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L INTRODUCTION TO MICROPROCESSOR AND MICROCOMPUTER
ARCHITECTURE

A microprocessor is a programmable electronics chip that has computing und decision
making capubilities similar to central processing unit of a computer. Any microprocessor-
based systems having limited aumber of resources are called microcomputers. Nowadays,
microprocessor can be seen in almost all types of electromcs devices like mobile phones,
printers, washing machines etc. Microprocessors are also used in advanced applications like
radars, satellites and flights. Due 1o the rapid advancements in electronic industry and large
scale integration of devices results in a significunt cost reduction and increase application of

microprocessors and their derivatives.,
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Fig | Microprocessorn based sysiem

Bt A bit is a single binary dight.

Word: A word refers 1o the basic data size or bit stae that can be processed by the
arithmetic and logic unit of the processor, A 16-bit binary number ks called & word in
# 16-bit processor.

Bus: A bus is a group of wires/lines that carry similar information,

System Busx: The system bus is a group of wiresines wsed for communication
between the microprocessor and peripherals.

Memory Word: The number of bits that can be stored in a register or memory
element is called a memory word.

Address Bus: It carries the address, which is a unique binary pattern used 1o identify
nmryloatioau-mpn.hrcnwh.ue@hhddnabmbem
lines and thus i can address 2' = 256 differest locations. The locations in
hexadecimal format can be written as 00H - FFH.

Data Bus: The data bus is used 10 transfer data between memory and processor o
bambodcm.dm.l‘umk.-l-&mwmmwy
have an B-bit data bus and s 16-bit processor will have 16-bit data bus,

Control Bus: The control bus carry control signals, which consists of signals for
selection of memory or VO device from the given address, direction of duts transfer
and synchronization of data transfer in case of slow devices.
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A typscal microprocessor comsts of anthmetx and loge snt (ALL) m assocaton wah
control unit (0 process the mstruction execution. Almost all the microprocessorn are based
on the principle of store program coocept. In store program concepl. programs o
mstructions are sequentially stored in the memory locations that are 1o be execuled To do
any task using & microprocessor, it is 10 be programmed by the user So the programmer
must have iden about s mternal resources, features and supported instructions. Each

mucroprocessor has 8 set of mstructions, a list which » provided by the microprocessor
manufacturer, The instruction set of a microprocessor s provided in two forms. binan
machine code and mmemonics

Microprocessor communicates and operates in binary numbers 0 and | The set of
mstructions in the form of binsry patterns s called a machine lomguage and it |s difficul for
us 0 understand. Therefore, the binary patterms we given abbreviated vames, calied
moemonics. which forma the auembly language. The coaversion of assembly-level
language into binary machine-level language s dome by using an application called
assembler

Techoology Used:
The semiconductor manufacturing technologies used for chaps are

¢  Transistor-Trassistor Logic (TTL)

* Emitter Coupled Logic (ECL)
¢  Complementary Metal-Oxide Semiconductor (CMOS)

Chassification of Microprocessons
Based on their specification, apphication and architecture mucroprocessors are classified.
Based on xize of dates bux:

4-bit macroprocessor
8-bt microprocessor
16-bit microprocessor
12-bnt microprocessor
Based on applicarion.

*  General-purpose macroprocessor- used in generul computer system and can be used
by programmer for any apphcation. Examples, B0S 1o Intel Pentium.

¢  Microcontroller- mucroprocessor with buill-in memory and ports and can be
programmed for any generic control application. Example. 8051,

e Special-purpose processors- designed to handle special functions required for an
application. Examples, digital signal processors and application-specific integrated
curcut (ASIC) chups.
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Based on architecture.

*  Reduced Instruction Set Computer (RISC) processors
* Complex Instruction Set Computer (CI1SC) processors

2 B085 MICROPROCESSOR ARCHITECTURE

mmmmu-summuh-.wtcmuumd
V for power. It can run at & maximum frequency of 3 MHz. lts data bus width is 8-bit and
address bus width is 16-bit. thus & can address 2 = 64 KB of memory. The internal
architecture of 8085 is shown s Fig 2.

Arithmetic and Logic Unit

The ALU performs the actual sumernical and logical operations such as Addition (ADD),
Subtraction (SUB), AND, OR etc. It uses data from memory and from Accumulator 1o
perform operations. The results of the arithmetic and logical operations are stored in the
accumulator.

Registers
The BO8S includes six registers, one accumulator and one flag register, as shown in Fig. 3.

In addition. # has two 16-bit registers: stack pointer and program counter. They are briefly
described as follows,

The BORS has six gencral-purpose registers (0 store 8-ba data: these are identified as B, C,
D, E, H and L they can be combined as register paws - BC. DE and HL 10 perform some
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16- hit operations. The programuner can use [hese regisiers t sare Or copry dats it the
register by uning dati copy instrectons
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Accumulator

The accumulator is an §-bit register that is u part of ALU. This register is used to store K-bit
data and 10 perform arithmetic and logical operations. The result of an operation i stored in
the sccumulator. The accumulator is also ident ified s register A

Flag register

The ALU includes five Mip-flops, which are set of reset after an operation sccording (o data
condition of the result in the accumulator and other registers. They are called Zero (7).
Carry (CY), Sign (S), Panty (P) and Auxiliary Carry (AC) flags. Their bt postions in the
Mag register are shown in Fig. 4. The microprocessor uses these flags 1o test data conditions.

| i .

o De e e Iy (1 9 (0 I
s 7 AC r Y
Fig 4 Py regpiser

For example. after an addition of two numbers, if the result in the accumulator & larger thun
B-bit, the flip-flop uses to indicate a carry by setting CY flag 10 |. When an arthmetic
operation results in zero, Z flag s set to | The S flag is just a copy of the b D7 of the
accumulastor A negative number has & | in bt D7 snd & postive number has a 0 in 2's
complement representation. The AC flag is set to |, when a carry result from bit D3 and
passes to bt D4 The P Mag is set 10 |, when the result in accumulator contains even number
of s,
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Program Coumer (PC)

This 16-bit register deals with sequencing the execution of instructions. This register s a
memory pointer. The microprocessor uses this register 10 sequence the execution of the
mstructions. The function of the program counter is 10 point 10 the memory address from
which the next byte i 10 be fetchod. When a byte i being fetched, the program counter is
automatically incremented by one to point to the sext memory location.

Suack Pointer (SP)

The stack pointer i also o 16-bit register, used a5 & memory pointer. It points to 4 memory
location in R/W memory, called stick. The beginning of the stack is defined by loading 16-
bit address in the stack pointer,

Instruction Register Decoder

It is an 8-bit register that temporurily stores the current insruction of a program. Latest
instruction sent here from memory prior 10 execution. Decoder then takes instruction and
decodes or interprets the instruction. Decoded imstruction then passed 10 neat stage.

Control Unit

Generates signals on data bus, sddress bus and control buy within mecroprocessor to carry
out the instruction, which has been decodied. Typical buses and their timing are described as
follows:

¢  Data Bux: Data bus carries data in binary form between microprocessor and other
external units such as memory. It is wsed to transmit data Le. formation, results of
arithmetic etc between memory and the microprocessor, Dats bus s bidirectional in
nature. The data bus width of S085 microprocessor is 8-bit Le. 2* combination of
binary digits and are typically identified as DO - D7, Thus size of the data bus
determines what arthmetic cun be dome. If only K-hit wide then largest number s
LELLELLY (255 in decimal), Therefore, larger aumbers have 10 be broken down into
chunks of 255. This slows microprocessor.

® Address Bur: The address bus cames addresses and s ome way bus from
microprocessor 10 the memory or other devices, 8085 microprocessor contain 16-bit
address bus and are gencrally entified as AD - A1S. The higher order address lines
(AR ~ AIS) are unidirectional and the lower order lines (AD - A7) are multiplexed
(time-shared) with the eight data bits (DO - D7) and hence, they are bidirectional,

® Control Bux: Control bus are vanous lines which have specific functions for
coordinating and controlling microprocessor operations. The control bus carries
control signals partly unidirectional and partly bidirectional The following control
and status sigmals are used by B08S processor:
L ALE (output): Address Latch Enable is a pulse that & provided when an

address appears on the ADD — AD7 lines, after which & becomes 0.
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Il RD (active low output): The Read signal indscates that data are heing read
from the selecied VO or memory device and that they are aviilable on the
data bus

O WR (active low output) The Write signal indscates that data on the daes b
are (o be writien into a selected memory or 1O locaton

v Ioﬁtonpl) It a signal that distinguished between & memury operation

and an VO operation. When 10/M = 0 it is » memory operation and  10M =

I it is an VO operation
V. 51 and SO (output): These are status signals used to specify the type of

operation being performed; they are listed in Table |
Tabde | St wgnals and asscaciated apermons

S1 S0 States
0 0 Hak
0 | ~ Wrne
] 0 Read
| i " Feich ]

The schematic representation of the 8085 bus structure is s shown in Fig. 5. The
mucroprocessor performs primarnly four operations

L Memory Read Reads data (or instruction) from memory.

I Memory Write Writes data (or instruction) into memory.

M VO Read: Accepts data from input device.
IV. VO Write: Sends data 10 output device.

The 8085 processor performs these functions using address bus, data bus and control bus as
shown in Fig. S,

L)
MV
: - - Duts Ban
J 1 i &

Fig 3 The BOKS bus structure
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A S085 PIN DESCRIPTION

Pruperes:

It is a B-bat microprocessor

Manufactured with N-MOS technology

40 pin IC package

It has 16-bat acddress bus and thus has 2" = 64 KB addressing capability
Operate with 3 MHz single-phase clock

+5 V single power supply

The logic pin layout and signal groups of the S08Samicroprocessor are shown in Fig. 6. All
the vignals are classified into six groups.

o Address bus

e Data bus

o Control & status sigmals

*  Power wpply and frequency signal

¢  Extermally initiated signals

o Serial VO signals
5 1 .
S 1 » % sy

u ort ’ » e
Serial g, wp gma | 1 31 e Ty
el S E g
mhel, sosSA AU
E_al .»—oa
T ] ] AL
"’1” :::.
» v n A
b A oo A,
A ‘. D —o A
“a ” u A
5N " n L.
e U N
Fig 6 8088 microgrocosser pin leyout and wgnal growps
Address and Data Buses:

o A8~ AlS (outpur, 3-state): Most significant esght bs of memory addresses and the
eight bits of the 1O addresses. These lines enter into tri-state high impedance state
during HOLD and HALT modes.

e ADO - AD7 (input/output. 3-state). Lower significant bits of memory addresses and
the eight bits of the 10 addresses during first clock cycle Behaves as data bus



during third and fourth clock cycle These lines enter into tn-state high impedance
state dunng HOLD and HALT modes.

Control & Status Signals:

ALE: Address latch enable

RD: Read control signal

WR : Write control signal.
1O/N, ST and SO : Status signals.

Power Supply & Clock Frequency.

Vee: +5 V power supply

Vas: Ground reference

X1, X2: A crystal having frequency of 6 MHz is connected st these two pins
CLK: Clock output

Externally Initiated and Interrupt Signabs

RESET TN - When the signal on this pin is low, the PC is set 10 0, the buses are tri-
stated and the processor |s resel,

RESET OUT This signal indicates that the processor is being reset. The signal can
be used to reset other devices.

READY: When this signal is low, the processor waits for an istegral number of
clock cycles until it goes high.

HOLD: This signal indicates that & peripheral like DMA (direct memory sccess)
controller i requesting the use of address and data bus.

HLDA: This signal acknowledges the HOLD request.

INTR: lnterrupe request is & general-purpose interrupt.

INTX . This is used 1o acknowledge an interrupt.

RST 7.5 RST 45, RST 5,5 ~ restart interrupt: These are vectored interrupts and
have highest pnority than INTR interrupe

TRAP: This is a non-maskable interrupt and has the highest prionty.

Serial VO Signals:

SID: Serwal input signal, Bit on this line is loaded 10 D7 bit of register A using RIM
Instruction.
SOD: Serml output signal. Output SOD i set or reset by using SIM instruction.

Scanned weth CamScanne!



4 INSTRUCTION SET AND EXECUTION IN 5085

Based on the design of the ALU and decoding unit, the mucroprocessor manufacturer
provides instruction set for every mucroprocessor. The mstruction set consists of bath
machine code and mnemonics

An instruction is & binary patiern designed imside 2 mcroprocessor 10 perform a specific
function. The entire growp of instructions that & mucroprocessor supports i called
instruction set. Microprocessor mstructions can be clasified based on the parameters such
functionality, length and operand addresung

Classification based on functionaliny

L Data transfer operations Thes group of mstructions copies data from source 10
destination. The content of the source & not akered

I Arithmetic operations: Instructions of this group perform operations like addition.
subtraction, increment & decremest. One of the data used in arithmetic operation is
stored in accumulator and the resuk i alo stored in accumulator

L Logial operations Logical operstions ischude AND, OR. EXOR, NOT. The
operations like AND, OR and EXOR wses two operands. one & stored i
sccumulator snd other can be any register or memory location The result s sored
in sccumulator, NOT operation requites smgle operand, which is stored in
accumulator

v mmmhﬂmmhunmhm
sequence from one memory location 10 smother cither conditionally or
uncondttionally.

V. Machine control operations: Instruction s this group control execution of other
nstructions and control operations ke wterrupe, hak etc

Classification based on leagth
1. MWMMQMB“MWU!
depicted in Table 2.
I Mmmmhmmmh*mhw-t
depicted in Table 3
1. MMMM&““M.“MM
are depicted in Table 4
Table 2 Exampies of ane byte mimructions
Op: ode " Operand Machine code’Hex code
MOV AB 7
ADD M 86
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Tabde | Exampies of rwo byte matructions

Opcode Operand | Machine code'Hea code | Byte description
MVI A THH 3E First byte
TF Second hyte
ADI OFH C6 First byte
OF Second byte

Table 4 Exampies of there byte smtructons

SOS0H C) Furst byie
£ — Second byte
w0 Thard byte

LDA BRSO 1A First byte
0 Second byte
El Third byte
Addressing Modes in Instructions

The process of specifying the data 1o be operated on by the mstruction is called addressing.
The various formats for specifying operands sre called addressing modes. The SO8S hus the
following five types of addressing

I Immediate addressing

. Memory direct addressing

(L Register direct addressing

IV.  Indirect addressing

V. Implicit addressing

Immediate Addressing

In this mode, the operand given in the mstruction - a byte or word - tramsfers 10 the
destination register of memory location.

Ex: MVI A, 9AH

e  The operand is & part of the instruction

e  The operand is stored in the register mentioned i the instruction.
Memory Duect Addressing:
Memory direct addressing moves a byte or word between a memory location and register.
The memory location address is given in the mstruction

Ex: LDA 850FH
This instruction s used to load the content of memory address $50FH in the accumulator.



Register direct addressing transfer a copy of a byte or word from source register 1o
destination register.

Ex MOVSB,C

It copies the content of register C to register B

Indirect Addressing

Indirect addressing transfers a byte or word between a regnter and a memory location.
Ex MOVA M

Here the data is in the memory location pointed 10 by the comtents of HL pair. The data is
moved 1o the accumulator.

Implicik Addressing
In this addressing mode the data Rself specifies the data to be operated upon.
Ex CMA

The instruction complements the coatent of the accumulstor. No specific data or operand
mentioned in the instruction ¥ :

S INSTRUCTION SET OF soss
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Store accummlator drect

STA

Store necumulator mderect

STAX

Store H and L regusters direct

SHLD

Exchange H and L with D and E

16-bst address

Reg paw

| 6-bet addrews

XCHG  nome

C%Huﬂ.lv‘nmmhuut
S nooc

The contents of the scctumulator are copsed o the memon
location specified by the operand  This s a Sbyie
mstruction. the second byte specifies the low-order addrew

and the thurd byte specifics the high-order addrew
Example STA 43%00r STA XYZ

The contents of the accumulator are copsed mto the memory
location specified by the contents of the operand (register
ir). The contents of the accumulator sre not altered
STAXB

The contents of register | are stored mto the memory location
specificd by the 16-bit address in the operand and the contents
of H register are stored (nto the sext memory location by
ng the operand.  The comtents of registers HL are
oot altered  This s 2 Mbyte mtraction. the second byte
specifies the low-order address and the thard byte specifics the
high-order addrens.
Example: SHLD 2470

The contents of register H are exchanged with the contents of
register D, and the contents of register L are exchanged with
the comtents of register E.

Example XCHG

pouter
The smtruction loads the coatents of the H and L registens

into the stack pomter register, the contents of the H register
provide the hgh-order oddress and the cootents of the L
regaster provide the low-oeder addrews.  The contents of the H
and | registers are not altered

Example: SPHL

Exchange H and L with top of stack

XTHL

The contents of the L register are exchanged with the stack
location pomsted out by the conteats of the stack pointer
regisier.  The contents of the H register are exchanged with
the next stack location (SP+1). however, the contents of the
stack pownter regster are not aliered.

Example: XTHL
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Subtract register of memory from accumulator
SUB R The contents of the operand (regaster or memory | are
M subtracted from the comtemts of the accumulator. and the

tesult i stored 10 the accumulstor  If the operand » 2
memory location, its locanon i specified by the contents of
the HL registers. Al flags arc modified to reflect the result of
the subtraction.
Example: SUBB o SUBM

Subtract source and horrow from accumulator
SHH R The contents of the operand (regasier or memory | and
M the Borrow flag are subtracted from the contents of the

sccumulator and the resadt i placed m the accumulator. 1l
the operand is a memory location. its location is specified by
the contents of the HL repisters.  All flags are modified 1o

reflect the result of the subtzaction
Example: SBB B or SBB M
Subtract immeduate from scoumulator
sul 8-but data The B-bit data (operand) 1 wibtracted from the contents of the

sccumulator and the result 1 stored m the accumudator, All
flags are modified to reflect the result of the wubtraction

Example: SUI 45
Sl 8-bit data The S-bit dsta (operand) snd the Borrow flag are subtracted

from the contenls of the accamulator and the result is stored
m the accumulator All flags sve modified to reflect the result

of the subtracyon.
Example: SBI 45

Increment register or memery by |

NN R The contents of the desagnated reguster or memory ) are

M incremented by | and the result s stored in the sume place. If

the operand 15 2 memory Jocation. its location iy specified by
the contents of the HL. regasters
Example: INRB or INRM

Increment register pair by | ‘ .

INX R The contents of the designated register pair are incremented

by | an the result is stored i the same place.
Example INX H

Scanned with CamScannes



Theurerrmemt sugesday «
~w “

- ey by 1

Pheuresent regoster paer by |
B

IxX

Ihcuntmal sdpuet s cmmmud ot w

AN -~

Oponde  Operand

Justip unconditonally
My 16wt addron

Jump conditenally

Operand  16-ba sddress

33252%27]

Desenption
Janp on Carry

T coimiemin o0 1 ol sbpmtatnnl 5 poshat oo smcmmewrs we

Uen et e Iy 1 sl (e resitlt to shmed o the s gl B0
the persend (v 0 memeony haatmm e bowstem oo guaibnd &
Ve wnmntents of the T pugisiers

Foomple PMOIER o 1M\

e wontenia oF e designated tegrster pusr see des remmentol
Iy 1 ol Wi vesilh bs stered i the same place

1 namphe 10X 1

Fhe comerits ol the accmmubaion sre changed o o by
vl 10 10 Bl Bariary combed decommal 0 10 Begas Thae oo
the only matevictiom that wees the swnaliary flag s perform -u
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Deseription

The i sequence is transferred to the memery locabion
fied by the 16-bal address given m the opersnd.
Example. IMP 208 e IMP XYZ

-T.uht—‘-l-u anon

qu"m 6-bit address grven i the hased vn
specified Nag of the PSW 24 descrnibed helow

Emplc JZ2 2034 oc JIXYZ

Status

Jasnp om no Carry cy-o
Jump om positive §«0

Jump oo aunus S$=1
Juzng on e Z2-1
Juznp oo po rerv Z=0
Jump on panty even Pl
Jumng oa panty odd F-0
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ncombinional sdwvstime call
CALL 16=bt aklress

Oprernind 160t address

he peogram soquence iv tramsforrod s the memmin locatyon

by the [0dnt addiess gives i the operund  Helire

tramslicy, the adidress of the mext wtruction aller CALL

(the comtcmts of the counder ) i pusbed onto the stack
Exsample CALL 2084 or CALL XY2Z

The progras sepience v trunsferred s the memon lovatnm

md&grmmupummcm&
72 o U2 XYY

Eipeonde Flag Seatua
(N Call om Carry [}
CNC Ol o no Carry (Yo
oy Call o positive $0
™M Call on mibiin $1
(%4 Call o pervy L0
UNZ Call ont 1oy rerer Z-0
o Call on parity even P
Mo Call on parity ndd r-o
TUetun (roem seibrosstane el
LU} e Qe (8 trimslerred frows ihe subroutine
ME The 1w beytes T the top of the stack
are e Program coumier. sl pRREriE EXOCUA N
D as (e e aehibeean
Fxnmple RET
Maturm from sdbwoutions comditionally
Operand  mone
t:mwo.u?ﬂ.-hmu-
valling program hased on the spesified of the PSW 5
desritned nebow l\nmnbybt—ﬁw‘;'d‘ouut&
vopied s e progran esier, aed  progran exevilion
hagine o Bae mew slidivns
Examgle W2
O:-xh Deserption S
(. Retem on Carry -1
ENC Retwrn o no Canry Y=o
e Wetarn on positive s 0
(A1) Keturn on minus 51
RZ Remarn om semv P |
RN/ Rt on no seta Z-0
R Reswm om parity even P~ |
o Rerurm on panty odd r-o
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LOGICAL INSTRUCTIONS
Opeode  Operand Descriptom
Compare v on memory with sccumislatar
OMre '3: apeeranil (Fepasher (w ey | st
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whiorwm by settigig e Dags of tie PSW au follows

WA ey warry Mag s set o )

AECAY = Cewg et pero g (s st v U

WA - tnz ey oo swres Mugs wew et w1

Example: CMP B or CMP M
Imstsediiute with avesiinislise ,

Mot At Tha s byt (Rl dasa) te With (e comtamie of
(e wovisnmidated,  The  values sotnpurvd  rveedn
unehanpesl.  The resuls of (e comparism b shos o by wetting
e Mags of the IPSW us fullsws

WAAY = st waery Moy in st o |
IFEA) © st gern Tlag is sut, 20
IEAY = Bt virry il 2ero Migs are tuset. « 0

Enatnple: C11 N0

ANTD pogister or sremuory wilh sesiiniulatos

® The contents of the avuimmmilaton aee logivally AN wil
M the conlents of thy opsrand (osgiaber o mwmiony ), and e
Muphudh'htwlhn IE e operand o
mvsinory bocatlon, te wddress s specitied by the coments of
ML repinters. S, 2. 1 we modidied 1o retlect the result of the
operation. OV ds reset. AC o0 et
Esample: ANA B ar ANA M

NI imemediate with scemmislator
Wbt st The comntents of the aconmdator are logiwally ANDed with the
Nebit data ¢ | oand the result s placed W the

accumulator. 8. 2. P are modaied 1o reflest resilt of the
CY worevet. AC 1n vet

operalam,
Fxample: ANI 86
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Exclusive OR regater o memory with accummdator
XRA R he comtents of the sccumulatr are Excloss e ORad with
M the conscnny of the operund (regisicr or mamory ), and the

rostlt o placed 10 the awsumulator  IF the operand o 4
memory location. its addrews o specaficd by the contents of
HL repatens. S, Z. P are modified 1o reflect the result of the
operation. CY and AC ore reset
Example XRA Bor XRA M

Exclusive OR immediate with sccumubator
XR! Bt datay The comtenss of the accumulasr are Fxchavve ORad with the
Kbet dats (operund) ond the rowlt o placed i the
nccummudater. S, Z, P are modified 1o reflect the result of the
CY and AC are reset
XRI 86

Logical OR regmter or memory with secumulson
ORA R

M the coments of the operind ( or memary). dod the
ﬂb“-ﬁnsmx If the operund s &
memory location. iy addeews i specificd by the contents of
HL repeters. 8. 7, P are modified 10 reflect the nesult of the
operston. CY and AC are reset.
Exmmple ORA B or ORA M

Logical OR isremedsate with accumulator
ORI bt data The contents of the accumulator sre logscally ORed with the
B-bit deta ¢r-n and the resalt w n the
sccumlaer 5. 7, P are modified %o reflect the rewult of the
CY and AC are reset.
ORI 86
Rotate accumulator lefl 4
RLC none Fach beary Sut of the accumulstor w rotated left by ooe
position. Bt D7 s placed m the powitien of Dy as well a4
the Carry flag €Y (s modified according to bat [77. 8, 2. P,
AC are not affested.
Esample RLC
Rotate accumulator nght .
RRC s Each busary bt of the accumilutor & rotated night by one

powtion. Fut Dy i placed in the pesstson of D7 as well as
the Casry flag. CY inmodified according o bt Dy S, 2. P.
AC are not affected.

Example: RRC
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Martinbe icustivmdons Seth theonigh viny
MAL (OIS Lach bumary the avctimmilabn o sotatid bef) by o

w
powitionm theemagh the Carry Mag 10 107 o plasad i the € arry
Mag. amd the Carry Mag (s plased e the leust seprilicant
position D CV s midified scocvedng s bt D7 8 72 1AL

Martate sccumslsses right theongh dm{

KAR e ol bemary Mt of e soutmnidioies bs setated nght by o
posithon Gumagh the Carry Nag Dt Dy s placed in i Carry
Nap. s e Carry g v placed m the most signi et
powitinn £33 € o muhilivg according s bt D S, 70 P A
e et alfoored
Frample MAR

Complensent scommmalasos

EMA one I'he somtenes of the accummlitor are oomplementesl  No Mlags
e altewted
Fammple € MA

t'uu‘llmmy

OMC none ﬂ-clmaz‘-mm No wiber Mags are dlected
Bixsangple ¢

Set Canry

S e 1o Catry Mg s st bn | Nov orther Dags see alfocted.
Pxmmphe STC

CONTROL INSTREUCTIONS

Opoode  Operand [eserigeom

N operation

NOP e 2:*- w performed  The wnstion s fetched and

Horm v er 1o aperatiom s enesuted

| xample WO

Hlalt and enber wast state

ney [ The CTU fasabes execuling the curest mairuction and halts
uey Torthor amessition.  An inbermupt er reset (s necesmiry o
enmt Troms the hale seate
Pammple HLY

wm The & emable 1) and all the iverrupes

N " ronet

§oxamnple IN

Frahle inlermages

Kl mas The imterrept smable 11 ot and all interrupts ave
enabled  Ne fagsy are Afler & wystem reset o the



Read mterrupt mask

RIM none This 1s a multipurpose mstruction used 1o read the status of
mterrupts 7.5, 6.5, 5.5 and read senal data input bit.  The
mstruction loads eight bits i the accumulator with the
following interpretations.

Example: RIM
D, D, Dy D. D, D; D, D»
[(SofnTw[STE[75[65]55]
==l = =
Senal input | Interrupt
data bit masked if
bit = |
Interrupts Interrupt enable
pending f Nip-flop is set
bit = | if bit = |

Set interrupt mask

SIM none This is a multipurpose instruction and used to implement the
8085 mterrupts 7.5, 6.5. 5.5, and serial data output. The
mstruction interprets the accumulator contents as follows.
Example: SIM

D, Db D, D. D, D D D
SOD | SDE | XXX | R7.5 | MSE | M7.5 | M6.5 | M5.5
] e
Serial output data Reset R1.5 Masks (nterrupts
o, =1 il bits = |
Serial data enable «— Mask set
| = Enable enable if
0 = Disable Dy =1

) SOD — Senal Output Data: Bit D, of the accumulator is latched into the SOD output
line and made available o a serial peripheral if bit D, = |

T3 SDE —Serial Data Enable: If this bit = 1, it cnables the senal output. To implement
serial output, this bit needs to be enabled.

J XXX —Doan’t Care

J R7.5—Reset RST 7.5: I this bit = |, RST 7.5 flip-flop is reset. This is an additional
control to reset RST 7.5.

J MSE — Mask Set Enable: If this bit is high, it enables the functions of bits D,, D,. Dy.
This is 2 master control over all the interrupt masking bits If this bit is low, bits D;,
D,, and D, do not have any cffect on the masks.

[ M7.5—D; = 0,RST 7.5 is enabled.

= |, RST 7.5 is masked or disabled.
C M65—D, = 0,RST6.5 is cnabled.

= |, RST 6.5 is masked or disabled.
2 MSS5—D, = 0,RSTS5.Sis enabled.

= |, RST 5.5 is masked or disabled.
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PROGRAMING TECHNICS

The sequence of instruction called program. A set of programs written for a
particular computer is known as s/w for that computer. The program is stored 1n
RAM. The CPU takes one instruction of the program at a time from the RAM
and executes it. It executes all the instruction of the program one by one to
produce the desired result. A computer used the binary digits for its operation.
Hence the instructions are coded and stored in the memory in the form of zeroes
and ones. The program written in the form of 0's and 1’s are called machine
language programs.

PROGRAMS:-

Write a program to find 1's complement of an 8-bit number. 96H = 1001 0110

I's complement = 0110 1001 =69H

The number is placed in the memory location 2501H The result is stored in
memory location 2502H. DATA

2501 96H

Result

2502 69H

Write a program to find 2’s complement of an 8-bit number. 96 = 1001 0110

I's complement = 0110 1001

2’s complement =0110 1010 =6A

The number is placed in memory location 2501H The result is to be stored in
memory location 2502H

Address Machine codeMnemonics Operands IComments
2000 [A 01,25 |LDA 2501H  Get data in
accumulator
2003 QF CMA Take its 1S
complement
2004 BC NR A Take 2°s complement
2005 [32,02,25 TA 25S02H  Store result in 2502H
2008 [76 r-ILT Stop
DATA
2501 96H
Result
2502 6AH

Write a program to Mask off least significant 4-bit of an 8-bit number. Number
=A6= 10100110
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Result = A0 = 1010 0000
Address Machine codeMnemonics/Operands [Comments
2000 PBA01,25 [LDA 2501H  [Get data in accumulator
2003 [E6,F0 ANI 0 t‘ask off the least signiﬁcamw
bits
2005 [32,02,25 STA 2502H ﬁtore result in 2502H
2008  [76 HLT stop
DATA 2501 A6

Result 2502 A0

Write a program to Mask off most significant 4-bit of an 8-bit number. Number
=A6=10100110

Result = 06 = 0000 0110

Address Machine codeMncmonics Operands Comments
2000 BA,01,25 A 2501H  Get data in accumulator
2003 [E6,F0 ANI OF ask off the most significan
its
2005 [2,02,25 STA P502H Ftore result in 2502H
008 [76 HLT #top
DATA 2501 A6
Result 2502 06

Write a program to find the largest number in a data array. Number = 98, 75 and

99
Address |Machine [Labels Mnemonics [Operands Comments
Code

2000 21,00,25 X1 |H,2500H |Address for count in H-L pair

2003 E MoV C.M Count in register C

2004 23 rNX H Address of 1" number in H-1]
pair

2005 TE MoV AM 1" Number in accumulator

006 D IDCR C Decrement count

D007 23 LOOP |NX H Address of next number

2008 BE compare next number with
previous maximum. Is next

r number > previous maximum
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2009 02,0D,20 INC AHEAD [No, larger number is in
ccumulator. Go to the lable
HEAD.
200C TE MOV AM es, get larger number in
ccumulator
D00D DD AHEA [DCR C Decrement count
200E 2,07,20 INZ (010) 3
2011 32,50,24 STA D4SOH  Store result in 2450H
2014 76 LT top.
DATA 250003
2501-98
2502-75
2503-99
Result 2450-99

Write a program to find the smallest number in a data array. The numbers of a
series are: 86,58 and 75.

Address Machine [Labels Mnemonics Operands Comments
Code rl
2000 21,00,25 r.XI ,2500H |Address for count in H-L pair
2003 E MOV CM Count in register C
2004 D3 rNx H Address of 1" number in H-L
pair
D005 TE MOV AM  [I* Number in accumulator
D006 D IDCR & Decrement count
2007 03 LOOP [INX H Address of next number in H-L
pair
2008 E CMP compare next number with
previous smallest. Is previouJ
smallest less then next number
2009 PA.OD.Z JC AHEAD |[Yes, smallest number in
D ﬁcumulator. Go to the
200C 7E MOV AM O, get next number in
ulator
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200D DD AHEA DCR & Decrement count

200E C2,07,20 INZ 1.00P

D011 32,50,24 STA D450H [Store smallest number in
D450H
2014 76 HLT Stop.
DATA

2500 03H

2501-86H

2502-58H

2503-75H

Result 2450 58H

Write a program to find the smaller of two number. The numbers are 84H and
99H

Address Machine [Labels Mnemonics/Operands Comments
Code
2000 21,01,25 X1 H.2501H |Address of 1* number in H-L
pair
D003 TE MOV AM 15T number in accumulator
2004 D3 INX H Address of 2™ number in H-L
pair
2005 BE CMP M Compare 2* number with
1*.Is 1* number < 2™ number.
2006 DA,0A,2 JC AHEAD [Yes, smaller number is in
D pccumulator. Go to AHEAD.
2009 7E MOV AM Eo. get 2* number in
ccumulator.
200A 32,03,25 AHEA STA 2503H  Store smaller number in 2503H
D
200D 6 HLT  stop.
DATA
2501 84H
2502—99H
Result:
2503 84H
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Write a program to find the larger of two numbers. The numbers are 98H and

87H.
DATA
2501 98H
2502—87H
Address  [Machine | Labels Mnemonics Operands  Comments
Code
2000 21.01,25 L.XI1 H.2501H  |Address of 1" number in H-L pair
2003 TE MOV AM 1*" number in accumulator
2004 03 INX H Address of 2™ number in H-L pair
D00S CMP M Compare 2™ number with
1" 1s 2* number > 1" number.
2006 D2,0A,20 rNC AHEAD , larger number is in
or. Go to AHEAD.
D009 7E rwov AM Yes, get 2* number in
pccumulator.
D00A 32,0325 | AHEA STA DS03H Fm larger number in 2503H
200D 76 HLT top.
Result:
2503 98H

Write program to move a block of data from one section of memory to another

section of memory.
Address Nach’me Coder\'inemonics Comments
2400 21,00,20 XI Get memory address of count.
2000H

2403 HE MOV C,M Count in register C.

D404 D3 INX H urce address of data in H-1|
air.

D405 11,01,22 L.XI D ZZOIt)cniny address of data in D-E
air.

2408 LOOP OV AM Data from source address to
CC.

D409 EB XCHG  |Destiny address in H-L pair.
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D40A 77 MOV M.A Data to Destiny address .
2408 NCHG E:n address of data i H-L,
40C 3 H  [Source address of next data.

240D 113 INXD  [Destiny address of next data.
D4OE D DCRC  Decrement count.
D40F 020824  NZ LOOP Jump to label LOOP.
D412 [16 HLT Stop.

DATA: RESULT:

200005 220101

200101 220202

2002---02 2203.-03

2003---03 220404

200404 220505

200505

SUBROUTINES:-

A subroutine is a group of instructions written separately from the main
program to perform a function that occurs repeatedly in main program. Instead

of writing a subprogram repeatedly in main program, simply write it once in
another location. Whenever needed by the main program we can call it. This

technique overcomes the repetition of a subprogram in main program.

e L
l -
=Y=s

LR
[\ o B ‘
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& INSTRUCTION EXECUTION AND TIMING DIAGRAM:

Each instruction in 3085 microprocessor comsists of two parnt- operation code (opcode) und
operand. The opcode © & command such as ADD and the operand s an object to be
operated on, such as 2 byte or the content of a register

Instruction Cycle: The tme taken by the processor to complete the execution of an
instruction. An instruction cycle consists of one (0 six machine cycles

Machine Cycle The time required 1o complete one operation. accessing either the memory
or 10 device. A machine cycle consists of theee 10 six T-states

T-State: Time corresponding 10 one clock period. It is the hasic unit 1o cakulate execution
of Instructions Of Programs in a processor.

To execute a program, S08S performs varous operations as:

Opcode fetch

Operand fetch

Memory read/'write

VO read/write

External communication functions are:
o Memory read/write
¢ VO read'write
e Interrupt request acknow ledge
Opcode Fetch Machine Cycle:
It is the first step in the execution of any instruction. The timing dagram of this cycle is
given in Fig. 7.
The following points explain the vanous operations that take place and the signals that are
changed during the execution of opcode feich machine cycle:
T1 clock cycle

i The content of PC is placed in the address bus; ADO - AD7 lines contains lower hit
address and AS — A1S contains higher bit address.

i TO/M signal is low indicating that a memory location is being accessed. S1 and SO
also changed 1o the levels as indicated in Table |.

. ALE is high indicates that mukiplesed ADO ~ AD7 act as lower order bus,

12 clock cycle
. Multiplexed address bus is now changed to data bus.
i The RDugnal is made low by the processor. This signal makes the memory device
load the data bus with the contents of the location addressed by the processor.
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T3 ek cwcle

+  The opcode available on the data bus s read by the processor amd moved to the
INSIIUCTION register,
& The RD uignal is deactivated by making # logic |

T4 chock cwle

L The processor decode the mstruction in the mstruction regisier and generate the
necessary control signals 1o execute the inruction. Based on the imstruction further
operations such as fetching. wnting into memory etc takes plice

N e Ya
™ D( [re——
oo DEED (TN

v Het@et X
o \/ . /] A

Fg 7 Tiosang Sugram for opoode fexch cycle
Memory Read Machine Cycle:

s /_—\ | |
X

The memory read cycle is executed by the processor 1o read a duta byte from memory, The
machine cycle is exactly same 1o opcode feich except: 2) It has throe T-states b) The SO
signal is set 10 0. The timing dsgram of this cycle is given in Fig, §.
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10M1, 51,50 o=, S1=180=0

Fig. 8 Timing diagram for memary read machine cycle

Memory Write Machine Cycle:

The memory write cycle is executed by the processor to write a data byte in a memory
location. The processor takes three T-states and WR signal is made low. The timing
diagram of this cycle is given in Fig. 9.

I/O Read Cycle:

The /O read cycle is executed by the processor to read a data byte from VO port or from
peripheral, which is 1/O mapped in the system. The 8-bit port address is placed both in the
lower and higher order address bus. The processor takes three T-states to execute this
machine cycle. The timing diagram of this cycle is given in Fig. 10.
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Fig. 9 Timing diagram for memory write machine cycle
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Fig. 10 Timing diagram 1O read machine cycle
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170 Write Cycle:

The /O write cycle is executed by the processor 1o write a data hyte to 10O gt o 10 4
peripheral, which is VO mapped in the system. The processor takes theee | states b cree ute
this machine cycle. The timing diagram of this cycle i given i Fig 11

: - A '
WA I " : n "

AB-ATS '_)( . | Port airose

031,80 D( oRi+1, | Be0s0et

Fig 11 Timing diagram VO write machine cycle

Ex: Timing diagram for IN 80H.
The instruction and the corresponding codes and memory locations are given in Table 5

Table 5 IN instruction
Address Mnemaonics Opcode
B0OF IN BOH DB
8010 L]

i  During the first machine cycle, the opcode DB is fetched from the memory, placed
in the instruction register and decoded.
ii.  During sccond machine cycle, the port address BOH 1s read from the next memory
location.
ii.  During the third machine cycle, the address 8OH is placed in the address bus and the
data read from that port address is placed in the accumulator

The timing diagram is shown in Fig 12,
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Fig 12 Timing diagram for the IN instruction

1. Timing Diagram for MOV A, B.

SN N NN
A T
AD, - AD, (00 )--\ 76
el gl
st |/
s|/ {

Timing diagram for MOV A. B
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2. Timing Diagram for MVI 1, Data.

|
|
e ’
LT -

\

il
| g S
"o .I X "-}:‘Q'vm*‘fmn? if
‘%-w* ! :s'} ( ":;7 )‘ '::‘)(ia
T A

w b N

hﬁﬂﬂhﬁﬂ.
‘ |

8 -

l

OPLOM fENEe (o0t SLAD CvIt

Timing Dwgram for MVI 1, Data

3. Timing Diagram for LDA 3000H.
Timing disgram
;W-?—i-'—t—’“ T Y, = rw.—:"-: ¥ T, _‘:_:
el AN NIV N SNV N ANV SN ANV AN AN SN o NI N
A-aa Y TR T PE o DD I® [T 15
a0, - [ Y35 [ o FIDy--- NOT - (T D <o X = - @\
o U | My =il
oMy / [ *\_ﬁl;‘[
ST TV / / |/ /
0T | \ \_| /
"kl T L
Timing diagram for LDA J000H



4. Timing Diagram for DCR C.
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o
|

°
°

B
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5. Timing Diagram for DCX B.

M, (0pcode fich)
%"l Rl ]l el %] % |
AN AN AN AN AN AN
A-A, x_' o 1 ) SRt SERRE .
AD,-AD, E} d idw ......................
mel/ L
oan | I ]
/ I
s, rF Z
s|/ f ;
" Nl
L""M‘Wﬁ'mﬂ

7. 8085 INTERRUPTS
Interrupt Structure:

lmenuptithemcbanismbywhkhn\eptmrismdetomfctconml&omits
current program execution to another program having higher priority. The interrupt signal
may be given to the processor by any external peripheral device.

The program or the routine that is executed upon interrupt is called interrupt service routine
(ISR). After execution of ISR, the processor must return to the interrupted program. Key
features in the interrupt structure of any microprocessor are as follows:

. Number and types of interrupt signals available.

ii. The address of the memory where the ISR is located for a particular interrupt signal.
This address is called interrupt vector address (IVA).

iii. Masking and unmasking feature of the interrupt signals.

iv.  Priority among the interrupts.

v.  Timing of the interrupt signals.

vi.  Handling and storing of information about the interrupt program (status
information).

Types of Interrupts.
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Interrupts are classified based on their maskability, IVA and source. They are classified as:
.. Vectored and Non-Vectored Interrupts
* Vectored interrupts require the IVA to be supplied by the external device that
gives the interrupt signal. This technique is vectoring, is implemented in
number of ways.
* Non-vectored interrupts have fixed IVA for ISRs of different interrupt
signals.
ii.  Maskable and Non-Maskable Interrupts
» Maskable interrupts are interrupts that can be blocked. Masking can be done
by software or hardware means.
e Non-maskable interrupts are interrupts that are always recognized; the
corresponding ISRs are executed.
iii.  Software and Hardware Interrupts
e Software interrupts are special instructions, after execution transfer the
control to predefined ISR.
e Hardware interrupts are signals given to the processor, for recognition as an
interrupt and execution of the corresponding ISR.

Interrupt Handling Procedure:
The following sequence of operations takes place when an interrupt signal is recognized:

i.  Save the PC content and information about current state (flags, registers etc) in the
stack.
ii.  Load PC with the beginning address of an ISR and start to execute it.
iii.  Finish ISR when the retum instruction is executed.
iv.  Return to the point in the interrupted program where execution was interrupted.

Interrupt Sources and Vector Addresses in 8085:
Software Interrupts:

8085 instruction set includes eight software interrupt instructions called Restart (RST)
instructions. These are one byte instructions that make the processor execute a subroutine at
predefined locations. Instructions and their vector addresses are given in Table 6.

Table 6 Software interrupts and their vector addresses

Instruction | Machine hex code | Interrupt Vector Address
RSTO C7 0000H
RST | CF 0008H
RST 2 D7 0010H
RST 3 DF 0018H
RST 4 E7 0020H
RSTS EF 0028H
RST6 F71 0030H
RST 7 FF 0032H
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The software mterrupts can be treated as CALL mstructions with default call locations. The
concept of priority does not apply to software interrupts as they are iserted into the
program as instructions by the programmer and executed by the processor when the
respective program lines are read.

Hardware Interrupts and Prionties:

S08S have five hardware interrupts - INTR, RST 5.5, RST 6.5, RST 7.5 and TRAP Their
IVA and prionities are given i Table 7

Tuble 7 Hardware interrupts of 8085
Interrupt Interrupt vector Maskable or non- Edge or level | priority
wddress maskable trigpered

TRAP 0024H Non-makable Level |
RST 7.5 003CH Maskable Rising edge 2
RST 6.5 0034H Maskable Level 3
RST 5.5 002CH Maskable Level 4

INTR Decided by hardware Maskable Level S

Masking of Interrupts:

Masking can be done for four hardware interrupts INTR, RST 5.5, RST 6.5, and RST 7.5.
The masking of 8085 interrupts is done at different levels. Fig. 13 shows the organization of
hardware interrupts in the 8085,

- —

Fig. 13 Interrupt structure of BORS

The Fig. 13 is explained by the following five points:
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i.  The maskable interrupts are by default masked by the Reset signal. So no interrupt i
recognized by the hardware reset.
ii.  The interrupts can be enabled by the El instruction.
ii. The three RST interrupts can be selectively masked by loading the appropriate word
in the accumulator and executing SIM instruction. This is called software masking.
iv.  All maskable interrupts are disabled whenever an interrupt is recognized.
v.  All maskable interrupts can be disabled by executing the DI instruction.

RST 7.5 alone has a flip-flop to recognize edge transition. The DI instruction reset interrupt
enable flip-flop in the processor and the interrupts are disabled. To enable interrupts, El
instruction has to be executed.

SIM Instruction:

The SIM instruction is used to mask or unmask RST hardware interrupts. When executed,
the SIM instruction reads the content of accumulator and accordingly mask or unmask the
interrupts. The format of control word to be stored in the accumulator before executing SIM
instruction is as shown in Fig. 14.

Blt position D7 o6 D5 D 03 D2 D1 Do
Name SOD SDE X R7S MSE M75 M6S MSS
Explanation Serial Seral Not Reset Maskset Setto Setto Setto
data data psed RST7S ensble— It 1w 1t
tobe caable— flip-flop Settol mask mask mask
sent set 1o tomask RST RST RST
1 for mterrupts 7.5 65 55
sending

Fig. 14 Accumulator bit pattern for SIM instruction
In addition to masking interrupts, SIM instruction can be used to send serial data on the
SOD line of the processor. The data to be send is placed in the MSB bit of the accumulator
andd:cscrialdnnomp\lismbledbymkingmbiuo 1.

RIM Instruction:
RIMinsuuctionisused(orudthemonheimmuptmkbqucanM instruction
ise:wculed.lheucunuhlorisbadedwihdtcmuusoftheimmptmsksandme
pending interrupts. The format and the meaning of the data stored in the accumulator after
execution of RIM instruction is shown in Fig. 15.
lnaddilionRIMinstmctiouisllsousedtoreadtheser'uldauontthleinoflbe
processor. The data on the SID pin is stored in the MSB of the accumulator after the
execution of the RIM instruction.
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8 0T Dé DS 4 0 [17] D1 0o
position
Name SID 175 16.5 155 IE M75 M6S MSS

Explanation Serial Setto! Settol Settol Setto Settol Setw | selwl
input ifRST fRST ifRST 1if ifRST if RST ifRST
data 75is 6S5is S5Sis intemupts 75is  635is 55is

inthe pending pending pending are masked masked masked

SID enabled

pin

Fig. 15 Accumulutor bit pattern after execution of RIM instruction

Ex: Write an assembly language program to enables all the interrupts in 8085 after reset.
El : Enable interrupts

MVI A, 08H : Unmask the interrupts

SIM : Set the mask and unmask using SIM instruction

Timing of Interrupts:

The interrupts are sensed by the processor one cycle before the end of execution of each
instruction. An interrupts signal must be applied long enough for it to be recognized. The
longest instruction of the 8085 takes 18 clock periods. So, the interrupt signal must be
applied for at least 17.5 clock periods. This decides the minimum pulse width for the
interrupt signal.

The maximum pulse width for the interrupt signal is decided by the condition that the
interrupt signal must not be recognized once again. This is under the control of the
programmer.
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Development of microprocessors (Visible)

Microprocessors have undergone significant evolution over the past four decades. This
development is clearly perceptible to a common user, especially. in terms of
phenomenal growth in capabilities of personal computers. Development of some of the
microprocessors can be given as follows.

Intel 4004 4 bit (2300 PMOS transistors) 1971
Inte] 8080 S bit (NMOS)
8085 3 bit 1974
Intel 8088 16 bit
8086 16 bit 1978
Intel 80186 16 b'l 1982
80286 16 bit
Intel 80386 32 bit (275000 transistors) 1985
32 bi
onet 50%95 o 32 bit (built in floating point  |1989
unit)
Intel 80586 1
MMX 1993
Celeron | . .. 1997
I 64 bkt 1999
m 2000
v
Z-80 (Zilog) S bit 1976
Motorola Power PC
6ol 32-bit 1993
602 1995
603

We use more number of microcontrollers compared to microprocessors. Microprocessors
are primarily used for computational purpose, whereas microcontrollers find wide
application in devices needing real time processing / control.

Application of microcontrollers are numerous. Starting from domestic applications such as
in washing machines. TVs, airconditioners, microcontrollers are used in automobiles,
process control industries , cell phones, electrical drives, robotics and in space applications.
Microcontroller Chips

Broad Classification of different microcontroller chips could be as follows:

« Embedded (Self -Contained) 8 - bit Microcontroller

» 16to 32 Microcontrollers
« Digital Signal Processors
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8051 microcontroller

What is a Microcontroller?

A Microcontroller is a programmable digital processor with necessary peripherals.
Both microcontrollers and microprocessors are complex sequential digital circuits
meant to carry out job according to the program / instructions. Sometimes analog
input/output interface makes a part of microcontroller circuit of mixed mode(both
analog and digital nature).

Microcontrollers Vs Microprocessors

1. A microprocessor requires an external memory for program/data storage.
Instruction execution requires movement of data from the external memory to
the microprocessor or vice versa. Usually, microprocessors have good
computing power and they have higher clock speed to facilitate faster
computation.

2. A microcontroller has required on-chip memory with associated peripherals. A
microcontroller can be thought of a microprocessor with inbuilt peripherals.

3. A microcontroller does not require much additional interfacing ICs for
operation and it functions as a stand alone system. The operation of a
microcontroller is multipurpose, just like a Swiss knife.

4. Microcontrollers are also called embedded controllers. A microcontroller clock
speed is limited only to a few tens of MHz. Microcontrollers are numerous and
many of them are application specific.

Development/Classification of microcontrollers (Invisible)

Microcontrollers have gone through a silent evolution (invisible). The evolution can be
ﬁghdyumedassilem:sthcimpactwapplkzthnofamiaocomlh'umx well
known to a common user, although microcontroller technology has undergone
significant change since early 1970's. Development of some popular microcontrollers is

given as follows.

Intel 4004 :}:::)(2300 PMOS trans, 108 o
Intel 8048 8 bit 1976
Intel 8031 8 bit (ROM-less) I
Intel 8051 8 bit (Mask ROM) 1980
Microchip PIC16C64 8 bit 1985
Motorola 68HCI1 8 bit (on chip ADC)

Intel 80C196 16 bit 1982
Atmel AT89C51 8 bit (Flash memory)

m nc 8 bit (Flash memory + ADC)

Scanned with CamScanner



The control outputs produced by the 8288 are DEN, DT/R and ALE These 3 signals
m&hmw-mmtdb&mmummbmol
bus commands and control signals is compatible with the Multibus and industry standard

for interfacing microprocessor systems.
5289 Bus Arbiter - Bus Arbitration snd Lock Signals:

This device permits processors o reside on the system bus It does ths by implementing the
Multibus arbitration protocol in an S086-based system. Addrion of the 8288 bus cantroller
and 8289 bus arbiter frees a number of the S086 pins for use to produce control signals that
are needed (0 support multiple processors. Bus priority lock (LOCK) is one of these signals.
It is input 10 the bus arbiter together with status signals SO theough S2.

Queue Status Signals: Two new signals that are produced by the S086 in the maximum-
mode system are queve status outputs QS0 and QS). Together they form a 2-bit queue
status code, QS1QS0. Following table shows the four different queue status

Qs, |Qs, Quras Starms

Oflew) | 0 No Operstion. During the last clock cycle, nothiag wa
taken frem the quewe.

0" ¢ | Plest Byse. The byte takun from the quene was the first
bite of the tmstrustien

1(high) & Quens Empty. The quene has been reinitialized a3 & result

of the esrention of & trasaler lestruction

. ' Subseanent Bvte. The bvie taken from the aneur was »
subiequent by te of the lnstraction.

Queue status codes



