM

(C) =1
ELSE
(C) 0
CJNE A, #data, rel
Operation : (PC) +— (PC) + 3
IF{A) < > data
THEN
(PC) « (PC) + relative offset
IF {A) < data
THEN
{C) &1
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CJNE Rn, #data, rel
Operation :

CJNE @R1, #data, rel

Operation :

ELSE
(C) 0

(PC) « (PC) + 3

IF (En) < > data

THEM

(PC) + (PC) + relative offset
IF (En) < data

THEN

(C) +1

ELSE

(C) 0

(PC) &« (PC) + 3

IF ((Ri)) < > data

THEN

(PC) « (PC) + relative offset
IF (Ri) < data

THEN

(C) &1
ELSE

(C) 0

DJNZ <byte>, <rel-addr> Bytes : 2/3 Cycles : 2
Function : Decrement and Jump if Not Zero

Description :

DJNZ decrements the location indicated by 1, and branches to the
address indicated by the second operand if the resulting value is
not zero. An original value of 00H will underflow to OFFH. No
flags are affected. The branch destination would be computed by
adding the signed relative-displacement value in the last instruction
byte to the PC, after incrementing the PC to the first byte of the
following instruction.
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Example :

DJNZ direct, rel
Operation :

The location decremented may be a register or directly addressed
byte.

Note : When this instruction is used to modify an cutput port, the-
value used as the original port data will be read from the output
data latch, not the input pins.

Internal RAM locations 40H, 50H, and 60H contain the values 01H,
J0H, and 15H, respectively. The instruction sequence.
DINZ 40H, LABEL_1
DINZ 50H, LABEL_2
DJNZ 60H, LABEL_3
will cause a jump to the instruction at label LABEL 2 with the
values 00H, 6FH and 15H in the three RAM location. The first
jump was not taken because the result was zero.
The instruction provides a simple way of executing a program
loop a given number of times, or for adding a moderate time
delay (from 2 to 512 machine cycles) with a single instruction. The

instruction sequence,
MOV R2 #3
TOGGLE : CPL P16
DINZ R2,TOGGLE

will toggle F1.6 eight times, causing four output pulses to appear
at bit 6 of output Port 1. Each pulse will last three machine cycles;
two for DINZ and one to alter the pin.

DJNZ Rn, rel
(PC) « (PC) + 2
(Bn) « (Rn) - 1

IF (Bn} > 0 or (Rn) <0
THEN

(PC) « (PC) + rel

(PC) « (PC) + 2
(direct) + (direct) - 1
IF (direct) > 0 or (Rn) < 0
THEM
(PC) = (PC) + rel
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B8.5.3 CALL and Subroutines

There are two subroutine-call instructions. LCALL (Long Call) and ACALL (Absolute
Call). Each increments the PC to the first byte of the following instruction, then pushes it
onto the stack (low byte first). Saving both bytes increment the stack pointer by two. The
subroutine’s starting address is encoded in the same ways as LJMF and AJMP. The generic
form of the call operation is the mnemonic CALL, which B051 will translate into LCALL or
ACALL as appropriate.

The return instruction RET pops the high and low-order bytes of the program counter
successively from the stack, decrementing the stack pointer by two. Program execution
continues at the address previously pushed : the first byte of the instruction immediately
following the call.

CALL and Return Instructions

ACALL addr1i1 Function : Absolute Call Bytes: 2 Cycles:2

Description : ACALL unconditionally calls a subroutine located at the indicated
address. The instruction increments the PC twice to obtain the
address of the following instruction, them pushes the 16-bit result
onto the stack (low-order byte first) and increments the Stack
Pointer twice. The destination address is obtained by successively
concatenating the five high-order bits of the incremented PC,
opcode bits 7-5, and the second byte of the instruction. The
subroutine called must therefore start within the same 2K block of

the program memory as the first byte of the instruction following
ACALL. No flags are affected.

Example : Initially SP equals 08H. The label “SUBRTN" is at program
memory location 0345 H. After executing the instruction,
ACALL SUBRTN

at locaton 0125H, SP will contain 0AH, internal RAM locations
0%H and 0AH will contain 27H and 01H, respectively, and the PC
will contain 0345H.

Operation : ACALL

(PC) «(PC)+2

(SF) & (5F) +1

(SF)) + (PC7g)

(SF) « (SP) + 1

((5F)) « (PCy54)
(PCpq) « Page address
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LCALL addrié

Function : Long call Bytes : 3 Cycles : 2

Description :

Example :

QOperation :

LCALL calls a subroutine located at the indicated address. The
instruction adds three to the program counter to generate the
address of the next instruction and then pushes the 16-bit result
onto the stack ( low byte first), incrementing the Stack Pointer by
two. The high-order and low-order bytes of the PC are then
loaded, respectively, with the second and third bytes of the LCALL
instruction. Program execubion continues with the instruction at
this address. The subroutine may therefore begin anywhere in the
full &4 kbyte program memory address space. No flags are
affected.

Initially the Stack Pointer equals 07H. The label “SUBRTN” is
assigned to program memory location 1234H. After executing the
instruction,

LCALL SUBRTN

at location 0123, the Stack Pointer will contain 09H, internal RAM
locations 08H and 09H will contain 26H and 01H, and the PC will
contain 1234H.

LCALL
(PC) + (PC) + 3
(SP) « (SP) + 1
(5P} & (PCpg)
(SP) « (SP) #1

((5F) « (PCys5.q
(PC) - addrys

RET Function : Return from subroutine Bytes : 1 Cycles : 2

Description :

Example :

RET pops the high-and low-order bytes of the M. successively
from the stack, decrementing the Stack Puinter by two Program
execution continues at the resulting address, generally the
instruction immediately following an ACALL or LCALL. No flags
are affected.

The stack Pointer originally contains the value 0BH. Intermal EAM
locations 0AH and OBH contain the values 23H and 01H,
respectively. The instruction,

RET
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will leave the Stack Pointer equal to the value 09H. Program
execution will continue at location 0123H.

Operation : RET
(PCy5q) « ((SP))
(SF) « (5F) -1
(PCro) « ((SPY
(5P} « (5F) -1

RETI Function : Return from interrupt Bytes : 1 Cycles : 2

Description : RETI pops the high- and low-order bytes of the PC successively
from the stack, and restores the interrupt logic to accept additional
interrupts at the same priority level as the one just processed. The
Stack Pointer is left decremented by two. No other registers are
affected; the PSW is not automatically restored to its per-interrupt
status. Program execution continues at the resulting address, which
is generally the instruction immediately after the point at which the
interrupt request was detected. If a lower - or same-level interrupt
had been pending interrupt is processed.

Example : 'The stack Pointer originally contains the value OBH. An interrupt
was detected during the instruction ending at location 0122H.
Internal RAM locations 0AH and 0BH contain the values 23H and
01H, respectively. The instruction,
RETI
will leave the Stack Pointer equal to (WH and return program
execution to location 0123H.

Operation : RETI
(PCy5. — ((SF))
(SP) « (SP) -1
(PCyg) « ((SF))

(SP) & (SP) -1
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NOP Function : No Operation Bytes : 1 Cycles : 1

Description : Execution continues at the following instruction. Other than the PC,
no registers or flags are affected.

Example : It is desired to produce a low-going output pulse on bit 7 of Port 2
lasting exactly 5 cycles. A simple SETB/CLR sequence would
generate a one-cycle pulse, so four additional cycles must be
inserted. This may be done (assuming no interrupts are enabled)
with the instruction sequence,

CLE P27

NOP

NOFP

NOFP

NOF

SETB P27
Operation : (PC) «— (PC) + 1

8.6 Programming Examples

Program 1 :

Program to load accumulator A, DPH and DPL with 30H

MOV A, #30H ; Loads 30H in A register
MOV DFH, A ¢ [(DFH) + (A)
MOV DPL, A ¢ (DPL) & (A}

Program 2 : Copy byte in SCON to register R3.

Method 1 : Using direct address for SCON (98 H)-

Method 3 :

MOV R3, 9B8H ; Copy SCON te R3
Method 2 : Using direct address for SCON (98H) and R2 (02H).
MOV 03H, 98H ; Copy BCON to R3
Using indirect address for E3.
MOV Rl, & 03H ;} Initialize pointer to R3
MOV @ R1l, 98H  ; Copy SCON to R3

Method 4 :

Using PUSH instruction .

MOV B1H, # 02H i Set the SP to address 02ZH in
RAM

PUSH 98H ; Push SCON (98H) to address
{03H)
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Program 3 : Put the number 90H in B2 and R3.

Method 1 : Use immediate addressing mode .

MOV R2Z, #90H
MOV R3, #30H

Method 2 : Use immediate and register addressing.-

MOV RZ, #90H
MOV R3, R2

Program 4 : Add two 8 bit numbers.

MOV A, #30H ¢ (B)e 30
ADD A,#50H ¢+ {RA)¢- (A} + 50H

Program 5 : Add two 16 bit numbers.

MOV DPTR, #204CH
MOV A, $2BH

(DETR)

MOV B, #20H
ADD A, DPL
MOV A,B

in A
ADDS A, DFH

— 2040H (16=bit number)
(R +« Z2BH (lower byte of second

l6=bit number)

(Bl Z0H (Higher byte of second

16=-bit number)

L
P
i Add lower bytes

MOV DPL, A { Save result of lower byte addition
i Get higher byte of second number
¥
4

Add higher bytes with any carry

from lower byte addition
MOV DPFH, A ; Save result of higher byte addition

Program 6 : Find the 2's complement of a number in R0-

MoV A, RO i tAY + (RO}
CPI, A ; ls complement A
ADD A, BO1 i Add 1 te it to get 23 complement

Program T :  Unpacked the packed BCD number stored in the accumulator and save
the result in R0 and R1 5u|:h that (R0}« LSB and (R1) « MSB.

MOV B, A
ANL A, #0FH
MOV RO, R
MOV A B
ANL A, #0FO0H
SWAP A
nibblas

T Ma qa S S %Ne Ma e

MOV Rl,A

save the packed BCD number
Mazk upper nibble of BCD number
Save the lower digit

Get the packed BCD number

Maszsk lower nibble of BCD number
Exchange the lower and upper

Save the upper digit.

Program 8 : Subtract two 8-bit numbers and exchange digits.

MOV A, 39F ; Get the first number in A
MOV HU.HH ; Get the second number in RO
CLR C j CTlear carcy

SUBBE A,RO i A & R=(RO)

EWAP B ; Exchange digits
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Program 9 : Subtract the contents of Bl of BankD from the contents of R0 of Bank2.

MOV PSWE10 i Select BankZ2
MoV R RO i (&) +«— {BO) from Bank2
MOV PSW, £00 : Belect Bank O

CLR C Clear carrcy
SUBE ARl i A 4+ RA-(Rl) from Bank{
Program 10 : Division two 8-bit numbers.
MOV A, #30 i Get the first number in A
MOV B, $20 { Get the second number in B
DIV RB i B + B, Remainder in B and Quotient
f in A

Program 11 : Multiply two 8-bit numbers.

MOV A, §BF ; Get the first number in A

MOV B,$#79 ; Get the second number in B

MUL AR i B ¥ B, Higher byte of result in B
i and lower byte of result in A

Program 12 : Generate BCD up counter and send each count to port A.

MOV R, §00 i Initialize counter
BRACK: MOV Pl R i Send count to port A
ADD A, #01 i Increment counter
DA A ; Decimal adjust the counter
AJMP BACK ;7 Jump BACK

Program 13 : Find the maximum number from a given 8-bit ten numbers.

Flowchart : (See on next page)

Program :
MOV DPTR, #2000 i Initialize pointer to memory where
; numbers are stored
MOV RO, #0R ; Initialize counter
MOV R3, 00 § Maximum = ¢
RGAIN: MOVX A, EDPTE 7 Get the number from memory
CJHE A;R3;HE i Compare number with maximum number
AJME SKEIP i If egual go to SKIP
HE: JC SKIP i If not equal check for carry,
; Lf carry go to SKIF
MOV RE3;A i Otherwise maximum = pumber
SKIP: INC DPTR ¢ Increment memory pointer
DJHE RO, AGATH ; Decrement count, if count = 0 stop

; otherwise go to RAGAIN



Microprocessor & Microcontroller System

8-64 instruction Set and

Program 14 :

Stant

L

]

Programming-of 8051

Initiadize painter
1o ey

1

Initializa

countar

L

i

Maximum number =0

=

I

Get the

number

M. numbar —MNumbear

Increment remony pointer

Decramant counter

]
counter = 7

Program to convert 8-bit binary number to its equivalent BCD.

Program Logic :
Step 1: Divide number with 100 decimal and save quotient ie. save hundred’s digit.
Make remainder as a new number.

Step 2:
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Step 3 : Divide number with 10 decimal and save quotient ie. save tens digit.
Step 4 : Save remainder as ones digit.

Sample Example :
Cuctient Remainder
TEH+100 = 1 12 H
1i2H+10 = 1 B8
T&EH = (11B)4g
Flowchart :
Siart
]
Gel the numbar
Mumber + 100
¥
Murmbsar =— Remaindar
Hund_digit -s— Crunfient
Murmber + 10
i
Ten_digit = Cuotient
One_digit =— Remainder
{ Stop ]
Program :
MOV A, #76H ; Load the binary number in A
MOV B, #100 ; Load B with 100 decimal
DIV AB ; Divide number with 100
MOV RO, A # Save the hundreds of the number
i (Guotient of the previous division)
MOV A,B ¢ Get the remainder
MoV B, #10 i Load B with 10 decimal
DIV AB i Divide number with 10
MOV Rl A i Save the tens of the number
MOV R3,B i Save the ones of the number
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Program 15 :

Flowchart :

Inialze counter 1

]

|H'H|:ia'iu amary poinles

L

Inhialize counter 2

Gal the number

Incramant
memany poinier

Gk the number

Arrange the given ten 8-bit numbers in the ascending order.

L

Decramant counier 2

1]
caumbar 2w 07
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Program :
MOV RO, #09 ; Initialize counterl
AGAIN: MOV DPTR,#2000H ; Initialize memory pointer
MOV R1,#0%9 ; Initialize counter2
BACK: MOV RZ,DPFL i Save lower byte of memory address
MOVHE A, BDPTR ; Get the number
MOV B,R ; Bave the number
INC DPTR ; Increment memory pointer
MOV A, BDPTR ; Get the next number
CJHE A;B,NE i 1f not egual check for greater or
i less
AJMP SKIP ; Otherwise go to skip
HE: JHC SKIP ; If
MOV DPL,RZ2 i | Exchange
MOV @DPTR,A H the contents
INC DPTR H of two
MOV R B ; memary
MOV @DPTR, A : locations ]
SKEIP: DJHZ R1,BACK ; If Rl not egual to 0 go to BACK
DJHE RO, AGAIN ; If RO not egual te 0 go to AGAINH
Program 16 : Find the number of negative and positive numbers in a given array.
Flowchart : (See on next page)
Program :
MOV RO, #00 i Imitialize counter = 0 for
; negative numbers
MOV R1,ED i Initialize counter = 0 for
i positive numbers
MOV RZ, #0AH i Imitialize counter = 10
MOV DETR, $2000H § Initialize memory pointer
BACK: MOVE A, RDPTR ; Get the number
ANL A, #80H ; Mask lower 7 bits
JE SKIP : 1If 2 = 0 goto SKIP
INC RO ; Otherwise increment negative number
; count
AJHME LAST ;i Go to LAST
SKIFP: INC R1 j Increament positive number count
LRST: DJHE R2,BACK ; Decrement RZ if not zero goto BACK
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Csat)

Initialize Pos_no_counter = 0
Initiakize Meg_no_counter =0

Imitiafize iteration counter
Initialize memory pointer

r

Get the numbar

Pos_no_counter = Meg_no_counter =
Pos_no_counter + 1 Meg_no_counter + 1

1

Decramant iteration cownter
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Program 17 : Count number of 822's in'a number.

Flowchart :

GD

Initiakze count =0
Initiafize counker = B

Gel the contents of
R0 register in the
accumulalor

=

Rolate contents of
accumulator so that
LS8 will go in camy

Incremant coumt

Decrement counter

Program : MOV R2, #0 ; Initialize one's counter = 0

MOV R1, #08 i Initialize iteration count

MOV RO, #56 ; Load number

MOV A, RO ; Get the number in accumulator
BRCEK : BRC A ; Rotate A and CY & L3B

JHC SKIP } If carry is not zero go to skip

INC RZ J Otherwise increment one’s counter
SKIF : DJHE Rl, BACEK ; Decrement iteration count and if neot

i Zero repeat

¥
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Program 18 :
Flowchart :
Program :
MOV RZ, #0
MOV R1, #08
MOV RO, #56
MOV R, RD
BACEKE : RRC A
JC BEKIP
INC RZ
SKIF : DJHE Rl, BACK

Count number of zero’s in a number.

GO

I nilialize count = 0

Initialize counter = 8

-Gﬂrmummﬂnm
R reglster in the
accumulaior

.
-

‘ Rotate conants of

accurmulalor §o hal
LSB will go in camy

e

wE Wy ws ws

wE E WE W e

Initialize zero's counter = 0
Initialize iteration count

Load number

et the number in accumulator

Rotate A and CY¥ + LSB

If carry is zeroc go to skip
Dtherwlise Iincrement zero's counter
Decrement ltaration count and if not
Zero repeat
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Program 19 :

Flowchart :

Program :

BACK

+4

SKEIP
LAST

Count number of one’s and zero's in a number.

G

Inifiafize zero's counterd = 0
Iniialize one's counter! =0
Initiafize counber = 8

Ged tha conlents of
RO register in the
BCCurmuiaior

FRotale conlents af
accumulatsr 2o thal
LS8 will go In carry

increment counber

Incremeni coumerQ

MOV B2, #0
MOV R3, #0
MOV ER1, #&08
MOV RO, #56
MOV A, RO
RRC A

JC SEIP

INC R3

AJMP LAST
INC R2

DJNZ R1l, BACE

Initialize one’s counter = 0
Initialize zero's counter = (
Initialize iteration count

Load number

Get the number in accumulator
Rotate A and CY + LSB

If carry is zero go to skip
Otherwise increment zero's counter
Go to last

Incremant one’s counter

Decrement iteration count and 1if not
Zero repeat
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Program 20 : To generate a square wave on the port 1.

MOV SP, 47TH Initialize stack pointer since we are
using subroutine program

Send O0H on port 1 to generate low
level of square wave

Wait for sometime

Send FFH on port 1 to generate high
leval of sguare wave

Wait for somatime

Repeat the sequence

Load count

Decrement count and repeat the process
until Count is zZero

Beturn to main program

BACK : Mov Pl, #00H

ACALL DELAY
MoV Bl, #0FFH

ACALL DELARY

SJMF BACHE
DELAY : MOV Rl, #0FFH
AGRIN : DJHZ Rl, AGAIN

e Wa Wy e Wa Wa WE ma  ma

e mE Wi W

RET

Program 21 : To generate a square wave on the port pin P1.0.

MOV SP, #7TH Initialize stack pointer since we are

using subroutine program

CLR Fl.0 Send 0 on peort 1.0 to generate low
level of sguare wave

ACALL DELAY Wait for sometime

SETE Pl.O Send 1 onm port 1.0 to generate high

Wait for sometime

Repeat the seguence

Load count

Decremeant count and repeat the process
until Count is zero

Beturn to main program

/
;
;

i level of square wave
ACALL DELAY ;
SJHMP BACHK H
DELAY : MOV R1, #$0FFH ;
AGARIN : DJNEZ Rl, AGAIN H
RET ;

Program 22 : To find the sum of 10 numbers stored in the array.

Statement ; Calculate the sum of series of numbers. The length of the series is in
memory location 2200H and the series itself begins from memory location 2201H.

a. Assume the sum to be 8 bit number so you can ignore carries. Store the sum at
memory location 2300H.

b. Assume the sum to be 16 bit number. Store the sum at memory locations 2300H

and 2301H.
a. Sample problem
2200H = 04H
2201H = 20H
2202H = 15H
2203H = 13dH
2204H = 22H
Result = 20 + 15 + 13 + 22 = BAH
2300H = BAH
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Flowchart :
Stan
Sum=0
Painter = 2201H
Cotsnd = (2200H)
| Sum=Sum +{Pointer}
Poénter = Pointes +1
Count = Count - 1
End
Program :
a) MOV DPTR, #2200H ; Initialize memory pointer
MOVX A, EDPTR i Get the count
MOV RO, #10 ; Initialize the iteration counter
INC DETR ; Imitialize pointer to array of numbers
MOV R1, #00 ; BResult = 0
BACE : MOVY A, EDPTR ¢ Get the number
ADD A, Rl ; A + Result + A
MOV Rl; A i Result « A
INC DPFTR ; Increment the array pointer
DJNE RO, BACH : Decramant iteration count if not zero
i repeat
MOV DPTR, #2300H ; Initialize memory pointer
MOV A, R1 ; Get Li.> rasult
MOVX @DPTR, A i Store the rasult
b. Sample problem
2200H = [04H 2201H = SAH
2202H = 52H 2203H = BSH 2204H = 3EH
Result = 9AH 4 52H + BO9H + 3EH = 1B3H
2300H = B3H Lower byte 2301H = 0lH Higher byte
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Flowchart

Program :
b)

BACK

MOV DPTR, #2200H

MOVX A, RDPTR
MOV RO, #10
INC DPTR

MOV R2, #00
MOV El, #00
MOVX A, BDPTR
ADD A, R1
MOV R1, A
ADDC R2, #00
INC DFTR

DJNE RO, BACK

I Start )

Sum high =0
Sum low =0
Paointer = 2201H
Count = (2200H)

Sum low = Sum low+ (Pointer)

Mo

s
Sum high = Sum high + 1

Mo

Posrter = Pointer + 1
Count = Count -1

Yes

(2300H) = Sum low
{2301H} = Sum high

:

Initialize memory pointer

Get the count

Initialize the iteration counter
Initialize pointer to array of numbers
[Make

result = 00H]

Get the number

A +— Result + A

Result +« A

If carry exista, add it to MSD
increment the array pointer

Decrement iteration count if not zero
IEPE-EI‘I:.
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MOV DPFTR, #2300H ; Initialize memory pointer

MoV A; R1 i Get the lower byte of resulkt
MOVX @DFTR, A ; Store the lower byte of result
INC DFTR ; Increment memory pointer

MOV R, R2 ;i Get the higher byte of result
MOVX @DPTR, A i Store the higher byte of result

Program 23 : Data transfer from memory block B1 to memory block B2.
Statement : Assume two blocks are non-overlapped.

Flowchart :

Initiatize destination memary podnber

Gal tha byte from source memary block

i

Siora byte in tha destination mamaory block

Incremant source mamory poirber, incrament
destination memary pointer and decrement counier

Program :
MOV RO, #10

MOV R1, #20H
MOV R2, $30H

Initialize iteration counter
Initialize source memory pointer
Initialize destination memory pointer

e B

BACE : MOV R, BR1 Get data
MOV @RZ, A Store data
INC Rl Increment source memory polinter
INC R2Z Increment destination memory pointer

Decrement iteration count and if not
Zero repeat

DJNZ RO, BACK

e Nm o s = W W
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Program 24 : Data transfer from memory block Bl to memory block B2.
Statement : Assume two blocks are overlapped.
Flowchart :
Start
Initisfiza cauntes » 10
initialize saurce memary pointer at ihe end of amay
nitialize deshnation mamaory poinber at tha and of aray
(et the byle from source mamary block
!
Slare byle in the destnalion menary block
Decremant sounce memary pointer, decramant
destnation mamory poontnr and decromant couner
Mo
Program
MOV RO, #10 i Initialize iteration counter
MOV R1, #29H ; Initialize source memory pointer
MOV R2, #32H ; Initialize destination memory pointer
BACK MOV A, @ER1 i Get data
MOV BRZ, A i Store data
DEC Rl ; Decrement scurce memory pointer
DEC RZ2 ; Decrement destination memory pointer
DJREZ RO, BACE ; Decrement iteration count and if not
i zero repeat
Program 25 : To search a byte in a given numbers.
Statement : Search the given byte in the list of 50 numbers stored in the consecutive

memory locations 2200H and 2201H. Assume that byte is 76H. If byte is not found store 00
at 2200 and 2201H.
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Flowchart :

Program :

BACK

SKIP

LAST

-
=

GD

Initialize: memory painter
Initialize counter = 50

Yes

Siore memory addrass

Ehﬂﬁﬂésammm

G

MOV R1, #00
MOV R2, #00

MOV RO, 450
MOV DETR, #2000H
MOVX A, @DPTR
CINE A, #76H,SKIP
MOV R1, DPL

MOV RZ, DPH

SJMP LAST

IHNC DPFTE

DJNEZ RO, BACK

MOV DPTR, #2200H
MOV A, Rl

MOVE BEDPTR, A
INC DPTR

MOV A, R2

MOVX @DPTR, A

Wk E=F WG HE WE R

s mE W

.
¥
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[Load Rl and RZ2 with 00 so that if

byte is not found we can load these
contents at 2200H and 2201H locations]
Initialize iteration counter

Initialize memory pointer

Get the number

Search byte 76H if not egual go to SKIP
[ctherwise store

the address of the byte]

Decrement iteration count and if not
Zero repeat

Initialize memory pointer

Get the lower byte of address

Sstore the lower byte of address
Increment memory pointer

Gat the higher byte of address

Store the higher byte of address
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Program 26 : Multiply two 8-bit number using repetative addition.

Statement : Multiply two B-bit numbers stored in memory locations 2200H and 2201H.
Store the result in memory locations 2300H and 2301H

Sample problem
(2200H) = B2H
(2201H) = 0Q3H
BEesult = BZH + BZH + B2ZH
= 216H
{2300H) = 1leH
{(2301H) = 02H
Flowchart :
I Start :t
Gel the first number
Initiakze spcond
ALMBEr 8% 8 oounier
Ilhmﬂwnl
| Resull = Result + First number |
| Decrement counter |
Program :

MOV DPTR, #2200H
MOVY A, EDPTR

[Get the first
numbear]

S W

result = 0]
Get result (lower byte)
Result = BResult + number

MOV R3, #00
BACK : MOV A, RZ
ADD A, RO

MOV RO, A { Btore the number

INC DFTR ; [Get the second

MOVY A, EDPTE i number]

MOV R1, A ; Etore it as a counter
MOV R2, 400 i [Make
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MOV R2, A

ADDC R3, #00
DJHE R1, BACK
MOV A, R2

MOV DPTR, #2300H
MOVX @DPTR, A
MOV A, R3

INC DETR

MOV @DPTR, A

Program 27 : Binary to Gray Conversion

Store result {lower byte)

If carry exists;, add 1 te higher byte
Dacrement counter, i1f not zero repeat
zet the lower byte of result

[Store the

Lower byte of result]

at the higher byte of result

[Etore the

higher byte of result]

my Wa ma Wy omy we wa Wy mg

Statement : Write a program to convert a given 8-bit binary number into its Gray code
equivalent

Let us see the Binary - Gray conversion process.

¢ (et the binary number.

* MSB of result «+ MSB of the binary number.

* XOR bits from left to right with their adjacent bits.
Example :

T_@_T_E}_I_B_i_ﬁ_i_ﬁ_l_@_i 1-—Elninar'_.rnumh-ar

Gﬂ\ﬂﬁ1ﬁ1'ﬁ1ﬁﬂp\1ﬁ1—6mnummr
Program Logic :

s To XOR each bit with its adjacent bit we right shift the contents of original
number and then XOR the result with the original number.

Example ;
0101101 - Binary numbar
© 00010110 -=— Rightshifted binary number
DG111011 - Graynumber
Flowchart :
Stari
Get the number

Shift number right by 1
with MSB = 0

Logically XORed the
shifted number with
orginal number

(E:np-]
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Program :

MOV
CLE

REC
HRL

Program 28 :

Program logic :

Py

§5ZH

RO, A

C

n
A,

RO

Load binary number

Save binary number

Clear carry flag so that after shifting
the contents we will get MSB = D

Right shift

¥OR shifted contents with the originmal
number

To find the average of given N numbers

¢ Calculate the sum of N numbers.

* Divide sum by the N.

Flowchart :

Sum =0
Initalize couni = W =10
Inilialize mesmany poirier

-

Zum = Sum + {poinber)

1

Poirer == Pgintar + 1
Counl -=— Count -1

Chuotient =

Subiract 10 trom Sum

1

Cuobient = Quotisnt + 1
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Program :

BACK

AGATH

MOV RO, #00
MOV R1, #00
MOV RZ, #10
MOV R3, #$20H
MOV A, ER3
ADD A, RO
MOV RO, A
ADDC R1, #00
INC R3

DJHNE RZ, BACK
MOV RZ, #00
CLR C

MOV A, RO
SUBB A, #10H
MOV RO, A
SUBB R1, #00H
INC RZ

CJHE Rl, 400,
MOV A, RO
CLR C

SUBB A, #10H
JHNC AGAIN

Ma Sa Tap s S

LEY

-

e ma Fmp me M e wn R Twe wa e ma R

AGKIN

[Make

result = 0]

Initialize count

Initialize memory pointer

Get the number

Add lower byte

Save result

If carry exists add Carry to higher
byte

Increment memory pointer

Cecrement counter and if not zero
repeatc

Make gquotient = 0

Clear carry to perform subtraction
without borrow

Get the lowesr byte

Sub 10H from it

Store result

If borrow exist subtract 1 from
Increment guotient

If MSE not. egual zero repeat
[Otherwise check LSB

whether it is

less than 10H]

If not repeat

MSD

ms Wy Wg ma W4

Mote : Quotient in K2 and Remainder in RO.

Program 29 :

Flowchart : See on next page.

Program :

MOV
MO
MO
MOV

DETR;
RO, #20H
R1, #30H
A, RD
ADD A, DPL
DA A

MOV DFL, A

$1234H

To add two 16-bit BCD numbers.

i Load first number

; Load lower byte of second number
Load higher byte of second number
Get the lower byte of second number
Add two lower bytes

Adjust result to wvalid BCD

Store the sum of lower bytes

L1

Tup TRa we hw
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Get the higher byte of second
number
Add two higher bytes considering

MOV A, Rl H
F
; carry of lowaer byte addition

ADDC A, DPH

Adjust result te walid BCD
Store the sum of higher bytes

DA A
MOV DPH, A

G

Load the first 16-bit BCD number

Load the second 16-hif BCD number

Add two lower-digils

Adjust result to valid BCD number

Stora lowear byle of rasult

Add two higher - digits considesing
carry of lower byte additon

Adjusi result to valid BCD numbear

Store higher byte of result

L

G

Program 30 : To find factorial of a number.

Nl = Nx(N-1)x(N-2)=x(N-3)=x .. x2x1l
For example :
Bl = 6xbx4x3Ix2xl
= 720
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Flowchart :

Program :
MOV A, $#01
MOV B, A

CAL : MUL AB
INC B

CJNE B, #07H,CAL

Mote :

# This program can calculate factorial of numbers from 0 through 6.

Result=1
Mumbear =1

B

Result = Resull = Numbear

increment Number

=

i Store 01 in A register
i Store 01 in B register

;o Multiply two numbers

i Increment number

i Check whether number is 7.
;1 7 wa have to stop

* Result of factorial is available in A (LSB) and B (MSB) registers.

Program 31 : To find Fibonacci series of N given terms
The Fibonacci series is givenas 01123581321 ...

Hence we can write :

First term
Second term
Third term
Fourth term
Fifth term

0
1
First term + second term =0+ 1 =1

Second term + third term =1+ 1= 2
Third term + fourth term =1 + 2 = 3

and s0 on. In general we can write

N™ term = N -2 term + N - 1 term

If number is
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Flowchart :

Program :

BACE

Moy
MOV
I¥C
Moy
MOoY
DEC
ADD

RO, #10
R1, #20H
BR1, #0

Rl

ER1, #1

A, BR1

Rl

A, BR1

Initialze Array

pointar whera we are
going io store terms

1

Store first two

terms 0 and 1

Caloulate

mixt term

1

Increment array poinier

Slore calc

ulate term

Dacrement term counter

store 2"

Initialize term count

Initialize array pointer

store 1°° term as 0

Increment memory pointer

term asz 1

Get the current term

Pointer teo previous term

Add current term and previous term
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INC R1
INC Rl
MOV RR1, A

CJNE @R1,

10, BACK

[Point to

next term)

Store next term

Check whether last term calculated if
not repeat the process

Program 32 : Write an assembly langauge program to move 5 bytes of data stored at
location BOOOH onwards to the location CO00H onwards and vice-versa

Program :

BACH:

MOV RO, #05
MOV DPL, #00H
MOV DPH, #80H

MOVK A, @DPTR
MOV R1, A
MOV DPH, #COH
MOVY A, @DPTR
MOV R2, A
MOV A,R1

MOVX EDPTR,A
MOV DPH, #B0H

MOV A, RZ
MOVX E@DPTR,A
INC DETR
DJINZ RO, BACK

e SMa Nw s s Sa S

e Na a Wy Ny Ry N g e Na S

Initialize count = 5
Initialize memory pointer
Adjust the memory pointer to
address the first memory

Get data 1

Save data 1 temporarily
Adjust the memory pointer to
address the second memory
Get data 2

Save data 2 temporarily

Get data 1

Save data 1

Adjust memory pointer to
address the first memory

Get data 2

Save data 2

Increment memory pointer

If count #0, repeat

Program 33 : An array of 10 numbers is stored at location 4000H onwards. Write an
assembly langauge program to sort the numbers and store even numbers from location
5000H onwards and odd numbers from location 6000H onwards.

Program :

MOV RO, # OA
MOV R1, $00H
MOV R2, #40H
MOV R3, #00H
MOV R4, #50H
MOV RS, #00H
MOV R6, #60H
DPL, R1

DPH, R2

5JM™ NEKXT1

= LR

[

g wmE ma mp

e

Initialize counter
Initialize memory pointer

Initialize even memory pointer
Initialize odd memory pointer
Load memory address

Get data

Check LSB of accumulator

if 1 goto NEXT (odd)

Load even memory address

Store even data
Increment even mamory pointer
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MEXT: MOV DPL, RS ; Load odd memory address
’ MOV DPFH, E&
MOVX 2DPTR, A : Store odd data
INC RS H Increment odd memory pointer
HNEXT : INC Rl H Increment memory polnter
DJHE RO, BACK H If count § 0O, repeat

Program 34 : Write an assembly langauge program to realize following logic circuit using

Boolean instructions of 8031,

D>

Program : Let us assume that input a is connected to PLO, input b is connected by P1.1

and output Y is connected at P2.0.

MOV P1, #0FFH i Configure portl as input
MOV A,F1l E RBead port 1
JE F1.0 HEXT ; If P1.0 i3 set go Lo HEXT
JB Pl.1, HNEXTI1 i IE Fl.1 is set goto HEXT1
CLR F2.0 H If P1.0=Pl.1=0 make PZ.0=0
SJME LAEST

NEXT1 : SETB P2.0 ; If P1L.0 = 0, Fl.l=1 make FP2.0=1
sJMP LAST

NEXT: JB Pl.1l, NEXT2
SETE EZ2.0 : If P1.0=1, Pl.1=0 make P2.0=1
SJMP LAST

HEXT2Z2: CLR P2.0 H If P1.00 = 1, F1l.L =1

i make PZ2.0 = 0
LAST: EET

Review Questions

1. Explain the addressing modes of 8051 wdth the help of examples,
2. Identify the addressing mode used by each of the following instruchion.
a. MOV A, Rd

b MOV A, # 30H

. ADD A, 40H

d. SWAFP A

e MOVC A, @ A + DFTR

Explain the instructions used to access external RAM.

Explain the fnstruction used fo access extermal program memory,
Explain PUSH and POP instructions in 8051.

Explain the exchange instruclion supported by 8051.

Explain inyte level logical instructions of 8051,

Explain bit level logical instructions of 8051.

Explain rotate instructions of 8051,

E I L
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10. Explain addition and subfraction insiructions of 8051,

11. Explain DAA instruction of 8051

12, What is fump range 7

13. Explain various types of jump instructions according lo range.
14. Explain CALL and RET instructions of 8051.

Qad
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In the chapter 7, we have seen that B051 has two Timers/Counters. They can be
configured to operate either as timers or event counters. In this chapter we will study
different modes of operation of these timers/counters and their programming.

9.1 8051 Timers

9.1.1 Timer Registers

Timer 0 and Timer 1 Registers

8051 has two timers; timer (0 and timer 1. Basically both, timer 0 and timer 1 are 16-bit
registers. Since 8051 is an 8-bit microcontroller, each 16-bit register can be accessed as
low-byte register(TL) and high-byte register(TH). Fig. 9.1 shows the timer 0 and timer 1
registers: These registers can be accessed like other registers (A, B, R0, R1 etc.) in 8051.

Timer 0 registers THO TLO
B P

- g
p15|D14|ot3lo12| p11jo1o| Do | o8 | O7 | D6 Dﬁh p3| 02| ot Do |

o e —
e e

Timer 1 registers TH1 TLA

Fig. 9 Timar 0 and: Timer 1 registers
Timer/Counter Mode Control (TMOD) Reglster

Timer/counter mode control (TMOD) is the =pecial function register in 8051 having
format as shown in Fig. 9.2.

(-1
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(MSE) (LSB)
L‘E_A‘TE CIT M1 Mu_;LEnTE ciT M1 ME}]
e g i
Timer 1 Timer O

GATE Galing condral when sat. TimeriCounler " Is M1 W0 Qperating Mode
enabled ondy whie THTa" pin Is high and TRs®

control Bt is sel When cleaned Twner “x” is ¢ E'HTT:’"'E“"""" THa" with "TL's B0
anabled whenever “TRx" control bitis sed, prescale
_ 0 1 16-il TimetCounler "THx" with “TLx" ara
T Torelr oF Counler Selecior cleared Tor Timer coscaded; thene is o prescales,
opesalion (input from imemal system clock) Set 4 o g pa o0 reload TimanCounter THx" holds
Tor Courtier aparation {inpul from “Tx* input pin). 5 vadus which is io be relcaded nlo “TLx"

1 1 (Timer 0] TLD is an 8-b TimenCourder
canmrslied by the standard Timer 0 conirol
[Bila. THO is & B-bif tamar only contralled by
Times 1 carvingl bils.

1 1 (Timer 1) Timen'Countar 1 siopped,
Fig. 9.2 TMOD register

Fig. 9.2 gives the function of all bits in TMOD register. Some more details of these bits
are given below.

» M1, MO : These bits select the timer mode. There are four different modes of
timer, mode 0, mode 1, mode 2 and mode 3. All these modes are discussed in the further
section.

_* C/T: This bit is cleared (C/T = 0) for selecting ‘timer' operation and is set
(C/T = 1) for selecting 'counter' operation.

In the "Timer" mode, the register is incremented after every machine cycle. Thus, one
can think of it as counting machine cycles. Since a machine cycle consists of 12 oscillator

periods, the count rate is ¥, of the oscillator frequency. For example if crystal frequency is
12 MHz, then the timer clock frequency is 1 MHz.

In the "Counter” mode, the register is incremented in response to a 1-to-0 transition at
its corresponding external input pin, Ty or T;. In this mode, the external input is sampled
during phase 2 of state 5 of every machine cycle. When the samples show a high in one
cycle and a low in the next cycle, the count is incremented. The new count value appears
in the register during phase 1 of state 3 of the cycle following the one in which the
transition was detected. Since it takes 2 machine cycles (24 oscillator periods) to recognize
a 1-to-0 transition, the maximum count rate is 14, of the oscillator frequency. There are no
restrictions on the duty cycle of the external input signal, but to ensure that a given level
is sampled at least once before it changes, it should be held for at least one full machine
cycle.

* GATE : The timers can be started and stopped by any one of the two methods,

software or hardware. Sometimes, software as well as hardware both methods
are available.
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* Software : There are timer start bits (Tl bits) in timer registers TR0 and TRI1.
The 'SETB TRx' instruction sets the TEx bit (TRx = 1) which starts the timer.
x i5 0 for timer 0 and is 1 for timer 1. The 'CLR TRx' instruction clears the TRx
bit {TRx = 0) which stops the timer. Again, x is 0 for timer 0 and is 1 for timer
1. The timers can be started and stopped by 'SETB TRx' and 'CLR TRx'
instructions respectively as long as 'GATE' bit in TMOD register is 0.

* Hardware : The timers can be started and stopped by an external hardware as
long as 'GATE' bit in TMOD register is 1. In Figs. 9.5 and 9.6 , the start and stop
operations of the timers are done externally through pins INTD (pin 3.2)
and INT1 (pin 3.3) for imers 0 and 1 respectively. The timer can be started or
stopped at any time externally via a simple switch.

9.1.2 Programming 8051 Timers

As seen earlier, there are four modes of imer, mode 0, mode 1, mode 2 and mode 3.
All these modes and their programming are discussed in this section. Mode 1 and mode 2
are widely used, so we will discusss them in detail.

9.1.2.1 Mode 0

1L 1H1
(5 Bitz) | (8 Bits)

h 4

TF1 |— Interrupt

Timer! counter control login

Fig. 9.3 Timerlcounter 1 mode 0 : 13-bit counter

Both Timers in Mode 0 are 8-bit Counters with a divide-by-32 prescaler. This 13-bit
timer is MCS5-48 compatible. Fig. 9.3 shows the Mode 0 operation as it applies to Timer 1.
In this mode, the Timer register is configured as a 13-bit register. As the count rolls over
from all 1s to all Os, it sets the Timer interrupt flag TF1. The counted input is enabled to
the Timer when TR1 = 1 and either GATE = 0 or INT1 = 1. (Setting GATE = 1 allows the
Timer to be controlled by external input INTI, to facilitate pulse width measurements.)
TR1 is a control bit in the Special Function Register TCON (Fig. 9.4) GATE is in TMOD.
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(MSB) {LSB)
TF1 TR1 TFO TRO IE1 Im IED o
Symbol | Position Name and Significance
TF1 TCON.7 Timar 1 Ovedlow Flag. Set by hardware on imericounter overflow. Cleared when
interrupt processed,
TR1 TCON.E Timar 1 Run control bit. Seticleared by software to tumn fimericounter onfoff.
TFO TCON.E Timer 0 Overflow Flag. Set by hardware on tmer/counter overfiow. Claared when
imamupl processed,
TRO TCON.4 Timer 0 Run confrol bit. Set'clearsd by software to turn timer/countar onfoff.
IE1 TCON.3 interrupt 1 Edge Flag. Set by hardware when extemal interrupt edge detected.
Cleared when inlerrupt processed,
Im TCON.2 Interrupt 1 Type control bil. Selcleared by software to specily falling edgefow
level triggered external interrupts.
IED TCON.1 Intermupt O Edge Flag. Set by hardware when external intarrupt edge delected.
Cleared when interrupt processed.
ITO TCOMN.0 Interrupt O Type controd bit Seb’cleared by software to specify faling adgelow
fevel triggered extemal intermupts.

Fig. 9.4 TCON-timer/counter control/status register
The 13-bit register consists of all 8 bits of TH1 and the lower 5 bits of TL1. The upper
3 bits of TL1 are indeterminate and should be ignored. Setting the run flag (TR1) does not
clear the registers.
Mode 0 operation is the same for Timer 0 as for Timer 1. Substitute TR0, TF0 and
INTO for the corresponding Timer 1 signals in Fig. 9.3. There are two different GATE bits,
one for Timer 1 (TMOD.7) and one for Timer 0 (TMOD.3).

9.1.2.2 Mode 1
Mode 1 is same as Mode 0, except that the timer register is being run with all 16 bits.

Mode 1 Programming

A time delay can be generated using mode 1 of the timer and following the steps
given below.

1. Load TMOD register indicating which timer (timer 0 or timer 1) is used and which

timer mode is selected.

2. Load TL and TH registers with count values.

3. Start the timer.

4. Monitor the timer flag (TF) with the TNB TFx, target address' instruction. When it

is raised, get out of the loop.

. Clear TF flag with 'CLR TFx' instructon.
- Go back to step 2 for loading count value in TH and TL registers again.

=1 O
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9.1.2.3 Mode 2

Mode 2 configures the Timer register as an 8-bit Counter (TL1) with automatic reload,
as shown in Fig. 9.5. Overflow from TL1 not only sets TF1, but also reloads TL1 with the
contents of TH1, which is preset by software. The reload leaves TH1 unchanged. Mode 2
operation is the same for Timer/Counter 0.

Reaload

TH1
(8 Bils)

Timerfcounter control logic
anjﬂmﬂmhrinﬁuzimluhmd
Mode 2 Programming : :
A time delay can be generated using mode 2 of the imer and following are the steps
given below.
1. Load TMOD register indicating which timer (timer 0 or timer 1) is used and which
timer mode is selected.
2. Load TH register with count value.
3. Start the timer.
4, Monitor the imer flag (TF) with the TNB TFx, target address’ instruction. When it
is raised, get out of the loop.
5. Clear the TF flag, with 'CLR TFx' instruction.

6. Go back to step 4. There is no need to load TH register again since Mode 2 is auto
reload.

9.1.24 Mode 3

Timer 1 in Mode 3 simply holds its count. The effect is the same as setting TR1 = 0.
Timer 0 in Mode 3 establishes TLO and THD as two separate counters. The logic for
Mode 3 on Timer 0 is shown in Fig. 9.6. TLO uses the Timer 0 control bits : C/T, GATE,
TRO, INTO, and TFO. THO is locked into a timer mode {counting machine cycles) and takes
over the use of TR1 and TF1 from Timer 1. Thus, THO now controls the : Timer 1
interrupt.
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Mode 3 is provided for applications requiring an extra 8-bit timer or counter. With
Timer 0 in Mode 3, an 8051 can look like it has three Timer/Counters, and an 8052, like it
has four. When timer 0 is in Mode 3, Timer 1 can be turned on and off by swithcing it out
of and into its own Mode 3, or can still be used by the serial port as a baud rate
generator, or in fact, in any application not requiring an interrupt.

05C el <12 4.1 WZ e
‘*-E:Tmﬂ - TLO :
5 | o (8 Bits) TFO F—= Intérrupt
240 o |
T i
Siom

GATE D_/— Control

INTO F N
THQ
1|"|Efﬂ_5,: { o {8 Bits) TF1 |—= Intarmupdi
Control
TR

Fig. 9.6 Timer/counter 0 mode 3 : two B-bit counters

The Tabkle 9.1 summarizes the modes of timers.

Mode Brief Description

Mode O 13-bit timer (TL-5bits and TH-8bits).
Counter overflow is indicated by time interrupt flag.

Mode 1 16-bit timer (TL-8bits and TH-Bhits)
Fest is same as mode 0.

Mode 2 Automatic reload mode. 8-bit countar (TL-Bbit) overflow from

TL not only sefs TF, but also reloads TL with the contents of
TH.

Mode 3 Establishes TL and TH as two separate counters.

Table 9.1 Summary of timer modes

mmp Example 9.1 :  State the mode in which timer will be operated after execution of following
instructions.

1) MOV TMOD, # 01H &) MOV TMOD, # 12H
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Solution : From Fig. 9.7 we have,
i) TMOD = 0000 0001, mode 1 of imer 0 will be selected.
if) TMOD = 0001 0010, mode 2 of timer 0, and mode 1 of imer 1 will be selected.

mp Example 9.2 :  Determine the timer's clock frequency and its period for B051 systems
with follouing crystal frequencies.
1) 12 MH=z i) 11.0592 MHz

Solution :

XTAL

+12 Timer's clock frequency

Freguency

Fig. 9.7

i) 12 MHz « 12 = 1 MH= and T=1/TMHz =1 pus
if) 11.0592 + 12 = 9216 kHz and T =1/921.6 kHz = 1.085 ps
g Example 9.3 : If crystal used for 8031 microcontroller s of 4.5 MHz then defermine the
time for setting the timer flag for :
t) Timer mode - 0 if THX starts of 00H
i) Timer mode - 1 if THX starts at 00H
i1) Timer mode - 3 if count in THX is 3CH.
Solution ; Timer clock's frequency = Crystal frequency + 12
4.5 MHz + 12
375 kHz
Timer clock's period = 1/375 kHz = 2667 s

i) In mode 0 timer is 13-bit hence the maximum count for timer is 1FFFH. When
timer reaches its maximum of 1FFFH, it rolls over to 0000, and TF is raised.

- Time for setting the timer flag is
= 2.667 usx 1FFFH (8191)
= 21.84 ms

ii) In mode 1 timer is 16-bit hence the maximum count for timer is FFFFH. When
timer reaches its maximum of FFFFH, it rolls over to 0000, and TF is raised.

-~ Time for setting the timer flag is
= 2667 usx FFFFH (65535)
= 17478 ms
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iii) In mode 3 timer 0 establishes TLO and THO as two separate counters. Therefore;.
the maximum count for THO is FFH. When Himer reaches its maximum of FFH, it
rolls over to 00H, and TF1 is raised.

-~ Time for setbing the THI1 is

2.667 us x (FFH - 9CH)
2.667 psx 63 H (99)
264 us

9.1.3 Loading Timer Registers

Whenever, a ime delay is to be generated using timer of 8051, it is the first step to
find the counts which are to be loaded into the timer registers, TH and TL. These counts
can be obtained by following the steps given below.

Let us assume the crystal frequency as F and desired time delay as t.

1 12

F2~F

2. Obtain the decimal value, N by dividing the desired time delay(t) by time
period(T).

1. Timer period, T =

t
N=T

3. Subtract N from 65536.

4. Convert result of subtraction (from step 4) to hex. Let this hex value be C;C,CCy.
5. C,C, is the count which is to be loaded into TL register and C,C; in TH register:
.".'I'I'I = CJCE aIld. .I.L = clcn.

i Example 9.4 : If the crystal frequency is 12 MHz, find the counis we need to load info:
the timer registers, if a required time delay is 5 ms. Also write a program: o create o pulse
having width of 5 ms on P15 using timer 0.

Solution : Crystal frequency = 12 MH=z

12
12 %10

[}
+8

1 ps.

ie. the counter counts up every 1 ps. Out of many 1 ps intervals, we have to:make-a:
5 ms pulse.

We need 5 ms/1 ps = 5000 clocks.
N = 65536 - 5000 = 60536 = EC78H
We have to load TH with ECH and TL with 78H.
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Program :
CLR Pl1.5
MOV TMOD, #01

MOV THO, $0ECH

SETB Pl.5

SETB TRO
REPEAT : JNB TF0, REPEAT

CLR TRO

CLR TFO

mp ma mm

a.L]

e WmE wa W wmae

Clear P1l.5

Timer 0, mode 1(l6-bit mode)
TLO = T8H, Timer 0 lower byte
register

THO = 0OECH, Timer 0 higher byte
reglater

SET Pl.5 high

start timer 0

Monitor timer flag 0 till it becomes 1
Stop timer 0.

Clear timer 0 flag.

‘From all above discussion, it is clear that the time delay depends on the count loaded
into the timer register and hence on the crystal frequency. The largest time-delay can be
obtained by making this count (0000 H). If the time-delay which is to be produced is
greater than this limit, then we can use one of the register of 8051 as a counter and a loop
can be repeated as shown in the program given below. It creates multiple delays.

(The previous example with register R3, loaded with count 200 is taken).

CLR P1.5
MOV TMOD, $01
MOV R3, #200

START : MOV TLO, #10H
MOV THO, #03H
SETB Fl1.3
SETB TRO

REPEAT : JNB TF0, REPEAT
CLR TRO
CLR TFO
DJWNEZ R3, START

Here,

ma

E3 used as a counter
to obtain multiple delays

If R3I is not zero,
reload timer register -
and repeat the process.

Count in timer register is 0310 H = 784 in decimal.

65536 - 78B4 = 64752
84752 x 1 ps = 64.752 ms

‘For 200 repetitions, we get

200 x 64.752 ms = 12.95 seconds.

9.2 Programming Counters

In the previous section we have seen, how the B051' s timer/counter can be operated
as a timer to generate time delays. Also we have introduced the counter mode which can
be selected by making C/T bit in TMOD register 1. In this mode the same timer is

operated as an event counter.
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Counter registers

When the Hmer/counter is used as a counter, the TMOD, TH and TL registers are
used, functioning the same as for the timer studied in the last section.

C/T bit in TMOD register

As seen earlier, the C/T bit in the TMOD register decides the timer/counter
I"l.m::liurling as a counter or a tmer. When C/T bit in the TMOD register is 0, the timer
mode is selected. When timer/counter is used as a timer, the 8051's crystal is used as a
source of the frequency. When C/T bit in the TMOD register is 1, the counter mode is
selected. When timer/counter is used as a counter, it gets its pulses from outside the 8051.
The pin P34 (pin number 14) and pin 3.5 (pin number 15) of 8051 are used for applying
pulses counter 0 and counter 1 respectively, These two pins belong to port 3. The counter
counts up for each clock pulse applied at this pin. These pins are called TO (timer 0 clock
input) and T1{timer 1 clock input).

iwmp Example 9.5 : Write a program for counter 1 in mode 2 to count the pulses and display
the state of TL1 count on port 2. Assume that clock input s connected to T1 pin (P3.5).

Solution :

MOV THOD, #011000008 Initialize counter 1 in
Mode 2, C/T=1
MOV TL1, #0 Clear TL1

SETB P3.5 Make Tl input
SETART : SETE TRL Start the counter

i
/
BACK : MOV A, TL1 ; Get the count from TL1
i
;

MOV P2, A Sent it to port 2

JNB TF1i, BACK If TF1 = {0 repeat

CLR TE1 Otherwise stop counter 1
CLR TF1l Make TFl=0

SJME START Repeat

MNote : When 8051 is powered up ports are configured as input ports. To make them
work as output port we have to send high output on it. Therefore, to behave T1 as input
P35 is set.

nmp Example 9.6 : Write a program fo display counter 0 on 7-segment LEDs. Assume that
clock input is connected to pin (P 3.4)

Solution :
MOV TMOD, #00000110 ; Initialize counter 0 in
; Mode 2, C/T=1
MOV TLD, ®00H ; Resaet counter wvalue
SETBE P3.4 ; Make T0 as input
START : SETBE TRO ; Start counter 0
BACK : MMOW A, TLOD i Get the count value
ACALL CONVBCD
MOV P2, A i Send count value in BCD on port 2

JNB TFO, BACHK ; If TFO = 0 repesat
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CLE TRO ; Otherwise stop counter 0
CLE TFQ ;i Make TFO=0
SJMP S5TART ; BEepeat
CONVBCD ADD R, #00H ; [Use DAAR for
DA A i BCD conversion]
RET :

Feturn to main program
The Pig. 9.8 shows the interface between 8051 and 7-segment displays.

Digit 0
P20
BCDY
T-segment T-sagment
BO51 decoder! Display
EEE— driver
P2.3
F2. 4
BCchD f
T-segment 7-segmant
decodar! Display
driver
P2.7
Fig. 9.8

iy Example 9.7 : LUsing timer auto reload mode of 8051 generate a square wave of 2 kHz on
port pin 1.0, Wrike an assembly language program for the same. Assume crystal frequency to
be 11.0592 MHz.

Solution :
MOV TMOD, #2H H Timer 0, mode 2
H (B-bit, auto reload)

MOV THD, #13H ; THO=(255% - 230) = 25 = 15H
AGAIN: ACALL DELAY i Wait for 0.25 ms
CFL P1.0 ; Toggle F1.0
aJMP AGAIHN i Bepeat
DELAY: SET TRO : Start the timer 0
BACK: JHE TFO, BACE } Stay until timer rolls over
CLR TRO : Stop timer 0O
CLR TFO i Clear TF for next iteration
RET

Tose = Tope = (230 x 1085 x 107%) = 25 » 10~

T=5x10""

- 1_
5=

2x10% =2 kHz
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nmp Example 9.8 : Write assembly language program for 8051 such that LED connected to
port P1.0 flash at 0.5 sec rate when line P20 goes high. Use timer 0 for generating delay.
Solution : Program ;
MOV TMOD, # 01 : Timer 0, Mode 1 (l6-bit mode)

MOV BZ, #0FFH J configure P2 as input
CHECH: JB P2.0, CHECE H Eepeat until P2.0 = legic 1
HERE: CPL P1.0 ; Toggle PF1.0

ACALL DELAY ; Wait for 0.5 sec

SJMF HERE H Repeat

Assume XTAL = 12 MHz
. Timer clock frequency = 12 MHz + 12 = 1 MHz

- T = 1ps

With this timer frequency and 16-bit timer we can get maximum delay of
65536 x 1 p5 = 65.536 ms. Therefore, to get a delay of 0.5 sec. we have use external loop.
We program timer 0 to give delay of 50 ms and such a delay is executed for 10 times to
get a delay of 0.5 sec.

To get delay of 50 ms, the timer has to down step 50000 times. Therefore, the initial
value to loaded in TH and TL will be

Value = (65536 - 50000},

= 3CBOH
TH « 3CH and TL = B0H
DELAY : MOVE RD, #0AE H Initialize counter to 10
BACK : MOV TLO, #BOH H TLO = BOH, the low byte
MOV THO, #3CH ; THO = 3CH the high byte
SETE TROD i Start the timer 0

AGAIN: JHE TFO, AGAIN : Check timerd flag until
] it rolls owver

CLR TRO H stop timer O

CLR TFO : Clear timer 0 flag

DINZ RO, BACK ] Decrement counter and if not
] zaro repeat

RET
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Review Questions

Write a short note on Hmer registers in 8031,

Draw and explain the bil pattern of TMOD register.

Explain software and hardware methods to start and stop timers in 8051
Explain, hotw to generate time delay using mode 1 of the timer.

Give steps to generate time delay using mode 2 of the timer.
Write a shorl nofe on counter registers in 8051,

Botho o o b

Qad
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8051 Serial Communication

_

Most of the microprocessors/microcontroller are designed for parallel communication.
In parallel communication number of lines required to transfer data depend on the number
of bits to be transferred. For example, to transfer a byte of data, 8 lines are required and
all B-bits are transferred simultaneously. Thus for transmitting data over a long distance,
using parallel communication is impractical due to the increase in cost of cabling. Parallel
communication is also not practical for devices such as cassette tapes or a CRT terminal. In
such situabions, serlal communication is used. In serial communication one bit is
transferred at a time over a single line.

Fig. 10.1 shows parallel and serial data transfers.

Dy = D B-bit

Transmitter i’_} Receiver Transmitter Receiver

Parallel data transfer Serial data transfer
Fig. 10.1

In this chapter we will discuss the interfacing of 8051 to RS 232C and serial
communication programming of B051.

10.1 8051 Connections to RS 232C

In RS 232C the voltage level +3 V to +15 V is defined as logic 0; from -3 Vo -15V
is defined as logic 1. The control and timing signals are compatible with the TTL level.
Because of the incompatibility of the data lines with the TTL logic, voltage translators,
called line drivers and line receivers, are required to interface TTL logic with the RS 232C
signals. The Fig. 10.2 shows the connection between RS 232C and 8051. Here, MAX 232
chip is used as a line driver and line receiver. We know that 8051 assigns two pins ExD}
(P3.0) and TxD (P3.1) for reception and transmission of serial data, respectively. These pins

(10 - 1)
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are TTL compatible; therefore, they require line driver and line receiver to make them
RS 232C compatible. The MAX 232 has two sets of line drivers and line receivers for
transmitting and receiving data. Only one set is required for one serial communication.

8051 TIL o MA% S Rs2a
side side fﬁ-‘ﬂ
P3.0 ] P
Fxl
R, OUT R, IN (] I
P31 —t
o T > T, OUT o
R, GUT <] RN D2-9p
connactar
D. RS-232C
T, 1N T, OuT

Fig. 10.2 Connection between R5-232C and 8051
10.2 8051 Serial Communication Programming

The serial port of B051 is full duplex, means it can transmit and receive
simultaneously. It can also receive-buffered, meaning it can commence reception of a
second byte before a previously received byte has been read from the receive register.
(However, if the first byte stll hasn't been read by the time reception of the second byte is
complete, one of the bytes will be lost). The serial port receives and transmits registers and
both are accessed at Speclal Function Register SBUF. Writing to SBUF loads the transrnit
register, and reading SBUF accesses a physically separate receive register.

10.2.1 Operating Modes for Serial Port
MODE 0
In this mode, serial data enters and exits through BExD. TxD outputs the shift clock.

8-bits are transmitted /received : 8 data bits (L5B first), The baud rate is fixed at 1/12 the
oscillator frequency.

MODE 1

In this mode, 10-bits are transmitted (through TxD) or received (through RxD) : a start
bit (0), 8 data bits (LSE first), and a stop bit (1). On receiving, the stop bit goes into RBS in
Spedial Punction Register SCON. The baud rate is variable.
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MODE 2

In this mode, 11-bits are transmitted {thorugh TxD) or received (through RxD) : a start
bit (0), 8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1). On
Transmit, the 9th data bit (TB8 in SCON) can be assigned the value of 0 or 1. Or, for
example, the parity bit (P, in the PSW) could be moved into TB&. On receive, the 9th data
bit goes into RBB in Special Functon Register SCON, while the stop bit is ignored. The
baud rate is programmable to either 14, or 1, the oscillator frequency.

MODE 3

In this mode, 11-bits are transmitted (through TxD)) or received (through RxD) : a start
bit (0), 8 data bits (LSB first), a programmable 9th data bit and a stop bit (1), In fact, Mode
3 is the same as Mode 2 in all respects except the baud rate. The baud rate in Mode 3 is
variable.

In all four modes, transmission is initiated by any instruction that uses SBUF as a
destination register. Reception is initiated in Mode 0 by the condition RI = 0 and REN = 1.
Reception is initiated in the other modes by the incoming start bit if REN = 1.

The Table 10.1 summeries the four serial port modes provided by 8051.

Mode Transmission format Baud rate

o 8 data bits < oscillator frequency

1 10-bit {start bit + B data bits + stop bit) Variable

2 11-bit {start bit + 8 data bits + programmable Programmable to either

thi . i 2

8 data bit + stop bit) or £; oscillator frequency

3 11=bit (start bit + & data bit + programmable Eu" Yariable
data bit + stop bit)

Table 10.1 Summary of serial port modes

10.2.2 SBUF

SBUF is an 8-bit register dedicated for serial communication in 8051, It can be accessed
like any other register in 8051. The way in which SBUF is used for the transmission and
reception of the data during serial communication is explained below.

* Transmission : When a byte of data is to be transmitted iz the TxD pin, the
SBUF is loaded with this data byte. As soon as a data byile 15 written into SBUF,
it is framed with the start and stop bits and transmitted serially via the TxD pin.

* Reception : When 8051 receives data serially via RxD pin of it, the 8051

deframes it. The start and stop bits are separated out from a byte of data, This
byte is placed in SBUF register.
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10.2.3 Serial Port Control Register

The serial port control and status register is the Special Function Register SCON,
shown in Fig. 10.3. This register contains not only the mode selection bits, but also the 9th
data bit for transmit and receive (TB8 and RB8), and the serial port interrupt bits (TI and

EI).
(MSB) (LEB)
7 B 5 4 3 2 1 0
SMD SM1 smMm2 REM TBS RES T Ri
Fig. 10.3 Serial port control / status register
Symbol | Position Mame and significanca
EM0 SCON.7 Serial pori Mode contral bil 0,
Sel'cleared by software (sea noia)
SM1 SCON.B Serial pori Mode contral bit 1,
Selcleared by software (see nofe).
sM2 SCON.5 Serial pord Mode control bit 2.
Sei by software to dizable recoption of frames for which bit 8 is zero.
REN SCON.4 Receiver Enable control bit
Sel'clearad by software fo enable/disable seral data reception,
TBE SCON.3 Transmit Bit 8.
Sellclearad by hardware to determine stale of ninth data bit fransmitbed in B-bit
UART mode,
RE& SCON.2 Recaiva Bit &,
Seilclearad by hardware to indicate state of ninth data bit recaived.
Ti SCON.1 Transmit interrupt Aag.
Set by hardware when byte transmitied. Cleared by software after servicing,
Ri SCOM.0 Receive Infarmupt flag.
Set by hardware when byte received, Cleared by software after sendcing.
Naote : The state of (SMO, SM1) selects :
Modea SMO  SM1
o 0 0O - Shift register - baud = 12
1 o 1 - B-bit UART, variable data rale.
2 1 0 - S-bit UART, fixed data rate; baud = /32 or (/64
3 1 1 - B-bit UART, variable dala rate,

Fig. 10.4 SCON-serial port control/status register




Microprocessor & Microcontroller Systam  10-8§ B051 Serial Communication

10.2.4 Generating Baud Rates
Serial Port in Moda 0 :

Mode 0 has a fixed baud rate which is 1/12 of the oscdllator frequency. To run the
serial port in this mode none of the Timer/Counters need to be set up. Only the SCON
register needs to be defined.

Ose freq

E' IJ gt =
ehIACH ey [E 13

Serial port in Mode 1

Mode 1 has a variable baud rate. The baud rate can be generated by either Timer 1 or
Timer 2 (B052 only).

Using Timer/Counter 1 to Generate Baud Rates

For this purpose, Timer 1 is used in mode 2 (Auto-Reload).
k= Oscillator freg.
32x12x[256-THI)]

If SMOD = 0, then k = 1.
If SMOD = 1, then k = 2. (SMOD is the PCON register)

Most of the time the user knows the baud rate and needs to know the reload value for
TH1. Therefore, the equation to calculate TH1 can be written as :

k ® Osc freq.
384 » Baud rate

Baud rate =

TH1 = 256

TH1 must be an integer value. Rounding off TH1 to the nearest integer may not
produce the desired baud rate. In this case, the user may have to choose another crystal

frequency.
Since the PCON register is not bit addressable, one way to set the bit is logical ORing
the PCON register. (i.e. ORL PCON, #80H). The address of PCON is 87H.

The Table 10.2 shows the values to be loaded into TH1 to get the corresponding baud
rate. It also shows that the baud rates are doubled when SMOD = 1.

TH1 (HEX) Baud rate (SMOD = 0) | Baud rate (SMOD = 1)
FO 9800 19,200
FA 4800 8600
F4 2400 4800
E8 1200 2400
Note : XTAL = 11.0582 MHz

Table 10.2
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= Lo

Using Timer/Countar 2 to Generate Baud Rates

For this purpose, Timer 2 must be used in the baud rate generating mode. If Timer 2
is being clocked through pin T2 (P1.0) the baud rate is :

Timer 2 overflow rate
16

And if it is being clocked internally the baud rate is :

Baud rate =

Osc freq.
32 x[65536 - (RCAPZH, RCAP2ZL)]

To obtain the reload value for RCAPZH and RECAPIL the above equation can be
rewritten as :

Baud rate =

B Osc freq.
RCAF2H, RCAF2ZL = 65536 - T xBaud raie

Serial Port in Mode 2

The baud rate is fixed in this mode and is ¥, or ¥, of the oscillator frequency

depending on the value of the SMOD bit in the PCON register. In this mode none of the
Timers are used and the clock comes from the internal phase 2 clock.

SMOD = 1, Baud rate = I, Osc freq,
SMOD = 0, Baud rate = ¥, Osc freq.
To set the SMOD bit : ORL PCON,#380H. The address of PCON is 87H.

Note : By changing SMOD bit in PCON from 0 to 1 we can double the baud rate in
8051.

Serial Port in Mode 3
The baud mteinmndeaisvariablemdsﬂsupmcﬂ}r the same as in mode 1.

10.2.5 Programming 8051 for Serial Data Transfer
To program B051, to transfer data serially we have to perform following sequence of
actions :
1. Load the TMOD register with the value 20H to use timer 1 in mode 2 (B-bit
auto-reload) to set the baud rate.
2. Load THI to set the desire baud rate for serial data transfer.

3. Load SCON register with the value 50H, to use serial mode 1, where an 8-bit data
is framed with start and stop bits.

4. Set TR1 to 1 to start timer 1.
5. Clear TI with CLR TI instruction.
6. Write a character to be sent in to the SBUF register.
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7. Check the TI flag bit with instruction JNB TI, XXXX to see if the character has
been transferred completely.

B. Go to step 5 to transfer the next character.

jmmp Example 10.1 : 8051 uses 11.0592 MHz crystal. To get 9600 hertz baud rate how will
you program it for serial fransmission ?

Solution : When 11.0592 MHz crystal is used and a standard baud rate of 9600 hertz is
required then, the setting of TH; can be found as

k= Osc freq
THy = 256 - 384 = Baud rate
1x11.0592%10°
= 256 - 25 < 9600 = 253 = FDH
Program : MOV TMOD, 4020 i Initialize timer 1 in mode 2
MOV SCOM, #4CH j Initialize serial mode 1

ORL PCON, #80H ; Make sMOD = 1
MOV THL, #FDH ;} Load count

sy Example 10.2 : Write an 8051 assembly language program to transfer letter “G" serially
at 9600 baud rate, confinuously.

Solution :

timer 1, mode 2 [(auts reload)
29600 baud rate

B-bit, 1 stop REN enabled
start timer 1

Letter "G" to be transferred

MOV TMOD, #20H
MOV THL1, #FDH
MOV SCOM, 450H
SETE TRl

START: MOV SBUE, #"G"

e M Sa T W

HERE: JHE TI, HERE j Wait for the last bit ta
; transfer
CLE TI i Clear TI for the next character
SJHMP START i Go to send the character again

mmp Example 10.3 : Write an 8051 assembly language program to transfer the message
"HELLO" serially at 9600 baud, 8 bit data, 1 stop bit.

Solution :

MOV THMOD, #20H i timer 1, mode 2
MOV THL, iFDH ¢ 89800 baud rate
MOV SCOM, #50H { B=bit, 1 stop bit, BREN enabled
SETE TRI1 i start timer 1

STRRT: MJV A, #"H" i transfer "H"
ACALL TRANS
MOV B, £9E" i transfer “EY
ACATLL TEREANS
MOV A, #"L" ;7 transfer "L™
ACALL TRANS

MOV A, L transfer "L"

ACALL TRANS

bl
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transfer "0OY
Berial data transfer subroutine

MOV A, &"0"
ACALL TRANS

TRANS: MOV SBUF, A + Load SEBUF
HERE : JHE TI, HEERE i wait far the last kit to
i eransfer
CLRE TI i Clear TI for the next
i character
RET

10.2.5.1 Importance of the Tl Flag Bit

When a data is to be transmitted via TxD pin, first a data byte is loaded into the SBUF
register. A start bit, a data byte and then the stop bit are transmitted sequentially via TxD
pin. During the transmission of the stop bit, 8051 sets the TI flag, i.e. TI = 1. This indicates
the end of data byte transmission and 8051 is ready for the transmission and 8051 is ready

for the transmission of next data. The programmer has to clear the TI flag, ie. TI = 0, with
the "CLR TI' instruction to transmit next data. The TI flag bit should be monitored to make

sure that the SBUF register is not overwritten. If we write the next byte to be transmitted
into the SBUF register before setting the TI flag bit, the untransmitted portion of the
previous byte will be lost. The programmer can check the TI flag kit by ‘JNE TI, XX
instruction or by using an interrupt.

10.2.6 Programming 8051 for Receiving Serial Data

To program B051, to receive data serially we have to perform following sequence of
actions :

1. Load the TMOD register with the value 20H to use timer 1 in mode 2 (B-bit
auto-reload) to set the baud rate,

2. Load TH1 to set the desire baud rate for serial data transfer.

3. Load 5CON register with the value 50H, to use serial mode 1, where an 8-bit data
is framed with start and stop bits.

4. Set TR1 to 1 to start timer 1.
5. Clear Rl with CLR RI instruction.

6. Check the RI flag bit with instruction JNB RI, XXXX to see if an entire character
has been received yet.

7. If Rl is set, SBUF has the byte. Save this byte.

B. Go to step 5 to receive the next character.

p Example 10.4 : Write an 8051 assembly language program fo receive byfes serially with
baud rate 3600, 8-bnt data and 1 stop bit. Simultaneously send recefved bytes to port 2.

Solution :
MOV TMOD, #20H ;} timer 1, mode 2 l(auto reload)
MoV THL, #FDH i 9600 baud rate
MOV SCON, W#50H ; B-bit;, 1 stop, REM enabled
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start timer 1

wait for character receive
completely

zsave the receiwved charackter

SETE TR1
HERE : JNE RI, HERE

MOV A, SBUF

a %M ma ma e e A

MOV P2; A send character to port 2
CLR RI et ready to receive next byte
S5JHMF HERE Go to receive next character

10.2.6.1 Importance of the Rl Flag Bit

When a data is to be received via ExD pin, first the start bit, and a data byte with one
bit at time are received sequentially via RxD pin. When the last bit of a data byte is
received, a byte is formed and the SBUF register is loaded with this byte. Then the stop bit
is received. During the reception of the stop bit, 5051 sets the Rl flag, ie. RI = 1. This
indicates that the entire data byte has been received. This data byte which is loaded in the
SBUF register, should be placed to a safe place such as any register or memory before it is
lost. The programmer has to clear the RI flag, i.e. BRI = 0, with the 'CLR RI' instruction to
receive next data and place it in SBUF register. The RI flag bit should be monitored to
make sure that the entire byte has been received. This monitoring of the RI flag bit till it
becomes one to ensure the reception of complete data place it in SBUF register, copy it to
the safe place and then make RI zero with ‘'CLR RI' instruction are the necessary steps to

avoid any loss of received data.

10.2.7 Doubling the Baud Rate in the 8051
We can double the baud rate in B051 using two way
* By doubling the crystal frequency.
* By making SMOD bit in the PCON register from 0 to 1.

iomp Example 10.5 : Write a program lo receive message from PC fo 8051, Message string is
"Hello”, After this microcontroller sends message to PC “Fine”.

Solution : The Fig. 10.5 shows the connections between 8051 and PC.

&051
| TxD
(F3.1)
To PC
COM Port
RxD
=1 (P30}

Fig. 10.5
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RECV:

HERE:

MYDATA:

MOV TMGD, #20H
MOV TH1l, #0FDH
MOV SCON, #50H
SETE TRI1

MOV DPTR, #2000H

MOV RO, $#05H

JHE RI,;RECY

MOV A, SBUF

MOVY EDPTR,A

INC DPTR

CLR ERI

DJNZ RO, RECV
MOV DPTR, #MYDATA
CLE A

MOV RO, #4H

MOVC A, BR+DPTR
MOV SEUF, A
JHEB TI, HERE

CLR TI
DB "Fine™, 0
END

e ms ma mE ms Wa mE Wa M4 e W e ms mE mp

- Wma W wWa we wa

Initialize timer 1 in mode 2

Load count to get 9600 baud rate

B-bit, 1 stop, REN enabled
Start timer 1

Initialize memory pointer to
save received data
Initialize counter to read

5 characters

walt for character

Read the character

Save 1t in memory

increment memory pointer

Get ready for next character
If not last character repeat
Initialize pointer for message

Initialize counter to send

4 characters

Get the character

Load the data

Wait for complete byte
transfer

get ready for next character

hobno R

Review Questions

Drww and explain connection betwern R5-232C and §051.
Explain operating modes for serial port in 8051,

Drvaw format of SCON register. Explain different bits in it.
Give steps to program 8051 for serial data transfer.

Gipe steps to program 8051 for receiving serial data.

How will you double the baud rate in 5051 7

Qoo

8051 Serial Communication




Interrupt Programming

In this chapter, we will discuss the interrupts supported by 8051 and related
programming.

11.1 8051 interrupts
The 8051 provides five interrupt sources. These are listed below.
1. Timer 0 (TFQ) and timer 1 (TFl) interrupt.
2. External hardware interrupts, INTO and INTL.
3. Serial communication interrupt TI and RI
The Fig. 11.1 shows the interrupt structure of 8051.

O%i10 \
TG = |[EQ —=
1
b
TFO -
i T —— ||"ITE'I"I'I..IFIT
NTT =] [E1 |—= SOUMCES
1L '{_.
TF1
Tl - /]
Ri ——

Fig. 11.1 MCS - 51 Interrupt structure

(11-1)



Microprocessor & Microcontroller System 11-2 Interrupt Programming

11.2 Interrupt Vector Table

In 8051, all interrupts are vectored interrupts and have vector locations as listed in
Table 11.1 when interrupt is activated 8051 reads the address of interrupt service routine
from the vector location.

Interrupt Vector Location
External hardware interrupt O {INTO) 0003H
Timer O interrupt (TFO) 000BH
External hardware interrupt 1 (INT1) 0013H
Timer 1 interrupt (TF1) d01BH
Serial communication interrupt (Rl and TI) 0023H

Table 11.1 Interrupt vector table for 8051

11.3 Enabling and Disabling an Interrupt

When 8051 is reset, all interrupts are disable. These are enabled by software. All of the
bits that generate interrupts can be set or cleared by software, with the same result as
though it had been set or cleared by hardware. That is, interrupts can be generated or
pending interrupts can be cancelled in software.

Each of these interrupt sources can be individually enabled or disabled by setting or
clearing a bit in Special Function Register IE (Fig. 11.2) . IE contains also a global disable
bit, EA, which disables all interrupts at once.

MNote in Fig. 11.2 that bit position IE.6 is unimplemented. In the 8051s, bit position IE.5

is also unimplemented. User software should not write 1s to these bit positions, since they
may be used in future MCS-51 products.

(M5H) (LSB)
EA - ET2 ES ET1 EX1 ETO EXD
Symbol | Position Name and Significance
EA E.7 Enable All control bit.
Cleared by software to disable all interrupts, independent of the state of
IE.4-IE.0.
- IE.& (Reserved)
ETZ IE.5 (Reserved)
ES [E.4 Enable Seral porl control bit
Set/cleared by software to enable/disable interrupts from Tl or R flags.
ET1 IE.3 Enabla Timer 1 conftrol bit.
Selfclears” hy software to enable/disable interrupts from timericounter 1
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EX1 IE2 Enabla External interrupt 1 coniral bit.

Sellcleared by software to enablel disable interrupts from INT1.
ETO IE.1 Enable Timer O contral bit.

Selcleared by software 1o enable/disable interrupts from timer/counter 0.
EXD IE.0 Enable external interrupt 0 control bit

Seticleared by software to enabla/disable interrupts from INTO.

Fig. 11.2 IE-Interrupt enable register

11.4 Timer Interrupts and Programming

The Timer 0 and Timer 1 Interrupts are generated by TF0 and TF1, which are set by a
rollover in their respective Timer/Counter registers (except see Timer 0 in Mede 3). When
a timer interrupt is generated, the flag that generated it is cleared by the on-chip hardware
when the service routine is vectored,

Recall the concepts studied in chapter 9. In that chapter we have seen the use of
tmer 0 and timer 1 with the polling method. Here, we are discussing the use of interruts
to program 8051 timers. We know that the timer flag (TF) is set (=1) when the timer rolls
over. In polling method, the TF is monitored with the instruction TNB TF, target address'.
We have to wait until the TF is raised. The problem with this polling method is that 8051
can not do anything else until TF is set to high. This problem can be solved using
interrupt method. If the Hmer interrupt in the IE register is enabled, TF is set whenever
the timer is rolled over and the B051 is interrupted. Thus the 8051 can perform anything
else until it is interrupted. After interruption (timer rolling over) only the 8051 remains
busy in executing interrupt service rouline.
sy Example 111 :  Write an 8051 ALP that continwously read 8-bit data from port2 and

sends it to port 0. At the same lime it should generale square wave of 500 ps peried on port
1.0. Assume the crystal frequency = 11.0592 MHz.

Solution : We will use timer 0 in autoreload mode, Le. mode 2. To generate square wave
of 500 ps we have to toggle port 1.0 pin after every 250 ys.

6
Timer clock frequency = 17210 = 921.6 kHz
THO = 256-250 pusx921.6x10°
= My=1AH
Program :
ORG 0Q000H
LJHP MAIN ; Avoid using memory space
i allocated to interrupt wvector table
ORG 000BH i ISR for Timer 0 interrupt

CPL P1.0 i Complement P1.0 bit
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RETI ¢ return from ISR
ORG OD30H Start main program after
interrupt vector table
Initialize timer 0 in mode 2
Configure Part 2 as input
Load timer count

Enable timer 0 interrupt

MAIM MOV TMOD, #02H
MOV P2, #OFFH
MOV THO, #AH
MOV IE, #8ZH

mE Ty Wa Wa W Wy Wy Wy ma W,

SETE TRD Etart timar 0
BACK : MOV R, P2 Read data from P2

MOV PO, A Send it en PO

SJME BACK Repeat

EXD

11.5 Programming External Hardware Interrupts

Pins, P 3.2 (pin number 12} and P 3.3 (pin number 13} in port 3 are used as external
hardware interrupts INTO and INT1, respectively. The external Interrupts INTO and INT1
can each be either level-activated or transiion-activated, depending on bits IT0 and IT1 in
Register TCON. The flags that actually generate these interrupts are bits IED and IE1 in
TCON. When an external interrupt is generated, the flag that generated it is cleared by the
hardware when the service routine is wvectored to only if the interrupt was
transition-activated. If the interrupt was level-activated, then the external requesting source
is what controls the request flag, rather than the on-chip hardware.

If ITx = 0, external interrupt x is triggered by a detected low a.ttheﬁp&n.lf
ITx =1, external interrupt x is edge-triggered. In this mode if successive samples of the
INTx pin show a high in one cycle and a low in the next cycle, interrupt request flag IEx
in TCON is set. Flag bit [Ex then requests the interrupt.

Since the external interrupt pins are sampled once each machine cycle, an input high
or low should hold for at least 12 oscillator periods to ensure sampling. If the external
interrupt is transition-activated, the external source has to hold the request pin high for at
least one machine cycle, and then hold it low for at least one machine cycle to ensure that
the transition is seen so that interrupt request flag IEx will be set. IEx will be automatically
cleared by the CPU when the service routine is called.

If the external interrupt is level-activated, the external source has to hold the request
active until the requested interrupt is actually generated. Then it has to deactivate the
request before the interrupt service routine is completed, or else another interrupt will be

generated.
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Iy Example 11.2 : Write an 8051 ALP to glow LED for a fraction of second when external
interrupt INTO is activated.

Solution :
ORG 000DH
LJMF MAIN ; Avoid using memory space
i/ allocated to interrupt wvector table
ORG 0003H
SETE Pl1.0 ; Turn OW LED
BACK : MOVE RZ, #0FFH ; Load count
DJNE BACK i Demcrement count and if not zero repeat
CLR P1.0 ; Turm OFF LED i
EETI ¢ BEeturn to main program
ORG OD30H ; Start main program after interrupt
; vector table
MAIN : MOV IE, #10000001B ; Enable external interrupt 0
HERE : SJMP HERE ; wait for interrupt
END

11.6 Serial Communication Interrupts and Programming

The Serial port Interrupt is generated by the logical OR of RI and TI. Neither of these
flags is cleared by hardware when the service routine is vectored to. In fact, the service
routine will normally have to determine whether it was Rl or Tl that generated the
interrupt, and the bit will have to be cleared in software.

Recall the serial communication studied in Chapter 10. In that chapter, the examples
which we have seen, use polling method. Here, we are discussing interrupt based serial
communication. In this case, the 8051 can perform other tasks in addition to serial
communication, i.e. sending and receiving data from serial communication port.

We know from Chapter 10 that transmit interrupt (TI) flag is set {=1) when the last bit
of the framed data (stop bit) is transmitted. This indicates that the SBUF register is ready
to transmit the next byte. The receive interrupt (RI) flag is set (=1) when the complete
frame of data (with stop bit) is received. Rl indicates that the received byte needs to be
picked up before it is lost by new incoming serial data.

All the above concepts are applied equally using polling or an interrupt. Only
difference is in serving the serial communication needs. In polling method, the flag (TT or
RI) is monitored. The 8051 can not do anything else until this flag is set to high. This
problem is solved using interrupt method. When 8051 has received a byte or is ready to
send the next byte, the RI or TI flag respectively is set. Any other work can be performed
while the serial communication needs are served. There is a single interrupt set aside for
serial communication. If IE register (IE.4) is enabled, when RI or TI is set (= 1), the B051 is
interrupted. When interrupted, the ISR written at 0023h is excuted by 8051. In ISR, the TI
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and RI flags must be examined to check which one caused the interrupt and according to
flag the response is given.

Inmp Example 11.3 : Wrife an 5051 ALP that continuously read 8-bit data from port 2 and
sends it to port 0. At the same time it should read incoming data from serial port at baud
rate 3600 and send it to port 1. Assume that crystal frequency = 11.0592 MHz,

Solution :

ORG Q000H
LJME MAIN ; Avoid using memory space
; allocated to interrupt vector table
ORG 0023H-
JHE RI, SHEIP i If BRI is low gotoe skip.

MOV A , SBUF Otherwise receiwve serial data

MOV Pl1, A ; Zend it to port 1

CLE RI : Clear ERI

RETI i Beturn teo main program
SKIP : CLRE TI ;i Clear TI

RETI ; Return to main program

ORG 100H

MAIN : MOVE PZ, #0FFH
MOV TMOD, #20H
MOV THL, #FDH
MOV SCON, #50H

Configure P2 as an input port
Initialize timer 1 in mode 2
Load count to get %600 baud rate
Salect serial mode with receiver
enabled

MOV IE, #10010000E Enable serial interrupt

e e Wm e e N Na s TR g

SETE TRl Start timer 1

BACK : MOV A, P2 Read data from port 2
MOV PO, A Send it to port O
SJHMP BACE Repeat
END

sy Example 114 : Write an 8051 ALP that continuosly read 8-bit data from port 2 and
sends it to port 0. At the same time it should tramsmitt the same data on serial port.
Assume that crystal frequency = 11.0592 MHz.

Solution :
ORG 000DH
LJMP MAIN i Avolid using memory space
i allocated to interrupt wvector table
ORG 0D23H
JHE TI, SKIP f If TI is low goto SKIP
MOV SBUF, A i Transfer data serially
CLR TI i Clear TI
RETI ; Return to main program
SKIF : CLR RI i Clear RI
RETI { Return to main program
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CRG 100H
MOV P2, OFFH Configure P2 as an input port

MAIN :

BACEK :

MOV TMOD, #20H
MOV TH1, #FDH
MOV SCON, #440H
MOV IE,$#10010000B
SETE TRI

MOV A,

MOV LBUF, A

Initalize timer 1 in mode 2

Load count to get 2600 baud rate
Select serial mode

Enable serial interrupt

Start timer 1

Fead data from port 2

Send the firat byte serially

p2

P T T T TR T E T

MOV A, P2 Read data from port 2
MOV PO, A Send it to port 0
SJMEP BACE Fepeat

END

11.7 Interrupt Priority in the B051

Each interrupt source can also be individually programmed to one of two priority
levels by setting or clearing a bit in Special Function Register IP (Fig. 11.3). A low-priority
interrupt can itself be interrupted by a high-priority interrupt, but not by another low
priority interrupt. A high-priority interrupt can't be interrupted by any other interrupt

SOLUTCE.
(M3B) {LSB)
. - - PS PT1 | PX1 FTD | FXD
Symbol | Position Name and Significance
- IP.7 {Reserved)
- IP.6 (Reserved)
IP.5 {Resarved)
PS IP.4 Sartal port Priority conlfrod bit
Seticlearad by software to specify highfow priorty interrupts for Saral port.
PT1 iP.3 Timer 1 Priority control bit
Set'clearad by software to specify highflow priority interrupls for timer/countar
1.
--PX1 P2 External interrupt 1 Pricrity control bit
ESeticleared by software to specify highflow priority interrupts for INT1.
FTO IP.1 Timar 0 Pricrity control bit.
Seticleared by software to spacify highflow priorty inferrupts for imen'counter
0.
FXO IP.0 External interrupt O Priority control bit. Seticleared by software to spacify
highlow priority intarrupts for INTO.

Fig. 11.3 IP - Interrupt priority control register

If two requests of different priority levels are received simultaneously, the request of
higher priority level is served. If requests of the same priority level are received
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simultaneously, an internal polling sequence determines which request is serviced. Thus
within each priority level there is a second priority structure determined by the polling

sequence, as follows :

No. Source Priority within Lavel
1. IEQ (highest)

2 TFO

3. IE1

4 TF1 ¥

5. R+ Tl {lwest)

Note that the "priority within level” structure is only used to resolve simultaneous
requests of the same priority level.
The IP register contains a number of unimplemented bits. IP.7 and IP.6 are vacant in

the B052s, and in the 8051s these and [P.5 are vacant User software should not write 1s to
these bit positions, since they may be used in future MC5-51 products.

11.7.1 Nested Interrupts

Consider a case, the B051 is executing an ISR for servicing an interrupt and another
interrupt is occured. In such a case, if the new coming interrupt is high priority interrupt
then only it can interrupt the previously occured low-priority interrupt. These are called
‘nested interrupts’. Thus, in 8051 a low-prority interrupt can be interrupted by
high-priority interrupt but not by another low-priority interrupt. In 8051, all the interrupts
are latched and kept internally. But the low-priority interrupt is serviced only after
finishing the servicing of the high-priority interrupts.

11.7.2 Software Triggering of interrupt

Software triggering of the interrupts is possible in 8051. This means the interrupt can
be caused by setting am imterrupt flag with an instruction. For example, if the IE bit for
timer 1 is set, an instruetion 'SETB TF1' will interrupt the 8051 and 8051 will start
executing ISR. Thus, it is not meeded to wait for timer 1 to roll over to have an interrupt.
Since we are using instruction to create an interrupt, it is called software triggering. This
is useful for testing an ISR by way of simulation.

Review Questions

1. Druw and explain the interrupt structure of B051.

2. When 8051 is resel, all interrupls are disabled. How to enable these interrupts 7
3. Give the vector addresses of each interrupt source.

4. Explain, how lo enable and disable interrupls.

5. With the help of example explain programming of bimer interrupt.
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. 6. Witk the help of example expalin programming of exiernal interrupts.

7. With the help of example explain programnting of serial interrupt.

8. Wrile a short note on interrupt priority.

8. What are nested interrupts 7

10. What do you menn by software triggering of interrupts ? Whether is it possible in 8051 ?

Qaa
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Programmable
Peripheral Interface-8255

]
The 8255 is a general purpose programmable [/0O device used for parallel data
transfer. It has 24 [/O pins which can be grouped in three B-bit parallel ports : Port A,

Port B and Port C. The eight bits of port C can be used as individual bits or be grouped in
two 4-bit ports : C, (Cy) and C . (C).

The B255, primarily, can be programmed in two basic modes : Bit Set/Reset (BSR)
mode and I/O mode. The BSR mode is used to set or reset the bits in port C. The [/O
mode is further divided into three modes :

Mode 0 : Simple Input/Cutput

Mode 1 : Input/Output with handshake

Mode 2 : Bi-directional I/0 data transfer

The function of 1/0 pins (input or output) and modes of operation of 1/0 ports can be
programmed by writing proper control word in the control word register. Each bit in the
control word has a specific meaning and the status of these bits decides the function and
operating mode of the [/O ports.

12.1 Features of B255A

1. The 8255A is a widely used, programmable, parallel 1/0 device.

2 It can be programmed to transfer data under various conditions, from simple 1/0
to interrupt 1/0.

3. It is compatible with all Intel and most other microprocessors.
4. It is completely TTL compatible.

5. It has three 8-bit ports : Port A, Port B, and Port C, which are arranged in two
groups of 12 pins. Each port has an uniquc sddress, and data can be r2ad from or
written to a port. In addition to the address assigned to ie threc pouts, another
address is assigned to the control register into which contrel wsids are written for
programming the 8255 to operate in various modes.

6. Its bit set/reset mode allows setting and resetting of individual bits of Port C.
7. The 8255 can operate in 3 I/0 modes : (i) Mode 0, (ii) Mode 1, and (iii) Mode 2.

(12 - 1)
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a) In Mode 0, Port A and Port B can be configured as simple B-bit input or output
ports without handshaking. The two halves of Port C can be programmed
separately as 4-bit input or output ports.

b) In Mode 1, two groups each of 12 pins are formed. Group A consists of Port A
and the upper half of Port C while Group B consists of Port B and the lower half
of Port C. Ports A and B can be programmed as 8-bit Input or Cutput ports with
three lines of Port C in each group used for handshaking.

c) In Mode 2, only Port A can be used as a bidirectional port. The handshaking
signals are provided on five lines of Port C (PC, - PC,). Port B can be used in
Mode 0 or in Mode 1.

B. All 1O pins of 8255 has 25 mA DC driving capacity (iLe. sourcing current of
2.5 mA).

12.2 Pin Diagram
Fig. 12.1 shows the pin diagram of 8255.

PAs[_]1 e 40 []PA
PAs ]2 38 [ 1PAs
PAL]2 38 []PAg
Pag 14 7 [ 1Pa;
e 38 [ JWR
ts[]s 35 [_IRESET
Gnp[]7 Ao,
A1|:1a 331D,
Aa[1o 32[ 1D,
PCy[]10 31Dy
pc, ] 11 B255A, 0o,
PCs[]12 291D
PG4 13 28 [0
PCL [ 14 27 |:||:J?
PCy[]15 26 [ IWeel+5 V)
PC,[] 16 25| 1PB,
PCy[]17 24 [ PBy
PBp[]18 23[1PB,
PB4[ 19 22()PB,;
PBa[] 20 21 P8,

1 Pin diagram of 8255A
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Pin Symbols Function
DgD; (Data Bus) These bi-directional, tri-stale dala bus lines are connected to the system

dala bus. They are used to transfer data and control word from
microprocessor (B0B5) to B255 or to receive data or status word from 8255
to the BOSS.

PAg-PA7 (Port A) These 8-bit bi-directional /0 pins are used to send data to ocutput davice
and fo receive data from input device. It funclions as an 8-bit data output
latchibuffar, when used in oulput mode and an B-bit data input buffer, when
used in input mode.

PBD'PBT {Part B) Thasa B-bit bi-directional /D pins are used fo send dala to output device
and o receive data from input device, It funclions as an 8-bit dala, oulpul
latehibuffer when used in output mode and an B-bit data input buffer, when
uzed in input moda.

PCyPCy These 8-bit bi-directional I'Q pins are divided into two groups PC
(PCq-PCp) and PC,, (PCy-PCy4). These groups individually can transfer data
in or out when programmed for simple /0, and used as handshake signals
whan programmed for handshake or bi-directional modes,

E{m; When this pin is low, the CPU can read the data in the ports or the siafus
word, through the dala buffer.

WR [Write) When this input pin is low, the CPU can write data on the ports or in the
contral m;_;isut through the data bus buffer.

E {Chip Selact) This is an aclive low input which can be enabled for data transfer operation
betwean the CPU and the 8255,

RESET This is an active high input used to reset B255. When RESET input is high,
the control register is cleared and all the pors are sef to the input mode,
Usually RESET OUT signal from B0BS is used fo resel 8255,

Ag and Ay These input signals akong with RD and WR inputs control the selection of
the controlfstatus word registers or gne of the three poris. Table, 5.1
summarizes the status of A.o.A1I. CS, RD and WR to access the confrol
word/ports. Ag and A, are generally connected to the Ag, A4 pins of the
address bus; the B255 therefore ocouples four locations in the
WO spacs,

A, | A, |RD |WR|CS Operations
Input [Read) Operation

o o i} 1 o Port A to Dala Bus

0 1 0 Port B 1o Dala Bus

1] 1 0 Port C to Data Bus

Output (Write) Oparation

0 0 1 o | o | Data Bus to Port A

0 4 i 0 0 Dala Bus to Porl B

1 0 1 o | o Dala Bus to Port C

1 1 1 0 | 0 | Data Bus to Conirol Register
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Disable Function
x X X X 1 Data Bus Tri-staled
1 1 0 1 o IMegal Condition
X X[ 1 1 0 | Data Bus Tri-stated
Table 12.1 Port and register select signals summary

12.3 Block Diagram

Fig. 122 shows the internal block diagram of B255A. It consists of data bus buffer,
control logic and Group A and Group B controls.

-\
GROUP GROUP A FA
ke ke =D
POWER | —= *3V CONTROL {8} PA-PA
SUPPLIES | === GND
|
GROUP A
PORT G
BLDIRECTIOMAL ""T“
DATA BUS (4)
nrn"<:> DATA < >
BUS
BUFFER A &It
INTERMAL
DATA BUS cROUPS
CZD Lower
(&)
Al —=a |
WR—4 Wy GROUP GROUF B
%™ controL [ GﬂH?HCIL : : : Pcﬁ}u
A==  LOGIC
RESET
I |

Fig. 12.2 Block diagram of 8255A
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12.3.1 Data Bus Buffer

This tri-state bi-directional buffer is used to interface the internal data bus of 8255 to
the system data bus. Input or Output instructions executed by the CPU either Read data
from, or Write data into the buffer. Output data from the CPU to the ports or control
register, and input data to the CPU from the ports or status register are all passed through
the buffer.

12.3.2 Control Logic
The control logic block accepts control bus signals as well as inputs from the address
bus, and issues commands to the individual group control blocks (Group A control and

Group B control). It issues appropriate enabling signals to access the required data/contral
words or status word. The input pins for the control logic section are described here.

12.3.3 Group A and Group B Controls

Each of the Group A and Group B control blocks receives control words from the CPU
and issues appropriate commands to the ports associated with it. The Group A control
block controls Port A and PC,; -PC,; while the Group B control block controls Port B and

PC4-PC,,

Port A:  This has an 8-bit latched and buffered output and an 8-bit input latch. It can
be programmed in three modes: mode 0, mode 1 and mode 2.

Port B : This has an B-bit data I/O latch/buffer and an 8-bit data input buffer. It can
be programmed in mode 0 and mode 1.

Port C: This has one 8-bit unlatched input buffer and an 8-bit output latch/buffer.
Port C can be separated into two parts and each can be used as control signals
for ports A and B in the handshake mode. It can be programmed for bit
set/reset operation.

12.4 Operation Modes

12.4.1 Bit Set-Reset (BSR) Mode

The individual bits of Port C can be set or reset by sending out a single OUT
instruction to the control register. When Port C is used for control/status operation, this
feature can be used to set or reset individual bits.
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12.4.2 /0 Modes
Mode 0 : Simple inputioutput
In this mode, ports A and B are used as two simple 8-bit I/O ports and Port C as two
4-bit ports. Each port (or half - port, in case of C) can be programmed to function as
simply an input port or an output port. The input/output features in Mode 0 are as
follows :
1. Qutputs are latched. 2. Inputs are buffered, not latched.
3. Ports do not have handshake or interrupt capability.
Mode 1 : Input/Output with handshake
In this mode, input or output data transfer is controlled by handshaking signals.
Handshaking signals are used to transfer data between devices whose data transfer speeds

are not same. For example, computer can
send data to the printer with large speed

W but printer can’t accept data and print data

- with this rate. S50 computer has to send

Computer E_TE Printar data with the speed with which printer can
ACK accept. This type of data transfer is

BUSY achieved by using handshaking signals

alongwith data signals. Fig. 12.3 shows data

Fig. 12.3 Data transfer between te fer Between puter and I
g- . a nsiar computar ' s
and printer using handshaking signals wing handshaking signals.

These handshaking signals are used to tell computer whether printer is ready to accept
the data or not. If printer is ready to accept the data then after sending data on data bus,
computer uses another handshaking signal (STB) to tell printer that valid data is available
on the data bus.

The 8255 mode 1 which supports handshaking has following features.

1. Two ports (A and B) function as 8-bit I/0 ports. They can be configured either as

input or cutput ports.

2. Each port uses three lines from Port C as handshake signals. The remaining two

lines of Port C can be used for simple [/O functions.

3. Input and output data are latched.

4, lnterrupt lﬂg;h: is suppnrt:ed.
Mode Z : Bi-directional O data transfer

This mode allows bi-directional data transfer (transmission and reception) over a single
8-bit data bus using handshaking signals. This feature is available only in Group A with
Port A as the 8-bit bidirectional data bus; and PC,-PC; are used for handshaking
purpose. In this mode, both inputs and outputs are latched. Due to use of a single 8-bit
data bus for bi-directional data transfer, the data sent out by the CPU through Port A
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appears on the bus connecting it to the peripheral, only when the peripheral requests it.
The remaining lines of Port C i.e. PCyPC, can be used for simple I/0 functions. The Port
B can be programmed in mode 0 or in mode 1. When Port B is programmed in mode 1,
PCy-PC; lines of Port C are used as handshaking signals.

12.5 Control Word Formats

A high on the RESET pin causes all 24 lines of the three 8-bit ports to be in the input
mode. All flip-flops are cleared and the interrupts are reset. This condition is maintained
even after the RESET goes low. The ports of the 8255 can then be programmed for any
other mode by writing a single control word into the control register, when required.

12.5.1 For Bit Set/Reset Mode
Fig. 12.4 shows bit set/reset control word format.

0 |Dg |Ds | Dy | Dy | D | Dy | Dy

| | BIT SETIRESET
¥ -4 1-SET
——— 0- RESET
Don't cans
BIT SELECT
0|1|2(3|4|6|6|T
ol1{of1jof1]|o|1]Bg
olol1{1]ofo|s 1|8
olojojof1(1]1|1]B;
IEHSETIHESEFFU.G
| 0 =ACTIVE

Fig. 12.4 Bit setireset control word format

The eight possible combinations of the states of bits D, -D; (B, B, By) in the Bit
Set-Reset format (BSR) determine particular bit in PC, - PC, being set or reset as per the
status of bit D,. A BSR word is to be written for each bit that is to be set or reset. For
example, if bit PC, is to be set and bit PC, is to be reset, the appropriate BSR words that
ﬂﬂlhﬂhhlﬂdﬂdiﬂﬂﬂtmﬁdrﬂﬁlﬂwmh&ﬂ}{x}ﬁﬂlllM#DKHKIHDD,

respectively, where X is don't care.
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The BSR word can also be used for enabling or disabling interrupt signals generated
by Fort C when the B255 is programmed for Mode 1 or 2 operation. This is done by
setting or resetting the associated bits of the interrupts. This is described in detail in next
section. '

12.5.2 For 1/O Mode

The mode definition format for 1/0 mode is shown in Fig. 12.5. The control words for
both, mode definition and Bit Set-Reset are loaded into the same control register, with bit
D, used for specifying whether the word loaded into the control register is a mode
definition word or Bit Set-Reset word., If D, is high, the word is taken as a mode
definition word, and if it is low, it is taken as a Bit Set-Reset word. The appropriate bits
are set or reset depending on the type of operation desired, and loaded into the control

register.

GROUFP B

PORT C (LOWER)
1= [NPUT

0 =0UTPUT

FORT B
1 =INFUT
0=0UuTPUT

MODE SELECTION
0 =MODE
1 = MODE 1

GROUP A

PORT C (UPPER)
1 = INPUT
0 = QUTPUT

PORT A
1 = INPUT
0 =0UTpPuT

MODE SELECTION
00 =MODE O
01 = MODE 1
1% = MODE 2

MODE SET FLAG
1 =ACTWE

E
Fig. 12.5 8255 Mode definition format
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immp Example 12.1 : Write a program o initialize 8255 in the configuration given below :
1. Port A : Smmple input
2. Port B ; Simple oufput
3. Port C, : Output
4. Port C;; : Input
Assume address of the control word register of 8255 as 83H.

Solution :
Source program :
MVI A, 9BH s Load control word
QuUT B3H ; Send epontrol word
1 0 i 1 1 a0 o 0 = 98H
L L Port G - Output

——=Po B - Cutput
Mage O Port B - Simple 1O
Fort Gy, - input

Port A - Simple input

= i fode 0 Port A - Simpla O

|0 Mode

imp Example 12.2 :  Wrile a program fo initialize 8255 in the configuration given below :
1. Port A : Output with handshake
2. Port B : Input with handshake
3. Port C : Output

4. Port C, : Input
Assume address of the control werd register of 8255 as 23H.
Solution :
1 0 1 0 1 1 1 0 = AEH
L] L~ portc, - Outpus
——=Port B
= il 1 Port B - Handshake
—= Fort Cy

s Pt &
= hdode 1 Port A - Handshake
WS Moda
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Source program :

MVI A, AEH i Load contrel word

OUT 23H ; Send contrel word

Lab Experiment 62 : Blink port C bit 0 of 8255.

Statement : Write a program to blink Port C bit 0 of the B255. Assume address of control
word register of 8255 as B3H. Use Bit Set/Reset mode.

Solution : Control word to make bit 0 high.

nx:-:xuuu1|-nm
| | |

— Make Bit = 1
—= Bit 0 of Port C

Dion'l care

—= BSR Mode
Conirol word to make Bit O low

0 X X X 1] 0 ] 0 = 00H

I R E— R R

L BitDofPortC

Dan't cars

—= B5R Mode
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Source program :

BACK MVI A, OlH i Load bit pattern to make PC, high
CUT B3H ;i Send it to control word register
CALL DELAY ; Call Delay subroutine
MVI A, 0O0H ; Load bit pattern to make PC, Low
OUT B3H i 3end it to control word register
CALL Delay ; Call pelay subroutine
JMP BACK ; Repeat

12.6 8255 Programming and Operation

12.6.1 Programming in Mode 0

The Ports A, B and C can be configured as simple input or cutput ports by writing the
appropriate control word in the control word register. In the control word, D, is set to ‘1’
(to define a mode set operation) and D, D; and D, are all set to ‘0 to configure all the
ports in Mode 0 operation. The status of bits D,, D,, D, and D, then determine (refer to
Fig. 12.5) whether the corresponding ports are to be configured as Input or Output.

For example in mode 0, if Port A and Port B are to operate as output ports with Port

C lower as input, and Port C upper as output, the control word that will have to be
loaded into the control register will be as follows.

Dy Dy Dy D, D, D, Dy Dy
1 o (1] ) 0 0 o 1 = 81H

As mentioned earlier, this mode provides simple input and output operations for each
of the three ports. No handshaking is required, data is simply written to or read from a
specified port.

Input Mode : Fig. 12.6 shows the iming diagram for mode 0 input mode.

i \_/
Irgat X X

8. A A X K

o0y :

Fig. 12.6 Timing diagram for mode 0 input mode
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After initialization of 8255 in the input mode 0, CPU can read data through the input
port by initiating read command with proper port address. Read command activates RD
signal. Upon activation of RD signal CPU reads the data from the selected input port into
the CI'U register.

Output Mode : Fig. 12.7 shows the timing diagram for mode 0 output mode.

Affter initialization of 8255 in the output mode 0, CPU can write data into the output
port by initiating write command with proper port address. CPU sends data on the data
bus and upon activation of WR signal, data on the data bus gets latched on the selected

output port.

DDy

T8, A A X X
Dutput X

Fig. 12.7 Timing diagram for mode 0 output mode

Mode 0 Configurations :

A B GROUP A GROUP B
Dy Dy Dy Dy PORT A PORT C # PORT B PORT C
(Upper) (Lower)
o L) ¥] o QUTPUT OUTPUT o OUTPUT OUTPUT
o o 0 1 QUTPUT QUTPUT 1 QUTPUT INFUT
o 0 1 0 QUTPUT QUTPUT 2 INPUT QUTPUT
o i) 1 1 QUTPUT oUTPUT 3 INPUT INPUT
o 1 o 0 QUTPUT INFUT 4 QUTPUT QUTPUT
0 1 o 1 QUTPUT INPUT 5 ouTPUT INPUT
0 1 1 0 OUTPUT INPUT & INPUT QUTPUT
0 1 1 1 OUTPUT INPUT T INPUT INPUT




S Programmablie Peripheral
‘Microprocessor & Microcontroller System 12-13 Interface-8255

1 0 o 0 INFUT CUTPUT 8 OUTPUT OUTPUT
1 0 a 1 INPUT QUTPUT g OUTPUT INPLUT
1 0 1 0 INPUT QUTPUT 10 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 1" INPUT INPUT
1 1 o o INPUT INPUT 12 OuUTPUT OUTPUT
1 1 0 1 INFUT INPUT 13 OUTPUT INPUT
1 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT

12.6.2 Programming in Mode 1 {Input / Output with Handshake)

Both Group A and Group B can operate in Mode 1, either together, or individually,
with each port containing an 8-bit latched Input or Output data port, and a 4-bit port
which is used for control and status of the 8-bit port.

When Port A is to be programmed as an input port, PC, , PC,; and PC, are used for
control. PC, and PC, are not used and can be Input or Qutput, as programmed by bit D,
of the control word. When Port A is programmed as an output port, PC, , PCy, and PC,
are used for control and PC,; and PC, can be Input or Qutput, as programmed by bit Dy,
of the control word.

When port B is to be programmed as an input or output port, PCy, PC, and PC, are
used for control

Mode 1 Input control signals :

1. STB (Strobe Input) : This is an active low input signal for 8255 and output signal for
the input device. The input device activates this signal to indicate CPU that the data to be
read is already sent on the port lines of 8255 port. Upon activation of this signal 8255
loads the data from the input port lines into the input buffer of that port.

2. IBF (Input Buffer Full) : This is an active high output signal for 8255 and an input
signal for input device. This signal is generated by 8255 in response to STB signal as an
acknowledgement to input device. It also indicates to the input device that the input buffer
is full and it is not ready to accept next byte from the input device. Therefore input device
sends data on the port lines only when IBF signal is not active. The IBF signal is
deactivated when CPU reads the data from input buffer of the respective port by
activation of RD signal.

3. INTR (Interrupt Request) : This is an active high output signal generated by 8255. A
‘high’ on this output can be used to interrupt the CPU when an input device is requesting
service, The B255 sets the INTR when STB signal is ‘one’, IBF signal is ‘one’ and INTE is
‘orie’, indicating CF17 that the data from the input device is available in the input buffer.
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This signal is reset by the falling edge of the RD signal i.e. immediately after reading the
data from the input buffer.

INTE (Interrupt Enable) flip flop is used to enable or disable INTR (Interrupt request)
signal. If INTE flip-flop is set, the interrupt request is generated depending on the status of
STB and IBF signals. If INTE flip flop is reset, the interrupt request is not generated,
allowing masking facility for the interrupt.

Mode 1 : Port A input operation

Fig. 12.8 (a) shows Port A as an input port along with the control word and control
signals (for handshaking with a peripheral). When the control word (as in Fig. 12.8 (a)) is
loaded into the control register, Group A is configured in Mode 1 with Port A as an input
port. Port A can accept parallel data from a peripheral (like a keyboard) and this data can
be read by the CPU. The peripheral first loads data into Port by making the STB, input
low. This latches the data placed by the peripheral on the common data bus into Port A.
Port A acknowledges reception of data by making IBF, (Input Buffer Full) high. IBF, is
set when the STB, input is made low, as shown in Fig. 12.8 (b).

]HTRAiuma:ﬁvelﬁghuulputsigm]whidtmnbeusedhuhﬂmuptﬂmtﬁ]mﬂnt

MODE 1{PORT A)
Conirol word EE
D; Dg D5 D, Dy D, Dy Dy INTE PC4f~—STB,
A
1o 1] 1 mm PCy |— I18F,
PGy, PCy
1= INPUT
0 = OUTPUT
PCy INTR,,
""_‘i PCrPCylpmi0

Fig. 12.8 {a) Port A in mode 1

the CPU can suspend its current operation and read the data written into Port A by the
peripheral. INTR, can be enabled or disabled by the INTE, flip-flop which igscontrolled
by Bit Set-Reset operation of PC,. INTR,, is set (if enabled by setting the INTE, flip-flop)
after the 5TB,, has gone high again, and if IBF,, is high.

On receipt of the interrupt, the CPU can be forced to read Port A. The falling edge of

the RD input resets IBFA and it goes low. This can be used to indicate to the peripheral
that the input buffer is empty and that data can again be loaded into it.
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Fig. 12.8 (b) Timing diagram for port A in mode 1
Mode 1 : Port B input operation.

Fig. 12.9 shows Port B as an input port (when in Mode 1). The timing diagram and
operation of Port B is similar to that of Port A except that it uses different bits of Port C
for control. INTEj is controlled by Bit Set/Reset of PC,.

If the CPU is busy with other system operations, it can read data from the input port
when it is interrupted. This is often called Interrupt driven 1/0. However, if the CPU is
otherwise not busy with other jobs, it can continuously poll (read) the status word to

MODE 1{PORT B}
P
Control word BTPB':'CII

D, Dg Dg D, Dy D, D, D, INTE PC; [+—5TBg

B
1 1 1 N PGy f—1BFy

Fﬂu e II"ITHB

RO—

Fig. 12.9 Port B in mode 1
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check for an IBF,. This is often called Program Controlled I/0. The status word is
accessed by reading Port C (A A, must be 10, RD and C5 must be low). The status word
format when Ports A and B are input ports in Mode 1, is shown in Fig. 12.10.

INPUT CONFIGURATION

D, Dg Dy Dy Dy Dz o Dg
Tle] 1o | IBF, {INTE, |INTR, [ INTEg | iBF, |INTRg

I I
GROUP A GROUP B

Fig. 1210 Mode 1 status word (Input)
Mode 1 : Output control signals

1. OBF (Output Buffer Full) :

This is an active low output signal for 8255 and input signal for the output device. The
B255 activates this signal to indicate output device that data is available on the output
port. Upon activation of OBF signal, output device reads data from the output port and
acknowledges it by ACK signal. The OBF signal is activated at the rising edge of the WR
signal and de-activated at the falling edge of the ACK signal.

2. ACK (Acknowledge Input) :

This is an active low input signal for 8255 and output signal for the output device. The
output device generates this signal to indicate 8255 that the data from port A or Port B has
been accepted.

3. INTR (Interrupt Request) :

This is an active high output signal generated by 8255. A ‘high’ on this output can be
mﬂmﬂmupt&m%whmmc_mputdwimhﬂm;tpmddau transmitted by the
CPU. The 8255 sets the INTR when ACK signal is ‘one’, OBF is ‘one’ and INTE is ‘one’,
indicating that the output device is ready to accept next data byte. This signal is reset by
the falling edge of the WR signal ie. immediately after sending the data to the output
port.

INTE (Interrupt Enable) flip flop is used to enable or disable INTR (Interrupt Request)
signal. If INTE flip flop is set, the interrupt request is generated depending on the status
of ACK and OBF signals. If INTE flip flop is reset, the interrupt request is not generated,
allowing masking facility for the interrupt.

Mode 1 : Port A oytput operation.

Fig. 12.11 (a) shows Port A configured as an output port (when in Mode 1} along with
the control word and control signals (for handshaking with a peripheral). When the control
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word (as in Fig. 1211 (a)) is loaded into the control register, Group A is configured in
Mode 1 with Port A as an output port. The CPU can send data to a peripheral (like a
display device) through Port A of the B255.

The OBF, output (Qutput Buffer Full) goes low on the rising edge of the WR signal
(when the CPU writes data into the 8255). The OBF, output from B255 can be used as a
strobe input to the peripheral to latch the contents of Port A. The peripheral responds to

MODE 1{PORT A}

PAr-PAg :3:}
Confrol word
D Oy Dy Dy O, D, DOy DO PCy [——0BF,
1ol 1] 0| W el | PCs f—AcK,
TEL
PC., PC,
——= § = INPUT
0 = OUTPUT
PCy f—=INTR,
ﬁ—l—ﬂ 2
PCe-PC, f=1i0

Fig. 12.11 (a) Port A in mode 1

l

1
o )

ACKS \‘
DATA
OUTPUT PREVIOUS DATA ). 4 NEW DATA

Phg-Ph;

Fig. 12.11 {b) Port A in mode 1 (Output)
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the receipt of data by making the ACK, input of the 8255 low, thus acknowledging that it
has received the data sent by the CPU through Port A. The ACK, low sets the OBF,
signal, which can be polled by the CPU through OBF, of the status word to load the next
data when it is high again.

INTR, is an active high output of the 8255 which is made high (if the associated
INTE, flip-flop is set) when ACK, is made high again by the peripheral, and when OBF,
goes high again (see timing diagram in Fig. 12.11(b)). It can be used to interrupt the CPU
whenever the output buffer is empty. It is reset by the falling edge of WR when the CPU
writes data onto Port A. It can be enabled or disabled by writing a ‘1" or a'll respectively
to PC; in the BSE mode.

Mode 1 : Port B output operation.

Fig. 1212 shows Port B as an output port when in Mode 1. The operation of Fort B is
similar to that of Port A. INTR is controlled by writing a ‘1" or a ‘0 to PC; in the BSR
mode. The status word is accessed by issuing a Read to Port C. The format of the status
word when FPorts A and B are Output ports in Mode 1 is shown in Fig. 1213,

MODE 1{PORT B)
PBPB [T >
Control word BB
D, Dy Dy D, Dy D, D D i
1 1 0 1 -
INTE | | PGz |——ACKg
B 1
PCy |—=INTRg
WR—=af

Fig. 12.12 Port B in mode 1 (Output)
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Dy D D Dy Dy D, Dy Dy
OBF, | INTE, [ 1o o | INTR, [ INTEg | OBFg | INTRy

| |
GROUP A GROUP B

Fig. 12.13 Mode 1 status word (Output)

12.6.3 Programming in Mode 2 (Strobes Bi-directional Bus 1/O)

When the 8255 is operated in Mode 2 (by loading the appropriate control word), Port
A can be used as a bi-directional B-bit I/0O bus using for handshaking. Port B can be
programmed in Mode 0 or in Mode 1. When Port B is programmed in mode 1, PC, - PC,
lines of Port C are used as handshaking signals.

Fig. 12.14 shows the conirol word that should be loaded into the control port to
configure 8255 in Mode 2.

D Dg D O Dy D Dy DO

1 1 10 [ 10| 10

PC,PCy

1 =INPUT
0 =0UTPUT

1= INPUT
0= 0UTPUT

FORTE |

GROUP B MODE
0=MODEOD
1=MODE 1

Fig. 12.14 Mode 2 control word

Mode 2 : Control signals
INTR {Interrupt Request) : A ‘high’ on this output can be used to interrupt the CPU
for input or output operations.

Output Control Signals :
OBF, (Output Buffer Full)

This is an active low output which indicates that the CFU has written data into
Port A.
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ACK, (Acknowledge)

This is an active low input signal (generated by the peripheral) which enables the
tri-state output buffer of Port A and makes Port A data available to the peripheral. In
Mode 2, Port A outputs are in tri-state until enabled.

INTE 1

This is the flip-flop associated with Qutput Buffer Full. INTE 1 can be used to enable
or disable the interrupt by setting or resetting PC; in the BSR Mode.

Input Control Signals :
STB (Strobe input)

This is an active low input signal which enables Fort A to latch the data available at
its input.
IBF (Input Buffer Full Flip-Flop)

This is an active high output which indicates that data has been loaded into the input
latch of Port A.
INTE 2 .

This is an Interrupt enable flip-flop associated with Input Buffer Full It can be
controlled by setting or resetting PC, in the BSR Mode.
Mode 2 : Port A operation.

Fig. 1215 shows Port A and associated control signals when 8255 is in Mode 2.

Interrupts are generated for both output and input operations on the same INTR, (PC,)
line.

:>__ PC, [—=INTR,
PhrPA T

FC; |—08F,
INTE ——
i PCg ACKH,
INTE |___| PC, |=—5T8,
2
PC, |—=IBF,
WR—=g s
RO——eg PCyPCy (=110

Fig. 12.15 Mode 2 operation
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Status Word in Mode 2

The status word for Mode 2 (accessed by reading Port C) is shown in Fig. 1117
D;-Dy of the status word carry information about OBFa, INTE, .IBF, ,INTE, ,INTR, .
The status of the bits D,-Dy, depends on the mode setting of Group B. If B is programmed
in Mode 0, D,-D,, are the same as PC,-PC, (simple 1/0); however if B is in Mode 1, D,-D,
carry information about the control signals for Port B (as in Fig. 12,10, or Fig. 12.13),
depending upon whether Port B is an Input port or Qutput port respectively.

Diala Trom
CPLU o B2554

3l

g
g
L

NTR /
\} 5.. N \
ACK \ j 7 4
Lgy
ETB \ /
|
lem
H
BF :‘ N
fes i
Peripherai . ST TR
bus o _‘L - SRS E S Sy ———-
A |
Data from Dala from
perpharal io BI55A B2554 to peripharal
Diaka from
EIESA 1 BOAD
Fig. 12.16 Mode 2 waveform
Dy Dy Ds D, D4 D, D, Dp
OBF, | INTE, | IBF, | INTE, | INTR,
I |
GROUF A GROUP B

(DEFINED BY MODE D
OR MODE 1 SELECTION)

Fig. 12.17 Status word for mode 2
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Mode Definition Summary
MODE 0 MODE 1 MODE 2
IN ouT IN ouT GROUP A ONLY
P IN ouT IN ouT :
Pi? IN ouT IN ouT o
PAy IN ouT IN ouT o
PAy IN ouT IM ouT “
Phy IN ouT IN ouT “
Phg IM ouT IN ouT =
PhAg IM ouT IN ouT -
PAT IN ouT N ouT pi
“
MODE 0 MODE 1 MODE 2
IN ouT IN ouT GROUP A ONLY
PHg IN ouT IN ouT -
PB4 IN ouT IN ouT -
PB, iN ouT IM ouT - Mode 0
FBy IM ouT IM ouT - or
FBy IN ouT N QuT - Mode 1
FBg N QuT IN ouUT - Only
PBg [N ouT IN ouT -
PB; IN ouT IN ouT -
IN ouT INTR INTRg o
ﬁ? IN ouT IBF OBFg o
PCa IMN ouT 3 ﬁ o
PC IN ouT INT 1 INTR
PCy IN ouT sTBy | U0 STB,
PCg IN ouT IBF o IBF
PCy N ouT vd* ACKy u:|$
PCy IN ouT 1o OBF, OBFp

12.7 Interfacing 8255 in /O Mapped /O

Fig. 12.18 shows the interfacing of 8255 with B085 in I/0 mapped 1/0 technique. Here
RD and WR signals are activated when I0/M signal is high, indicating 1/0 bus cycle.
Reset out signal from 8085 is connected to the RESET signal of the B255.
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D
0 =, —
Ph
A‘."—D-— Ay — g
Ag D, Ay —a,
k_p._: =
oW ———WR
A—]>e— :@:
RESET OUT ——RESET BC;
> )
Fig. 12.18 Interfacing of 8255 in VO mapped /O
VO Map :
Ports | Control Register Addrazs Linas Addrass
Ar Ag As Ay Az Ay Ag Ag
Port A o0 0 Q0 0 0O 0O O 00
Yot B o 0 0CO0O OO0 D0 1 01H
Port C o o0 0 O0CO0DO0ODT1TOD0 02H
Control Register 00 0O0D0O0 1 1 03H

12.8 Interfacing 8255 in Memory Mapped VO

Fig. 12.19 shows the interfacing of 8255 with 8085 in memory mapped 1/0 technique.
Here RD and WR signals are activated when I0/M signal is low, indicating memory bus
cyde. To get absolute address, all remaining address lines (A5 - A;) are used to decode
the address for 8255. Other signal connections are same as in I/0 mapped 1/0.
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AL o—
A Dy Dy
Am—ﬂh— 57:>E7
13— >o—
Ao —
A”—-—bo—n— ""ﬂ_'i'{l m?'
Ae—0— Ay —] Ay
Ay —>0— —
Ay — TS0 MEMR—RD 8255 -C%}
z—'}*—'} MEMW ——{ WR ’
Ay —Po— RESET DUT ——{RESET <&}
Ay —o— _ Py
Ay —>o— cs
Ay —P>0— I
Fig. 12.19 Interfacing 8255 in memory mapped VO
0 Map :
Ports/Control Address Lines Address
Register "15“14‘*13"*12*11’;1%“5"‘?‘!.%"‘4“3*1“1%
Part A olo oo |0jOo|(0|O|D|OD)|0 |00 o 0000H
Port B gjo|oyo0o)of({aG|jO(0G|OQ(O]O|D|{QG]|O]|0)|1 0001H
Port C pjlo|lolo|lo|ojo|o|oe|o|ojo|o|o|1|0]| ooo2H
ControlRegister | O O ! QO |D (D (O |OD|(OD|O(Q|OJOD[(O[{O] 1|1 DOO3H

Lab Experiment 63 : Hardwars and software for flashing LEDs.

Statement : Design a system that will cause 4 LEDs to flash 10 times when a push button
switch is pressed. Use 8255. Assume persistence of vision to be 0.1 seconds.

Hardware :

Fig. 1220 shows the interfacing scheme. In this scheme the LEDs are

connected to port C in sinking mode. Thus when port C pin is low LED is ON and when
Port C pin is high LED is OFF. Port A pin 0 is used to read status of push button switch.
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Ve
Dy R
DT‘:::‘I A,
Ao —=1Ag
Ay Ay
Ok —dRD =
oW WR 8255
Cs—9Cs
PCy
PC,
PG,
PCy
Fig. 12.20
Software :
Program
LXI 5P, Z2000H i Initialize stack pointer
MVI A, 90 H ;
OUT CR ; Initialize B255
BACK : IN PA : [Read status
ANI 01 ; of push
JNZ BACK i butten]
MVI B, 0OAH ; Initialize counter
AGAIN : MVI A, OOH 7 Load data to light LEDs
ouT PC { Send data on port C
CALL Delay ; Call. Delay of 0.1 sec
MVI A FFH i Load data to switch off LEDs
OUT PC + Send data on port C
CALL Delay ; Call Delay of 0.1 sec
BCR B i Decrement count
JHE AGRIN i If not zero repeat
JHMP BACE ; Jump back to read status
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Review Questions
1. Discuss the orgamization and architecture of 8255 programmable peripheral interface IC with a

2. Mlustrate the different modes of operation of 8255,
3. Explain the control word formation with suitable examples.
4. Draw the interfacing scheme of 8255 and 8085 in I/O mapped /O mode.
5. Draw the interfacing scheme of 8255 and 8085 in memory mapped [/O mode.
6. Explain the bit setfreset mode of 8255.
7. Write a program in assembly language wsing 8255 to generate a square wave of 1 MHz frequency.
8. An 8255 is used with Port A as output, Port B as input and with Port C used for handshaking for
Port A and Port B. The 8255 is enabled when Apg to Ag s 001101XX.
i) Write the instruction sequence to program the 8255 for this mode of operation.
ii) Write the format of the status word obtained if PORT C is read.

Qg



Interfacing to External World

13.1 Introduction

Any applicaion of a microcontroller based system requires the transfer of data
between external crcuitry to the microcontroller and microcontroller to the external
circuitry. User can give information to the microcontroller using keyboard and user can see
the result or output information from the microcontroller with the help of display device.
The transfer of data between keyboard and microcontroller, and microcontroller and
display device is called input/ouput data transfer or I/O data transfer.

We have seen that 8051 has internal data and code memory with limited memory
capacity. This memory capacity may not be sufficient for some applications. In such
situations, we have to connect external ROM/EPROM and RAM to 8051 microcontroller to
increase the memory capacity.

In this chapter, we are going to study the accessing of data from external world and
code memory and interfacing of input and ocuptut devices to the 8051 microcontroller.

13.2 External RAM and ROM
We know that ROM is used as a program memory and RAM is used as a data
memory. Let us see how 8051 accesses these memories.

13.2.1 Program Memory
Fig. 13.1 shows a map of the 8051 program memory.

FFFFH '\ FFFFH

B0 kbyles

Extemai

64 kbyles
OR

1000H > Extemal
nl"rrl'=

4 kbytes
ooop | 'Memal J 0000

Fig. 13.1 The 8051 program memory
{13 - 1)
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In 8051, when the EA pin is connected to V., program fetches to addresses 0000H
through OFFFH are directed to the internal ROM and program fetches to addresses 1000H
through FFFFH are directed to external ROM/EPROM. On the other hand when EA pin is
grounded, all addresses (0000H to FFFFH) fetched by program are directed to the external
ROM/EPROM. The PSEN signal is used to activate output enable signal of the external
ROM/EPROM, as shown in the Fig. 13.2.

= = 0y -0y

EA ROM/EPROM
1L
8051 = A
T = A
ALE o E
CLK H Addr.
{#} P
3
PE q AE -A‘IE
PSEN » OE

Fig. 13.2 Accessing external program memory

As shown in the Fig. 13.2, the port 0 is used as a multiplexed address/bus. It gives
lower order B-bit address in the initial T-cycle and later it is used as a data bus.The B-bit
address is latched using external latch and ALE signal generated by B0S51. The port 2
provides the higher order 8-bit address. Fig. 13.3 shows the timing waveforms for external

e —/\ /T
PSEN 4/ \ / \_

PORTO > aety >R An-ﬁ-;>~<:
PORT 2 X Ay -Arg X

Fig. 13.3 Timing waveforms for external program memory read cycle
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The lower part of program memory stores the vector addresses for various interrupt
service routines. Fig. 13.4 shows the vector address map. Each interrupt is assigned with a
fixed location in program memory. For example, external interrupt 0 is assigned to location
0003H. The interrupt service locations are spaced at 8-byte intervals such as 0003H for
External Interrupt 0, 000BH for Timer 0, 0013H for External Interrupt 1, 001BH for Timerl,
etc. If interrupt is going to be used, its service routine must begin at corresponding
location. If the interrupt is not going to be used, its service location is available as general
purpose program memory.

%
(033H
002BH
f Serial port ——» 00234
Timar § ——* iBH =5 8 Byles

Interrupt External interrupl 1 —— 0013H ¥
tocations ﬁ Timear () ——p CO0BH
External iInterrupt ( ——» 000AH
\ RESET ——» DO0OH

Fig. 13.4 Interrupt/Vector locations in the lower part of program memory

Instructions to Access External ROM / Program Memory
The Table 13.1 explains the instructions to access external ROM/program memory.

Mnemonic Operation

MOVC A, @ A+ DPTR | Copy the contents of the external ROM address
formed by adding A and the DPTR, to A

MOVG A, @ A + PG Copy the confents of the exiernal ROM address
formed by addding A and the PC, to A.

Table 13.1

13.2.2 Data Memory
Fig. 13.5 shows a map of the 8051 data memory

The 8051 can address upte 64 kbytes of external data memory. The “MOVX"
instruction is used to access the external data memory. The internal data memory space for
8051 is divided into three blocks : Lower 128 bytes, Upper 128 bytes and SFRs. The upper
addresses and SFRs occupy the same block of address space, B0H through FFH, although
they are physically separate entities. As shown in the Fig. 13.5, the upper address space is
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Internal memaory
FFFFH
(SFRs)
FFH AmEEE e —
Accessible by
U indirect ‘"""'”*;'ﬂ“ by
ﬁ? addressing addressing B84 kbytes
anly I |
BOH memaory
2EH 4+—AND—»
Accessible by
Lower | srect & indirect
128 | addressing
DOO0H
0

Fig. 13.5 A map of the 8051 data memory

accessible by indirect addressing only and SFRs are accessible by direct addressing only.
On the other hand, lower address space can be accessed either by direct addressing or by
indirect addressing.

& ol ™ 2o-o0;
+y
Ej_.m = x o
= A ﬁ ]
8051 ALE o C | ot
ck | H } ADDR
- = -
Py Py e
RO F::’
WR _ " e

i

Fig. 13.6 shows the circuit diagram for connecting external data memory. The
multiplexed address/data bus provided by port 0 is demulfiplexed by external latch and
ALE signal. Port 2 gives the higher order address bus. The KD and WR signals from 8051
selects the memory read and memory write operation, respectively.

Fig. 13.6 Accessing external data memory
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Fig. 13.7 (a) and (b) show the timing waveforms for external data memory read and
write cycles, respectively.

e — /o
reen—/ \_

N \ /

T
PORT 0 fo-hy YRR L gt >R

FROM RI OR DPL FROM PCL

PORT 2 X PLO-PZT OR Ag-f,5 FROM DPH M - Ay FROM PCH

Fig. 13.7 {(a) Timing waveforms for external data memory read cycle
, _/_\ / \ /

\ /
rorro__ >—Cron )X B XX )~

FROM RI OR DPL FROM PCL

PORT 2 X P2.0-P2.7 OR Ag - A, FROM DPH ><.m_B - Ay FROM PCH
Fig. 13.7 (b) Timing waveforms for external data memory write cycle
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Instructions to Access External Data Memory
The Table 13.2 explains the instruciton to access external data memory.

Mnemonic Operation

MOVX A, @Rp Copy the contents of the external address
in Rp to A

MOVX A, @DPTR Copy the contents of the external address
in DPTR 1o A

MOVX @& Rp, A Caopy data from A to the external address
in Rp.

MOVX @DPTR, A Copy data from A to the external sddress
in DPTR.

Table 13.2

13.2.3 Important Points to Remember in Accessing External Memory

* All external data moves with external ROM or external RAM involve the A
register.

* While accessing external memory, R, can address 256 bytes and DPTR can
address 64 kbytes.

* MOVX instruction is used to access external RAM or 1/0 addresses.

* When PC is used to access external ROM, it is incremented by 1 (to point to the

next instruction) before it is added to A to form the physical address of external
ROM.

13.2.4 Memory Interfacing

We know that read/write memories consist of an array of registers, in which each
register has unique address. The size of the memory is N x M as shown in Fig. 138 (a)
where N is the number of registers and M is the word length, in number of bits.
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Irput
data
Input buffer g EPROM
40296 x &
Ag— & A1 &
g RIW E
it Memary =
g 2048 %8 E
a— = (N x M) A— E
s
Output buffer E - Output buffer E ot
o | | o |
data data
(a) Logic diagram for RAM (b} Logic diagram for EPROM
Fig. 13.8

For Example : If memory is having 12 address lines and 8 data lines, then
MNumber of registers/memory locations = 2¥ =212 = 4096.
Word length = Mbit = 8-bit .
For Example : If memory has 8192 memory locations, then it has 13 address lines.
The Table 13.3 summarizes the memory capacity and address lines required for
memory interfacing.

Memory Capacity Address Lines Required
1 K = 1024 memory locations 10
2 K = 2048 memory locations 11
4 K = 4096 memory locations 12
8 K = 8192 memory locations 13
16 K = 16384 memorny locationz 14
32 K = 32768 mamory locations (1]
64 K = 65536 memory locations 16
Table 13.3

As shown in the Fig. 13.8 (a) memory chip has 11 address lines A,y-Ap, one chip select
(CS ), and two control lines. Read ( RD ) to enable output buffer and write (WR) to enable
the input buffer. The internal decoder is used to decode the address lines. Fig. 13.8 (b)
shows the logic diagram of a typical EFROM (Erasable Programmable Read Only Memory)
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with 4096 (4 K) registers. It has 12 address lines Ay;-Ag, one chip select ( CS ), one read
control signal. Since EPROM is a read only memory, it does not require the { WR ) signal.
The memory interfacing requires to :
¢ Select the chip.
™ lﬂenﬁﬁrﬂm1tgmmm
+ Enable the appropriate buffer.

Microprocessor/microcontroller system includes memory devices and I/0 devices. It is
important to note that microprocessor can communicate (read/write) with only one device
at a time, since the data, address and control buses are common for all the devices. In
order to communicate with memory or I/0 devices, it is necessary to decode the address
from the microprocessor/microcontroller. The following section describes common address
decoding techniques.

‘Address Decoding Techniques :

» Absolute decoding/Full decoding
* Linear decoding/Partial decoding
Absolute decoding

In absolute decoding technique, all the higher address lines are decoded to select the
memory chip, and the memory chip is selected only for the specified logic levels on these
high-order address lines; no other logic levels can select the chip. Fig. 13.9 shows the
memory interface with absolute decoding. This addressing technique is normally used in
large memory systems.

Memory Map

Memory ICs Aqg|Aqg |Aqa[Aq2| Aq1 [Aqp |Ag |Ag|Ar | Ag | As| Ag | Ag | Ag | Aq | Ag | Address

Steting address of | O | O (O (O | O | O jOjOjO|O|(OjOJO}0O]|O|0]| o00OH
EFROM

Endaddress of | O | O (O[O | O | O [F[1]4[1 )91 (1]11}1]1]| osFFH
EFROM

WWMHED1GDHHUUHDHBEDDM

Endaddress of RAM | 0 ( O [ 1 f O | O | O |4 (11 [1 |1 )1 ]4][1}1]1]23FH
Table 13.4




-'-mm‘mgmhrﬁyﬂm 13 -8 Hiid Iﬂhlﬁ:lﬂﬂhmm

L N AV
Dy-DOg Ag Ag Ap-Ay DrDy Ag Ag Ay-Ag OE WR
EPROM {1 K) RAM (1 K)

—

Az Aqq

Fig. 13.9 Absolute decoding technique

Linear decoding

In small systems, hardware for the decoding logic can be eliminated by using
individual high-order address lines to select memory chips. This is referred to as linear
decoding. Fig. 13.10 shows the addressing of RAM with linear decoding technique. This
technique is also called partial decoding. It reduces the cost of decoding circuit, but it has
a drawback of multiple addresses (shadow addresses).

Fig. 13.10 shows the addressing of RAM with linear decoding technique. A5 address
line, is directly connected to the chip select signal of EPROM and after inversion it is
connected to the chip select signal of the RAM. Therefore, when the status of A line is
‘zero’, EFROM gets selected and when the status of Az line is ‘one’ RAM gets selected.
The status of the other address lines is not considered, since those address lines are not
used for generation of chip select signals.



Micraprocessor & Microcontroller System 13-10 . Interfacing to External World

n 0 >0
mp LY
Ay~
’ A
WHR
I~ F5EN
L AV hV.4
Or0y Ag A Ar-hy rDo Ag Ag Prhg
EPROM (1 K) RAM (1 K)
C5 o

S u—

Fig. 13.10 Linear decoding

Memory Map :

X|X|Xx|o|ojo|ojo|O|O|O(O]|O

Starting address of EPROM| 0

Endpddress of EFROM | 0 | X | X | X | X | X |1 |11 |1 {11 )1]1]%1

Mamory ICs *"'15[*101*1: ""121*11 Aqg| Ag | Ag | Ay |Ag|Ag|Ag|Ag Az A |4 M"""I
X | X 0000

03FFH

BOOOH

Slaringeddress of RAM | 1 | X | X | XX | X |0 |0jo|0]jOo]JOjo]jOjO|O

5

Endaddress of RAM | 1 | X | X | X | X[ XJ1 111|111l 1]1]1
Table 13.5

13.2.5 Interfacing Example

s Example 13.1: Give the complete block schematic of an 8051 based system having
Sfollowing specifications.
64 kB of program memory.
64 kB of data memory.
Make use of 16 K x 8 bit memory chips and 74 LS 138 decoders.
Indicate clearly, the addresses selected for the memory chips.
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Solution :

‘:’ﬁ:'ﬁ:
TEEN
WR
bt
ALE
Faned

f
ot

Fig. 13.11
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Memory Map :

Momory Ags| Apg[ M| Apa Ap | Age| Ag f Ag | Ag | Ag | Ag | Ay | Ay | Az | A [ Ay Address
EPROM1 Start of o] of © ol oy o0y 0] O] O] Of OO 0000H
EFPROM1 End of o} 1 1| 4| 1 1) 1 1) ¥ 1] 1} 1} 1| 1| 1| IFFFH
EPROM2 Start ol 1 ofl 0y 0| ) O O Op O| O| Of Of ©] O} O| 4000H
EPROM2 End o 1 1{ 10 1| 1§ 1§ 1| 1] 1] 1| 1} 1| 1] 1] 1| TFFFH
EPROM3 Start 1| &) | @) 0f ¢| O) 0| @y O O O) Q| Q] © B000H
EPROM3 End 1 of 1 1) 1 1) 1) 1 1) 1] 1] 1| 1| 1] 1| 1| BFFFH
EPROM4 Start 1] 1}y @ @} Of | Qf ©| Q| Of O ©) O} O] @ 0| COOOH
EPROM4 End 1 v 1 1) 1} 1) 1 1} 1§ 1| 1} 1| 1} 1| 1] 1| FFFFH
RAM1 Start o| of of( 0y Oy 0| Oy O Oy O)| Q| Oy OQf O} O] O| 0OOUH
RAM1 End o @f 1 1) 1) 4 1 1| ¥ 1} 1] 1| 1) 1} 1| 1| 3IFFFH
RAMZ Start of{ 1| 00| 0| 0| 0O 0] Oyl O] O| Oy Of D] O| O] 4000H
RAMZ End of 1 1 1| 1) 1| 1) f 1| 1} 1| 1] 1{ 1} 1| 1| TFFFH
RAM3 Start 1) 0y 0 0| 0y | O} Of O] Ofy O| O Of O} O} 0| 8000H
RAM3 End 1) 0 1 1] 1y v 1} 1] 1] 1) 1) 1| 1 1} 1| 1| BFFFH
Rk Start 11| 0| 0| 0y 0| O| O O Oy @] ©f O O) O| O| CODOH
RAM4 End TP 1 Ty v v 1 1) 1) 1) v 1) 1| FFFRH

Table 13.6

13.3 8051 /O Expansion using 8255

As seen earlier, for interfacing external memory to the 8051, port 0 and port 2 are used
as multiplexed address/data bus and a higher order address bus respectively. If the circuit
needs the on chip peripherals (e.g. serial I/0O and Interrupts) then only 1 port is available
for 1/0. In such situations, [/O expansion is necessary and it is achieved by using 8255
The Fig. 13.12 shows the expanded 1/0 ports using 8255. Data bus of 8255 is connected to
the port 0. Address lines Ay and A, after latches are connected to A, and A, of the 8255.
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Fig. 13.12 VO expansion using 8255
13.4 Interfacing Keyboard

For interfacing keyboard to the microprocessor/microcontroller based systems, usually
push button keys are used. These push button keys when pressed, bounces a few times,
closing and opening the contacts before providing a steady reading, as shown in the
Fig. 1313. Reading taken during bouncing period may be faulty. Therefore,
microprocessor/microcontroller must wait until the key reach to a steady state; this is
known as key debounce.

The problem of key bounce can be eliminated using key debounce technique, either
hardware or software. '
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i 1 ic1
+5 Log Log
R
Output
l |I' |||,|"'I|, Logic O If""n,r“'l
= Key Key
pressed pressed

Fig. 13.13 Bouncing of key switch
13.4.1 Key Debounce using Hardware

Key position a b ¥ c d Y
A 0 0 1 1 1 0
1 1 L] a L] 1

Between A and B 1 Y No change Y 1 No change

Table 13.7
Fig. 13.14 shows the circuit diagram of key debounce. It consists of flip-flop. The
output of flip-flop shown in Fig. 13.14 is logic 1 when key is at position A (unpressed) and
it is logic 0 when key is at position B, as shown in Table 13.7. It is important to note that,
when key is in between A and B, output does not change, preventing bouncing of key
output. In other words we can say that output does not change during transition period,

vV

To input port
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13.4.2 Key Debouncing using Software

In the software technique, when a |key  press is found, the
microprocessor/ microcontroller waits for atleast 10 ms before it accepts the key as an
input. This 10 ms period is sufficient to settle key at steady state. Fig. 13.15 shows the
flowchart with key debounce technique.

Fig. 13.15 Flowchart of key input with debounce

13.4.3 Simple Keyboard Interface

Fig. 13.16 shows simple keyboard interface.

Here eight keys are individually connected to specific pins of port P1. Each port pin
gives the status of key connected to that pin. When port pin is logic 1, key is open,
otherwise key is closed.
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73 &

+5V

JFEEEEREE

Fig. 13.16 Simple keyboard interface

Software routine to get keycode with key debounce.

START : MOV A, Pl

CJNE A, #FFH, START

FRO : LCALL DEBOUNCE DELAY

AGAIN : MOV A, Pl

CJHNE A, 4#FFH PRO1

LIMF AGAIN

FRO1 : LCALL DEBOUNCE DELAY

MOV A, Pl
RET

LTI

Wa W M MR M e WE e W g

Read key status

check if keys are open

if no, goto start otherwise
continue

call debounce delay

Head key status

chack 1if any key 1is pressed
if no, goto RAGAIN; octherwise
continue

call debounce delay

Get key code

Return from subroutine

This program reads status of all keys by getting data through P1 and compares it with
FFH to check whether all keys are open. If all keys are open, instruction compare sets the
zero flag, and the program waits for key debounce. After waiting about 10 ms, program
checks the P1 for key press. If key press is found, program waits for another 10 ms as a

key debounce period. After key debounce period, program reads the keycode from P1.

Koy

Dy

Keycode

1 1 1 0

1 1 o 1

-n..n.-n.E

Dg Dy Dy Dy Dy Dy
1
1
1

&= ek | -

1 1 1 1

&\ W T

1
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Ke 11 1 0 11 11

Kg T 1 0 11 1 11

Ky 10 1 11 11

Kg oo+ 1 1 1 111
Table 13.8

13.4.4 Matrix Keyboard Interface

In simple keyboard interface one input line is required to interface one key and this
number will increase with number of keys. Therefore, such technique is not suitable when
it is necessary to interface large number of keys. To reduce number of connections keys
are arranged in the matrix form as shown in the Fig. 13.17.

Column Column Column Column

3 2 1 o
A o 4 4

Row 3 f
_Hnwz FJ.;‘/FJ;(*

Rowr 1

Row

Fig. 13.17 Matrix keyboard

Fig. 13.17 shows sixteen keys arranged in four rows and four columns. When keys are
open, row and column do not have any connection. When a key is pressed, it shorts
corresponding one row and one column. This matrix keyboard requires eight lines to make
all the connections instead of the sixteen lines required if the keys are connected
individually, as shown in Fig. 13.16. Fig. 13.18 shows the interfacing of matrix keyboard. It
requires two ports : an input port and an output port. Rows are connected to the input
port referred to as returned lines, and columns are connected to the output port referred to
as scan lines. We know that, when all keys are open, row and column do not have any
connection. When any key is pressed it shorts corresponding row and column. If the
output line of this column is low, it makes corresponding row line low; otherwise the
status of row line is high, The key is idenfified by data sent on the output port and input
code received from the input port. The following section explains the steps required to
identify pressed key.
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s3] 24 24 21

Dutput port B
| Diata bus |

Fig. 13.18 Matrix keyboard connections

Check 1 : Whether any key is pressed or not

1. Make all column lines zero by sending low on all output lines. This activates all
keys is in the keyboard matrix. (Note : When scan lines are logic high, the status
on the retumn lines do not change, it will remain log:. high.)

2. Read the status of return lines. If the status of all lines is logic high, key is not
pressed; otherwise key is pressed.

Check 2 :

1. Activate keys from any one column by making any one column line zero.

2. Read the status of return lines. The zero on any return line indicates key is pressed
from the corresponding row and selected column. If the status of all lines is logic
high, key is not pressed from that column.

3. Activate the keys from the next column and repeat 2 and 3 for all columns.

We will see how matrix keyboard can be connected to the 8051, a single chip
microprocessor/ microcontroller. Fig. 13.19 shows the 4 x 4 matrix keyboard connected to
the port 1 of B051. 4 lines of port 1 (P14-P17) are used as a scan lines and remaining 4
lines (P10-F13) are used as return lines. The algorithm and program for keyboard interface
is explained in the next section.
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XTALZ F14
P13
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P10
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2110

Fig. 13.19 4 x 4 maftrix keyboard connected to port 1 of 8051

The steps in algorithm are as follows :
1. Initialise P1.0, P1.1, P1.2, P1.3 as inputs i.e. write ‘1’ to these pins.

2. Check if all the keys are released by writing 0 to P14-P1.7 and check if all return
lines are in state ‘1°. If Mo then wait.

If Yes then go to step 3.

3. Call debounce.

4. Wait for key closure. Ground all scan lines by writting ‘0" and then check if atleast
one of return lines shows ‘0" level.
Key pressed ? No step 4
Yes step 5 *

5. Call debounce. (allow sufficient time for debounce)

6. Is key really pressed 7 (Ground all scan lines by writing ‘0" and then check if
atleast one of the return lines shows ‘0" level.)
No step 4
Yes step 7

7. Find key code and display the key pressed on 7-segment display. .
(By grounding one scan line at a time and checking return lines for any one line
to go to ‘0’ level. )

8. Go to step 1.
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Program :
org lookup table address
db 30h, 3ih, 32k, 33h, 34h, 35h, 36k, 3Th,
A8h, 35, 41h, 42h, 43h, 44h, 45h, 46h
org program start address
beqg: mov F1 $0f h ; configure lower 4 lines of port 1
; as i/p
mov dptr, flookup table address ; initialise dptr with
; lookup_table addr.
aga: mov a, Fl ;
anl a, #0fh i
cjne a, #0fh,aga ; check for key released
lcall delay i call delay routine for key debounce
agal: mov a, Pl
anl a; #0fh
cjne a,$#0fh, go ; check for key pressed
lijmp agal
oo leall delay i call delay routine for key debounce
mov a, Pl
anl a, #0fh
cjne a,#0fh;, gel ; is key really pressed 7
ljmp agal
gol: mow rl, & Olh initialise counter 1
moy ril, #0efh store word for column selection
mow ri, #04h initialise column counter
agald: mov Pl, rd select only 1 column

mov a, Fl
jnb acc.0,display

get the status of return lines
check bit 0 and if it is 0 jump
to display

increment leookup_table pointer
check bit 1 and if it is 1 FJump
to display

increment lookup_table pointer
check bit 2 and if it is 2 jump
to display

increment loockup table pointer
check bit 3 and if it is 3 jump
to display

inc dptr
jnk acec.l;display

inc dptr
inb acc.2,display

inc dptr
jnb acc.3,display

ine dptr increment lookup_table pointer
mov a, 0 get the word for column selection
rl a select next column

store word for column selection
check for last column

if key any is not pressed scan
again

movw rd, a
dijnz r3, aga3l
1jmp beg

T N N Sl Sy Wy We e W Wa Wy ey W W W WE W ey W W W WE W

end
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13.5 Interfacing Display

Maost of the microprocessor/microcontroller based instruments and machines need to
display letters of the alphabet and numbers to give directions or data values to users. This
information can be displayed using CRT, LED or LCD displays. CRT displays are used
when a large amount of data is to be displayed. In systems where only a small amount of
data is to be displayed, simple LED and LCD displays are used. The following sections
explains you how to interface these two types of displays to microprocessors/
microcontroller.

13.5.1 LED Displays

LED displays are available in two very common formats. 7-segment displays and
5by 7 dot-matrix displays.

Seven-Segment display

a Seven-segment  displays are generally
used as numerical indicators and consists of a
number of LEDs arranged in seven-segments
e & as shown in the Fig. 13.20.

Any number between 0 and 9 can be

indicated lighti the to
Fig. 13.20 Seven-segment display ioated by lghting appropria

segments.
a ] a8 a a
o e
f B ‘ b l b fo..h f b
L3 -
4] g g ‘H c i H‘ Bwﬁ =] 9 c
Oh Y= Oh Oh Oh Cih
d d d d il
{0} {1} {2) {3 4
a a a8 a E]
A
f Bf B b Bf b
2
a8 g [+ o H [+ B '“ & -] H c ﬁU 9 [
On En —— [In Oh a»’ [h
d d d d G
(5) (6) n (E) 1]
Fig. 13.21

The seven-segments are labeled a to g and dot is labelled as h. By forward biasing
different LED segments, we can display the digits 0 through 9. For instance, to display 0,
we need to light up a, b, ¢, d, e, and {. To light up 5, we need segments a, f, g c and d.
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These 7-segment displays are of two types :
* Common anode type
* Common cathode type

In common anode, all anodes of LEDs are connected together as shown in Fig. 13.22 (a)
and in commaon cathode, all cathodes are connected together, as shown in Fig. 13.22 (b).

""'-I":m |

VVYVYVYYY

[+] -] ] =] o 1] =]
A B c o E F G

{2} Common anode type
G [1] E F <]

e

(b} Common cathode type
Fig. 13.22 Internal diagram of 7-segment LED

S by 7 DOT matrix LED

Fig. 1323 (a) and (b) show the 5 by 7 dot matrix LED display and its circuit
connections.
This display can be used to display number as well as alphabets.
Ch & G 6 G

gy
kit
i

._Hl

0000000

ik
i
K4 K R

0000000
0000000

YIFIEIFY

{a) § x T dot matrix LED display (b} 5 = T dot matrix circuit conneclions
Fig. 13.23
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13.5.2 Interfacing LED Displays
Static Display

Fig. 13.24 shows a circuit to drive a single, seven-segment, common anode LED
display. For common anode, when anode is connected to positive supply, a low voltage is
applied to a cathode to turn it on. Here, BCD to seven-segment decoder, IC 7447 is used to
apply low voltages at cathodes according to BCD input applied to 7447. To limit the
current through LED segments resistors are connected in series with the segments. This
circuit connection is referred to as a static display because current is being passed through
the display at all times.

+5 W +3 %
I . I
B p—MW—
b =\ —]
—1A 7 cl——]
BCcD | —B 4 d
nputs y —4C 4 ey
1o 7 efF—mww—
f A
GND 9 AR

Fig. 13.24 Circuit for driving single seven-segment LED display

The value of the resistor in series with the segment can be calculated as follows :
We know, V. = drop across LED segment - IR = 0
Drop across LED segment is nearly 1.5 V.
& IR= V=15V
=5-15V
a5V

Each LED segment requircs a current of between 5 and 30 mA to light. Let's assume

that current through LED segment is 15 mA.
N
" ~ 15mA

= 2330

In practice, the voltage drop across the LED and the output of 7447 are not exactly
predictable and the exact current through the LED is not critical as long as we don’t
exceed its maximum current rating. Therefore, a standard value 220 £ can be used.

The static display drcuits work well for driving just one or two LED digits. However,
these circuits are not suitable for driving more LED digits, say 8 digits. When there are
more number of digits, the first problem is power consumption. For worst case
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calculations, assumne that all eight digits with all segments are lit. Therefore, worst case
current required is
I

8 (digits) x 7 (segment)
¥ 15 mA (current per segment)
= 840 mA
A second problem of the static approach is that each display digit requires a separate
BCD to 7-segment decoder.

Multiplexed Dispiay

To solve the problems of the static display approach, multiplexed display method is
used. Fig. 13.25 shows the 4 seven-segment displays connected using multiplexed method.
Here, common anode seven-segment LEDs are used.

Anodes are connected to +5 V through transistors. Cathodes of all seven-segments are

connected in parallel and then to the output of 7447 IC through resistors. Looking at the
Fig. 13.25, the question may occur in our mind that"Aren't all of the digils going to

T*""::c .
apF—AA—s » + a
P1.0 A b VWAAA—T 1] g
output[P11 g T T MW—TTe 1 - c
ot [P12]0 4 df—man d E
P1 [P13], 7 ef—AWA * 1 1 +—=e E
I f F—nnAN - - 9 i
GND 0F—"\WWA 1 I [ I-»g
= abecdefg abcdafg abcdafg abcdefg

Output |_P3.2 o 5\
port | P31
P3

P30

Fig. 13.25 Seven-segment display in multiplexed connection



Microprocessor & Microcontroller System 13-25 Interfacing to External World

display the same number?" The answer is that they would show the same number only if
all the digits are turmed on at the same time, However, in multiplexed display the segment
information is sent for all digits on the common lines {output lines of 7447), but only one
display digit is turned on at a time. The PNP transistors connected in series with the
common anode of each digit act as an ON and OFF switch for that digit. Here's how the
multiplexing process works.

The BCD code for digit 1 is first output from port 1, to the 7447. The 7447, BCD to
seven-segment decoder outputs the corresponding seven-segment code on the segment bus
lines. The transistor (), connected to digit 1 is then turned on by ocutputting a low to that
bit of port 3. All of the rest of the bits of port 3 are made high to ensure no other digits
are turned on. After 2 ms, digit 1 is turned OFF cutputting all highs to port 3. The BCD
code for digit 2 is then output to the port 1, and bit pattern to tum on digit 2 is output on
port 3. After 2 ms, digit 2 is turmned off and the process is repeated for digit 3 and digit 4.
After completion of turn for each digit, all the digits are lit again in fum.

With 4 digits and 2 ms per digit we get back to digit 1 every B ms or about 125 times
a second. This refresh rate is fast enough that, to our eye and due to persistence of vision
all digits will appear to be lit all the time.

In multiplexed display, the segment current is kept in between 40 mA to 60 mA so
that they will appear as bright as they would if not multiplexed. Even with this increased
segment current, multiplexing gives a large saving in power and hardware components.

mmp Example 13.2 ;  Inferface an 8-bit 7-segment LED display to 8051 through port 1 and
port 3 and write an 8051 assembly language program lo display message on the display.
Solution :

Hardware

The Fig. 13.26 shows the multiplexed B-digit 7-segment LED display connected in 8051
system using port 1 and port 3. In this circuit port 1 and port 3 are used as a laich, ie
output port. Port 1 provides the segment data inputs to the display and port 3 provides a
means of selecting a display position at a time for multiplexing the displays. Here, instead
of BCD to seven-segment decoder (IC 7447) transistors are used to drive the LED
segments. Due to this we can also display HEX characters on the display; however in this
case we have to send the proper 7-segment code of a particular digit that is to be

displayed on the port 1.
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Fig. 13.26

Subroutine to Display Message

MOV RO, #B8H
MOV R1, #7FH
MOV DPTR, $#6000H

Initialize counter

load selact pattern

Starting address of message to
be displayed

s W wa wg
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Decremant RO and eheck
if for zero; if not, goto AGAIN

DJHNZ RO, AGAIN
RET

AGAIN: MOV P3, Rl : select diglit
MOVY A, @DPTR ; Get data
MOV FL, A H Send data
LCALL DELAY K Wait for =ome time
MOV A, RI i [ Adjust
RR R H selection
MOV Rl, A ; pattern]
INC DPTR ' Incrementc massage pointer
L

This subroutine must be called continuously to display the 7segment coded message
stored in the memory from address 6000H.

13.6 Interfacing LCD Display

The liquid crystals are one of the most fascinating material systems in nature, having
properties of liquids as well as of a solid crystal. The terms liquid crystal refers to the fact
that these compounds have a crystalline arrangement of molecules, yet they flow like a
liquid. Liquid ecrystal displays do not emit or generate light, but rather alter externally
generated illumination. Their ability to modulate light when electrical signal is applied has
made them very useful in flat panel display technology.

There are two types of liquid ecrystal displays (LCDs) according to the theory of
operation : 1. Dynamic scattering 2. Field effect.

Fig. 13.27 shows the construction of a typical liquid crystal display. It consists of two
glass plates with a liquid crystal fluid in between. The back plate is coated with thin
transparent layer of conductive material, where as front plate has a photoetched
conductive coating with seven-segment pattern as shown in Fig. 13.27.

segmant lead - in
Back plate

Front plate

Fig. 13.27 Liquid crystal display construction
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In the absence of the electrical signal, orientation order is maintained in the crystal
allowing light to transmit. This makes LCD display clear. The current through the liquid
crystal causes orientation order to collapse. The random orientation resulis scattering of
light which lights display segment on a dark background.

Fig. 13.28 shows the circuit for driving LCD seven-segment display using IC 4543B.

+3AWV o018V
LE LCD DISPLAY
4 A Vee a 2
2 10
BCD B b
inputs 3 c c 11
5 d 12 ' '
—
Ic 13
45438 B
Tuﬂc 1 '-‘
LD p 8
7 BL o 14
‘ avp  PH
1 8 Back
" = plana
Square wava
(60 Hz)

Fig. 13.28 Circuit for driving LCD seven segment display using 4543B

The 4543B BCD to 7-segment latch/decoder/driver is designed for liquid crystal
displays. Pins A, B, C and D represent BCD inputs with A as a least significant bit (LSB)
and D as a most significant bit (M5B). Pins a through g are the seven-segment outputs.
The 45438 has three control terminals : LD (Latch Disable), PH (Phase), and BL (Blank). In
normal use the LD terminal is held high and BL terminal is tied low. The state of the PH
terminal depends on the type of display that is being driven. For driving LCD displays, a
square wave (about 60 Hz swinging fully between the GND and Vg values) must be
applied to the phase terminal.

The display can be blanked by simply driving the BL terminal to the logic high state.
When the LD terminal is in its normal high state, BCD inputs are decoded and fed directly
to the seven-segment output terminals of the IC. When the LD terminal is pulled low, the
BCD input signals that are present at the moment of transition are latched into memory
and fed to the seven-segment outputs.



Microprocessor & Microcontrolier System 13-29 Interfacing to External World

The Fig. 13.29 shows how above circuit can be used to drive a 4-digit nonmultiplexed,
7-segment LCD display. Here, BCD input for each display is latched in the corresponding
latch. The latch enable signals are activated using 2 : 4 decoder in synchronisation with the
BCD inputs.

J&'.‘ T
E,g g
E’g — 2
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a8 [
3° —&
A -
I .:n
| =
. 5. —
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i el s
! i
E T [+
' 2
| LI R
o -
» EE —E
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L W E
' E
- 8 B —f
3§ — ;E :%
A
| | 3
g
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Fig. 13.29 4-T segment LCD display driving circuit
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Now-a-days, many LCD modules are available which have built-in drivers for LCD and
interfacing circuitry to interface them to microprocessor/microcontroller systems. These LCD
modules allow display of characters as well as numbers. They are available in 16 x 2, 20 x 1,
20 %2, 20 % 4 and 40 = 2 sizes. The first figure represents number of character in each line and
second figure represents number of lines the display has. In this section, we see the interfacing
of 20 x 2 LCD display module to microprocessor/ microcontroller system through 8255, In this
module the display is organized as two lines, each of 20 characters. The module has 14-pins.
The function of each pin is given in the Table 13.9.

Pin Symbol uo Description
1 Vss - Ground
g @ Vee - + 5 V power supply
3 VEE - Used for controlling LCD contrast
4 RS Register select input is used to selact either of the

fwo available registers in the modute : Dala register
or command register.

When RS =0 Data register is selecied.
When RS =1 Command register is selecied,

5 RAN l Allows the user lo wrile information to the LCD or
rudlnfmn.rtinifmmit. _
For reading RAW = 1 and for writing R/'W = 0

g E i This pin is used by LCD fo latch information
available at its data pins.

7-14 | DBy-DBy Vo This 8-bit data bus is used to send information to the
LCD or read the contents of the intemal registers of
the LCD.

Table 13.9 Pin description for LCD module
The Fig. 13.30 shows the interfacing of a 20 character x 2 line LCD module with the
8051. As shown in the Fig. 13.30, the data lines are connected to the port 1 of 8051 and
control lines RS, R/W and E are driven by 3.2, 3.3 and 3.1 lines of port 3, respectively. The
voltage at Vg pin is adjusted by a potentiometer to adjust the contrast of the LCD.
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P1.0 DB, Vec
P DBl o character x 2 fine
P2 D,
P1.3 DB, W L
P4 DB, dilﬂ::r ——%EE
1.5 DB rreocile
P16 DB, Ves
T DB, = 4
8051
RS R E
P32 =
P33
P4

Fig. 13.30 Interfacing LCD module with 8051

The display can be controlled by issuing proper commands to the LCD module. The
Table 13.10 lists the command available for LCD module.

Command Code Description

nsllu'ﬁnn,nn‘ DB, [!l.lDII!, DB,|DB,|DB,

Qo000 (000|011 Sets DD RAM address to 0 amd
clears entire display.
Sets DD RAM address to 0 and
returms the cursor to te home

““n""u“‘J"puﬁﬁmnanmmm
u:u:lmnEEd.

Sets cursor move direction and

specifies or not to shift the display.
DD‘I]I]UUU1HDE,H‘ I?m:refl

Sets ON/OFF of entire y (D),
Glrojolojo 01 DICIE | cursor ONJOFF (C), and blink of
cursor position character (B).

Moves the cursor and shifts the
5/CIR/L| - | - | display without changing DD RAM
contents,

eI

3
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Punction set Sels interface data |EI‘I.E|:|.'I. {DL},
0o o)1 DLINGF | -1 - | qumber of display lines (N), and

character font (F).

Set CG ololi ACC Sets CG RAM address. CG RAM is

RAM accessed after this setting,.

address

Set DD Seta DD RAM address. DD RAM is

RAM o1 ADD accessed after thia setling

address

Read busy Reads busy flag (BF) indicating

flag and 1 | BF AC internal operation is being

address performed and reads address
counber contents

gﬁt&cighm 0 Weite dat Writes data into DD or CG RAM.

DD RAM

Read data Reads data from DD or CG RAM.

from CG or 1 Read data

DD RAM

Table 13.10 List of LCD module commands

Abbreviations used in the table

O RAM @ Display data RAM

CG RAM @ Character generator RAM

ACG CC RAM address

ADD DD BAM address

AL Address counter used for both DD and OG RAM address
/D=1 Increment /D=0 : Decement
E=1 Accompanies display shift

5/C=1 Display shift 5/C=0 : Cursor move
RiL=1 Shift fo right R/L=0 : Shift to left
DL=1 8-bits DL=0 : 4-bits
MN=1 2 Lines MN=0 : 1Lina
F=1 5 = 10 dots F=0 . 5% 7 dotks
BF =1 Busy in internal operation

BE =0 Can accept command or instruction

To dmp].a}r a message on LCD module, it is necessary to initialize it by writing series

of command codes in the command register in a proper sequence. The initialization
includes command codes for clearing the display, returning the cursor home, and shifting
cursor automatically after writing a character. After initialisation we can write data to
either DD RAM or CG RAM. Both RAMs are read/write RAMs and have unique
addresses to acoess each location. To write data in any RAM we have to set the address
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for that RAM by issuing proper command. Then we can write d.a.tal?nt?: it by activating
write cycle. To activate write cycle we have to make R/W signal low, RS signal high, send
data on port A and apply high to low pulse of atleast 450 ns of durgtion on E pin of the
module. The DD RAM stores the characters in their ASCII code whepegs CG. RAM stores
the character in its internally generated character code. Let us sgp, the 8051 assembly
language program to display "WELCOME' message on the LCD moduyle. Before sending
command or data it is necessary to check busy flag, i.e. whether LCD js reading or not.

Main Routine :
MOV B1H, #30H Initialise stack pointer
MoV A, #3CH [Send command code to set font

= 5 ¥ 10 dots,

LCALL COMMAMND DL = B-bits and N = 2 lines].

WE e N ws Mg W

MOV A, #0EH [Send command code to set display
LCALL COMMAND and cursor 0OM]

MOV A, #01H : [Send command code to

LCALL COMMAMD H clear LCD]

MOV A, §BEH i [Send command to set DD RAM
LCALL COMMAND i address to the seventh location]
MOV A, #'W

LCALL DISPLAY H Display letter W

MOV A,$'E’

LCALL DISPLAY 3 Display letter E

MOV A, #'L"

LCALL DISPLAY i Display letter L

MOV A, $#'C’

LCALL DISPLAY H Display letter C

MOV A, $#'0'

LCALL DISPLAY H Display letter O

MOV A, §'M’

LCALL DISPFLAY i Display letter M

MOV A, 8'E’

LCALL" DISPLAY
5JMP HERE: HERE

Display letter E
Loop here after displaying
measage

W W WE

aying
COMMAND Routine :

LCALL READY ; Check whether LCD is ready 7
MOV P1, A ; Issue command code

CLR P3.2 i Make RS = 0 to issue cehh¥and
CLR P3.3 ; Make R/W = 0 to enable writing
BETB P3.4 ; Make E = 1

CLR P3.4 ; Make E = 0 writing
RET ;- Return
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READY Routine :
CLR P3.4
CLR P3.2
MOV P1, #0FFH
SETE P3.3
READ: SETE P3.4
JB P1.7,READ

CLR P3.4
RET

DISPLAY Routine :
LCALL READY

e Sr e %a Se T Na Na W

s Sa

MOV Fl, A

SETE P3.2 i)
CLR P3.3 i
SETE P3.4 i
CLRE F3.4 i
RET H

Disable display

Make RS = 0 to access command register
Configure Pl as an input port

Make B/W = 1 to enable =seading

Make E = 1

Check DB7 bit. If it is 1, LCD is busy
hence check if umtil it is 0

Make E = 0 to disable display

Return

Check whether LCD is ready ?
Issue data

Make R5_= 1 to issue data

Make R/W = 0 to enable writing
Make E = 1

Make E = O

Return

13.7 Interfacing DAC to 8051

In this section, we are going to see the interfacing of DAC 1408, 8-bit R/2R ladder
type DAC with 8051. We begin with the details of IC DAC 1408.

13.7.1 IC DAC 1408

The 1408 is an B-bit R/2R ladder type D/A converter compatible with TTL and CMOS
logic. It is designed to use where the output current is linear product of an eight-bit digital
word.

Fig. 1331 shows the pin diagram and block diagram for IC 1408 DAC.

Output
range control

i 16} Compensation
2 15] ~Vier

57 14] Vrut

4 13] Veo

5 16 1408 12§ Ay (LSB)
[E] 1] A

7 10] Ag

[ 9] As

Fia. 13.31 {a) Pin diacram
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MSE LS8
A A A A A A A A

5 6 7 8 8 10 1" 12

-— |

u'— Current switchas |7 &

Range 4

control

GHND
RIZR Iadder Basic circult 2
{"J;"rrﬁ
14 13 Jec
Referencea
‘ﬂ_
15 current

(=) Vigt '
16
Compensalion

j 3
v,
EE
—~
NPN Current sourca pair

Fig. 13.31 (b} Block diagram

The IC 1408 consists of a reference current amplifier, an R/2R ladder and eight high
speed current switches. It has eight input data lines A; (M5B) through Ay (LSB) which
conirol the positions of current switches.

It requires 2 mA reference current for full scale input and two power supplies
Voe=+5Vand Vgg = = 15 V (Vg can range from -5 ¥V to = 15 V).

The voltage V4 and resistor Ry, determines the total reference current source and R,s
is generally equal to R,; to match the input impedance of the reference current amplifier.

Fig. 13.32 shows a typical circuit for IC 1408.
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i
mf 9 |13 25K 45V
| 14 v
Ay — Rig -
Ay —— 25K
B-bit Ay—| g“'
digit
input o — IC 1408
# —
Ag — la o
N v v
Ag — | L _L
(LSB) 15
B, 4 o Ry .
15 pF == ‘ 25K
'I.l'EE = T
-15 ¥

Fig. 13.32 Typical circuit for IC 1408
The output current I, can be given as

v
I, = .EE[A' +ﬂ+ﬂ;+h‘*+ﬂ+hﬁ'+ﬁ+ﬂl]
14

2 4 B 16 32 o4 128 256

MNote : Input A; through Ay can be either (f or 1. Therefore, for typical circuit full scale
current can be given as,

3 1 1 1 1 1 1 1 1
[,:. = _E.EK[E+E+E+E+ﬁ+E+ﬁ+E]
2mA X 255
= T-l_ﬁim

It shows that the full scale output current is always 1 LSB less than the reference
current source of 2 mA. This output current is converted into voltage by I to V converter.
The output voltage for full scale input can be given as,

V¥V, = 1.992x25K =498V

Note : The arrow on the pin 4 shows the output current direction. It is inward. This
means that IC 1408 sinks current. At (0000 0000); binary input it sinks zero current and at
(11111111), binary input it sinks 1.992 mA.

The circuit shown in the Fig. 13.32 gives output in the unipolar range. When digital
input is 00H, the output voltage is 0 V and when digital input is FFH (11111111),, the
output voltage is + 5 V. This circuit can be modified to give bipolar output.
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Fig. 13.33 shows the circuit for giving output in the bipolar range. Here, resistor Ry
(5K) is connected between V ; and the output terminal of IC 1408. This gives a constant
current source of 1 mA.

Vee
T+5 v
13
5 {a,
—B 1a,
~L A,
8-bit -
digital
ot —2 1a, IC 1408
_10 Ag
1A v
T Vo
1214, X
COMP 1'53 .
15 pF == ‘
2 ) )
VeE

Fig. 13.33 Interfacing DAC in the bipolar range

The circuit operation can be observed for three conditions :
Condition 1 : For binary input {00H)

When binary input is 00H, the output current 1, at pin 4 is zero. Due to this current
flowing through Ry (1 mA) flows through Ry giving V, = -5 V.

Condition 2 : For binary input 80H

When binary input is 80H, the output current I, at pin 4 is 1 mA. By applying KCL at
node A we get,

~Ig+I, 41, = 0
Substituting values of Iy and I, we get,
1 mA)+(ImA)+1 = 0

I =0
and therefore the output voltage is zero.
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Condition 3 : For binary input FFH

When binary input is FFH, the output current I, at pin 4 is 2 mA. By applying KCL at
node A we get,

o A
substituting values of Iy and [, we get,
~{(lmA)+(2mA)+L = 0
i I = -1mA

Therefore, the output voltage is + 5 V. In this way, circuit shown in the Fig. 13.33
gives output in the bipolar range.

13.7.1.1 Important Electrical Characteristics for IC 1408

* Reference current 12 mA
e Supply voltage :+ 5 Vpeand - 15 V Vg
e Setling time : 300 ns

» Full scale output current : 1.992 mA
= Accuracy : 0.19 %

13.7.2 Interfacing DAC 1408 / DAC 0808 with 8051
Fig. 13.34 shows the interfacing of DAC 0808 with 8051 microcontroller based system.

We now see how different waveforms can be generated using this circuit.
Square Wave

To generate square wave first we have to output FF and then 00 on port 1 of B051.
The port 1 is connected as an input to the DAC 080B. According to frequency requirement
delay is provided between the two outputs.

count is zero if not repeat the
cperation
Eeturn to main program

Program :
MOV SF, #08H ; Initialize Stack Pointer
REFEAT: MOV FI, #0FFH ; Load all 1's in Port 1
LCALL DELAY i Call delay routine
MOV P, #00H i Load all 0's in Port 1
LCALL DELAY ; Call delay routine
LIMF REFEAT ; Repeat
DELAY: MOV RO, #0FFH ; Load delay count
BACK : DINEZ RO, BACE ; Decrement and check whether delay
L3
i
H

RET
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Fig. 13.34

To generate triangular wave we have to output data-from 00 initially, and it should be

incremented upto FF. When it reaches FF it should be decremented upto 00.
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Program : M
ﬁ? 5P, #08H ; Initialize Stack Pointer
vV RO, #00H
REPEAT: MDYV P1, RO Send digital data teo the input
. of DAC 0BO8
I(Eil: RO Increment digital data

Check digital data for peak
output 1f not repeat

Send digital data to the input
of DAC 0B0B

Decrement digital data and
check digital data for least
output if not repeat.

G/WE RO #OFFH, REPEAT
REFPEATI1: I-lID‘U' Fl, RO

DJNEZ RO, REFEAT1

Td SNe SMa s S % Se %Nd e S

< e Wave LJMFP REPEAT
Sine w’“'—.ﬂ.‘-nurﬂte :

To genéfhte"%ine wave we have to output digital equivalent values which will

Stk Wi¥e as shown in the Fig. 13.35. Digital data 00H represents — 2.5 V. 7FH

represents (0"VI'UHH FFH represents + 2.5 V. The digital equivalent for sine wave can be
calculated as follows.

+2.5
*25V

180° 60

Fig. 13.35

“We koW that sin (° = 0 and sin 90° = 1. The range sin (P to sin 90° is distributed over
digital rafige™f 7FH to FFH i.e. (FFH - 7FH) 128 decimal steps. Therefore, taking 128 as a
offset we-can-write,

Digital-equivalent value (DEV) for sin x = (128 + 128 x sin x)
wheresxris#angle in degrees and digital value is in decimal.
Lookup table shows the digital equivalent values for sine wave.

COH
bet
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Degrees Equation Digital Equivalent in Decimal !nluiul Equivalent in Hex

(15 (128 + 128 x sin 0) 128 80H
10° {128 + 128 x sin 10) 150 05H
20 {128 + 128 x sin 20) 171 ABH
ar (128 + 128 x sin 30) 192 COH
4r (128 + 128 x sin 40) 156 D2H
50° (128 + 128 x sin 50) 228 E2H
s0° {128 + 128 x sin 60} 239 EFH
T (128 + 128 x sin 70) 248 FBH
BOF (128 + 128 x sin 80) 254 FEH
ar (128 + 128 x sin 90) 256 — 255 FFH
jo0e (128 + 128 = sin 100) 254 FEH
110e (128 + 128 = sin 110) 248 FBH
120 (128 + 128 = &in 120) 239 EFH
130 {128 + 128 x sin 130) 226 E2H
140r (128 + 128 x sin 140) 156 DzH
150¢ [128 + 128 = sin 150) 182 COH
160 {128 + 128 x sin 160) 171 ABH
17 {128 + 128 x sin 170) 150 S6H
18(F (128 + 128 x sin 180) 128 B0H
180 (128 + 128 = sin 180) 106 BAH
200 {128 + 128 x sin 200) 84 54H
210° (128 + 128 x sin 210) B4 40H
220¢ (128 + 128 x sin 220) 45 2EH
230 (128 + 128 x sin 230) 30 1EH
240 {128 + 128 x sin 240) 17 11H
250 {128 + 128 = sin 250) 08 0BH
260° (128 + 128 = sin 260) 02 02H
270 (128 + 128 = sin 270) 00 DOH
260F (128 + 128 = sin 280) 02 02H
280 (128 + 128 x sin 250) 08 DaH
3o {128 + 128 x sin 300) 17 11H
3F (128 # 128 = sin 310) 30 1EH
a2 (128 + 128 = sin 320) 46 2EH
230 (128 4+ 128 x sin 330) it 40H
340 (128 + 128 x sin 340) 84 54H
350 (128 + 128 x sin 350) 106 BAH
360° (128 + 128 » sin 360) 128 BOH

Table 13.11



Microprocessor & Microcontroller System 13-42 Interfacing to External World

AGAIN: MOV DFTR, #LUT : Initialize pointer to lockup table
MOV RO, #2Z3H H Initialize counter
BEGIN: CLR A
MOVC A, BA+DPTR Get data from lookup table
MOV F1, R Send data to port 1
INC DPTR point to next lookup table entry

DJHNZ RO, BEGIN Decrement counter and go to BEGIN

if not zero

W Wl Wy Wy Ny N

SJMP AGAIN Eepeat the entire process
ORG 300
LUT: OB EUHrBEH;HBH 111111
DE  ......
DB ...... 40H, 54H, &AH, B80H

Note :
In above program we have to store entries from given lookup table instead of dots.

13.8 Interfacing ADC to 8051

In this section, we are going to see the interfacing of ADC 0803/0805 and 0808/0809
with 8051. We begin with the details of IC ADC 0803/0805 and ADC 0808,/0809.

13.8.1 ADC 0804 Family

The ADC 0803, ADC 0804 and ADC 0805 are CMOS 8-bit successive-approximation
analog to digital converters. These devices are design to operate from common
microprocessor control buses, with tri-state output latches driving the data bus, and are
identical except for accuracy.

Pin Diagram

Fig. 13.36 shows the pin diagram of ADC 0803, ADC 0804 and ADC 0805. IN+ and
IN- inputs allow application of differential input voltage which has high common mode
rejection and eliminates offset due to the zero input analog voltage value. The devices can

o

s 1 20 Ve
RD [z 18] CLK OUT
WR Q2 181 DBO
CLK 1IN 4 17 ] DB1
INTR 5 :ﬁ; 16[J pB2
IN+ [ oso4) 15[ DB3 > DATA
IN-[7 0805 14[C] DB4 [ OUTPUTS
AMLG GMND ]38 13 ] DBS
REF2 9 12[CJ D86
DGTL GND ] 10 1] CB7 J

Fig. 13.36 Pin diagram of ADC 0803/0804/0805
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operate with an external clock signal or, the on chip clock generator can be used
independently by adding an external resistor and capacitor to set the time period.

Features

* B-bit successive approximation ADC

s (Conversion time 100 us

¢  Access time 135 ns.

+ [t has an on-chip clock generator.

« It does not require any zero adjustment.

s [t operates on single 5 V power supply.

¢  Output meet TTL voltage level specifications.
Operation

When the WR input goes low, the internal successive approximation register (SAR) is
rﬁet.ﬁsh{muhuﬁlﬁmdﬁrmmlmﬂﬂwmmlﬂgmdjgianverwaﬂlmmh
in its reset state. One to eight clock periods after CS or WR makes a low-to-high transition,
conversion starts. The INTR signal is held high during conversion process. After
conversion, INTR goes low which is used as end of conversion signal. By making C5 and
Esignalslnw,annutputcanbereadﬂuuughﬂﬂotuDB;datas:igmls.

Analog Inputs

As mentioned earlier, there are two analog inputs to ADC 0803,/0804,/0805 : IN+ and
IN-. These inputs are connected to an internal operational amplifier and are differential
inputs. The differential input rejects the common mode noise and eliminates offset at zero
analog input voltage.

The Fig. 13.37 shows a few ways to use these differential inputs. The Fig 13.37 (a)
shows the one way to use single input that can vary between 00 V and +5 V. Using another
way variable voltage can be applied to the V,, {~) pin so that the zero reference for Vi, (+)
can be adjusted, as shown in Fig. 13.37 (b).

Vinis) Vintr)
Analog input > Analog input +
[ Vin-)
#5 %

==

(a) {Bb)

Fig. 13.37 Ways to use differential inputs



Microprocessor & Microcontroller System 13-44 Interfacing to External World

Clock Signal

ADC 0804 The ADC 0803/0804,/0805 requires
a clock source ranging 100 kHz to

CLKR 1460 kHz for operation. The clock
R signal can be applied external or it
CLKIN can be generated with an RC circuit,

as shown in the Fig. 13.38. When the
RC circuit, shown in Fig. 13.38 is used
¢ to generate the clock, the clock
I frequency is given as,
1

Fig. 13.38 Clock circuit Faock = TTRe
Note : To have a minimum conversion time clock frequency should be kept nearer to
1460 kH=
Typical interface

Fig. 13.39 shows the interfacing of ADC 0803, ADC 0804 and ADC 0805 with
microprocessor/ microcontroller system.

CLE QUT RD == CLK 1M

WR R
1M+
Microprocessor ADC AMALDG
system Address :ﬁdm““ ; cs :m IN- INPUT

0805
INT <] TR
A (] 5]
4 DATA BUS DET

Fig. 13.39 Interfacing of ADC 0803/0804/0805 with microprocessorimicrocontroller
system

13.8.2 ADC 0808/0809 Family

The ADC 0808 and ADC 0809 are monolithic CMOS devices with an B-channel
multiplexer. These devices are also designed to operate from common microprocessor/
microcontroller control buses, with tri-state output latches driving the data bus. The main
features of these devices are:
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Features
* B-bit successive approximation ADC.
* S-channel multiplexer with address logic.
* Conversion time 100 ps.
s It eliminates the need for external zero and full-scale adjustments.
* Easy to interface to all microprocessors.

* It operates on single 5 V power supply.
» Output meet TTL voltage level specifications.
IFhI:Imn
Fig. 13.40 shows pin diagram of 0808/0809 ADC.
\_J
a1+ 28 ] 2
m§ 27 [ 1 im’
m< s[]3 2% Jo ),
614 zﬁ:lal
715 24 ] B 5 Address
soc ] s 23[Jc |
ADC
eoc [} 7 foced 2 {1 aE
o3[l s 0809 21 ] pB7
outpuT conTroL [ & 20 ] oe6
ck [ 10 19 |1 pes
Vee ] 11 18] o84
rer + ] 12 17 oBo
eno ] 13 16 ] REF
pe1 [} 14 15 ] pa2

Fig. 13.40 Pin diagram of ADC 0808/0809
Operation

ADC (0808/0809 has eight input channels, so to select desired input channel, it is
necessary to send 3-bit address on A, B and C inputs. The address of the desired channel
is sent to the multiplexer address inputs through port pins. After atleast 50 ns, this address
start of conversion (SOC) signal must be sent high and then low to start the conversion
process. To indicate end of conversion ADC 0808/0809 activates EOC signal. The
microprocessor system can read converted digital word through data bus by enabling the
output enable signal after BOC is activated. This is illustrated in Fig. 13.41.
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B Address X
¢ 50 na |-=—
MEe— Nl

83
A
X
g
i
Y

Fig. 13.41 Timing waveforms for ADC 0808
Interfacing

Fig. 1342 shows typical interfacing drcuit for ADC 0808 with microprocessor/
microcontroller system.

DEBO N0 p—
DB1 1M1 p—
NPUT DEZ M2 p—
DB3 N3p— \ ang
PORT! DB4 A [Ndp— mp,_:ff 1K
PORTS pes D 185 p—
pes € IME p—
per 9 Nrh—
Eoc 8
I- E:LK
8 5
ADA 0.01 pF
aps  Ouput| 9 oy
QUTPUT ADC enabis T414
PORT v T
o =
ALE +REF 12V
-REF  GND
2K
—_—
+
Lm308 2k Peav
I-I-F_—-- =
10K

Fig. 13.42 Typical interface for 0808/0809
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The zener diode and LM 308 amplifier circuitry is used to produce a V. an+Vp. of
5.12 V for the A/D converter. With this reference voltage the A/D converter will have 256
steps of 20 mV each.

b Example 13.3 : Interface 8 bit, 8 channel ADC to 8051. Write assembly language
program to convert CHO, CH3 and CH7 and store result in external memory location

starting from COO0OH. Repeat procedure for every 1 sec.
Solution : The Fig. 13.43 shows the interfacing of 8 channel, 8-bit ADC to 8051.

Oscillator

+5V  ADC 0808
& OE EQC (= P20

CH1 — IN1 S0C [+ P13
CH2 —1 IN2 ALE {=— P1.4
CH3 —1 IN3 ADC [=— P1.0
CH4 —1 IN4 ADB =— P11
CHS — ING ADA p=— P12

CHE — INB
CH7 — INT
CLOCK
D7 = 1
l:ﬁ |-
D5 | —
v 04 = | Port0of
+eF  D3j= [ 805
uﬂ -
e {
GND  DOf—= -

Fig. 13.43

ADC 0808 has eight input channels, so to select desired input channel, it is necessary
to send 3-bit address on ADC, ADB, ADA inputs. The address of the desired channel is
sent to the address inputs through port pin P1.0, P1.1 and P12 of 8051.
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After at least 50 ns, this address must be latched. This can be achieved by sending
ALE signal. After another 2.5 ps, the start of conversion (SOC) signal must be sent high
and then low to start the conversion process. To indicate end of conversion (EOC)
(ADC 0808/0809) activates EOC signal. The 8051 pins P20 and P1.3 are connected to EOC
and 50C pin of 0808/0809.

After conversion is over, B-bit digital data is available on Dy through D; lines. The

8051 accepts this data through port 0.
Program

CLR P1.3 ; HMake 30C low

CLR F1.4 ! Make ALE low

MOV PD, #0FFH F Configure port 0 as input

Mov P2, 40FFH ; Configure port 2 as input
BACK MOV DPTR, #0C000H } Initialize memory pointer

MOV A, #00H 7 Set address for channel 0

ACALL R_ADC i Call ADC Routine

MOVX @DPTR A Increment memory pointer

MOV A, $#03H } Set address for channel 3

ACALL R _ADC i Call ADC Routine

MOV EDPTR, A i Save digital wvalue

INC DPTR ¥ Increment mamory pointer

MOV A, $#07TH I Set address for channel 7

ACALL R_ADC Call ADC Routine

MOVX EDPTR, A
ACALL DELAY
SJMP BACHK

Analog to Digital Conversion Routine

R ADC MOV Pl,A ; Get the channel number and set
its address
EET P1.4 E Send ALE
NOP H Pulsea
CLR P1.4
SET Pl1.3 ¥ Send start of
NOP ; Conversion
CLRE Fl.3 i Pulse
WAIT JB P2.0, WAIT } Wait for EOC signal
MoV A, PO i Get digital data
RET I Return
Delay Routine
DELAY : MOV TMOD, #01 F Timer 0, mode 1 (16-bit mode)
MOV RO, #14H F: Initialize counter to 20
BACK : MOV TLO, $BOH ; TLO = B0H, the low Byte
MOV THO, #3CH ; THO = 3CH, the high byte
SETB TRO ; Start the timer 0O
AGAIN : JNE TF0, AGAIN i Check timer(0 flag until
H it rolls over
CLR TRO ; Stop timer 0

Wa Mm mm g

Save digital wvalue
Wait for 1 sec

Repeat
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CLR TFO ; Clear timer 0 flag
DINZ RO, BACK Decrement counter and if

not zZero repeat
ERET i Return

MNote : Timer 0 gives a delay of 50 ms. To get a delay of 1 sec, such delay is executed 20
times.

e e N

13.8.3 Interfacing of ADC 0803/0804/0805 with 8051

The Fig. 13.44 shows the interfacing of ADC 0803/0804 /0805 with B051 using port 1
and port 2. Here, port 1 is used to read digital data from ADC and port 2 is used to
provide control signals to ADC 0803/0804/0805. Fotentiometer is used to adjust Vi +
voltage. The clock signal is provided using internal clock generator and two external
components, resistor and capacitor as shown in the Fig. 13.44. The frequency of such clock
can be determined by,

1

F= ire
The typical values are R=10 and C=150pF. With these values we get
approximaterly 606 kHz clock uency. In such case, the conversion time is around
110 ps.
+5 W
Vec
POTS = Vinl*) RD P25
V(=) WH = P26
AMLGGEHD
L L REFIZ Dy - P10
" - Dy = P11
‘;IrP#-:E. CLK OUT 0, P12 801
R Dy P13
CLKIN D, P14
_L Dg P15
180 pF = C cs g P16
D, -1 P17
GHND INTR P2.T
ADC 0B03/0ED40B05
Fig. 13.44

AD Conversion Program

MOV Pl, #0FFH i configure Portl as input
BRCK: CLR P2.6 i [Make WR = 0 and
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SETB P2.0

RGARIN: JB PZ.7, AGAIN
CLR P2.5
MOV A, Fl
SETB P2.5

5JMF BACK
Practical Applications
+ {4 - 30 V)

I

- S N Wy W W ot ]

LM35

J_ R =so0A

= -V,

Fig. 13.45 Temperature dependent voltage
source using LM35

Make WR = 1 to generate start of
conversion pulsea]

Wait for end of conversion
Enable read

Bead data through portl

Disable read after reading data
go for next conversion cycle

The MNational LM35 iz a temperature
sensor. It is a temperature-sensitive voltage
source. lts output voltage increases by 10 m¥V
for each °C increase in its temperature. The
Fig. 1345 shows the circuit connection for
temperature  sensor LM35. The voltage
output from this circuit is connected o a
negative reference voltage, V, as shown, the
sensor will give a meaningful output for a
temperature range of - 55 to 150 °C. The
output is adjusted to 0 V for 0 °C. The
output voltage can be amplified to give the
voltage range you need for a particular

application. The output voltage from LM35 can be applied to ADC and we can get digital
equivalent of analog voltage corresponding to current temperature.

The AD590 is another commonly used temperature sensor. It is temperature sensitive
current source. It produces a current of 1 pA/"K. This current can be converter to voltage
source by current to voltage converter. The advantage of current source sensor is that
voltage drop in long connecting wires do not have any effect on the output value. The
output of amplifier shown in Fig. 13.46 can be applied to ADC to get the digital equivalent

of current temperature.

Current —
ADS80 l to voltage Amplifier Vot
converter ———

Iy

Fig. 13.46 Temperature sensor using AD53%0

13.9 Stepper Motor Interface

A stepper motor is a digital motor. It can be driven by digital signal. Fig. 13.47 shows
the typical 2 phase motor interfaced using 8255. Motor shown in the circuit has two

phases, with center-tap winding. The center

taps of these windings are connected to the
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12V supply. Due to this, motor can be excited by grounding four terminals of the two
windings. Motor can be rotated in steps by giving proper excitation sequence to these
windings. The lower nibble of port A of the 8255 is used to generate excitation signals in
the proper sequence.

+H2V

Steppear

111

Fig. 13.47 Stepper motor interface
The Table 13.12 shows typical excitation sequence. The given excitation sequence
rotates the motor in clockwise direction. To rotate motor in anticlockwise direction we
have to excite motor in a reverse sequence. The excitation sequence for stepper motor
many change due to change in winding connections. However, it is not desirable to excite
both the ends of the same winding simultaneously. This cancels the flux and motor
winding may damage. To avoid this, digital locking system must be designed. Fig. 13.48
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shows a simple digital locking system. Only one output is activated (made low) when
properly excited; otherwise output is disabled (made high).

e IS
D~

Fig. 13.48 Digital locking system

Step | X | X | Yy | V3
1 0 1 o 1
2 1 0 D 1
3 1 0 1 0
i o 1 1 0
1 0 1 0 1

Table 13.12 Full step excitation sequence
The excitation sequence given in Table 13.12 is called full step sequence. In which
excitation ends of the phase are changed in cne step. The excitation sequence given in
Table 13.13 takes two steps to change the excitation ends of the phase. Such a sequence is
called half step sequence and in each step the motor is rotated by 0.9 '

Step | X4 X Y1 Y2
1 0 1 0 1
2 0 0 o 1
3 1 0 0 1
4 1 0 0 0
5 1 0 1 0
6 0 0 1 0
T 0 1 1 o
8 0 1 0 1]
1 0 1 1] 1

Table 13.13 Half step excitafion sequence

We know that stepper motor is stepped from one position to the next by changing the
currents through the fields in the motor. The winding inductance opposes the change in
current and this puts limit on the stepping rate. For higher stepping rates and more
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torque, it is necessary to use a higher voltage source and current limiting resistors as
shown in Fig. 13.49. By adding series resistance, we decrease L/R time constant, which
allows the current to change more rapidly in the windings. There is a power loss across
series resistor, but designer has to compromise between power and speed.

Fig. 13.49 Excitation circuit with series resistance

mmp Example 13.4 : Write an 8051 assembly language program fo control stepper motor using
cornections given in Fig. 13.47.

Solution :
MOV RO # COUNT
AGAIN : MOV DPTR, #ETC

Initialize rotation count
Initialize pointer to
excitation code tabkle
Initialize counter to exciation
code saeguence

MOV R1, #04

i e s W S

BACK : MOVY R, @DPTR ; Get the excitation code
MOV Pl, A ; send the excitation code
LCALL DELAY H Wait for some time
INC DPTR i Increment pointer
DJHNZ R1l, BACK ; Decz=ment Rl; if not zero goto BACK
DJNZ RO, AGAIN : Dacrement RO; if not zero goto AGAIN
RET
ORG 3000H
ETC DB 0O3H, 06H, 09H, OCH; code sequence for cleckwise rotation
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Iy Example 13.5 : Write assembly language program to control conveyar bell using stepper
motor and 8051 controller. Belt moves continuously at rate of 1 slep/sec. but stops for 5 sec.
when external interrupt occurs and then continues lo move.

Solution :
MATH :
RGAIM:

MOV IE, #1000 0QO01B
MOV DPTR, #ETC

MOV R1, #04

BACK: MOVX A, HDPTH
MOV Pl, A
MOV A, #14H
LCALL DELAY
INC DPTR

DJHZ R1l, BACK

g THw Hp Ny Ny Wy Wy Ny Ny Wg Ry Ny e

SJIJME AGRIN
ORG 3000H
ETC DB 03H, OcH,

09H, OCH

Assume external interrupt INTO is used.
ORG 0003H
MOV A, #64H ;

ACALL DELAY H
RETI i

Delay Routine

DELAY: MOV TMOD,
MOV RO,R
MOV TLO, #BOH
MOV THO,#3CH
SETE TRO

JHNBE TFO,REFE

#01

Ty Tap Wy

BACK:

CLR TRO
CLR TFO
DJNZ RO,
RET

MNote :  Timer 0 gives a delay of 50 ms.

BACK

Tw Ty ey Wy W Na Wa Ny

Enable external interrupt 0
Initialize peointer to
excitation code tabkle
Initialize counter to exciation
code sequence

Get the excitation code
send the exclitation code
Initialize count = 24

Wait for lsesc

Increment pointer

Decremant R1

if not zero goto BACK
Repeat

. Code sequence for

Clackwise rotation

Initialize count = 100
Called delay routine
Return to main program

Time 0, model (lé-bit mode)
Fead count and Initialize
TLO=EDH, the low byte
THO=3CH, the high byte
Start the timer 0

Check timer 0 flag until
it rolls over

Stop timer 0

clear timer 0 flag
Decrement counter and

if not zero repeat

Therefore, to get delay of 1 sec = 50 ms = 20
We load 20 as a count and to get delay of 5 sec. = 50 ms = 100

we load 100 as count.
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13.10 Typical MCS-51 Based System

Fig. 13.50 shows a typical MCS-51 based system, which includes a port expander, 8 K
EFROM, 8K RAM.
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7 'l{l 5
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\ 3 b
[ H r
AU 4 g :;;3' ;;J
. g ]
}&—[:?ﬁﬂ'-#ﬂf:i‘:;- ﬁ_||l
T < m w
u‘.a .uE; :F :F E E E Ey =y e

Fig. 13.50
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13.11 Intarfaclﬁg Examples

immp  Example 13.6 : Implement programmable frequency divider using timer of 8051.

Solution : The Fig. 13.51 shows the connection for timer operation. The internal timer 0 is
used to implement programmable frequency divider. The DIF switch is used to read the
divider count. The following section gives the algorithm and program required for this

application.
+EY
) F / Count
iR
— XTALt A4 1 _I L
— KTALZ i > R R R <R
Fi1x -
F12 s ]
LERE w
il .
El
i u
CFT) ﬁ
. BOS1 P2alE l
= P 3 ©/ © DIF Switches
a1 "ﬁ'
vrop—
Hexivee *22 | -t
7
A TN —
Po3 L3S
1] E5
e e fE 585 IN
Pom |38
. Frequency = F ASTABLE WMODE
AT Rl
—1T 1 o
4 Ta

]

Fig. 13.51 Frequency divider application

Algorithm :

1.

o

Initialise port pins F1.0, P1.1, P1.2, P1.3 as input pins by writing “1° s to it.

2. Disable all the interrupt. Clear line F1.4 to show low level.
3.
4. Initialise timer 0 as counter in mode ‘1", disable counter by clearing TCON regi

Read the binary count = say 'n’ (n = 2, 4, 6 etc.)

(i.e. clearing TRO bit)
Divide the binary count by 2 by shift right operation.

Take the complement of the (count/2) number and add 1 to it giving 2's
complement of the (count/2) number.

Start the counter operation by setting TRO bit.
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8. Wait for TFO bit to set. (This bit indicates imer overflow).

9. After the overflow of the counter, clear TR0 i.e. stop the counter. Clear TFO (reset
timer overflow bit). Complement F1.4.

10. Go to step 3 to check if the divide count has been changed.

Program :

org program address

mov sp, #address of stack area

mov pl, $#0ffh

elr a

mov ie, a ; clear int

mov tmod, a i initialise timer mode

mov toeon, a H

seth p3.4 ;

; GATE o M1 Mo GATE ciT M1 D
; = X X X 4] 1 ] 1
Timer 1 Timer 0
mov tmod, #§05 ;i mode 1, timer 0, counter
back: mov thl, #0ffh

clr pl.o ; make common to grid

movw &, pl

anl a, #00011110b ; Just take 4 bits

rr a ; adjust proper position

cpa ; take compliment

anl a, #0fh ; get actual BCD wvalue from
i DIP switch

Ir a ; divide by two

cpl a ]

inc a ; take 2's complement of a number

mov t10, a ;i load into low timer

seth trD : enable timer

HERE : jnb tf0, HERE

cle £r0 ; disable timer

cpl pl.5

clr tf0 ;i reset tf0

ajmp back

end
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imep Example 13.7 : Design microcontroller system fo control traffic lights. The traffic light
arrangement is as shown in Fig. 13.52. The traffic should be controlled in the following

TR IET,

1) Allow traffic from W fo E and E to W transition for 20 seconds.
2) Give transition period of 5 seconds (Yellow bulbs ON).

3) Allow traffic from N to S and S to N for 20 seconds.

4) Give transition period of 5 seconds (Yellow bulbs ON).

5) Repeat the process.

@1

0L

@1
®OWE ®VE
3 3 3 4 4 4

R)2

(2

s |@2

Fig. 13.52 Traffic light control

Solution :

Hardware : Fig. 13.53 shows the interfacing diagram to control 12 electric bulbs, Port 1
pins are used to control lights as shown in Table 13.14.

Pin Control
Port P10 Ry. Ra, Gy, Gy
Pot P11 Yy, Y, Ys. Yy
Pot P12 Rs, Ry Gy, G

Table 13.14

Electric bulbs are confrolled by relays. The port 1 pins are used to
ON-OFF action with the relay driver circuit. The driver circuit includes 3
drive 3 relays.
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Fig. 13.53 Interfacing diagram for traffic light control system

Program :

MOV D, # O1H
MOV rl, # OZH
MOV r2, # O4H

START: MOV Pl, rOH
LCALL Delayl
MoV Pl, rl
LCALL Delay2

Initialize r0 to make Pl.0 high
Initialize rl to make Pl.1 high
Initialize r2 to make Pl.2 high
Make P1.0 high

Wait for 20 seconds

Make PF1.1 high

Wait for 5 seconds

W Wy WA

mE mE Wa W
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MoV Pl, E2
LCALL Delayl
Mov Pl, rl
LCALL Delay?
LIMP START

Make Fl1.2 high
Wait for 20 seconds
Make Pl.1 high
Wait for 5 seconds
Jump to start

- WE TWE a wa

immp Example 13.8 : Port 1 of 8051 is fo be connected to two on-off switches and two LED. It
is required fo sense the slatus of the switches and indicate it through the LEDs. Wrile a
program to accomplish this fask and also give the necessary interfacing details.

Solution : Fig. 13.54 shows the interfacing diagram. F1.0 and P1.1 are used to commect
LEDs while F1.2 and P1.3 are used to conmect switches, The status of the swiiches are
sensed by BIT TEST instruction and LEDs are driven by BIT SET instructions.

F1.0
F1.1 Dirivear

Fig. 13.54
Program :
MOV Pl, # OCh ; configure P1.2 and P1.3
;i lines of part 1 as input
BACK . JHE P1.2,GLOW_L1
SETB P1.0
JHE P1.3,GLOW L2
S5ETE Pl.1
JMEP BACK ; keep polling
GLOW L1 =z CLR P1.0
B JMP BACK : keep polling
GLOW L2 : CLE Fl.1
JMP BACK i keep polling

Note : By clearing bit LED will glow.

mep Example 13.9 : Draw a block schematic of following system configuration for 8051, 8 K
EPROM, 32 K RAM, 8255. Indicate addresses generated through the chip select logic for
above devices.
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Solution : Fig. 13.55 shows the block schematic of system configuration.

ITER

'} Aghy
N} 20,




- Microprocessor & Microcontroller System 13-62 ' :Interfacing to External World

Address Map :
EPROM Starting Address DOBOH
EFROM End Address 1FFFH
RAM Starting Address 2000H
FAM End Address 8FFFH
8255 Porl A BO0OH
8255 Port B BOO1TH
8255 Port C BOOZH
8255 Control Register BOO3H

Tabla 13.15
imp Example 13.10 : Write an 8051 assembly language program to flash allernate LEDs

connected to port B of 8255, with 1 sec. delay.

Solution :
Asgume : FORT A  address = BOQOH
PORT B  address = 80018
FORT C address = BOOZH
iCR address = BOO3H
MOV A, #80H H Load control word
MOV DFTR, #B8003H ; Initialize peointer to point CR
MOVX RDPTR, A : Send control word to CR
MOV A, #55H H Load alternate pattern
MOV DPTR, #BO01H ; Initialize pointer to point port B
BACK : MOVX EDPFTR, A ; Send alernate pattern to PFORT B
LCALL DELAY H Wait for 1 sec
CPL A H Complement A
SJIHME BACK H Repeat

Refer Delay Rouline given in example 9.8.

imp Example 13.11 : Write an assembly language program to flash PC, and PC, alternalely

with delay of 10 ms. Show the delay calculations.

Solution :
Assume CR address of 8255 = 8003H

MOV DPTR, #8003H  ; Initialize pointer to CR
F

BACK : MOVX A, #00H
MOVY EDPTR, A

Make PCy, = 0

MOV A, #05H ; Make PC, = 1
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MOVX EBDETR, A

LCALL DELAY } Wait for 10 ms
MOV A, #01H H Make PC, = 1
MOVX RDPTR, A
MOVA, #04H i Make PCy, = 0O
MOVX BDPTR, A
LCALL DELAY : Wait for 10 ms
SJMP BACK

Delay Routine

We use timer 0 to generate a delay of 10 ms. Assume XTAL =12 MHz T =1 ps.
To generate a delay of 10 ms the count to be loaded in THO and TLO is given by,
Count = 65536 — 10000 = (55536),, = (DBFO)H

DELAY : MoV TMOD, $01 } Timer 0, mode 1 (lé<bit mode)
MOV TLO, #0F0H H TLO = QFO0OH, the low byte
MOV THO, #008H ! THO = 008H, the high byte
SETE TROD i start the timer 0
AGAIN: JNE TFO, RAGAIN i Check timer 0 flag until
i its rolls over
CLR TROD ! Stop timer 0
CLR TFO ] Clear timer 0 flag
RET ; Return

mmp Example 13.12 :  Design a 8051 based microcontroller system with following details :-

a) 8051 CPU at 10 MHz.
b) Program memory 16 Khytes.,
c) Data memory 32 Kbytes.
d) 4 seven-segment LED display.
Discuss the designed system with diagram.
Solution : Fig. 13.56 shows 8051 based microcontroller system.

For interfacing memory to the 8051 Port 0 and FPort 2 are used as multiplexed

address/data bus and a higher order address bus respectively. External latch is used to
demultiplexed address and data. As per the specifications 16 K EPROM and 32 K RAM
chips are connected to the system bus.
' External decoder is used to generate chip select signals for memory chips as well as
for 8279, keyboard /display controller. The 8279 is used in decoded mode to interface four
7-segment digits. Its B,-B, and A,-A ; lines give data to be displayed and 5,-5, lines
select the proper 7-segment digit.
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13.
14,
15,
16.
17,
18.
19,
20,
21.
22,

24.

26.
27.
28.
28

Review Questions

. Tnlerface 4 digit 7-segement LED display to 8051 and wrile an assembly language program lo

Explain the external program memory inferfuce of 8051.
Explain the exlernal data memory inferface of 8051.
List the instruchions fo access external ROM.

List the instructions to access external RAM.

Discuss important points in accessing external memory.
Homw to achieve 17D expansion in 8051 7

What is keybounce 7 How it is achieved 7

Explain the matrix keyboard interface of 8051.

Interface 8 x 4 key matrix keyboard fo the 8051,

What do you mean by key debounce?

What do you mean by static display and multiplexed display.

dispaly 1234 on it,

Write o short note on LCD displays.

Dravy and explain the interfacing 4 digit novmmulbiplexed F-segment LCD display.
Write it note on BCD to F-segment LCD decoderfdriver,

Draw and explain the interfacing of LCD module to 5051.

Explain various commands associated wilh LCD module.

Write an assembly lmnguage program to display any message on the LCD module.
Explain 1408 DAC with the help of block diagram,

Draw and explain the typical interfacing circuit for DAC 1408,

Draw and explain the typical interfacing ciroutt for DAC 1408 in the bipolar range.
Gipe the important electrical characleristics for 1408 DAC,

Give @ complete scheme fo interface an 8-bit ADC to B051 microcontroller. Draw flowchart and
wrrite an assembly language program.

List the features of ADC 0804,

Explain the functions of various pins of ADC 0804

Driaw and explain the interfacing of ADC 0804 to 8051,

Diratwe and explain the stepper motor imterface,

Explain the methods for excitation of stepper motor.

Explain the limitation for increasing the speed of stepper molor,

Interface stepper molor to the 83051 microcontroller and write an assembly language program to
rotate it 180°

Qog
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Buses and Protocols

I

14.1 Introduction

The processor, main memory and [/0 devices can be interconnected by means of a
common bus. A bus is a set of lines (wires) designed to transfer all bits of a word from a
specified source to a specified destination. Thus bus provides a communication path for
the transfer of data. The bus includes data lines, address lines and control lines. It also
includes the lines needed to support interrupts and arbitration as a part of control lines. In
this section, we discuss the main features of the bus protocols used for transferring data.
Protocol defines certain set of rules that govern the behaviour of various devices connected
to the bus. It defines when to place information on the bus, when to assert control signals
and so on.

When processor, memory and /0 devices are connected in the system one particular
unit acts as the bus master and supervises the use of the bus by the other units, the bus
slaves. In most of the cases the processor is the bus master, while the memory and I/0
interface circuits are slaves. However, I/O controllers also serve as bus masters. Only a
bus master can initiate data transfer, although slaves can request for data transfer. Once
the data transfer is initiated, both master and slave participate equally in the data transfer

process.

Most of the microprocessors/microcontroller are designed for parallel communication.
In parallel communication number of lines required to transfer data depend on the number
of bits to be transferred. For example, to transfer a byte of data, § lines are required and
all 8 bits are transferred simultaneously. Thus for transmitting data over a long distance,
using parallel communication is impractical due to the increase in cost of cabling. Parallel
communication is also not practical for devices such as cassette tapes or a CRT terminal. In
such situations, serial communication is used. In seral communication one bit is
transferred at a time over a single line.

In this chapter, we are going to see the classification of serial data communication and
various protocols by which we can carry out serial communication.

(14 - 1)
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14.2 Classification of Serial Data Communication

Serial data transmission can be classified on the basis of how transmission occurs.
1. Simplex
2. Half duplex
3. Full duplex

14.2.1 Simplex

In simplex, the hardware exists such that data transfer takes place only in one
direction. There is no possibility of data transfer in the other direction. A typical example
is transmission from a computer to the printer.

14.2.2 Half Duplex

The half duplex transmission allows the data transfer in both directions, but not
simultanecusly. A typical example is a walkie-talkie.

14.2.3 Full Duplex

The full duplex transmission allows the data transfer in both direction simultaneously.
The typical example is fransmission through telephone lines.

14.3 Basic Serial Communication Data Formats

The data in the serial communication may be sent in two formats :
a} Asynchronous

b) Synchronous

14.3.1 Asynchronous

Fig. 14.1 shows the transmission format for asynchronous transmission. Asynchronous
formats are character oriented. In this, the bits of a character or data word are sent at a
constant rate, but characters can come at any rate (asynchronously) as long as they do not
overlap. When no characters are being sent, a line stays high at logic 1 called mark, logic 0
is called space. The beginning of a character is indicated by a start bit which is always
low. This is used to synchronize the transmitter and receiver. After the start bit, the data
bits are sent with least significant bit first, followed by one or more stop bits (active high).
The stop bits indicate the end of character. Different systems use 1, 1 1/2 or 2 stop bits.
The combination of start bit, character and stop bils is known as frame. The start and stop
bits carry no information, but are required because of the asynchronous nature of data.
Fig. 142 illustrates how the data byte CAH would look when transmitted in the

asynchronous serial format.
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Marking
&
Transmitler 5 Dp Dy Dg|Da) Dy | Dy | O | Dy Eb'if Recaiver
|, ASCIL. I
CLK characters CLK
Tima

Fig. 14.1 Transmission format for asynchronous transmission

1 Stop bit
Starl bil o
E 1 1lo of1]olifo
Transmithar Recaivar
1 Frame
Tima

Fig. 14.2 Asynchronous format with data byte CAH
The data rate can be expressed as bits/sec. or characters/sec. The term bits/sec is also
called the baud rate. The asynchronous format is generally used in low-speed transmission

(less than 20 kbits/sec).

14.3.2 Synchronous

Syrec | Syne

Transmbear e W Raceivird
Data

Fig. 14.3 Synchronous transmission format

The start and stop bits in each frame of asynchronous format represents wasted
overhead bytes that reduce the overall character rate, These start and stop bits can be
eliminated by synchronizing receiver and transmitter. They can be synchronized by having
a common clock signal. Such a communication is called synchronous serial
communication. The Fig. 143 shows the transmission format of synchronous serial
communication. In this transmission synchronous bits are inserted instead of start and stop
bits.
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ar. No. Asynchronous serial communication Synchronous serial communication
1. Transmitters  and racaivars  are  not| Transmitter and recesiers are synchronibed by
synchionized by clock clock,
2, Bitz of data are transmilled af consiant rate, Data bits are transmifted with synchrondsation
of clock.
3. Characler may arrive ai any rate at receiver. Character is received at constant rale.
4, Data transfer is characier orianted. Data transfer lakes place in blocks.
5. Start and sfop bits are reguired fo establish| Start and wop bifts & nol reguired 1o
communication of each character. establish commuvieation of ecach character;
howeer, bits are required io
tranzier ths dels block.
&. Used in low-spesd transmissions al about| Ussd in Migh-sphed tahamissions
spead kass than 20 kbilsfzec,
—

Table 14.1 Comparison between asynchronous and syahronous serial data

transfer

14.4 R5-232C

In response to the need for signals and handshake standards between DTE and DCE,
the Electronic Industries Association (EIA) introduced ELA standard R5-232 in 1962. It was
revised and named as R5-232C, in 1969 by EIA. It is widely accepted for single ended data
transmission over short distances with low data rates.

This standard describes the functions of 25 signal and handshake pins for serial data
transfer. It also describes the voltage levels, impedance levels, rise and fall times,
maximum bit rate, and maximum capacitance for these signal lines. R5-232C specifies 25
signal pins and it specifies that the DTE connector should be male, and the DCE connector
should be a female. The most commonly used connector should be a female. The most
commonly used connector, DB-25F is shown in the Fig. 14.4.

14.4.1 DB-25 P Connector
The Table 14.2 shows pins and signals description for RS 232 C DB-25F connector.

I Pin Common | RS-232C Description Signal
number name name direction
on DEC
1 Ay Frotective ground
2 TXD BA Transmitted data 1]
3 RXD BB Received data QuT
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4 RTS CA | Request to sand IN
5 CTS cB Clear to sand ouT
] DSR CC | Data set ready out
7 GND AB | Signal ground (common retum)

8 cD CF | Recsived line signal detector ouT

9 (Reservad for data sat testing)

10 (Reserved for data set testing)

11 Unsigned

12 SCF | Secondary recd. line sig. detector ouT

13 SCB | Secondary clear io send ouT

14 SBA | Secondary transmitted data IN

15 DB Transmission signal element timing ouT
(DCE source)

16 SBB Secondary received data out

17 DD | Recaiver signal element timing out

. ({DCE source)

18 Unassigned

19 SCA | Secondary request to send IN

20 DTR €D | Data tarminal ready IN

| 21 cG Signal quality detector ouT

22 CE Ring indicator out

2 CHICI | Data signal rate selector (DTE/DCE INNOUT
sourca)

24 DA Transmit signal alement timing (OTE IN
source)

25 Unassigned

Table 14.2

Rt F

I Sy
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Signals Pins Signals
1| Protective ground
Secondary transmitled data 14 2 Transmitted data (T X D) =—— DCE
Transmission signal element liming (DCE source) 15 3| Receiveddata (RXD) DTE
Sacondary recelved data 16 4 Request to send (RTS) DCE
Receiver signal element timing (DCE source) 17 5 Clear to send [CTS) DTE
Unassigned 18 & Data set ready (DSR) DTE
Secondary requast 1o send 19 T Signal ground !
DCE =—Data terminal ready (DTR) 20 B Recolved line signal detector
Signal quality detecior 21 9| {(Reserved for dala set tesling)
Ring indicator 22 10) (Reserved for data set testing)
Data signal rate selector (DTE/DCE source) 23 11| Unassigned
Transmil gignal element timing (DTE sowce) 24 12 | Sec. received ling sig. detectar
Unassigned 25 13 Sac. claar to sand

Fig. 14.4

14.4.2 DB-9P Connector

Since not all the pins are used in PC cables, IBM introduced the DB-9P version of the
serial [/O standard, which uses only 9-pins. The Table 14.3 describes the pins for DB-9P
and Fig. 14.5 shows the DB-9F connector.

Pin No. Pin Description
1 DCD Data carrer defect
2 RxD Received data
3 TxD Transmitted data
4 OTR Data terminal ready
5 GHD Signal ground
8 DSR Data set ready
T RTS Request fo send
B CTs Clear to send
B Ri Ring Indicator

Table 14.3 Pin description for DB-9P connector
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| Xyl

=2l
=i
fe ]
gi=]

Fig. 14.5 DB-9P connector

14.4.3 Data Transmission and Reception using RS-232C

Fig. 14.6 shows the digital data transmission using modems and standard telephone
lines. Modems and other equipment used to send serial data over long distances are
known as Data Communication Equipment (DCE). The terminals and computers that are
sending or receiving the serial data are referred to as Data Terminal Equipment (DTE).

MICROCOMPUTER LARGE
COMTROLLED TIMESHARE
TERMINAL MODEM MODEM COMPUTER
TELEPHONE
TaD T TeD
A Rxl
ATE RTS
CTS CTS
[+ [
DR OTR
OER O=R
DCE DEE
OTE DTE = DATA TERMIMAL EQUIPMENT OTE

DCE = DATA COMMUNICATION EQUIPKMENT

Fig. 14.6 Digital data transmission using modems and standard telephone lines

After the terminal power is turned on and the terminal runs any self-checks, it asserts
the data terminal ready (DTR) signal to tell the modem it is ready. When modem is ready
to transmit or receive data, it asserts the data set ready (DSR) signal to the terminal. After
receiving DSR, the DTE requests use of the data channel by asserting RTS signal to begin
transmission. The MODEM at the receiving end is then dialed. This answer-mode modem
responds with a 2225 Hz carrier frequency. When the modem connected to the sending
terminal receives this carrier, it asserts carrier detect (CD) to the terminal. After proper
time interval the modem sends clear-to-send signal (CTS) indicating modem and
communication channels are ready for transmission. Immediately after CTS signal the
terminal at the transmitting end sends serial data on its TXD output. A similar handshake
takes place for receiving data. Fig. 14.7 shows flowchart for the handshaking process when
an RS-232C data port is used to exchange data with the modem.
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Start

Oulput DT
[

i

Read DSR
from modem

S

Prepare for
transmission

Output RTS
levar

Read CD
from mcdem

Mo Low
T
Yas

Read CTS
from miodem

The OTE is ready

Check if the modem is ready

Wit unil it is kow

Initialize pointers and counlers
for the text to be transmitted

The DTE request use of the data
channel o bagin transmission

Make sure modem has made
contacl with ramole modem

Wait until remole
carmer is datected

Whan CTS goes low the modem
and communication channels arg
ready for iransmissions

Wait for modem to ba ready

Fig. 14.7 Flowchart showing handshaking process

14.4.4 8051 Connection to RS5-232C

In R5-232C the voltage level +3 V to + 15 V is defined as logic 0; from -3 Vto =15 V
is defined as logic 1. The control and timing signals are compatible with the TTL lewvel
Because of the incompatibility of the data lines with the TTL logic, voltage translators,
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called line drivers and line receivers, are required to interface TTL logic with the R5-232C
signals. The Fig. 14.8 shows the connection between RS5-232C and 8051, Here, MAX 232
chip 15 used as a line driver and line receiver. We know that B051 assigns two pins RxD
(P3.0) and TxD (P3.1) for reception and transmission of serial data, respectively. These pins
are TTL compatible; therefore, they require line driver and line receiver to make them
R5-232C compatible. The MAX32 has two sets of line drivers and line receivers for
transmitting and receiving data. Only one set is required for one serial commumnication.

8051 MAX 232

TTL R5232
side side f ﬁ-—"'«
P3.0 1 i
RxD R, OUT | R, IN L2, -
-
P3.1 =
XD T, N D‘ T, OUT 2,
4 N
Ry OUT R, I DB-9P
eonnecor
D. RS-232C
Ta IN T, OUT

Fig. 14.8 Connection between RS-232C and B051

14.5 R5-423-A

It is an enhancement of the RS5232C. This standard specifies the electrical
characteristics of unbalanced voltage-mode digital interface circuits normally used for the
interchange of serial binary signals between DTE and DCE, as shown in the Fig. 14.9.

INTERCONNECTING CABLE
DATA CIRCUIT
TERMINAL TERMIMATING
EQUIPMENT ECUIFMENT

Fig. 14.9 Basic R5-423-A unbalanced digital interface

It allows one driver and up fo 10 receivers on a single data line. This standard
achieves longer transmission distances (4000 ft) and higher band rates (upto look bps) than
the R5-232C standard. Basic requirements for drivers and receivers of RS5-423-A standard
are listed in Table 14.4 and 14.5.
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Paramotar Specification
Output drive voltage open circulted output Yo +4dVio+t 6 Y
Output drive voltage terminated in 450 Vi 209 Vg
Cutput shodt clrouit current lg < 150 mA with cutput in either logic state
Output leakage current (with power off} by = 100 pA with output voltage of 4V 1o 6 V.
Cutput slew rale SR Shall not excead 15 WVis at any point

Cutput monaoticily

Transitional time

Rimging {overshoot or undershoot)

during the transitional period.

The owtput shall be monotonic betwean
0.1 and 08 V..

For pulse widths of 1 ms or greater, the
transitional time measured bebween 0.1
and 0.9 V.. shall be between 100 ps and
300 s,

After completing & fransition from one
logic state 1o the other, the signal voltage
should not very more than 10 % of Vg,
from the steady siate wvalue unfil the next
trangition occurs.

Table 14.4 RS-423-A driver requirements

Specification

Input balance with any commen mode
voltage from = 7 {0 7 V.

Parameter
input resistance Ry
Input  sensitivity over an  input Vil
common-mode range of — 7 o 7 V.
Referred lo as differential input threshald
voliage,
Differential input voltage maximum Vip (max)

4 KX minimum under power on or power
off conditions,

The differential inpul required fo ensure
the receiver will comectly assume the
intended binary outpul stale is 200 mV.
The receiver must also maintain comact

operation for diferential inpul voltages
from 200 m\V o 6 V.

The maximum Vn without resuiting in
damage to the receiver is 12 V.

Input woltage balance characleristics
shall be such that the receiver will
memain in s intended sftale with a
differential voltaga of 400 mV applied
through 500 & (£ 1 %) to each input.
Vip polarity is reversed for the opposite
binary state.
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Multiple receivers and total loading Up to 10 receivers may be connected
on a single line, Tolal loading of mulile
recatvars and added fail safe circulls
must have a resistance of 400 2 or
greater.

Recommended grounding The single ground wire, or common,
should be grounded only ai the driver
and of tha dala lina.

Table 14.5 RS-423-A receiver requirements

Drivers and Receivers

The SN75156 and uA9636 are good examples of EIA RS-423-A drivers. The SN75157
and wAS637A are examples of EIA R5-423-A receivers.

14.6 R5-422-A

High speed data transmission between computer system components and peripherals
over a long distance, under high noise conditions is very difficult with single ended driven
and receivers. As an improvement over single ended drivers and receivers EIA standard
introduced R5-422-A which uses low impedance differential signals, This standard achieves
transmission rates from 100 kbps to 10 Mbps.

A basic RS422-A circuit has a data line driver, differental transmission line and loads,
where a load may consists of one or more receivers (R) and the line termination
resistor (Ry), as shown in Fig. 14.10.

i DATA,
Ry R
it % ouT
L = TOOTHER
RECENERS
iF ANY

Fig. 14.10 RS422-A interface circuit

Table 14.6 and 14.7 gives the R5-422-A driver and receiver requirements.

Paramator Spacification
Drriver outpul impedanca 100 2 or less
Output differantial woligasa 20Vt 60V

Differance between opposite polarty differential  less than 0.4 W
output voltages




Microprocessor & Microcontroller System

14-12

The driver output offset voltage (V).
measured from the junction of the twa 50 Q
terminator and driver ground

Divar outpul current

Output off-siate leakage current
Cutput voltage transition time (tr)
Owershoof and undershoot magnitudes

less tham 3.0 W

less tham 150 ma
iess than 100 wA
less tham 20 ns

less than 10 % of V.. where V__ is the
differance between il?ua bwo 1.ta£y state values

Buses and Protocols |,

of tha output
Table 14.6 RS-422-A driver requirements

Parameter

Differential data input threshold sensitivity
Input impedance

Specification
t 200 my

Greater than or equal fo 4 k2
Table 14.7 RS-422-A recaiver requirement

Drivers and Receivers

The SN75172B and SN75175 are driver and receiver for EIA RS-422-A standard,
respectively.

14.7 RS-485

EIA standard RS5-485, introduced in 1983, is an upgraded version of EIA RS5-472-A.
Increasing use of balanced data transmission lines in distribuling data to several system
components and peripherals over relatively long lines brought about the need for multiple
driver /receiver combinalions on a single twisted pair line.

EIA R5-485 takes into account RS-422-A requirements for balanced-line transmission
plus additional features allowing for multiple drivers and receivers. Fig. 14.11 illustrates an
application with multiple drivers and receivers.

[ S ——— P ———— e p——— = P e p——
HTg gﬁr

DRIVER

RECEIVER

TRANSCEIVER
Fig. 14.11 Multiple drivers and receivers interface using EIA RS-485 standard
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Standard RS-485 differs from the R5-422-A standard primarily in the features that

allow reliable multipoint communications. For the drivers these features are :

* One driver can drive as many as 32 unit loads and a total line termination
resistance of 60 L2 or more (one unit load is typically one passive driver and one

receiver).

* The driver output, off-state, leakage current shall be 100 pA or less with any line

voltgae from -7 Vio 7 V.

¢ The driver shall be capable of providing a differential output voltage of 1.5 V to
5V with common-mode line voltages from -7 V to 12 V.
* Drivers must have self potection against contention) multiple drivers contending
for the transmission line at the same time). That is, no driver damage shall

occure when its outputs are connected to a voltage source of = 7 V to 12 V
whether its output state is a binary 1, binary 0 or passive.

For receiver these features are :
* High receiver-input resistance, 12 kQ minimum.

* A receiver input common-mode range of -7 V to 12V,
* » Differential input sensitivity of £ 200 mV over a common-mode range of

-7 Vio 12V,

The SN75172B and SN75174B drivers exhibit a differential output transition time of
75ns maximum. This particular parameter is key to the maximum speed at which the

driver may operate in accordance with EIA RS5-485 specifications.

14.8 Comparison between EIA Standards

The Table 14.8 shows the comparison between EIA standards

Parameter RS-232C RS-423-A RS-422-A RS-485
Mode of operation Single-andad Single-ended Differential Diffarential
Humber of drivers 1 Diriver 1 Diriver 1 Driver 32 Drivers
and receivers allowed| 4 pocaiver 10 Receivers 10 Receivers 32 Receivers
Maximum cable 50 4000 4000 4000
langth (ft)
Maximum data rate 20 k 100 k 10M 10 M
bits per second
Maximum common + 25 W + BV BV 12V
mode voltage 025V =TV
Dthilmm % 5V min + 3.6V min 4+ 2V min + 1.5 V min
*+ 15 V' max + 6.0 max
Driver load 3T 450 0 min 100 2 min 60 2 min
Driver shew rate 30 V s max Extemally controllad A MA
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Driver output short | 500 mA to Ve or | 150 mA to GRD 150 mA to GRD 150 mA to GRID
12 W
Driver oufput A A MNA 120 k2
resistance Powar on
{High Z state) Power 300 Q BO kxt 80 kD2 120 k2
off
Recaiver input Ik2to T K2 4 bl 4 k2 12 K1
resistance 0
Receiver sensitivity £ 3V 4 200 mv + 200 mv/ + 200 mVy

Table 14.8 Comparison between EIA standards

14.9 IF'C

Communication network systems are rapidly growing in size and complexity. These
systems have many high speed integrated circuits with critical operating parameters and
must provide extremely reliable service with zero down time. To maintain the performance
of these systems, adequate environmental monitoring must be performed, so a failure or a
data trend leading to a potential failure can be rapidly identified. Furthermore, this
monitoring must be performed cheaply to keep system costs low.

To provide such needs by maximizing hardware efficiency alongwith providing circuit
simplicity, Philips developed a simple bi-directional Z-wire bus for efficient Inter-IC
control. This bus is called the Inter IC (Integrated Circuit) bus or I°C bus. The I’C
interface employs a comprehensive protocol to ensure reliable transmission and reception
of data within connected devices. Here, each device is recognized by a unique address
(whether it's a microcontroller, LCD driver, memory or keyboard interface)} and can
operate as either a transmitter or receiver, depending on the function of the device.
Obviously an LCD driver is only a receiver, whereas a memory can both receive and
transmit data. In addition to transmitters and receivers, devices can also be considered as
masters or slaves when performing data transfers. A master is the device which initiates a
data transfer on the bus and generates the clock signals to permit that transfer. At that
I:iIIJlictE, any device addressed is considered as a slave. Let us see some important features of

bus.

14.9.1 Features of I°C Bus
The important features of the I°C bus are:

* Only two bus lines are required; a serial data line (SDA) and a serial clock
(5CL).

* Each device connected to the bus is software addressable by a unique address
and simple master/slave relationships exist at all times; masters can operate as
master-transmitters or as master-receivers.
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* It's a true mult-master bus including collision detection and arbitration to

prevent data corruption if two or more masters simultaneously initiate data
transfer.

» Serial, 8-bit oriented, bi-directional data transfers can be made at

+ up to 100 kbit/s in the Standard-mode,

* up to 400 kbit/s in the Fast-mode, or

¢ up to 3.4 Mbit/s in the High-speed mode

*  On-chip filtering rejects spikes on the bus data-line to preserve data integrity.

¢ The number of ICs that can be connected to the same bus is limnited cml],r ]:r].l' a
maximum bus capacitance of 400 pF.

14.9.2 I°C Bus Terminology
The Table 14.9 lists the terminologies used in the I°C bus.

Term Description

Transmitber The device that sends the data Io the bus.

Receiver The device that receives the data from the bus,

Master The device which initiates the transfer, generales the clock and lermis.ates the
transfer.

Slave The device addressed by a masier

Muli-master Maore than one master device in a sysiem. These masilers can attempl (o
conirol the bus at the same time without comupting the message.

Arbitration Procadure that ensures that only one of the master devices will conirol the
bus. This ensure that the transfer data does not get cormupted.

Synchronization Procedure whaere the clock signals of two or more devices are synchronized,

Table 14.9

14.9.3 I’C BUS Configuration

Let us see the example of I’C bus configuration using two microcontrollers. The
I°C bus is a multi-master bus. This means that more than one device capable of controlling
the bus can be connected to it. The Fig 14.12 shows the two microcontrollers connected to
I'C bus. Due to two microcontrollers, there exists masterslave and receiver-transmitter
relnl:innshipsnnﬂielzthus.ltshmﬂdbn:mmdthatthmerﬂaﬁunahipammtpermanmt,
but only depend on the direction of data transfer at that time. The transfer of data would
proceed as follows :

Case 1 : Microcontroller A wants to send information to microcontroller B
* microcontroller A (master), addresses microcontroller B (slave).



Microprocessor & Microcontroller System 14 -16 Buses and Protocols

« microcontroller A (master-transmitter), sends data to microcontroller B (slave-
TeCEivEr).

s  microconiroller A terminates the transfer.
Case 2 : Microcontroller A wants to receive information from microcontroller B
* microcontroller A (master) addresses microcontroller B (slave).

»  microcontroller A (master- receiver) receives data from microcontroller B (slave-
transmitter).
* microcontroller A terminates the transfer.

Even in this case, the master (microcontroller A) generates the timing and terminates
the transfer.

The possibility of connecting more than one microcontroller to the I’C bus means that
more than one master could try to inibate a data transfer at the same time. To avoid the
chaos an arbitration procedure has been developed.

Micra - LCD Static
contrller & diriver RAM Or
EEFROM
[SDA B |
[sEL a ]
Sale Micro -
Ty ADC contrallar B
MBCE45

Fig. 14.12 Two microcontrollers connected to I’C bus

14.9.4 FC Signals
Start — high-to-low transition of the SDA line while SCL line is high.
Stop — low-to-high transition of the SDA line while SCL line is high.
Ack - receiver pulls SDA low while transmitter allows it to float high.
Data — transifion takes place while SCL is low.

14.9.5 Initiating and Terminating Data Transfer

During times of no data transfer (idle time), both the clock line (SCL) and the data line
(SDA) are pulled high through the external pull-up resistors. The START and STOP
conditions determine the start and stop of data fransmission. The START condition is
defined as a high to low transition of the SDA when the SCL is high. The STOFP condition
is defined as a low to high transition of the SDA when the SCL is high. Fig. 14.13 shows
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the START and STOP conditions. The master generates these conditions for starting and
terminating data transter. Due to the definition of the START and STOP conditons, when
data is being transmitted, the SDA line can only change state when the 5CL line is low.

e T

1 |
1 |
[ ——T ¥ ¥ i ¥ [ S —

Start Change Change Stop
condition of data of data condition
allowad allowed

Fig. 14.13 Start and stop conditions

START and S5STOF conditions are always generated by the master. The bus is
considered to be busy after the START condition. The bus is considered to be free again a
certain time after the STOP condition.

The bus stays busy if a repeated START (Sr) is generated instead of a STOP condition.
In this respect, the START (5) and repeated START (5r) conditions are functionally
identical. Thus, hereafter, the 5 symbol will be used as a generic term to represent both the
START and repeated START conditions, unless 5r is particularly relevant.

Detection of START and STOP conditions by devices connected to the bus is easy if
they incorporate the necessary interfacing hardware. However, microcontrollers with no
such interface have to sample the SDA line at least twice per clock period to sense the
transition.

14.9.6 Transferring Data

14.9.6.1 Byte Format

In the byte format, 8-bit data is put on the SDA line. The number of bytes that can be
transmitted per transfer is unrestricted. Each byte has to be followed by an acknowledge
bit. Data is transferred with the most significant bit {M5B) first as shown in Fig. 14.14. If a
slave can't receive or transmit another complete byte of data until it has performed some

Cl : "Pl
8 = - T
s:mll\li" XX O\ / L X X X r @
T Acknowledgement Acknowledgement | sr
|| signal from slave signal from receiver | |
1 Byte complete, ||
1 interrupt within stave ||
[ Clock fine held low while I
intemupts ane serviced
5 - 5
S WAVANAVA mL LNS\SN_ T
L5 ACK ACK LE]
START or STOP or
repeated START repeated START
comditiom conditicn

Fig. 14.14 Data transfer on the I°C bus
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other function, for example servicing an internal interrupt, it can hold the clock line SCL
LOW to force the master into a wait state. Data transfer then continues when the slave is
ready for another byte of data and releases clock line SCL.

A message which starts with such an address can be terminated by generation of a
STOFP condition, even during the transmission of a byte. In this case, no acknowledge is
generated.

14.9.6.2 Acknowledge

Data transfer with acknowledge is compulsory. The acknowledge-related clock pulse is
generated by the master. The transmitter releases the SDA line (HIGH) during the
acknowledge clock pulse. The receiver must pull down the SDA line during the
acknowledge clock pulse so that it remains stable LOW during the HIGH period of this
clock pulse as shown in Fig. 14.15. Of course, set-up and hold times must also be taken
into account.

When a slave doesnt acknowledge the slave address (for example, it's unable to
receive or transmit because it's performing some real-time function), the data line must be
left HIGH by the slave. The master can then generate either a STOP condition to abort the
transfer, or a repeated START condition to start a new transfer.

1 .
Data output -- v
by transmitter | ! / ¥ x x /
: i Mot acknowledge
Data output . o LY
by receiver | |
| \7_/
I Acknowled
SCL from ae
s |
L - J Clock pulse for
ot acknowledgement

Fig. 14.15 Acknowledge on the I°C bus

If a master-receiver is involved in a transfer, it must signal the end of data to the
slave- transmitter by not generating an acknowledge on the last byte that was clocked out
of the slave. The slave-transmitter must release the data line to allow the master to
generate a STOF or repeated START condition.

14.9.7 Addressing 1°C Devices

There are two address formats. The simplest is the 7-bit address format with a R/W
bit. The more complex is the 10-bit address with a R/W bit. For 10-bit address format, two
bytes must be transmitted with the first five bits specifying this to be a 10-bit address. The
10-bit addressing allows the use of up to 1024 additional slave addresses. The 10-bit
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addressing does not affect the existing 7-bit addressing. Devices with 7-bit and 10-bit
addresses can be connected to the same I°C bus.

The Fig. 14.16 shows the 7-bit address format and Fig. 14.17 shows the 10-bit address
format.
MSB LSB

5 RAW | ACK

Slave address Sent by
slave

] - Start condition
RAW - Readfwrite pulse
ACE - Acknowledge

Fig. 14.16 7-bit address format

I 5 11110A2 A8 AW | ACK | AT A5 AS A4 A3 A2 A1 AD A{H{I

Sent by skave

S - Start condition = =0forwrite
RW - Readfwrite pulse
ACK - Acknowledge

Fig. 14.17 10-bit address format

14.9.8 Complete Data Transfer

Fig. 14.18 shows complete data transfer using 7-bit address format. As shown in
Fig. 14.18, after the START condition (S), a slave address is sent. This address is 7 bits long
followed by an eighth bit which is a data direction bit (R/W) - a ‘zero’ indicates a
transmission (WRITE), a ‘one’ indicates a request for data (READ), A data transfer is
always terminated by a STOP condition (P) generated by the master. However, if a master
still wishes to communicate on the bus, it can generate a repeated START condition (Sr)
and address another slave without first generating a STOP condition. When an address is
sent, each device in a system compares the first seven bits after the START condition with
its address. If they match, the device considers itself addressed by the master as a
slave-receiver or sla. .-transmitter, depending on the R/W bit. Various combinations of
read /write formats are then possible within such a transfer.

The possible data transfer formats are as follows :

1. Master-transmitter transmits to slave-receiver. The transfer direction is not changed.
This is shown in Fig. 14.18
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Start  Address  RAW ACK DATA ACK DATA ACK §

Data transfermad
I write) {n bytas + acknowledgaj

F
H rom master o slave A = Acknowledge (SDA LOW)
A = Not acknowledge (SDA HIGH)
5 = START condition
From slave 1o masier B = STOPF conditon

Fig. 14.19 Master-transmitter transmits to slave-receiver

2. Master reads slave immediately after first byte. This is shown in Fig 14.20. At the
moment of the first acknowledge, the master- transmitter becomes a master- receiver and
the slave-receiver becomes a slave-transmitter. This first acknowledge is still generated by
the slave. The STOP condition is generated by the master, which has previously sent a
not-acknowledge (A).

Data transfarred
(n bytes + acknowiadge)

Fig. 14.20 Master reads slave immediately after first byte
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3. The Fig. 14.21 shows the combined format. During a change of direction within a
transfer, the START condition and the slave address are both repeated, but with the B/W

bit reversed. If a master receiver sends a repeated START condition, it has previously sent
a not-acknowledge (A).

Prpho  AnTros o - . " — 1 ! R = [ — “E'f‘-ﬂi.“.‘
5 SV e .ﬁ?ITEIII|1EEEJ:IHHI":GH:. “.i:_:H'TL:H":;T}AlI!I:!!gEE?FUﬁ f&ﬁé
{n bylas +
Read or (n bytes + Read or acknowiedge)”
wiite  acknowledge) write Direction
af transfar
“Not shaded because 51 = Repeated START condidon may change
Iransfer direction of at this point,
data and acknowladge bils
depends on RAW bits.

Fig. 14.21 Combined format.

14.9.9 Arbitration

A master may start a transfer only if the bus i5 free. Two or more masters may
generate a START condition within the minimum hold time (tup: sta) of the START
condition which results in a defined START condition to the bus. Arbitration takes place
on the SDA line, while the SCL line is at the HICH level, in such a way that the master
which transmits a HIGH level, while another master is transmitting a LOW level will
switch off its DATA output stage because the level on the bus doesn’t correspond to its
own level. This is illustrated in Fig. 14.22. As shown in the Fig. 14.22, at point A, master 1
transmits HIGH level and master 2 transmits LOW level. Since SDA line uses wired-AND
logic the effective level on the SDA line is LOW, Thus, master 1 level does not match with
the SDA level and it switchs off its DATA output stage.

. masier 1 loses arbitration
:,/ DATA 1 SDA

DATA
2

M

S0A

3

ST TR T N IR S

sCL

i
g
b
B
R

g
i

Fig. 14.22 Arbitration procedure of two masters.
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If more than one masters are trying to address the same device, arbitration continues
with comparison of the data-bits if they are master-transmitter, or ads:nm!.rledge—hmi if they
are master-receiver, Because address and data information on the I°C bus is determined by
the winning master, no information is lost during the arbitration process.

It is important to note that, arbitration isn’t allowed between :
= A repeated START condition and a data bit
= A STOF condition and a data bit

= A repeated START condition and a STOP condition.
Mote : Slaves are not invalved in the arbitration procedure.

14.9.10 Extensions to the Standard-Mode I’C Bus Specification

The Standard-mode I°C bus specification, with its data transfer rate of up to 100 kbit/s
and 7-bit addressing, has been in existence since the beginning of the 1980%. To meet the
demands for higher speeds, as well as make available more slave addresses for the
growing number of new devices, the Standard-mode I°C bus specification was upgraded
over the years and today is available with the following extensions :

* Fast-mode, with a bit rate up to 400 kbit/s.
* High-speed mode (Hs-mode), with a bit rate up to 3.4 Mbit/s.

* 10-bit addressing, which allows the use of up to 1024 additional slave addresses.

Let us see the details of fast mode and High-speed mode. We have already discussed
10-bit addressing in section 14.9.7.

149.10.1 Fast-mode

Fast-mode devices can receive and fransmit at upto 400 kbit/s. The minimum
requirement is that they can synchronize with a 400 kbit/s transfer; they can then prolong
the LOW period of the SCL signal to slow down the transfer. Fast-mode devices are
downward-compatible and can communicate with standard-mode devices in a 0 to
100 kbit/s I°C bus system.

Features :

The Fast-mode I°C bus specification has the following additonal features compared with
the standard-mode:

¢  The maximum bit rate is increased to 400 kbit/s.

» Timing of the serial data (SDA) and serial clock (SCL) signals has been adapted.
There is no need for compatibility with other bus systems such as CBUS because
they cannot operate at the increased bit rate.

* The inputs of Fast-mode devices incorporate spike suppression and a Schmitt
trigger at the SDA and SCL inputs.
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L

The output buffers of Fast-mode devices incorporate slope control of the falling
edges of the SDA and SCL signals,

If the power supply to a Fast-mode device is switched off, the SDA and SCL 1/0
pins must be floating so that they don't obstruct the bus lines.

The external pullup devices connmected to the bus lines must be adapted to
accommodate the shorter maximum permissible rise time for the Fast-mode
I'C bus.

14.9.10.2 Hs-mode

Hs-mode devices can transfer information at bit rates of up to 3.4 Mbit/s, yet they
remain fully downward compatible with Fast- or standard-mede (F/S-mode) devices for
bi-directional communication in a mixed-speed bus system. With the exception that
arbitration and clock synchronization is not performed during the Hs-mode transfer, the

same serial bus protocol and data format is maintained as with the F/S-mode system.

[Improvements made in the regular *C-bus specification to achieve a bit transfer of up

to 3.4 Mbit/s are as follows :

Hs-mode masfer devices have an open-drain cutput buffer for the SDAH signal
and a combination of an open-drain pull-down and current-source pull-up circuit
on the SCLH output. This current-source circuit shortens the rise time of the
SCLH signal.

Mo arbitration or clock synchronization is performed during Hs-mode transfer in
multi-master systems, which speeds-up bit handling capabilities.

Hs-mode master devices generate a serial clock signal with a HIGH to LOW
ratio of 1 to 2. This relieves the iming requirements for set-up and hold times.

The reduction in capacitive loads of the SDAH and SCLH lines results in faster
rise and fall times.

The inputs of Hs-mode devices incorporate spike suppression and a Schmitt
trigger at the SDAH and S5CLH inputs.

The output buffers of Hs-mode devices incorporate slope control of the falling
edges of the SDAH and SCLH signals.

14.9.11 Advantages of I°C

Good for communication with on-board devices that are accessed ocecasionally.
Easy to link multiple devices because of addressing scheme. ¢
Cost and complexity do not scale up with the number of devices.
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14.9.12 Disadvantage of I°C

s The complexity of supporting software components can be higher than that of
competing schemes ( for example, 5PI ).

14.9.13 Applications of I°C

* Used as a control interface to signal processing devices that have separate data
interfaces, e.g. RF tuners, video decoders and encoders, and audio processors.

14.10 Modbus Protocol

Programmable controllers can communicate with each other and with other devices
over a variety of networks. These networks are accessed by built-in ports in the controllers
or by network adapters, option modules, and gateways. Modbus protocol defines a
message structure that controllers will recngnlz-e and use, regardleﬁ.ﬂ af the type of
networks over which they communicate. It describes -

* the process a controller uses to request access to another device

* how it will respond to requests from the other devices

= a common format for the layout and contents of message fields

# the internal standard that the Modicon controllers use for parsing messages

* how each controller will know its device address, recognize a message addressed

to it, determine the kind of action to be taken, and extract any data or other
information contained in the message.

¢ how errors will be detected and n:pﬂrted.

For networks other than Modicon Modbus and Modbus Plus industrial networks such
as MAP and Ethernet, messages containing Modbus protocol are imbedded into the frame
or packet structure that is used on the network.

14.10.1 Transactions on Modbus Networks

Standard Modbus ports on Modicon controllers use an RS-Z32C compatible serial
interface that defines connector pinouts, cabling, signal levels, transmission baud rates, and
parity checking.

Controllers can be networked directly or via modems. Controllers communicate using
a master—slave technique, in which only one device (the master) can initate transactions
(called ‘queries’). The other devices (the slaves) respond by supplying the requested data
to the master, or by taking the action requested in the query. Typical master devices
include host processors and programming panels. Typical slaves include programmable

controllers.
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The master can address individual slaves, or can initiate a broadcast message to all
slaves. Slaves return a message (called a ‘response’) to queries that are addressed to them
individually. The slave’s response message is also constructed using Modbus protocol. It
contains fields confirming the action taken, any data to be retumed, and an error—checkirg
field. If an error occurred in receiving the message, or if the slave is unable to perform the
requested action, the slave will construct an error message and send it as its response.

14.10.2 The Query-Response Cycle
The Fig. 14.23 shows the query-response cycle.

Query massage from Hum

Device Address Davice Addrass
Funchon Code Funclian Coda
Eight-Bit | [~ Eight-Bit |
= [ata Bytes — — [Data Bytes —
Error Check Errar Ghack

Uspnmn massags from Slave

Fig. 14.23 Master-Slave Query-Response Cycle

Query : Device field of the query gives the address of the slave. The function code in the
query tells the addressed slave device what kind of action to perform. The data bytes contain
any additional information that the slave will need to perform the function. For example,
function code 03 will query the slave to read holding registers and respond with their
contents. The data field must contain the information telling the slave which register to
start at and how many registers to read. The error check field provides a method for the
slave to validate the integrity of the message contents.

The Response : If the slave makes a normal response, the function code in the
response is an echo of the function code in the query. The data bytes contain the data
collected by the slave, such as register values or status. If an error occurs, the function
code is modified to indicate that the response is an error response, and the data bytes
contain a code that describes the error. The error check field allows the master to confirm
that the message contents are valid.
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14.10.3 Transmission Modes

Controllers can be setup to communicate on standard Modbus networks using either of
two serial transmission modes :
« ASCH or
« RTU
Users can select the desired mode, along with the serial port communication
parameters (baud rate, parity mode, etc), during configuration of each controller. It is
important to note that, the mode and serial parameters must be same for all devices on a
Modbus network. The selection of ASCII or RTU mode pertains only to standard Modbus
networks. These transmission modes define :
# the bit contents of message fields transmitted serially on those networks.

* how information will be packed into the message fields and decoded.

14.10.3.1 ASCIl Mode

In ASCIl (American Standard Code for Information Interchange) mode, each 8-bit byte
in a message is sent as two ASCII characters. The main advantage of this mode is that it
allows time intervals of upto one second to occur between characters without causing an
error. The format for each byte in ASCII mode is explained in the Fig. 1424 and it is
shown in Table 14.10.

With parity checking

Start 1 2 3 4 8 B T Par | Stop
I Charactar -—I
Without parity checking
Slan 1 2 3 4 5 ] ¥ Slop | Stop
}—-— Character ‘-I
Fig. 14.24 Format for byte in ASCIl mode
F'll:ll'l'lll:lr Format

Coding System Hexadecimal, ASCI| characters 0-9, A~F

One hexadecimal charactler contained in each ASCI character of
the message

Bits per Byle 1 start bit

7 data bits, least significant bit sent first

1 bit for even/odd parity; no bit for no parity

1 stop bit if parity is used; 2 bits if no parity

Error Cheack Fiald Longitudinal Redundancy Check (LRC)

Table 14.10




Microprocessor & Microcontroller System 14 -27 Buses and Protocols

141032 RTU Mode

In RTU (Remote Terminal Unit) mode, each 8-bit byte in a message contains two 4-bit
hexadecimal characters. The main advantage of this mode is that its greater character
density allows better data throughput than ASCII for the same baud rate. Each message
must be transmitted in a continuous stream. The format for each byte in RTU mode is
explained in the Table 14.11 and it is shown in Fig, 14.25.

Parameter Format

Cading Systam B-bit binary, hexadecimal 0-8, A-F
Two 4=bit hexadecimal characters confained in each 8-=bit
field of the message

Bits per Byte 1 stari bit

8 data bits, lsast significant bit sent first

1 bit for even'odd pasty; no bit for no panty
1 stop bit if parity is used; 2 bits if no panity

Error Check Cyclical Redundancy Check (CRC)
Field
Table 14.11
With parity checking
Start 1 2 3 4 5 [ T B Par | Stop
f+—— Character 1 - Character 2 ——|
Without parity checking
Start 1 2 3 4 5 6 T B Stop | Stop
l=—— Gharacter 1 | Character 2 ——=|

Fig. 14.25 Format for byte in RLU mode

14.10.4 Modbus Message Framing

In either of the two serial transmission modes (ASCII or RTU), a Modbus message is
placed by the transmitting device into a frame that has a known beginning and ending
point. This allows receiving devices to begin at the start of the message, read the address
portion and determine which device is addressed (or all devices, if the message is
broadcast), and to know when the message is completed. Partial messages can be detected
and errors can be set as a result.

14.10.4.1 ASCH Framing
In ASCIl mode, messages start with a ‘colon’ { : } character (ASCII 3A hex), and end
with a ‘carriage return — line feed’ (CRLF) pair (ASCII 0D and 0A hex respectively).
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For ail other fields hexadecimal characters -9, A-F are allowed to transmit.
Networked devices monitor the network bus continuously for the ‘colon’ character, When
it is received, each device decodes the next field (the address field) to find out if it is the
addressed device. Intervals of upto one second can elapse between characters within the
message. If a greater interval occurs, the receiving device assumes an error has occurred.
The Table 14.12 shows a typical message frame.

START ADDRESS | FUNCTION DATA, LRC END
CHECK

1 CHAR 2 CHAR 2 CHAR n CHAR 2 CHAR 2 CHAR
CRLF

Table 14.12 ASCIl message frame

14.104.2 RTU Framing

In RTU mode, messages start with a silent interval of at least 3.5 character times. This
can be implemented as a multiple of character times at the baud rate that is being used on
the network (shown as T1-T2-T3-14 in the Table 14.13).

START ADDRESS | FUNCTION DATA CRC END
CHECK

Ti-T2-T3-T4| & BITS & BITS nxB8BITS | 16 BITS |T1-T2-T3-T4

Table 14.13 RTU message frame

The first field then transmitted is the device address. For all other fields hexadecimal
characters 0-9, A-F are allowed to transmit. Networked devices monitor the network bus
continuously, including during the ‘silent” intervals. When the first field (the address field)
is received, each device decodes it to find out if it is the addressed device. Following the
last transmitted character, a similar interval of at least 3.5 character imes marks the end of
the message. A new message can begin after this interval.

The entire message frame must be transmitted as a continuous stream. If a silent
interval of more than 1.5 character times occurs before completion of the frame, the

receiving device flushes the incomplete message and assumes that the next byte will be the
address field of a new message.

Similarly, if a new message begins earlier than 3.5 character times following a previous
message, the receiving device will consider it a continuation of the previous message. This
will set an error, as the value in the final CRC field will not be valid for the combined
messages. A typical message frame is as shown in Table 14.13.

14.10.4.3 More About Address Field

We know that, the address field of a message frame contains two characters (ASCII) or
eight bits (RTU). Valid slave device addresses for address field which are in the range of
0= 247 decimal. The individual slave devices are assigned addresses in the range of
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1 = 247, A master addresses a slave by placing the slave address in the address field of the
message. When the slave sends its response, it places its own address in this address field
of the response to let the master know which slave is responding. Address 0 is used for
the broadeast address, which all slave devices recognize.

14.10.4.4 More About Function Field

We know that, the function code feld of a message frame contains two characters
(ASCII) or eight bits (RTU). Valid codes for the function field are in the range of
1 - 255 decimal. In which, some codes are applicable to all Modicon controllers, while some
codes apply only to certain models, and others are reserved for future use. When a
message is sent from a master to a slave device, the function code field tells the slave what
kind of action to perform. Examples are :

+ to read the ON/OFF states of a group of discrete coils or inputs,

* (o read the data contents of a group of registers,

» to read the diagnostic status of the slave,

* to write to designated coils or registers, or

* to allow loading, recording or verifying the program within the slave.

When the slave responds to the master, it uses the function code field to indicate
either a normal (error-free) response or that some kind of error occurred (called an
exceplion response). For a normal response, the slave simply sends the original function
code. For an exception response, the slave returns the original function code with its
most-significant bit set to a logic 1.

For example, if master sends the 0000 0011 (Hexadecimal 03) as a function code to
slave then -

s If the slave device takes the requested action without error, it returns the same
code in its response,

* If an exception occurs, it returns : 1000 0011 (Hexadecimal 83). In addition to its
modification of the function code for an exception response, the slave places a
unique code into the data field of the response message. This tells the master
what kind of error occurred or the reason for the exception.

14.10.4.5 More About Data Field

The data field is constructed using sets of two hexadecimal digits, in the range of
00 to FF hexadecimal. These can be made from a pair of ASCII characters, or from one
RTU character, according to the network’s serial transmission mode.

The data field of messages sent from a master to slave devices contains additional
information which the slave must use to take the action defined by the function code. This
can include items like discrete and register addresses, the quantity of items to be handled,
and the count of actual data bytes in the field.
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For example, if the master requests a slave to read a group of holding registers
(function code 03), the data field specifies the starting register and how many registers are
to be read. If the master writes to a group of registers in the slave (function code 10
hexadecimal), the data field specifies the starting register, how many registers to write, the
count of data bytes to follow in the data field, and the data to be written into the registers.
If no error occurs, the data field of a response from a slave to a master contains the data
requested. If an error occurs, the field contains an exception code that the master
application can use to determine the next action to be taken.

In certain kinds of messages, the function code alone specifies the action. In such
messages, the length of the data field can be zero.

14.10.4.6 More About Error Checking Field

The error checking field contents depend upon the tramsmission method that is being
used either ASCII or RTU.

ASCII

In ASCII mode, the error checking field contains two ASCII characters. The error check
characters are the result of a Longitudinal Redundancy Check (LRC) calculation that is
performed on the message contents. The beginning ‘colon’ and terminating CRLF
characters are not considered in the Longitudinal Redundancy Check. The LRC characters
are appended to the message as the last field preceding the CRLF characters.

RTU

In RTU mode, the error checking field contains a 16-bit value implemented as two
8-bit bytes. The error check value is the result of a Cyclical Redundancy Check calculation
performed on the message contents. The CRC field is appended (low-order byte of the
field is first followed by the high-order byte) to the message as the last field in the
message.

14.10.5 Error Checking Methods
Standard Modbus serial networks use two kinds of error checking :
Parity checking : It (even or odd) can be optionally applied to each character.
Frame checking : It (LRC or CRC) is applied to the entire message.

Both the character check and message frame checks are generated in the master device
and applied to the message contents before transmission. The slave device checks each
character and the entire message frame during reception.

14.10.5.1 Parity Checking

We can configure controllers for - Even or Odd Parity checking, or for No Parity
checking. The parity bit will then be set to a 0 or 1 to result in an Even or Odd total of 1
bits.
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When the message is transmitted, the parity bit is determined and applied to the frame
of each character. The receiving device counts the quantity of 1 bits and sets an error if
they are not the same as configured for that device (all devices on the Modbus network
must be configured to use the same parity check method),

If No Parity checking is specified, no parity bit is transmitted and no parity check can
be made. An additional stop bit is transmitted to fill out the character frame.

14.10.52 Frame Checking

For checking the frame in the ASCII mode we have to perform the LRC check and in
the RTU mode we have to perform CRC check.

LRC Checking : The LRC field checks the contents of the message, exclusive of the
beginning ‘colon” and ending CRLF pair. It is applied regardless of any parity check
method used for the individual characters of the message.

The LRC field is one byte, containing an B-bit binary value. The LRC value is
calculated by the transmitting device, which appends the LRC to the message. The
receiving device calculates an LRC during reception of the message, and compares the
calculated value to the actual value it received in the LRC field. If the two values are not
equal, an error results.

The LRC is calculated by adding together successive 8-bit bytes of the message,
discarding any carries, and then two's complementing the result. It is performed on the
ASCI message field contents excluding the.'colon’ character that begins the message, and
excluding the CRLF pair at the end of the message,

CRC Checking : The CRC field checks the contents of the entire message. It is applied
regardless of any parity check method used for the individual characters of the message.

The CRC field is two bytes, containing a 16-bit binary value. The CRC wvalue is
calculated by the transmitting device, which appends the CRC to the message. The
receiving device recalculates a CRC during reception of the message, and compares the
calculated value to the actual value it received in the CRC field. If the two values are not
equal, an error results.

The CRC is started by first preloading a 16-bit register to all 1's. Then a process begins
of applying successive B-bit bytes of the message to the current contents of the register.
Only the eight bits of data in each character are used for generating the CRC. Start and
stop bits and the parity bit do not apply to the CRC.

During generation of the CRC, each B-bit character is exclusive ORed with the register
contents. Then the result is shifted in the direction of the least significant bit (LSB), with a
zero filled into the most significant bit (MSB) position. The LSB is extracted and examined.
If the LSB was a 1, the register is then exclusive ORed with a preset, fixed value. If the
LSB was a 0, no exclusive OR takes place. This process is repeated until eight shifts have
been performed. After the last (eighth) shift, the next 8-bit byte is exclusive ORed with the
register's current value, and the process repeats for eight more shifts as described above.
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The final contents of the register, after all the bytes of the message have been applied, is
the CRC walue. When the CRC is appended to the message, the low-order byte is
appended first, followed by the high-order byte.

14.11 IEEE 488 Standard

The Hewlelt-Packard interface bus (HFIB} was developed to interface smart test
instruments such as digital voltmeter, signal generators, printers, display devices, etc. to
the computer. In 1975 it was adopted as an IEEE standard and in 1978 it was revised to its
present form and is now known as IEEE 488 standard. It is often referred to as the
General Turpose Intertace Bus (GPIB).

The standard defines three types of devices that may be connected on the GPIB :
Talkers, Listeners, and controliers.

s
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{E.G. DIGITAL VOLTMETER) L [3 SIGNAL LINES) (HANDSHAKE) LINES
*l
DEVICE
OMLY ABLE TO +
LISTEN T4
. 3
$ GEMERAL INTERFACE
— MANAGEMENT
{E.G. SIGMAL GENERATOR) & » 75 SIGNAL LINES) MANAGEMENT (COMTROLILINES
31
DEVIEE O
OMLY ABLE I\
TO
TALK '
{E.G. TAPE READER) ot s
Dl
MRAFD
MO
FC
ATH
3RO
REN
EQH

Fig. 14.26 Bus structure of the GPIB
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1. Talkers are devices capable of putting data onto the bus for transmission to
listeners or the controller in charge. Examples of talkers are tape readers, digital
voltmeters, frequency counters, and other measuring instruments.

2. Listeners are devices capable of reading data on the bus output by talkers or the
controller. Examples of listeners are printers, display devices, etc.

3. Controllers are devices which determine who talks and who listens on the bus. The

controllers also program devices on the bus,

MNote : A device can be both talker and listener.

Fig. 14.26 illustrates the bus structure of the GPIB. It has eight bidirectional data lines
supported by three handshake control signals and five-general purpose interface
management lines. The data lines are used to transfer data, addresses, commands, and
status bytes among as many as 8 to 10 instruments, Fig. 14.27 shows the formats for the
combination command address codes that a controller can send to talker and listeners.
Bit B of these words is a don't care, bits 7 and 6 specify which command is being sent,

and bits 1 to 5 give the address of the talker or listener to which the command is to be
senit.

ODE MEAMING
Dy D, D D; D Dy D Dy i
X o 0o o 8 B B B UNIVERSAL COMMANDS
X 0 1 Ay Ay Ay Ay Ay LISTEN ADDRESSES
x (1] 1 1 1 1 1 1 UHLISTERN COMMAND
X 1 0 A Ay Ay Ay Ay TALK ADDRESSES
X 1 0 1 1 1 1 1 UNTALK COMMAND
X 01 1T Ay Ay Ay Ay Ay SECONDARY COMMANDS
X 1 1 1 1 1 1 1 IGNORED
CODE FOR TYPE OF COMMAMD

MOTES : THESE CODES ARE ORLY WALID WHEN ATH IS LOW.
ADDRESS 11117 CANNOT BE USED FOR A LISTEMNER OR A TALKER

Fig. 14.27 Formats for the combination command address codes

For example, to enable a device at address 05 as a talker, the controller simply asserts
the AT line low and sends out a command address byte of X1000101 on the data bus.

The five management lines of GPIB function as follows :

1. Interface clear (IFC) : The interface clear line, when asserted by the conftroller,
resets all devices on the bus to a initial state.

2. AMtention line {ATN) : The attention line, when asserted (low) indicates that the
controller is putting a universal command or an address-command such as “listen”
on the data bus. When ATN line is high, the data bus contains data or a status
byte.

3. Service Request (SRQ) : Service Request is similar to an interrupt. Any device that
needs to transfer data on the bus asserts the SRQ line low. The controller then
polls all the devices to determine which one needs service.

4. Remote Enable (REN) : By asserting remote enable signal, controller can directly
control instruments rather than by its front panel switches.
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5. End or ldentify (EQI) : The end or identify signal is asserted by a talker to
indicate that the transfer of a block of data is complete.

The three handshake signals data valid (DAV), not ready for data (NRFD), and not
data accepted (NDAC) are used to co-ordinate the transfer of data bytes on the data bus.

Upon Power on reset following sequence of operations are performed.

1. The controller takes control of the bus and sends out an IFC signal to set all
instruments on the to a known state.

2. The controller then sends out a series of commands with the AT line asserts low.

3. The controller then periodically checks the SRQ line for a service request. If the
SRQ line is low, the controller polls each device on the bus one after another or all
at once untl it finds the device requesting service.

4. When the controller determines the source of the SRQ, it asserts the ATN line low

and sends listener address commands to each listener that is to receive the data
and a talk address command to the talker that requested service,

5. The controller then raises the ATN line high, and data is transferred directly from
the talker to the listeners using a double-handshake-signal sequence.

Fig. 14.28 shows the sequence of signals on the handshake lines for a transfer of data
from a talker to several listeners. The talker asserts the DAV line low to indicate that a
valid data byte is on the bus. The addressed listeners then pull NRFD low and start
accepting the data. The DAV, NRFD, and NDAC lines are all open-collector. Therefore,
any listener can hold NEFD low to indicate that it is not ready for data or hold NDAC
low to indicate that it has not accepted data byte. Due to common NDAC and NRFD
signals the data transfer speed depends on the slower listener. When the slowest device
accepts data byte, NRFD line is released high. The talker sence NRFD becoming high and
asserts its DAV signal low, with data on data bus. The listeners pull NDAC low again,
and sequence is repeated until the talker has sent all the data bytes it has to send.

DN FIRET DATA BYTE SECOND DATA BYTE
(COMPOSITE]

Fig. 14.28 Sequence of signals on the handshake lines
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Fig. 14.29 shows the 24 pin GPIB connector. Each of the eight control signals has a
separate ground pin (EOI and REN share pin 24) and a shield or frame ground is also
provided. These separate grounds and shielding is provided for noise immunity.

Fig. 14.29 GPIB connector

Electrical characteristics of GPIB :
1} Voltage levels : TTL compatible.
2) Driver requirements : Vo €05V at 48 mA sink current
and Vi,,; 2.4 V at 5.2 mA source current
3) Receiver requirements tViygs 20V

ViLz20BV
4) Noise immunity : 0.3 V in low state
0.4 V in high state
5) Data transfer rate : 1 MB/sec for cable less than 15 m in length.

Review Questions

Explain asynchronous sérial communication.

Explain synchronous serial communicaion.

Give pin description of RS-232C DB-25P connector.
Explain DB-3P eonnector.

How data is transmitted and recefoed using R5-232C 7
Explain intercomnection behween R5-232C and microcontroller,
Write short note on

1) R5-423-A

2} R5-422-A

3} R5-485

9. Compare different types of EIA standards,

B oMo o W ke
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100
11.
12,
13,
14.

15.
17,
13,
19,
Al

21

15.

What are the features of I'C bus 7

Give bus configuration of .I‘ZC bz,

Howr data is transformed by PC bus ? Explain with timing diagramn.
Give different types of address formats of °C bus.

What are different modes of .I‘?C.‘ bus ? Explain any one of them in detail.

Wrrite a note on i) I°C bus ii) SPI

Explain clock polerity and clock phase in 5PI

Whit are the adoantages of SPI over r’c?

Explain in detail different modes in modulus profocols.
Explain modulus message framimg.

With respect to Modbus explain ervor checking.

Write @ note on IEEE 488 stundard.
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Interfacing to EEPROM
and RTC DS1307

15.1 Serial EEPROMs

serial EEFROMs are small Electronically Erasable Programmable Read Only Memory
chips. These devices are usually used to store user configurable parameters and device
serial numbers. They use a serial bus interface, which allows them to be packed in
inexpensive & pin packages.

It allows to store a small amount of data in non-volatle memory, using only a few of
the port pins, and without raising the system’s cost much. They are usually specified to
retain the data for 10 years and to endure 100,000 write operations before failure. They
only require a 5 volt power supply (some 3 V versions also exist),

Because these chips use a serial interface, they cannot be read quickly enough to serve
as conventional memory. In addition, a considerable length of time (mulliseconds) is
required to perform a write operation. They typically hold less than 1024 bytes of memory.

15.2 Types of Serial EEPROM Chips

There are several types of Serial EEPROMSs, but most of them fall into either a 2-wire
or 3-wire interface category. Usually, the 3-wire devices require an additon wire (beyond
the 3 for data transfer) for each chip to be used. The 2-wire interface, called 1*°C or IIC or
" square C" uses only iwo wires, regardless of how many chips are attached. 1°C is a
trademark of Philips. The three wire interfaces include SPI and Microwire, which is a
trademark of National Semiconductor.

15.3 EEPROM : 93C46/56/66

The 93C46/56/66 provides 1024/2048/40596 bits of serial electrically erasable
programmble read-c.ly memory (EEPROM), organized as 64/128/156 of 16 bits each
(when the ORG pin is connected to Vi), and 128/256/512 words of 8 bits each (when the
ORG pin is ted to ground). The device is optimized for use in many industrial and
commercial applications where low-power and low-voltage operations are essential. The
93C46/56/66 is available in space-saving 8-lead PDIP, B-lead JEDEC SOIC, 8-lead EIAJ
SOIC, B-lead MAP, 8-lead TSSOP, and 8-lead dBCAZ2 packages, as shown in the Fig. 15.1.

(15 - 1)
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Fig. 15.1

The 93C46/56/66 is enabled through the Chip Select pin (C5) and assessed via a
three-wire serial interface consisting of Data Input (DI), Data Qutput (DO), and Shift Clock
(SK). Upon receiving a Read instruction at DI, the address is decoded and the data is
clocked out serially on the DO pin. The Write cycle is completely self-timed, and no
seperate Erase cycle is required before Write. The Write cycle is only enabled when the
part is in the Erase/Write Enable state. When C5 is brought high following the initiation
of a Write cycle, the DO pin outputs the Ready/Busy status of the part.
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The Table 15.1 shows the pin configuration of 93C46/56/66 EEFROM.

Pin configurations

Pin Name Function
Cs Chip Select
SK Serial Deta Clock
Dl Serial Data Input
Do Serial Data Output
GND Ground
Ve Power Supply
ORG Internal Onganization
DC Don't Connect

Table 15.1

The Fig. 15.2 shows the block diagram of 93CXX EEPROM.

ORG

Voo GHD

Mamaory aray

128/256/512 x 8
OR
G4/128/256 x 16

Address

decoder

1

Dl —————a

Data
register

C5

Mo
decode
logic

SK

ganarator

Fig. 15.2 Block diagram
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Functional Description

The 93C46/56/66 is accessed via a simple and versatile three-wire serial
communication interface. Device operation is controlled by seven instructions issued by the
host processor. A valid instruction starts with a rising edge of C5 and consists of a start
bit (logic "17) followed by the appropriate opcode and the desired memory address
location.

READ (READ) : The Read (READ) instructon contains the address code for the
memory location to be read. After the instruction and address are decoded, data from the
selected memory location is available at the serial output pin DO. Qutput data changes are
synchronized with the rising edges of serial clock SK. It is important to note that a dummy
bit (logic "0") precedes the 8 or 16-bit data output string.

ERASE (ERASE) : The Erase (ERASE) instruction programs all bits in the specified
memory location to the logical "1" state. A logic "1" at pin DO indicates that the selected
memory location has been erased and the part is ready for another instruction.

WRITE (WRITE) : The Write (WRITE) instruction contains the 8 or 16-bits of data to
be written into the specified memory location. A logic "0" at DO indicates that
programming is stll in progress. A logic "1" indicates that the memory location at the
specified address has been written with the data pattern contained in the instruction and
the part is ready for further instructions.

ERASE ALL (ERAL) : The Erase All (ERAL) instrucHon programs every bit in the
memory array to the logic "1" state.

WRITE ALL (WRAL) : The Write All (WRAL) instruction programs all memory
locations with the data patterns specified in the instruction.

ERASEWRITE DISABLE (EWDS) : To protect against accidental data disturb, the
Erase/Write Disable (EWDS) instruction disables all programming modes and should be
executed after all programming operabions. The operation of the Read instruction is
independent of both the EWEN and EWDS instructions and can be executed at any time.

93CXX Serial EEPROM Interface

The 93CXX may be connected to the BCX051 microcontroller in either a 3-wire or
4-wire configuration as shown in the Fig. 153. In the 3-wire configuration, the EEFROM
serial data in (DI} and serial data out (DO) pins are both connected to the same
microcontroller 1/0 pin, thereby saving a pin. This is possible because the microcontroller
I/O pins can be dynamically reprogrammed as input or output.
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Fig. 15.3 (b) Typical circuit configuration

Let us see the connections of the 93CXX ORG pins shown in Fig. 153 {a) and
Fig. 153 (b). The ORG (internal organization) pin selects 8-bit data when grounded and
16-bit data when floating or tied to Voo, The ORG pin connections shown in the figures
are for illustration only; 8-bit or 16-bit data may be selected in either the 3-wire or 4-wire

configuration.



Interfacing to EEPROM
Microprocessor & Microcontroller System 15-6 and RTC DS1307

15.4 EEPROM : 24C16

The 24C16 device is 16384 bits of CMOS non-volatile electrically erasable memory.
This device conforms to all specifications in the Standard 1*C 2-wire protocol and are
designed to minimize device pin count, and simplify PC board layout requirements.

This communications protocol uses CLOCK (SCL) and DATA /0 (SDA) lines to
synchronously clock data between the master (for example a microcontroller) and the slave
EEFPROM device(s).

The Fig. 15.4 shows pin diagram for 24C16 EEPROM.

Dual-in-line package (N} and SO package (M8) TSSOP package (MTE)
Ne —] 1 ~ BlL— Vec Ne — 1 ~ Bl—scL
Ne —] 2 TH— NC Vog— 2 71— spa
S Nm2dcts | o |3 NM2ucIE v
Vs —{4 5| soa NC —1 4 sl— ne
Fig. 15.4
The Table 15.2 gives the pin description for 24C16 EEPROM.
Vs Ground
SDA Serial Data /O
SCL " Seral Clock Input
NG Mo Gonnection
Voo Power Supply

Table 15.2
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The Fig. 15.5 shows the block diagram of 24C16 EEPROM.

Microprocessor & Microcontroller System

Fig. 15.5 Block diagram of 24C16 EEPROM
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15.5 EEPROM : 24C32/64

The 24C16/32/64 provides 16K/32K/64K bits of serial electrically erasable and
programmable read only memory (EEPROM) organized as 4096/8192 words of 8-bits each.
The device's cascadable feature allows upto 8 devices to share a common 2-wire bus.

The 24C 16/32/64 is available in space saving 8-pin JEDEC PDIP, 8-pin JEDEC 50IC,
B-pin EIAJ 50IC, and 8-pin TS50 (ATZ4C64) packages and is accessed via a 2-wire serial

interface.
8-Pin TSSOP
a0 [ 10 8] Vec
At [z 7] we
a2 []a 6] ] scL
GND []4 5 ] soa
8-Pin PDIP 8-Pin SOIC
s O~ e[dVee a0 1 s[] Vec
A [z 7] we At [ 2 7] we
a2 3 6] scL Az [a 6] scL
GND [ 4 5] soa cHp [] 4 s[] soa
Fig. 15.6
The Table 15.3 shows the pin configuration for 24C 16/32/64 EEFROM.
Pin Name Function
Al - A2 Address Inpuls
sDA Serial Data
SCL Serial Clock Input
WP Wirite Protect
Table 15.3

Pin Description

Serial Clock (SCL) : The SCL input is used to positive edge clock data into each
EEPROM device and negative edge clock data out of each device.

Serial Data (SDA) : The SDA pin is bidirectional for serial data transfer. This pin is
open-drain driven and may be wire-ORed with any number of other open-drain or open
collector devices.

Device/Page Addresses (A2, Al, AD) : The A2, Al and Al pins are device address
inputs that are hard wired or left not connected for hardware compatibility with
AT24CXX. When the pins are hardwired, as many as eight 32 K/64 K devices may be



Interfacing to EEPROM
Microprocessor & Microcontroller System 15-9 and RTC DS1307

addressed on a single bus systemn. When the pins are not hardwired, the default A, A,
and A, are zero.

Write Protect (WP) : The write protect input, when tied to GND, allows normal write
operations. When WP is tied high to V., all write operations to the upper quadrant
(8/16 K bits) of memory are inhibited. If left unconnected, WP is internally pulled down to
GND.

The Fig. 15.7 shows the block diagram for 24C32/64 EEFROM.
WP

scL " Stan
EI.DF 1
sDA logic - Serial e
. conrol H.V. pump / timing
Iogic
Load 1
L]
_ Devica COMP
- md[ﬁs IH’G Dadﬂ |'-E'|_'.-D".|'E|"_I|I'
comparator Load
Az RW|  Dataword i
Ay Addr | Counter - é EEFRCM
Ay
]
Dy o] Doy ACK
logic

D ——

Fig. 15.7

24CXX Serial EEPROM interface

The Fig. 15.8 shows the 24CXX interface to 8051 microcontroller. The 24CXX EEPROM
uses [2C interface and 1°C family of devices interfaces directly with Intel 8051,
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Fig. 15.8

1°C E*PROMs are 2-wire interface, nonvolatile memories ranging from 2K bits (24C02)
to 64K bits (24C64) in density. They adhere to ﬂ'rEI!Cpmtuml which uses 2 lines, a data
(SDA) and serial clock (SCL) line for all transmissions, as described in Chapter 14.

The 24C02 E?PROM has an 8 byte page write buffer and a write protect pin for
inadvertent write protection. The 24C04, 24C08 and 24C16 devices have 16 byte page write
buffers. Up to eight 24C02 devices, four 24C04 devices, two 24C08 devices and one 24C16
device may be connected to an 1*C bus and addressed independently. The 24C32/64 has a
32-byte Page Write buffer and up to eight devices may be connected to an I°C bus and
addressed independently. Unique addressing is accomplished through hard-wiring address
pins AD, Al and A2 on each device.
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15.6 RTC DS1307

The DS1307 Serial Real Time Clock is a low-power, full BCD clock/calendar plus
56 bytes of nonvolatile SRAM. In D51307 address and data are transferred serially via the
2-wire bi-directional bus. The clock/calendar of D51307 provides seconds, minutes, hours,
day, date, month, and year information. The end of the month date is automatically
adjusted for months with less than 31 days, including corrections for leap year. The clock
operates in either the 24-hour or 12-hour format with AM/FM indicator. The D51307 has a
built-in power sense circuit which detects power failures and automatically switches to the

battery supply.

15.6.1 Features of DS51307

* Real time clock counts seconds, minutes, hours, date of month, month, day of
week and year with leap year compensation valid up to 2100.

& 56 byte nonvolatile RAM for general data storage.

= 2-wire interface (12C) compatible.

= Automatic power fail detect.

* Consumes less than 500 nA in battery back-up mode.

* Optional Industrial temperature range : —40° C to + 35°C
* Available in 8-pin plastic DIF or 50

The Fig. 15.9 shows the pin diagram of DS51307 RTC

p— v Ve :  Power supply
X1 E1 B] e X1, X2 : 32768 He crystal connection
x [z 7[]sawion vy, : 43 volt battery input
SDA : Serial data
3w [ 4 5[] sos SCL : Serial control
DS1307 B-PIN DIP SQW/OUT : Square wave,/Output driver
Fig. 15.9

15.6.2 DS1307 Operation

The DS1307 operates as a slave device on the serial bus. Access is obtained by
implementing a START condition and providing a device identification code followed by a
register address. Subsequent registers can be accessed sequentially until a STOP condition

is execubed.
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15.6.3 DS51307 Block Diagram
The Fig. 15.10 shows the block diagram of RTC DC1307.

\ Mote © The DS1308 includes the crystal and

1
! _ID : connections to X1, X2
X1 X2
Oscillator RTC
and dividar
1
Square wave =
SOWIOUT out
Conitrol
ioghe
Vet ————] RAM
Vigar Powear (56 x B)
MO *
¥
SCL Serial bus Address —
intarfacs reglsher

¥ 7 7y

Fig. 15.10 Block diagram of RTC DS1307

15.6.4 Signal Descriptions

Voo, GND - DC power is provided to the device on these pins. Vo is the +5 volt
input. When 5 volis is applied within normal limits, the device is fully accessible and data
can be written and read. When a 3 volt battery is connected to the device and Vi is
below 1.25 x Vg,r, reads and writes are inhibited. However, the Timekeeping function
continues unaffected by the lower input voltage. As V- falls below Vi, the RAM and
timekeeper are switched over to the external power supply {(nominal 3.0 V DC) at Vi

Vgar @ Battery input for any standard 3 wvolt lithium cell or other energy source.
Battery voltage must be held between 2.0 and 3.5 volts for proper operation.

SCL (Serial Clock Input) : SCL is used to synchronize data movement on the serial
interface.

SDA (Serial Data Input/QOutput) : SDA is the input/output pin for the 2-wire serial
interface. The SDA pin is open drain which requires an external pullup resistor.
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SQW/OUT (Square Wave/Qutput Driver) : When enabled, the SQWE bit set to 1, the
SOW/OUT pin outputs one of four square wave frequencies (1 Hz, 4 kHz, B kHz, 32 kHz).
The SQW /OUT pin is open drain which requires an external pullup resistor.

X1, X2 : Connections for a standard 32.768 kHz quartz crystal

15.6.5 RTC and RAM Address Map

The address map for the RTC and RAM registers of the DS1307 is shown in Fig. 15.11.
The real time clock registers are located in address locations 00h to 07h. The RAM registers
are located in address locations 08h to 3Fh. During a multi-byte access, when the address
pointer reaches 3Fh, the end of RAM space, it wraps around to location 00h, the beginning
of the clock space.

00H
Seconds

Minutes

Hours

Day

Banith

“Year

o7TH Controd
EH

BEx8

JFH

Fig. 15.11 DS1307 address map

15.6.6 Clock and Calender

The time and calender information is obtained by reading the appropriate register
bytes. The real time clock registers are illustrated in Fig. 15.12. The time and calender are
set or initialized by writing the appropriate register bytes. The contents of the time and
calender registers are in the Binary Coded Decimal (BCD) format. Bit 7 of Registers 0 is
the Clock Halt (CH) bit. When this bit is set to'a 1, the oscillator is disabled. When cleared
to a 0, the oscillator is enabled.
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Flease note that the initial power on state of all registers is not defined. Therefore it
is important to enable the oscillator (CH bit = 0) during initial configuration.

The DS1307 can be run in either 12 hour or 24 hour mode. Bit 6 of the hours register
is defined as the 12 or 24 hour mode select bit. When high, the 12 hour mode is selected.
In the 12 hour mode, bit 5 is the AM/PM bit with logic high being PM. In the 24 hour
maode, bit 5 is the second 10 hour bit (20-23 hours).

Bit 7 | | [ | | Bit 0
oo0H CH 10 Seconds Seconds 00-59
X 10 Minulas Minutes 00-59
12 .~ |10 HR| Hours 01-12
X 4 {10 HR D023
X ¥ X X X Day 1-7
X A Date ?lkzaumg
10 Date 01-31
10
X X X | m onth Month 01-12
10 Year Year 00-99
oy |OUT | x | x [sawe] x | x | RS [RSO

Fig. 15.12 DS1307 timskeeper registers

15.6.7 Control Register
The D51307 Control Register is used to control the operation of the SQW /OUT pin.

BIT 7 BIT & BITS BIT 4 BIT 3 BIT 2 BIT 1 BIT 0

ouT X X SAOWE X X R51 RS0

OUT (Output control) : This bit controls the output level of the SQW/OUT pin when
the square wave output is disabled. If SQWE = 0, the logic level on the SQW/OUT pin is
1if OUT = 1 and is 0 if OUT = 0.

SQWE (Square Wave Enable) : This bit, when set to a logic 1, will enable the
oscillator output. The frequency of the square wave output depends upon the value of the
RS0 and RS1 bits.

RS (Rate Select) : These bits control the frequency of the sqaure wave output when
the square wave output has been enabled. Table 15.4 lists the square wave frequencies that
can be selected with the RS bits.
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RS1 RSO SQW output
frequancy
0 0 1 Hz
0 1 4.096 kHz
1 0 8.182 kHz
1 1 32.768 kHz

Table 15.4 Square wave output frequency

15.6.8 2-Wire Serial Data Bus

The D51307 supports a bi-directional 2-wire bus and data transmission protocol. A
device that sends data onto the bus is defined as a transmitter and a device receiving data
as a receiver. The device that controls the message is called a master. The devices that are
controlled by the master are referred to as slaves. The bus must be controlled by a master
device which generates the serial clock (SCL), controls the bus access, and generates the
START and STOP conditions. The D51307 operates as a slave on the 2-wire bus. A typical
bus configuaration using this 2-wire protocol is shown in Fig. 15.13.

. Voo
Re éﬁp

S0R

2-Wiire
senal data

BCL

5 B

5V
5DA SCL |8 I
3
L3V

"
32788 Hr DE130T CC

Microcontroller ﬁ X, R-:uﬁh"

X, gwp BAT

s

1H

Fig. 15.13 Typical 2-wire bus configuration

The DS1307 has the 2-wire bus connected to two I/0 port pins of the microcontroller :
SCL - P1.0, SDA - P1.1. The Vpp voltage is 5 V, Rp = 5 kQ and the microcontroller is
using a 12 MHz crystal. The other peripheral device could be any other device that
recognizes the 2-wire protocol, such as the DS1621 Digital Thermometer and Thermostat.
The interface with the microcontroller was accomplished using the microcontroller Kit
hardware and software.
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During data transfer, the data line must remain stable whenever the clock line is high.
Changes in the data line while the clock line is high will be interpreted as conirol signals.
Accordingly, the following bus conditions have been defined :

Start data transfer : A change in the state of the data line from high to low, while the
clock line is high, defines a START condition.

Stop data transfer : A change in the state of the data line from low to high, while the
clock line is high, defines the STOP condition.

Data valid : The state of the data line represents valid data when, after a START
condition, the data line is stable for the duration of the high period of the clock signal. The
data on the line must be changed during the low period of the clock signal. There is one
clock pulse per bit of data.

Each data transfer is inibiated with a START condition and terminated with a STOP
condition. The number of data bytes transferred between the START and the STOP
conditions is not limited, and is determined by the master device. The information is
transferred byte-wise and each receiver acknowledges with a ninth bit.

Acknowledge : Each receiving device, when addressed, is obliged to generate an
acknowledge after the reception of each byte. The master device must generate an extra
clock pulse which is associated with this acknowledge bit.

A device that acknowledges must pull down the SDA line during the acknowledge
clock pulse in such a way that the SDA line is stable low during the high period of the
acknowledge related clock pulse. Of course, setup and hold times must be taken into
account. A master must signal an end of data to the slave by not generating an
acknowledge bit on the last byte that has been clocked out of the slave. In this case, the
slave must leave the data line high to enable the master to generate the STOP condition.

Fig. 15.14 details how data transfer is accomplished on the 2-wire bus. Depending on
the state of the R/active-low W bit, two types of data transfer are possible :

1. Data transfer from a master transmitter to a slave receiver : The first byte
transmitted by the master is the slave address. Next follows a number of data
bytes. The slave returns an acknowledge bit after each received byte. Data is
transferred with the most significant bit (MSB) first.

2. Data transfer from a slave transmitter to a master receiver : The first byte (the
slave address) is transmitted by the master. The slave then retums an acknowledge
bit. This is followed by the slave transmitting a number of data bytes. The master
returns an acknowledge bit after all received bytes other than the last byte. At the
end of the last received byte, a not acknowledge is rebumed.
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5 :“:

Ve en Wi we o Wl A we oo a0 W/}

Start Address RAW  ACK Data ACK Data ACK Stop
Condition Condition

Fig. 15.14 Data transfer on 2-wire serial bus

The master device generates all of the serial clock pulses and the START and STOP
conditions. A transfer is ended with a 5TOP condition or with a repeated START
condition. Since a repeated START condition is also the beginning of the next serial
transfer, the bus will not be released. Data is transferred with the most significant bit
(MSB) first.

15.6.9 Operating Modes of DS1307
The D51307 may operate in the following two modes:

1. Slave receiver mode (D51307 write mode) : Serial data and clock are received
through SDA and SCL. After each byte is received, an acknowledge bit is
transmitted. START and STOF conditions are recognized as the beginning and end
of a serial transfer. Address recognition is performed by hardware after reception
of the slave address and direction bit as shown in Fig. 15.15. The address byte is
the first byte received after the start condition is generated by .the master. The
address byte contains the 7-bit DS1307 address, which is 1101000, followed by the
direction bit (R/active-low W) which for a write Is a 0. After receiving and
decoding the address byte, the DS1307 outputs an acknowledge on the SDA line.
After the DS1307 acknowledges the slave address + write bit, the master transmits
a register address to the D51307. This will set the register peointer on the DS1307.
The master will then begin transmitting each byte of data with the DS1307
acknowledging each byte received. The master will generate a stop condition to
terminate the data write.

mﬁmﬁfﬂ.ﬂllg <WORD ADORESS|n)> “ATA (nj> OATA i+ )= <DATA (ne X )=
S ]| 1101000 | 0 | A | X000000(] A | X00GKKKK | A | XOKKKRX | A | XXOKKXXX] A P

5 = Sian ! 1 ‘

A= Acknowled b
P= Eﬂnu o Data transferrad

(¥+1 Byles + Acknowledge)

Fig. 15.15 Data write - slave receiver mode
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2.

Slave transmitier mode (DS51307 read mode) : The first byte is received and
handled as in the slave receiver mode. However, in this mode, the direction bit
will indicate that the transfer directon is reversed. Serial data is transmitted on
SDA by the DS1307 while the serial clock is input on SCL. START and STOP
conditions are recognized as the beginning and end of a serial transfer as shown in
Fig. 15.16. The address byte is the first byte received after the start condition is
generated by the master. The address byte contains the 7-bit DS51307 address,
which is 1101000, followed by the direction bit (R/active-low W), which for a read
is a 1. After receiving and decoding the address byte, the DS1307 inputs an
acknowledge on the SDA line. The D51307 then begins to transmit data starting
with the register address pointed to by the register pointer. If the register pointer
is not written to before the initiation of a read mode, the first address that is read
is the last one stored in the register pointer. The DS1307 must be sent a
Not-Acknowledge bit by the master to terminate a read.

<SLAE ADDRESS= "-% =0OATA (r)> <DATA{n+1} “DATA 2P <DATA K
[s| noooo | 1] a]xcocoox| a | wooosox | a | oecocs | a | xooocou| alp
S = Start s I
; = wmﬂ Data transfarrad
| |
(X+1 Byles + Acknowledge) | Note las! data byle followed
A = Mol Acknowledge by not acknowledge (A)

Fig. 15.16 Data read - slave transmitter mode
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Review Questions

. Draw and explain the typical 2-wire configuration used to interfice D51307 to the microcontroller.

Stale the featitres of serial EEPROMS,

State the two types of interfuce used in serial EEPROMs.

List the features of 93CXX EEPROM.

Drao and explain the interface between 93CXX EEPROM and microcontroller ATS9CX051,
Drarw the block diagram of 93CXX EEPROM.

Explain the operation of 93CXX controlled by seven instructions issued by microcontralier.
Give the fentures of 24C16 EEPROM.

Give the features of 24C32/64 EEPROM.

Draw and explain 24CXX serial EEPROM interface to 8051 microcontroller.

List the features of RTC DS1307,

Explain the operating modes of D51307.

QQQ
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16.1 Introduction

In this chapter we are going to study the advanced features provided by the 8051
family microcontrollers.

Conceptual Study of
Derivatives of Microcontroller

16.2 One-Time-Programmable (OTP) Feature

The chip is to be packaged by some material, which is called ‘encapsulation' and the
material used is called as 'encapsulant’. There are two types of packages used for the
microcontrollers with EPROM control storage, ceramic packages and plastic packages. We
are familiar with an EPROM in ceramic package. It has a small window built in for
erasing the contents of it. EFROM microcontrollers are also available in plastic packages
with no windows. These are referred to as one-time programmable (OTF) packages. The
selection of the appropriate option of the package, can have a significant impact on the
final application's cost, size and quality.

Plastic encapsulants use an epoxy plotting compound. This is injected around a chip
after it has been wired to a lead frame. The lead frame becomes the pins on the package.
The lead frame is wired to the chip via very thin aluminium wires which are ultrasonically
banded to both, the chip and the lead frame. After hardening of the encapsulant, the chip
is protected from light, moisture and physical damage from the outside world.

Fig. 16.1 shows OTP plastic and windowed ceramic package.

Chip pins
Chip pins
indow
| Chip | |_Chip |
Plastic ancapsulant
Caramic
encapsulant
{a) OTP plastic package (k) Windowed ceramic package

Fig. 16.1 Chip packaging
(16 - 1)
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MNow we will discuss the advantages and disadvantages of OTP packaging over
ceramic packaging.
Advantages of OTP Packaging

1. The OTP packages are cheaper than the ceramic packages. The cost of windowed
ceramic packages is 10 times more than that for plastic packages so ceramic
packaging is only suitable for uses such as application debugging.

2. Using OTP parts is advantageous for the card manufacturer. If the different
products are to be manufactured with the same device, then unprogrammed parts
are kept in stock and the buming process is performed only for the required
current build run. This is a real advantage in terms of inventory carrying costs. In
this case, instead of keeping a number of products of same type, the manufacturer
just needs to keep the minimum number of parts on hand to satisfy their current
orders for the different products.

3. Most of the devices (ceramic packaging) are usually only available in a FTH (pin
through hole) technology OTP (plastic devices) can be a very wide range.

Disadvantages of OTP Packaging

In OTP device, once the EPROM has been programmed, the device cannot be used for
anything else. With windowed ceramic package, the EPROM can be erased and
reprogrammed. '

16.3 Features of 89C51 Microcontroller
Let us see the features of 89C51 microconroller
* 4 kbytes of on-chip flash program memory
+ Speed upto 33 MHz
» Fully static operation
= RAM expandable externally upto 64 kbytes
* 4 interrupt priority levels.

* b interrupt sources
* Four 8-bit 1/0 ports
= Full-duplex enhanced UART
- Framing error detection
= Automatic address recognition
# Three 16-bit timers/counters
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* Power conrol modes
= Clock can be stopped and resumed
— Idle mode
- Power down mode
* Programmable clock output
* Second DPTR register
» Asynchronous port reset
s Low EMI (inhibit ALE)
= Wake up from power down by an external interrpt

16.4 Microcontroller — 89C51 RD

16.4.1 Features and §3C51 RD

» On-chip Flash Program Memory upto 64 kbytes with In-System Programming
(ISP) and In-Application Programming (IAF) capability. In-Systemn Programming
(ISP) allows the user to download new code while the microcontroller sits in the
application. In-Application Programming (IAP) means that the microcontroller
fetches new program code and reprograms itself while in the system. This allows
for remote programming over a modem link.

» Boot ROM contains low level Flash programming routines for downloading via
the UART

* Can be programmed by the end-user application (IAF)
* & clocks per machine cycle operation (standard)
* 12 clocks per machine cycle operation (optional)

* Speed up to 20 MHz with 6 clock cycles per machine cycle (40 MHz equivalent
performance); up to 33 MHz with 12 clocks per machine cycle.

= Fully static operation

» RAM expandable externally to 64 kB
* 4 level priority interrupt

* 7 interrupt sources

s  Four 8-bit I/O ports
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» Full-duplex enhanced UART
— Framing error detection
— Automatic address recognition
= Power control modes
- Clock can be stopped and resumed
- ldle mode
- Power down mode

* Programmable clock out
» Second DPTR register

* Asynchronous port reset
e Low EMI (inhibit ALE)

* Programmable Counter Array (PCA)
- PWM

- Capture/compare

16.4.2 Block Diagram

The Fig. 16.2 shows the block diagram of B0C51 family microprocessor and it shows
added feature in bold letters.

16.4.3 Stop Clock Mode

This mode allows step-by-step utilization and permits reduced system power
consumption by lowering the clock frequency down to any value.

16.4.4 Enhanced UART

In addition, the UART can perform framing error detection by looking for missing stop
bits, and automatic address recogniion. The UART also fully supports multiprocessor
communication as does the standard 80C51 UART.

When used for framing error detection the UART looks for missing stop bits in the
communication. A missing bit will set the FE bit in the SCON register. The FE bit shares
the SCON.7 bit with 5M0 and the function of SCON.7 is determined by PCON.6 (SMODQ)
(see Fig. 16.3). If SMODO is set then SCON.7 functions as FE. SCON.7 functions as SMD
when SMODO is cleared. When used as FE SCON.7 can only be cleared by software. This
is illustrated in Fig. 16.4.
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SCON Address = 38H Reset \alue = 0000 00008
Bit Addressable
smore| smi | smz | men | Tes | Res | m RI
Bit: 7 5 E 4 3 2 i 0
(SMODO = 0/1)°

Fig. 16.3 SCON : Serial port control register

Symbal Function

FE Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The
FE bit is not cleared by valid frames but should be cleared by software. The SMODO bit
must be set to enable access to the FE bit.

SMo Serial Port Mode Bit 0, (SMOD0) must = 0 to access bit SMD)

SM1 Serial Port Mode Bit 1

SMD SM1 Mode Description Baud Rate*®

o o o shift register frpe /6 (6 clock mode) or foq-/12 (12

clock mode)

o 1 B-bit UART variable
v 2 9-bit UART foe /32 o1 fgge /16 (6 clock mode) or

foge /64 or foe-/32 (12 clock mode)

1 1 3 9-bit UART variable

SMz2 Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then Rl
will not be set unless the received 9th data bit (RBS) is 1, indicating an address, and the
received byte is a Given or Broadcast Address. In Mode 1, if SM2 = 1 then Rl will not be
activated unless a wvalid stop bit was received, and the received byte I8 a Given or
Broadcast Address. In Mode 0, SM2 should be 0.

REN Enables serial reception. Set by software to enable reception, Clear by software to disable
reception.

TBa The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as
desired.

REB8 In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = (, RBS is the
stop bit that was received. In Mode 0, RES is not used.

Ti Tranamit interrupt flag. Set by hardware at the end of the Bth bit time in Mode 0, or at
the beginning of the stop bit in the other modes, in any serial transmission. Must be
cleared by software.

Rl Receive interrupt flag, Set by hardware at the end of the Bth bit tme in Mode 0, or
halfway through the stop bit time in the other modes, in any seral reception (except see
SMZ). Must be cleared by software.

NOTE :

*SMODO is located at PCONG.
o = pscillator frequency
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_} /FnuXansz

"START DATA BYTE orxm STOP
BIT MODEZ3 BIT

_o}=————— SET FE BIT IF STOP BIT IS 0 (FRAMING ERROR)
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Fig. 16.4 UART framing error detection

W, A DD DM D2 pa D4 D5 06 o7 Ds
L
SCON
smlsm sM2 | REN | TBE | RBS T Rl 88H)
1 1 1 1 X L
1 o
B
)

RECEIVED ADDRESS DO TO D7 ————]
PROGRAMMED ADDRESS COMPARATOR

IN UART MODE 2 OR MODE 3 AND SM2 = 1:

INTERRUPT IF RENM = 1, RB&=1 AND "RECEIVED ADDRESS" = "PROGRAMMED ADDRESS®
- WHEMN OWWN ADDRESS RECEINVED, CLEAR SM2 TO RECEIVE DATA BYTES
= WHEN ALL DATA BYTES HAVE BEEN RECEIVED: SET SM2Z TO WAIT FOR NEXT ADDRESS,

Fig. 16.5 UART Multiprocessor communication, automatic address recognition

16.4.5 Automatic Address Recognition

Automatic Address Recognition is a feature which allows the UART o recognize
certain addresses in the serial bit stream by using hardware to make the comparisons. This
feature saves a great deal of software overhead by eliminating the need for the software to
examine every serial address which passes by the serial port. This feature is enabled by
setting the SM2 bit in SCON. In the 9-bit UART modes, mode 2 and mode 3, the Receive
Interrupt flag (RI) will be automatically set when the received byte contains either the
“Given” address or the “Broadcast” address. The 9-bit mode requires that the 59th
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information bit is 1 to indicate that the received information is an address and not data.
Aulomatic address recognition is shown in Fig. 16.5.

Using the Automatic Address Recognition feature allows a master to selectively
communicate with one or more slaves by invoking the Given slave address or addresses.

16.4.6 Dual DPTR

There are two 16-bit DPFTR registers that address the external memory, and a single bit
called DPS = AUXR1/bit 0 that allows the program code to switch between them.

16.4.7 Programmable Counter Array (PCA)

The Programmable Counter Array available on the B9C51IRB2/RC2/RD2 is a special
16-bit Timer that has five 16-bit capture/compare modules associated with it. Each of the
modules can be programmed to operate in one of four modes :

# Rising and/or falling edge capture
= Software timer

» High-speed output

= Pulse width modulator

Each module has a pin associated with it in port 1. Module 0 is connected to
PL3{CEXD), module 1 to PL4(CEX1), etc. The basic PCA configuration is shown in
Fig. 16.6.

The PCA timer is a common time base for all five modules and can be programmed to
run at : 1/6 the oscillator frequency, 1/2 the oscillator frequency, the Timer 0 overflow, or
the input on the ECI pin (P1.2).

F—18 BITS—|
MODULE © ={] P1.3/CEXD

ﬁ

MODULE 1 [=——— =] P1.4/CEX1

16 bits ~——]
PCA TIMER/COUNTER >| MODULE 2 |= []P1.5/CEX2
TIME BASE FOR PCA MODULES

MODULE FUNCTIONS: ::)I MODULE 3 [ P1.6ICEX3
16-BIT CAPTURE
16-BIT TIMER
18-8IT HIGH SPEED QUTPUT :ﬂ@ [J P1.7/ICEX4
8-BIT PWM

WATCHDOG TIMER (MODULE 4 ONLY)

Fig. 16.6 Programmable counter array (PCA)
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Each module in the PCA has a special function register associated with it. These
registers are : CCAPMO for module 0, CCAPM1 for module 1, ete. The registers contain
the bits that control the mode that each module will operate in.

There are two additional registers associated with each of the PCA modules. They are
CCAPnH and CCAPnL and these are the registers that store the 16-bit count when a
capture occurs or a compare should occur. When a module is used in the PWM mode
these registers are used to control the duty cycle of the output.

PCA Capture Mode

To use one of the PCA modules in the capture mode either one or both of the CCAPM
bits CAFN and CAFF for that module must be set. The external CEX input for the module
{on port 1) is sampled for a transition. When a valid transition occurs, the PCA hardware
loads the wvalue of the PCA counter registers (CH and CL) into the module’s capture
registers (CCAPnL and CCAPnH). If the CCFn bit for the module in the CCON SFR and
the ECCFn bit in the CCAPMn SFR are set then an interrupt will be generated. This is
shown in Fig. 16.7.

CF CR — COF4 | CCF3 | COF2 | CCF1 | COFO (DCOH]
'] ?‘
o e PCA INTERRUPT
(T CCFn) PCA TIMERACOUNTER
CH oL
a3 — |
coxn O— =i CAPTURE _1_,4-|7
g sl H
CCAPRH COAPAL

— CCAPMN, n=0 to 4
chn CAPPr] CAPN| l.l:fl'n 1::;3“ m:h eccFo| COATN™ Sart

Fig. 16.7 PCA capture mode

16-bit Software Timer Mode

The PCA modules can be used as software timers by setting both the ECOM and MAT
bits in the modules CCAPMn register. The PCA timer will be compared to the module’s
capture registers and when a match occurs an interrupt will occur if the CCFn (CCON
SFR) and the ECCFn (CCAFMn SFR) bits for the module are both set. See Fig. 16.8.
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CEON
WRITE TO ck_ | cr | - | cors] corsl corz | cor | corn) TORD
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e PCA INTERRUPT
AR CCaPRH | CCAPAL (0 CCFn) Eg )
LY S
ENABLEY 6 -BIT cOMPARATOR 4E”'“':H "3—
CH GL
PCA TIMER/COUMNTER
|
—  |[ecoun capenl capna| matn | ToGn | Petin [Ecceg | SCAPMA. 0= D10 4
* - 1 - . {C2H — CEH)

Fig. 16.8 PCA compare mode

High Speed Output Mode

In this mode, the CEX output (on port 1) associated with the PCA module will toggle
each time a match occurs between the PCA counter and the module’s capture registers. To
activate this mode the TOG, MAT, and ECOM bits in the module’s CCAPMn SFR must be

set. See Fig. 16.9.

cooM
- CF CR — | cors} corafcorz| oo |-corof BEUR
CCaPrH RESET
WRITE TO P ! L, ::Il PCA INTERRUPT
CCAPAL nk (TO CCFn)

CCAPTH

0 1 v U
ENABLE MATCH
16-BIT COMPARATOR [era]—
S

1 ili TOGGLE
EH £L “‘“'-—.
PCA TIMER/COUNTER

|
— hc?quppnlmgn MATE T:J-:.:m ﬁ'l;h|m.-. ﬁﬂ"&;ﬁ"d

Fig. 16.9 PCA high speed output mode

Pulse Width Modulator Mode

All of the PCA modules can be used as PWM outputs. Fig. 16.10 shows the PWM
function. The frequency of the output depends on the source for the PCA timer. All of the
modules will have the same frequency of output because they all share the PCA timer.
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CCAPNH

4@

CCAPNL

< e
CL =< CCAPNL
EMABLE B-BIT )
t ?FATDH CL >= CCAPAL é
1

CL
PCA TIMER/COUNTER

=[] CEXn

OVERFLOW

|

— |EcoMn|caPPn|caPNn| MATR | TOGN {PWMn | ECCRR| CCAPMN, n: 0.4
; - — (C2H — CBH)

Fig. 16.10 PCA PWM mode

The duty cycle of each module is independently variable using the module’s capture
register CCAPLn. When the value of the PCA CL SFR is less than the value in the
module’s CCAPLn 5FR the output will below, when it is equal to or greater than the
output will be high. When CL overflows from FF to ), CCAPLn is reloaded with the
value in CCAPHn. This allows updating the PWM without glitches. The PWM and ECOM
bits in the module’s CCAPMn register must be set to enable the PWM mode.

PCA Watchdog Timer

An on-board watchdog timer is available with the PCA to improve the reliability of
the system without increasing chip count. Watchdog timers are useful for systems that are

CMOD
WRITETO oo {wore| — | — | — |cpsi|ceso | Eck | MR
CCAP4L RESET |
WRITE TO CoAPdH | croapdl | MODULE 4
CCAPAH
RELv R
ENABLE MATCH
16-BIT COMPARATOR 5] RESET
CH cL
PCA TIMERICOLNTER
]
— | ecomn |capen]capnn] matn | Togn| Pwmnleceen ﬁ:‘:&ﬁ"“
) ) 0 1 X 0 X

Fig. 16.11 PCA watchdog timer m(modute 4 only)
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susceptible to noise, power glitches, or electrostatic discharge. Module 4 is the only PCA
module that can be programmed as a watchdog. However, this module can still be used
for other modes if the watchdog is not needed.

Fig. 16.11 shows a diagram of how the watchdog works. The user pre-loads a 16-bit
value in the compare registers. Just like the other compare modes, this 16-bit value is
compared to the PCA timer value. If a match is allowed to occur, an internal reset will be
generated. This will not cause the RST pin to be driven high.

Expanded Data RAM Addressing

The PEC51RB2/RC2/RD2 has internal data memory that is mapped into four separate
segments: the lower 128 bytes of RAM, upper 128 bytes of RAM, 128 bytes Special
Function Register (SFR), and 256 bytes expanded RAM (ERAM) (768 bytes for the RD2).

The four segments are :

1. The Lower 128 bytes of RAM (addresses 00H to YFH) are directly and indirectly

addressable.

2 The Upper 128 bytes of RAM (addresses BOH to FFH) are indirectly addressable
only.

3. The Special Function Registers, SFRs, (addresses B0H to FFH) are directly
addressable only.

4. The 256/768-bytes expanded RAM (ERAM, 00H - 1FFH/2FFH) are indirectly
accessed by move external instruction, MOVX, and with the EXTRAM bit cleared.

16.5 Microcontroller Supervisory Control
Microcontroller supervisory control includes :
¢ Clock circuit
s Reset circuit
* Circuit for demultiplexing of address and data buses
s Buffering of data bus
» Buffering of address bus
* Generating control signals
We have already discussed above circuits in chapter 2 in connection with B-bit
microprocessor. We can use same circuits as supporting circuits for microcontroller 8051,
expect circuit for generating control signals. In reset circuits, we have discussed circuit for

active high reset and active low reset. 8051 is design for active high reset. Therefore, we
have to use active high reset circuitry in 8051 based systems.
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8051 provides PSEN signal to access external program

memory and provides read (RD)

and write (WR) signals to access external read/write memory. It provides bulitin [/O

ports and specific address are assigned for them.

Review Questions

Write a short note on OTP microcontroliers.

List the features of 80C51 microcontroller.

What is stop clock mode 7

What enhanced UART facility is available in 80C51 LUART 7
Whit do you mean by aufomatic address recognition 7
Write short mofes on

a. Programmable Counter Array (PCA)

b. Pulse uridth modulator

c. Walchdog Hmer

d. Expanded data RAM addressing,

7. Write a short note on microcontraller supervisory control.

LU I

Qg




(16 - 14)



AVR Microcontrollers

L
17.1 Introduction

Atmel Corporation is a leading manufacturer of Integrated Circuits (ICs). AVR is the
name of a microcontroller series that Atmel produces. Microcontrollers from this series are
the RISC (Reduced InstrucHon Set Computers) microcontrollers. Recall that RISC
microprocessors/ microcontrollers have wvery few instrucions and instructions are
predominantly register-based. The AVR uses Harvard architecture, ie., they provide
separate data and program memory buses. Therefore, AVR controllers have faster
execubion than 8051,

Features of AVR Family Architecture

1. Provides enhanced RISC architecture with mostly fixed-length instructions,
load-store memory access.

2. A RISC instruction set is combined with 32 general purpose working registers.
Each register is connected to the ALU, allowing two independent registers to be
accessed in a single instruction. This allows additions, subtractions, comparisons to
be completed in a single clock cycle.

3. Most of the instructions from the family are executed in only one cycle.
4. Provides two stage instruction pipelining to speed the execution.

5. Provides wide variety of on-chip peripherals such as programmable [/0, ADC,
EEPROM, Timer UART, RTC timer and pulse width modulator (PWM].

6. Provides on-chip program and data memory.

7. Provides facility of in-system programmability. In-System Programming (ISF)
allows the user to download new code while the microcontroller sits in the
application.

B. Available in B-pin to 64-pin package size to suit wide variety of applications.

9. Provides upto 12 times performance speedup over conventional CISC controllers.

10. Provides wide operation voltage range from 2.7 V - 6.0 V.

In this chapter, we are going to study the architecture and register file of a popular
AVE microcontroller AT9052313.

(7 - 1)
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17.2 Features of AT9052313 Microcontroller
The AT9052313 provides the following features :

1.

2.

N WM oe W

10.

1

12,
13.
14.
15,
16.
17.
18.
19,
. Provides two software selectable power-saving modes : Idle Mode and Power-down

High performance CMOS 8-bit microcontroller based on the AVR enhanced RISC
architecture,

The device is manufactured using Atmel’s high-density nonvolatile memory
technology.
The ATHI52313 is designed with static logic for operation down to zero frequency.

. On chip oscillator and clock circuitry.

Operating Voltages : 2.7 - 6.0 V (AT9052313-4) and 4.0 - 6.0 V (AT9052313-10).
Speed Grades : 0 - 4 MHz (AT90S2313-4) and 0 - 10 MHz (AT9052313-10).

The on-chip In-System Programmable Flash allows the program memory to be
reprogrammed in-system through an 5Pl serial interface or by a conventional

nonvolatile memory programmer.

By combining an enhanced RISC 8-bit CPU with In-System Programmable Flash on
a monolithic chip, the Atmel AT9052313 is a powerful microcontroller that

provides a highly flexible and cost-effective solution to many embedded control
applications.

On-chip program and data memory : 128 bytes EEFROM and 128 bytes SRAM.

A rich instruction set combined with 32 general purpose working registers.

Each register is connected to the ALU, allowing two independent registers to be
accessed in a single instruction. This allows additions, subtractions, comparisons to
be completed in a single clock cycle.

15 general-purpose 1/0O lines.

Flexible timer/counters with compare modes.

Internal and external interrupts.

A programmable serial full duplex UART.
10-bit Pulse Width Modulator (PWM).

Programmable Watchdog Timer with internal oscillator,

SF1 serial port for Flash memory downloading.

On~chip Analog Comparator.

Mode. The Idle Mode stops the CPU while allowing the SRAM, timer/counters,
SPl port and interrupt system to continue functioning. The Power-down Mode
saves the register contents but freezes the oscillator, disabling all other chip
functions until the next external interrupt or hardware reset.
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21, The AT9052313 AVR is supported with a full suite of program and system
development tools includingg C compilers, macro assemblers, program
debugger/simulators, in-circuit emulators and evaluation kits.

17.3 Architecture of AT9052313

The Fig. 17.1 shows the architecture of AVR AT9052313 microtroller. As shown in the
Fig. 17.1, it consists of instruction register, instruction decoder, program counter, ALU,
32 general purpose working registers (register file), status and test registers, 1 K x 16
program flash memory, 128 bytes EEPROM and 128 bytes SRAM, 15 general-purpose 1/0
lines, 8-bit and 16-bit timer/counters with PWM, interrupt unit to handle internal and
external interrupts, serial UART, watchdog timer, SPI serial port for Flash memory
downloading and analog comparator.

Data bus 8-bit
~al}
1K % 16 Program | Stalus Control
Program countar and tast reqisiers
flash
Irl@rmu
32x 8 it i
Instruction General
register purpose
registars SPI
- unit
Instruction o r
decoder < 2 Seral
@ & A . OanT
% % ALU
Control lines = B-bit
g E | Timer Counter
(| =
E
18-kt
Ti 1Countar
I 1:.;1;& .:E;:\ un
SRAM Watchdog
limer
128 % 8 Analog |
EEPROM comparatar
1 £
0 lines

Y

Fig. 17.1 Architecture of AVR AT3052313 microcontroller
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General Purpose Registers (Register File)

It has 32 x 8-bit general-purpose working registers with a single clock cycle access
time known as register file. This means that during one single clock cycle, one ALU
{Arithmetic Logic Unit) operation is executed. Two operands are cutput from the register
file, the operation is executed and the result is stored back in the register file - in one clock
cycle.

Six of the 32 registers can be used as three 16-bit indirect address register pointers for
data space addressing. One of the three address pointers is also used as the address
pointer for the constant table look-up function. These added function registers are the
16-bit X-register, Y-register and Z-register. In the different addressing modes these address
registers have functions as fixed displacement, automatic increment and decrement.

7 0 Address
RO a0H
R1 O1H
R2 02H
R13 ODH
Geaneral R4 DEH
Purpose R15 OFH
Working R16 10H
Registers R17 11H
R26 1AH ¥-register low byle
R2T 1BH X-registar high byte
RZ8 1CH Y-regisier low byte
R29 10H Y-register high byte
R30 1EH Z-register low byta
A3 1FH Z-register high byte

Fig. 17.2 General Purpose Registers
ALL

The ALU supports arithmetic and logic functions between registers or between a
constant and a register. Single register operations are also executed in the ALU. The
high-performance AVR ALU operates in direct connection with all the 32 general purpose
working registers. Within a single clock cycle, ALU operations between registers in the
register file are executed. The ALU operations are divided into three main categories -
arithmetic, logical and bit functions.
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In-System Programmable Flash Program Memory

The AT9052313 contains 2 kbytes on-chip in-system programmable flash memory for
program storage. Since all instructions are 16 or 32-bit words, the Flash is organized as
1K x 16. The Flash memory has an endurance of at least 1,000 write/erase cycles.

Program Counter

The AT9052313 Program Counter (PC) is 10 bits wide, thus addressing the 1,024
program memory addresses.

EEPROM Data Memory

The AT9052313 contains 128 bytes of EEPROM data memory. It is organized as a
separate data space in which single bytes can be read and written. The EEFROM has an
endurance of at least 100,000 write/erase cycles.

SRAM Data Memory

The Fig. 17.3 shows the organization of data memory of AT9052313. As shown in the
Fig. 17.3, the 224 data memory locatons address the Register file, [/O memory and the
data SRAM. The first 96 locations address the Register File+ /0 Memory and the next 128
locations address the data SRAM.

Status Register — SREG

The status register contains 8 flag bits that indicate the current state of the
microcontroller. At reset all flag bits are at logic 0. These bits can be read or written by the
program. The I/0 address of status register is 3FH (memory address location is 5FH). The
Fig. 17.4 shows the bit positions of status registers.

Bit T 6 5 4 3 2 1 0

3FH(SFH) I T H 5 v N Z c SREG
Read/Write W RW RAW RW R RW RW RW

Initial value 0 0 0 0 0 0 0 1]

Fig. 17.4 Status register
Various flags of status register (SREG) and their functions are given below :

« Bit 7 = (I) : Global Interrupt Enable :
I= 1:All interrupts are enabled.
I = 0: Al interrupts are disabled.
Interrupts are enabled according to individual interrupt enable settings in a separate

control register only if I-bit = 1. The I-bit is cleared by hardware after an interrupt has
occurred and is set by the RETI instruction to enable subsequent interrupts.
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Register File Data Address Space
RO 0oH
R1 01H
Rz 02H

R29 10H
R30 1EH
R31 1EH

VO Registers
0oH 20H
01H 21H
02H 22H
JOH SDH
3EH SEH
AFH 5FH
Internal SRAM

60H

61H

62H

DOH

DEH

DFH

Fig. 17.3 Organization of data memory of AT9052313
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= Bit 6 — (T) : Bit Copy Storage
The bit copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source
and destination for the operated bit. A bit from a register in the register file can be copied
into T by the BST instruction, and a bit in T can be copied into a bit in a register in the
register file by the BLD instruction.
= Bit 5 - (H) : Half-carry Flag
It indicates a half-carry in some arithmetic operations.
* Bitd-(5:5ignBit, S=N3V
The S-bit is always an exclusive or between the negative flag N and the two's
complement overflow flag V.

= Bit 3 - (V) : Two's Complement Overflow Flag
It supports two's complement arithmetics.
= Bit 2 - (N) : Negative Flag
It indicates a negative result after the different arithmetic and logic operations.
» Bit1- (Z) : Zero Flag
It indicates a zero result after the different arithmetic and logic operations.
* Bit 0 - (C) : Carry Flag

17.4 Memory Map of AVR AT9052313

The Fig. 17.5 shows the intermal memory map of AVE AT9052313. It consists of
program flash memory of (1 K = 16), and data memory ( 32 general purpose working
registers + 64 1/0 registers + 128 x 8 SRAM + 128 x 8 EEFROM).

EEPROM
Program memaory Data mamory Data memony
000 ™37 Gen. purpose | °°H 0oH
wiarking registers 1FH
20H
Program flash 64 'O registers
(1 K x 16)
SFH
G0H
I DFH TFH
IFFH

Fig. 17.5 Internal memory map of AVR AT9052313
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17.5 Memory Access and Instruction Execution

The AVR AT9052313 uses two stage pipelining. The Fig. 17.6 shows the parallel
instruction fetches and instructon executions enabled by the Harvard architecture and the

fast-access register file concept. This is the basic pipelining concept to obtain up to 1 MIFPS.

T3 T4

] T T2 :
System Clock @ .}_\_/_\_/_\_{'_\_
i
™
r

15t Instruction Fetch -r--{
1

1sl Instruction Executa y -
2nd Instruction Fetch i ™ i

2nd Instruction Execute . £
Jdrd Instruction Fetch ™, | —

3rd Instruction Execute R
4th Instruction Fatch

Fig. 17.6 The parallel instruction fetches and instruction executions

The Fig. 17.7 shows the internal timing concept for the register file. In a single clock
cycle an ALU operation using two register operands is executed and the result is stored

back to the destination register.

T1 I T2 T3 T4
System Clock @ _J — I |

tal Execution Tima —— >
Register Operands Fatch "
ALU Operalion Executa 4 b
Result Write Back f._}

E

Fig. 17.7 Single-cycle ALU Operation
The intermal data SRAM access is performed in two system clock cycles. This is
illustrated in Fig. 17.8.
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[
T4 T2 T3 ¥4
spemcock S~ N[~ \__/ N \__
Addrass Prev. Address | X Address
Data = { ), =]
Wit
WR / \ _
Data { B, =
Read
RD f \ _

Fig. 17.8 Internal data SRAM access
17.6 /O Memory

All AT9052313 1/0 and peripherals are placed in the 1/0 space. The 1/0 locations are
accessed by the IN and OUT instructions transferring data between the 32 general-purpose
working registers and the 1/0 space. I/O registers within the address range 00H - 1FH are
directly bit-accessible using the SBI and CBI instructions. In these registers, the value of
single bits can be checked by using the SBIS and SBIC instructions, The 1/0 memory can
be accessed in two ways - as an 1/O register using the 1/0 specific commands or as a
SRAM. When using the 1/0 specific commands IN and OUT, the I/0 addresses 00H - 3FH
must be used. When addressing [/0 registers as SRAM, 20H must be added to this
address. The Table 17.1 shows the I/0 space definition of the AT9052313.

Address Hex Name Function
3FH (5FH) SREG Status Register
I0H (5DH) SPL Stack Pointer Low
3BH (5BH) GIMSK General Interrupt Mask Register
IAH (SAH) GIFR General Interrupt Flag Register
36H (58H) TIMSK Timer/Counter Interrupt Mask Register
JBH (S8H) TIFR Timer/Counter Interrupt Flag Register
35H [55H) MCLICR MCU genera! Control Register
33H (53H) TCCRO Timer/Counter 0 Contral Register
32H [52H) TCHTO Timer/Countar O (8-bit)
ZFH (4FH) TCCR1A Timen'Counter 1 Control Regisier A
2EH (4EH} TCCR1B TimerCounter 1 Control Register B
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2DH (4DH) TCNT1H Timer/CouNTer 1 high Byte
2CH (4CH) TCNTIL TimerCouNTer 1 Low Byte
2BH (4BH) OCR1AH Output Compare Register 1 High Byte
2AH (4AH) OCR1AL Output Compare Regisier 1 Low Byte
25H (45H) ICRTH TIC 1 Input Capture Register High Byte
24H [44H) ICRIL TIC 1 Input Capture Register Low Byte
21H (41H) WOTCR WatchDog Timer Control Register
1EH (3EH) EEAR EEPROM Address Register
1DH (30H) EEDR EEPROM Data Register
1CH (3CH) EECR EEPROM Control Register
18H (38H) FORTB Data Register, Port B
1TH (3TH) DDRE Data Direction Register, Port B
16H (36H) PINB Input Pins, Port B
12H (32H) PORTD Data Register, Port D
11H (31H) DDRD Data Direction Register, Port D
10H (30H) PIND Inputs Pins, Port D
OCH{2CH) UDR UART 1O Data Regisier
0BH (2BH) USR UART Status Register
0AH (2AH) UCR UART Control Register
03H (29H) UBRR UART Baud Rate Register
08H (28H) ACER Analog Comparator Control and Status
Register

Table 17.1 O space definition of the AT9052313
Note ;: Reserved and unused locations are not shown in the table.

17.7 Reset and Interrupt Handling

The AT90S2313 provides 10 different interrupt sources. These interrupts and the
separate reset vector each have a separate program vector in the program memory space.
All the interrupts are assigned individual enable bits that must be set (one) together with
the I - bit in the Status Register in order to enable the interrupt. The lowest addresses in
the program memory space are automatically defined as the Reset and Interrupt vectors.
The Table 17.2 shows the complete list of vectors alloted to interrupts. The list also
determines the priority levels of the different interrupts. The lower the address, the higher
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the priority level. RESET has the highest priority, and next is INTO (the External Interrupt
Request 0), etc.

Vector Program Sourca Interrupt Definition

No. Address

1 D0OH RESET Hardware Pin, Power-on Reset and Watchdog

Resat

2 0o01H INTO Extarnal Interrupt Raquest 0

3 D02H INTt External Interrupt Request 1

4 003H TIMER1 CAPT1 | TimerCounter 1 Capture Event
5 004H TIMER1 COMP1 | Timer'Counter! Compare Match
3] 005H TIMER1 OVF1 TimerCounter! Overflow

7 00&H TIMERD OVFO Timer/Counter) Overflow

8 ‘ 00TH UART, RX UART, RX Complete

9 0O&H UART, UDRE UART Data Register Empty

10 005H UART, TX UART, TX Complete

1 00AH ANA_COMP Analog Comparator

Table 17.2 Reset and interrupt vectors
The AT9052313 has three sources of reset :

* Power-on Reset
+ External Reset

* Watchdog Reset
17.8 Registers in AT9052313

17.8.1 General Interrupt Mask Register - GIMSK

Bit 7 6 5 4 3 2 1 0
3BH(5BH) INT1 | INTO - - - - - -
Read/Write RW  RW R R R R R R
Initial value 0 0 0 0 0 0 0 0

Fig. 17.9
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* Bit 7 = INT1 : External Interrupt Request 1 Enable.

When the INT1 bit is set (one) and the I-bit in the Status Register (SREG) is set
{one),the external pin interrupt is enabled.

* Bit 6 — INTO : External Interrupt Request (0 Enable.

When the INTO bit is set (one) and the I-bit in the Status Register (SREG) is set (one),
the external pin interrupt is enabled.

*« Bits 5-0 : Reserved Bits.

17.8.2 General Interrupt FLAG Register - GIFR

Bit 7 & 5 4 3 2 1 o
3AH(5AH) INTF1 | INTFO | - - - - - -
ReadWrite R RAW R R R R R R
Initial value 0 o a o 0 o 0

Fig. 17.10

» Bit 7/6 - INTFL/0 : External Interrupt Flag 1/0.

When an edge on the INT1/0 pin triggers an interrupt request, the corresponding
interrupt flag, INTF1/0, becomes set (one). If the I-bit in SREG and the corresponding
interrupt enable bit, INT1/0 bit in GIMSK, are set (one), the MCU will jump to the
interrupt vector. The flag is cleared when the interrupt routine is executed. Alternatively,
the flag can be cleared by writing a logical “1" to it.

« Bits 5 - 0 : Reserved Bits,

17.8.3 Timer/Counter Interrupt Mask Register — TIMSK

Bt T B ] 4 3 2 i 0

JaH(55H) TOIE1 | OCIE1A - - TICIE1 = TOIED -

Read\Writa W R R R RwW R RAW R

Initial value 0 0 ] 0 a ] (1} 0
Fig. 17.11

+ Bit 7 - TOIEL: Timer/Counterl Overflow Interrupt Enable.
When the TOIE1 bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counterl Overflow Interrupt is enabled.
+ Bit 6 — OCIE1A: Timer/Counter]l Qutput Compare Match Interrupt Enable.

When the OCIE1A bit is set (one) and the I'bit in the Status Register is set (one), the
Timer/Counterl Compare Match Interrupt is enabled.
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» Bit5 -4 : Reserved Bits.
= Bit 3 = TICIE1 : Timer/Counterl In.put Capture Interrupt Enable.

When the TICIE1 bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter]l Input Capture Event Interrupt is enabled.

= Bit 2 : Reserved Bit.
& Bit 1 - TOIED : Timer,/Countor]) Overflow l.n'l:u'mpt Enahble.

When the TOIEQ bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter) Overflow Interrupt is enabled.

= Bit 0 : Reserved Bit.

17.8.4 Timer/Counter Interrupt FLAG Register — TIFR

Bit 7 & 5 4 3 2 1 0

38H{58H) TOV1 | OCF1A - - ICF1 - TOVD -

ReadVrile RW RN R R RN [ RAY R

initial value 0 0 0 0 0 0 o 0
Fig. 17.12

s Bit 7 - TOVI: Timer/Counter]l Overflow Flag.
The TOV1 is set (one) when an overflow occurs in Timer,/Counterl.
« Bit 6 - OCF1A : Output Compare Flag 1A.

The OCFIA bit is set (one) when a compare match occurs between the
Timer/Counter] and the data in OCRIA (Output Compare Register 1A).

* Bits 5 - 4 : Reserved Bits.

* Bit 3 - ICF1: Input Capture Flag 1.

The ICF1 bit is set (one) to flag an input capture event, indicating that the
Timer/Counter]l value has been transferred to the Input Capture Register (ICK1).

= Bit 2 : Reserved Bit.

= Bit 1 - TOVO : Timer/Counter) Overflow Flag

The bit TOVD is set (one) when an overflow occurs in Timer/Counter(.

= Bit 0 : Reserved Bit.

Note : Flags are cleared by hardware when executing the corresponding interrupt
handling vector. Alternatively, they are cleared by writing a logical “1" to the flag.
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17.8.5 MCU Control Register - MCUCR

Bit ) s 5 4 3 2 1 o
A5H(55H) - - SE =M ISC11 | 1SC10 | 1SCO1 | iSC00
Read/Write R R W RW RW RAW RW RW
initial value 0 0 o o 0 0 0 )

Fig. 17.13
The MCU Control Register contains control bits for general MCU functions.

« Bits 7 - 6 : Reserved Bits.
» Bit 5 - SE : Sleep Enable.

The SE bit must be set (one) to make the MCU enter the Sleep Mode when the SLEEP
instruction is executed.

= Bit 4 - SM : Sleep Mode

This bit selects between the two available sleep modes.
SM =0 Idle Mode.

SM =1 Power-down Mode.

+ Bits 3, 2 - [5C11, ISC10 : Interrupt Sense Control 1 Bit 1 and Bit 0

=11 =BC10 Description
0 0 The low level of INT1 generates an interrupt request
0 1 Reserved
1 0

The falling edge of INT1 generates an interrupt request

1 1 The rising edge of INT1 generates an interrupt request

= Bits 1, 0 — ISC01, ISC00 : Interrupt Sense Control 0 Bit 1 and Bit 0

I5C01 ISC00 Dascription
0 0 The low level of INTO generates inerrupt request
0 1 Resarved
1 0 The faling edge of INTD generates an interrupt request

The rising adge of INTD genarales an intammupt request

17.8.6 Timer/Counters Control Registers

The AT9052313 provides two general-purpose Timers/Counters - one B-bit T/C and
one 16-bit T/C. The Timer/Counters have individual prescaling selection from the same
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10-bit prescaling timer. Both Timer/Counters can either be used as a timer with an internal
clock time base or as a counter with an external pin connection that triggers the counting.
Let us see the control registers for timer/counters.

17.8.6.1 Timer/Counter! Control Register A - TCCR1A

B T &6 5 4 3 2 1 0
2FH{4FH) COM1A | COM1A - - - - P11 | PWMID | TCCR1A
1 0
ReadWrita R R R R R R R R
lnitial valua o o ¥} Q 0 0 o 0
Fig. 17.14

* Bits 7,6 - COM1A1, COM1A0D: Compare Output Model, Bits 1 and 0

The COM1A1 and COMI1AD control bits determine any output pin action following a
compare match in Timer/Counterl. Any output pin actions affect pin OCl (Qutput
Compare pin 1) (PB3). This is an altermative function to the [/0O port, and the
corresponding direction control bit must be set (one) to contral an output pin. The control
configuration is shown in Table 17.3.

COM1A1 COM1AD Description
o 0 TimeriCountar1 disconnectad from output pin OC1
] 1 Toggle the OC1 output line,
1 0 Clear the OC1 oulput line (o zera),
1 1 Set the OC1 output line (lo ona).

Table 17.3 Compare 1 mode select
& Bits 5-2 = Reserved Bits

« Bits 1,0 - PWMI11, PWMID: Pulse Width Modulator Select Bits
These bits select PWM operation of Timer/Counter] as specified in Table 17.4.

PWM11 PWM10 Description
o o PWM operation of TimenCounter! i+ disablet
o 1 TimerCounter1 is an B-bit PWM
1 o Timer/Counter! is a 9-bit PWM
1 1 Timer/Counter! is a 10-bit PWM

Table 17.4 PWM mode select
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17.8.6.2 Timer/Counteri Control Register B - TCCR1B

Bit 7 6 5 4 3 2 1 0
2EH{4EH) ICNC1 | ICES1 | - - | crc1 | cs1z | cs11 | csio [TcoRriBe
Read/Write RW  RW R R RW RW RW  RW
Initial value 0 o 0 0 0 o 0 0
Fig. 17.15

* Bit 7 - ICNC1 : Input Capturel Noise Canceller (4 CKs)

When the ICNC1 bit is cleared (zero), the input capture trigger noise canceller function
is disabled.

* Bit 6 - ICES1 : Input Capturel Edge Select

While the ICES] bit is cleared (zero), the Timer/Counterl contents are transferred to
the Input Capture Register (ICR1} on the falling edge of the input capture pin (ICP). While
the ICES1 bit is set (one), the Timer/Counterl contents are transferred to the Input
Capture Register (ICR1) on the rising edge of the input capture pin (ICF).

= Bits 5, 4 : Reserved Bits

* Bit 3 - CTC1 : Clear Timer/Counterl on Compare Match

When the CTC1 control bit is set (one), the Timer/Counterl is reset to 0000H in the
clock cycle after a compareA match. If the CTC1 control bit is cleared, Timer/Counterl
continues counting and is unaffected by a compare match.

 Bits 2,1,0 - C512, C511, CS10 : Clock Selectl, Bits 2, 1 and 0

The Clock Selectl bits 2, 1 and 0 define the prescaling source of Timer/Counterl, as
shown in Table 17.5.

cs12 cs11 CS510 Description
0 0 o Stop, the TimeniCounter! is stopped.
a i 1 CK
0 1 o CK/g
o 1 1 CKig4
1 0 ] CK/258
1 0 1 CK1024
1 1 0 External Pin T1, falling edge
1 1 1 External Pin T1, rising edge

Table 17.5 Clock 1 prescale select
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17.8.6.3 Timer/Counter! -~ TCNT1H and TCNT1L

Bit 15 14 13 12 11 10 8 8
20H{4DH) MSB TG:I.ITi
2CH{4CH) LS8 |TCNTiIL
T g 5 4 3 2 1 0
Read/Write RW RW RW RAW RW RW RW RW
W RAW W RwW W RW RW RAW
Initial valus 0 0 0 0 Q Q0 0 o
o o 0 i o a a o
Fig. 17.16
This 16-bit register contains the prescaled value of the 16-bit Timer/Counterl.
17.8.8.4 TimeriCounter! Output Compare Register A - OCR1AH and OCR1AL
Bit 15 14 13 12 1 10 8 (-]
2BH(4BH) M5B 'DEE'IA
ZAH{4AH) LSE |OCRIAL
7 8 5 4 3 2 1 0
Read/\Write RW RW R RW RAW RN RW W
RN RAW R R R RV R RAY
Initial value 0 0 0 o 0 0 0 0
o 0 0 0 0 0 o 0

Fig. 1717
The output compare register is a 16-bit read/write register. The Timer/Counterl
Output Compare Register contains the data to be continuously compared with
Timer/Counter].
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17.8.6.5 Timer/Counter1 Input Capture Register - ICR1H and ICR1L

Bit 15 14 13 12 11 10 g B
25H(45H) MSB ICR1H
24H{44H) LSB | ICRIL

7 : 5 4 3 2 1 0
ReadWrite R R R R R R R R

R R R R R R R R
Initial valus 0 0 0 0 0 o 0 D

0 0 0 0 0 0 0 0

Fig. 17.18

The input capture register is a 16-bit read-only register. When the rising or falling edge
(according to the input capture edge setting [ICES1]) of the signal at the input capture pin
(ICP) is detected, the current value of the Timer/Counterl is transferred to the Input
Capture Register (ICR1). At the same time, the input capture flag (ICF1) is set (one).

17.8.7 Watchdog Timer Control Register —- WDTCR

Bit 7 5 5 4 3 2 1 0
21H (41H) - - _  |woToe| woe | worz | wort | woro |woTer
ReadWWrita R R R R RW AW R RAW
Initial value o a 0 0 0 0 0 4]

Fig. 17.19

* Bits 7-5 - Reserved Bits
+« Bit 4 - WDTOE : Watchdog Tumn-off Enable

This bit must be set (one) when the WDE bit is cleared. Otherwise, the Watchdog will
not be disabled. Once set, hardware will clear this bit to zero after four clock cycles. Refer
to the description of the WDE bit for a Watchdog disable pre cedure.

s Bit 3 - WDE : Watchdog Enable

When the WDE is set (one) the Watchdog Timer is enabled, and if the WDE is cleared
{zero), the Watchdog Timer function is disabled.
+ Bits 2-0 - WDFP2, WDP1, WDP0 : Watchdog Timer Prescaler 2, 1 and 0

The WDFP2, WDF1 and WDPO bits determine the Watchdog Timer prescaling when the
Watchdog Timer is enabled. The different prescaling values and their corresponding
time-out periods are shown in Table 17.6.
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Number of WDT | Typical Time-out Time-out
WDP2 | WDP1 | WDPO | Oscillator Cycles | atVeo =30V | atVge =60V
0 0 0 16K cycles 47 ms 15 ms
0 0 1 32K cycles 84 ms 30 ms
0 1 0 B4K cycles 019 s 60 ms
0 1 1 128K cycas 038 s 012 s
1 0 0 256K cycles 0.75s 024 s
1 0 1 S12K cycles 15 s 049 s
1 1 0 1,024K cycles 30 s 097 5
1 1 1 2,048K cycles B0 s 189 ¢&
Table 17.6 Watchdog Timer Prescale Select
17.8.8 EEPROM Read/Write Access Registers
The EEPROM access registers are accessible in the /0 space.
17.8.8.1 EEPROM Address Register - EEAR
Bit 7 B 5 4 3 2 1 0
1EH (3EH) - | EEARG | EEARS | EEAR4 | EEAR3 | EEARZ | EEAR1 | EEARD | EEAR
Read/\Write R RW R R R R R RWW
Initial value 1] 0 0 0 0 0 0 0

Fig. 17.20
* Bit 7-Reserved Bit
* Bit 6-0 - EEAR6-0 : EEPROM Address
The EEFROM Address Register (EEAR6-0) specifies the EEPROM address in the
128 bytes EEPROM space.

17.8.8.2 EEPROM Data Register - EEDR

Bit T B 5 4 3 2 1 0
1DH (3DH) MsSB LSB | EEDR
Read/\Writa

RW RW RAW RW AW RW RAW RW
Initial value 0 a 0 a 0 0 o 0

Fig. 17.21
« Bit 7-0 - EEDR7-0 : EEPROM Data
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17.8.8.3 EEPROM Control Register - EECR
Bit T & 5 4 3 2 1 0
1CH (3CH) - - - - - |EEMWE| EEWE | EERE | EECR
Read/\Write R R R R R RN RAW RW
Initial valus o 0 0 0 0 0 0
Fig. 17.22

* Bit 7-3-Reserved Bits

Review Questions

1. State the features of AVR family architeciure.

2. State the features of AT9052313 microcontraller,
3. Draw and explain the architecture of ATH052313 microcontroller.
4. Draw and explein the organization of dafa memory of AT9052313 microcontroller.
5. Draz and explain the internal memory map of AT9052313 microcontroller.
6. Explain warious flags of status register of AT9052313 microcontroller.
7. Explain memory access and instruction execution relaled o ATS052313 microconiroller.
8. Wrile a short note on [JO memory of ATS052313 microconiroller.

9. Explain various sources of interrupts in AT9052313 microcontraller.
10. List the sources of resels in ATS052313 microcontroller.
11. Explain any two register formats of AT90S2313 microcontroller.

Qg
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]
18.1 Introduction

In chapter 7, we have studied a microcontroller 8051. Peripheral Interface Controller
(PIC) is a term introduced by Microchip Technology. It is a family of low-cost, high
performance, CMOS, fully-static microcontrollers. They have interesting and attractive
features which are suitable for a wide range of applications. A number of PIC parts and
versions are available in the market. In this chapter, first we will study the newly
introduced features of PIC microcontroller. Then, our focus will be the PIC16CEX and
FIC16C7X family.

18.2 Features of PIC Microcontrollers

The features of PIC microcontrollers because of which they have been successful in the
market-place are discussed here.

1. Harvard Architecture

PIC uses Harvard architecture and they are high performance RISC processors.
Harvard architecture has the program memory and data memory as separate memories
and are accessed from separate buses. This improves bandwidih over traditional
Von-Neumann architecture in which program and data are fetched from the same memory
using the same bus. To execute an instruction, a Von-Neumann machine must make one or
more (generally more) accesses across the 8-bit bus to fetch the instruction. Then data may
need to be fetched, operated on, and possibly written. As can be seen from this
dﬂﬂipﬁmﬂmtbusmnheextremelycmﬁested.Whﬂem&luHm'ﬂ:d architecture, the
instruction is fetched in a single instruction cycle (all 14-bits). While the program memory
is being accessed, the data memory is on an independent bus and can be read and written.
These separated buses allow one instruction to execute while the next instruction is
fetched. A comparison of Harvard vs. Von-Neumann architectures is shown in Fig. 18.1.

(18 - 1)
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Harvard Von-Neumann
Program
Daia Program . and
memary|  ~, . CPU 7~ MEMory CPU ’ dala
B 14 8 memory

Fig. 18.1 Harvard Vs Von-Neumann block architectures

The 8051 uses Von-Neumann architecture. On the other hand, AVRE and PIC
microcantrollers use Harvard architecture.

2. Register File Architecture

The register files/data memory can be directly or indirectly addressed. All special
function registers, including the program counter, are mapped in the data memaory.

3. Instruction Set Simplicity

a. Reduced instruction set :
The instruction set of PIC consists of only 35 instructions.
b. Orthogonal (symmetric) instructions :

The instructions are orthogonal. It is possible to carry out any operation on any
register using any addressing mode when the instructions are orthogonal. The format of
almost all instructions is same. 5o all PIC registers and addressing modes can be used
interchangeably. Also, the choices of opcode, register and addressing mode are mutually
mdepﬂldmtmmstucﬁmsetisweﬂdeslgmdmdMgﬂym&mgmaLm&Euqmuﬂ
tasks can be performed with fewer instructions,

The programmer can easily leamn and remember such an instruction set with fewer
instructions and programming can be done quickly and efficiently.

c. Single cycle instructions :

The program memory bus is 14-bits wide in PIC. The entire instruction is fetched in a
single machine cycle. All the required information is contained within an instruction and is
executed in a single cycle.

d. High speed of instruction execution :

When PIC is operated at its maximum clock rate, almost each instruction can be
executed within 0.2 ps or five instructions can be executed per microsecond.

e. Less number of pulses per machine cyele :

We have seen that machine cycle in microcontroller 8051 consists of 12 clock pulses.
The machine cycle of PIC consists of only 4 clock pulses.
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f. Single word instructions :

Typically in Von-Neumann architecture, most instructions are multibyte. Each
instruction may take multiple bytes, so there is no assurance that each location is a valid
instruction.

PIC uses Harvard architecture and single word instructions. The opcodes are 14-bits
wide. A 14-bit wide program memory access bus fetches a 14-bit instruction in a single
cycle. The number of words of program memory locations equals the number of
instructions for the device. This means that all locations are valid instructions.

g Long word instructions :

PIC instruction set contains long word instructons. Long word instructions have a
wider (more bits) instruction bus than 8-bit Data Memory Bus. These two different width
buses are possible because of Harvard architecture. Also, it allows instructions to be sized
differently than 8-bit wide data word. The program memory width is optimized to the
architectural requirements and hence the program memory can be used more efficiently.

4. EPROM Selectable Operating Frequency

A low cost RC circuit or a quartz crystal or a ceramic resonator is used for the
generation of clock. In PIC, the oscillator options are EFROM selectable. The fully static

design of PIC allows the selection of operating frequency from the specified range of
frequencies. The oscillator clock may be stopped at any instant and may be restored back.
5. Integration of Operational Features

a, Built-in power-on-reset

PIC has a built-in power-on-reset.

b. Brown-out-reset

PIC has a brown-out-reset. A brown-out-reset feature causes a reset of the PIC when
the power supply voltage drops below 4 V or so.

Power-on-reset and brown-out-reset protections ensure that the PICchip operates only
when the supply voltage is within specification.

c. Watchdog timer (WDT)

Watchdog timer is a special timer with specific function. It is used to prevent software
crashes, i.e. endless loop.

d. Power saving SLEEP mode

The PIC can put itself to sleep to save power during intervals when it has nothing to
do. Thus, PIC supports a power saving SLEEF mode. A software command allows the PIC
to enter into this mode. The PIC remains in SLEEP mode tll it is reset again.
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6. Programmable Timer Options
There are three versatile timers in PIC which perform the following functions.
s  Characterize inputs
* Control outputs
* Provide internal timing for program execution
7. Interrupt Control
The PIC can control up to 12 independent interrupt sources.
8. ADC Function
Analog to digital conversion function is supported by most of the PICs.
9. Powerful Output Pin Controel

A single instruction of PIC can select and drive a single output pin high or low in its
instruction execution time (0.2 ps). A load of up to 25 mA can be driven by this pin.

10. I/O Port Expansion

There is a built-in serial peripheral interface.
11. Serial Programming via Two Pins
12. EPROM/OTP/ROM Options

Development in PIC is supported by Erasable Programmable Read Only Memory

(EFPROM) parts. It also supports lower-cost one-time programmable (OTP) parts for both,
small and large production runs. The very low-cost ROMed parts are supported for very

large runs.
13. Low Power Consumption

For PIC16C6X and 16C7X, the operating voltage range is 3V-6V. The power
consumption is very low. PIC16C6eX takes less than 2 mA at 5 V and 4 MHz oscillator

frequency and PIC16C7X takes 15 pA at 3 V and 32 kHz oscillator frequency.
The Table 18.1 gives different features of PIC parts.

PIC Feature PIC16CE1 PIC16CE6 PIC16CT1 PIC16CT4A
Program Memory X 14| 1 K 8K iK 4 K
Data Memory X 8 36 Bytes 358 Bytes 36 Byles 192 Byles
1O Pins 13 22 13 a3
MNumber of Instructions | 14-bit, 14-bit, 35 Instructions 14-bit,
35 Instructions 35 Instructions 35 Instructions
Timer Modules 1+ WDT 3+ WOT 1+ WDT 3+ WDT
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Paralial Slave Port - - - Yes
Capture/Compare/W | 1 3 - 2
M Modula/(s)

Serlal Communication | - spu’c, - sPIn‘c,
USART USART

Im=-Circuit Seral Yes fes Yes Yes

ngmmhg_

Brown-out-Resat - Yas - Yes

Interrupt Sources 3 10 4 12

Maximum Spaad 20 MHz 20 MHz 20 MHz 20 MHz

Additional Featuras - Powar-on-rasat 4-channels of B-channels,

B-bit ADC 8-bit ADC,
Power-on-réset

Table 18.1 PIC parts with features

18.3 PIC16CXX

PIC16CXX are 8-bit microcontrollers. First, we will discuss different features of
PIC16C6X microcontroller as an example of PICI6CXX family. Then we will study the
details of PIC16C6]1 microcontroller,

18.3.1 Features of 16C6X Microcontroller
In this section we will discuss different features of PIC16C6X series.

18.3.1.1 Core Features
The core features of PIC16C6X microcontroller are stated below.

1
Z
3.

L

It is RISC processor and uses Harvard architecture.

The instruction set of PIC16C6X consists of only 35 single word instructions.
All instructions are single cycle instructions except for program branches which are
two-cycle.

It has interrupt capability.

Its operating speed is,

DC - 20 MHz clock input,

DC - 200 ns instruction cycle

It has eight level deep hardware stack.

It supports direct, indirect and relative addressing modes.

It has inbuild Power-on-Reset (POR).

It includes Power-up Timer (FWRT) and Oscillator Start-up Timer (OST).
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10. It also contains Watchdog Timer (WDT) with its own on-chip RC oscillator for
reliable operation.
11. It has programmable code protection.
12. It supporis a power saving SLEEP mode.
13. It has selectable oscillator oplions.
14. It includes low power, high speed CMOS EPROM/ROM.
15. Its design is fully static.
16. It operates on wide voltage range : 25 Vo 6.0 V.
17. It can be operated at commercial, industrial and extended temperature ranges.
18. Power consumption is low.
<2mA@3sV, 4 MHz
15 pA typical @ 3 V, 32 kHz

< 1 pA typical standby current.

18.3.1.2 Peripheral Features
The peripheral features of PIC16C6X microcontroller are stated below.
1. It includes three timers.
a, Timer 0 : It is B-bit timer/counter with 8-bit prescaler.

b. Timer 1: It is 16-bit timer/counter with prescaler. It can be .in:n:mml:ad
during SLEEP mode via external crystal/clock.

¢. Timer 2 : It is B-bit timer/counter with 8-bit period register, prescaler and
postscaler.

2. It includes Capture/Compare,/PWM (CCP) module(s).
a. Capture module : It is 16-bit with max resclution 12.5 ns.
b. Compare module : It is 16-bit with max resolution 200 ns.
¢. PWM module : Max. resolution is 10-bit.
3. It has Synchronous Serial Port (S5F) with SPI and I°C.
4. It contains Universal Synchronous Asynchronous Receiver Tansmitter (USART/SCI).
5. It has Parallel Slave Port (PSP} which is 8-bits wide and it has external RD, WR
and C5 controls.
6. It contains Brown-out detection circuitry for Brown-out Reset (BOR).
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18.3.2 Block Diagram
Fig. 18.2 shows the block diagram of PIC16C61.

13
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Timing
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Hate : Highor crder bits
& from the
STATLIS regisher

Fig. 18.2 PIC16C61 bloeck diagram

18.3.2.1 Harvard Architecture
PIC16C61 uses a Harvard architecture in which program and data are accessed from
separate memories using separate buses.

18.3.2.2 Address and Data Bus

Address bus in PIC16C61 is 14-bit wide. So it can access 1 K x 14 of program memory.
All program memory is internal. Data bus in PIC16C6] is 8-bits wide.
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18.32.3 ALU

The PICI6CH] contains B-bit ALUL It is capable of performing arithmetic operations
such as add, subtract, shift and logical operations. Un'>ss otherwise mentioned, arithmetic
opertions are two's complement in nature. The inputs to the ALU are applied from two
registers. In two-operand instructions, typically one operand is in the working register
(W register) and the other operand is in a file register or an immediate constant. In single
operand instructions, the operand is either in the W register or in a file register. The ALU
may affect the values of bits in STATUS register (Carry bit, Digit carry bit, Zero bit)
depending upon the instruchons executed.

18.3.2.4 Registers
Table 18.2 gives the CPU regsiters in PIC16C61 with their widths.

Sr. No. CPU Register Width
1. Warking Register (W) 8-bits
2. Status Register B-bits
3 File Selection Register (FSR) [indirect Memory Address Paointer] | B-bits
4 INDiract through FSR (INDF) B-bits
5. Program Counter Latch (PCLATH) S-bits
B. Program Counter Low Byte (PCL) B-bits
T Program Counter Stack 13-bits (B-lavel)

Table 18.2 CPU registers
1. Working Register (W)
The working register, W is B-bits wide. It is used for ALU operations. In two-operand
instructions, typically one operand is in the working register (W). In single operand

instructions, the operand is either in the W register or a file register. It is not an
addressable register.

2. STATUS Register

The STATUS register contains the arithmetic status of the ALU, the RESET status and
the bank select bits for data memory. The format of the status register is given below.
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RW-0 RW-O RWDO R1 R RW-x  RMW-x  RAW-x R = Readaba bit
IRP RP1 RPO TO PD z Do c W= Vritable Bl
bit-7 bit-0 —n = Valus 8t POR resst
B = kR
bit-T . IRP : Repister Bank Salect bit (used for indirect addressing)

bit-4:

bit-2:

bit-1:

Mote :
a subtraction s executad by adding the two's complament of the second oparand,

1 = Bank 2, 3 (100H - 1FFH)
0 = Bank 0, 1 (DOH - FFH)
RP1:RPO: Register Bank Select bits {used for direct addressing)
11 = Bank 3 (180H - 1FFH)
10 = Bank 2 {100H - 17FH}
01 = Bank 1 (B0OH - FFH)
00 = Bank 0 (00H - TFH}
Each bank is 128 bylas.
TO : Time-out bit :
1 = Afler power-up, CLEWDT instruction, or SLEEP instruction
0= A WDT time-out occurrad
PO : Power-down bit
1 = After power-up or by the CLARWDT Instruction
0 = By execution of the SLEEP instruction
Z: faro bit
1 = The result of an arithmetic or logic operation is zero
0 = The resull of an anthmelic or logic operation ks nol zero
DC: Digit carmy/bomow bit {for ADDWE, ADDLW, SLALW, and SUBWF  instructions) (For

the polarity is reversed),
1 = A carmy-out from the 4ih low order bit of the resull oocumed
0 = No camy-out from the 4th |2w order bit of the result
C: Carry/borrow Bt (for ADDWE, ADDLW, SUBLW, and suUBwWe  instructions)| For Borrow the

polarity is reversad),
1 = A camy-oul from the rmost significant bl of the resuft ccourred

0 = Mo camy-out from the most significant bit of the resulf

For rotate (RRF, RLF) instructions, this bet is loaded with either the high or low order bit of the
source reglster,

Fig. 18.3 Format of status register of PIC16C6X and PIC16CTX

The status register can be used as a destination register for any instruction like any
other register. If the status register is used as a destination register for an instruction that
affects the Z, DC or C bits, then the write to these three bits is disabled. These bits are set
or cleared according to the device logic. Also, the TO and PD bits are only readable and
not writable. So if the status register is used as a destination register for an instruction,
then the resu't of n instruction may be differr' ‘han intended. Therefore, for the
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instructions (for example : BCF, BSF, SWAPF, MOVWTF) which do not affect any status bits
(Z, C or DC), the status register can be used for the storage purpose.

Note the following points while using status register.

1. For those devices that do not use 67 and 7% bits (RP1 and IRP), make these bits
clear to ensure upward compatibility with future products.

2. The C and DC bits operate as a borrow and digit borrow bit respectively, in
subtraction.

3. INDF ({INDirect through FSR) and File Selection Register (FSR)

The INDF register is not a physical register. Addressing the INDF register will cause
indirect addressing. Indirect addressing is possible by using the INDF register. Any
instruction using the INDF register actually accesses the register pointed to by the File
Select Register, FSR. Reading the INDF register itself indirectly (FSR = ‘") will produce
00H. Writing to the INDF register indirectly results in a no-operation (although status bits
may be affected). An effective 9-bit address is obtained by concatenating the 8bit FSR
register and the IRP bit (bit 7 of STATUS register), as shown in Fig. 18.4.

Direct addressing Indirect addrassing
RE1:RPO & Fromopoode 0 IRP 7 FSR 0
| | O ]

X , . , — - .
Bank salect Location select | Bank selact Location salact
11" == 00 01 10 (h] "'—J

00H 80H 100H 180H

Data
memory

TFH 17FH |1FFH
Bank0 Bank1 Bank2 Bank23

Fig. 18.4 Direct/indirect addressing

A simple program to clear RAM location 20H-2FH using indirect addressing is shown
in the example given below.
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EXAMPLE : INDIRECT ADDRESSING

maw L O0x20 : initialize pointer
movwE FSR ; to RAM

NEXT: clrf INDF ! clear INDF register
incf FER,F ; inc pointer
btfss FsSR, 4 i all done?
goto HEXT ; MO, clear next

YES, continue

4. PCL and Program Counter Latch (PCLATH), Program Counter Stack

The program counter (PC) is 13-bits wide. The low byte comes from the PCL register,
which is a readable and writable register. The upper bits (PC<12:8>) are not readable, but
are indirectly writable through the PCLATH register.On any reset, the upper bits of the PC
will be cleared. Fig. 18.5 shows the two situations for the loading of the PC. The upper
example in the Fig. shows how the PC is loaded on a write to (PCLATH < 40 >— PCH).
The lower example in the figure shows how the PC is loaded during a CALL or GOTO
instruction (PCLATH<4:3> — PCH).

PCH PCL

Fig. 18.5 Loading of PC in different situationz

Computed GOTO

A computed GOTO is accomplished by adding an offset to the program counter
(RDDWF  PCL). When doing a table read using a computed GOTO method, care should be
exercised if the table location crosses a PCL memory boundary (each 256 word block).
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Stack

The PIC16CXX family has an 8 deep x 13-bit wide hardware stack. The stack space is
not part of either program or data space and the stack pointer is not readable or writable.
The PC is PUSHed onto the stack when a CALL instruction is executed or an interrupt
causes a branch. The stack is POPed in the event of a RETURN, RETLW or a RETFIE
instruction execution. PCLATH is not affected by a PUSH or a POFP operation.

The stack operates as a circular buffer. This means that after the stack has been
PUSHed eight times, the ninth push overwrites the value that was stored from the first
push. The tenth push overwrites the second push {and so on). Thus, an B-level stack will
allow maximum 8 return addresses including relurn address from interrupt service
subroutine.

MNote 1: There are no status bits to indicate stack overflows or stack underflow
conditions.

Mote 2: There are no instructions mnemonics called PUSH or POP. These are
actons that oocur from the execution of the CALL, BETURN, RETLW,
and RETFIE instructions, or the vectoring to an interrupt address.

18.3.2.5 Clocking Scheme/instruction Cycle

The clock input (from OSC1) is intemally divided by four to generate four
non-overlapping quadrature clocks namely Q1, Q2, Q3, and Q4. Internally, the program
counter (PC) is incremented every Q1, the instruction is fetched from the program memory
and latched into the instruction register in Q4. The instruction is decoded and executed

during the following Q1 through Q4. The clock and instruction execution flow is shown in
Fig. 18.6.

PO | @z |3 | Qs oo | G2 |G3 (@@ | a1 | 02 | @3 | 04 |
o5 W e Y VY e W e Y e T s WO T o VY o W W o W
al —
az i —\ =\ irrlesmal
i i i Phase
o ' ; "\ . chock
m’_a — — —
PC =¥ Pror ] i PLre
{Frogram couries) - -
CESTTTLT ) T e T D I T
|RE e |
Felch INST (PC)
Exgcule INST (PC-1) Felch INST (PC+1)
Execute INST (PC) Felch INST (PL*2)
Execite INST (PC+1}

Fig. 18.6 Clock finstruction cycle
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Instruction Flow/Pipelining

An "Instruction Cycle” consists of four Q eyeles (21, Q2, Q3, and (M). The instruction
fetch and execute are pipelined such that fetch takes one instruction cycle while decode
and execute takes another instruction cycle. However, due to the pipelining, each -
instruction effectively executes in one cycle. If an instruction causes the program counter to
change (e.g. GOTO) then two cycles are required to complete the instruction (Example 18.1).

mamp  Example 18.1 :  Instruction pipeline flow

Teyl) Tyl Tey2 Teyd Toyd Teys
1. MOVLW 55h | Feich 1 Executs 1
7. MAVHEF POATHE Felch 2 Execule 2
3. CALL stm_1 Falch 3 Exacute 3
4. BEF  PORTA, BITI (Fococed ROE) Feich & Flush
%. Instructicn P address SUB_1 Feich SUB_1| Execule SUB_1 |

Al instruclions anre singhes cycle, excepl for any program branchas. These fake two Sycles since the felch
instruction is "ushed” from the ppeline white the new instnaction is being feiched and then executed,

A fetch cycle begins with the program counter (PC) incrementing in Q1.

In the execution cycle, the fetched instruction is latched into the “Instruction Register
(TR}" in cycle Q1. This instruction is then decoded and executed during the Q2, Q3, and
Q4 cycles. Data memory is read during Q2 (operand read) and written during Q4
(destination write).

18.3.3 Pin Diagram of PIC16C61
Fig. 18.7 shows the pin diagram of PIC16C61

RA2 =—=[]1 | s e
RAY =-—=[] 2 17{] =—= RAD
RA4TOCK! =—=[] 3 16{] =— OSC1/CLKIN
MER/Vpe —=[]4 15 [] —= OSC2/CLKOUT
Vs [s Piciecet 14[] =—— vy
RBOMNT =—=[] 5 13[] =—= RB7
RE1 =[] 7 12[] =—= RB6
Rez =—=[]8 11 [] =—= RBS
RE3 =—= ]2 10| | =—= RB4

Fig. 18.7 PIC16CE1
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The following section describes the pins of PIC16C61,

Pin Name Pin Type Description
CSC/CLKIN | Oscillalor crystal input/external clock source input,
OSCCLKOUT o Qsciflalor crystal outpul, Connects fo crystal or
resonator in crystal oscillator mode, In RC mode,
the pin outputs CLEOUT which has 1/4 the
frequancy of OS5C1, and denotes the instruction
cycla rate.
MCLRNpp W Master clear reset input or programming wvoltage|
input. This pin is an active low reset to the devica.
PORTA is a bi-directional 'D port.
RAD o
RA1 o
RAZ o
RA3 o
RAATOCK] Vo RA4 can also be the clock input to the Timerd|
timear/countar.
Output is open drain type.
PORTB is & bidireclignal VD port. PORTE can be
software programmed for intamal wesk pullup on
all inputs.
RBO/NT o REO can also be the external interrupt pin,
RB1 o
RB2 o
RE3 o
RE4 o Interrupt on change pin.
RBS (e Intarrupt on change pin
RBE W Interrupt on change pin. Seral programming clock.
RET o Interrupt on change pin. Serial programming data.
Vgg P Ground refarence for logic and /O pins.
Voo P Posltive supply for logic and 'O pins.

Legend: I = Input O = Output [/O = Input/Output P = Power
Table 18.3 PIC16C61 Pinout description
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18.3.4 Pin Diagram of PIC16C71

It is to be noted that PIC16C7X parts are almost same as PIC16CEX parts, with an
exception that PIC16C7X includes an additional feature of an analog to digital converter.

Fig. 188 gives the pin diagram of PIC16C71.

RAZIANZ .._..E q S 18] =—= RAT/ANY
RANANINVGe: =~ [} 2 17[] =—= RANAND
RAATOCK! —-—[] 3 16[] =—— OSC1/CLKIN
MCLRVpp =[] 4 18] —= oOsc2rcLkouT
Vags —=[15 pictecrr 4[] =— vy
REOANT —=—s[]6 13[] =—= RB7
RBY =7 12[] =—= RB&
RB2 -l—l-E B 11{ ] =—= RES
RB3 =—[]9 10[7] =— RB4

Fig. 18.8 PIC16CT1
18.3.5 PIC Memory Organization

18.3.5.1 Program Memory

The PIC16C6X (and FIC16C7X) family has a 13-bit program counter. It can access
8 K = 14 program memory space. The device, PIC16C6]1 can address 1 K = 14 program
memory having address range 0000H to 03FFH.

Fig. 18.9 shows PIC16C61 and PIC16CY1 program memory map and stack.

A program counter is used to access 1 K x 14 program memory. The program counter
is cleared after RESET. At location OM0H in the program memory, a ‘Reset Vector',
instruction is written which means “goto mainline’. When an interrupt occurs, the address
0004H is automatically loaded into the program counter. At 0004H, ‘goto interrupt service
routine’ instruction can be written. The interrupt service routine may be written
somewhere else in the program memory space. Tables, main program and interrupt service
routines can be written anywhere from (005H to 03FFH.
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| PC=12:0> |
CALL, EETURN 14,
RETFIE, RETLW
Slack level 1
L ]
-
L ]
Stack bevel B
b Re.aet wectar DOo0H
E Feripheral intermupt vecior QO0dEH
: 2 DOOSH
- g On-chip program
= MEsmory
v 03FFH
0400H
1FFFH

Fig. 18.9 PIC16C61 program memory map and stack

18.3.5.2 Data Memory

The data memory is parbifioned into multiple banks which contain the General
Purpose Registers and Special Function Registers. As seen earlier, bits RP1 and RPO (6T
and 5™ bits) of status register are used to select the register banks as shown below.

RP1 RFD
Q 4] —> Bank 0
0 1 —¥ Bank 1
1 o — Bank 2
1 1 — Bank 3

Each bank is 128 bytes.
Fig. 18.10 shows register file map of PIC16C61.

The lower locations of each bank are reserved for the Special Function Registers.
Above the Special Function Registers are General Purpose Registers, implemented as static
RAM. All implemented banks contain special function registers. Some “high use” special
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Bank 0

Bank 1

[l Unimplemanted data memary location; read as ‘0%,
Mol a physical register.
Thess locations are unimplemented in

Bank 1. Any access to these locations will
access the cormesponding Bank O register

Mote 1:
2:

Fig. 18.10 PIC16C8&1 register file map
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File address File address
00H INDF"! INDF ! BOH
01H TMRD QPTICM BiH
02H PCL PCL 82H
03H STATUS STATUS 83H
D4aH FSR FSR B4H
05H FORTA TRISA BSH
DEH PORTHE TRISB BEH
O7H B7H
0BH BEH
09H BaH
0AH PCLATH PCLATH 8AH
OBH INTCOMN INTCON BEH
oCH BCH
S | aEEe
Reqister
2EH AFH
A0H ; BOH
N—
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function registers from one bank may be mirrored in another bank for code reduction
and quicker access.

1. General Purpose Registers

These registers are accessed either directly or indirectly through the File Select Register
(FSR).

For the PIC16C61, general purpose register locations 8CH-AFH of Bank 1 are not
physically implemented. These locations are mapped into 0CH-2FH of Bank 0.
2. Special Function Registers

The Special Funclion Registers are registers used by the CPU and peripheral modules
for controlling the desired operation of the device. These registers are implemented as
static RAM.

The special function registers can be classified into two sets (core and peripheral).

3. OPTION Register

The OPTION register is a readable and writable register which contains various control
bits to configure the TMRO/WDT prescaler, the external INT interrupt, TMRO, and the
weak pull-ups on PORTE.

Fig. 18.11 shows the format of OFTION register.

RN RWA RAW-1 RW1 RWI1 RW1 RW1  RW1 R = Readable bit
REPU | INTEDG| TOCS | TOSE P54 P32 P51 P50 W = Writable bit
bit-7 bit-0 U = Unimplemented bit,
read as 0’
=n = Yalue st POR reset

bit7:  RBPU: PORTB Pull-up Enable bit
1= PORTE pull-ups are disabled
0= PORTE pull-ups are enabled by indhddual port latch values
bit-6: INTEDG: Inferrupt Edge Select bit
1 = Interrupt on nsing edge of RBOINT pin
0 = interrupt on falling edge of RBOANT pin
bit-5: TOCS: TMRO Clock Source Select bit
1 = Transition on RAHTOCK] pin
0 = Internal instruction cycle clock (CLKOUT)
brit=d: TOSE: TMRO Source Edge Select bit
1 = Increment an high-to-low ransibon an RAUTOCK] pin
0 = Incremant on low-ta-high transition on RAATOCK] pin
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bt PSA: Prescaler Assignment bit
1 = Prescaler is assignad to the WDT

0 = Prascalar is assigned to the Timer modula

bit-2-0:  PS2:PS0; Prescaler Rate Select bits

Bit Value TMRD Rate WDT Rate
oog 1:2 1:1
001 1:4 1:2
oo 1:8 1:4
011 1:18 1:8
100 1:32 1:18
1o 1:64 1:32
110 1. 128 1:64
M 10 2568 1 128

Mote 1  To achieve a 1.1 prescaler assignment for TMRD register, assign the prescaler to the

Watchdog Timer
4. INTCON Register

Fig. 18.11 OPTION register (address 81h, 181h)

The INTCON Register is a readable and writable register which contains the various
enable and flag bits for the TMRO register overflow, RB port change and external RBO/INT

pin interrupts.
Fig. 18.12 shows the format of INTCON register.
RW0 RW-0 PRW-0 RWO0 RW0 RW0 RW0 RW-x
GIE PEIE TOIE INTE | RBIE | TOIF INTF | RBIF
bit-7 bit-0

bit-T: GIE: (1) Global Intermupt Enable bit

1 = Enables all un-masked interupts

0 = Disables all infarrupts

bts:  PEIE: ) Peripheral interrupt Enable bi
1 = Enables all un-masked peripheral interrupts

0 = Disables all peripheral interrupts

R = Readable bit
W = Writable bit

U = Unimplemented bit,
read as 0

= n = Value at POR
resat

¥ = unkmown
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Bit-5: THE: TMRO Owverflow Interrupt Enable b
o 1 = Enables the TMRD overflow intermupt
0 = Disables the TMRO overflow infermupt
bét-4: INTE: REQ/INT External tnterrupt Enable bit
1 = Enables the RBIVINT exlernal interup
0 = Disables the RBONT external intarrupt
bit-3: RBIE: RB Port Change Interrupt Enable bi
1 = Enables the RB por change mtemupt
0 = Disables the BB part change intermupt
bit-2: TOF: TMRO Overfiow Interrupt Flag bit
1 = TMRO ragister overflowed (must ba cleared in softears)
0 = TMRO register did not overflow
bit-1: INTF: RBIVINT External Intarrupt Flag bit
1 = The REOINT external imemupt occurrad (must be cleared in software)
0 = The RBOANT external imerrupt did not occur
bit-0: RBIF: RB Port Changs Intarrupd Flag bit
1 = Al lenst one of the REV.:AB4 pins changed state o clear the interrupl

0 = None of thea RET:RB4 pins have changed siate
Fig. 18.12 INTCON register (address 0BH, 8BH, 10BH, 18BH)

18.3.6 Watchdog Timer

A watchdog timer (WDT) is a special timer with a specific function. It is usually used
to prevent software crashes, i.e. endless loop. It works as follows : once started, the WDT
increments an internal counter at the rate decided by free running on-chip oscillator, If the
user program does not reset the counter, the counter overflows, which is used to reset the
controller. In PIC micrecontrollers, instruction CLRWDT is used to reset the counter. It sets
the time-out bit (TQ) in the status register. This TO bit is also set during the power up
procedure . After time-out WDT timer resets TO bit.

The normal time-out period of PIC watchdog timer is 18 ms. Therefore, if CLRWDT
instruction is not executed within 18 ms, the counter overflows and it resets the PIC
microcontroller. The time-out period for walkchdog Hmer can be elongated by setting
prescaler count. A prescaler with a division ratio of up to 1 : 128 can be assigned to the
WDT under software control by writing to the OPTION register. Thus, time-out period up
to 2.3 seconds can be realized.

The watchdog timer can be enabled or disabled by setting or resetting the bit 2
(WDTE) in the configuration word, respectively. In power-down mode, if the watchdog
timer is enabled, it will be cleared but keeps running. Therefore, bit TO in the status
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register is set and bit PD is reset. After timeout WDT can wake-up PIC from power down
mode. Now it is interesting to see whether setting of PD bit cause the power-up or
time-out of WDT cause the power-up. The TO and PD bits in the status register can be
used to determine the cause of power-up. If PD is set to one power-up occurs due to
setting of PD bit. If TO bit is zero, time-out has occurred and it is the cause of power-up.

Review Questions

1. Give the featires of PIC microcontroller.
2. Compare Harvard architecture and Von-Newmann architecture with neat dingrams,
3. What is brown-out-resef 7
4, Explain the term "Watchdog Timmer”,
5. Explain SLEEP mode of PIC.
6. Compare different features of PIC16C61 and PIC16CT1.
7. Give the features of PICISCKX.
8. Draw and explain the block diagram of PICI6CE].
9. Why is PIC program memory 14 bits wide 7
10. What do you memn by an 8-level program counter stock 7
11. Explain the stack operation in PIC16C61,
12. What do you mean by orthogonal instruction sef 7
13. What is the role of INDF in indirect addressing muode ¢
14. Wrife a short note on watchdog timer.

QQa
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