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MICROPROCESSOR AND ITS
- APPLICATION

38.1 INTRODUCTION ‘
‘Asymhawwudylmmd,theinvmﬁmofmismrbylohnﬂa:dm,w.ﬂ.ﬂmuoain
and W. B. Shockiey at Bell Laboratories in 1947 was a break through which brought an
Mmhlmohﬁms”lﬁ&ﬂ)cmmmhlavaﬂabﬂityofﬂwmm,ahmstcmy
cloctronic system started to carry the label “solid state™ signifying the conquest of the
istor ovqufiinrivai-thcvammtube, it was possible to construct entire circuits,
_Mb{m_m,mnmgkdﬁpuﬁihom.ThEsmkmwnu an integrated
Gircuit (FC). The growth of imtegrated circuit was pheiomenal. It started with small scale
M(Sﬂ)wmomof&mﬂnnmmpudnpmmofﬂw
MMMM'MMWM&ICL&&MMMM
in shout cveiy two yemrs. Progressing at a staggering mate, resubted in the mediam scale
,M'MM‘MMNMMMadﬁp,WMW(LSD
circait with bidrod o few thousand gates and very large scale intograted (VLSI) with
,MMWQudﬁp.Byﬂpendy 1990’s, the IC technology progressed to the
mmxwmm&&ﬁmdmd'mmmm
(CPU); the ‘seithmetic logic unit (ALU), register scction and costrol unit which make &
micIoprocessck system unldheputummanlc.'ﬂﬁxmhedinﬂw‘mm
achip’, a dressn of science fiction writers since long. This miracle device was named

v

o Miczoprocessar ”. 1t is.available in word lengthe of 4, 8, 12, 16 or 32 bits, the details of

which ﬂhm n this lceson.

After sudying fhis lessomn, you shoukd be able o,

o waplain the basic structure {architecture) of general purpose microprocessor; .
¢ - mcogeize the various JSunctional blocks of the microprocessor;

®  commemicate with microprecessor using various instructions like data transfer,
. control, -branck: cmd. input - oupwt (1/0);

. appreciete the utility of microprocessor in systems like dita acquisition system,
mmﬂmqﬂmmm; -
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38.3 MICROPROCESSOR ARCHITECTURE

First of all we make vou familiar with a microcomputer. The fig. 38.1 shows the basic
architecture of a microcomputer. We start from the imput devices which convert input
signals into the propér binary form for the microprocéssor. Typical input devices are
keyboards, teleprinters, analog to digital converters, gassctte - tape disks etc. An interface
network is necessary to transform the input data into a compatible digital form for the
processor by the imput bus. The input device is selected by the processor by sending out
an address on the 1/ O address bus.

Input ‘ ‘ Memory address bus

1 Input devices |

bus

HO mddress . ' Memory .
Microprocessor l‘_—- Mernory
bus data bus

Fig. 38.1 : Basic structure of a micro computer

‘Memory stores binary numbers which describe in detail the instructions to be executed by
the computer. It also stores in binary form, the data to be operated on and to be available
at the output. Now question arises as to how Memory operation called accessing is
performed by the microprocessor ? It works in following manner. The processor first sends
out a request for a memory location by transmitting an address on the memory address
bus. The memory in turn responds by either accepting the data from the metmory data bys
into this location (called write operation) or sending data from this location to the processor
over the memory data bus ( called read operation ). The instruction being exccuted by the
processor determine whether access is a ‘read or write operation.

The microprocessor. contains a CPU (central processing unit) which has the circuitry
required to access the locations in the memory, interpret resulting instractions and exccute
these instructions. It aiso contains an Arithmetic Logic Unit { ALU ) to perform arithmetic
and logic operations on the data. Besides these, CPU has a control section to confrol the
operutions of the computer and various data registers for témporary stofage and inanipalation
of the data and instructions. The output device converts the binary data: into the required
form. Typical output devices are printers, CRT displays and digital to analog converters.
Data is transmitted from the microprocessor to the output devices through the output bus.
The output device iy’ selected by the processor via the 1/0 address bus. =

in many ‘microcomputer systems the input and output devices, and the memory share the
buses. The memory data bus input bus and output bus share 3 signal, a signal data bus,
which is bi-directional bus as shown in fig. 38.1. Similarly, the memory address bus, the
/O address bus are merged and they share a common address bus. The control bus is used
to synchronize the operations of the microprocessor and external circuitry. The comtrol bus
is used to inform whether the address is meant for memory or /0, since there is a common

-~ .
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addtmbuAbo,m“hmrmpt”fadﬁtyisquredforhnumpﬁngthemnmlexmﬁm
n@ﬂ:cpmg:am.-ﬂwmuoibmisusedfmmmhﬁngmissignalﬁuppme,méxtﬂnﬂ
'hpmdevicemdxasan-AlD{analugmdigital)wnvenerimswmmuMcammﬁw
pracessor the fact that the conversion is over and data is available. The control bus is used
mhlfmhﬂmpmsor,whiuhaﬂmmpleﬁngﬂmcuthCﬁmMptsthe :
program execution, sends out a signal through the control bus acknowledging the request
of the intemxpl:ingdeviceandservicesthe-hltempt.Ablock diagram, showing the
common biis arrangement is shown in fig. 38.2. L

% DATA BUS $

Inpit devies—{—_ =) P‘fu WW';I'@D Memory

= bus | | bus
h
wm—g

Address Bus - {

Fig. 38.2 : Block diagram for a comimon bus arrangement

Duringmdimorwritingimoamnowlocaﬁon, the address must be present till the
operation is completed. Latches are present at the address input lines of the memory and
Mdema&tﬁsaSso&ashmﬁves.Onca&caddmsislﬁched,dua@dmsbus
is not required and can be released for any other purpose. Usnally, the data bus is used
for this dual purpose. This type of bus usage is called “ Multiplexing” and results in a
saving of lincs and hence number of pins on the IC chip. The pin diagram of a typical

IC is shown in fig. 38.3,

1€ Y400
Ve Gt et HANG guis

A M & _Is 3

FhSBJ‘Pindlagmmof IC 7400 and IC 7402
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Usually for a 16 bit memory address, the 8- bit microprocessor transmit the least significant
8 bits of the address on the 8 - lincs on which data is transmitted. Thus an 8 - bit processor
is enabled for a 16 bit address transmission. This implics that a total of 2'¢ (=65536)
words can be directly addressed. Each address location is a byte contaming 8 bits of data.
* Therefore, the processor can directly address 64 kbytes of memory (where Ikbytes = 2 1©
= 1024 ).

INTEXT QUESTIONS 38.1

1. Is control bus bi-directional or unidirectional ?

2. How a 16 bit address is transmitted by 8 bit microprocessor?

3. How many words can be directly addressed by a 8 bit microprocessor ?

4. How many bytes of memory can be addressed by a 8 bit processor?

38.4 FUNCTIONAL BLOCKS OF MICROPROCESSOR

The functional block diagram of a microprocessor is given in Fig. 38.1. A number of
registers are included . m CPU. 'lhesemglstmareusedfortmmmystomgeofdata
are used for temporary stomage of data and imstructions. The accurnmlator accummulates
the results of the ALU operation. It also serves as one input to the ALU. The size
of the accumulator equals size of the data word. There are Six cight-bit general
putpose registers labeled A B, C, D, E, H addresses. These are known-as “index
registers” or scratch pad memories.

The “program counter” lsalﬁbrtreglstermduundtokwpu'ackofmemmm
that has to be executed next. The “stack pointer is another 16 bit registers which is
usedmmammastackmﬂmmuwy\vhenawordmplawdmﬂrmmk,aﬂ
words previously stored are moved down one location. This operation is called “PUSH”
operation. When a word is retrieved from the stack, all words arc moved up by
one location. This is called “POP” operation. The stack is also used to store remumn
addresses for the subroutines part of the program’and to store the condition of internal
registers during the processing of “interrupts”. The mumber of registers i the stack is
limited say typically seven.The stack pointer is nsed to hold the address of the top
element of the stack. The instruction register contains the instruction being decoded
mdcxeudehcmpmmﬂmmgutermﬁunﬂ:emﬂmryaathepmgmmswpsm
read sequentially.

Aslamzrogmteremsuungofﬂxpﬂopsulhd“l’hgs (beyond scope of the book) is
used to provide indication, of certain conditions, -such as the over flow, carry presence
of 0's in the accumulator, sign of .2 mumber in the accumulator etc. arising during
mmnwucandlogmnlupm These are.one bit registers. Their information is vital
and is wsed for the conditional branching or the jump dusing program execution.

R

- 118



Microprocessor and its Application

" INTEXT QUESTIONS 382
1. What do you understand by Registers ?

...........................................................................................................................................
B A e
...............................................................................................................................

...........................................................................................................................................

38.5 INSTRUCTION

This 1s the most important aspect in any system. When you buy a TV,. VCR washing
machine or any gadget, you are supplied with instruction for current. So is done here also.
Therefore, the poteatial of using any microprocessor depends on a thorough knowledge of
the Instruction set and addressing modes and how to use them in conjunction in order to
accomplish a given task.

38.5.1 Instruction Set

The mstructions can be divided into the following five functional Categories:

a) Data transfer

1_)) Control and branch

c) Subroutine linking

d) Operation and

e) Input/output

Data transfer instructions are move, load, store or exchange. They are used for moving
data between memory Jocations or between the register and the memory. Control and
branch instructions may be conditional depending upon the condition of a flag flip-flop
or unconditional. Such instructions are jump and conditional jump. Subroutine linking
instructions may also be conditional or unconditional. These instructions are the Call-
subroutine and return. The operation instruction are meant to perform on a particular
register or status flip-flap. No data transfer occurs. Typical instructions in this category
are clear (Q’s are stored in the register), increment (the value stored is increased by ‘1°),
decrement (the value is'decreased by ‘1°), complement (each bit is complemented)
and rotate (confents are one bit to the left or right), reset flip flop and decimal-
adjust accumulator (correction for BCD addition ). The input instruction transfers the
contents of the /O bus to the accumulator. The output instruction transfers the contents
of the accumulator to the I/O bus. ‘

The mstruction word consists of an “OPCODE’(operation code) describing the operation
to be performed and the address of the memory location or registers containing the data
on which the operation is to be performed (operand). An n-bit instruction is divided into
three parts (a) operation code (b) address mode and (c) operand address. Writing the
instruction in machine language is tedious. The binary opcodes are difficult to remember.
The binary addresses are 100 Jong and difficult to handle. Both these difficulties are
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removed by the use of “mnemonic opcodes” and symbolic addresses, Let us illustrate with
an example as shown below. '
Table 38.1 : Equivalence of opcodes

k}

Maching code Mnentonic code Function _

00111 010  LDA load the accumulator with contents of
a memory cell

00 11 0010 STA store the accumuiator comtents in a
memory cell.

10000 110 ADD * add the comtents of 3 memory cell 40

§ the comtents of accomulatation,
0111 0110 HLT halt

Let us illustrate the use of symbolic address and consider the programme when we have

to add two integers stored in memory locations 7 and 8 and place the result in memory

location 9 and halt. ' ' '

The program will have the following steps.

Load the contents of location 7 into the accumulator,

Add to the accumulator the contents of location 8.

Stoi’ethcconwtts of the accumulator in location 9.
\

Halt.

The operand is to be specified by its address which will be 16 bit long. Writing such an
address is tedious. Therefore, we use symbols for our address. Let,* A denote location 7,
B location 8 and C location 9. We use symibol STRT to indicate the first instruction to
be executed and END for signifying end of the program. DW statement is used to define -
the values of the operands to be stored in the symbolic addresses. Suppose, we have to add
integers 4 and 6. The location C has to be first cleared and have 0. The program thus
written in terms of mnemonic codes and symbolic addresses is called the “assemmbly
language Program” for example discussed above, the assembly language program is as

BN e

given below:
Assembly language Programme
A DW 4
B DwW 6
C DW 0
STRT LDA A
ADD B
STA C
HLY
END

As cxphhwdalready,melmsmuseanmm:blaforﬂwcmvmofﬂnw
language program to the machine language. If we use higher level languages, a compiler
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has to be used. Normally, compilers are available for FORTRAN, PL/M, COBOL and
BASIC languages. '

38.5.2 Addressing Modes

‘You know that the data to be operated on, is usually stored in memory. The microprocessor,
has four distinct addressing modes to address the data stored in memory or in the internal

CPU
1.

registers. They are as follows,

Register Addressing: The data to be operated is contamed within CPU reglsters
and this addressing specifies the register or register pair where the data is to be
located.

Example: MOV A, B . move contents of register B to A,
XCHG :  Exchange contents of HL. with DE registers.

Register Indirect Addressing : When the address of the data is contained in a

register pair it is called register indirect addressing.

Example: MOV A, M : Move contents of location M referenced by HL resister
pair to A.

LDAXB : Load A with contents of location X teferenced by BC.

register pair.

Immediate Addressing : When the data to be operated is a part of the instruction‘
and is contained in byte 2 or 3 depending on 8-or 16 bit data, then immediate

addressing mode m used,
Example: MVIA : Load A with contents of the second byte which is
75 in this case.

Direct Addressing: Bytes 2 and 3 of the instruction contain the direct address of
the data.

Example: STA A : Store accunmlator A at location 20 BO
BO low, 20 High

Example 38.1 1y simple -data manipulation algorithm, using the 8085 instruction set,
is given below:

Location | Mnemonic | Opcode | Address mode | Comment

2001 MVIB 06 Immediate move immediate data of
0 --1ster B
02 — — —
03 MOVARB |78 Register move B register io A
' register
04 LXIH 21 Immediate load immediate HL
) register with data of 20 A
05 A0 Low — — —
06 20 High — —
07 INR A 3C Register increment register

121
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08 MOVM A | 77 lReg. Indirect move A to location M
specified by HL

09 NOP a0 Register

o4 INRB 04 Register increment register B

OB ADD B 80 Register add, B to register A

oc NOP | oo Register | no operation

200 D STA 4 32 Direct stém A to location

20 B OF BO Low| — —

0F 20 High - — .

2010 JMP C3 Direct Jump to location 200

1 1 — c— —

12 20 _ — —

a)  What is accomplished between 2001 and 2006 ?
h)  What is accomplished between 2007 and 201 2?

¢)  What are the contents of A, B, H, L registers afier the program is run once and

Jour times.
d}  Will the program advance beyond 20127

Solution

a) 2001 to 2003 B register is loadéed with 0 O and is transferred to A register. The
amounts to clearing A and B to all-Zero conditions 2004 to 2006: H and L registers

are loaded with 270 and A0 to form address vector (20A0) Hex.

b) 2007 and 2008 : A register is incremented by 1 and is stored at location 20 AQ,

as referenced by HL registers.

2009 to 2012: B register is incremented by 1 and is added to A, with the result in

A and stored at location { 20B0) Hex,

NOP instructions are just a way to generate momentary delays without modifying
CPU contents IMP instruction at 2010, puts back the program in a loop starting at

(2007) Hex.
(¢) Contents of registers A, B, H, L (for one run) contents of |
(A) -02 (Since it gets incremented and added to. B)
® -o0
(HL) - 20A0 -
 Contents of A, B, H, LTfor 4 runs)
| Confents of (A) - OE; (B) - 0.4; (HL) - 20A0 unchanged
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¢) . Program Loop :- The program will not advance beyond 2012 becauss of the indefinite
. loop between 2007 and 2012. Only an interrupt or resct will pull the microprocessor

INTEXT QUESTIONS 38.2

1. Name the instruction set for 8 bit microprocessor ana yive examples for each
category? ' .

R T U

...........................................................................................................................................

................................................................................................

38.6 MICROPROCESSOR APPLICATIONS

In the present day age microprocessor finds a number of applications. Microprocessor can
be used in two classes of applications- those applications where a microprocessor is used
to rep}anearnicmcmnpmerwhichism:deruﬁlizedandthosecascswhereamicroprocessor
replaces a network of random logic used for a particular dedicated digital applications.
Most of the application are in later category. The advantage in this type of application
is that the hardware of the random logic is replaced by the software of the programme.
The software is much more adoptable to change than the hardware.

36.6.1 Data Acquistion’ System (DAS) :

Data Acquisition system is one whick accepts data Jrom various processes and monitors
it For example, suppose there are five chambers in. furnace which are to be maintained
at different temperatures. levels such as 400 °C, 700 °C, we put temperature sensors such
as thermocouple in each chamber and the other end is connected to data acquisition
systen(DAS). DAS continuously gets data and gives signals to the user that what are the
various temperatures at a given ‘instant of time. Suppose, the first chamber acquires a
temperature 600° C, which is much higher than the desired temperature, then DAS will
give a warning signal to the user, so that he can take necessary corrective measure.  So,
in your absence, if system is complex, DAS plays a very important role in monitoring. A

typical example is.shown in figure 38.4 Control line
Input analogue one anaiog AD _
Multipiexer — Micro
signal | |oomverter l.pmomor
‘voitages from
Sensors

Aarm |  {Pumpmotor
signal | |shotdopn | Telotype | | Comoctis |

Fig. 38.4: An exampie of DAS
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Let us consider a data-acquistion system needed in a process control where many process
variables have to be monitored. Analog data for these variables (obtained from the various
sensors) can be converted to digital form and transmitted to a microprocessor. The process
can suitably sample the sensors at periodic intervals, compute the averages at preselected
ntervals and output these on a teletype and cassette recorder. The multiplexer will allow
only one of the many input analog signals to pass through to the A/D converter. The
microprocessor sends to the multiplexer the address of the signal it desires to record and
the multiplexer will let this particular signal to pass. The microprocessor will scale or
average the value of the variable, print it and record it for firture use.

38.6.2 Traffic -light Control System

Figure 38.5 shows how a microprocessor can be used in a traffic - light control system.
Let us consider a simple problem for illustration. The requirement is to control a set of
traffic lights at the intersection of two roads, one major with heavy traffic flow and the
other minor with light traffic flow. Signals from car sensors embedded at appropriate
location in the roads dre fed to the microprocessor via a peripheral interface adapter which
converts the signal to a form compatible with microprocessor logic. The processor
cmunuouslymmnomﬂmslgnalsﬁomthesmsommddemdesthecmdsmkfgr
traffic lights.

Clock

ROM  \g——j Moropoomsor || RAM

Fig. 38.5 : Traffic light.control system

A running tally of the relative locations of the different cars is made and stored in the
RAM along with other temporary information, such as how long a particular car has been
waiting to enter the major road from the minor one and how many cars have been passed
through the green hight since it turned green. The ROM contains permanently wired,
mstructions which are used to perform the logic. A specific instruction in the ROM can
be : If 100 cars have passed through the intersection along the major road since the
light turned green but none have passed for last 10 seconds, the major road signal
should be turned yellow and then red and the minor read signal be turned to green.

Based on the information received from sensors and the information accumulated in the
RAM, the microprocessor would obtain an appropriate instruction from the ROM using
the pre-programmed response to the particular traffic situation at the intersection. The
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processof would feed appropriate signals to the peripheral interface adapter which will in
turn control the traffic lights. If EPROM is used, one can periodically review traffic
patterns and reprogram it or one can temporarily re-program it to meet variations in traffic
patterns which arc scasonal or dependent on temporary special situation.

INTEXT QUESTIONS 383

1. Mention two real life situation where Data acquisition system can play an important
role ? ’ '

2. How microprocessor is usefil in traffic light control ?

...........................................................................................................................................

38.7 WHAT HAVE YOU LEARNT
¢  What is microprocessor and basic structure of a 8 bit microprocessor
»  Recognise the various functional block of microprocessor.

s  Communicate with microprocessor using various instructions like data transfer,
control, branch and input -output.

o  Uiility of nfimprocﬁsor based systems like data acquisition system, traffic control
system, micro computers etc.
»  Basic principle of operation of calculator and clectronic watch.
TERMINAL QUESTIONS
Name the various functional blocks of a micro computer?
Is data bus bi-directional or unidirectional?
Is addition bus bi-directional or unidirectional ?
What do you understand by “bus™?
What do you mean by “latch™?
" What do you understand by “multiplexing”?
Give schematic of functional blocks of a general purpose microprocessor?
Explain the concept of multiplexing and demultiplexing?
Give block diagram of Data Acquisition System ‘and explain how it works?
Give block diagram of traffic - light control system and explain #s working
with an example ? i
11. What advantages are achieved if ROM is replaced by an EPROM?
12. 'What iz a program counter ?
13. Explain ‘PUSH’ operation ?
14. Explain ‘POP’ operation ?
15. Draw functional block diagram of a 8 bit. microprocessor ?

L e R T .

il
e
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16.

17.

18.

Write short notes on following :

() Register addressing

(ii) Register indirect addressing

(iii) Immediate addressing

(iv) Direct addressing

Identify the addressing thode in the examples listed below -

() LDAXB

(i) MOVA M

(i) MOVA, B

(ivi MVI A

(v) STA A

(vij JMP

(vii) LXIH | |
What will you require when you want to convert the assembly language program to
the machine language ? - '
What is the use of the compiler ?

ANSWER TO THE INTEXT QUESTIONS
Intext Question 38.1

- L
2.

3
4.

Bidirectional

Usually for a 16 bit memory address, the 8 bit THCIOPTOCESSor transmit the least
significant 8 bits of the address on the 8- lines on which data is transmitted. Thus
an 8-bit processor is enabled for a 16 bit address transmission.

Al16

2 = 65536
64 iBytes

Intext Question 38.2

Col

Registers are devices used for temporary storage of*data and instructions,
Thicre are six eight bit general purpose registers labelled. ABCDE & H.
A stack pointer is 16 bit register which is used to maintain a stack in the memory.

Flags are essentially status register consisting of flip flops. Its fanction is to
provide indicating of certain conditions like overflow, sign of a ‘member ctc.
Sec Fig in the text.

Intext Question 38.3

Instruction set are :

(a) Data transfer :. Example Move, load, store.

() Control and branch : Example Halt, Jump :

(c) Subroutine linking : Example Calt subroutine, rewun
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W) Operation : Example clear, Increment decrement

(¢) Input/ output : Example start, end.

OPCODE stands for operation code. ft describes the operation to be performed and
the address of the memory location or registers containing the data on which the
operation is to-the performed. .

MNEMONIC operation code are essentially symbolic address. Generally the binary
addresses are too long and difficult to handle and that is why Mnemonic operation
Assembly language program is written in terms of mnemonic codes and symbolic
addrws.Fm‘exmnple:Addtwointegqrs4andéstoredinmmylocaﬁon 7 and

8 and place the result in memory location 9 and halt. Assembly language program
will be : -

A DW 4

B DW 6

C DW 0

STR LDA A
ADD B
STA C
HLT END

See text section 38.5.2

o Register direct Addressing
®  Register Indirect Addressing
®  Repister Addressing
e Immediate Addressing
®  Direct Addressing

e  Direct Addressing

® Immediate Addressing

- “ASSEMBLER” is required for conversion of the. assembly language program to.

the machine language.
Compilers are used for higher level languages.

Intext Question 38.4

I

Example are ; (1) Maintenance of furnace temperatures
(2) Weather Monitoring,
Sec text  secionmo 38.6.2

ANSWER TO TERMINAL QUESTIONS

l'. "

Input device (ke keyboard, teleprinters), Microprocessor, Memory and output
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10.

11

12,

Bidirectional
Unidiroctional

A “bus” is a sct of lines carrying information. : £

Latch is vsed to signify storage of data. ' '
Mulnplexmgmapmcwsmwhmhamfonnanonlstakmtnmoreﬂmn output lines
as per our requirement. _ _ .
Theproms-oftahngsmncdatatovmimxsmﬂpmﬁnesaspﬂ-wmpimmmtis
called multiplexing. If we have several data and we want any one of them to be
cmnectedtooutput,ﬂnedewoereqmredlscaﬂedbmnﬂnplexﬁand the process
called demmitiplexing.

If ROM is replaced by EPROM, we will have facility to program it also as per
our requircment.

A program counter is a 16 bit register and is used to keep track of the Instructions
that has to be executed next. _

When a word is placed in the stack, all words previcusly stored are moved down
one location. This operation is called PUSH operation.

When a word is retrieved from the stack, all words are moved up by one location.
This is called “POP™ operation.
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