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The 8086 MicroprocessorThe 8086 Microprocessor

• It is a 40-pin dual in-line package.

• Many pins have multiple functions.

• It can work in two modes: minimum 
mode and maximum mode.

• Maximum mode is used when it needs 
to connect to an 8087 math coprocessor.

• The minimum mode is selected by 
making the MN/MX equal to 1.

• The maximum mode is selected by 
making the MN/MX equal to 0.

• Minimum mode 8086 system has one 
microprocessor.

•
The 8086 in Minimum Mode
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Common Signals in both Common Signals in both 
Minimum and Maximum ModesMinimum and Maximum Modes

MXMN /

RD

TEST

Output, 3-stateAddress/statusA19/S6-A16/S3

InputGroundGND

Input+5 VVCC

InputSystem clockCLK

InputInterrupt requestINTR

InputNonmaskable Interrupt 
request

NMI

InputSystem resetRESET

InputWait state controlREADY

InputWait on test control

Output, 3-stateRead control

InputMinimum/maximum Mode 
control

Output, 3-stateBus High Enable/Status

Bidirectional, 3-stateAddress/data busAD15-AD0

TypeFunctionName

7/ SBHE
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Unique Minimum Mode SignalsUnique Minimum Mode Signals

WR

MIO/

RDT/

DEN

INTA OutputInterrupt acknowledge

OutputAddress latch enableALE

Output, 3-stateData enable

Output, 3-stateData transmit/receive

Output, 3-stateIO/memory control

Output, 3-stateWrite control

OutputHold acknowledgeHLDA

InputHold requestHOLD

TypeFunctionName 

The 8086 in Minimum Mode
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Unique Maximum Mode SignalsUnique Maximum Mode Signals

LOCK

02 SS −

OutputInstruction queue statusQS1, QS0

Output, 3-stateBus cycle status

Output, 3-stateBus priority lock control

BidirectionalRequest/grant bus access 
control

TypeFunctionName

The 8086 in Maximum Mode

0,1/ GTRQ
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Minimum Mode InterfaceMinimum Mode Interface

8086
MPU

AD0-AD15, A16/S3-A19/S6

Address/data bus

Vcc GND

Power
supply

CLK

READY

Interrupt
interface

DMA
interface

Mode
select

ALE

BHE/S7

M/IO

DT/R

RD

WR

DEN
Vcc

INTR

INTA

TEST

NMI

RESET

HOLD

HLDA

MN/MX

Memory/IO
controls
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Maximum Mode InterfaceMaximum Mode Interface

8086
MPU

AD0-AD15, A16/S3-A19/S6

Vcc GND

READY

Interrupt
interface

BHE

RD

INTR

TEST

NMI

RESET

MN/MX

CLK

RQ/GT1 RQ/GT0

8288
Bus

Controller

QS1,QS0

AENS0

S1

S2

DEN

DT/R

ALE

AEN

S2

S1

S0

MRDC

MWTC

AMWC

IORC

IOWC

AIOWC

INTA

MCE/PDEN

ALE

DT/R

DEN

LOCK

Local Bus
Control

CLK

CLK
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Microprocessor Buses (I)Microprocessor Buses (I)

The 8086 has three sets of separate The 8086 has three sets of separate 
busesbuses

The address bus The address bus –– provides the path for the provides the path for the 
address to locate the targeted device.address to locate the targeted device.
The data bus The data bus –– transfers data between CPU transfers data between CPU 
and the targeted device.and the targeted device.
The control bus The control bus –– provides the signals to provides the signals to 
indicate the type of operation being executed. indicate the type of operation being executed. 
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Microprocessor Buses (II)Microprocessor Buses (II)
Address/Data busAddress/Data bus

The address bus is 20 bits long (AThe address bus is 20 bits long (A00--AA1919).).
The data bus DThe data bus D00--DD1515 are multiplexed with address bus Aare multiplexed with address bus A00--AA15 15 --> AD> AD00 ––
ADAD1515..
The ALE ( Address Latch Enable) is set high to indicate the The ALE ( Address Latch Enable) is set high to indicate the 
information on AD0information on AD0--AD15 is address; ALE is low when AD0AD15 is address; ALE is low when AD0--AD15 AD15 
carry data.carry data.
The process of separating address and data from pins AD0The process of separating address and data from pins AD0--AD15 is AD15 is 
called called demultiplexingdemultiplexing..

Control busControl bus
There are many controls signals; however, we emphasis on the reaThere are many controls signals; however, we emphasis on the read d 
and write operations:and write operations:

MEMWMEMW110011

MEMRMEMR111100

Never happensNever happensxx0000

IOWIOW000011

IORIOR001100
SignalSignalIO/MIO/MWRWRRDRD
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Address, Data, and Control Buses Address, Data, and Control Buses 
in 8086 Based Systemin 8086 Based System
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Bus Timing of the 8086 Bus Timing of the 8086 

The 8086 uses 4 clocks for memory and I/O bus activities. 

Read timing:

• The first clock cycle -- ALE latches the address

• The second and third clock cycles – the read signal is provided.

• The end of fourth clock cycle – the data must be at the pins of the 
CPU to be fetched in.


