1.1 Introduction

e«  The most powerful tool that a man has created is computer.

. A digital computer is programmable. Fig. 1.1.1 shows the block diagram of a digital
computer. o _— _ ,

. The main parts of the computer are
the “central processing unit (CPU)
input device, . output device and

- memory.

. ﬁhe CPU performs the task of
executing instructions as per the
users requirement. -

Fig. 1.1.1 : Block diagram of a digital computer

« The inﬁut device is used to send data and programs to the computer, whereas the
output device is used to send data from the computer to the display unit, printer etc.

i f‘Ihe CPU is built on single IC called microprocessor. A microprocessor is a CPU. It
is a programmable ‘integrated device that has computing and decision making
, capability. ) ' .
- The microprocessor has a wide range of applications beginning from small smart
- .sewing machine, washing machines and other domestic appliances to computer
aided system design. | -

«  The microprocgssor can be embedded into a larger system. It may be stand alone

unit controlling processes or it may function like the CPU of a computer called
microcomputer., | '

* Ellw microprocessor communicates and operates in the binary numbers 0 and 1

called bits. Each microprocessor has a fixed number of instructions. The 4

mstructions are in the form of binary patterng referred to as machine language.
Machine language is the language of 0's and 1's| Hence, the binary instructions are

given abbreviated names (mnemonics) that contribute the assembly language for a
microprocessor. |
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"1.1.1 Microprocessors

'\/ microprocessor is a clock driven, programmable, register based device

- The microprocessor reads the dala ie binary instructions from thlrdfﬂﬂ‘l::?ﬂ:;
accepts this binary dala as inpul and processes the data according

instructions and conputes the result as outpul

e+ [CThe microprocessor is a programmable machine ie |
Cﬁmwmvmm ;;Aunmnlpmmbbmndsmm

s capable of changing the channe -Arirrtr-lxulh.dimldﬁmmn"
number printed in the manuegl &M.tWrmdMWm
many instructions The microprocessor can perform complicated computing
functions e g switching on / off of a device.

The programmer can select the instruction and ash the microprocessor to complete
the specific tasks on given data set. _

«  The person who designs the remote determines a frequency for a given channel
Samilarly the engineers who design the microprocessor determine the tasks that are
required o be processed by the microprocessor. Accordingly, the logic is designed
with & view 0 provide the user with a list of instructions that a user can
understand . -

\-/Fi; lIlMt@eNmkdimmoft micropricessor based system. It consists of
four components microprocessor, memory, input and output. |
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o The user writes the essential instructions and data in th

device and requests the microprocessor to compute the task and compy

Introduction to Miwopfﬂte;;
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p
, . ‘e resy)y The
result is displayed on the output device or stored in memory. .

' 1.1.4 Input / Qutput Device

_ VThE user can enter the instructions and data into memory

_ . through devi@e g like
| ard or switches. Such devices are called as input devices.
V/'I‘:iﬁzﬁcmpmcessur reads the instructions fron

1 the memory and procesges the regy,
according to the instructions.

ed by a device e.g. printer, CRT screen

1.2 Evolution of Microprocessors

processor was introd

P The first micro in

uced in the YQMH Was a 4 b
PMOHWMI 4004 After that an enhanced vergion of Inte]
: mm\%hm&er comipanies like Toshiba, Rockwell also déveloped 4 bit
nucroprocessors. . -
* In 1972 Intel introduced the first 8 bit microprocessor Intel 8008 It also ugeq the
mmsmm were glow and not mmpaumgﬁ[‘
Togic. 50, Intel introduced a faster '

three power supplies

loped an improved vergi of microprocessor 8080 called
Intel Somther manufacturers of 8 bit mi

| of '8 bit mitroprocessor are Zilog, National
| Enuconﬁuct‘om, Motorola ete.

The first x86 Processor was developed in 1979 by Intel and v

. ﬁ'icrﬂproceggor. It 1s a 16 bit Ticro
address bus.

L
'Processor with 16 bit data bus and 20 bit
e It allows 1 MB of addressing space. - |

A re-engineered version of the

1s the
the 8086 except the

other's socket. The 8086 got its success n

' 80168
| " the 8086 and the 8088 were the 80186 and the
Processors, It contaj |

* {
like programmable timers, ﬁ:ﬁir
ecoders. The 80186 and the 80188 were very adv gors

that

ains special hardware
controllers ang address d

L] - ws
their time but not adopted by hardware manufacturers. These E:;IS
were. never used in the PC, but these processors are ideal for the sy;u
Yéquire  minimum hardware, Depending on the manufacturer, you

S0TS running at g speeq ranging between 6 and 40 s

6

8088 nicroprocessor, which is identical to

Programs but one could not fit into ﬂ‘:{
ainly from the IBM-PC although IB
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The next advancement Was the 80286 microprocessor that provides memory

management and protection. |
The 80286 has a 24 bit address bus that gives the capability of accessing 16 MB of

storage. The internal memory management unit makes it possible to access up to

1 GB of memory in the virtual mode.
The 80286's speed could range between 6 MHz and 25 MHz depending on the

manufacturer. It didn't go faster than the 80186 but it had several improvements.
This processor was used in the IBM PC-AT in 1985 (three years after the

introduction of the 80286). __

The 80386 was introduced by Intel in 1985. It had several significant improvements
compared to. 8086, 8088, 80186, 80188, 80286 processors. It is a 32-bit processor.
Although it was not adopted immediately by computer manufacturers, it enjoyed a

long life span.

. The 80386 was later renamed 8(}336-' DX, for Intel developed another 80386
processor, the 80386 SX. This was a downgraded version of the 80386 DX.

The 80386 supports 32 bit address and data bus. It can access 4 GB of physical
memory and 64 terabytes of memory in the virtual mode. | ’

The 80386 can operate in three different modes. These modes are in the order of
their increased complexity. They are : | £ -

i) Real Address mode.

(i)  Virtual 8086 mode. kT

iii) Protected Virtual Address mode. .

The 80386 has an 8086/8088 compatibility in which half of the prﬁcesmr shuts down
and the other half becomes an embedded 8086, This allows us to run a fast 8086.

The 80486's major improvement over the 80386 was the integration of an 80387
math- coprocessor into the 80486. Intel followed the pattern of the 80386 for the
80486 by introducing a 80486SX and renaming its original processor 80486DX.

The difference between the two was the presence or absence of the math coprocessor
(in the earlier versions of the SX, the math-coprocessor was present but did not
function). Intel then introduced the 80487SX (a math coprocessor) which was used
as an expensive upgrade for the 804865X making it a 80486DX. This 804875X was
in fact a fully operational 80486DX on which a few pins had been relocated so as not
to allow the customer to use the cheaper 80486DX as an upgrade.

The Pentium was a big step in the evolution of the processor. The major difference

was that it contained more than one execution unit. An execution unit receives the
instructions and activates them. Having more than one execution unit meant that

the processor could do more than one thing at a time.

The Pentium came in different versions: 60 MHz, 66 MHz, 75 MHz, 90 MHz,

100 MHz, 120 MHz, 133 MHz, 166 MHz, 200 MHz and 233 MHz. Then Intel
introduced the MMX-enhanced processors.

Micr
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. N intraductiun to Micy
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1.3 - Microprocessor Characteristics

'Q. Enlist the characteristics of a microprocessor., . \

.| Mi
_ The power of the nucrocomputer is determined by the Chara'ﬂtenat
d.'  microprocessor - . oy -
| Processing capability .

* Clock frequency = . o Width of the data byg

*  Widthofthe addressbus « 0O addressing capability

" e Initerrupt capability

1. Processing Capahi ity :\It-depends upon the number of iIlEtmctiuns and
of each instruction . ' ' ﬂelihﬂu
2.
3.
4, dtl of the microcompy,
This is the width of the rnal data busb
5.

Width of the address bus :[This parameter decides the decid

. 4 . . es the meny
' SSIng capability of the ricroprocessor. JThe maxinmum size of the emory
18 decided by this parameter.

6. I/0 addressing_capability ﬁhe'umximum number of the /0 ports accesseq :

the microprocessor depends upon the width of the /O adq
instruction, |

d ", - .

Fig 1.3.1 . Types of computers
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ALU (Arithmetic and Logic Unit)

F:’.l
Fs Qutput
Input F, ( Operands

Operands

S3 Sz S1 Sg |
OPCODE
Fig. 1.4.1: An ALU (Arithmetic Logic Umt}

This unit is used to perform arithmetic operations (like +, — %, * etc). and logical

operations like (AND, OR, EX-OR etc). ‘A’ and ‘B’ are input operands while ‘F° is output.

operand. ‘S’ are the select lines to select the operation (OPCDDE)

Definitions | | |

1. Opcode Cfrbinary code, that indicates the oPcratinn'tn be perfonned is called as an
Opcods. ) -

2. Operands : an—data on whxch the operation 1s to be performed (as well as the
result of an operation) are termed as operanda

3. Instruction :[_Tlfhecnmbmamn of apcode and an operand, that can be used to
instruct a system, is called as an mstmctla

4 Instruction set :JA list of all the instructions that can be issued to a system, is

called as instruction set of that sys’tg . -

5. Program/subroutine/routine : t of instructions’ written in a particular
sequence, so as to implement a given tasQ'\ subroutiné in assembly refers to
function as in C/C++.

6. Bus:A of lines, pins or s} ing common function is termed as bus.
The functional grouping of signals results in
1. . Databus — to carry data
2.  Address bus - to select a memory or I/O location. .
3.  Control bus - to issue and receive control signals. |

Now in the Fig. 1.4.2, to give an instruction to the syst.em (ALU), the pmgmmmer
has to give OPCODE and OPERAND.

For e.g. if the operationis 5+ 7ie. (010 1)2+(0 1 1 1)2 the data lines of A are to be
(0 10 1), while that of B are to be (0 1 1 1)2. A binary code for addition is to be given on

select lines. Suppose (0 0 1 1)2 refers to add operation for this ALU. So the connections are
to be made by the programmer as shown in Fig. 1.42. |

&
-
¥ —
T ——————— ]
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> +5V @

Result

Fig. 1.4.2 : ALU connections to implement 5 + 7

To do these connections, the programmer may take few seconds, while the IC can

- perform the operation in microseconds. Hence, the time in which the ALU could have
performed few million operations, it can perform only one operation. The reason for this
delay is the slow speed of the programmer to enter the instruction. Hence if ‘the

- instructions were stored in a memory and the processor accesses them, it would be much
faster. microprocessor should be a combination of ALU and control unit that can

.. access memoi . | ‘
~ . Another major feature of a microprocessor is interrupts.

*  When many J/O devices are connected to a microprocessor based system, oné or more
~ than one of the I/O devices may request for service at any time{ The microprocessor

stops the execution of the current program and gives service to devices. This
feature is called as interrum.g A

* It is an external asynchronous input or an instruction that informs the
5 microprocessor to complete the instruction that it is currently executing and fetch a
new routine in order to offer service to the IO device. Once the VO device is
serviced, the microprocessor will continue with the execution of its normal program.
Definitions | | |

L. Interrupt {1+ a mechanism by which an VO device (Hardwate interrupt) or an
tnstruction (Softwarg interrupt) can suspend the normal execution of the processor

and get itself se |
2 Interrupt service routine. (ISR) :(A small program or a routine that when
B \}/ executed services the corresponding int&Frupting source is called as an ISE ] 4

Vectored/Non-vectored interrupt :If the ISR address of an interrupt is to be

— m— —

takey from the mterrupting source itself, it is called as a non-vectored interrupt;
else it is a vectored interrupt, | '




rocessor
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MﬂﬂkﬂbldNon-maskable interrupt : Interrupt that can be masked (disablgd? or
. unmasked (enabled) by the programmer is called 4s maskable interrupt; else 1t 15 4

non maskable interrupt.

1.5 Microprocessor Systems with Bus Organization

The microprocessor unit performs four operations :
(1) Memory read : reads data (or +structions) from memory:
(2) Memory write : writes data (or instructions) into memory:

; | (3) YT/O read : reads data from input devices

| (4) /O write : writes data to output devices. |
| . All these operations are part of the communication Process between the
| microprocessor and the peripheral devices. _ -
-~ e In order to communicate with a peripheral the microprocessor requires o perform
| the following steps : -
(1) Identify the peripheral or the memory location (with its address).
(2) Transfer binary +formation (i.e. data and instructions).
(3) Provide the timing or synchronization signals. .
communication

«  The microprocessor unit performs these functions using three sets of
bus and the control bus.

line called buses; the address bus, the data

1.5.1 Address Bus
over which the CPU sends out the address of the memory location 1s called

B The bus |
the address bus.
| /‘ile address bus carries the address of the memory location to be writteh to or read
from. “

| s The address bus may consist of 16, 20, 24 or 32 pamllel slgna] lmen Iftheré are N

e

e e—

—
[ ]
[

address lines, then it can address 9" memory locations.

- Address bus (N lines)

* Read and write signals are a part of control bus

Fig. 1.5.1 : The three types of buses and their utility

'




The address bus is also
used to send the /0
port address on the

“address bus. When the
CPU reads data from

v
or writes data to g -
port, then it sends the °
port address out on the
address bus,

The internal structure L
of memory is shown in

the Fig. 152 The
address issued e
‘memory is decoded by
an internal decoder to
select one of the
location and then this

location is accessed via Write
the data bus.

Fig. 1.5.2 + Structure of memory

If the number of address lines N =
-Tnemory locations. .

12%1

—

16 then it can address 2'¢ _. 65,536 or 64
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data bus is a bi- directional bus. That means the data can get transferred from
’ The W - : l
CPUdm: b:j:z;n cu;:f:cts the 1/0 ports and CPU. So the CPU can write data to or
a

Vﬂ:l data from the memory OF /O ports.
| \/"I;e number of data lines u?ed n th;a data
| tten or read simultaneously. .
M be;:rllce: in the system will connect their outputs to the same data bus. But
. on?;yone device at a time will have its output enabled, so that there i8 No data

tention (collision of information). . .
.,/i:ln order to completely eliminate the possibility uf more than one devices putting

ted to
ts simultaneously on the data bus, all the devm?s getting 'connm
:ll::: mmihodd have three state uutputs viz. logic ‘0", logic I’ and high

impedance state.
«  This will make it possible to disable the oumuts of devices which should be stopped

from connecting their outputs to the data bus.

1.5.3 Control Bus - y .
The control bus is used for sending cnntml signals to the memory and i mpu outpu

devices, as shown in Fig. 1.5.1.
« The CPU sends signals on the control bus to enable the -outputs uf addressed

menory devices or I/O port devices.
. Some of the control bus signals are as follows :

1. Memory read 2. Memory write | | "
3. I/Oread 4. T/O write |
Combined utilization of the three buses

o  In practice the CPU needs to make use of all the buses in nrder to perform a desired

operation.
. For example if a byte (8 bits) is to be read from the memory Iocatmn 18F8 H, then

the sequence of operations followed by the CPU is as follows ;
: Read data from memory location 18F8 H

bus is equal to the size of data word that

Step1: CPU sends out “18F8” H i.e. the address of the dea]md memory locat:lon on
the 16 bit address bus. -

Step 2: - CPU sends the Memory read signal on the mntml bus |

Step 3 The memory read signal enables the ‘memory device to put the data stoned in
thelocation ,J.SFSH nnbu the tlata bus Thm data travels on the data bus from

menm'ytf)CPU

| -

1.6 Microgrocessor Archltecture and its Operations

Fig 1.6.1 shows the mhltecmm of mlcmprocassor This arch1tactum is divided in
different groups as follows : - :

Registers ¢  Arithmetic and logic unit
Interrupt control «  Timing and control circuitry
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\\

Fig. Lﬁ.l General architecture of a mlcroprucmr
1. 6 1 Register Section
n.// It consists of PIPO (Parallel in parallel out) reglster as shnwn in Fig. 1.6.2

| \/ The register organization affects the length of program, the execution time of

program and simplification of the program. To achieve better performance, the
- number of registers should be large.

o«  The architecture of microcomputer deperids upon the number and type of the
- registers used in microprocessor. It consists 8-bit registers or 16 bit registers.

. e register section varies from microprocessor to microprocessor.
The registers are used to store the data and address.

' 'Fig. 1.6.2 ; 8 bit rcgls(er

. These registers are classified as :
{o  Temporary registers

| o General purpose registers

o  Special purpose registers.
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1.6.2 Arithmetic and Logical Unit

\)/ This section processes data i.e. it performs arithmetic and }ogical aper.atzns.emtiﬂﬁs
. It performs arithmetic operations like addition, subtraction and logical opP
ike ANDing, ORing, EX-ORing, etc. o o f'*an
o~ The ALU is not available to the user. Its word length dﬂ_PGﬂdS..uPU“ the width 0 B
internal data bus. - Ty i el | .
trol circuits.

e  The ALU is controlled by timing and con

| ‘/ It accepts operands from memory Or regis
perations in register or memory.

Flag register shows the status of result like, if the resitlt is +ve 0T

zero etc. This flag register is updated by the ALU.

ALU also looks after the branching decisions.

ter. It stores result of arithmetic and logic

1.6.3 Interrupt Control -
When a valid interrupt

E_,‘his' block accepts different interrupt request. iflputs-. .
request is present it informs control logic to take action in'response t0 eac]:r signal..

1.6.4 Timing and Control Unit - - .
This 1s a control section of microprocessor made up of Sﬂ}bh

circuit. e , e
/ It controls all internal and external circuits. ; | -

It operates with reference to clock signal. = | 3
m instruction decoder and generates microsteps to

block accepts clock mputs, performs sequerncing
synchronization 1s required for communication
eral devices. To implement this, it uses different

~onous sequential logic

%
\/ This accepts information fro
execute it. In addition to this, the

and synchronising operations. The
between microprocessor and periph

~ status and control signals. .
. The basic operation of a microprocessor s regulated by this umt.

o~ It synchronizes all the data transfers.
\/’/ This unit takes appropriate actions in response to external control signals.

1.6.5 Microprocessor Operafions ' .

s~ The nﬁcfﬂpmsﬂ?r can be pn_;g_ranmled to perform different functions like addition,
subtraction, multiplication, division etc. All these operations are done on the given
data from the instruction set of the microprocessor.

e instructions are sent to the microprocessor by writin : -
ST . g the instructions
memory. The instructions are entered through an input device like keyboard vk
The microprocessor reads or transfers one instruction at a time, matches it with the

instruction set and performs the data manipulati indi
pulation as indicated j ioD.
o The re_sult can be stored in the memory or sent to ﬂutput: A — |
o  The microprocessor can also respond to external signals like interrupts, DMA (wﬁt
»

for processor to synchronize wi Y.
- e with slower signals), programmable parallel interfaces
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All the above operations can be classified as

Microprocessor initiated operations

« Internal operations
| Penpheral (or externally initiated) operations.

Inorder to process these operations, the microprocessor needsg . .
circuits called as control signals. groy ﬁ“%
(i) Microprocessor Initiated Operations
The microprocessing unit as responsible for performing four Operations _
(i) memory read : it-reads the data or mstructions from memory:
(ii) . memory write : it writes data or instructions into memory

(ii) 1/O read : accepts data from input devices.
(iv) /O write : sends data to output devices.
| ‘these operations are part of the communication process bety,
microprocessing unit and the peripheral devices. e 4

e  Inorder to communicate with a peripheral the following steps need

performed.
Step I: Identlfy the penpheral or the memory location.

Step II: Transfer the binary information (ie. data and mstmmm,
| Microprocessor.
Step IiI: To provide the timing or syvdlmnlzauﬂn signals.

The microprocessor performs these functions using three  sets
communication buses; the address bus, data bus and control bus as seen.

section 1.9. |
(n) Internal Data Operation
@he . ternal architecture of a microprocessor determines how and what operatio
need to be performed with the data)The operations are :
(i)  Storing 8-bit data |
(ii) Perform arithmetic and lcgm operations.
(iii) Test for conditions \
(iv) Sequence the execution of instructions.
(v) Store data temporanly during execution is the stack
'; i ‘ ! In order to complete these operations, the microprocessor needs I-egisterE:
(arithmetic logic unit), control logic and internal buses for data flo¥.

ripheral or Externally Initiated Cperations | - for indig
external devices or signals can initiate the following operations or Hﬂ}ﬁ

an Al

(iii) P

- Ppins on the microprocessor chip are assigned, Reset, Ready
these signals will be discussed in chapter 2.

" 1.7 Input and Output Devices ' y
. : p wcessnr

ﬁﬂputfolltput devices are means . through Whlch the micro

cammumcates with the outside wor]é ]
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unit accep : ‘
to. and sends the result to output devices like LEDs,

« { The microprocessor
ard, A/D converter €

:nters, CRTS : —
a— ﬂj 1t methods by which the /O devices can be identified. One method

. There are difiere ;
uses 8 bit address while other uses 16 bit address. They are :

« 1O mapped I/O or peripheral mapped VO.
« Memory mapped L/O.

1.7.1 1/0 Mapped 1/0 (Peripheral Mapped I/0)
this type of I/O, the microprocessor unit uses eight address lines to identify an

input or output device. | . .

. It is an 8 bit numbering system for /Os used in conjunction with the input and
output instructions. I ~

o It is also called as I/O space. It is different from memory space ie. a 16 bit
numbering system. | | | -

L The eight address lines have 2° = 256 combinations of . addresses. Thus, the
microprocessing unit can identify 256 /O devices with address ranges ranging from
00H to FFH. A0 _ , '

| /0O Mapped I/O [I/O Port Addressing] '

V In this case the I/O device is treated as I/0 device only.
\;A:-ach I/O device uses eight bits of address lines and control signals TOR (Input

output read) and IOW (Input output write). ,
e  The address bus of 8085 microprocessor is of 16 bits, but for I/O devices only 8
bits address is used. So to implement this the 8 bit address is transferred on

both address groups ie Ao to A7 and As to Aus.
e  The contents available are same, so one can use any one group. ..e. Ajs to A7 or
| A to A, or combination of the two groups. | '
| e Let us consider an example if address of I/O device is 50 H.
The contents transferred on Ao to Ais will be as follow :
LoThe A 8 b Au Ao A As A1 [As As Ad A A A Ao
0 1L 0 1 0 0 0 0 0 1.0 1 0 0 0 0
50 H - 50 H

So we can use 50 H address given by A7 to Ay or A;sto A; or we can use Ao or As, Al
or As and so on A7 or Ajs. This will be represented as follows :

| AvAis AdAu AvAn AdAn AdAw AdAw AvAs AdAs|
* - The above representation specifies that and line contents are same. So to

address an I/O device we can use Ag— A or Ag~ Ays.

The steps in communicating with an I/O device are : |
(i) The microprocessing unit places an 8 bit address on the address bus, that
is decoded by the external logic.
(ii) 'The microprocessing unit places an 8-bit address on the address bus,
which is decoded by external decode logic. |

ts the data/instructions from the input devices like '
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(i) The microprocessing unit sends a control signal (U0 Read or /O write)
and-enables the I/O device.
(iv) Data are transferred using the data bus. @ J
1 7 2 Memory Mapped I/0

In this type of 1/O, the microprocessing unit uses 16 address lmas to identify an /O
device. Each I/O device will have 16 bit address.

The microprocessing unit uses the same control signal (}mmf (memory read) or

MEMW (memory write) and instructions as those of memory.
o The number of /O device will be 64 KB shared by I/O and memory.
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