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8086 Microprocessor-introduction

> INTEL launched 8086 In
1978 >8086 Is a 16-bit

microprocessor with
 16-bit Data Bus {Do-D1s5}
« 20-bit Address Bus {Ao0-A19} [can access upto
2"20=1 MB memory locations] .

> It has multiplexed address and data bus
ADo-ADi1sand Ais—A109.

> It can support upto 64K 1/O ports
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8086 Microprocessor

> It provides 14, 16-bit registers.

» 8086 requires one phase clock with a

33% duty cycle to provide optimized
iInternal

timing.
— Range of clock:
* 5 MHz for 8086
* 8Mhz for 8086-2
* 10Mhz for 8086-1
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INTEL-PinDiagram/Signal8086 . ()

MODE | MODE
eno 1 «0f vee
AD14 [] 2 39[] AD15
AD13 [] 3 38[] A16/83
AD12 [] 4 37[] A17/54
AD11 [] 5 36 [ A18/S5
AD10 [ 6 357 A19/S6
ADS [ 7 34 [ BHE/S?
ace e 2% a3y MR
sz s Vo= ] RD
AD6 [ 10 31 [J RQ/GTO0 (HOLD)
ADS [ 11 30 [J RO/GT1 (HLDA)
AD4 [] 12 291 [OCK (WR)
AD3 é 13 281 5  (MiD)
AD2 [] 14 270 St (DT/R)
AD1 [ 15 261 6 (DEN)
AD0 [ 16 257 QS0  (ALE)
Nl O 17 241 Qs1  (INTA)
INTR [ 18 231 TEST
cK O 19 22 READY
ahp O 20 210 RESET
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1 7 ap
2 39
3 38 ]
4 37
5 36 3
3 35
7 34
g 8086 H
< e 32 p
10 310
11 303
12 29 [
13 28 [
14 271
15 26 []
16 25 ]
17 24 ]
18 23
19 22

-

MAX MIN
MODE | MODE

VvCC

AD15
A16/S3
A17/S4
A18/S5
A19/56
BHE/S?
MN/MX

RD

RQ/GTO (HOLD)
RQ/GT1 (HLDA)
[OCK (WR)
(M/i0)
St (DT/R)
S0  (DEN)
QS0  (ALE)
QSt1  (INTA

Kl

g

TEST

READY

RESET
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Register regs, f

CS: FFFF O0O00H

If high minimum clks
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MAX MIN
MODE | MODE

GND [ 1 40
~{AD14] ] 2 39 [
AD13| ] 3 38 [] A16/S3
AD12| (] 4 37 [ A17/54
AD11|[] 5 36 [J A18/55
AD10| ] 6 357 A19/S6
ape| ] 7 34 [ BHE/S?
as|C]e 2% a ] MN/MX
AD7|[ o Y ] RD
ADs| ] 10 31 [0 RQ/GTO (HOLD)
ADS| ] 11 30 [J RQ/GT1 (HLDA)
AD4| [ 12 29[ LOCK (WR)
D3| ] 13 281 5 (WD)
ap2| ] 14 27 §  (OTR)
AD1| ] 15 260 56  (DEN)
apo| O] 16 25 as0 [(AE—_
vl [ 17 24[3J @s1  (INTA)
INTR [ 18 23[J TEST
ck O 19 22% READY
aho O 20 21 [0 RESET 45
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MAX { MIN ]
MODE | MODE
1~ ap vee
2 39 [ AD15
3 38 [] A16/S3
4 377 A17/54
5 367 A18/85
3 35 [ A19/86
7 34 [ BHE/S?
g Tuns 33[] MN/MX
g WY 32;1 RD
10 31 [0 RQ/GTO (HOLD)
11 30 [J RQ/GT1 (HLDA)
12 29[ L[OCK (WR)
13 28] 5 (M/i0)
14 270 § (DR
15 26[] S0 (DEN)
16 250 QSO0 (ALE) /
17 241 ast
18 23| TEST
19 22% READY
GhD O 20 211 RESET 46
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MAX MIN ]
MODE | MODE

GND [ 1 ~ ] vce

AD14 [] 2 39 [] AD15

AD13 [] 3 38 [] A16/S3

AD12 [] 4 37[] A17/54

AD11 [] 5 36 [ A18/S5

AD10 [] 6 35[7] A19/86

ADS [ 7 34 [ BHE/S?

aoe Cl8 %% a3 ] MN/MX

AD7 [] ¢ WY u p RD

AD6 [] 10 313

AD5 [ 11 30

AD4 [] 12 29 [

AD3 g 13 28 [

AD2 [ 14 27

AD1 [ 15 26 [

apo O] 16 25

Nvl O 17 24 0

INTR [ 18 231

cLk [ 19 22%

GhD O 20 21 RESET 47
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MAX l MIN ]
MODE | MODE
S6: Logic O. ono O 1 S L vee
_ = AD14 [] 2 39 [ AD15
S5: Indicates condition AD13 [ 3 a8 [ [ATe/83
of IF flag bits. AD12 [] 4 37 [ |A17/84
AD11 [] 5 36 [ |A18/S5
$4-S3: Indicate which AD10 16 35 [ |A19/86
segment is accessed ADS [ 7 34 [ BHE/S?
during current bus ave Cle 2% sy mwix
cycle: AD7 [ 9 CPU 3 ] RD
AD6 [ 10 31 [0 RQ/GTO (HOLD)
AD5 [ 11 30 ] RQ/GT1 (HLDA)
5 8 Function AD4 [ 12 297 LOCK (WR)
AD3 [] 13 281 52 (M/i0)
D 0 | Exoseqment Ap2 [ 14 270 §  (OTR)
0 1 | Stacksement AD1 éﬁ 15 260 S§6  (DEN)
ADO 16 25[] QS0 (ALE)
L0 { Coleorm gt vl O 17 240 QS1  (INTA)
[ 1] Daasegment INTR ] 18 233 TesT
ck [ 19 22§ READY
GhD O 20 21 [0 RESET 48
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MAX { MIN ]
MODE | MODE
GND [ 1 =~ e ] vce
AD14 [] 2 39 [ AD15
BHE#, Ag: AD13 [] 3 38 [] A16/S3
AD12 [] 4 37 [ A17/54
0,0: Whole AD11 [] 5 367 A18/85
word (16-bits) AD10 [] 6 357 A19/S6
ADS [ 7 s |BHESTL |
0,1: High byte ace e 2% a3y mNX
to/from odd address swrdes TV g O RD
AD6 [] 10 31 [0 RQ/GTO (HOLD)
1,0: Low byte AD5 [ 11 30 [J RQ/GT1 (HLDA)
to/from even address a0 O 12 201 TOCR (WR)
1,1: No selection ApR E 1 26 ? (MM.)_)
AD2 [ 14 2700 § (DR
AD1 [ 15 26[J S  (DEN)
aDo [ 16 25 QS0 (ALE)
Nvl O 17 24[J QS1  (INTA)
INTR ] 18 23| TEST
ck O 19 22% READY
GhD O 20 21 RESET 49
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GND
AD14
AD13
AD12
AD11
AD10

ADS
AD8
AD7

MAX [ MIN ]
MODE | MODE
1~ ap vee
2 39 [] AD15
3 38[] A16/S3
4 37 A17/54
5 36 [ A18/S5
6 357 A19/S6
7 34
g 8086 H
g Y 4 &
31
30J
29 [
28 [
273
26 [
25 ]
24
23]
22 [ READY
21 g RESET 50

www.BrainKart.com


http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_125/

Click Here for Microprocessors and Microcontrollers full study material.

GND 1 40 ]
AD14 [] 2 397
AD13 [] 3 38 [
AD12 [] 4 3703
AD11 [] 5 36 [
AD10 [ 6 35
ADS 17 34 ]
AD8 (] 8 8086 4 m
AD7 (] 9 OFU 32 (]
AD6 [ 10 31 b
AD5 [ 11 30 |J
AD4 [ 12 29 [
AD3 E 13 28 [
AD2 14 27
AD1 5 15 26 0
AD0 ] 16 25 b
vt O 17 24
INTR ] 18 233
ck [ 19 22
ano O 20 21 J
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$2 5150

0:

001: read I/O port 010: writeAHp

11:

100:
101:
110:
111:

INTA

halt

code access

read memory

write memory
-passivenone

GND
AD14
AD13
AD12
AD11
AD10

ADS
AD8

ADs [

AD3 [

ap2 C
aD1 C
apo O]
NV -
INTR [
gt &
Ghp

1 Lo 40
2 39 ]
3 38 [
4 3703
5 36 )
3 35
7 34
g 8086 . -
g CPU 5 =
10 31 g
11 30

12 29 ]
13 28 ]
14 270
15 26 [J
16 25
17 24
18 23
19 22 ]
20 210

D D 4O
m m wn
%5 49°
- <

52
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GND [] 1 =~ an -] vece
AD14 [] 2 397 AD15
AD13 [] 3 38 [ A16/S3
AD12 [] 4 37 ] A17/84
AD11 [ 5 36 [] A18/S5
AD10 [ 6 357 A19/56
LockOutput o o =l
_ 8086
Usedtolockperipherals offthes@?@el{: 8 33
CPU
AD7 [ 9 32
ADe [ 10 31

Activatedbyusingthe Req ue:{é/

instruction
AD3

AD2
AD1
ADO
NMI
INTR
CLK
GND

EbCK:prefixgﬁJ
12 29

28
27
26
25
24
23
22
21
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GND 1 40 vec
AD14 [ 2 ag [ AD15
AD13 []3 38 [] A16/83
AD12 [] 4 37[] A17/84
AD11 [ 5 36 (] A18/S5
AD10 [ 6 357 A19/S6
QS1 QSO ADS [ 7 34 [ BHE/S7
aoe e %% a3y mnix
0: Queue is idle A7 Ol o CPU 200 AD
01: First byte of opcode AD6 [ 10 31 g EQ/G:—T_(_)
_ ADS [ 11 30 ] RQ/GTY
10: Queue is empty AD4 ‘: - 2 TGEK
11: Subsequent byte of opedde] 13 281 82
ap2 [ 14 271 i
AD1 [ 15 261 0
apo [ 16 25 | @so
NMI [ 17 24 [ 1| ast
INTR [ 18 23] TEST
cLk [ 19 22[] READY
ano O 20 21 [0 RESET
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8086 Internal Architecture

» 8086 employs parallel processing
» 8086 CPU has two parts which operate at

the same time
« Bus Interface Unit
« Execution Unit

> CPU functions

1. Fetch

2. Decode

>

3. EXxecute

-t

8086 CPU

Bus Interface

Unit (BIU)

Execution Unit
(EU)

55
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Bus Interface Unit

»Sends out addresses for memory
locations > Fetches Instructions from
memory »>Reads/Writes data to memory
»Sends out addresses for l/O ports
»Reads/Writes data to Input/Output ports

56
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Execution Unit

» Tells BIU (addresses) where to
fetch Instructions or data
» Decodes & Executes Instructions

> Dividing the work between BIU &
EU speeds up processing

S7
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Architecture Diagram of 8086

58
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Z Memory

Interface
: |<E|| ' o

EXTRA SEGMENT (ES)

CODE SEGMENT (CS)

STACK SEGMENT (SS) 65432 1] 1|

DATA SEGMENT (DS) Instruction Queue
INSTRUCTION POINTER (IP)

Instruction
Decoder
AH AL
BH BL ARITHMETIC
CH CL
|__oc;|c: UNIT o
DH oL : SYSTEM
STACK POINTER (SP) ;
BASE POINTER (BP) OPERANDS
SOURCE INDEX (SI) FLAGS
DESTINATION INDEX 59
o) EU
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Execution Unit

»Main components are

* Instruction Decoder
Control System
Arithmetic Logic Unit
General Purpose Registers
Flag Register
Pointer & Index registers

60
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Instruction Decoder

> Translates instructions fetched from
memory into a series of actions which EU
carries out

Control System

»(Generates timing and control signals
to perform the internal operations of
the

>EU has a 16-bit ALU which can ADD,
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SUBTRACT, AND, OR, increment, decrement,
complement or shift binary numbers
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General Purpose Registers

» EU has 8 general
purpose registers

» Can be individually
used for storing 8-bit
data

» AL register is also
called Accumulator

» Two registers can
also be combined to
form 16-bit registers

» The valid register pairs

are — AX, BX, CX, DX

AH AL

BH BL

CH CL

DH DL
AH AL AX
BH BL BX
CH CL CX
DH DL DX

2
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Flag Register

»8086 has a 16-bit flag
register »Contains 9 active
flags

» There are two types of flags in 8086

« Conditional flags — six flags, set or reset
by EU on the basis of results of some

arithmetic operations
« Control flags —three flags, used to control

certain operations of the processor
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Flag Register

U Ul*UOF DF |F TH SK ZF|U AF U PFU CF
1 |CF GARRYFLAG ' Conditional Flags
2. |PF | PARITY FLAG (Compatible with 8085,
AF | AUXILIARY CARRY
except OF)
4. A= ZERQO ELAG
> SF SIGINFEAG
> |OF | OVERFLOW FLAG
“|1F | TRAPFLAG Control Flags
8. = INTERRUPT FIL AG
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O DF DIRECTION FLAG
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N\ Flag Register

Auxiliary Carry Flag

This is set, if there is a carry from the
lowest nibble, i.e, bit three during
addition, or borrow for the lowest
nibble, i.e, bit three, during
subtraction.

Carry Flag

This flag is set, when there is
a carry out of MSB in case of
addition or a borrow in case
of subtraction.

Sign Flag Zero Flag Parity Flag
This flag is set, when the This flag is set, if the result of This flag is set to 1, if the lower
result of any the computation or comparison byte of the result contains even
computation is negative performed by an instruction is number of 1’s ; for odd number of
zero 1’s set to zero.

15 14 13 12 11 9 8 7 i i 4 3 Zi 1 0

Over flow Flag
This flag is set, if an overflow occurs, i.e, if the result of a
signed operation is large enough to accommodate in a
destination register. The result is of more than 7-bits in size in
case of 8-bit signed operation and more than 15-bits in size in
case of 16-bit sign operations, then the overflow will be set.

Tarp Flag
If this flag is set, the processor
' enters the single step execution
mode by generating internal
interrupts after the execution of

each instruction

Direction Flag
This is used by string manipulation instructions. If this flag bit
is ‘0, the string is processed beginning from the lowest
address to the highest address, i.e., auto incrementing mode.
Otherwise, the string is processed from the highest address
towards the lowest address, i.e., auto incrementing mode.

Interrupt Flag

Causes the 8086 to recognize

external mask interrupts; clearing

IF disables these interrupts.
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\\&gisters, Flag

i 15 0

| i

8086 registers
categorized
into 4 groups

14 13 12 11 10

15 9 8 7 6 5 4 3 2 1 0
0

1  General purpose 16 bit " AX, BX, CX, DX

register

8 bit AL, AH, BL, BH, CL, CH, DL,DH

2 Pointer register 16 bit SP, BP
3 Index register 16 bit SI1, DI
4 Instruction Pointer 16 bit IP
5 Segment register 16 bit CS, DS, SS, ES
6 Flag (PSW) 16 bit Flag register
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\ Registers and Special Functions

Name of the Register Special Function
O-DIT ACCUumuliator

AX operations

8-bit Accumulator Stores the 8-bit results of arithmetic and logic
AL operations

Base register Used to hold base value in base addressing mode
BX to access memory data

Count Register Used to hold the count value in SHIFT, ROTATE
CX and LOOP instructions

Data Register Used to hold data for multiplication and division
DX operations

Stack Pointer Used to hold the offset address of top stack
SP memory

Base Pointer Used to hold the base value in base addressing
BP using SS register to access data from stack

memory

Source Index Used to hold index value of source operand (data)
SI for string instructions

Data Index Used to hold the index value of destination
DI operand (data) for string operations
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Bus Interface Unit

»Main Components are
 [nstruction Queue
« Segment Registers
* |[nstruction Pointer

68
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Z Memory

Interface
: |<E|| ' o

EXTRA SEGMENT (ES)

CODE SEGMENT (CS)

STACK SEGMENT (SS) 65432 1] 1|

DATA SEGMENT (DS) Instruction Queue
INSTRUCTION POINTER (IP)

Instruction
Decoder
AH AL
BH BL ARITHMETIC
CH CL
|__oc;|c: UNIT o
DH oL : SYSTEM
STACK POINTER (SP) ;
BASE POINTER (BP) OPERANDS
SOURCE INDEX (SI) FLAGS
DESTINATION INDEX 69
o) EU
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Instruction Queue

»8086 employs parallel processing

»When EU is busy decoding or
executing current instruction, the buses
of 8086 may not be in use.

> At that time, BIU can use buses to fetch upto
six Instruction bytes for the

following instructions
»BIU stores these pre-fetched bytes In

a FIFO register called Instruction Queue

»When EU Is ready for its next instruction,
It simply reads the instruction from the
gueue in BIU

70
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»EU of 8086 does not have to wait
In between for BIU to fetch next
instruction byte from memory

» S0 the presence of a queue in 8086
speeds up the processing

»Fetching the next instruction while
the current instruction executes Is
called pipelining

71
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Memory Segmentation

»8086 has a 20-bit address bus

»So0 It can address a maximum
of 1MB of memory
»8086 can work with only four 64KB segments

at a time within this 1MB range
»These four memory segments are called
Code segment
Stack segment
Data segment
Extra segment

72

www.BrainKart.com


http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_125/

Click Here for full study material.

Memory
64KB Memory = 1 00000H
Segment f %
3
4
5
Only 4 such segments can be -
addressed at a time ; IMB
5 Address
10 Range
11
12
13
14
15 v
16 FFFFFH

73
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Code Segment

» That part of memory from where BIU
IS currently fetching instruction code
bytes

Stack Segment

» A section of memory set aside to
store addresses and data while a

subprogram

»Used for storing data values to be used
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In the program

74
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Memory
Code Segment — =————— L 00000H
2 4
3
4
Data & Extra 5
_—
Segments 6
7
8 1MB
5 Address
10 Range
11
12
13
14
15 ¥
Stack Segment — =——— 16 FFFFFH

75
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Segment Registers

> hold the upper 16-bits of the
starting address for each of the
segments

» The four segment registers are
 CS (Code Segment register)
DS (Data Segment register)
* SS (Stack Segment register)
 ES (Extra Segment register)
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CS

DS
ES

of Segments

)
0y

1000 O

Starting Addresses

E0O0Q (

full study material.

Memory

1

Code Segment

3

4

4000 OH

Data Segment

5000 OH

Extra Segment

7

8

9

10

11

12

13

14

15

Stack ngmpnt

00000H
4

1MB
Address
Range

v

FFFFFH 77
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»Address of a segment is of 20-bits

» A segment register stores only upper 16-
bits

»BIU always inserts zeros for the lowest 4-
bits of the 20-bit starting address.

»>E.qg. If CS = 348AH, then the
code segment will start at
348A0H

> A 64-KB segment can be
located anywhere in the memory, but
will start at an address with zeros in the
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lowest 4-bits
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Instruction Pointer (IP) Register

»>a 16-bit register
»Holds 16-bit offset, of the next
Instruction byte In the code segment

»BIU uses IP and CS registers to
generate the 20-bit address of the

Instruction to be fetched from memory

79
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Physical Address Calculation
Start of Code Segment

Memory

1 00000H
348A0H —» e R

Segment
IP =4214H 3

Code Byte 38AB4H— \OVEANENN :

Code
Segment

/ Extra
Segment

7 1MB

8 Address

) Range
cs 348A0H 10

11

P__+4214 H =
Physical Address 38AB4 H 13

14

15
Stack v

FFEFFH
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Stack Segment (SS) Register

Stack Pointer (SP) Register

»>Upper 16-bits of the starting address
of stack segment is stored in SS
register

>t Is located in BIU

» SP register holds a 16-bit offset from
the start of stack segment to the top of
the stack

>t is located in EU
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Other Pointer & Index Registers

»Base Pointer (BP)

register »Source Index (Sl)

register »Destination Index

(DI) reqister

»Can be used for temporary storage of data

»Main use Is to hold a 16-bit offset of a
data word in one of the segments
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ADDRESSING

MODES OF
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Various Addr

1.Immediate Addressing 2.Register Addressing M
3.Direct Addressing Mod 4.Register Indirect Add

5.Index Addressing Mode
6.Based Addressing Mode 7.Based & Indexed Addre

8.Based & Indexed with Mode

9.Strings Addressing Mo
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1. IMMEDIATE ADD

« The instruction will specify the name
of the register which holds the data
to be operated by the instruction.

e Source data is
Instruction

* Ex: MOV +AX,10AB
= AL=ABs, « AH=10
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2.REGISTER ADDR

 In immediate addressing mode,
an 8-bit or 16-bit data is specified
as part of the instruction

* Ex: MOV « AX,BL
MOV AX,BL.

www.BrainKart.com


http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_125/

Click Here for full study material.

3. DIRECT ADDRE

 Memory address Is supplied with
In the Instruction
 Mnemonic: MOV AH,[MEMBDS]

AH <« [1000+]
« But the memory address Is
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not index or pointer register
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4, REGISTER INDIRECT

« Memory address is supplied in an index or
pointer register

MOV AX,[SI]:  AL—[SI] ; AH<{SI+1]
JMP [DI] ; IP <—[DI+1: DI]

INC BYTE PTR [BP]: [BP]<{BP]+1
DEC WORD PTR [BX] ;

[BX+1:BX] « IBX+1:BX]-1
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5.Indexed Addr

* Memory address is register plus disp

MOV AX,[SI+2]AL —[St+2];
JMP [DI+2]IP  [BX+3:
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6. Based Addre

* Memory address is th base register plus a

instruction
e EX:
MOV AX,[BP+2]Al— BP+2]

JMP [BX+2]IP o [BX+
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7.BASED & INDEX ADD

 Memory address is the sum of the index register
& base register

MOV AX,[BX+SI] ; AL [BX+SI] ; AHT[BX+SI+1]
JMP [BX+DI] ; IP = [BX+DI+1 : BX+DlI]

INC BYTE PTR [BP+SI]: [BP]<{BP]+1
DEC WORD PTR [BP+DI] ;

[BX+1:BX] «— IBX+1:BX]-1
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8. BASED & INDEXED WITH DISP

 Memory address is the sum of an index register ,
base register and displacement within instruction

MOV AX,[BX+SI+6] ; AL <{BX+SI+6] ; AH«— [BX+SI+7]
JMP [BX+DI+6] ; IP <—[BX+DI+7 : BX+DI+6]
INC BYTE PTR [BP+SI+5] :

DEC WORD PTR [BP+DI+5] ;
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9. Strings Addr

* The memory source addr data segment, and the
address is register DI

e Ex: MOVSB-  [ES:DlI]

* |f DF=0 — SI, Dt SI+1DI+1
DF=1SI-151, < DI-1
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