MODULE 4

Interfacing Memory, 1/0, 8255 - Detailed study - Architecture, Control word
format and modes of operation, Architecture and modes of operation of 8279
and 8257 (Just mention the control word, no need to memorize the control word
format)

MODULE 4
Semiconductor Memory Interfacing:

Semiconductor memories are of two types, viz. RAM (Random Access Memory) and ROM
(Read Only Memory).

Static RAM Interfacing:
Q. Explain the general procedure of static memory interfacing with 8086?

The semiconductor RAMs are of broadly two types-static RAM and dynamic RAM. The
semiconductor memories are organized as two dimensional arrays of memory locations. For
example, 4K x 8 or 4K byte memory contains 4096 locations, where each location contains 8-
bit data and only one of the 4096 locations can be selected at a time. Obviously, for
addressing 4K bytes of memory, twelve address lines are required. In general, to address a
memory location out of N memory locations , we will require at least n bits of address, i.e. n
address lines where n = Log2 N. Thus if the microprocessor has n address lines, then it is
able to address at the most N locations of memory, where 2" = N. However, if out of N
locations only P memory locations are to be interfaced, then the least significant p address
lines out of the available n lines can be directly connected from the microprocessor to the
memory chip while the remaining (n-p) higher order address lines may be used for address
decoding (as inputs to the chip selection logic). The memory address depends upon the
hardware circuit used for decoding the chip select (CS). The output of the decoding circuit is
connected with the CS pin of the memory chip.

The general procedure of static memory interfacing with 8086 is briefly described as follows:

1. Arrange the available memory chips so as to obtain 16-bit data bus width. The upper 8-bit
bank is called ‘odd address memory bank’ and the lower 8-bit bank is called ‘even address
memory bank’.

2. Connect available memory address lines of memory chips with those of the
microprocessor and also connect the memory RD and WR inputs to the corresponding
processor control signals. Connect the 16-bit data bus of the memory bank with that of the
microprocessor 8086.

3. The remaining address lines of the microprocessor, BHE and A0 are used for decoding the
required chip select signals for the odd and even memory banks. CS of memory is derived
from the O/P of the decoding circuit .



As a good and efficient interfacing practice, the address map of the system
should be continuous as far as possible, i.e. there should be no windows in the map. A
memory location should have a single address corresponding to it, i.e. absolute decoding
should be preferred, and minimum hardware should be used for decoding. In a number of
cases, linear decoding may be used to minimise the required hardware. Let us now consider a
few example problems on memory interfacing with 8086.

Problem 5.1
Interface two 4K x 8 EPROMS and two 4K x 8 RAM chips with 8086. Select suitable maps.

Solution We know that, after reset, the IP and CS are initialised to form address FFFFOH. Hence,
this address must lie in the EPROM. The address of RAM may be selected any where in the 1MB
address space of 8086, but we will select the RAM address such that the address map of the system
is continuous, as shown in Table 5.1.

Table 5.1 Memory Map for Problem 5.1
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Total 8K bytes of EPROM need 13 address lines A,— A, (since 213 = 8K). Address lines A3~ Aq
are used for decoding to generate the chip select. The BHE signal goes low when a transfer is at odd

address or higher byte of data is to be accessed. Let us assume that the latched address, BHE and
demultiplexed data lines are readily available for interfacing. Figure 5.1 shows the interfacing diagram
for the memory system.

The memory system in this example contains in total four 4K X 8 memory chips.
The two 4K x 8 chips of RAM and ROM are arranged in parallel to obtain 16-bit data bus width. If
Ayis 0, i.e. the address is even and is in RAM, then the lower RAM chip is selected indicating 8-bit

transfer at an even address. If A, is 1, i.e. the address is odd and is in RAM, the BHE goes low, the
upper RAM chip is selected, further indicating that the 8-bit transfer is at an odd address. If the selected

addresses are in ROM, the respective ROM chips are selected. If at a time A, and BHE both are 0, both
the RAM or ROM chips are selected, i.e. the data transfer is of 16 bits. The selection of chips here takes
place as shown in Table 5.2.



Table 5.2 Memory Chip Selection for Problem 5.1
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‘Fig. 5.1 Interfacing Problem 5.1



Problem 5.2

Design an interface between 8086 CPU and two chips of 16K x 8 EPROM and two chips of 32K x 8
RAM. Select the starting address of EPROM suitably. The RAM address must start at 00000H.

Solution: The last address in the map of 8086 is FFFFFH. After resetiing, the processor starts
from FFFFOH. Hence this address must lie in the address range of EPROM. Figure 5.2 shows the
interfacing diagram, and Table 5.3 shows complete map of the system.

Table 5.3 Address Map for Problem 5.2

It is better not to use a decoder to implement the above map because it is not continuous, i.e. there is
iome unused address space between the last RAM address (OFFFFH) and the first EPROM address
F8000H). Hence the logic is implemented using logic gates, as shown in Fig. 5.2.
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Problem 5.3

It is required to interface two chips of 32K x 8 ROM and four chips of 32K x 8 RAM with 8086,
according to the following map.

ROM 1 and 2 FOOOOH - FFFFFH, RAM 1 and 2 DOOOOH - DFFFFH
RAM 3 and 4 EOOOOH - EFFFFH

Show the implementation of this memory system.

Solution Let us write the memory map of the system as shown in Table 5.6.

The implementation of the above map is shown in Fig. 5.3 using the same technique as in Problem
5.1 and Problem 5.2. All the address, data and control signals are assumed to be readily available.
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Q.A circuit containing 32KB of RAMis to be interfaced to an 8086 based
system, so that the first address of the RAM is at 48000H .What is the entire
range of the RAM address ?What address lines should be used?
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Q.Give an interfacing circuit to interface a 2K bytes of EPROM and four
2K bytes of RAM to 8086.Starting address of EPROM is 00000H and that
of RAM is 60000H.Give memory map of your system and Explain the chip
select logic?

ANS:
ROM=2KB  (Addr lines needed=11)
RAM=four 2KB RAM’s=8KB RAM (Addr lines needed=13)

Address Map
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Q.Design memory interfacing circuit for interfacing 4Kx8 RAM
and 2Kx8 Rom using 3 to 8 decorder?(Kerala university)

ANS: Split 4AKx8 RAM into two 2Kx8 Chips and

Dynamic RAM Interfacing

Q.Write the advantages of dynamic RAM interfacing?
Q.What do you mean by refresh cycle in dynamic RAM ?

Q.Explain the use of dynamic RAM controller in interfacing DRAM with
80867




Whenever a large capacity memory is required in a microcomputer system, the memory
subsystem is generally designed using dynamic RAM because there are various advantages of
dynamic RAM.

* E.g. higher packing density, lower cost and less power consumption. A typical static
RAM cell may require six transistors while the dynamic RAM cell requires only a transistors
along with a capacitor. Hence it is possible to obtain higher packaging density and hence low
cost units are available.

» The basic dynamic RAM cell uses a capacitor to store the charge as a representation of
data. This capacitor is manufactured as a diode that is reverse biased so that the storage
capacitance comes into the picture.

 This storage capacitance is utilized for storing the charge representation of data but the
reverse-biased diode has leakage current that tends to discharge the capacitor giving rise to
the possibility of data loss. To avoid this possible data loss, the data stored in a dynamic
RAM cell must be refreshed after a fixed time interval regularly. The process of refreshing
the data in RAM is called as Refresh cycle.

 The refresh activity is similar to reading the data from each and every cell of memory,
independent of the requirement of microprocessor. During this refresh period all other
operations related to the memory subsystem are suspended. Hence the refresh activity causes
loss of time, resulting in reduces system performance.

» However keeping in view the advantages of dynamic RAM, like low power
consumption, high packaging density and low cost, most of the advanced computing
system are designed using dynamic RAM, at the cost of operating speed.

* A dedicated hardware chip called as dynamic RAM controller is the most important part
of the interfacing circuit.

The Refresh cycle is different from the memory read cycle in the following aspects.

1. The memory address is not provided by the CPU address bus, rather it is generated by a
refresh mechanism counter called as refresh counter.

2. Unlike memory read cycle, more than one memory chip may be enabled at a time so as to
reduce the number of total memory refresh cycles.

3. The data enable control of the selected memory chip is deactivated, and data is not
allowed to appear on the system data bus during refresh, as more than one memory units are
refreshed simultaneously. This is to avoid the data from the different chips to appear on the
bus simultaneously.

4. Memory read is either a processor initiated or an external bus master initiated and
carried out by the refresh mechanism.



* Dynamic RAM is available in units of several kilobits to megabits of memory. This
memory is arranged internally in a two dimensional matrix array so that it will have n rows
and m columns. The row address n and column address m are important for the refreshing
operation.

 For example, a typical 4K bit dynamic RAM chip has an internally arranged bit array of
dimension 64 * 64 , i.e. 64 rows and 64 columns. The row address and column address will
require 6 bits each. These 6 bits for each row address and column address will be generated
by the refresh counter, during the refresh cycles.

» A complete row of 64 cells is refreshed at a time to minimizes the refreshing time. Thus the
refresh counter needs to generate only row addresses. The row address are multiplexed, over
lower order address lines.

* The refresh signals act to control the multiplexer, i.e. when refresh cycle is in process the
refresh counter puts the row address over the address bus for refreshing. Otherwise, the
address bus of the processor is connected to the address bus of DRAM, during normal
processor initiated activities.

A timer, called refresh timer, derives a pulse for refreshing action after each refresh
interval.

* Refresh interval can be qualitatively defined as the time for which a dynamic RAM cell can
hold data charge level practically constant, i.e. no data loss takes place.

* Suppose the typical dynamic RAM chip has 64 rows, then each row should be refreshed
after each refresh interval or in other words, all the 64 rows are to refreshed in a single
refresh interval.

* This refresh interval depends upon the manufacturing technology of the dynamic RAM cell.
It may range anywhere from 1ms to 3ms.

* Let us consider 2ms as a typical refresh time interval. Hence, the frequency of the refresh
pulses will be calculated as follows:

« Refresh Time (per row) tr = (2 * 10 ®) / 64.

(ie Refresh time per row = Refresh time /No.of rows)
« Refresh Frequency fr = 64 / (2 * 10®%) = 32 * 10° Hz.
Problem

A 4k bit dynamic RAM with 2 ms of refresh time interval. find the refresh frequency of
the RAM?

Solution:

A typical 4K bit dynamic RAM chip has an internally arranged bit array of dimension
64 * 64, i.e. 64 rows and 64 columns.



« Refresh Time (per row) tr = (2 * 10 ) / 64.
(ie Refresh time per row = Refresh time /No.of rows)

« Refresh Frequency fr = 64 / (2 * 10°) = 32 * 10° Hz.

» The following block diagram explains the refreshing logic and 8086 interfacing with

dynamic RAM.

* Each chip is of 16K * 1-bit dynamic RAM cell array. The system contains two 16K byte
dynamic RAM units. All the address and data lines are assumed to be available from an 8086

microprocessor system

The OE pin controls output data buffer of the memory chips. The CE pins are active high
chip selects of memory chips. The refresh cycle starts, if the refresh output of the refresh

timer goes high, OE and CE also tend to go high.

* The high CE enables the memory chip for refreshing, while high OE prevents the data from
appearing on the data bus, as discussed in memory refresh cycle. The 16K * 1-bit dynamic
RAM has an internal array of 128*128 cells, requiring 7 bits for row address. The lower order
seven lines AO-A6 are multiplexed with the refresh counter output A10-A16.
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The pin assignment for 2164 dynamic RAM is as in above fig.

» The RAS and CAS are row and column address strobes and are driven by the dynamic
RAM controller outputs. A0 —A7 lines are the row or column address lines, driven by the
OUTO0 — OUTY7 outputs of the controller. The WE pin indicates memory write cycles. The
DIN and DOUT pins are data pins for write and read operations respectively.

* In practical circuits, the refreshing logic is integrated inside dynamic RAM controller chips
like 8203, 8202, 8207 etc.

Intel’s 8203 is a dynamic RAM controller that support 16K or 64K dynamic RAM chip. This
selection is done using pin 16K/64K. If it is high, the 8203 is configured to control 16K
dynamic RAM, else it controls 64K dynamic RAM. The address inputs of 8203 controller
accepts address lines A1 to A16 on lines ALO-AL7 and AHO-AH?7.

» The AO lines is used to select the even or odd bank. The RD and WR signals decode
whether the cycle is a memory read or memory write cycle and are accepted as inputs to 8203
from the microprocessor.

» The WE signal specifies the memory write cycle and is not output from 8203 that drives the
WE input of dynamic RAM memory chip. The OUTO0 — OUT?7 set of eight pins is an 8-bit
output bus that carries multiplexed row and column addresses are derived from the address
lines A1-A16 accepted by the controller on its inputs ALO-AL7 and AHO-AH7.

 An external crystal may be applied between X0 and X1 pins, otherwise with the OP2 pin at
+12V, a clock signal may be applied at pin CLK.

» The PCS pin accepts the chip select signal derived by an address decoder. The REFREQ pin
is used whenever the memory refresh cycle is to be initiated by an external signal.

» The XACK signal indicates that data is available during a read cycle or it has been written if
it is a write cycle. It can be used as a strobe for data latches or as a ready signal to the
processor.

» The SACK output signal marks the beginning of a memory access cycle.

* If a memory request is made during a memory refresh cycle, the SACK signal is delayed till
the starring of memory read or write cycle. « Above fig shows the 8203 can be used to control
a 256K bytes memory subsystem for a maximum mode 8086 microprocessor system.

» This design assumes that data and address busses are inverted and latched, hence the
inverting buffers and inverting latches are used (8283-inverting buffer and 8287- inverting
latch).



Interfacing 1/0 Ports

Q.Describe the Steps in Interfacing an 1/0O Devices?

1/0 ports or input/output ports are the devices through which the microprocessor
communicates with other devices or external data sources/destinations. Input activity, as one
may expect, is the activity that enables the microprocessor to read data from external devices,
for example keyboard, joysticks, mouser etc. the devices are known as input devices as they
feed data into a microprocessor system.

Output activity transfers data from the microprocessor top the external devices, for example
CRT display, 7 segment displays, printer, etc, the devices that accept the data from a
microprocessor system are called output devices.

The figure beloe shows two chips,74LS373 and 74L.S245.
741.S373 contains 8 buffered latches and can be used as an 8-bit output port. And
741.5245. Contains 8 buffers that may be used as an 8 —bit input port.
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Fig. 5.11 (a) Latch (O/P Port) (b) Buffer (I/P Port)

DIR pin:- selects direction of data transfer of 74LS245(input port) if DIR=1,direction is from
A(i/p)-B(0o/p) and otherwise from B(i/p)-A(o/p)

OE and CS :-chip selects of 74LS373 and 74L.5245

D’s and Q’s are corresponding latch inputs and outputs respectively

Steps in Interfacing an 1/0O Device
The following steps are performed to interface a general 1/O device with a CPU:

1. Connect the data bus of the microprocessor system with the data bus of the 1/0 port.



2. Derive a device address pulse by decoding the required address of the device and use it as
the chip select of the device.

3. Use a suitable control signal, i.e. IORD and /or IOWR to carry out device operations, i.e.
connect IORD to RD input of the device if it is an input devise, otherwise connect IOWR to
WR input of the device. In some cases the RD or WR control signals are combined with the
device address pulse to generate the device select pulse.

Input Port

The input device is connected to the microprocessor through buffer. The simplest form of a
input port is a buffer as shown in the figure.
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Data bus | (Tri-state buffer) Data from input
device
Enable (Keyboard)
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This buffer is a tri-state buffer and its output is available only when enable signal is active.
When microprocessor wants to read data from the input device (keyboard), the control signals
from the microprocessor activates the buffer by asserting enable input of the buffer. Once the
buffer is enabled, data from the device is available on the data bus. Microprocessor reads this
data by initiating read command.

Output Port

It is used to send the data to the output device such as display from the microprocessor. The
simplest form of the output port is a latch.
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The output device is connected to the microprocessor through latch as shown in the figure.
When microprocessor wants to send data to the output device it puts the data on the data bus
and activates the clock signal of the latch, latching the data from the data bus at the output of
latch. It is then available at the output of latch for the output device

1/0 Interfacing Techniques
Q.Describe the two different methods of interfacing 1/0O devices?

Q.Differentiate memory mapped 1/O and 1/0O mapped 1/0?
Input/output devices can be interfaced with microprocessor systems in two ways :

1. 1/0 mapped 1/0
2. Memory mapped 1/0

1. 1/0 mapped 1/O :

1/0 devices have a separate address space from general memory, either accomplished
by an extra "I/O" pin on the CPU's physical interface, or an entire bus dedicated to 1/0.
Because the address space for I/O is isolated from that for main memory, this is
sometimes referred to as isolated 1/0.

8086 has special instructions IN and OUT to transfer data through the input/output ports
in 1/0 mapped 1/0 system. The IN instruction copies data from a port to the Accumulator.
If an 8-bit port is read data will go to AL and if 16-bit port is read the data will go to AX.
The OUT instruction copies a byte from AL or a word from AX to the specified port. The
M/10 signal is always low when 8086 is executing these instructions. In this address of
1/0 device is 8-bit or 16-bit. It is 8-bit for Direct addressing and 16-bit for Indirect
addressing.

2. Memory mapped 1/0

Memory-mapped 1/O uses the same address space to address both memory and 1/0
devices. The memory and registers of the 1/0 devices are mapped to (associated with)
address values. So when an address is accessed by the CPU, it may refer to a portion of
physical RAM, but it can also refer to memory of the 1/0O device. Thus, the CPU
instructions used to access the memory can also be used for accessing devices.

In this type of 1/O interfacing, the 8086 uses 20 address lines to identify an 1/0 device.
The 1/0 device is connected as if it is a memory device. The 8086 uses same control
signals and instructions to access 1/0O as those of memory, here RD and WR signals are
activated indicating memory bus cycle.
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Problem :

Interface an input port 74LS245 to read the status of the switches SW1 to SW8. the
switches when shorted, input a ‘1’ else input a ‘0’ to the microprocessor system. Store the
status in register BL. The address of the port is 0740H
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Fig. Interfocing Input Port 74L5245
Solution :

The hardware interface circuit is shown in figure. The address, control and data lines are
assumed to be readily available at the microprocessor system The ALP is given as follows

MOV BL, 00H ; clear BL for status

MOV DX, 0740H ; 16-bit Port address in DX

IN AL,DX ; Read Port 0740H for switch positions.
MOV BL,AL ; Store status of switches from AL into BL
HLT ; Stop

Problem :

Design an interface of input port 74L.S245 to read the status of switches SW1 to SW8 and
output port 74L.S373 with 8086. display the number of key that is pressed with the help of
output port on 7 segment display.Write an assembly language program for this
task.Assume that only one key is pressed at a time. Draw the schematic of the required



hardware. The imput port address is 0008H and the output port address is 000AH?

Solution : Since using all the addresxs lines A0-A15 require lot of hardware, one may use
only AO-A3 .Thus athe address 0008H can be converted into XXX8H where X denotes

don’t care condition.Thus the port may have more than one address for examplr 2358H,
1728 etc.

Only the LSB of the address need to be 8H.Disadvantage of this system is that, there are
a number of addresses of the same port.Hence the system must have only one port that
has the lowest nibble address 8H, otherwise the system may malfunction.Thus, for
smaller systems containing a few 1/O ports, this scheme is suitable. Advantage is it
require less hardware.

Status of the switches is first read into the AL. Displaying the shorted switch number in
the 7 segment display. Instead of using 16 address lines, one may use only A3— AO0.
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Fig. Interfocing Switches and Displays for Problem

Assembly language program is given below:



YY:

XX:

MOV BL, 00
MOV CL, 00
XOR AX, AX
IN AL,08H

INC CL

RCR AL

JC XX

INC CL

JMP YY

MOV AL,CL

OUT OAH,AL
HLT

-

; Clear BL for switch status
: Clear CL for switch number
; Clear accumulators and flag

; Read switch status
: Increment CL for 1st switch

: Rotate switch status

; If carry, halt,
: else increment CL for next switch

: number till carry is 1
; Take switch number into AL
: Qut BCD switch number for display

; Stop

- . AN n P~ [ Sy Ny R



Programmable input output port-8255

Q.Explain input output operations of model?

Q.Explain the internal architecture of 8255?

e The parallel input-output port chip 8255 is also called as programmable peripheral
input-output port.

* The Intel’s 8255 is designed for use with Intel’s 8-bit, 16-bit and higher capability
mMIiCroprocessors.

* It has 24 input/output lines which may be individually programmed in two groups of
twelve lines each, or three groups of eight lines.

* The two groups of I/O pins are named as Group A and Group B.

» Each of these two groups contains a subgroup of eight 1/0 lines called as 8-bit port
and another subgroup of four lines or a 4-bit port.

» Thus Group A contains an 8-bit port A along with a 4-bit port. C upper. The port A
lines are identified by symbols PAO-PA7 .While the port C lines are identified as
PC4-PC7.

» Similarly, Group B contains an 8-bit port B, containing lines PB0-PB7 and a 4-bit
port C with lower bits PCO- PC3.

» The port C upper and port C lower can be used in combination as an 8-bit port C.

» All of these ports can function independently either as input or as output ports.
This can be achieved by programming the bits of an internal register of 8255 called as
control word register ( CWR ).

8255 internal Architecture
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8255 has a 40 pins of 4 groups.
1. Data bus buffer
2. Read Write control logic
3. Group A and Group B controls
4. Port A,Band C

» Data bus buffer: This is a tristate bidirectional buffer used to interface the 8255 to
system databus. Data is transmitted or received by the buffer on execution of input or
output instruction by the CPU. Control word and status information are also
transferred through this unit.

» Read/Write control logic: This unit accepts control signals ( RD, WR ) and also
inputs from address bus and issues commands to individual group of control blocks(
Group A, Group B).

It has the following pins.

a) CS — Chipselect : A low on this PIN enables the communication between
CPU and 8255.

b)ﬁ) (Read) — A low on this pin enables the CPU to read the data in the
ports or the status word through data bus buffer.



c)WR ( Write ) : A low on this pin, the CPU can write data on to the ports or
on to the control register through the data bus buffer.

d) RESET: A high on this pin clears the control register and all ports are set
to the input mode

e) A0 and Al ( Address pins ): These pins in conjunction with RD and WR
pins control the selection of one of the 3 ports.

Group A and Group B controls : These block receive control from the CPU and
issues commands to their respective ports.

e Group A-PAand PCU ( PC7 —PC4)
 GroupB-PBand PCL (PC3-PCO0)

Control word register can only be written into, no read operation of the CW register
is allowed.

PORT A,PORT B and PORT C

The 8255 contains three 8-bit ports (A, B, and C). All can be configured to a wide
variety of functional characteristics by the system software but each has its own
special features or "personality"” to further enhance the power and flexibility of the
8255,

a) Port A: This has an 8 bit latched/buffered O/P and 8 bit input latch. It can be
programmed in 3 modes — mode 0,mode 1, mode 2.

b) Port B: This has an 8 bit latched / buffered O/P and 8 bit input latch. It can be
programmed in mode 0, model.

c) Port C : This has an 8 bit latched input buffer and 8 bit output latched/buffer. This
port can be divided into two 4 bit ports and can be used as control signals for port A
and port B. it can be programmed in mode 0.



Pin Diagram-8255/ The signal description of 8255

Q.Draw the signal descriptions of 8255?

Figure below shows the pin diagram of 8255:

P23 A0|PAd
Paz|2 A9|PAS
=FAN 8| PAS
=FAg]F] 37 |PAT
RO|s 35 [WYR
CS|E A5|RESET
gnd|7 34|00
2108 33|01
A0(9 32|02

FC7(10 8285 31|05
FCE[11 PPl 30(04

FCal12 29105
FiC4(13 20| DE
FCOf14 27|07
FC1145 2B [%ce
FCZ|16 28(FPBY
FC317 24 (FEE
FED|13 23|FES
FE1[14 22|FEB4
FEZ[Z0 21|FE3

» The signal description of 8255 are briefly presented as follows :
» Total 40 pins are there:

* PA7-PAO: These are eight port A lines that acts as either latched output or buffered
input lines depending upon the control word loaded into the control word register.

* PC7-PC4 : Upper nibble of port C lines. They may act as either output latches or
input buffers lines. This port also can be used for generation of handshake lines in
mode 1 or mode 2

* PC3-PCO : These are the lower port C lines, other details are the same as PC7-PC4
lines.

* PBO0-PB7 : These are the eight port B lines which are used as latched output lines
or buffered input lines in the same way as port A.



RD : This is the input line driven by the microprocessor and should be low to
indicate read operation to 8255.

e WR : This is an input line driven by the microprocessor. Alow on this line
indicates write operation.

e CS: Thisis a chip select line. If this line goes low, it enables the 8255 to respond to
RD and WR signals, otherwise RD and WR signal are neglected.

* Al-A0 : These are the address input lines and are driven by the microprocessor.
These lines A1-A0 with RD, WR and CS form the following operations for 8255.

» These address lines are used for addressing any one of the four registers,i.e. three
ports and a control word register as given in table below:-

RD WR _5 A, A, Input (Read) cycle
0 1 0 0 0 Port A to Data bus
0 1 0 0 1 Port B to Data bus
0 1 0 1 0 Port C to Data bus
0 1 0 1 1 CWR to Data bus

RD WR _5 A, A, Output (Write) cycle
1 0 0 0 0 Data bus to Port A
1 0 0 0 1 Data bus to Port B
1 0 0 1 0 Data bus to Port C
1 0 0 1 1 Data bus to CWR

RD WR a A, A, Function
X X 1 X X Data bus tristated
1 1 0 X X Data bus tristated

Control Word Register
* In case of 8086 systems, if the 8255 is to be interfaced with lower order data bus, the
A0 and Al pins of 8255 are connected with A1 and A2 respectively.



Modes of Operation of 8255

Q.Specify the control word format of 8255?
Q.Explain the modes of operations of 8255?

Q.Describe the features of BSR mode?
» These are two basic modes of operation of 8255.

1. .1/0 mode
2. . Bit Set-Reset mode (BSR).

* In I/O mode, the 8255 ports work as programmable 1/Oports, while in BSR mode
only port C (PC0-PC7) can be used to set or reset its individual port bits.

* Under the I/0O mode of operation, further there are three modes of operation of
8255, so as to support differenttypes of applications, mode 0, mode 1 and mode 2.

* BSR Mode: In this mode any of the 8-bits of port C can be set or reset depending on
DO of the control word. The bit to be set or reset is selected by bit select flags D3, D2
and D1 of the CWR as given in table.

D, D, D, Selected bits of port C
0 0 ] D,
0 0 1 D,
0 1 ] D,
0 1 1 D,
1 0 L] D,
1 0 1 D
1 1 ] Dg
1 1 1 D.

BSR Mode : CWER Format

BSR control word register format is shown below:-



LD- Reset

D, £ . D D, DD,
1 X X X
D-meR mode

D,,D,, D, are from 000 to 111 for bits PC, TO PC,

1/0 Modes :

Bit select flags

1- Set

a) Mode 0 ( Basic 1/0 mode ): This mode is also called as basic input/output mode. This
mode provides simple input and output capabilities using each of the three ports. Data
can be simply read from and written to the input and output ports respectively, after

appropriate initialisation.

The salient features of this mode are as listed below:

1. Two 8-bit ports ( port A and port B )and two 4-bit ports (port C upper and
lower ) are available. The two 4-bit ports can be combinedly used as a third 8-

bit port.

2. Any port can be used as an input or output port.
3.0utput ports are latched. Input ports are not latched.
4. A maximum of four ports are available so that overall 16 1/0 configuration

are possible.

* All these modes can be selected by programming a register internal to 8255 known

as CWR.

Control word format of 8255 is shown below:-

D, D, D, D, D, D D,
Mode for PA pCcU | Mode PB PCL
| Port A for PB
—
Mode Set flag
1- actiYye
0- BSH mogde
Group - A Group - B
PCu 1 Input PCL 1 Input
0 Output ’
e e e 0 Output
1 Input P 11 ¢
o Pa 0 Output B NPt
Mode 00 — mode 0 0 Output
> Select 01 — mode 1 > Mode 0 mode- 0
Select
of PA 10 — mode 2 1 mode- 1

Control Word Format of 8255




Now let us consider some interfacing problems so as to elaborate the hardware interfacing
and 1/0 programming ldeas using 8255 in mode O.

Problem.1

Interface an 8255 with 8086 to work as an I/O port. Initialize port A as output port, port B as input port
and port C as output port. Port A address should be 0740H. Write a program to sense switch positions
SW,-8W; connected at port B. The sensed pattern is to be displayed on port A, to which 8 LEDs are
connected, while the port C lower displays number of on switches out of the total eight switches.

Solution The control word is decided upon as follows: ik :
B7 Bs Bs B, B, B, B, "B, Control word

1 0 0 (0] 0 0 1 0 = 82H
110 Port A Port Port Port Port Port F
mode in mode 0 ~ Aolp Co/p Bmode0 B,ilp C,olp o
C—[E_US 82H is the control word for the requirements in the proble_@ The port agggg ss.decoding can
be done as given below. The 8255 is to be interfaced with lower order data bus, i.e. Dy-D5. The A,

and A, pins of 8255-are connected to Ay, and Ay,-pins of thé microprocessor respectively. The Ay,
pin of the microprocessor is used for selecting the transfer on the lower byte of the data bus. Hence
any change in the status of Ay, does not affect the port to be selected, rather Ay and Ay, of the
microprocessor decide the port to be selected as they are connected to A, ._and A, of 8255. The 8255 -

port addresses are tabulated as shown below.

8255 ; IO Address lines M e o R Hex Port
Ports A5 Ay Ay Ay Ay Ay A As Agy Ags Ags Aos  Agy Agy Ay Agg | Addresses
PortA 0 0 0 0 0 1 1 1 _ 0 1 0 0 0 0 0 0 0740H

N S TR

PtB. 00 0D 0 Ts i-1 0 1 00° 0 .0 f 0 0742H

8255 ot I/O Address lines Hex. Port
Ports AIS A}4 A13 A12 Afj AJO Aog AU!? AD? A% Aﬂj A'ﬂ-f AU} ‘402 :1{,‘,' ‘i,j:, Addresses

Port Con Oz lre Qi Onre e zennl L1 0.l Bz | 0 0 0744H

CWR 0 0 0 0 01 1 1 010 0 0 T 19" oM



Let us use absolute decoding scheme that uses all the 16 address lines for dleriving the device address
pulse(Out of Ag- Ajs lines, two address lines-Ag, and Ay, are directly rcc_]mred by 8255 for the three
port and CWR address decoding)Hence onlyhms"’a'r'e used for decoding addresses. The complete
hardware scheme is shown in Fig. 5.%&& diagram, the 8086 is assumed to be irl_tl_le maximum
mode so that IORD and IOWR are readily available. If the 8086 is in minimum mode, RD and WR of

8086 are to be connected accordingly to 8255 and Mﬂ—O pin is combined with the chip select of above
hardware suitably so as to select the 8255 when M/IO is low.
‘The ALP for the problem is developed as follows:

. - N 1y il _UJR
MOV DX, 0746 H ; Initialise CWR with - ) Iwitebsc C

MOV AL, 82 H 5 control word 82H _ ity 4 el b
0UT DX, AL . D Ger aitth gl

) I -!-1‘ IJ 4
SUB DX, 04 ; Get address of port B ip DX |
IN AL, DX ; Read port B for switch '

SUB DX,02 ; positions in to AL and get port A address :D Recd P b
3 in DX, - - |
OUT'DX, AL 5 Display switch positions on port A b) DIEPLM gttt
MOV BL, 00 H Initialise BL for switch count Powhins) o f
MOV-CH, 084 ; Initialise CH for total switch number e
YY: ROL AL » Rotate AL through carry to check ¢y By e d
JNC XX 3 whether the switches are on or : ' ARG TS k;
INC BL 3 off, i.e. either 1 or O Wil { Wi b
XX : DEC CH i Check for next switch. If el (e pf
INZ YY 3 all switch are checked, the 4 e WG
MOV AL, BL 3 number of on switches are T e
ADDDX, 04 5 in BL.Display it on port ¢ LA S
OUT DX,AL s lower.
HLT 3 Stop

Program 5.5 ALP for Problem 510
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Fig. 5.19 8255 Interfacing with 8086 for Problem 5.10
Problem 2:
Problem 5.11

Interface a 4*4 Keyboard with 8086 using 8255. and write an ALP for detecting a key closure and

return the key code in AL. The debouncing period for a key is 10 ms. Use software key debouncing
technique. DEBOUNCE is an available 10 ms delay routine.

Solution Port A is used as output port for selecting a row of keys while port B is used as an inpu
port for sensing a closed key. Thus the keyboard lines are selected one by one through port A and
the port B lines are polled continuously till a key closure is sensed. Then routine DEBOUNCE is
called for key debouncing. The key code is decided depending upon the selected row and a low
sensed column. The hardware circuit diagram is shown in Fig. 5.21.




Fig. 5.21 |"te"f‘"'-i"9 4 X 4 Keyboard for Problem 5.12



The higher order lines of port A and port B are left unused. The addresses of port A and port B will

be respectively 8000 H and 8002 H while the address of CWR will be 8006 H. The flow chart of the
complete program is given in Fig. 5.22.

INITIALISE 8255 row. column
counter & key code reg

a

£ Ky
-Closed?

S sTow N
counter=07?

t

- Setcolumn courter

e o

Dectrmentrow cotnter

Yes

/Is column
\counter = Q?

_Increment code register -
Decrement column Counter

Transfer code {o i
. ‘accumulator

Fig.5.22 Flow Chart for ALP of Problem 5.] |

The ALP for the problem is given along with comments. The control worg for this problem will be

Ry, Let us write this program using assembler directives. In this problem no major data is required



hence only one segment is used for storing the program code, i.e. code segment (CS). This program is
written in MASM syatax. The 8255 is again interfaced to the lower byte of the 8086 data bus. Absolute
decoding scheme is not used here to implement the circuit using minimum hardware.

CODE
ASSUME
\  START:

WAIT :

NXTROW :

NXTCOL :

CODEKY :

SEGMENT
CS : CODE
MOV AL, 82H

MOV DX, 8006H

OUT DX, AL
MOV BL, OOH
XOR AX, AX

MOV DX, 8000H

0UT DX, AL
ADD DX,02

IN AL, DX
AND AL, OF H
CMP AL, OF H
JZ WAIT

CALL DEBOUNCE

MOV AL, 7FH
MOV BH, O4H
ROL AL, 01
MOV CH, AL
SUB DX,02
OuT DX, AL
ADD DX,02
IN AL, DX
AND AL, OFH
MOV CL, 04H
ROR AL, 01
JNC CODEKY
INC BL

DEC CL

JNZ NXTCOL
MOV AL,CH
DEC BH

JINZ NXTROW
JMP WAIT

MOV AL, BL
MOV. AH, 4CH
INT 21 H

; Load CWR with

3 control word

; required

; Initialize BL for key code

; Clear all flags

; Port Address in AX.

; Ground all rows.

; Port B address in DX.

; Read all columns.

; Mask data lines D;-D,.

; Any key closed?

; If not, wait till key

; closure else wait for 10 ms
; Load data byte to ground
; a row and set row counter.
; Rotate AL to ground next row.
; Save data byte to ground next row.
; Output port address is in DX.
; Ground one of the rows.
s Input port address is in DX.
; Read input port for key closure.
; Mask D,-D,.

s Set column counter.
; Move Dy in CF.
v

o
]
¥

: Key closure is found, if CF=0.

;s Increment BL for next binary

; key code.

; Decrement column counter,

; if no key closure found.

s Check for key closure in next column
; Load data byte to ground next row.
; if no key closer found in column

; get ready to ground next row.

3 Go back to ground next row.

3 Jump back to check for key.

; closure again.

i Key code is transferred to AL.

3 Return to DOS prompt.

This procedure generates 10 ms delay at 5 MHz operating frequency.

DEBOUNCE P

BACK :

DEBOUNCE

CODE

ROC NEAR

MOV CL, OEZH
NOP

DEC CL

JNZ BACK

RET

ENDP

ENDS

END START




Problem.1

\]ﬂén‘ace an 8255 with 8086 to work as an IO port. Initialize port A as output port, port B as input port

and port  as output port. Port A address should be 0740H, Write a program to sense switch positions
SW,-SW, connected at port B. The sensed pattem is to be displayed on port A, to which 8 LEDs are
connected, while the port C lower displays number of on switches out of the total eight switches.

a) Mode 1: ( Strobed input/output mode )

* In this mode the handshaking signals control the input and output action of the specified
port.

» Port C lines PC0-PC2, provide strobe or handshake lines for port B. This group which
includes port B and PCO-PC2 is called as group B for Strobed data input/output.

* Port C lines PC3-PC5 provide strobe lines for port A. This group including port A and
PC3-PC5 from group A. Thus port C is utilized for generating handshake signals.

» The salient features of mode 1 are listed as follows:

1.Two groups — group A and group B are available for strobed data transfer.
2. Each group contains one 8-bit data 1/0 port and one 4-bit control/data port.

3. The 8-bit data port can be either used as input and output port. The inputs and
outputs both are latched.

4. Out of 8-bit port C, PC0O-PC2 are used to generate control signals for port B and
PC3-PC5 are used to generate control signals for port A. the lines PC6, PC7 may
be used as independent data lines.

The control signals for both the groups in input and output modes are explained as
follows:

Input control signal definitions (mode 1):

e STB( Strobe input ) — If this lines falls to logic low level,the data available at 8-bit
input port is loaded into input latches.

* IBF ( Input buffer full ) — If this signal rises to logic 1, it indicates that data has been
loaded into latches, i.e. It works as an acknowledgement. IBF is set by a low on STB
and is reset by the rising edge of RD input.

* INTR ( Interrupt request ) — This active high output signal can be used to interrupt
the CPU whenever an input device requests the service. INTR is set by a high STB
pin and a high at IBF pin. INTE is an internal flag that can be controlled by the bit
set/reset mode of either PC4(INTEA) or PC2(INTEB) as shown in fig.



* INTR is reset by a falling edge of RD input. Thus an external input device can be
request the service of the processor by putting the data on the bus and sending the strobe
signal.

Output control signal definitions (mode 1) :

* OBF (Output buffer full ) — This status signal, whenever falls to low, indicates that
CPU has written data to the specified output port. The OBF flip-flop will be set by a
rising edge of WR signal and reset by a low going edge at the ACK input.

* ACK (Acknowledge input ) — ACK signal acts as an acknowledgement to be given
by an output device. ACK signal, whenever low, informs the CPU that the data
transferred by the CPU to the output device through the port is received by the output
device.

* INTR ( Interrupt request ) — Thus an output signal that can be used to interrupt the
CPU when an output device acknowledges the data received from the CPU. INTR is
set

when ACK, OBF and INTE are 1. It is reset by a falling edge on WR input. The
INTEA and INTEB flags are controlled by the bit set-reset mode of PC6 and PC2
respectively.

Input control signal definitions in

Maode 1
1 (0 |1 |0 10X X |X 11X |X | X X1 |1 |X
D, Dy D; D, D, D, D; D, D, Dy D; Dy D; D, D, D,
1 - Input
0 - Output
For PC;-PC,
PA, —PA./ PB,-PB, \
INTE, PC}— STB, [IE PC,| +STBy
PC :‘_IBFA r PCI ‘_IBFB
- I-PC.‘G *INTR
PG —*INTR, ES| 5
RD- PC,-PCr—1/0
RD
Mode 1 Control Word Group A Mode 1 Control Word Group B

P P



Output control signal definitions Mode 1

1|0 (1 (0 1/0|X X |X 11X | XX [X|1 |0 X
1 - Input
0 - Output
For PC,-PC;
PA,— PA] PB, -
PB-
INTE, PC} » o | INIE PC, | »OBF,
PCq—ACK, ' PC, —ACK,
PC, 1N
Yel "0 INTR
PC—INTR, "
WR > PC,-PCy——y0
Mode 1 Control Word Group A Mode 1 Control Word Group B

Mode 2 (Strobed bidirectional 1/0):

Q.Specify the significance of strobed bidirectional 1/O modes of 82557

» This mode of operation of 8255 is also called as strobed bidirectional 1/0. This mode
of operation provides 8255 with an additional features for communicating with a
peripheral device on an 8-bit data bus. Handshaking signals are provided to maintain
proper data flow and synchronization between the data transmitter and receiver. The
interrupt generation and other functions are similar to mode 1.

* In this mode, 8255 is a bidirectional 8-bit port with handshake signals. The Rd and WR
signals decide whether the 8255 is going to operate as an input port or output port.

* The Salient features of Mode 2 of 8255 are listed as follows:
1. The single 8-bit port in group A is available.
2. The 8-bit port is bidirectional and additionally a 5-bit control port is available.
3. Three 1/0 lines are available at port C.(PC2 — PCO0)
4. Inputs and outputs are both latched.



5. The 5-bit control port C (PC3-PC7) is used for generating / accepting handshake
signals for the 8-bit data transfer on port A.

Control signal definitions in mode 2:

* INTR — (Interrupt request) As in mode 1, this control signal is active high and is used to
interrupt the microprocessor to ask for transfer of the next data byte to/from it. This
signal is used for input (read) as well as output (write) operations.

* Control Signals for Output operations:

» OBF (Output buffer full) — This signal, when falls to low level, indicates that the CPU
has written data to port A.

« ACK (Acknowledge) This control input, when falls to logic low level, acknowledges
that the previous data byte is received by the destination and next byte may be sent by
the processor. This signal enables the internal tristate buffers to send the next data
byte on port A.

* INTEL (A flag associated with OBF) This can be controlled by bit set/reset mode with
PC6.

Control signals for input operations :

. S'I'T(Strobe input) A low on this line is used to strobe in the data into the input latches
of 8255.

* IBF (Input buffer full) When the data is loaded into input buffer, this signal rises to
logic “1’. This can be used as an acknowledge that the data has been received by the
receiver.

* Note: WR must occur before ACK and STB must be activated before RD

» The following fig shows a schematic diagram containing an 8-bit bidirectional port,
5-bit control port and the relation of INTR with the control pins. Port B can either be
set to Mode 0 or 1 with port A(Group A) is in Mode 2.

* Mode 2 is not available for port B..
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The following fig shows the control word
D Ds Ds D, D: D, D; Dy

1 1 X X X 1/0 10 | 1/0
: Port B made 0-
1/0 1
mode moade 0 1- made ) _
Port A maode 1 PC, - PG,
2 1 - Imput
0 - Output

Port B 1- I'P
0-0/P

Mode 2 control word
The INTR goes high only if either IBF, INTE2, STB and RD go high or OBF, INTEL,
ACK and WR go high. The port C can be read to know the status of the peripheral
device, in terms of the control signals, using the normal I/O



The KEYBOARD/DISPLAY CONTROLLER-8279

Q.Explain the important features of KEYBOARD/DISPLAY
CONTROLLER-8279

While studying 8255, we have explained the use of 8255 in interfacing keyboards and
displays with 8086. The disadvantages of this method of interfacing keyboard and
display with 8086 is that the processor has to refresh the display and check the status of
the keyboard periodically using polling technique. Thus a considerable amount of CPU
time is wasted, reducing the system operating speed.

* Intel’s 8279 is a general purpose keyboard display controller that simultaneously drives the
display of a system and interfaces a keyboard with the CPU, leaving it free for its routine
task.

Important features of 8279 are:-

e Simultaneous keyboard and display operations.
e Scanned keyboard mode.

e Scanned sensor mode.

e 8 -character keyboard FIFO.

e 16 - character display.

e Right or left entry 16- byte display RAM.

e Programmable scan timing

Q.Draw the architecture of 8279?
Q.Describe Four different sections in the architecture of 8279?

Architecture and Signal Descriptions of 8279

The keyboard display controller chip 8279 provides:
a) a set of four scan lines and eight return lines for interfacing keyboards
b) A set of eight output lines for interfacing display.
Fig shows the functional block diagram of 8279 followed by its brief description.
The four major sections of 8279, they are
1)keyboard
2)scan

3)display and



4)CPU interface

1)The keyboard section consists of

eight return lines RLO - RL7 that can be used to form the columns of a
keyboard matrix.

Return Buffers and Keyboard Debounce and Control: This section scans for a key
closure row wise. If a key closer is detected, the keyboard debounce unit debounces the
key entry (i.e. wait for 10 ms). After the debounce period, if the key continues to be
detected. The code of key is directly transferred to the sensor RAM along with SHIFT
and CONTROL key status.

It has two additional input : shift and control/strobe. The keys are automatically
debounced.

The two operating modes of keyboard section are 2-key lockout and N-key
rollover.

In the 2-key lockout mode, if two keys are pressed simultaneously, only the first
key is recognized.

In the N-key rollover mode simultaneous keys are recognized and their codes are
stored in FIFO.

FIFO/Sensor RAM and Status Logic: In keyboard or strobed input mode, this block
acts as 8-byte first-in-first-out (FIFO) RAM. Each key code of the pressed key is entered
in the order of the entry and in the mean time read by the CPU, till the RAM become

empty.

The status logic generates an interrupt after each FIFO read operation till the
FIFO is empty.

2) The display section has

eight output lines divided into two groups A0-A3 and B0-B3.:-

The output lines can be used either as a single group of eight lines or as two
groups of four lines, in conjunction with the scan lines for a multiplexed display.

The output lines are connected to the anodes through driver transistor in case of
common cathode 7-segment LEDs.

The cathodes are connected to scan lines through driver transistors.

The display can be blanked by BD (low) line

Display Address Registers and Display RAM:-



— The display address register holds the address of the word currently
being written or read by the CPU to or from the display RAM.
The contents of the registers are automatically updated by 8279 to
accept the next data entry by CPU.

3) The scan section has

— ascan counter:- The scan counter has two modes to scan the key matrix and
refresh the display. In the encoded mode, the counter provides binary count that is
to be externally decoded to provide the scan lines for keyboard and display (Four
externally decoded scan lines may drive upto 16 displays). In the decode scan
mode, the counter internally decodes the least significant 2 bits and provides a
decoded 1 out of 4 scan on SLO-SL3(Four internally decoded scan lines may drive
upto 4 displays). The keyboard and display both are in the same mode at a time.

— four scan lines, SLO to SL3.
4)CPU interface section
» The CPU interface section takes care of data transfer between 8279 and the processor.
» This section consists of 1/0 Control and Data Buffers :-

— The 1/O control section controls the flow of data to/from the 8279. The data
buffers interface the external bus of the system with internal bus of 8279.

— The 1/O section is enabled only if CS is low. The pins A0, RD and WR select
the command, status or data read/write operations carried out by the CPU with
8279.

e Control and Timing Register and Timing Control : These registers store the
keyboard and display modes and other operating conditions programmed by CPU.
The registers are written with A0O=1 and WR=0. The Timing and control unit controls
the basic timings for the operation of the circuit. Scan counter divide down the
operating frequency of 8279 to derive scan keyboard and scan display frequencies.
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Q.Explain the signal descriptions of 82797
Q.Explain the use of BD and shift signals of 8279?



Signal description of 8279

RL; — 1 40 [ Vec
RL; 2 39 — RL,
CLK — 3 38 — RL,
IRQ — 4 37 — CNTL/S1
RLy — 5 36 — SHIFT
RL;: — o6 35 — SL;
RL; — 7 34 — SL,
RL, — 8 33 — SL;
RESET— 9 —
—— 8279 32 SLo
RD — 10 31 — OUT By
WR — 11 30 — OUT B,
DBy — 12 29 — OUT B;
DB, — 13 28 — OUT B3
DB, — 14 27 — OUT A,
DB; — 15 26 — OUT A,
DB;— 16 25 — OUT A,
DBs— 17 24 — OUT A;
DBs— 18 23 — ]ﬂ)
DB;— 19 22 — CS
Vss — 20 21 — Ay
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The signal discription of each of the pins of 8279 as follows :

*« DBO0-DBY : These are bidirectional data bus lines. The data and command words to and
from the CPU are transferred on these lines.

* CLK : This is a clock input used to generate internal timing required by 8279.

* RESET : This pin is used to reset 8279. A high on this line reset 8279. After resetting 8279,
its in sixteen 8-bit display, left entry encoded scan, 2-key lock out mode. The clock prescaler
is set to 31.

* CS : Chip Select — A low on this line enables 8279 for normal read or write operations.
Other wise, this pin should remain high.

* A0 : A high on this line indicates the transfer of a command or status information. A low on
this line indicates the transfer of data. This is used to select one of the internal registers of
8279.

* RD, WR (Input/Output) READ/WRITE - These input pins enable the data buffers to
receive or send data over the data bus.

* IRQ : This interrupt output lines goes high when there is a data in the FIFO sensor RAM.
The interrupt lines goes low with each FIFO RAM read operation but if the FIFO RAM
further contains any key-code entry to be read by the CPU, this pin again goes high to
generate an interrupt to the CPU.

* Vss, Vcc : These are the ground and power supply lines for the circuit.

» SLO-SL3-Scan Lines : These lines are used to scan the key board matrix and display digits.
These lines can be programmed as encoded or decoded, using the mode control register.

RLO - RL7 - Return Lines : These are the input lines which are connected to one terminal of
keys, while the other terminal of the keys are connected to the decoded scan lines. These are
normally high, but pulled low when a key is pressed.

* SHIFT : The status of the shift input lines is stored along with each key code in FIFO, in
scanned keyboard mode. It is pulled up internally to keep it high, till it is pulled low with a
key closure.

* BD - Blank Display : This output pin is used to blank the display during digit switching or
by a blanking closure.

* OUT A0 - OUT A3 and OUT BO - OUT B3 - These are the output ports for two 16*4 or
16*8 internal display refresh registers. The data from these lines is synchronized with the
scan lines to scan the display and keyboard. The two 4-bit ports may also as one 8-bit port.



* CNTL/STB- CONTROL/STROBED I/P Mode : In keyboard mode, this lines is used as a
control input and stored in FIFO on a key closure. The line is a strobed lines that enters the
data into FIFO RAM, in strobed input mode. It has an interrupt pull up. The lines is pulled
down with a key closer.

Modes of Operation of 8279

Q.lllustrate different modes of operations of 82797
Q.Describe different modes of operations of 82797

Q.Differentiate input and output modes of 8279?

» The modes of operation of 8279 are as follows :

1. Input (Keyboard) modes.

2. Output (Display) modes.

1. Input (Keyboard) Modes : 8279 provides three input modes. These modes are as follows:

1. Scanned Keyboard Mode : This mode allows a key matrix to be interfaced using
either encoded or decoded scans. In encoded scan, an 8*8 keyboard or in decoded
scan, a 4*8 keyboard can be interfaced. The code of key pressed with SHIFT and
CONTROL status is stored into the FIFO RAM.

2. Scanned Sensor Matrix : In this mode, a sensor array can be interfaced with 8279
using either encoded or decoded scans. With encoded scan 8*8 sensor matrix or with
decoded scan 4*8 sensor matrix can be interfaced. The sensor codes are stored in the
CPU addressable sensor RAM.

3. Strobed input: In this mode, if the control lines goes low, the data on return lines,
is stored in the FIFO byte by byte.

2. Output (Display) Modes : 8279 provides two output modes for selecting the display
options. These are discussed briefly.

1. Display Scan : In this mode 8279 provides 8 or 16 character multiplexed displays
those can be organized as dual 4- bit or single 8-bit display units.

2. Display Entry : (right entry or left entry mode) 8279 allows options for data entry
on the displays. The display data is entered for display either from the right side or
from the left side.



Keyboard Modes

i. Scanned Keyboard mode with 2 Key Lockout : In this mode of operation, when a key is
pressed, a debounce logic comes into operation. During the next two scans, other keys are
checked for closure and if no other key is pressed the first pressed key is identified.

The key code of the identified key is entered into the FIFO with SHIFT and CNTL status,
provided the FIFO is not full, i.e. it has at least one byte free. If the FIFO does not have any
free byte, naturally the key data will not be entered and the error flag is set.

* If FIFO has at least one byte free, the above code is entered into it and the 8279 generates
an interrupt on IRQ line to the CPU to inform about the previous key closures. If another key
is found closed during the first key, the keycode is entered in FIFO.

« If the first pressed key is released before the others, the first will be ignored. A key code is
entered to FIFO only once for each valid depression, independent of other keys pressed along
with it, or released before it.

* If two keys are pressed within a debounce cycle (simultaneously), no key is recognized till
one of them remains closed and the other is released. The last key, that remains depressed is
considered as single valid key depression.

ii. Scanned Keyboard with N-Key Rollover : In this mode, each key depression is treated
independently. When a key is pressed, the debounce circuit waits for 2 keyboards scans and
then checks whether the key is still depressed. If it is still depressed, the code is entered in
FIFO RAM. Any number of keys can be pressed simultaneously and recognized in the order,
the keyboard scan recorded them. All the codes of such keys are entered into FIFO.

In this mode, the first pressed key need not be released before the second is pressed. All the
keys are sensed in the order of their depression, rather in the order the keyboard scan senses
them, and independent of the order of their release.

iii. Scanned Keyboard Special Error Mode : This mode is valid only under the N-Key
rollover mode. This mode is programmed using end interrupt / error mode set command. If
during a single debounce period (two keyboard scans) two keys are found pressed , this is
considered a simultaneous depression and an error flag is set.

* This flag, if set, prevents further writing in FIFO but allows the generation of further
interrupts to the CPU for FIFO read. The error flag can be read by reading the FIFO status
word. The error Flag is set by sending normal clear command with CF = 1.

iv. Sensor Matrix Mode : In the sensor matrix mode, the debounce logic is inhibited. The 8-
byte FIFO RAM now acts as 8 * 8 bit memory matrix. The status of the sensor switch matrix



is fed directly to sensor RAM matrix. Thus the sensor RAM bits contains the row-wise and
column wise status of the sensors in the sensor matrix.

* The IRQ line goes high, if any change in sensor value is detected at the end of a sensor
matrix scan or the sensor RAM has a previous entry to be read by the CPU. The IRQ line is
reset by the first data read operation, if Al = 0, otherwise, by issuing the end interrupt
command. Al is a bit in read sensor RAM word.

Display Modes

There are various options of data display. For example, the command number of characters
can be 8 or 16, with each character organised as single 8-bit or dual 4-bit codes. Similarly
there are two display formats.

* The first one is known as left entry mode or type writer mode, since in a type writer the first
character typed appears at the left-most position, while the subsequent characters appear
successively to the right of the first one. The other display format is known as right entry
mode, or calculator mode, since in a calculator the first character entered appears at the
rightmost position and this character is shifted one position left when the next characters is
entered.

* Thus all the previously entered characters are shifted left by one position when a new
characters is entered.

i. Left Entry Mode : In the left entry mode, the data is entered from left side of the display
unit. Address 0 of the display RAM contains the leftmost display characters and address 15 of
the RAM contains the right most display characters. It is just like writing in our address is
automatically updated with successive reads or writes. The first entry is displayed on the
leftmost display and the sixteenth entry on the rightmost display. The seventeenth entry is
again displayed at the leftmost display position.

ii. Right Entry Mode : In this right entry mode, the first entry to be displayed is entered on
the rightmost display. The next entry is also placed in the right most display but after the
previous display is shifted left by one display position. The leftmost characters is shifted out
of that display at the seventeenth entry and is lost, i.e. it is pushed out of the display RAM.



DMA Controller 8257

Q.Describe the use of DMA controller?

The Direct Memory Access or DMA mode of data transfer is the fastest amongst all the
modes of data transfer. In this mode, the device may transfer data directly to/from memory
without any interference from the CPU. The device requests the CPU (through a DMA
controller) to hold its data, address and control bus, so that the device may transfer data
directly to/from memory.

The DMA data transfer is initiated only after receiving HLDA signal from the CPU. Intel’s
8257 is a four channel DMA controller designed to be interfaced with their family of
microprocessors. The 8257, on behalf of the devices, requests the CPU for bus access
using local bus request input i.e. HOLD in minimum mode.

In maximum mode of the microprocessor RQ/GT pin is used as bus request input.
On receiving the HLDA signal (in minimum mode) or RQ/GT signal (in maximum mode)
from the CPU, the requesting devices gets the access of the bus, and it completes the required
number of DMA cycles for the data transfer and then hands over the control of the bus back
to the CPU.

Internal Architecture of 8257

Q.Describe the internal architecture of 8257?

Q.Describe the important features of 8257?
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The internal architecture of 8257 is shown in figure. The chip support four DMA channels,
i.e. four peripheral devices can independently request for DMA data transfer through these
channels at a time. The DMA controller has 8-bit internal data buffer, a read/write unit, a
control unit, a priority resolving unit along with a set of registers.

Features:

It is a 4-channel DMA.

So 4 1/0 devices can be interfaced to DMA

It is designed by Intel

Each channel have 16-bit address and 14 bit counter

It provides chip priority resolver that resolves priority of channels in fixed or
rotating mode.

YV VY YVYV

It provide on chip channel inhibit logic.

Reqister Organization of 8257

Q.Explain the register organization of 8257

Q.Explain the use of terminal count register in 8257?



Table 8257 Register Selection

Register Byie Address Inpuis F/L Bl-Direciional Data Bus
... .. ... .. ) O, b 5 b, b, b; b b
CH-0 DMA Address LSB o 0 o 0 Ay Ag Ay A, A A, A A
MSHB 4] 0 0 0 1 AI.“ AH AI..* All .-'\H AID .r\q A!
CHOTerminalCoumt LSB 0 ©0 0 1 0 € € € €, € € € G
MSB 0 O 0 I 1 Rd Wr C, Cp €, Cp Co ©C,
CH-1 DMA Address LSB 0 0 1 0 0 A, A, Ay Ay Ay A, A Ay
MS5H 0 0 1 0 1 Al" A'IJ A“ AI" Ay, AIU Ay A.
CH-1 Terminal Coumt LSB o o0 1 1 ] c, C ¢ C G G ¢ G
MSB o 0 1 1 1 Rd Wr C, C, C, C, G C;
CH-2 DMA Address LSB 0 1 0 © ] Ay Ay A, A, A, A, A A
MSB 0 1 0 0 ¥ A, A, A, A. A, AL A A
CH-2 Terminal Count LSB 0 1 0 1 0 c, € & C G G G G
MSB 0 1 O I I Rd Wr C, C, €, Co C C,
CH3DMAAddress LSB 0 1 1 0 0 A, A, Ay A, A, A, A, Ay
MSB 0 1 1 0 1 .F\” AIJ .-\]_I "\l.‘ Ay, Am l\g A'
CH-3 Terminal Count LSB 0 1 1 1 0 C, & & C ¢ &£, C &
MSB 0 1 1 1 I Rd Wr C, C,, C, C, s O
MODE SET _ 1 0 0O 0 L] Al. TCS EW RFP EN3 EN2Z EN1 ENO
(Programme only)
STATUS (Read only) — 1 0 0 o0 0 0 0 0 UP TC3 TCZ TCl TCo

= Each channel has a pair of 2 16 bit registers:-
DMA address register
Terminal Count register
=  Two common registers for all channels are:-
Mode set register
Status register
= So total 10 registers,they are selected using A0-A3 address lines

DMA Address Register

Each DMA channel has one DMA address register. The function of this register is to store
the address of the starting memory location, which will be accessed by the DMA
channel. Thus the starting address of the memory block which will be accessed by the device
is first loaded in the DMA address register of the channel. The device that wants to transfer
data over a DMA channel, will access the block of the memory with the starting address
stored in the DMA Address Register.

Terminal Count Register
Each of the four DMA channels of 8257 has one terminal count register (TC). This 16-bit

register isused for ascertaining that the data transfer through a DMA channel ceases or
stops after the required number of DMA cycles. The low order 14-bits of the terminal



count register are initialised with the binary equivalent of the number of required DMA
cycles minus one.After each DMA cycle, the terminal count register content will be
decremented by one and finally it becomes zero after the required number of DMA cycles are
over. The bits 14 and 15 of this register indicate the type of the DMA operation (transfer). If
the device wants to write data into the memory, the DMA operation is called DMA write
operation. Bit 14 of the register in this case will be set to one and bit 15 will be set to zero.
Table gives detail of DMA operation selection and corresponding bit configuration of bits14
and 15 of the TC register.

Table DMA Operation Selection Using A, /RD and A /WR

Bir 15 Bit 14 Type of DMA Operation
0 0 Verify DMA Cycle
0 1 Write DMA Cycle
| 0 Read DMA Cycle
1 ! (Lllegal)

Mode Set Register

Q.Explain the modes of operations of 8257( Explain the mode set register )

Q.Draw the control word format of mode set register and status register?

The mode set register is used for programming the 8257 as per the requirements of the
system. The function of the mode set register is to enable the DMA channels individually
and also to set the various modes of operation.The DMA channel should not be enabled till
the DMA address register and the terminal count register contain valid information,
otherwise, an unwanted DMA request may initiate a DMA cycle, probably destroying the
valid memory data. The bits Do-D3 enable one of the four DMA channels of 8257. for
example, if Do is ‘1’, channel O is enabled. If bit 4 is set, rotating priority is enabled,
otherwise, the normal, i.e. fixed priority is enabled.

Dy Ds Ds Ds D3 D; Dy Dy

I 1 _f — 3 r " o i1-
Enables Auto Load | Enables Channel 0
Enables TC Stop 1 Enabies Channel 1
Enables Extended Write | ’ Enables Channel 2
Enables Rotating Priority ' Enables Channel 3

Fig. Bit Definitions of the Mode Set Register



If the TC STOP bit is set, the selected channel is disabled after the terminal count condition
is reached, and it further prevents any DMA cycle on the channel. To enable the channel
again, this bit must be reprogrammed. If the TC STOP bit is programmed to be zero, the
channel is not disabled, even after the count reaches zero and further request are allowed on
the same channel.
The auto load bit, if set, enables channel 2 for the repeat block chaining operations, without
immediate software intervention between the two successive blocks. The channel 2 registers
are used as usual, while the channel 3 registers are used to store the block reinitialisation
parameters, i.e. the DMA starting address and terminal count. After the first block is
transferred using DMA, the channel 2 registers are reloaded with the corresponding channel 3
registers for the next block transfer, if the update flag is set.

The extended write bit, if set to “1’, extends the duration of MEMW and 10W signals by
activating them earlier, this is useful in interfacing the peripherals with different access times.
If the peripheral is not accessed within the stipulated time, it is expected to give the ‘NOT
READY’ indication to 8257, to request it to add one or more wait states in the DMA
CYCLE. The mode set register can only be written into.

Status Register

The status register of 8257 is shown in figure. The lower order 4-bits of this register contain
the terminal count status for the four individual channels. If any of these bits is set, it
indicates that the specific channel has reached the terminal count condition.

Dy Da Ds D Da D, D4 Dy

'
|
'
|

i [ i 1
| ‘ t— TC Status Channel 0

TC Status Channel 1
Update Flag ' TC Status Channel 2

TC Status Channel 3
If 1, the respective channel has reached the terminal count condition.

These bits remain set till either the status is read by the CPU or the 8257 is reset. The update
flag is not affected by the read operation. This flag can only be cleared by resetting 8257 or
by resetting the auto load bit of the mode set register. If the update flag is set, the contents of
the channel 3 registers are reloaded to the corresponding registers of channel 2 whenever the
channel 2 reaches a terminal count condition, after transferring one block and the next block
is to be transferred using the autoload feature of 8257. The update flag is set every time, the
channel 2 registers are loaded with contents of the channel 3 registers. It is cleared by the
completion of the first DMA cycle of the new block. This register can only read.

Data Bus Buffer, Read/Write Lodgic, Control Unit and Priority Resolver




Q.Describe the duty of priority resolver in 8257?

The 8-bit. Tristate, bidirectional buffer interfaces the internal bus of 8257 with the external
system bus under the control of various control signals.

In the slave mode, the read/write logic accepts the 1/0 Read or 1/0 Write signals, decodes
the Ao-A3 lines and either writes the contents of the data bus to the addressed internal
register or reads the contents of the selected register depending upon whether IOW or IOR
signal is activated.

In master mode, the read/write logic generates the IOR and IOW signals to control the
data flow to or from the selected peripheral.

The control logic controls the sequences of operations and generates the required control
signals like AEN, ADSTB, MEMR,MEMW, TC and MARK along with the address lines

A4-A7, in master mode.

The priority resolver resolves the priority of the four DMA channels depending upon
whether normal priority or rotating priority is programmed.

Signal Description of 8257

Q.Draw the pin configuration of 82577?
Q.Draw the signal diagram of 8257?

Q.Describe the following pins of 8257 :-
a)HRQ
b)ADST
C)Mark
dTC

DRQ0-DRQ3 :

These are the four individual channel DMA request inputs, used by the peripheral devices for
requesting the DMA services. The DRQo has the highest priority while DRQ3 has the lowest
one, if the fixed priority mode is selected.

DACKo-DACK3 :



These are the active-low DMA acknowledge output lines which inform the requesting
peripheral that the request has been honoured and the bus is relinquished by the CPU. These
lines may act as strobe lines for the requesting devices.

IOR o

1 40 P As
Iow | 2 3o b Ag
MEMR = 3 38 b As
MEMW = 4 a7 b A
MARK = S as P TC
READY = 6 3as b Ag
HLDA g 7 34 P A
ADSTB o 8 a3 b A,
AEN o 9 2P Ao
HRQ < 10 31 b Veco
Soal 4 B257 =0 b T
CLK = 12 29 P Dy
RESET o 13 28 P D2
DACKZ =« 14 27 P D
DACK3 o 15 26 P Dy
DRQ, = 16 25 P DACKD
DRO; 5 17 24 = DACK1
DRQ4 =1 18 23 F Ds
DRQy = 19 225 Ds
GND = 20 21 Dy

Pin Diagram of 8257
Do-D7:

These are bidirectional, data lines used to interface the system bus with the internal data bus
of 8257. These lines carry command words to 8257 and status word from 8257, in slave
mode, i.e. under the control of CPU. The data over these lines may be transferred in both the
directions. When the 8257 is the bus master (master mode, i.e. not under CPU control), it
uses Do-D7 lines to send higher byte of the generated address to the latch. This address is
further latched using ADSTB signal. the address is transferred over Do-D7 during the first
clock cycle of the DMA
cycle. During the rest of the period, data is available on the data bus.

IOR:

This is an active-low bidirectional tristate input line that acts as an input in the slave mode. In
slave mode, this input signal is used by the CPU to read internal registers of 8257.this line
acts output in master mode. In master mode, this signal is used to read data from a peripheral
during a memory write cycle.

I0W :

This is an active low bidirection tristate line that acts as input in slave mode to load the
contents of the data bus to the 8-bit mode register or upper/lower byte of a 16-bit DMA



address register or terminal count register. In the master mode, it is a control output that loads
the data to a peripheral during DMA memory read cycle (write to peripheral).

CLK:

This is a clock frequency input required to derive basic system timings for the internal
operation of 8257.

RESET :

This active-high asynchronous input disables all the DMA channels by clearing the mode
register and tristates all the control lines.

A0-A3:

These are the four least significant address lines. In slave mode, they act as input which select
one of the registers to be read or written. In the master mode, they are the four least
significant memory address output lines generated by 8257.

CS:

This is an active-low chip select line that enables the read/write operations from/to 8257, in
slave mode. In the master mode, it is automatically disabled to prevent the chip from getting
selected (by CPU) while performing the DMA operation.

A4-AT :

This is the higher nibble of the lower byte address generated by 8257 during the master mode
of DMA operation.

READY:

This is an active-high asynchronous input used to stretch memory read and write cycles of
8257 by inserting wait states. This is used while interfacing slower peripherals..

HRQ:

The hold request output requests the access of the system bus. In the noncascaded 8257
systems, this is connected with HOLD pin of CPU. In the cascade mode, this pin of a slave is
connected with a DRQ input line of the master 8257, while that of the master is connected
with HOLD input of the CPU.

HLDA :The CPU drives this input to the DMA controller high, while granting the bus to the
device. This pin is connected to the HLDA output of the CPU. This input, if high, indicates to
the DMA controller that the bus has been granted to the requesting peripheral by the CPU.



MEMR:

This active —low memory read output is used to read data from the addressed memory
locations during DMA read cycles.

MEMW :

This active-low three state output is used to write data to the addressed memory location
during DMA write operation.

ADST :

This output from 8257 strobes the higher byte of the memory address generated by the DMA
controller into the latches.

AEN:

This output is used to disable the system data bus and the control the bus driven by the CPU,
this may be used to disable the system address and data bus by using the enable input of the
bus drivers to inhibit the non-DMA devices from responding during DMA operations. If the
8257 is 1/0 mapped, this should be wused to disable the other 1/O
devices, when the DMA controller addresses is on the address bus.

TC:

Terminal count output indicates to the currently selected peripherals that the present DMA
cycle is the last for the previously programmed data block. If the TC STOP bit in the mode
set register is set, the selected channel will be disabled at the end of the DMA cycle. The TC
pin is activated when the 14-bit content of the terminal count register of the selected channel
becomes equal to zero. The lower order 14 bits of the terminal count register are to be
programmed with a 14-bit equivalent of (n-1), if n is the desired number of DMA cycles.

MARK :

The modulo 128 mark output indicates to the selected peripheral that the current DMA cycle
is the 128th cycle since the previous MARK output. The mark will be activated after each
128 cycles or integral multiples of it from the beginning if the data block (the first DMA
cycle), if the total number of the required DMA cycles (n) is
completely divisible by 128.

Vcc :This is a +5v supply pin required for operation of the circuit.
GND:

This is a return line for the supply (ground pin of the IC).
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