NEUB CSE 321 Lecture 4: Interfacing 8086
Bus Buffering and Latching
De multiplexing/Latching
Since the address and data bus are multiplexed in 8086 to reduce the number of pin required for
8086 IC, before 8086 can be used with memory or I/O interfaces, their multiplexed bus must be
demultiplexed.
The necessity of demultiplexing may not be obvious at the first look. But since Memory and I/O
require that the address remains valid and stable throughout a read or writes cycle, if the buses are
multiplexed, the address changes at the memory and I/O, which causes them to read or write to
different location.
All computer system has three busses
1. Address bus: provides memory and I/O with memory address or the I/O port
2. Data Bus: Transfers data between microprocessor, memory and I/O in the system.
3. Control bus : Provides control signal to the memory and I/O
All the three buses are necessary for the interfacing of memory and I/O
For demultiplexing the busses 74LS373 demultiplexer is used. Figure 1 shows the demultiplexed 20
bit address bus (A19-A0), 16 bit data bus (D15-D0) and 3 line control bus (M/𝐼𝑂, 𝑅𝐷, and 𝑊𝑅) to be
used in 8086 based system.
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The pins also need to be buffered in order to overcome fan out. The maximum capacity of 8086
before fan out is 10. The fan out is due to the limit of current an output pin can supply.
Buffers output current increased so that more TTL unit loads can be drived.
Logic 0: up to 32 mA sink current
Logic 1: Up to 5.2 mA source current
For buffering the pins 74LS245 and 74LS244 buffers are used. 74LS245 is octal bidirectional buffer
with three state output, High Voltage, Low Voltage and High-Impedance offstate.
74LS244 is octal buffer with three state output, High Voltage, Low Voltage and High-Impedance
offstate.
Figure 2 shows a fully buffered 8086 microprocessor. Its address pins are buffered by 74LS373
address latched. Its data bus employs two 74LS245 buffer and the control bus signals use 74LS245
buffer. A fully buffered 8086 system requires one 74LS244, two 74LS245, and three 74LS373s.
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Figure 1 The 8086 microprocessor shown with a demultiplexed address bus
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Figure 2 Fully buffered 8086 system
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8086 Clock
8284A, an 18 pin integrated circuit designed specifically for use with 8086 microprocessor, is used to
generate the clock signal to operate 8086 microprocessor.
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Figure 3 Pin diagram of 8284

Prepared BY
Shahadat Hussain Parvez

NEUB CSE 321 Lecture 4: Interfacing 8086

Figure 4 The clock generator and the 8086 microprocessor illustratingthe connection for clock and reset signals. A 15
MHz clock provides a 5 MHz clock for the microprocessor

𝑅𝐸𝑆 –> Power reset pin, connected to RC network. RC network provides logic 0 to this pin when
powered on and after some time the pin is set to logic 1.

8086 Bus timing
The 8086 microprocessor use the memory and I/O in periods of time called Bus cycles. Each bus
cycle is equal to 4 system clock period.
1 𝐵𝑢𝑠 𝑐𝑦𝑐𝑙𝑒 = 4 𝑆𝑦𝑠𝑡𝑒𝑚 𝐶𝑦𝑐𝑙𝑒
1
𝑇=
= 0.2 × 10−6 𝑠 = 200 𝑛𝑠
5 × 106
1 𝑏𝑢𝑠 𝑐𝑦𝑐𝑙𝑒 = 4𝑇 = 800 𝑛𝑠
1
𝑅𝑎𝑡𝑒 𝑜𝑓 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =
= 1.25 × 106 = 1.25 𝑀 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑠 = 1.25 𝑀𝐼𝑃𝑆
800𝑛𝑠
With the help of Queue 8086 can work at 2.5 MIPS
IN general Instruction cycle can be equal or more than one machine cycle.
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𝑊𝑅 = 0 & M/𝐼𝑂 = 1 : Memory write
𝑅𝐷 = 0 & M/𝐼𝑂 = 1 : Memory read
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Memory read and write
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During T1: Address or memory or I/O is sent to the address bus. Output during this interval are the
control signals ALE, DT/𝑅 and M/𝐼𝑂
During T2: 8086 Microprocessor issue 𝑊𝑅or 𝑅𝐷signal , 𝐷𝐸𝑁 and in case of a write, the data to be
written appears on the bus.The 𝐷𝐸𝑁 signal turns on the data bus buffers, if they are present in the
system.
READY is sampled at the end of T2. If READY is low at this time T3 is delayed and a wait state T w is
inserted between T2 and T3.
For read, the data bus is sampled at the end of T3.
During T4: All the bus signal are deactivated in preparation for next cycle. At this time 8086 samples
the data bus connections for data that are read from memory or I/O.
At this time trailing edge of 𝑊𝑅 signal transfers data to memory or I/O
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Figure 6 Simplified 8086 read bus cycle
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Figure 5 Simplified 8086 write bus cycle
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Generating wait states
Figure 7 illustrates a circuit used to introduce almost any number of wait states for the 8086/8088
microprocessors. Here, an 8-bit serial shift register (741s164) shifts a logic 0 for one or more clock
periods from one of its Q outputs through to the RDY1 input of the 8284A. With appropriate
strapping, this circuit can provide various numbers of wait states. Notice also how the shift register is
cleared hack to its stating point. The output of the register is forced high when the second flip-ﬂop
captures 𝑅𝐷, 𝑊𝑅 and 𝐼𝑁𝑇𝐴 pins are all logic 1’s. These three signals are high until state T2. so the
shift register shifts for the ﬁrst time when the positive edge of the T2 arrives. If one wait is desired,
then output QB is connected to the OR gate. If two waits are desired. output Qc is connected, and so
forth.
Also notice in Figure 7 that this circuit does not always generate wait states. It is enabled from the
memory only for memory devices that require the insertion of waits. If the selection signal from a
memory device is logic 0, the device is selected; then this circuit will generate a wait state.
Figure 8 illustrates the timing diagram for this shift register wait state generator when it is wired to
insert one wait state. The timing diagram also illustrates the internal contents of the shift register's
ﬂip-ﬂops to present a more detailed view of its operation. In this example, one wait state is
generated.
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Figure 7 Generating wait state
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Figure 8 Wait state generation timing for the circuit of figure 7

Minimum mode Vs Maximum mode
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𝑊𝑅,
,
, 𝐷𝐸𝑁 and 𝐼𝑁𝑇𝐴, which are lost when the s operated in the maximum mode.
Pin Functions of 8288 Bus controller are described in the next page
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There are two available modes of operation for the 8086 microprocessor: minimum mode and
maximum mode. Minimum mode operation is obtained by connecting the mode selection pin
MN/𝑀𝑋 to +5 V and maximum mode is selected by connecting to ground pin. Both modes enable
different control structures of 8086. For minimum mode the processor works alone for all the
processing needs. But in maximum mode the processor can work along with other coprocessor.
Minimum mode operation is the least expensive way to operate the 8086 microprocessor. It costs
less because all the control signals for the memory and I/O are generated by the microprocessor.
These control signals are identical to those of the Intel 8085A, an earlier 8-bit microprocessor. The
minimum mode allows the8085A, 8-bit peripherals to be used with the 8086/ without any special
considerations.
Maximum mode operation differs from minimum mode in that some of the control signals must be
externally generated. This requires the addition of an external bus controller—the 8288 bus
controller. There are not enough pins on the 8086 for bus control during maximum mode because
new pins and new features have replaced some of them. Maximum mode is used only when the
system contains external coprocessors Such as the 8087 arithmetic coprocessor.
The 8288 Bus Controller
An 8086 system that is operated in maximum mode must have an 8288 bus controller to provide the
signals that are eliminated from the 8086/8088 by the maximum mode operation. Figure 9
illustrates the block diagram and pin-out of the 8288 bus controller circuit.
Notice that the control bus developed by the 8288 bus controller contains separate signals for I/0
(𝐼𝑂𝑅𝐶 𝑎𝑛𝑑 𝐼𝑂𝑊𝐶) and memory (𝑀𝑅𝐷𝐶 𝑎𝑛𝑑 𝑀𝑊𝑇𝐶 ). It also contains advanced memory (𝐴𝑀𝑊𝐶 )
and I/0 (𝐴𝐼𝑂𝑊𝐶) write strobes and the 𝐼𝑁𝑇𝐴 signal. These signals replace the minimum mode 𝐴𝐿𝐸 ,

Figure 9 Block diagram and pin diagram of 8288 Bus controller
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Figure 10 A typical minimum mode configuration
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Figure 11 A typical Maximum mode configurations
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1. What is the main difference between minimum mode and maximum mode operation of
8086?
2. Draw and explain the timing diagram for a simplified read and write cycle for 8086.
3. What will be the time taken for 8086 operating at 5 MHz to execute 650 instructions.
4. What is the advantage of using queue in 8086?
5. Draw a simplified diagram for clock generation for 8086.
6. Draw a fully buffered and latched bus for 8086.
7. Why is extra bus controller necessary for maximum mode of operation.
8. Why wait states are necessary to be added during Read cycle of 8086.
9. What is a bus cycle?
10. What is fan-out?
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