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L INTRODUCTION TO MICROPROCESSOR AND MICROCOMPUTER
ARCHITECTURE

A microprocessor is & programmable electronics chip that has computing snd decision
making capubilities similsr to central processing unit of & computer. Any microprocessor-
based aystems having limited number of resources are called microcomputers. Nowadays,
microprocessor can be seen in almost all types of electromcs devices like mobile phones,
printers, washing machines etc. Mcroprocesson are abo used i advanced applications hke
radars, satellites and flights. Due 10 the rapid advancements in electronic industry and large
swale integration of devices results in a significunt cost reduction and increase application of
micropfocessors and thel derivalives,
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Bit: A bit is & single binary digic.
Word: A word refers 1o the basic data size or bit siae that can be processed by the
arthmetic and logs unit of the processor. A 16-bit binary number is called o word in

a 16-hit processor.
Bus: A bus is a group of wwevlines that carry similar iformation,

L
e System Bus The sysem bus is a group of wireshnes 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 s memory word.
ﬁﬂr-l-:llcurilhﬂiﬂl,ﬂhh:hhlu*hiuymmdmumﬂy
a memory location of 8 10 port. For example, an eight bit address bus has eight
lines and thus @ cem sddress 2' = 256 different locations, The locations in
hexadecimal format can be written as O0H - FFH

Duta Bus: The data bus i used (o transfer data between memory and processor or
between VO device and processor. For example, an 8-bit processor will generally
have an B-hit data bus snd & |6-bat processor will have 16-bit data bus,

Control Bus: The comtrol bus carry control signals, which consists of signals for
selection of memory or V0 device from the given address, direction of data tramsfer
und synchronization of data transfer in case of slow devices.
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A typrcal microprocessor comssts of anthmelx and loge et (ALLY 0 assocation wah
control unit (0 process the mstruction executjon. Almost all the microprcesson are based
own the principle of store-program concepl. In wore program concepl. PIOgrams o
mstructions are sequentially siored in the memory locations that are 1o be cxeculed To do
any task using & microprocessor. it (0 be programmed by the user. 5o the programmer
musd have wlea aboul s miernal resources, features and supported instructions. Each
mucroprocessor has @ set of mstructions, a list which b provided by the microprocessos
manufacturer, The instruction set of & microprocessor s provided in two forms. binan
s hone coude wnid mnemonics

Microprocessor communicsles and operaies in binary mumbers O and | The w1 of
wstructions in the form of basry patterm o called a machine Lenguage and it s diffscul for
us o understand. Therelore, the binary patterns are given abbreviated names, calied
moemonics, which forma the asembly language. The convermon of assembly-level

language into binary machine-level language in dome by wsng an application called
ansembier

Iechnology Used:
The semaconductor manulacturng technologies used for chaps are

¢  Transistor-Transistor Logic (TTL)

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

Chasaification of Microprocesson
Based on their specificaton, spphcation and architecture mecroprocessors are clussified.
Hawed on vize af dons B

d-hil maCTOprCTRsT

B-binl microproceso

I 6-hill miCToprocesT
12-bit microprocesos
Based on applicarion.

¥ & & @

s Generul-purpose macroprocessor- used in general computer vyviem and can be wsed
by programmer for any apphcation. Examples, B0RS 1o Intel Pentium.

* Microcontroller- microprocessor with buili-in memory and ports and can be
programmed for any gesersc control application. Exsmple, 8051,

« Special-purpose processors- designed to handle special functions required for an
application. Fxamples, digital signal processon and spphcation-specific integrated
curcuil { ASIC) chaps
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Haxed on aivhibeciure.

* Reduced Instruction Set Computer | RISC) processors
- mmmmcwimmm

2 BO&S MICROPROCESSOR ARCHITECTURE

The BORS macTopmcessor is an 8-bit processor available as a 40-pin IC package and uses +5
V for power. It can run st & masimum frequency of 3 MHz Its daia bus width is 8-bit and
ididress bus width is 16-bit. thus & can address 2" = &4 KB of memory. The internal
wrchitecture of BO8S is shown i Fig. 2

I i L 07 O el y ¥
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Arithmetic snd Logic Unit

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

Registers
The B0RS includes six registers. one sccumulator and one flag register, as shown in Fig. 3.

hdﬁm:hmlﬁkmmmdmm.ﬂtrmhhny
described as follows,

The BORS has six peneral-purpose registers (o store §-bat data: these are identified as B, C,
D, E. H and L. they can be combined as register pars - BC. DE and HL o perform some
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Accumulatos

The sccumulstor is an §-bit register that is o pan of ALU. This register is used 0 stone K-bit
duta und 1o perform arhmetic and logical operations. The resall of an operstion o stored in
the sccumulstor. The accumulatorn is also ident ified a register A

Flag register

The ALLU ncludes five Mip-flops, which are net or reset after an operation scconding (10 data
condition of the resull in the sccumulator and other registers. They are called Zero (7),
Carry (CY), Sign (5), Pardy (P) and Auxiliary Carry (AC) Nags. Their bt postions in the
Mag register are shown in Fig. 4. The microprocessor uses these Mags 10 test data conditions,

r [ 5 4] &0 I [ £} (1Y

s F AL r cy
Fig 4 Ry repisier

For example. afier an sddition of two numbers, il the resull in the sccumalator & larger than
B-hit, the Mip-flop uses (o indicate & carry by setting CY flag 1o |. When an arthmetic
operation results in zero, Z fMag is set to |, The § fag is just a copy of the b D7 of the
accumulstor A negative number hes 8 | in bt D7 snd & postive number has & 0 in 2's
complement representstion. The AC fMlag = set to |, whens & corry resull from kit D3 and
passes o bt D4, The P Mog is set to 1, when the resull in scoumulator contains even number
of 1s,
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Program Coumer (PC)

This |6-bit register deals with sequencing the execution of instructions. This register is a
memory pointer. The microprmcessor uses this register 10 sequence the exscution of the
mstructions. The function of the program counter is 16 point 1o the memory address from
which the next byte i 1o be feiched. When a byte i being fetched, the program counter i
automat ically incremented by one to point to the next memory location

Stack Pointer (5P

The stack pointer o abio o 16-bit register, used as a8 memory pointer. B points to 4 MEMOry
location in R/'W memory, called siack. The beginning of the stack is defined by loading 16-
hit address in the sack pointer,

Instruction Register Decoder

It is an B-bit register thal lemporarily siores the current instruction of a program. Latest
instruction sem here from memaory prioe to evecution. Decoder then takes instruction and
decondes of interpiets the imstruction. Decoded matruction then passed to neal siage,

Contral Lnit

Cenerates signals on data bus, sddress bus aned control bus within microprocessor to carry
out the instruction, which has been decoded Typical buses and their timing are described s
follows:

® Dot Bur Deea bus carries dats in binary form hetween macroprocessor and other
external units such as memory. It is used to ranamit data Le formation, results of
arithmetic eic between memory and ihe microprocessor, Dats b is bidirecilonal in
nature. The data bus width of S08S microprocessor is 8-bit Le. 2 combination of
binary digies and are rypically identified as DO - D7, Thus size of the datn bus
determines what arithmetic can be done. If anly B-hit wide then largest number is
LITII00N (255 in decimal), Therefore, larger sumbers have 1o be broken down into
chunks of 255, This slows microprocessor,

o Address Bur The address bus cames addresses and s ome way bus from
microprocessor fo the memory of other deviced. B0HS microprocessor contain | 6-big
ddress bus and are generally identified as A - AlS. The higher order address lines
(AR = AlS) are unidirectional and the lower order lines (AD ~ AT) are mulliplexed
(time-shared) with the eight data bits (DO - D7) and hence, they are hidirectional,

s Control Bur Control bus are vanous lines which have specific functions for
coordmating and controlling microprocessor operations. The comtrol bus carries
control signals panly unidirectional and pantly bidirectional. The following control
and status sigmals are used by BOSS processor

L  ALE (outpumt): Address Latch Enable is a pube that & provided when an
address appears on the ADO - ADT lines, afier which it becomes 0.
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L RD {active low output) The Read signal mndscates that dats are heing resd
from the selecied 1O or memory device and that they are avalable on the
dnta bus.

M. WR (active low output): The Wiite signal indscates that data on the dats bus
are (o he wntten into a selecied memory or 10 kcaton

v mﬁlﬂﬂlhhllqﬂllhtdhiﬂlﬂhﬂh*ﬂ!lmmm
and an VO operation. When 10/M = 0 it is s memory operation and  O'M -

[ it i am WA operation
V. 5! and 50 fouput): These are status signals used 1o specify the type of

operabon bemg performed, they ane listed n Table |
Table | S sagnals snd susocisiad gy s

51 50 States

0 0 Hak
— i Wrae

1 0 Mesd |

] i Feich |

The schematic representation of the BORS bus structure is as shown in Fig. 5. The
mucroprocesiol performa primanly four operalions

L
n
m

v

Memory Read Resds data (or instruction) from memory.
Memory Write: Writes data (or mstruction) into memory.
KO Resd: Accepts data from input device,

VO Write: Sends dats 1o ouiput device.

The 8085 processor performms these functions using sddress bus. data bus and control bus as
shown in Fig. 5,

L
L]

Fag 5 The: BORS Inis strocture
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A BOAS PIN DESCRIFTION

Poperics:

I is a B-bit microprocessos

Manufactared with N-MOS rechnology

4 pin IC package

It has 16-bat address bus and thus bas 2™ - 64 KB addressing capalbility
Operate with 1 MHz vingle-phase clock

+5 V single power supply

The logx pin layout and signal groups of the B0RSnmucroprocessor are shown in Fig. 6. All
the signals are classified into s groups.

& Address bus
¢ Data bus
* Control & ststus sigmals
*  Power wpply and frequency sagnals
®  Extermally initiated vigmaly
o Serial 1D nignals
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Fig & BEA sscroproorses s ey sl opmal prosps
Address and Data Buses

» AR - AlS (outpue, 3-mtmee): Mo sigmaficant exght bis of memory addresses and the
eight bits of the 10 addresses. These lines enter into tri-state high impedance state
during HOLD snd HALT modes

s ADO - AD7 (inputiostput. 3-state). Lower significant bits of memory addresses and
the eight hits of the 10 addresses during first clock cycle Behaves as dats bus
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during thard and fourth clock cycle. These lines enter into tri-state high impedance
state durnng HOLD and HALT modes.

Control & Status Segnals:

ALE: Address laich enable
HD: Read control signal
IO, 51 and 50 : Status signals.

Power Supply & Clock Frequency,

Veo: +5 V power supply
V! Ground reference

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

Externally Initisted and Interrupt Signaks:

i @ & @

RESET TN : When the signal on this pin is low, the PC is set 1o 0, the buses are tri-

taled and the processor is resel,

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

READY: When this signul is low, ihe processor waits for an itegral number of
clock cyches unthl it goes high.

HOLD: This signal indicates that a perpheral like DMA (direct memory soces)
controller i requesting the use of address and data bus,

HLDA: This signal scknowledges the HOLD request.

INTR: Imervup requesi (5 o general-parpose iermupl.

INTK : Thes is used 1o acknowledge an imterrupt.

RST 7.5, RST 4.5, RST 5,5 - restant imterrupt: These are veciored imterrupts and
have highest priority than INTR intermape

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

Serial YO Signals:

SID: Serial input signal. Bit on this line s loaded (o D7 bat of register A using RIM
instructson
S0D: Serml output signal. Oueput SOD i set or reset by using SIM instructson.



4 INSTRUCTION SET AND EXECUTION IN BO&S

Based on the design of the ALU snd decoding wsit, the mucroprocessor manufacturer
provides instructson set for every mecroproceisor. The mstruchon et consists of bath
machine code and mremonacs.

An instruction is & binary patiern designed mmade a mroprocessor 1o perform a specific
function. The entire growp of mstructioss that & mecroprocessor supports w called
instruction sel. Microprocessor imstructions can be clmsfied based on the parameters such

functionality, length and operand addressing
Classification hased on functaomaliny

L

|8

Data tramsfer operations: Thas group of mstructions copies data from source 1o
destination The content of the source i not abered

subtraction. increment & decremens One of the data used in arithmetic operation is
seved in sccumualaton snd the resakt naho woned 0 sccumulstor

Logical operations. Logical opermions ischude AND, OR, EXOR, NOT. The
Operations ke AND, OR sad EXOR uses two operands, one i wored n
sccumulator snd other can be sny reguter or memory location. The result i slored

w sccumulmor, NOT operation requises wmgle operand. which is stored in
mocnimialsor

Branchung operstions Instructons o this group can be wed 10 tamfer program
swquence fom ooc memory kcaton 10 smother ether condmmonally o
uncondsionally.

Machine conirol operations: Instrection @ this group control execution of other
wsstructions and control operatiom bie mtermupe hak eic

Classification based on keagth

L

COne-byte instructiony: Instruction having one byte in machine code Examples are
depicied in Table 2.

Two-byte instructions. Instruction having two byte in machne code. Examples are
depicted in Tuble 3

Theee-byar instnactions Hﬂh“ﬁ-mhuﬁuﬁ_w
are depicted in Table 4.

T T Exampics. of ane byte saroctsoms

MOV AR 7
ADD Y | [




T ke IE#FJMIFM

Opooide Operamd | Machine code/Hea code | Byte description
MV A THH 3E Firsi byte
TF Second byte
A FH Cé _First byte
oF Second byte

Tahie 4 Fasmpies of heee e imirucnons

u%a.- Operand | Machine code/Hea code | Byte description

SOATH [&] FntFﬂ
50 byte
_ L] Thard byte
LDA RHSOH A _First byte
50 Second byie
] Thind byte |
Addressing Modes in [mstructons

The process of specifying the dats 1o be opermed on by the mtrecnon i called addressing.
The varous formats for wpecilying operands sre called addressung modes The BOAS hus the
following five types of sddresiing

I Immediste sddressing

. Memory direct sddrcising
0. Register direcy sddressing
IV.  Indirect addressing

V.  Implicit addresuing

Immediate Addressing

In this mode, the operand given in the imtrection - a byte of word - tramfiens 1o the
destination register of memory locaton

Ex: MVIL A, SAH
*  The operand is & part of the instruction
*  The operand is sored in the register mentioned i the instruction.

Memaory direct addressing moves 5 byte or word beiwers & memory locstion and regoter.
The memory location address s given in the matructon

Ex: LDA B50FH
This instruction i used to load the conleni of memory address B50FH in the accumulator.



Reginter Direct Addressing:

Regnter direct addressng transfes a copy of a byte or word from source register 1o

Ex MOV B, C

It copies the content of reginter C to register B,

Indirect Addressing

Indirect addressing transfers a byt or word between 3 regnter and 3 memory location.

Ex: MOV A M

Here the data s in the memary location pointed o by the comtents of HL pair. The data is

moved (o the sccumulatos,
Implice Addressing

In this addressing mode the data kself specifies the data to be operated upon.

Ex CMA

The instruction complements the content of the sccummlator. No specific dats or operand is

mend icsed in (B insiructog

Duta Transfer Instructions:
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Store accumulator direct

STA | 6-bat sddress The comtents of the accumulitor are copred mlo the memon
location specified by the operand  This 1 a S-wic
mstrachon. the second bvie specifies the low-order address
and the thurd byte specifies the high-order address
Example. STA 4380 or STA XYZ

Sore accumulator medurect

STAX  Reg paw The contents of the accumulator are copsed min the memory
bocation specified by the comtents of the operand (regaster
pair). The contents of the sccumulstor ae not altered
Example STAX R

Store H and L regustens darect

SHLD | 6-bet addrews The conteats of register | are stored mto the memory locanion
specificd by the 16-hit acdress m the operand and the contents
of H segister are stored info the sext memory location by

ng the operand.  The contents of regiters HL are

not altewed This 15 a J-byle imstruction. the second byie
specifies the low-order addrews and the thard byte specifics the
high-coder addrens.
Example SHLD 2470

Exchange H and L with D and E

XCHG  mome The contents of register H are exchanged with the contents of
regisier D, and the contents of reguter L are exchanged with
the contents of E
Example:

Copy H and L registers o the stuck pouster

iﬁ"ii noae The umtraction loads the contents of the H and L registers
wito the stack pousler rejivter, the contents of the H
provide the mgh-order oddress and the contenis of the L
register provide the bow-osder address  The coatents of the H
and L regissers are not aliered
Example: SPHL

H and L with top of stack
wﬂ?ﬂ.m The comtents of the L register are exchanged with the stack

lncation pomsted out by the comtents of the stack pointes
The contents of the H register are exchanged with

the mext stack location (SP+ 1) however, the contents of the

stack ponter regsier are not aliered

Example: XTHL
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Subtract register of memory from sccumulator
SUB R The contents of the operand (regrsier or memary | are
M subiracted from the comtents of the accumulstor, and the
result s stored m the scoumalstor I the operand s
memory [ocation, its locatien m specified by the comtents of
the HL registers. All flags are modified to reflect the result of
the subtraction

Example: SUBH or SUBM

Subtract source and borrow from accumulaior
BB K The contents of the operand (regeer or memuary | and
M the Borow fag arc subtracted from the contents of the

sccumulator and the resalt 1 placed i the accunmlator i
the operand is & memory kocaon. its location i specified by
the contents of the HL regusters  All flags are modified o

reflect the result of the subtrachon
Example: SBB B or SBA M
Subtract immeduate from scoamlator
st 8-bin data The B-bit data (operand) i mibtracted from the contents of the

sccumulator and the resull  stored m the accummdator, All
flags are modified to reflect the resst of the subtraction

Example: SUI 45
Subtract immedsate from sccumalator with bormow
SHI 8-bit data The B-bit data (operand) snd the Bomow flag are wbtracted

from the contenis of the scommulator and the resull is stored
mn the accumulator. All fags ave modified to reflect the result

of the wbircion.
Example: SBI 45

Increment register or memary by |

INR R The contents of the desgnated regrsier or memuory ) arc

M incremented by | and the resalt is stored in the same place. If

the operand is a memory Jocation. its location 18 specified by
the contents of the HL repusters
Example: INR B or INRM

Increment register par by | . _ o

INX R The contenis of the designated register pair ase incremented

by | and the result s stored m the same place.
Example INXH
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Exclusive DR regter of sy with accammslsion
XRaA R

The cosmbemts of the accumulabion are Exchey e (e wilh

M ihe contents of the operund (repister o nxmory), snd the
restilt & placed in the scumulsior I the operand o &
mernory lecsion. s adidiess & spoofied by ihe conienls of
HL repaters. 5. £, P are misdified 1o reflect the resul of the
operatson. Y amd AL nre revel
Example: XA B or XEA M

Exclusive DR immedaie with sccimmiluior
xRl Rhat dats Ihe comtenss of the accumula are Fxclwane ORed with the

E-hel dats (operand) omd the resull o placed i the
occimmdater. S, £, P are modified o neflect the pesult of ihe
Y anad AT are reset
XRI 86

Lﬂlﬂﬂﬂ{“w-ﬂnwﬂm

M

The comtents of the sccumulator are lopcally ORad with

the comtents of the operand mm'lrl-nﬂ s the

rewall b placed w the I ibe operond s 8

memory location. is dddress i specified by the conbents of

HL reguiters. 8. 2, P are modified 10 seflect the rosult of the

operason. CY and AL are reset
Exmmple. DRA B of DILA M

OV eremeduste wath gccumidatar

Koisie accumulses leil
RLC Jreree

The contents of the sccumulator s lepscally ORed with the
Bt dees and the resall & rﬂd in the
iccianmilatnr 5. F. P are modiled i reflect the rewill of the
operation Y sed AC are resct.

Ezsample ORI 86

Each bemary bt of the sccumulser n rotated left by one
positson. et D7 is placed o the posstson of D as well 35
the Cory flag. €Y o8 mynified accoedmg o i 177, 5, 2, P,
AC are not aifected.

Example BLC

Each bimary bui of the accummlsior w rotsted nght by one
posiison. Dy 18 placedd in the pesatson of 17 a8 well s in
the Carry flag. CY ismodified sccondng o bi Dy 5, 7. P,
AL ore nel afiected

Exampie BRI
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Read mterrupt mask

RIM

none This 1s a multipurpose nstruction used 1o read the status of
mterrupts 7.5, 6.5, 5.5 and read senal data nput bit.  The
mstruction loads eight bis i the accumulator with the
following interpretations.
Example: RIM
D, D, Dy D. D, D, D, D
[Sofo[®[5[E[75]65]55]
Y-
Senal input ‘ Interrupt
data bit masked if
H:
||
pending if Mip- is sel
bit = | if bit = |
Set inlerrupt mask
SIM none This is a multipurpose instruction and used to implement the
8085 mterrupts 7.5, 6.5, 5.5. and senial data output. The
mstruchion interprets the accumulator contents as follows.
Example: SIM
D, b, bb Db D, D D DO
[SOD | SDE [ XXX ] R7.5 | MSE | M7.5 | M6.5 | M55 |
i
Serial output data — Reser R1.5 Masks interrupts
o= il bits = |
Serial data enable «~— Mak sel
I = Enable enable if
0 = Dismable D=1

1 SOD —Serial Output Data: Bit D, of the sccumulator is laiched into the SOD autpur
line and made available 1o a senial peripheral if bit Dy = |.

T SDE — Serial Data Enable: If this bit = |, it cnables the seral output. To implement
serial output, this bit needs to be enabled.

J XXX —Doa’t Care

7] R7.5—Reset RST 7.5: Ifthis bit = 1, RST 7.5 flip-flop is reset. This is an additional
control 1o reset RST 7.5.

21 MSE — Mask Set Ensble: [F this bil is high, it enables the functions of bits Dy, D. Dy,
This is 3 master control over all the imerrupt masking bies [f this bit is low, bits Dy,
Dy, and D, do ot have any cffect on the masks.

L M7.5—D; = 0, RST 7.5 is erabled.

= |, RST 7.5 is masked or disabled.
C M65—D, = 0, RST 6.5 is cnabled.

= |, RST 6.5 is masked or disabled.
JIMSS—D, = 0, RST 5.5 is erubled.

= |, 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 in
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

1'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 [(A01,25 LDA PS0IH  Get data in
accumulator
2003 Q2F CMA Take its 1's
complement
2004 [C INR A ‘Take 2°s complement
2005 [(32,02,25 STA P502H  Store result in 2502H
2008 [76 HLT Stop
DATA
2501 96H
Result
2502 6AH

Write a program to Mask off least significant 4-bit of an B-bit number. Number
=A6= 10100110
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Result = A0 = 1010 0000

Address Machine code]MnemonicsOperands Comments
2000 [A,01,25 LLDA 2501H  |Get data in accumulator
2003 [E6,F0 ANI FO [Mask off the least significant
dbits
2005 [32,02,25 STA 2502H  [Store result in 2502H
2008 [76 HLT stop
DATA 2501 A6

Result 2502 AD

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

Result = 06 = 0000 0110

Address [Machine codeMnemonicsOperands [Comments
2000 BA01,25 LDA 2501H  |Get data in accumulator
2003 [E6,F0 ANI OF [Mask off the most significant
4bits
2005 pB2,02,25 STA 2502H  [Store result in 2502H
2008 [76 HLT stop
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 LXI [H,2500H Address for count in H-L pair

2003 HE MOV C.M Count in register C

2004 INX {H Address of 1" number in H-L
pair

2005 TE MOV A M 1" Number in accumulator

2006 DD DCR Decrement count

2007 23 OOP [INX H Address of next number

D008 BE CMP M compare next number with
previous maximum. Is next
number > previous maximum
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2009 02,0D,20 INC AHEAD [No, larger number is in
hccumulator. Go to the lable
AHEAD.
200C E ov AM Yes, get larger number in
r pccumulator
200D D HEA [DCR C Decrement count
200E C2,07,20 INZ O0P
2011 32,50,24 STA D450H  [Store result in 2450H
2014 76 HLT Stop.
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
2000 21,00,25 LXI F-I.ZSUDH Address for count in H-L pair
2003 HE MOV CcM Count in register C
2004 D3 INX H Address of 1" number in H-L|
pair
2005 TE MOV AM 1* Number in accumulator
2006 DD DCR C Decrement count
2007 23 LOOP [INX H Address of next number in H-1)
pair
2008 BE CMP M compare next number with
previous smallest. Is previous|
smallest less then next number
2009 DA,0D,2 IC AHEAD [Yes, smallest number in
D ﬁcumulalur. Go to the
200C TE ov AM 0, get next number in
r' ulator
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200D D

AHEA DCR

Decrement count

200E C2,07,20

INZ

LLOOP

2011 32,50,24

STA

2450H

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 LX1 H,2501H |Address of 1* number in H-L
pair
2003 TE MOV AM 15T number in accumulator
2004 p3 INX H Address of 2™ number in H-1|
pair
2005 BE CMP M Compare 2* number with
1%.Is 1* number < 2™ number.
2006 DA, DA2 JC AHEAD |Yes, smaller number is in
D gccumulator. Go to AHEAD.
P009 HE MOV AM No, get 2* number in
accumulator.
200A 32,03,25 AHEA STA 2503H  Store smaller number in 2503H|
D
200D 76 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 1.X1 H.2501H |Address of | number in H-L pair

2003 7E MOV AM 1*" number in accumulator

2004 23 INX H Address of 2 number in H-L pair

2005 BE CMP ] Compare 2* number with
1“ Is 2* pumber > 1" number.

2006 D2,0A,20 |INC AHEAD [No, larger number is in
pccumulator. Go to AHEAD.

D009 TE rmv AM Yes, get 2 number in
pccumulator.

PO0A 32,0325 | AHEA STA D503H Fm larger number in 2503H

D

200D 76 HLT Ktop.

Result:

2503 98H

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

Address Nachinc CodeMnemonics Comments
2400 21,00,20 LXI1 Get memory address of count.
H,2000H
2403 HE MOV C,M Count in register C.
2404 23 INX H Source address of data in H-L
pair.

2405 11,01,22 LXID ZZDlEuliny address of data in D-E
air

2408 LOOP MOV AM Data from source address to
CC.
409  [EB XCHG  |Destiny address in H-L pair.
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INZ LOOP Jump to label LOOP.

T MOV M.A [Data to Destiny address -
0408 NCHG Eﬂ: address of data in H-1
D40C 13 INX H Fw-:r: address of next data
p4D 13 INXD  [Destiny address of next data.
DA0E D C  Decrement count.
D40F  [C2.08,24

76

pai2 HLT  Siop.

DATA: RESULT:
200005 220101
2001—01 200--2
2002--02 2203.-03
200303 220404
200404 2205--08
2005---05

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.
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& INSTRUCTION EXECUTION AND TIMING MAGRAM:

Each instruction in HOES microprocessor comsasts of teo part- operabon code (opcode) und
operand. The opcode 5 & command such s ADD and the operand 5 an object w be
opermied on, wuch as 8 byie or the contenl of & regisier.

Instruction Cycle: The time taken by the processor 1o complete ihe execution of an
instruction. An instruction cycle consists of one o s machine cycles

Machine Cycle: The time required 1o complete one operation; accessing either the memaory
or 170 device. A machmne cycle consmts of theee 1o six T-stses.

T-State: Time corresponding 10 one clock period. It is the basic unit 1o cakculate execution
of INStructions of PrOErams in 8 procesor.

To execute a program, 8035 performs varow operstons as:

Opcode leich

Operand fetch

Memory resdwrae
LD resd/'write

External commumicalion func an e
s Memory resd wrie
L0 read write
*  Inerrupt request acknowledpe

Opcode Fetch Machine Cycle:
It is the first step in the execution of sny mstrection. The Lmang dagram of this cycle is
givenin Fig. 7.

The following pownts explamn the vanous operations that take place and the signals that are
changed during the execution of opcode fetch machine cycle:

" &8 & @

T1 clock cycle

i.  The content of PC i placed in the address bus, AD( - ADT lines contains lower hig
address and AB - AlS contsins higher bt addresa

. IO/M signal s low indicating that & memory locaton o being sccessed. 51 and 50
alsa changed to the levels as indacated in Tahle |

. ALE w high, indicstes that mubiplesed ADO - AD7 act a3 lower order bus,

T2 clock cycle

i Mubiplesed address bus is now changed 1o dats bus.
. The RO signal s made low by the processor. This signal makes the memory device
load the data bus with the coments of the location addressed by the processor.
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T3 chock cyele

i The opcode available on the duta bys is read by the processor amd moved o the
IRETUCIOn regisier,
i The RD signal is deactrvaied by making # logc |

T4 chock cwcle

L The processor decode the mstruction in the mestruction regster amd generate the
necenary control signals o execuie ihe insiroction. Based on the issemiction furthes

operaions such as fetching. wnting into memory etc takes plice

w NN NN
O = 3
- :)ED - o )\L"""l_

ou LB :)( |oie] neme
- . i lll
--*.x"h.r.i'
Fag 7 Timsag diagram for opomle lech oycle
Memory Resd Machine Cycle:

mmwﬁhhmwhmnuﬂlhl byte from memory, The
machine cycle s exactly same 1o opoode feich except: a) B has three T-stmtes b) The S0
signal is set 1o 0. The timing disgram of this cycle s given in Fig, 8.
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SINNAL m mn i n
. Gocx \I\_/—\_/—
AB-A1S x Higher oroer
R > BT
e LN I
104, 51, 50 }( ofi=0| [s1e1m=0
[i1] \/
Fig. & Timing diagram for memaory 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.

1/O Read Cycle:

The /O read cycle is executed by the processor to read a data byte from VO pont or from
peripheral, which is /0 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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E,.//\’\

cLocK

AB-AYS

ADO-ADT

ALE

oMl 51,50

TR

Fig. 10 Timing diagram 10 read machine cycle
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10 Write Cycle:

The 1/O write cycle is executed by the processor to wiite a data byte foo 100 guat on 16 4
peripheral. which is /O mapped i the system. The processor takes theee | states 1o enee e
this machine cycle. The timing diagram of this cycle i givenan big 1)

o -— . I
LAy T *a ' i/ n

T
o

y

.

ol 51,50 :X o, $e080e1

Fig 11 Timing diagram L0 wrile machine cycle
Ex: Timing diagram for IN 80H.

The instruction and the corresponding codes and memory locations are given i Table 5.

Table 5 IN instruction

Address Mnemanics Opcode
BOOF IN 801 DB
8010 K

i During the first machine cycle, the opcode DB is fetched from the memory, placed
in the instruction register and decoded.
i.  During sccond machine cycle, the port address BOH is 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 tuming diagram is shown in Fig. 12,
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e e m e e — S ———

Fig. 12 Timing diagram for the IN instruction

1. Timing Diagram for MOV A, B.

B oy »

T.

—

-
-
:

|~

(

]

Timing diagram for MOV A, B
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2. Timing Diagram for MVIr, Data.

W)

VY /\'a__ - _—
" 4
| |

|
T et .

. ¢
L]

/ ) Ca—
an, 1 :[: n.--u-.u-t;lw_i : Pty .
' . - i —

i 1 - L L]
m‘.u.I .il ", } { ostom >H| |n-r|‘}
Liilg
“

AAANAAA

-

3om

Timing Diagram for MVI 1, Dala
3. Timing Diagram for LDA 3000H.
Timing diagram 3\ -
o T S e T o e it B P B W S S
I AN AW W AW Y B AW A A W AW
A TR e e Cm -
Ao, -, [T [ b D -y ED (0 = - (=
.u-_-f\._,,_ 1 I\ _f? -r-‘L,_ - A i:
ouiy |/ \ i “\_qh_}__}
HJAT7T TV / ( / / /
i AN EaNs .
TINAAT T \_ /]
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4, Timing Diagram for DCR C.

M, {opcode fetch)
T, [ G0N
R AW A AW A
Ay —Ay y 30 ).-
AD;-#0; [Y(00 | )--('] oom
we L }
e oM Al ;
o/ |/
N s|/ (
a A\
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5. Timing Diagram for DCX B.

'.h".‘u

"\ l

N—
AD,-AD, [} | )

VAN

\

/-

r

Bl p o

7. 8085 INTERRUPTS
Interrupt Structure:

Interrupt is the mechanism by which the processor is made to transfer control from its
current program execution o 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 maskabilny, IVA and source. They are classified as
i Vectored and Non-Vectored Interrupls
* Vectored interrupts require the IVA 1o 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.
il Maskable and Non-Maskable Interrupts
s Maskable interrupts are interrupts that can be blocked. Masking can be done
by sofiware or hardware means.
o Non-maskable interrupts are interrupts that are always recognized; the
corresponding ISRs are executed.
li.  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.
jii.  Finish ISR when the return 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 Cc7 0000H
RST | CF 0008H
RST2 D7 M010H
RST 3 DF 0018H
RST 4 E7 0020H
RSTS EF 0028H
RST6 Fi 0030H
RST7 FF 032H
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The software iterrupts can be treated as CALL mstructions wath default call locatwms, The
concept of priorty does not apply to software iterrupts as they are mserted o the
program as instructions by the programmer and executed by the processor when the
respective program lines are read.

Hardware Interrupts and Prionites:

ROBS have five hardware interrupts -~ INTR, RST 5.5, RST 6.5, RST 7.5 and TRAFP. Their
IVA and prionities are given i Table 7

Table 7 Hardware interrupts of BOBS

Interrupt Interrupt vector Maskable or non- Edge or level | priority
uddress maskable trigpered
TRAP (024H Non-makable Level ]
RST 7.5 003CH Maskable Rising edge 2
RST 6.5 0034H Maskahle Level 3
RST 5.5 002CH Maskable Level 4
INTR Decided by hardware Maskahle Level 5
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,

4

<1'J AW,
i

- —

Fig. 13 Imerrupt 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 intermupt i
recognized by the hardware reset.
ii.  The interrupts can be enabled by the El instruction.
iii.  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,

Bl position DT [+ D5 D4 03 o2 m Do
Name SOD SDE X R75 MSE M75 M65 MSS
Explanation Serial Serial Not Resat Maskset Setto Setto  Setw
dam dala psed RST7S emable— 1o 1w 1w
tobe cosble— flipfiop Settwol mask mask mask
senl szt o wmask RST RST
1 for intemupts 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
and the serial data output is enabled by making D6 bit to .

RIM Instruction:
RlMimuucﬁunisumdmmdthemoﬂh:iumuplmkhus-WheanM instruction
Eseucmed.th:n:cumﬂntmislnmdwihﬂnmmofun interrupt masks and the
pending interrupts. The format and the meaning of the data stored in the accumulator after
execution of RIM instruction is shown in Fig. 15.
[nadditiunkminsmmﬁnnbnlsumndwrudthuﬁﬂdmaonthcsmpinufthe
processor. The data on the SID pin is stored in the MSB of the accumulator after the
execution of the RIM instruction.

Scanned with CamScanner



'_“ DT D& DS Dd m D2 [1]] Do
position
Name SID 175 16.5 155 IE M75 M6S M55
Explanation Serial Settol Settol Settol Setto Setto | T.ietlnl selml
input if RST fRST ifRST 1if if RST if RST if RST
data 75is  6Sis  SSis  interrupts 75is 651 55is
inthe pending pending pending are masked masked masked
SID enabled
pin

Fig. 15 Accumulsor bit panern afier 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 wansistors) | 1971
Inte] 8080 8 bit (NMOS) ',
8085 8 bit 1974
Intel 8088 16 bit
8086 16 bit 1978
Intel 80186 16 bit 1982
80286 16 bit
Intel BO386 132 bit (275000 transistors) 1985
32 bit
ineel 50486 sgx 32 bit (built in floating point 1989
uanil)
Intel 80586 |
MMX 1993
Celeron . 1997
I 164 bit 1999
m 2000
v
Z-80 (Zilog) % bit 1976
Motorola Power PC
601 32-bit 1993
a2 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

« 16 to 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 (o 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

|. 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
rightly termed as silent as the impact or application of a microcontroller is not 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 :ﬁ:}tm PMOS trans, 108 1971
Intel 8048 R bt 1976
Intel 8031 8 bit (ROM-less) s
Intel 8051 & bit (Mask ROM) 1980
Microchip PIC16C64 8 bit 1985
Motorola 68HCI1 8 bit (on chip ADC)

Intel 80C196 16 bit 1982
Artmel ATE9CS1 8 bit (Flash memory)

mmc 8 bit (Flash memory + ADC)
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mmmmuumnm.mm-:u These 3 signals
mﬁhm“-hﬂﬂhhﬁh—nmmnhmnr
bus commands and control signals 5 compatible with the Multibus and mdusiry standard

lor imterfacing microprocessor systems.
K289 Bus Arbiter - Bus Arbitration snd Lock Signals:

This device permits processons to reside on the system bus It does this by implementing the
Multibus arbitration protocol in an S086-hased system. Addrtion of the 8288 bus controlier
and R289 bus arbiter frees a mumber of the 8086 pins for use to produce control signals that
are needed Lo suppon mublliple processors. Bus prionty lock (LOCK) is one of these signals.
It s input to the bus arbiier together with statun ugnals 50 through 52

Quene Stutus Signabs: Two new sgnals that are produced by the BO86 in the manimunm:
mode system are quewe status outputs QS0 and Q51 Together they form a 2-hit queue
status code, Q51050 Following table shows the four different queus status

98, | Q5, Quens Starm
takrn frem

o v Firvt Byte. The byts taken frem the quens wes the fir
s e o W B T,

Iihigh) | o | Quree Empry. The guess b been reisitialised o o result
ol il eirrutios of & Fasifer imtruetian

" i Subnramral e The brie aken from the anrae wai s
smburgueni by e of the lnstraitios.

Queue status codes
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