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112 INTEL 8086 \_—

The 8086 is a 16-bit, N-channel, HMOS microprocessor. The term HMOS is used for “high-speed
MOS™. Its CMOS (Complementry MOS) version, the 80C86 is also available. It consumes less power.
The 8086 draws 360 mA on 5 V whereas the 80C86 draws only 10 mA. The 8086 is manufactured for
standard temperature range 32°F to 180°F as well as extended temperature range (40°F to +225°F).
Its clock frequencies for its different versions are: 5, 8 and 10 MHz. It was introduced in 1978. It
contains an electronic circuitry of 29000 transistors. It is built on a single semiconductor chip and
packaged in a 40-pin IC packa’ge. The type of the package is DIP (Dual In-Line Package).

The 8086 uses 20 address lines and 16 data lines. It can directly address up to 2%0 = 1 Mbytes of
ded into a low-order byte and a high-order byte. The 20 address

16 low-order address lines are time multiplexed with data, and

the 4 hioh- order address lines are time multiplexed with status signals. Fig. 11.1 shows the pin

diagram of Intel 8086 .
ADO-AD15 are 16 low lines. 8 LSBs of data are transmitted on AD0-AD7 and 8
AD0-AD15 are 16 low-order address S e o liplexed with status signals 7. The ntel

te the clock signal required for 8086 microprocessor. In
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GND o»—{ 1 40 }—e Vce

ADyy ——{ 2 39 [=—=AD,4

ADy—=—e! 3 38 —=— Ay /S3

ADy, =] 4 37 f—=—Ay7 /S4

ADyy =i 5 36 _’—AIB/SS

AD o =—{ 6 35 b—=—Aq /Sg

ADg -t 7 34 —— BHE/S,

ADg ——{ 8 33 j=— MN/MX

AD; === 9 32 f——RD -

ADg —~=—={ 10 Intel 31 f=—=—RQ/GTp(HOLD)

ADg —~=—=] 11 8086 30 |=—— RQ/GT, (HLDA)

AD, =i 12 29 —= LOCK (WR)

ADy ——= 13 28 |—— 5, (M/I0)

AD; —=—=! 14 27 —=5, (DT/R)

ADy =115 26 —=— 5, (DEN)

ADg —~=={ 16 25 [—= QS (ALE)

NMI —=1 17 24 —= QS (INTA) :
* INTR —= 18 23 +—TEST :

CLK —=1 19 22 [=—— READY _;

GND 20 21 [~— RESET

Fig. 11.1 Pin Diagram of Intel 8086 Microprocessor

a microprocessor-based system when bus controller is required the Intel 8288 is used with 8086 CPU. g
In a single bus configuration the 8288 may not be used. ]
i

11.2.1 Pin Description of 8086 \ _—

The description of the pins of 8086 is as follows :

ADO-AD15. (Bidirectional) Address/Data lines. These are low-order address bus. They are
multiplexed with data. i

When AD lines are used to transmit memory address the symbol A is used instead of AD, for' |
example A0-A15. When data are transmitted over AD lines the symbol D is used in place of AD, for
example D0-D7, D8-D15 or D0-D15.

A16-A19 (Output). High-order address lines. These are multiplexed with status signals.
A16/S3, A17/S4. Al6and A17 are multiplexed with segment identifier signals S3 and S4.
A18/S5. A18is multiplexed with interrupt status S5.

A19/S6. A19 is multiplexed with status signal S6.

BHE/S7 (Output). Bus High Enable/Status. During T1 it is low. It is used to enable data onto

the most significant half of data bus, D8-D15. 8-bit device connected to upper half of the data bus use
BHE signal. It is multiplexed with status signal S7. S7 signal is available during T3 and T4.

RD (Read). This signal is used for read operation. Itis an output signal. It is active when LOW:

READY(Input). The addressed I/O or memory sends acknow]edgment through this pin. When
HIGH it indicates that the peripheral is ready to transfer data. i

RESET (Input). System reset. The signal is active HIGH.
CLK (Input). Clock. 5, 8 or 10 MHz. ‘
INTR (Interrupt request)
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NM[(IﬂpUt)' N””"”“"k"}"“i”ff'rrup! reduest,
ﬁgf (Input). Wait for test contre), When it is

g P - s
lervr the mic rGprocessor continues execution
wails.

ywise

thlvcc. Power supply, + 5V d ¢,
GND. Ground.

1.2.2 operating Modes of 8086 N

There are two modes ”f”[_)":'r""““” for Intel 50mp, namely the minimum mode and the maxirmum
mode. When only one 305'56 CPruy j&z to be used in 4 microcomputer system the 246 is uwed in the
minimum mode of ()pcml:.(m. In this mode the Cpy isues the control signals required by memaory
and /0 devices. Ina mulll}?mcc%‘or System it operates in the maximum mode, In case of maximum
mode of operation control signals are issucd by Intel 8285 bus, controller which is used with #%6 for
this very purpose. The level of the pin MN /M decides the operating mode of 8026, When MN [ MX
is high the CPU operates in the minimum mode., When it is low the CPU operates in the maximum
mode. From pin 24 to 31 issue two different sets of signals. One set of signals is issued when the CPU
operates in the minimum mode. The other set of signals is issued when the CPU operates in the
maximum mode. Thus the pins from 24 to 31 have alternate functions,

11.2.3 Pin Description for Minimum Mode « _—

For the minimum mode of operation the pin MN/MX is connected to 5 V d.c. supply, ie.
MN/MX = VCC. The description of the pins from 24 to 31 for the minimum mode is 25 followe -

W(Output). Pin No. 24. Interrupt acknowledge. On rece
issues an interrupt acknowledge signal. It is active LOW,

ALE(Output). Pin No. 25, Address latch enable. It goes HIGH durin
sends this signal to latch the address into the Intel 8282/8283 latch.

DEN(Output). Pin No. 26. Data enable. When Inte] 8286 /8287 octal bus transceiver is used this

signal acts as an output enable signal. It is active LOW.
DT/R(Output). Pin No. 27. Data Transmit/Receive. When Intel 8286/8287 octal bus

fransceiver is used this signal controls the direction of data flow through the transceiver. When it is
HIGH data are sent out. When it is LOW data are received.

M/10 (Output). Pin No. 28, Merhory or I/O access. When it is HIGH the CPU wants to access
Memory. When it is LOW the CPU wants to access 1/0 device.

WR (Output). Pin No. 29. Write. When it is LOW the CPU performs memory or 1/O write
Operation,

iving interrupt signal the processor

g T1. The microprocessor

HLDA(Output). Pin No. 30. HOLD acknowledge. It is issued by the processor when it receives
Dsignal. It is active HIGH signal. When HOLD request is removed HLDA goes LOW.

h HO'—D(IHPUt). Pin No. 31. Hold. When another device in microcomputer system wants to use

s_e aclidrcss and data bus, it sends a HOLD request to CPU through this pin. It is an active HIGH
Ignal,

24 pj, Description For Maximum Mode'\/

dox For the maximum mode of operation the pin MN/MX is made
SCription of the pins from 24 to 31 is as follows :

$1,Qs0 (Qutput). Pin Nos. 24, 25. Instruction Queue Status. Logics are give

LOW. It is grounded. The

n below :
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Q1 Qo
L a No operation
4'\ - - B = = : | &
v 1 Ist byte of opecade from quen
i G Empty the queue
E 1 S oyt rom s Fy=sa & ~ o1
1 Subseguent bvie from quene
2 Pirn N 7 M G s 12 Those S 3
SQ, S1, S2 (Output). Pin Nos. 26 23, Status signals. These signals are connected to the bus
troller Intel 8288 The birs contrlkor conoeaboc ot and 170 acress st 2. Tat
Conmoler Inte. 3255 The bus controller senerates memory and 1 O access control signals Table 111
shows the logic for status sienals.
L ~

Table 11.1 Logic for Status Signals

S2 = )

Q g ¢ Intamunt acknowiadge
c 0 1 Raad cata from 10 pont
C 1 o Wit data im0 10 pont
Q 1 1 Hak

1 0 0 Opoode fetich

1 (8] 1 Mamory read

1 1 0 Mamory write

1 1 1 Fasshe state.

LOCK (Output). Pin No. 23, It 1s an active LOW signal. When it is LOW all interrupts are
masked and no HOLD request is granted. In a multiprocessor system all other processors are it
formed by this signal that they should not ask the CPU for relinquishing the bus control.

RQ/GT,. RQ/GT,. (Bidirectional). Pin Nos. 30, 31. Local Bus Priority Control. Other processors
ask the CPU through these lines to release the local bus. RQ/GTo has higher priority than RQ /GT1.

In the maximum mode of operation signals WR, ALE, DEN, DT/R etc. are not available directly
from the processor. These signals are available from the controller 8288.
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