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Maximum-Mode Interface

L The maximum-mode configuration is mainly used for implementing a multiprocessor/coprocessor system

environment which means that multiple processor exist in the system and each processor execute its own program.

O 8086uP does not directly provide all the signals that are required to control the memory, 1/O and interrupt interfaces.

1 S2 51 SO are input to the external bus controller device (8288 Bus Controller) , the bus controller generates the timed command and control

signals.
Status Tnputs CPU Cyeles 3288
5, 5, Sy Command
0 0 0 Interrupt Acknowledge INTA
0 0 1 Read I'O Port IORC
] 1 0 Write I/O Port IOWC, AIOWC
0 1 1 Halt None
1 0 0 Instruction Fetch MRDC
1 0 I | Read Memory MRDC
1 1 0 Write Memory MWTC, AMWC
1 1 1 Passive None
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Svstem Clock

e To synchronize the internal and external operations of the microprocessor
a clock (CLK) mput signal is used. The CLK can be generated by the

8284 clock generator IC.

o The 8086uP i1s manufactured in three speeds: 5 MHz. 8 MHz and 10 MHz
e For 8086uP. we connect either a 15-. 24- or 30-MHz crystal between
mputs X1 and X2 imputs of the clock chip (see Fig. 8-11). The
fundamental crystal frequency is divided by 3 within the 8284 to give

either a 5-. 8- or 10-MHz

e clock signal. which 1s directly connected to the CLK input of the 8086uP.
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Bus Cvcle and Time States

A bus cycle defines the sequence of events when the MPU communicates with
an external device. which starts with an address being output on the system bus
followed by a read or write data transfer.
Types of bus cycles:

= Memory Read Bus Cycle

= Memory Write Bus Cycle

= Input/ Output Read Bus Cycle

= Input/ Output Write Bus Cycle
The bus cycle of the 8086uP microprocessor consists of at least four clock
periods. These four time states are called Ty, T,. T and Tj.

Two Basic Memorv Operations
The memory unit supports two fundamental operations: Read and Write. The
read operation read a previously stored data and the write operation stores a

value in memory, see the figure below.

Address ) <:::> Data

read—> Memory Unit

Write ——™




Memorv Read and write Bus Cvcles

The following steps have to be followed 1n a typical read cycle:
1. Place the address of the location to be read on the address bus.
2. Activate the memory read control signal on the control bus.
3. Wait for the memory to retrieve the data from the address memory
location.
Read the data from the data bus.
. Drop the memory read control signal fo terminate the read cycle.

n

The following steps have to be followed 1n a typical read cycle:
1. Place the address of the location to be written on the address bus.
Place the data to be written on the data bus.

L I

Activate the memory write control signal on the control bus.
Wait for the memory to store the data at the address location..

e

Drop the memory write control signal to terminate the write cycle.
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Hardware Organization of the Memory Address Space

The 8088uP's memory address space as shown in figure below is implemented as single 1 Mbyte
memory bank. The 8086uP's 1 Mbyte memory address space as shown in figure below is
implemented as two independent 512 Kbyte banks:

O Data bytes associated with an even address (00000, 00002, .... , FFFFE) reside in the low bank.
O Data bytes associated with an odd addresses (00001, 00003, ..... , FFFFF) reside in the high bank.

Address bits Al through A19 select the  location that is to be accessed. They are applied to both
banks in parallel. A0 (BLE) and bank high enable (BHE) are used as bank-select signals:

O Ao=0 causes the low bank to be enabled.

O BHE = 0 causes the high bank to be enabled.

Each of the memory banks provides half of the 8086uP's 16-bit data bus. The lower bank transfers
bytes of data over data lines Dothrough D+, while data transfers for a high bank use Dsthrough D:s.



1M BYTES

512K BYTES 512K BYTES
FFFFF FFFFE FFFFF
FFFFD FFFFC FFFFF
= — D) — —
5 4
3 2 2
1 0 1
PN
0
v
A - A, D,.—-Dg BHE D,-D, A
A19 - AU D? - DU

High and low memory banks of the 8086
1Mx8 memory bank of the 8088

L The byte transfer operation and word transfer operation of the 8088uP is as illustrated in figure below. The byte
transfer operation needs one bus cycle, while word transfer operation needs two bus cycles.
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Byte transfer by the 8088
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Word transfer by the 8088
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Figure below shows how a byte transfer operation is performed to address X, an even-addressed storage
location. Avis set to logic 0 to enable the low bank of memory and BHE to logic 1 to disable the high bank.
Data are transferred to or from the lower bank over data bus lines Do- D-.

Transfer X
Y+1 Y
) X+1 o 4> (X) o
A — A Ds—Dg BHE (HIGH) D,-D, Ap(LOW)

Even address byte transfer by the 8086
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Figure below shows how a byte transfer operation is performed to an odd addressed storage location such
as X + 1. Avis set to logic 1 and BHE to logic 0. This enables the high bank of memory and disables the
low bank. Data are transferred over bus lines Dsthrough Dis. Dsrepresents the LSB.

Transfer X+1
Y+1 Y
p (X+1) (O > X O
Asg — Ay Dis—Dg BHE (LOW) D,-D, A(HIGH)

Odd address byte transfer by the 8086



Figure below illustrates how an aligned word (at even address X) is accessed. Both the high and low banks are
accessed at the same time. Both Acand BHE are set to 0. This 16-bit word is transferred over the complete data
bus Dothrough Disin just one bus cycle.

Transfer X, X+1

) (X+1) ) (X) |

AN AN

A4 N4

A1g — A1 D15 - DB BHE (LOW) D? -_— DO AO (LOW)

Even address word transfer by the 8086



Figure below illustrates how a misaligned word (at address X + 1) is accessed. Two bus cycles are needed. During the first
bus cycle, the byte of the word located at address X + 1 in the high bank is accessed over Dsthrough Dis. Even though the
data transfer uses data lines Dsthrough Dss, to the processor it is the low byte of the addressed data word. In the second
memory bus cycle, the even byte located at X + 2 in the low bank is accessed over bus lines Dothrough D~

First bus cycle Second bus cycle

X+3 X+2 X+3 ‘> X+2
SR ~
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Ags — Ay Dis=D:  BHE (LOW) D; =Dy,  Ag(HIGH) A, -A, Dis=Ds  BHE (HIGH) D;=D, Ay (LOW)



Input /Output Interface

Input / Output (1/O) devices provide the means by which the computer system can interact with the outside world.
Computers use 1/O devices (also called peripheral devices) for two major purposes:

1- To communicate with the outside world and,

2- Store data.
Devices that are used to communicate like, printer, keyboard, modem. Devicesm that are used to store data like disk

drive. I/O devices are connected to the system bus through 1/0O controller (interface) — which acts as interface between

the system bus and I/O devices.The 8086uP employs two different types of input/output (1/0): Isolated 1/O and
Memory-mapped I/O. These 1/O methods differ in how 1/O ports are mapped into the 8086's address spaces.

Isolated Input/Output:

The 1/0 devices are treated separate from memory. I/O ports are organized as bytes of data; the memory address space
contains 1M consecutive byte addresses in the range 00000H, through FFFFFH; and the 1/0 address space contains 64K
consecutive byte addresses in the range 0000H through FFFFH as shown in figure below.

The way in which the microprocessor deals with input/output devices is similar to the way in which it deals with memory. The
only difference is that just the 16 least significant lines of the bus, ADO through AD15, are in use (because 1/O addresses are

16 bit long), and throughout the bus cycles, the M/IO control signal is set to 0.
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Advantages of Isolated 1/0O

Complete memory address space available for use by memory.
I/O instructions maximizes the performance.

Disadvantage of Isolated 1/0

All inputs/outputs must take place between an I/O port and accumulator
register.

Memory Mapped I/0O

The address space dedicated to 1/0O devices is a part of the memory. Addresses
EOOOOH - EOFFFH — 4096 memory locations are assigned to 1/O ports.
EOOOOH, EO001H, and EO002H correspond to byte-wide ports 0,1, and 2.
EOOOOH and EO001H correspond to word-wide port O at address EOOOOH.
Advantages of memory mapped 1/0O

I/0 transfers can take place between 1/O port and any of the registers.
Disadvantage of memory mapped 1/O

Memory instructions perform slower.

Part of the memory address space cannot be used to implement memory.
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