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I[/O and Memory Interface

6.1 Introduction

The important components of any computer system are, processor, memory, and 1/0
devices (peripherals). The processor fetches instructions (opcodes and operands/data) from
memory, processes them and stores results in memory. The other components of the
computer system ( 1/O devices ) may be loosely called the Imput/Output system. The
main function of 1/0 system is to transfer information between processor or memory and
the outside world.

6.1.1 Input / Output System
The Input/Cutput system has two major functions :
* Interface to the processor and memory via the system bus,
* Interface to one or more 1/O devices by tailored data links

For clear understanding refer Fig. 6.1. Links to peripheral devices are used to exchange
control, status and data between the I/0 system and the external devices.

Addrass Bus
| L 0 i
Data Bus i
(111 1111 R
. Control Bus
Processor Memory If0 System

N S }h‘aﬁ;zw

IFQ Device 11O Device 0 Dravice WO Device
A B c D

s S B
e SR

Extarmal /O Devices

Fig. 6.1 Genoric model of computer system
{6 - 1)
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Microprocessor & Microcontroller System 6-2 O and Memory Interface

An important point that is to be noted here is, an [/O system is not simply mechanical
conmectors for connecting different devices required in the system to the system bus. It
contains some logic for performing function of communication between the peripheral (I/0
device) and the bus. The 1/0 systemn must have an interface internal to the computer { to
the processor and memory ) and an interface external to the computer ( to the external
I/O devices ).

6.1.2 Requirements of /O System

The 1/0 system is nothing but the hardware required to connect an 1/0 device to the
bus. It is also called /O interface. The major requirements of an 1/0 interface are :

1. Control and timing

2, Processor communication

3. Device communication

4. Data buffering

5. Error detection

All these requirements are explained here. The 1/O interface includes a control and
timing requirements to co-ordinate the flow of traffic between internal resources ( memory,
system bus ) and external devices. Processor communication involves different types of
signal transfers such as

= Processor sends commands to the 1/0O system which are generally the control

signals on the control bus.
* Exchange of data between the processor and the 1/0 interface over the data bus.

* The data transfer rate of peripherals is often much slower than that of the
processor. So it is necessary to check whether peripheral is ready or not for data
transfer. If not, processor must wait. So it is important to know the status of
1/O interface. The status signals such as BUSY, READY can be used for this
purpose.

* A number of peripheral devices may be connected to the 1/0 interface. The 1/0
interface controls the communication of each peripheral with processor. So it
must recognize one unique address for each peripheral connected to it

The I/O interface must able to perform device communication which involves
commands, status information and data.

Data buffering is also an essential task of an I/O interface. Data iransfer rates of
peripheral devices are quite high than that of processor and memory. The data coming
from memory or processor are sent to an I/O interface, buffered and then sent to the
peripheral device at its data rate. Also, data are buffered in 1/0 interface so as not to tie
up the memory in a slow transfer operation. Thus the I/O interface must be able to
operate at both peripheral and memory speeds.
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Microprocessor & Microcontroller System 6-3 O and Memory Interface

I/O interface is also responsible for error detection and for reporting errors to the
processor. The different types of errors are mechanical, electrical malfunctions reported by
the device such as bad disk track, unintentional changes to the bit pattern, transmission

errors efc. To fulfil all these requirements the important blocks necessary in any 1/0
interface are shown in Fig. 6.2

Interface 1o system bus Interface o extermal davices

; Data register
Data lines —=—: ! e Data
: Status/control register
: *1 Exiemal
; device
: interface :
i logic
H = Comntrol
Control lines — -

Fig. 6.2 Block diagram of VO interface

As shown in the Fig. 6.2, 1/O interface consists of data register, status/control register,
address decoder and external device interface logic. The data register holds the data being
transferred to or from the processor. The status/control register contains information
relevant to the operation of the [/0O device. Both data and status/control registers are
connected to the data bus. Address lines drive the address decoder. The address decoder
enables the device to recognize its address when address appears on the address lines. The
external device interface logic accepts inpuis from address decoder, processor control lines
and status signal from the 1/O device and generates control signals to control the direction
and speed of data transfer between processor and 1/0 devices.

The Fig. 6.3 shows the 1/O interface for input device and output device. Here, for
simplicity block schematic of 1/O interface is shown instead of detail connections. The
address decoder enables the device when its address appears on the address lines. The
data register holds the data being transferred to or from the processor. The status register

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_ 125/



www.BrainKart.com

Microprocessor & Microcontroller System 6-4 'O and Memory Interface

contains information relevant to the operation of the 1/0 device. Both the data and status
registers are assigned with unique addresses and they are connected to the data bus.

Address lines

Bus Data lines

Controd linas

Input device

{a) 110 interface for input device

Bus Data fines

Control lines

Output device

(b} VO interface for output device

Fig. 6.3

6.1.3 VO Ports

The simplest form of 1/O interface is an I/O port. The data transfer between
microprocessor and input device is done with the help of input port. The data transfer
between microprocessor and output device is done with the help of output port.
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Microprocessor & Microcontroller System 6-5 WO and Memory Intarface

Input port :

It is used o read data from the
input device such as keyboard. The
simplest form of input port is a buffer.
The input device is connected to the

o microprocessor through buffer as shown
Data from input  in the Fig. 6.4. This buffer is a tri-state
f““: e ﬂ] buffer and its output is available only

Enable when enable signal is active. When

microprocessor wants to read data from

the input device (keyboard), the control

Fig. 6.4 signals from the microprocessor activates

the buffer by asserting enable input of

the buffer. Once the buffer is enabled, data from the input device is available on the data
bus. Microprocessor reads this data by initiating read command.

Output port :

Input
Og- Dy

 —

Diata bus | (Tri-state buffer)

It is used to send data to the output
device such as display from the
microprocessor. The simplest form of

i w output port is a latch. The output device

is connected to the microprocessor
:> (Latch) :> through latch, as shown in the Fig. 6.5
To output device When microprocessor wants to send data
(Dispiay) to the output device, it puts the data on
the data bus and acHvates the clock
signal of the latch, latching the data
fromi the data bus at the output of latch.
It is then awailable at the output of latch

Fig. 6.5 for the output device.

CLK

6.2 /O Data Transfer Techniques

In I/C data transfer, the system requires the transfer of data between I/0O devices and
microprocessor using [/0 interface. It uses various techniques to perform 1/0 operations.
These are :

# Program Controlled I/0 or Programmed [/0 or Polled 1/0.
= [nterrupt Driven 1/0.
* Hardware Controlled I/0 or DMA.
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nstruction Set

instruction set of 8085 can be classified in following groups:

0 Data Transfer Instructions
0 These instructions can perform data transfer operations between
Registers of 8085 e.g. MOV
8085 registers and main memory e.g. LDA, STA, MOV, LDAX, STAX, MV, LXI etc.
Accumulator register and 1/0 devices e.g. IN, OUT
0 Data transfer instructions never affect the flag bits

Instruction Set Contd..

| Program Control Instructions
Fh astructi d t fer th ogram control:

p
to jump from one memory location to any other memory location within a program
from one program to another program called as a subroutine

0 8085 Instruction set consists of following program control instructions:

Jump Instructions

Restart instructions

struction Set Contd..

0 Unconditional Program control instructions are
JMP
Call & RET
RST n (n=0-7)
0 Conditional Program control instructions are
JINC, JC, JNZ, JZ, JP, JM, JPE, JPO

CNC, CC, CNZ, CZ, CP, CM, CPE, CPO
RNC, RC, RNZ, RZ, RP, RM, RPE, RPO

www.BrainKart.com

-_'struction Set Contd..

Arithmetic Instructions

conperom ol e opeat fomec with accumlato as ane of the perands. The satus o the el

DD, ADI ADC, ACI, SUB, U, 588, 581, P, CPI

Logical Instructions

W03 o . s s 40 KTt el s i 4 s
1

Hstruction Set Contd..

0 Program control instructions

1 Unconditional or Conditional
Unconditional program control instructions perform branching operation unconditionally

Conditional program control instructions perform branching operation with reference to the
condition of flag bits.

Hstruction Set Contd..

U Machine control Instructions
0 These instructions include special instructions such as
HLT - To halt the CPU
NOP - To perform no operation
SIM - To set the masking of hardware interrupts and serial output data
RIM - To read the status of interrupt mask and serial input data
El - Enable Interrupt
DI - Disable Interrupt
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. ‘ l ‘ l\ddressmg Modes Contd..
ddressing Modes o Regiter Indirect Addressing mode

. . . Insructons have their operand i memoryand he 16:it memary adess is speced na regster par 9. LDAX, STAX, PUSH. POP elc
[ 8085 instructions can be classified in following addressing modes 0 Implicit Addressing mode
0 Register Addressing mode
Insructons whih have their operands n rogistrs oly .9, MOV, ADD, SUB, ANA, ORA, XRA oz
0 Immediate Addressing mode
Insiructons in whichoperand immediately folows ihe op-code ., MVI, L, ADI, U, AN ORI el

0 Direct Addressing mode I

These instruction have thei operand impled i the op-code fsef .g. CMA, CMC, STC etc

Instructions have their operands in memory and the
TE5i memory sciress s speciied m ihs Asuciion o6, LDA, STA, LHLD, SHLD et

-’ﬁstructlon size
" Aninstruction is assembled in the memory of a microcomputer system in binary form. The size of an instruction

signifies how much memory space is required to load an instruction in the memory. 8085 instructions are of
following sizes:

One-byte Instructions
.g. MOV, ADD, ANA, SUB, ORA etc
Two-byte instructions.
e.g. MVI, ADI, ANI, ORI, XRI etc.
Three-byte instructions

e.g. LXI, LDA, STA, LHLD, SHLD etc.
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Instruction Format

An instruction is a command to the microprocessor to perform a given task on a specified data. Each instruction has two parts: one is task to be
performed, called the operation code (opcode), and the second is the data to be operated on, called the operand. The operand (or data) can be
specified in various ways. It may include 8-bit (or 16-bit) data, an internal register, a memory location, or 8-bit (or 16-bit) address. In some
instructions, the operand is implicit.

Instruction word size

The 8085 instruction set is classified into the following three groups according to word size:

1. One-word or 1-byte instructions

2. Two-word or 2-byte instructions

3. Three-word or 3-byte instructions

In the 8085, "byte" and "word" are synonymous because it is an 8-bit microprocessor.

However, instructions are commonly referred to in terms of bytes rather than words.

One-Byte Instructions

A 1-byte instruction includes the opcode and operand in the same byte. Operand(s) are internal

register and are coded into the instruction.

Example: MOV A.B

Two-Byte Instructions

In a two-byte instruction, the first byte specifies the operation code and the second byte specifies the operand. Source operand is a data byte
immediately following the opcode. Example: MVI A, 32H

Three-Byte Instructions

In a three-byte instruction, the first byte specifies the opcode, and the following two bytes specify the 16-bit address. Note that the second byte is
the low-order address and the third byte is the high-order address.

Three byte instructions - opcode + data byte + data byte Example: LXI 21H,

0520H
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8085 INSTRUCTION SET
INSTRUCTION DETAILS

DATA TRANSFER INSTRUCTIONS
Opcode Operand Description
Copy from source to destination
MOV Rd, Rs This instruction copies the contents of the source

M, Rs register into the destination register; the contents of

Rd, M the source register are not altered. If one of the operands is a

memory location, its location is specified by the contents of
the HL registers.
Example: MOV B, C or MOV B,M

Move immediate 8-bit
MVI Rd, data The 8-bit data is stored in the destination register or
M, data memory. If the operand is a memory location, its location is
specified by the contents of the HL registers.
Example: MVI B, 57H or MVI M, 57H

Load accumulator

LDA 16-bit address The contents of a memory location, specified by a
16-bit address in the operand, are copied to the accumulator.
The contents of the source are not altered.

Example: LDA 2034H

Load accumulator indirect

LDAX B/D Reg. pair The contents of the designated register pair point to a memory
location. This instruction copies the contents of that memory
location into the accumulator. The contents of either the
register pair or the memory location are not altered.

Example: LDAX B

Load register pair immediate

LXI Reg. pair, 16-bit data The instruction loads 16-bit data in the register pair
designated in the operand.
Example: LXI H, 2034H or LXI H, XYZ

Load H and L registers direct LHLD 16-bit

ddi . . . . . .
address The instruction copies the contents of the memory location pointed out by the 16-bit address
into register L and copies the contents of the next memory location into register H. The
contents of source memory locations are not altered. Example: LHLD 2040H
8085 Instruction Set Page 1
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Store accumulator direct
STA 16-bit address

Store accumulator indirect
STAX Reg. pair

Store H and L registers direct SHLD 16-bit
address

Exchange H and L with D and E XCHG none

Copy H and L registers to the stack pointer

www.BrainKart.com

The contents of the accumulator are copied into the memory
location specified by the operand. This is a 3-byte instruction, the second byte specifies the
low-order address and the third byte specifies the high-order address. Example: STA 4350H

The contents of the accumulator are copied into the memory
location specified by the contents of the operand (register
pair). The contents of the accumulator are not altered.
Example: STAX B

The contents of register L are stored into the memory location
specified by the 16-bit address in the operand and the contents
of H register are stored into the next memory location by
incrementing the operand. The contents of registers HL are

not altered. This is a 3-byte instruction, the second byte
specifies the low-order address and the third byte specifies the
high-order address.

Example: SHLD 2470H

The contents of register H are exchanged with the contents of
register D, and the contents of register L are exchanged with
the contents of register E.

Example: XCHG

none The instruction loads the contents of the H and L registers into the stack pointer register, the contents of the H register provide
the high-order address and the contents of the L register provide the low-order address. The contents of the H and L registers are not

altered.

Exchange H and L with top of stack XTHL none

8085 Instruction Set

Example: SPHL

The contents of the L register are exchanged with the stack location pointed out by the
contents of the stack pointer register. The contents of the H register are exchanged with the
next stack location (SP+1); however, the contents of the stack pointer register are not altered.
Example: XTHL

Page 2
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Push register pair onto stack PUSH Reg.

patr The contents of the register pair designated in the operand are copied onto the stack in the
following sequence. The stack pointer register is decremented and the contents of the high-
order register (B, D, H, A) are copied into that location. The stack pointer register is
decremented again and the contents of the low-order register (C, E, L, flags) are copied to that
location.
Example: PUSH B or PUSH A

Pop off stack to register pair

POP Reg. pair The contents of the memory location pointed out by the stack
pointer register are copied to the low-order register (C, E, L,
status flags) of the operand. The stack pointer is incremented
by 1 and the contents of that memory location are copied to the high-order register (B, D, H,
A) of the operand. The stack pointer register is again incremented by 1. Example: POP H or
POP A

Output data from accumulator to a port with 8-bit address

ouT 8-bit port address The contents of the accumulator are copied into the I/O port
specified by the operand.
Example: OUT F8H

Input data to accumulator from a port with 8-bit address

8-bit port address The contents of the input port designated in the operand are read and loaded into the accumulator.
Example: IN 8CH

8085 Instruction Set Page 3
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ARITHMETIC INSTRUCTIONS

Opcode Operand

Add register or memory to accumulator

ADD R
M

Add register to accumulator with carry
ADC R
M

Add immediate to accumulator

ADI 8-bit data

Add immediate to accumulator with carry

ACI 8-bit data

Add register pair to H and L registers
DAD Reg. pair

8085 Instruction Set
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Description

The contents of the operand (register or memory) are
added to the contents of the accumulator and the result is
stored in the accumulator. If the operand is a memory
location, its location is specified by the contents of the HL
registers. All flags are modified to reflect the result of the
addition.

Example: ADD B or ADD M

The contents of the operand (register or memory) and

the Carry flag are added to the contents of the accumulator
and the result is stored in the accumulator. If the operand is a
memory location, its location is specified by the contents of
the HL registers. All flags are modified to reflect the result of
the addition.

Example: ADC B or ADC M

The 8-bit data (operand) is added to the contents of the
accumulator and the result is stored in the accumulator. All
flags are modified to reflect the result of the addition.

Example: ADI 45H

The 8-bit data (operand) and the Carry flag are added to the
contents of the accumulator and the result is stored in the
accumulator. All flags are modified to reflect the result of the
addition.

Example: ACI 45H

The 16-bit contents of the specified register pair are added to
the contents of the HL register and the sum is stored in the
HL register. The contents of the source register pair are not
altered. If the result is larger than 16 bits, the CY flag is set.
No other flags are affected.

Example: DAD H

Page 4
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Subtract register or memory from accumulator
SUB R The contents of the operand (register or memory ) are
M subtracted from the contents of the accumulator, and the result
is stored in the accumulator. If the operand is a memory
location, its location is specified by the contents of the HL
registers. All flags are modified to reflect the result of the
subtraction.

Example: SUB B or SUBM

Subtract source and borrow from accumulator
SBB R The contents of the operand (register or memory ) and
M the Borrow flag are subtracted from the contents of the
accumulator and the result is placed in the accumulator. If

the operand is a memory location, its location is specified by
the contents of the HL registers. All flags are modified to reflect the result of the subtraction.
Example: SBB B or SBB M

Subtract immediate from accumulator
8-bit data The 8-bit data (operand) is subtracted from the contents of the accumulator and the result is stored in the accumulator. All
flags are modified to reflect the result of the subtraction.
Example: SUI 45H

Subtract immediate from accumulator with borrow
8-bit data The 8-bit data (operand) and the Borrow flag are subtracted from the contents of the accumulator and the result is stored in
the accumulator. All flags are modified to reflect the result of the subtracion.

Example: SBI 45H

Increment register or memory by 1
INR R The contents of the designated register or memory) are
M incremented by 1 and the result is stored in the same place. If
the operand is a memory location, its location is specified by
the contents of the HL registers.

Example: INR B or INR M

Increment register pair by 1
INX R The contents of the designated register pair are incremented
by 1 and the result is stored in the same place.

Example: INX H

8085 Instruction Set Page 5
Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_125/



Decrement register or memory by 1
DCR R
M

Decrement register pair by 1

DCX R

Decimal adjust accumulator

DAA none

8085 Instruction Set
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The contents of the designated register or memory are
decremented by 1 and the result is stored in the same place. If
the operand is a memory location, its location is specified by
the contents of the HL registers.

Example: DCR B or DCR M

The contents of the designated register pair are decremented
by 1 and the result is stored in the same place.

Example: DCX H

The contents of the accumulator are changed from a binary

value to two 4-bit binary coded decimal (BCD) digits. This is

the only instruction that uses the auxiliary flag to perform the binary to BCD conversion, and
the conversion procedure is described below. S, Z, AC, P, CY flags are altered to reflect the
results of the operation.

If the value of the low-order 4-bits in the accumulator is greater than 9 or if AC flag is set, the
instruction adds 6 to the low-order four bits.

If the value of the high-order 4-bits in the accumulator is greater than 9 or if the Carry flag is
set, the instruction adds 6 to the high-order four bits.

Example: DAA

Page 6
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BRANCHING INSTRUCTIONS

Opcode

Operand Description

Jump unconditionally

IMP

16-bit address The program sequence is transferred to the memory location

specified by the 16-bit address given in the operand.
Example: JMP 2034H or JMP XYZ

Jump conditionally

Operand: 16-bit address

The program sequence is transferred to the memory location specified by the 16-bit address
given in the operand based on the specified flag of the PSW as described below. Example: JZ

2034H or JZ XYZ
Opcode Description Flag Status
JC Jump on Carry CY=1
INC Jump on no Carry CY=0
JP Jump on positive S=0
M Jump on minus S=1
JZ Jump on zero Z=1
INZ Jump on no zero =0
JPE Jump on parity even P=1
JPO Jump on parity odd P=0
8085 Instruction Set Page 7
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Unconditional subroutine call

CALL 16-bit address The program sequence is transferred to the memory location
specified by the 16-bit address given in the operand. Before
the transfer, the address of the next instruction after CALL
(the contents of the program counter) is pushed onto the stack.
Example: CALL 2034H or CALL XYZ

Call conditionally
Operand: 16-bit address

The program sequence is transferred to the memory location specified by the 16-bit address
given in the operand based on the specified flag of the PSW as described below. Before the
transfer, the address of the next instruction after the call (the contents of the program counter)
is pushed onto the stack. Example: CZ 2034H or CZ XYZ

Opcode Description Flag Status
CcC Call on Carry Cy=1
CNC Call on no Carry CY=0
CP Call on positive S=0
CM Call on minus S=1
CZ Call on zero Z=1
CNZ Call on no zero Z=0
CPE Call on parity even P=1
CPO Call on parity odd P=0

8085 Instruction Set Page 8
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Return from subroutine unconditionally
none The program sequence is transferred from the subroutine to the calling program. The two bytes from the top of the stack are
copied into the program counter, and program execution begins at the new address.

Example: RET
Return from subroutine conditionally
Operand: none

The program sequence is transferred from the subroutine to
the calling program based on the specified flag of the PSW as
described below. The two bytes from the top of the stack are
copied into the program counter, and program execution
begins at the new address.

Example: RZ
Opcode Description Flag Status
RC Return on Carry Cy=1
RNC Return on no Carry CY=0
RP Return on positive S=0
RM Return on minus S=1
RZ Return on zero Z=1
RNZ Return on no zero =0
RPE Return on parity even P=1
RPO Return on parity odd P=0
8085 Instruction Set Page 9
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Load program counter with HL contents
none The contents of registers H and L are copied into the program counter. The contents of H are placed as the high-order byte and
the contents of L as the low-order byte.
Example: PCHL

s 0-7 The RST instruction is equivalent to a 1-byte call instruction to one of eight memory locations depending upon the number. The
instructions are generally used in conjunction with interrupts and inserted using external hardware. However these can be used as
software instructions in a program to transfer program execution to one of the eight locations. The addresses are:

Instruction Restart Address
RSTO 0000H
RST 1 0008H
RST 2 0010H
RST3 0018H
RST 4 0020H
RST 5 0028H
RST 6 0030H
RST 7 0038H
The 8085 has four additional interrupts and these interrupts generate RST instructions
internally and thus do not require any external hardware. These instructions and their Restart
addresses are:
Interrupt Restart Address
TRAP 0024H
RST 5.5 002CH
RST 6.5 0034H
RST 7.5 003CH
8085 Instruction Set Page 10
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LOGICAL INSTRUCTIONS

Opcode Operand

Compare register or memory with accumulator
CMP R
M

Compare immediate with accumulator

www.BrainKart.com

Description

The contents of the operand (register or memory) are

compared with the contents of the accumulator. Both
contents are preserved . The result of the comparison is shown by setting the flags of the PSW
as follows: if (A) < (reg/mem): carry flag is set

if (A) = (reg/mem): zero flag is set

if (A) > (reg/mem): carry and zero flags are reset

Example: CMP B or CMP M

8-bit data The second byte (8-bit data) is compared with the contents of the accumulator. The values being compared remain
unchanged. The result of the comparison is shown by setting the flags of the PSW as follows:

Logical AND register or memory with accumulator
ANA R
M

Logical AND immediate with accumulator

if (A) < data: carry flag is set

if (A) = data: zero flag is set

if (A) > data: carry and zero flags are reset
Example: CPI 89H

The contents of the accumulator are logically ANDed with

the contents of the operand (register or memory), and the

result is placed in the accumulator. If the operand is a memory location, its address is
specified by the contents of HL registers. S, Z, P are modified to reflect the result of the
operation. CY is reset. AC is set. Example: ANA B or ANAM

8-bit data The contents of the accumulator are logically ANDed with the 8-bit data (operand) and the result is placed in the
accumulator. S, Z, P are modified to reflect the result of the operation. CY is reset. AC is set.

8085 Instruction Set

Example: ANI 86H

Page 11

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_ 125/



www.BrainKart.com

Exclusive OR register or memory with accumulator
XRA R The contents of the accumulator are Exclusive ORed with
M the contents of the operand (register or memory), and the
result is placed in the accumulator. If the operand is a memory location, its address is
specified by the contents of HL registers. S, Z, P are modified to reflect the result of the
operation. CY and AC are reset. Example: XRA B or XRAM

Exclusive OR immediate with accumulator

8-bit data The contents of the accumulator are Exclusive ORed with the 8-bit data (operand) and the result is placed in the
accumulator. S, Z, P are modified to reflect the result of the operation. CY and AC are reset.

Example: XRI 86H

Logical OR register or memory with accumulaotr
ORA R The contents of the accumulator are logically ORed with
M the contents of the operand (register or memory), and the
result is placed in the accumulator. If the operand is a memory location, its address is
specified by the contents of HL registers. S, Z, P are modified to reflect the result of the
operation. CY and AC are reset. Example: ORA B or ORAM

Logical OR immediate with accumulator

8-bit data The contents of the accumulator are logically ORed with the 8-bit data (operand) and the result is placed in the
accumulator. S, Z, P are modified to reflect the result of the operation. CY and AC are reset.

Example: ORI 86H

Rotate accumulator left
RLC none Each binary bit of the accumulator is rotated left by one position. Bit D7 is placed in the position of DO as well as in the Carry
flag. CY is modified according to bit D7. S, Z, P,
AC are not affected.
Example: RLC

Rotate accumulator right
RRC  none Each binary bit of the accumulator is rotated right by one position. Bit DO is placed in the position of D7 as well as in the Carry

flag. CY is modified according to bit DO. S, Z, P,
AC are not affected.
Example: RRC

8085 Instruction Set Page 12
Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_ 125/



www.BrainKart.com

Rotate accumulator left through carry
RAL none Each binary bit of the accumulator is rotated left by one position through the Carry flag. Bit D7 is placed in the Carry
flag, and the Carry flag is placed in the least significant position D0. CY is modified
according to bit D7. S, Z, P, AC are not affected.
Example: RAL

Rotate accumulator right through carry
RAR none Each binary bit of the accumulator is rotated right by one position through the Carry flag. Bit DO is placed in the Carry
flag, and the Carry flag is placed in the most significant position D7. CY is modified
according to bit DO. S, Z, P, AC are not affected.
Example: RAR

Complement accumulator
none The contents of the accumulator are complemented. No flags are affected.

Example: CMA

Complement carry
none The Carry flag is complemented. No other flags are affected. Example: CMC

Set Carry

STC none The Carry flag is set to 1. No other flags are affected.
Example: STC

8085 Instruction Set Page 13
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CONTROL INSTRUCTIONS
Opcode Operand Description

No operation
none No operation is performed. The instruction is fetched and decoded. However no operation is executed.
Example: NOP

Halt and enter wait state
none The CPU finishes executing the current instruction and halts any further execution. An interrupt or reset is necessary to exit
from the halt state.

Example: HLT
Disable interrupts

none The interrupt enable flip-flop is reset and all the interrupts except the TRAP are disabled. No flags are affected. Example: DI

Enable interrupts
none The interrupt enable flip-flop is set and all interrupts are enabled. No flags are affected. After a system reset or the
acknowledgement of an interrupt, the interrupt enable flip-flop is reset, thus disabling the interrupts. This instruction is necessary to
reenable the interrupts (except TRAP).

Example: EI

8085 Instruction Set Page 14
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Read interrupt mask

none This is a multipurpose instruction used to read the status of interrupts 7.5, 6.5, 5.5 and read serial data input bit. The instruction
loads eight bits in the accumulator with the following interpretations.

Example: RIM
D, D Ds D, D; D, D Dy
[SID[ 17 [ 16 | 15 [IE[7.5[6.5]55]
[ —
Serial input Interrupt
data bit masked if
bit = 1
Interrupts Interrupt enable
pending if flip-flop is set
bit = 1 if bit = 1

Set interrupt mask

none This is a multipurpose instruction and used to implement the 8085 interrupts 7.5, 6.5, 5.5, and serial data output. The instruction
interprets the accumulator contents as follows.

Example: SIM

D7 D6 D5 D4 D3 DZ D] DO
[SOD | SDE | XXX | R7.5 | MSE [ M7.5 [M6.5 [ M55 |

| —
Serial output data «—} Reset R7.5 Masks i%]terrupts
if D, = 1 if bits = 1
Serial data enable Mask set
1 = Enable enable if
0 = Disable D;=1

[J SOD — Serial Output Data: Bit D; of the accumulator is latched into the SOD output
line and made available to a serial peripheral if bit De = 1.

[0 SDE — Serial Data Enable: If this bit = 1, it enables the serial output. To implement
serial output, this bit needs to be enabled.

O XXX —Don’t Care

[ R7.5—Reset RST 7.5: If this bit = 1, RST 7.5 flip-flop is reset. This is an additional
control to reset RST 7.5.

[ MSE — Mask Set Enable: If this bit is high, it enables the functions of bits D, Dy, Dy.
This is a master control over all the interrupt masking bits. If this bit is low, bits D,,
D,, and D, do not have any effect on the masks.

0 M7.5—D, = 0, RST 7.5 is enabled.

= 1, RST 7.5 is masked or disabled.
0 M6.5—D, = 0, RST 6.5 is enabled.

= 1, RST 6.5 is masked or disabled.
0O M5.5—D, = 0, RST 5.5 is enabled.

= 1, RST 5.5 is masked or disabled.

8085 Instruction Set Page 15
Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_ 125/



www.BrainKart.com

3.7 Assembly Language Programming

A program is a set of instructions arranged in the specific sequence to do the specific
task. It tells the microprocessor what it has to do. The process of writing the set of
instructions which tells the microprocessor what to do is called “Programming”. In other
words, we can say that programming is the process of telling the processor exactly how to
solve a problem. To do this, the programmer must “speak” to the processor in a language
which processor can understand.

3.7.1 Steps Involved in Programming

Specifying the problem :

The first step in the programming is to find out which task is to be performed.
This is called specifying the problem. If the programmer does not understand
what is to be done, the programming process cannot begin.

Designing the problem-solution :

During this process, the exact step by step process that is to be followed
(program logic) is developed and written down.

Coding :

Once the program is specified and designed, it can be implemented.
Implementation begins with the process of coding the program. Coding the
program means to tell the processor the exact step by step process in its
language. Each processor has a set of instructions. Programmer has to choose
appropriate instructions from the instruction set to build the program.
Debugging :

Once the program or a part of program is coded, the next step is debugging the
code. Debugging is the process of testing the code to see if it does the given
task. If program is not working properly, debugging process helps in finding
and correcting errors.

To write a program, programmer should know :

How to develop program logic?

How to tell the program to the processor?
How to code the program?

How to test the program?

3.7.2 Flowchart

To develop the programming logic programmer has to
write down various actions which are to be performed in
proper sequence. The flow chart is a graphical tool that
allows programmer to represent various actions which are to
be performed. The graphical representation is very useful for

The Fig. 3.7 shows the graphic symbols used in the
flow chart.

Owal : It indicates start or stop operation.

Arrow : It indicates flow with direction.
Parallelogram : It indicates input/output operation.
Rectangle : It indicates process operation.
Diamond : It indicates decision making operation.

——
E clear understanding of the programming logic.

®

Fig. 3.7 Graphic symbols
used in flowchart
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Double sided rectangle : It indicates execution of pre-defined process (subroutine).
Circle with alphabet : It indicates continuation,
A: Any alphabet

The Fig. 3.8 shows sample flowchart.

Start

input process
pararmatars
Call subroutine

!

Process

|
[rme]

Fig. 3.8 Sample flowchart

3.7.3 Assembly Language Program
Let us define a program staternent as wnteunammbly language program to add bwo
numbers’. The three tasks are involved in this program :
# Load two hex numbers
»  Add rumbers and

= Store the result in the memory
These tasks can be symbolically presented as flowchart, as shown in the Fig. 3.9.

MNext job is to find the suitable BO85 assembly language instructHon/s for each task.
These instructions are as follows -

Task 1 instructions
MYI A, 20H ; Load 20H as a first
number in register A
Load 40H as a second number
in register B

MYI B, 40H

T
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Slart

Load two hex
mumbers

numbears

Store the
result

G

Fig. 3.9 Flowchait for addition of two numbers
Task 2 Instruction :

ADD B ;7 hAdd two numbers and save
: rasult in register A

Task 3 Instruction :

STA 2200H i Store the result in memory
¢ location 2000H
HLT ; Stop the program execution

We want to execute three tasks in a sequence, thus writing corresponding instructions
in the same sequence constitutes an assembly language program.

3.7.4 Assembly Language Program to Machine Language Program

Once the assembly language program is ready, it is necessary to conwvert it in the
machine language program. It is possible to do this by referring the proper hex code for
each assembly instruction from the BO085 instruction set manual. This process is known as
hand assembly and the resulted machine language program is also known as hex code.
Let us see the hex code for our program.

Mnamonics Hex coda
MVI A, 20H 3EH « Opcode
20H +« Dparand
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MVI B, 40H D5H « Opeode
40H « pperand
ADD B 80H ¢  Opeode
STA 2200H 32H « QOpcode
0OH « Qperand (lower byte of address)
22H « Qperand (higher byta of address)
HLT 16H & Opeode

3.7.5 Storing Hex Code in the Memory

Once the hex code is ready, it has to be loaded in the memory of specially designed
microprocessor system (Microprocessor training kit) for execution. To perform this task we
should know the address range of read/write memory in the system. Let us assume that
the read /write memory ranges from 2000H to 22FFH. The microprocessor training kit has
keypad to enter the hex code in the memory. It provides a special routines (monitor
program) to enter a hex code byte by byte and execute the program. Typical steps for
storing hex code in the memory from address from address 2000H are as follows :

1. Reset the microprocessor system by pressing the RESET key.

2. Enter into store mode by pressing SET key.

3. Enter the address of the memory 2000H, where the first hex code (starting address
of the program) is to be stored using hex keys.

4. Enter the hex code using hex keys.

5. Increment the memory address by 1 using INC key.

6. Repeat steps 4 and 5 until the last hex code,

3.7.6 Executing the Program

The microprocessor training kit provides a procedure to execute the program. To
activate the procedure we have to enter the starting address of the program (2000H in our
example). To enter this address we have to go into execute mode by pressing GO key and
enter the starting address using hex keys. Once the starting address is entered, the
program can be executed by pressing EXECUTE key. The EXECUTE key procedure loads
the starting address of our program, 2000H into the program counter and program control
is transferred from monitor program to our program.

After this microprocessor reads one hex code at a time, and when it fetches the
complete instruction, it executes that instruction. Then it fetches the next instruction and
this process continues until the last instruction in the program is executed.
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4.1 Looping, Counting and Indexing
Before going to implement these techniques, we will get conversant with these
Looping : In this technique, the program is instructed to execute certain set of
instructions repeatedly to execute a particular task number of times. For example, to add
ten numbers stored in the consecutive memory locations we have to perform addition ten
times.

Counting : This technique allows programmer to count how many times the
instruction/set of instructions are executed.

Indexing : This technique allows programmer to point or refer the data stored in
sequential memory locations one by one. Let us see the program loop to understand
looping, counting and indexing.

The program loop is the basic structure which forces the processor to repeat a
sequence of instructions. Loops have four sections.

1. Initialization section. 2. Processing section.
3. Loop control section 4. Result section.
Flowchart

| inisialization section |
. |
3

| Processing section | | initialization section |
=l

over
No
| Processing section | | Resutt section |
=
(&= )
Flowchart 1 Flowchart 2

1. The initialization section establishes the starting values of
* loop counters for counting how many times loop is executed,
* address registers for indexing which give pointers to memory locations and
= other variables
2. The actual data manipulation occurs in the processing section. This is the section
which does the work.
3. The loop control section updates counters, indices (pointers) for the next iteration.
4. The result section analyzes and stores the results.

Note : The processor executes initialization section and result section only once, while it
may execute processing section and loop control section many times. Thus, the execution
time of the loop will be mainly dependent on the execution time of the processing section
and loop control section. The flowchart 1 shows typical program loop. The processing
section in this flowchart is always executed at least once. If you interchange the position of
the processing and loop control section then it is possible that the processing section may
not be executed at all, if necessary. Refer flowchart 2.
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Stacks and Subroutines

The stack is a part of read/write memory that is used for temporary storage of binary
information during the execution of a program. The binary information is basically the
intermediate results and the retirn address in case of subroutine calls.

1. For the application programs, the internal memory of the microprocessor (registers)
is not sufficient to store the intermediate results. These intermediate results can be
stored temporarily on the stack and can be referred back when required.

2. A subroutine is a group of instructions, performs a particular subtask which is
executed number of times. It is written separately. The microprocessor executes
this subroutine by transferring program control to the subroutine program. After
completion of subroutine program execution, the program control is returned back
to the main program. The use of subroutines is a very important technique in
designing software for microprocessor systems because it eliminates the need to
write a subtasks repeatedly; thus it uses memory more efficiently. For
implementation of subroutine technique, it is necessary to define stack, In the
stack, the address of the instruction in the main program which follows the
subroutine call is stored.

5.1 Concept of Stack and Subroutines
This section explains the concept of stack and subroutines in detail.

5.1.1 Stack

The stack is a portion of read /write memory set aside by the user for the purpose of
storing informaton temporarily. When the information is written on the stack, the
operation is called PUSH. When the information is read from stack, the operation is called
POP.

5-1)
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Microprocessor & Microcontrollar System §-2 Stacks and Subroutines

The microprocessor stores the information, much like stacking plates. Using this
analogy of stacking plates it is easy to illustrate the stack operation,

Fig. 5.1 shows the stacked plates. Here, we realize that if it is desired to take out the
first stacked plate we will have to remove all plates above the first plate in the reverse
order. This means that to remove first plate we will have to
remove the third plate, then the second plate and finally the
first plate. This means that, the first information pushed on
to the stack is the last information popped off from the stack.
This type of operation is known as a first in, last out (FILO).
This stack is implemented with the help of special memory

F1g. 5.1 Stacked plates @ aei pointer. During PUSH and POP operation, stack
pointer register gives the address of memory where the information is to be stored or to
be read. The stack pointer's contents are automatically manipulated to point to stack top.
The memory location currently pointed by stack pointer is called top of stack.

The stack pointer SF, is a 16-bit register in the B085A which is manipulated by the
microprocessor’s control section, during stack related instructions.

3

2
1

5.1.1.1 Stack Related Instructions
The BOBSA supports following stack related instruchons :
LXl SP, data (16} :
It initializes stack pointer with 16-bit address.
SPHL :
It copies the contents of HL register pair into the stack pointer.
PUSH rp :
It is used to write 16-bit data in the stack.
POP rp :

It is used to read 16-bit data from the stack.
CALL addr :

It transfers the program control to the subroutine program after storing the return
address in the stack.

RET :

It reads the returmn address from the stack and transfers the program control back to
the instruction following the CALL.
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Microprocessor & Microcontroller System 5-3 Stacks and Subroutines

INX 5P :
It increments the contents of stack pointer by one.
DAD SP :

It adds the contents of stack pointer into the contents of HL register pair and stores
the result in the HL register pair.

XTHL :

It exchanges the contents of memory location pointed by the stack pointer with the
contents of L register and the contents of the next memory location with the contents of H
register.

MNow we will see the detail operation and the use of these instructions.

3.1.1.2 Detail Operation and the use of Stack Related Instructions
LXI 5P, Data and SPHL : Initializes Stack Pointer.

Before execution of any stack related instruction, stack pointer must be initialized with
a valid memory address. The stack pointer can be initialized by two ways.

1. Direct way : LXI 5P, data (16-bit) ; Loads 16-bit data into SP

2. Indirect way :LXI H, data (16-bit} ; Loads 16-bit data inte HL

SPHL ; Loads the contents of HL into SP'

Normally, the stack pointer is initialized by the direct way. When a programmer
wishes to set the stack pointer to a value that has been computed by the program, indirect
way is used. The computed value is placed in H and L and the contents of HL register
pair then moved into the stack pointer.

Note :

1. The stack pointer can be initialized amywhere in the read/write memory map.
However, as a gencral practice, the stack pointer is initialized at the highest
Bead /Write memory location so that it will be less likely to interfere with a
Program.

2. Since the BOB5A's stack pointer is decremented before data is written to the stack,
the stack pointer can actually be initialized to a value one higher than the highest
read /write memory location available.

FUSH and POP : Temporarily stores the contents of register pair and program internal

When programmer realizes the shortage of the registers, he stores the present contents
of the registers in the stack with the help of PUSH instruction and then uses the registers
for other function. After completion of other function programmer loads the previous
contents of the register from the stack with the help of POP instruction.
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iMicroprocessor & Microcontroller System 5-4 Stacks and Subroutines

PUSH Operation : In PUSH operation, 16-bit data is stored on the stack This 16-bit
data is stored in two operations. In the first operation, stack pointer is decremented by one
and then the higher byte of the 16-bit data is stored at the memory location pointed by
stack pointer. In the second operation, stack pointer is again decremented by one and then
the lower byte of the 16-bit data is stored at the memory location pointed by stack pointer.
The Fig. 52 shows steps involved in the PUSH operation.

SP —={ Lower byle

5P —={ Higher byte Higher byte
5P —=]
(a) Initial Position (b) Decrements SP & (c} Dacrements SP &
stores higher byte stores lower byte

Fig. 5.2 Steps Involved in PUSH Operation

Example 1 : The contents of BC register pair are 1020H and contents of stack pointer
are 27FFH. Then after execution of PUSH B instruction the stack contentis are as shown in
the Fig. 5.3.

2TFCH ZIFCH ZTFCH
ZTFDOH ZTFDH 5P —= ZTFDH 20
27FEH 5P —= ZTFEH 10 ZTFEH 10
5P —= ZTFFH ITFFH ZTFFH
(@) Imitiai position (b} Decremants SP & {c) Decrements 5P &
stores higher bytes slores lower bytes

Fig. 5.3 Steps involved in PUSH Operation with example

POP Operation : In POF operation, 16-bit data is read from the stack. This 16-bit
data is read in two operations. In the first operation, the contents from the memory
location pointed by stack pointer are loaded into lower byte of register pair and then the
stack pointer is incremented by one. In the second operation, the contents from the
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Microprocessor & Microcontroller System 5-5 Stacks and Subroutines

memory location pointed by stack pointer are loaded into higher byte of register pair and
then the stack pointer is incremented by one. Fig. 54 shows steps involved in the POP

operation.

SP —=

Lower byte

Highar byl

Lowar bylba

Lorevar byta

gp —=| Higher byle

Higher byte

SP —=

(b) Increments SP and

o S

reads higher bytas

(c)} Increments SP

Fig. 5.4 Steps Involved in POP Operation

Example 2 : If the initial contents of stack and contents of stack pointer are as shown
in Fig. 5.5 (a) then after execution POP B contents of BC register will be 3040 (B = 30H
and C = 40H).

27FCH 2TFCH 2TFCH

5P —= Z7FDH 40 2TFDH 40 2TFDH 40
ZTFEH 30 5P === ZTFEH 3 2TFEH 30
27FFH 27FFH SP —= ZTFFH

{a) Initlal positon, (b) Increments SP and {c) Increments SP
reads lower bytes reads higher bytes

Fig. 5.5 Steps Involved in POP operation with example

Example 3 : Let us consider the following program
LXI SP, 2TFFH
LAI B, 2030H
LXI D, 4045H
PUSH D
PUSH B
MOV A, C
ADD E
MOV D, A
FOF B
POPF D
We will see the contents of stack and stack pointer after execution of each instruction

in the above program.
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il Microprocessor & Microcontroller System 5-6 Stacks and Subroutines
Instruction 1:
LXI 5P, 2TFFH
27FCH
sp [zrrn_}—— e
ZTFEH
—— 2TFFH
Instruction 2 :
Lxi B, 2030H
B 20H c I0H
Instruction 3 :
LXI D, 40508
D 40 H E S0H
Instruction 4 :
PUSH D po—
2TFCH
sP CA— SO H 27FDH
40H Z7FEH
Z7FFH
Instruction 5 :
PUSHB — 30 H 27FBH
20H 2TFCH
o[ ]—  [an oo
40H ZTFEH
' 27FFH
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Microprocessor & Microcontroller System §5-T Stacks and Subroutines
Instruction 6:
MOV A C
A 30 H
Instruction 7 :
ADDE
A BO H
Instruction 8 :
MOV D, A
D B0H
Instruction 9:
FOPB 30H 2TFBH
20H 2TFCH
so [amon | ——— [ son oo
40H 27FEH
2TFFH
B 20H [ 30 H
Instruction 10 :
FOPD 20H 2TFBH
30H ZTFCH
oo ]—  [ronJemos
40H 2TFEH
e 27FFH
D 40H E S0H

This program shows us how registers can be used for more than one purpose. This
program initializes the stack pointer at 27FFH and stores the original contents of BC and
DE register pairs in the stack. Now registers B, C, D and E are free to use for intermediate
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Microprocessor & Microcontroller System 5-8 Stacks and Subroutines

calculations. Once these calculations are over, we can get back the original contents of B,
C, D and E registers from stack by POP B and POP D instructions. We know that stack
works in FILO fashion. Therefore, the sequence of getting the contents back from the stack
should be exactly in the reverse order that of the sequence of storing the contents in the
stack. In this example the contents of BC register pair are stored after storing the contents
of DE register pair in the stack. But while getting the contents of register pairs from the
stack, first BC register pair contents are retrieved and then DE register pair contents are
retrieved.
Immp Example 5.1 : Exchange the contents of BC and DE registers without using any other
MPU general purpose register.

Solution : LXI 5P, 27FFH

FUSH B

PUSH D

FOF B
FOFP D

We will see the contents of stack and stack pointer after execution of each instruction
in the above program.

Instruction 1 :
LX1 5P, 2ZTFFH 27TFRH
FTFCH
sP Z7FOH
ZTFEH
- TTFFH
Instruction 2 :
PUSHEB +7TFAH
ZTFCH
so [Tmon | ——— [ ©|arron
B ZTFEH
2TFFH
Instruction 3 :
PUSHD — E 27FBH
D ZTFCH
so [T ] — e
B ZTFEH
ZTFFH
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Microprocessor & Microcontroller Systern 5-9 Stacks and Subroutines

Instruction 4 :
FOF B

2TFBH

47
b
mlo|lo]m

Instruction 5 :
FOPD E 27FBH
D 2TFCH
sP | 2TFFH G ZTFOH
B 2TFEH
SR 27FFH

This program shows us that if you reverse the order of retrieving the contents from
the stack we will not get the original contents of the register pairs. Here, the contents of
DE and BC register pairs will be exchanged after execution of the program.

imsp Example 5.2 : Write a program to load the flag register contents in C register.

Selution : We know that 8085 does not provide any instruction to transfer the contents of
flag repister to any general purpose register. Therefore, to load flag register contenls into
any register, it is necessary to use stack. Following program explains how to use stack to
load flag register contents in the C register.
Program :

LXI SP, 27FFH

PUSH FS5W

FOFP B

We will see the contents of stack and stack pointer after execution of each instruction

in the program.
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Microprocessor & Microcontroller System 5-10 Stacks and Subroutines
Instruction 1 :
LXI 5P, 27FFH
ZTFCH
- - o
ZTFEH
Instruction 2 : e S
PUSH PSW
2TFCH
5P ZTFOH 2FFDH
A 2FFEH
ITFFH
Instruction 3 :
POP B
2TFCH
sP S— F 27FDH Gl:
A 2TFEH :
S i e

CALL Address and RET : Implements Subroutines

Whenever we need to use a group
Main pogram of instructions several times throughout

LHEP_'M a program there are two ways to avoid
rewriting of the group of instructions.

T One way is to write the group of
NEXT instruction instructions as a separate subroutine.
. We can then just CALL the subroutine

: whenever we need o execute that
CALL subrouting group of instructons. For calling the
MNEXT insiruction subroutine we have to store the return
: address on the stack. This process takes

: some time. If the group of instructions
CALL subrouting is bit enough then this overhead time
NEXT instruction | and execution time are comparable. In
: such cases, it is not d-sirable to write

“LT subroutines. For these cases, we can

use macros. Macro is also a group of
Fig. 5.6 Program flow
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instructions. Each time we "CALL" a macro in our program, the assembler will insert the
defined group of instructions in place of the "CALL". An important point here is that the
assembler generates machine codes for the group of instructions each ime macro is called.
50 there is not overhead time involved in calling and returmning from a subroutine. The
disadvantage of maecro is that it generates in line code each time when the macro is called
which takes more memory.

5.1.2 Subroutines

From the previcus discussions, we know that the subroutine is a group of instructions
stored as a separate program in the memory and it is called from the main program
whenever required.

The B085A microprocessor has two insiructions to implement subroutines: CALL and
RET. CALL -instruction is used to call a subroutine in the main program and RET
instruction is the last instruction in the subroutine to return it back to the main program.
The CALL instruction saves the address of the instruction following it and then transfers
the program control to the first instruction in the subroutine. When subroutine execution is
completed the RET instruction reads the return address from the stack and transfers
control back to the instruclion following the CALL.

Main program : DELAY subroutine
6000H LXI sp,3000H 6500H DELRAY : MVI ¢, FFH
6003H - 6502H BRACK  : DCR C
= 6503H JHNE BACK
- 6506H RET
6010H CALL DELAY (6500H)
6013H -
STACK STACK STACK
2FFDH ZFFDH 2FFDH
ZFFEH SP —=2FFEH 13 ZFFEH 13
2FFFH ZFFFH &0 2ZFFFH 60
SP—= 3000H F000H 5P —= 3000H
PC=— G010H PG=— Ba00H PC=— &013H
Before execution of Aftar execution of After execution of
CALL instruction CALL instruction RET instruction

Fig. 5.7 Details in the execution of CALL and RETURN instructions
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Here, the main program initializes stack pointer at 3000H memory location and
executes instructions in sequence Hll the execution of CALL instruction. After execution of
CALL instruction program control is transferred to the delay subroutine stored at memory
address 6500H. Before transfer of control to the subroutine the address of the instruction
(6013H) which is after the CALL instruction, is stored in the stack. At the end of delay
subroutine RET instruction is executed, which reads the return address (6013H) from the
stack and transfers the program control to the instruction which is after CALL instruction.

Conditional Call and Return Instructions :

In addition to the unconditional CALL and RET instructions, the 80854 instruction set
includes eight conditional CALL instructons and eight conditional RET instructions. These
conditions are checked by reading the status of respective flags. If the condition associated
with the conditional CALL is not met, the instrucon following the CALL is executed. If
the condition is met, the program counter contents are saved on the stack, and the address
contained in the CALL instruction is loaded into program counter. The number of machine
cycles aned T-states required by a condiional CALL depends on whether or not the
condition is satisfied. When the condition is not satisfied, two machine cycles with a total
of nine T-state are required to fetch, decode and execute the instruction. When the
condition is satisfied, five machine cycles with 18 T-states are required.

Conditional CALL Instructions

Instruction code Description Condition for CALL
oo Call on camy CY w4
CcNC Call an not camy cY=0
P Call on posiiive E=0
CM Call on minus 5=1
CPE Call on parity even P=1 "
CPO Call on parity odd P=0
CZ Call on zerno £=1
CHNZ Call on not zen Z=0

Table 5.1 Conditional calls
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In case of a conditional return instruction, the sequence returns to the main program if
the conditon is met otherwise, the sequence in the routine is continued.

Instruction code Description Condition for RET
RC Return on carry CY =1
RMC Retum on not camy CY=0
4+ RP Return on positive S=0
RM Retum on minus 5=1
RPE Retum on parlly evan P=1
RPG Retum on parity odd P=0
RZ Return on zero Z=1
RMNZ Raturn on Aot zem Z=0

Table 5.2 Conditions for return

5.2 Parameters Passing Techniques

We often want a subroutine to process some data or address variable from the main
program. For processing it is necessary to pass these address variables or data, usually
referred to as passing parameters to the subroutine. There are four ways to pass
parameters to and from the subroutine :

1. Using registers

2. Using general memory
3. Using pointers

4. Using stack

5.2.1 Passing Parameters using Registers

The data, to be passed is stored in the registers and these registers are accessed in the
subroutine to process the data. In this technique, the main program loads internal registers
with appropriate values before calling the subroutine and subroutine then obtains these
values by referring pre-defined registers, as shown in the following example.

Example :

Passing Parameters Using Registers
; Main program

MWVI C, 0O8H ; Data to be passed is loaded in the
: register

CALL SUB1

MOV R, D ; Main program accesses result from
; register.
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; subroutine
SUBRl1: MOV B, C } Subroutine accesses the data from C
;i register

MOV D, A ; Stores result in D reagister.
RET

5.2.2 Passing Parameters using Memory

For the cases where we have to pass few parameters to and from a subroutine,
registers are a convenient way to do it. However in cases where we need to pass a large
number of parameters to subroutine we use memory. This memory may be a dedicated
section of general memory or a part of stack. In this technique, the main program loads
the pre-defined memory locations with appropriate values before calling the subroutine
and subroutine then obtains these values by referring these predefined memory locations,
as shown in the following example.

Example :

Passing Parameters Using General Memory
i Main program
LXI H, 2200H ; Initialize memory pointer

MVI M, 50H ; Load data into memory
CALL SUB1
LDa 2300H ; Main program accesses rasult from

; memory location 2300H.

} Subroutine
SUBL: LDa 2200H ;7 Subroutine accesses the data from
; memory location.

STA 2300H { Stores result in memory location
i 2300H
RET

The subroutine program stores the generated results in the memory locations before
execution of RET. The main program accesses results from the these memory locations for
Further processing.

5.2.3 Passing Parameters using Pointers

In this technique, the main program stores the parameters to be passed in the memory,
usually in the consecutive memory locations. Then it loads the interaial register pair or
pre-defined memory locations with the starting address of the jparameter list. The
subroutine obtains parameter list by accessing it in sequence from the given address.
Example :

Passing Parameters Using Pointers

; Main program
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LXI H, 2200H ; Initialize memory
MOV M, A
INX H

MOV M, B

INX H
MVI M, 30H

SHLD 3000H ; Store memory pointer
CALL SUB1

; Subroutine
SUBl: LHLD 3000H ; Subroutine access pointer (address) to data
MOV A, M

RET

5.2.4 Passing Parameters using Stack

The stack can be used to pass parameters. To pass parameters to the subroutine using
stack, it is necessary to push them on the stack before the call for the subroutine in the
main program. The instructions in the subroutine read these parameters from the stack.
Whenever the stack is used to pass parameters, it is very important to keep track of what
is pushed on the stack and where the stack pointer points all the Hime in the program.

Example :

Passing Parameters Using Stack
: Mailn program

LXI B, 1020H Load BC reglster pair with 10Z0H

LI T

PUSH B Store BC register pair on stack.
CALL SUBl
; Subroutine

SUB1

POP H Store the return address into HL register
pair.

POPF B The subroutine accesses data from stack using
BC register pair.

PCHL Hara it is not possible to use return

instruction, since stack pointer not pointing
the return address. But the address is available
in HL. Thus the PCHEL instruction is used to
transfer program control to the main program.

Example : Write a program to exchange the higher and lower nibble of ten B-bit
numbers stored from location 2300H. Make use of subroutine and explain different
parameter passing techniques.

Wi Wi Wa WA e W M Wa wma
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Solution :
a) Parameter passing using register A

Main program :
LXI sP, 27FFH ;7 Initializes stack pointer
LXI H, 2200H ; Initializes memory pointer
MVI C, 0OAH ; Initializes counter

BACK: MOV A, M : Stores number (passing parameter)
j in A register

CALL EXCHAMNGE ; Calls subroutine exchange
MOV M, A } Stores the result from register A
INK H ; Increments memory pointer
OCR C ;i Decrements counter
JHZ BRCK i If not zero, repseat
HLT P Stop

Subroutine program :
EXCHANGE: RLC

RLC
RLC
RLC ; Rotate 4 times left to exchanges
i the nibbles
RET ¢ Return to the main program
b) Passing parameters using memory location
Main program :
LXI sP, 27FFH ; Initializes stack pointer

LXI H, 2200H Initializes memory pointer

MV¥I <, 0aH Initializes counter
BACK : MOV A, M Gata the number
S5TA Z300H Stores the number (parameter) at

2300H

CALL EXCHANGE Calls subroutine exchange

LDA 2300H Gets the result
MOV M, A ; Stores the result
INX H i Increments memory pointer
DCR C ; Decrements counter
JHNE BACK ¢ Lf not zero, repeat
HLT i Stop
Subroutine program :

EXCHANGE: LDA 2300H i Gets the parameter
RLC
RLC
RLLC
RLC ¢ Rotate 4 times left to aexchange

i the nibbles

STA 2300H ; 8tore the result
RET ; Beturn to main program

<) Passing parameters using pointer
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LXI SP, 27FFH
LXI H, 2200H

Initializes stack pointer
Initializes memory pointer

Wa Wma W Ea

MVI C, OAH Initializes counter
BACHK: SHLD 2300H Store pointer to passing
; parameter
CALL EXCHANGE ;i Calls subroutine exchange
INX H ; Increments memory pointer
DCR © ; Decrements counter
JHZ BACEK ; If not zero, repeat
HLT ; Stop
Subroutine program :
EXCHANGE: LHLD 2300H ;i Gets pointer to parameter
MOV A, M ; Gets number
RLC
RLC
RLC
RLC ; Rotate 4 times left to exchange
¢ the nibbkles
MOV M, A ;: Stores the result
RET ; Return to main program.

d) Passing parameters using stack.
LXI 5P, 27FFH
LXI H, 2200H

Initializes stack pointer
Initializes memory pointer

e

MYI €, ORH i Initializes counter
BACK : MOV A, M ; Gets the number
PUSH PS5W ; Stores number in =stack as a
i parameter
CALL EXCHANGE ; Calls subroutine exchange
- MOV M, A ; Stores the result
INX H i Increments mamory pointer
DCR C ; Decrements counter
JHMEZ BACK ; If not zeroc repeat
HLT i Stop
Subroutine program :
EXCHANGE: POP H ; Stores return address in HL
FOP PsSW ; Gets the number in accumulator
RLC
RLC
RLZ
RLC ; Botate 4 times left to exchange
; the nibbles
PCHL ; Return to main program.

5.3 Subroutine Documentation

Subroutine program must provide enough information so that other users can utilize
the subroutine without having to examine its internal structure. So along with subroutine

program it i5 necessary to give the following guidelines.
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1. Description of the purpose of the subroutine

2. A list of passing parameters

3. Return value

4. Registers and memory and memory locations used

5. Sample code

If these guidelines are followed while writing the subroutine then the subroutine can
be easily used as a library function in other applications if required.

5.4 Advanced Subroutine Concepts

When one subroutine calls another

. Sub 1 subroutine to complete a particular task,
; /" . / the operation is called nesting. The second
. o subroutine may in turm call a third
G 1 Ak subroutine and so on each successive CALL
: \ . \ without an intervening retum creates an

- R R additional level of nesting. These routines

are called nested subroutines. Fig. 5.8
Fig. 5.8 Transfer of control with nested ;... the transfer of control with nested

subroutines il H

]

LI B BB

Nested subroutines are commonly classified as :
* He-entrant Subroutine
s  Recursive Subroutine

5.4.1 Re-entrant Subroutine

In some situations it may
happen that subroutinel is
called from main program,

Nk e subroutine2 is called from

subroutinel and subroutinel is

—_— —_— again cal]zdfr-um gubrouting?.

SUBROUTINE 1 SUBROUTIME 1, In this situation program

HEXT MAINLINE RETURN execution flow re-enters in the
INSTRUCTION :

AFTER CALL subroutinel. This type of

subroutines are called

RETURN TQ re-entrant  subroutines. The

MAIN RAM flow of program execution for

Fig. 5.9 Flow of program execution for re-entrant subroutine is shown

re-entrant subroutine in Fig. 5.9.
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5.4.2 Recursive Subroutine

A recursive subroutine is a subroutine which calls itself. Recursive subroutines are
used to work with complex data structures called trees. If the subroutine is called with N
(recursion depth) = 3, then the N is decremented by one after each subroutine CALL and
the subroutine is called until M = 0. Fig. 5.10 shows the flow diagram and pseudo code for
recursive subroutine.

SUBROUTIMNE SUBROLUTIME SUBROUTINE
MAINLINE RECURSIVE RECURSIVE RECLURSIVE

MEXT MAINLINE
INSTRUCTION

SUBROUTINE RECURSWVE  RET RET RET

IF M=l

CALL RECURSIVE

Fig. 5.10 Flow diagram and pseudo code for recursive subroutine
Limitations :

The level of subroutine nesting cannot exceed that supporied by the available stack
memory in the system. Since the stack pointer is usually initialized to th» highest available
read/write memory location, and the stack grows toward lower addresses, it is possible
that too many PUSH or CALL operations without a sufficient mumber of intervening POP
or RET operations result in the overflow of stack. For example, assume that read/write
memory allocated in the system for stack has address range from 2000H to 27FFH. In this

case, if stack grows beyond 2000H then it is called as overflow of stack. Care must be
taken in memory allocation and program design to prevent this.

Lab Experimest 61 : Ssive given squation.
Statement : Write a program to solve following equation
X =(PxQ)+(®RxS)
Assume P, Q, R and S numbers are stored at 2200H, 2201H, 2202H and 2203H memory

locations respectively. Store the result in memory locations 2204H and 2205H. Make use of
subroutine.
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Initialize stack pointer
I Multiphy

Get the values of
P& Q

l

“ Call multiply ”

I Store result 1 !

l

Gel the values of
R&S

!

” Call mulliply []

Flowchart :

| Add resutt 1 and resuit 2 |

!

| store final resuit |

Main program :
LXI sp, 27FFH
LXI H, 2200H
CALL MULTIPLY
SHLD Z204H
LKI H, 2202H
CALL MULTIPLY
KCHG

Initialize stack pointer

Initialize memory pointer

Call subroutine multiply

Store the result 1

Set memory pointer for next two numbers
Call subroutine multiply

Save result in DE register pair

LHLD 2204H ; Gat the result 1

Wa WE e Na qw e B

DAD D ; Bdd result 1 and result 2
SHLD Z204H ! Store final result
HLT ; Stop
Multiply subroutine :
MUOLTIPLY: MOV C, M ; Initialize numberl as a counter
MVI B, O0OH H
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INK H H
MOV E, M : Get number 2
LXI H, 0000H ; Result = 0
BACE : paD D : Result = Result + number?
DCR C ; Decrement counter
JNEZ BRCE ;: If not zero, repeat
RET ; Return to main program

Review Questions

1. What is stack 7 Explain the use of the steck, and steck pointer and foe they are affected by
instructions such as PUSH, POFP, CALL and RET.

2. What is subrowtine 7 How is it wseful 7 Explein the wse of stack in CALL and RETURN

mstructions.
3. The first four instructions of o tbypical subroudine are :
PUSH PSW, PUSH H
PUSH B, PUSH D

What will be the last five instructions of the subroutine? Explain clearly.

If the CALL and RET imstructions are not provided im the 8085, could it be possible fo write
subroutines for this micreprocessor ? If so kot will you coll and return from the subrowtine ?
Driscuss the passing perameters techniques in the subrowtine.

Explain the necessity of subroutine documertbation.

What do you mean by nested subroutines ?

Explain the re-entrant subroutine.

Explain the recursive subroutine with the help of example.

[

wom N

|
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UNIT II1-8051 MICROCONTROLLERS

INTRODUCTION

= A smaller computer
= On-chip RAM, ROM, I/O ports...
= Example @ Intel’s 8051, Motorola’s 6811, Zilog’s Z8 and PIC 16X

El e hi“g]c Chip

Microcontroller

M.M.Arun Prasath., APJECE 26 February 2014

ARCHITECTURE
8051

M.M.Arun Prasath., APJECE 26 February 2014
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Block Diagram
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Architecture of 8051 Microcontroller

Accumulator: 8-bit register. Arithmetic operations.

B Register: 8-bit register. General purpose register.

Program Status Word: Set of flags contains the status information. It is one of the SFR.
Stack Pointer: 8-bit register.

Data Pointer: 16-bit register contains a high byte (DPH) and low byte (DPL). It has been
allotted two addresses in the SFR bank for its two bytes DPH and DPL.

Port 0 to 3 Latches and Drivers: These 4 latches and driver pairs are allotted to each of the 4
on-chip I/O ports. These latches have been allotted addresses in the SFR bank. Using the

allotted address the user can communicate with these ports (P,,P,P,,P,)

Serial Data Buffer: It contains 2 independent register one of them is transmit buffer, which is a
parallel-in-serial-out register. The other is a receive buffer, which is a serial-in-parallel-out
register. It is one of the SFR.

Timer Registers: Two 16-bit registers. TLo, THo represent the lower and higher byte of timer
register 0, similarly TL1, TH1 represent the lower and higher byte of timer register 1.

M.M.Arun Prasath. APfECE 26 February 2014
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Control Registers: It contains control and status information for interrupts

Timing and Control Unit: It derives all the necessary timing at control signals register for

internal operation of the circuit.

Oscillator: It generates the basic timing clock signal for the operation of the circuit using

crystal oscillator.

Instruction Register: This register decodes the opcode of an instruction to be executed and
gives information to the timing and control unit to generate necessary signals on the execution

of instruction.

EPROM and Program Address Register: It provides an on chip EPROM and a mechanism to

internally address it.

RAM and RAM Address Register: It provide internal 128 bytes of RAM and a mechanism to

address it internally.

ALU: It performs 8-bit arithmetic, logical operations over the operands held by temporary

register TMP1 and TMP2. users can’t access these temp. register.
SFR Register Bank: Special Function register range 80H to FFH.

M.M.Arun Prasath., APJECE 26 February 2014
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Pin Description of the 8051

Vcc
P0.0(ADO)
P0.1(AD1)
P0.2(AD2)
P0.3(AD3)
P0.4(AD4)
P1.6 P0.5(ADS5)
P17 P0.6(AD6)
RST P0.7(AD7)
(RXD)P3.0 EA/VPP
(TXD)P3.1 ALE/PROG
{INTO)P3.2 PSEN
(INT1)P3.3 P2.7(A15)
(TO)P3.4 P2.6(A14)
_(T1)P35 P2.5(A13)
WR)P3.6 P2.4(A12)
(RD)P3.7 P2.3(A11)
XTAL2 P2.2(A10)
XTAL1 P2.1(A9)
GND P2.0(A8)

P1.0
P1.1
P1.2
P1.3
P14
P1.5

o~k WN =

M.M_Arun Prasath., APJECE 26 February 2014

EE6502 Microprocessor & Microcontroller UNIT 11T

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_ 125/



www.BrainKart.com
Sri Vidya College of Engineering & Technology Course Material (Lecture Notes)

Pins of 8051

VCC (pin40) : VCC provides supply voltage to the chip. [+5V]
GND (pin20) : ground
XTAL1 and XTAL2 ( pins 19,18 )
These 2 pins provide external
clock frequency for the operation.

RST (pin9) : reset
It is a power-on reset.

Upon applying a high pulse to RST, the microcontroller will
reset and all values in registers will be lost

M.M.Arun Prasath., AP/ECE 26 February 2014
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Pins of 8051

= EA™ (pin31) ! external access
When the pin is high program fetches to address 0000H-OFFFH

directed to internal ROM and program fetches to address 1000H-
FFFFH are directed to external ROM/EPROM.

When the pin is low all addresses (0000H - FFFFH) fetched by
program are directed to the external ROM/PROM.

= PSEN™ (pin29) : program store enable

It is the active low output control signal used to activate the enable
signal of the external ROM/PROM.

= ALE (pin30) : address latch enable

ADO-AD7 are multiplexed. To demultiplex these lines and for
obtaining lower half of an address, an external latch and ALE signal
of 8051 is used.

M.M_Arun Prasath., AP/JECE 26 February 2014
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Pins of 8051

I/O port pins
The four ports PO, P1, P2, and P3.
Each port uses 8 pins.
All T/O pins are bi-directional.
Port O (pins 32-39) used as a multiplexed address/data bus.
Port 1 (pins 1-8) used only as 1/O pins.

Port 2 (pins 21-28) used to access external memory when the
address is 16bit wide otherwise port2 is used as an I/O port.

Port 3 (pins 10-17) multifunctional port pins. It can be
programmed to use as I/O or as one of the alternate function. It
includes 2 external interrupts, 2 counter inputs, 2 special data
lines and 2 timing control.

M.M.Arun Prasath., ARJECE 26 February 20414,
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INTERRUPTS

Interrupts may be generated by the internal chip
operations or provided by the external sources.

5 interrupts are available in 8051

3 are generated automatically by the internal operations:
Timer flag o, Timer flag 1 & Serial port interrupt (RI or
TI)

2 are triggered by external signals provided by the
circuitry that is connected to pins INTo and INT1

Programmer is able to alter control bits in the IE, IP and
TCON.

M.M_Arun Prasath., APJECE 36 February 2014
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I INTERRUPT ENABLE (IE)

= EA: Enable interrupt bit.
Bit 6: not implemented
ET2: future use
ES: Enable serial port interrupt
ET1: Enable Timer 1 overflow interrupt
EX1: Enable external interrupt 1
ETo: Enable Timer o0 overflow interrupt
EXo: Enable external interrupt o

M.M.Arun Prasath., APJECE 26 February 2024

INTERRUPT PRIORITY (IP)

7 | 6 | 5 | 4 [ 3 | =2 | 1 [ o
| - | - [Prz2] ps [ Pra | PXa [ PTo | PXo |

Bit 7: not implemented

Bit 6: not implemented

PT2: future use

PS: Priority of serial port interrupt

PT1: Priority of Timer 1 overflow interrupt
PX1: Priority of external interrupt 1

PTo: Priority of Timer 0 overflow interrupt
PXo: Priority of external interrupt o

M.M.Arun Prasath., AP/ECE 26 February 2014
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UNIT IV
8255

rammable Peripheral Interface

i- Ilpk (‘nmini;riilii Iih:-rf;me srt

rmproved dc driving capability

8255 PPI

A, PORT B,PORT C). The ports can be programmed to function
either as a input port or as a ouaput port’in different operatin
modes. It requires 4 internal addresses and has one logic LO
chip select pin. Its main functions are to interface peripheral
devices to the microprocessor. Basically used for parallel data

transfer. operates in mainly two modes.
* (1) Bit Set Reset Mode (BSR Mode).

+ (2) 1/0 Mode.

EE6502 Microprocessor & Microcontroller UNIT IV
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Data Bus buffer 3

—— Y GROUP A o
POWER PORT A <:>PA77PAD
SUPPLIES —_—p GND GROUP A (8)

—] controL

3+
GROUP A
Vo
porRTC K >
BIDIRECTIONAL <:> UPPER PCT-PCA
DATA BUS 1)
pATA BUS | A
D7-D0 A BurFer N > _
8-BIT GROUP B | 4 -
INTERNAL PORT C e T
T DATA BUS Lower [N -
(4)
S 1
—_
! 94 reap
WR ———d] WRITE GROUP B
e CONTROL CONTROL GROUP B Vo
— "] vwocic PORT B PB7-PBO
Al ————p] 8)
RESET ————»] N
4
cs I |

Data Bus buffer: -

» Ihieridliibidireqioal Pand@Suter pins D with system bus.

e Used tointerface between 8255 data bus with system bus:.

» fiicssesignal apc Al homebfeS vucomtilbus.and Address

* Control signal are RD and WR.
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Group A send the control 51gna1 to pptt-A and Bort C (Upper) PC7-

- amapm@tpammgml ek M\Ierﬂﬂﬁiodﬂ Output ldu,h. ry PC3

PORT A:
. This is a 8-bit buffered I/O latch.
. It can be programmed by mode 0 , mode 1, mode 2 .
PORT B:
. This is a 8-bit buffer I/O latch.
It can be programmed by mode 0 and mode 1.
PORT C:

. This is a 8-bit Unlatched buffer Input and an Output latch.

Function of Blocks

It is used to interface the internal data bus of 8255 to the system data bus by

Data Bus Buffer reading and writing operations.

It accepts the input from the address bus and issues commands to the individual
Read)/write group blocks. also issues appropriate enabling signals to access the required

Control logic data/control words/status words.

It can be programmed in three modes Mode0, Model and Mode2.

Port A
It can be programmed in three modes Mode0 and Model.
Port B
It can be programmed for Bit Set/reset operation.
Port C
EE6502 Microprocessor & Microcontroller UNIT IV
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It 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 tri state bidirectional buffer used to interface the 8255 to system data bus. 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

Th'siH R/ia uca p&rsoaong?oclgﬁgpoqlglg&% WR ) and also inputs from address bus and issues commands to

( 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) RD (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

W A0 and Al f Address pins ): These pins in conjunction with RD and
R pins control the selection of one of the 3 ports.

EE6502 Microprocessor & Microcontroller UNIT IV
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Group A and Group B controls

These block receive control from the CPU and issues
commands to their respective ports.

e Group A - PA and PCU ( PC7 -PC4)
* Group B - PCL ( PC3 - PCO)

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

PORTS

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
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 out put
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.
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PIN CONFIGURATION

PA3|1 40 |FPAA4

FPAZI|2 39 |PAS

FPA113 38 |PAB

PAD |4 37 |PA7
RD|5 36 [WWR
CS|6 35|RESET
gnd |7 34 | D0
~1|8 cciley
A019 F21D2

M0 8255 31|89
PC6|11 PPl 30|D4a

PES |12 29|1D5
PC4|13 28| D6
PCO|14 27 1D
PC1 15 e 2 g o e
PC2|186 25|PB7
el ®eas | g P 24 |PBG.
FPBO|18 23 |PB5
PB1]19 22 |1FPB4
PBa2|20 211PB3
Function of pins:

*

Data bus(Dy-D;):These are 8-bit bi-directional buses, connected to
8085/8086 data bus for ransfeming data.

CS: Thisis Active Low signal. When itis low, then datais ransfer
from 8085/8086. ’

Read: This is Active Low signal, when itis Low read operation will
be start.

Wnite: This is Active Low signal, when itis Low Write opemtion
will be start.
- Address (A0-A1):Thisis used to select the ports. like this

LS

Y

[

Al ACG Select
g é BA
o | PB
i L PC
1 i Control reg.
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end the data to peripheral or

B o S

(Higher groups) vo groups. ~~ "1es

lgr((?)o rI)’SC7 :This is also 8-bit bidirectional I/O pins. These lines are divided into two
u

PCy to PC3(Lower Groups)

cs Al A0 RD WR Operation
1 X X X X Tri state
0 0 0 0 1 Port A to Data bus
0 0 1 0 1 Port B to Data bus
0 1 0 0 1 Port C to Data bus
0 1 1 0 1 Control Word to Data bus
0 0 0 1 0 Data bus to Port A
0 0 1 1 0 Data bus to Port B
0 1 0 1 0 Data bus to Port C
0 1 1 1 0 Data bus to Control Word
EE6502 Microprocessor & Microcontroller UNIT IV
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Function of Pins

These are bidirectional, tri-state data bus lines are connected to the system data bus. They
are used to transfer data and control word from microprocessor (8085) to 8255 or receive

DO-D7 (Data Bus) data or status word from 8255 to the 8085.

These are 8 Bit bidirectional 1/0 pins used to send data to output device and to receive data

from input device. It functions as an 8 Bit data output latch/buffer when used in output

PAO-PA7 (Port A) mode and as an 8 Bit data input latch/buffer when used in input mode.

These are 8 Bit bidirectional /0 pins used to send data to output device and to receive data
from input device. It functions as an 8 Bit data output latch/buffer when used in output

PBO-PB7 (Port B) mode and as an 8 Bit data input latch/buffer when used in input mode.

EE6502 Microprocessor & Microcontroller UNIT IV
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Function of Pins

These are 8 bit bidirectional 1/0 pins divided into two groups PCL (PC3-PC) and PCU (PC7-
PC4).these groups can individually transfer data in or out when programmed for simple 1/0,

PCO-PC7 and used as handshak i when progr d for handshake or

(Port C) bidirectional modes.

When this pin is low, the CPU can read data in the ports or the status word through the data

RD bus buffer.

—_ When this pin is low, the CPU can write data on the ports or in the control register through
WR the data bus buffer.

— This pin can be enabled for data transfer operation between the CPU and 8255.
cs

This pin is used to reset 8255.i.e control register gets cleared and all the ports are set to the
RESET input mode.

EE6502 Microprocessor & Microcontroller UNIT IV
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Function of Pins

A0-A1 The selection of input port and control word register is done by using A0 and A1l pins In

conjunction with RD and WR pins.

1] ] ] 1 1] PORT A TO DATA BUS

o 1 o 1 o PORT B TO DATA BUS

1 ] ] 1 1] PORT C TO DATA BUS

o o 1 o o DATA BUS TO PORT A

1] 1 1 o 1] DATA BUS TO PORT B

1 o 1 o o DATA BUS TO PORT C

1 1 1 o o DATA BUS TO CONTROL REGISTER
X x x x 1 DATA BUS TRI STATED

1 1 o 1 o ILLEGAL CONDITION

X x 1 1 o DATA BUS TRI STATED

OPERATING MODES OF 8255

EE6502 Microprocessor & Microcontroller UNIT IV
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Modes of Operation of 8255

eset mode
'%éj?.@“é’&&’ 55@.855’& ROTSCYBEAS HRIFAMIR2R'S /00 raduie
individual port bits.

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

° &hesF are tw&gﬂ§ic modes of operation of 8255. I/O mode and Bit Set-

BSR Mooe: 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 0 D,
0 0 1 D,
0 1 0 D,
0 1 1 D;
1 0 0 D,
1 0 1 D,
1 1 0 D,
1 1 1 158
EE6502 Microprocessor & Microcontroller UNIT IV
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Mode O

+ 1/0 Modes :

a) Mode 0 ( Basic I/O 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 initialization.

Programming 8255

e Mode 1:

e Ports A and B are programmed as input or output ports
e Port C is used for handshaking

(‘,:I PA[7:0 :> PA[7:0
PC PC
pC > & PC — ;CK
PC " W PC " &
825 3 Ke— PBIT 825 3 [ PBITO
5 e [ T 5 e —* T
PC " & PC nE— ;CK
PC " PC " am
0 k———> 0 —
7 5
EE6502 Microprocessor & Microcontroller UNIT IV
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STB The strobe input loads data into the port latch on a 0-to-1 transition
IBF Input buffer full is an output indicating that the mput latch
contain  information
INTR Interrupt request is an output that requests an interrupt
INTE The interrupt enable signal is neither an input nor an output; it is an
internal bit programmed via the PC4{port A) or PCliport B) bits.
PC7PC6 The port C pins 7 and 6 are general-purpose I/'O pins that are
available for any purpose.
Mode 1 Port A Timing Diagram
K PORTA
l«—— 3B STB
[—®IBF
IBF
—»INTR
7 [— 1O INTE.
Mode 1 Port B
K PORT B
—
s Port %
—r —___ ]
N Data strobed Datarcad by
NTR into port microprocessor

Mode 1 Port A

Timing Diagram

PORT A
H]AIE PC6le——acr WR
PC7——®OBF OBF
PC3——»INTR INTR
PCALS |4—» T/O
Mode 1 Port B ACK

e

PORT B >
—ACK Port

EE6502 Microprocessor & Microcontroller
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Programming 8255

e Mode 2:

e Port A is programmed to be bi-directional
e Port C is for handshaking
e Port B can be either input or output in mode 0 or

mode 1
k——— PAI7:0
PC
PC ;CK
6 — ’
- STBA
—
825 4PC IBFa
5 BGe ———% INTRa
0PC l—»
0 ¢— rBI70
1
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PC2-0

—INTR

k. _PORT A )

[4——ACK

[—»* OBF

[4——STB

[—»IBF

[+— /O
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CONROL WORD

D'! D6 DS D4 D3 DZ Dl D(}
Mode for PA pcU | Mode | pp PCL
3__ Port A for PB
Mode Set flag
1- active 4
0- BSR mode
Group - A Group - B
. 1 Input y
PCu PCL 1 Input
0 Output > :
__________ 0 Output
1 Input P —
| b _0 Output 3 B Bt
Mode 00 — mode 0 0 Output
) Select 01 — mode 1 , Mode 0 mode- 0
of PA 10 — mode 2 Rtlect 1 mode- 1
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B £ VA P P S B Y Y B St ¥en whose data transfer is not
g signals is used to transfer data between whose data transfer is not same.

DA DUS >

STB

Computer

ACK Printer

Busy

Example:

The computer send the data to the printer large speed compared to the printer. When computer
send the data according to the printer speed at the time only, printer can accept.

If printer is not ready to accept the data then after sending the data bus , computer uses another
handshaking signal to tell printer that valid data is available on the data bus.

Each port uses three lines from port C as handshake signals

EE6502 Microprocessor & Microcontroller UNIT IV

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_ 125/



www.BrainKart.com
Sri Vidya College of Engineering & Technology Course Material (Lecture Notes)

VOB bisdigteflapah4n ehidepts purpose. nsfer over a single 8

*  This mode allows bidirectional data transfer over a single 8-bit data bus using handshake signals.
»  This feature is possible only Group A

*  Port A is working as 8-biy bidirectional.

Thimesmbeawosd hayritsng simglacosirolwerd v thaGasatrol registers , when

* ‘Leall flip flops are cleared and the interrupts are rest.

. ; saaeis maintained even after RESET goes low.
. id by writing single control word to the control registers , when required.

D7 D6 D5 D4 D3 D2 D1 DO

X X BIT SET/RESET
9 1=SET
Don’t care 0=RESET
Bit select

Bo
N
O3 ION ISTS AT (RON O NI Bt
Bi
"B 0 (@ @@ |3 | o [k | i
B>

BIT SET/RESET FLAG
=0 Active

EE6502 Microprocessor & Microcontroller UNIT IV
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;mﬁh TEgste will be 0XXX01000.

*  PC3is Set then control register will be 0XXXO0111.
*  PC4is Reset then control register will be 0XXX01000.
+  Xisadon’t care.

+ The control word for both mode is same.

«  Bit D7 js used for sPé:_cifying whether word loaded in to Bit set/reset mode or
Mode definition word.

- D7=1=Mode definition mode.
« D7=0=Bit set/Reset mode.

F‘ .

D7 D6 D5 D4 D3 D2 Dl DO

Group A
Group B
Port C Upper
. 1=Input Port C Lower
Mode set
0=Output
flag=1=Active 1=Input
Port B 0=Output
1=Input Port B
' 0=Output 1=Input
Mode selection 0=Output
00=mode 0 Mode selection
0l=mode 1
0=mode 0
1x=mode 2
1=mode 1

EE6502 Microprocessor & Microcontroller
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Group A

Port C Upper
1=Input
Mode set '
0=Output
flag=1=Active
Port A

1=Input

" 0=Output
Mode selection

00=mode 0

0l=mode 1

1x=mode 2

EE6502 Microprocessor & Microcontroller
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Group B

Port C Lower
* 1=Input
0=Output

Port B

1=Input

0=Output

Mode selection

0=mode 0

1=mode 1
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INTERFACING WITH 8085

Basic Interfacing Concept

- Any application of Microprocessor Based system Requires
the transfer of data between external circuitry to the
IV_IlcrqProcessor and Microprocessor to the External
circuitry. User can give information (i.e. input) to the
Microprocessor using keyboard and user can see the result

or ou ?ut_ information from the Microprocessor with the
help of display.

- Hence interfacing is used to exchange information
between two different applications/devices.

EE6502 Microprocessor & Microcontroller UNIT IV
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Memory Mapped I/O

* Device address is of 16 Bit. means Ao to Ais lines are used to
generate device address.

. I\;IgMR and MEMW control signals are used to control read and write
operations.

- Data transfer is between Any register and 1/O device.
« Maximum number of 1/0 devices are 65536.

- Decoding 16 bit address may requires more hardware.
- For e.g. MOV R M, ADD M,CMP M etc.

EE6502 Microprocessor & Microcontroller UNIT IV
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Data bus

< | D70 K OPA[7:0]
8085 2?: ——PB[7:0]

@ Ceontrol port
WR T aidacbie <: >PC[7:0]

RESET —
A7 — cs
As —C
A5 —Q
A4 —
A3 —
A2z —1 Port
IO7M —— Al A0
0 0| PA
0 | | PB
| 0 PC
I | | Control
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1/0 Mapped I/O0

- Device gddress is of 8 Bit, me Ao to A7 or Ast Ai1s lines
are used to generate device address.

- IOR a%low control signals are used to control read and
write operations.

- Data transfer is between Accumulator and I/O device.
- Maximum number of I/O devices are 256.

- Decoding 16 bit address may requires less hardware.
* For e.g. IN, OUT etc.

A7

A6

A5

A4

Wﬁ

A3

A2

Y

24
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INTERFACING WITH 8051

13.3 8051 /O Expansion using 8255

As seen earlier, for interfacing external memory to the 8051, port 0 and port 2 are used
as multiplexed address/data bus and a higher order address bus respectively. If the circuit
needs the on chip peripherals (e.g. serial I/0 and Interrupts) then only 1 port is available
for 1/0. In such situations, [/O expansion is necessary and it is achieved by using 8255
The Fig. 13.12 shows the expanded 1/0 ports using 8255. Data bus of 8255 is connected to
the port 0. Address lines A and A, after latches are connected to Ag and A, of the 8255.

18 :
F17
—{XTALT 5y -
—d XTAL2 PAE I
SE] r
LSH 5w
T s
Pt
3]
P16
P25 S
‘ sos1 224 pfL
— £
il vz &L
[
. P20 N a -
L FOT f— 2 _Yar PAT o
EAivce pos |2 3 PAG 5
Pon L3 = 1o PAS Fay
PO& L L1 PA4 3™
ro1 L% i PA3 o~
0 | rxp poz [0 g Paz
TR ' 3 1 PA T
4. ™xp M ' b g £
)
Wlﬁ PCT T
Ty e B 4l £
TRYD wRn L PLa -t
187 L ) K gass Pos
dilre 37
PC3 -'—5-
] s
PCt :
PCO =
ra7 p25
Pas LIS
5 pos LA
i) o4 LB
¥ i T BN
- ¥ EN
3_{ a0 FE1 AL
= 1 Rav FEO LI
E_jc=

Fig. 13.12 YO expansion using 8255
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8259

ARCHITECTURE

8259 Programmable Interrupt Controller

o The 8259 programmable interrupt controller (PIC) adds eight vectored priority
encoded interrupts to the microprocessor.

e [t accepts request from the peripheral equipment, determine which of the incoming
requests is of the highest importance

e Special features of 8259:
e Eight level priority controller
e Expandable to 64 levels

e Programmable interrupt modes

Individual request mash capability

EE6502 Microprocessor & Microcontroller UNIT IV
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82C50A (PDIP, CERDIP, SOIC) PIN DESCRIPTION
TOP VIEW - g :
D7 - DO Data Bus (Bidirectional)
RO Read Input
WR Write Input
AD Command Select Address
cs Chip Select
CAS2-CASO Cascade Lines
—
SPIEN Slave Program Input Enable
INT Interrupt Output
INTA, Interrupt Acknowledge Input
IRD = IRT Interrupt Request Inputs

. It is packaged in a 28-pin DIP, uses NMOS technology and requires a single a5V supply. Circuitry is static, requiring no clock
input.

o The 8259A is designed to minimize the software and real time overhead in handling multi-level
priority interrupts.

It has several modes, permitting optimization for a variety of system requirements

82C59A Programmable Interrupt Controller

INTA INT

i & I

D3-Do BUS 4 )
BUFFER L CONTROL LOGIC
| 1 I
31 1 KT
IR®
RO —g  READI R
WR —g WRITE IN - INTERRUPT f+— IR2

L = o |1
Ag — LOGIC SERVICE FRIORITY REQUEST IR3
REG RESOLVER REG e [

= ? (ISR} {IRR} w— [R5
Cs

— |RG
f p— IRT
CASD.v—sg | CASCADE INTERRUPT MASK REG
CAS | BUFFER {IMR)
CAS 1 deeied COMPARATOR
— 1 '
SP/EN INTERNAL BUS
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ADDRESS BUS (18) g
CONTROL BUS g

) DATA BUS (8) g

L

2
3 Ag Dy-Dy WR INT INTA
«—f CAS O
e o +«—} CAS1 B2C39A
LINES Chs
= IRG IRQ IRG RAQ IRG IRQ IRG IRG
SFEN 7 ] 5 4 3 2 1 0
T T T T T
|
SLAVE PROGRAM/ INTERRUPT
ENABLE BUFFER REQUESTS

B2C53A STANDARD SYSTEM BUS INTERFACE
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INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the IR input lines are handled by two registers in cascade, the Interrupt Request Register (IRR) and
the In-Service (ISR). The IRR is used to store all the interrupt levels which are requesting service; and the ISR is used to store all the
interrupt levels which are being serviced.

PRIORITY RESOLVER

This logic block determines the priorities of the bits set in the IRR. The highest priority is selected and stroed into the corresponding bit
of the ISR during INTA pulse.

INTERRUPT MASK REGISTER (IMR

The IMR stores the bits which mask the interrupt lines to be masked. The IMR operates on the IRR. Masking of a higher
priority input will not affect the interrupt request lines of lower quality.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input. The V level on this line is designed to be fully compatible with
the 8080A, 8085A and 8086 input levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 8259A to release vectoring information onto the data bus. The format of this data depends on the system mode (mPM) of the 8259A. DATA BUS
BUFFER

This 3-state, bidirectional 8-bit buffer is used to interface the 8259A to the system Data Bus. Control words and status information are transferred through the
Data Bus Buffer. READ/WRITE CONTROL LOGIC

The function of this block is to accept Output commands from the CPU. It contains the Initialization Command Word (ICW) registers and Operation Command
‘Word (OCW) registers which store the various control formats for device operation. This function block also allows the status of the 8259A to be transferred onto the Data Bus. CS
(CHIP SELECT)

A LOW on this input enables the 8259A. No reading or writing of the chip will occur
unless the device is selected.
‘WR (WRITE)

A LOW on this input enables the CPU to write control words (ICWs and OCWs) to the
8259A.
RD (READ)

A LOW on this input enables the 8259A to send the status of the Interrupt Request Register (IRR), In Service Register (ISR), the Interrupt Mask Register (IMR), or
the Interrupt level onto the Data Bus.
A0

This input signal is used in conjunction with WR and RD signals to write commands into the various command registers, as well as reading the various status
registers of the chip. This line can be tied directly to one of the address lines

EE6502 Microprocessor & Microcontroller UNIT IV

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_ 125/



www.BrainKart.com
Sri Vidya College of Engineering & Technology Course Material (Lecture Notes)

INTERRUPT SEQUENCE

The events occur as follows in an MCS-80/85 system:

1. One or more of the INTERRUPT REQUEST lines (IR7+0) are raised high, setting the
corresponding IRR bit(s).

2. The 8259A evaluates these requests, and sends an INT to the CPU, if appropriate.

3. The CPU acknowledges the INT and responds with an INTA puilse.

4. Upon receiving an INTA from the CPU group, the highest priority ISR bit is set, and the
corresponding IRR bit is reset. The 8259A will also release a CALL instruction code (11001101) onto
the 8-bitData Bus through its D7+0 pins.

5. This CALL instruction will initiate two more INTA pulses to be sent to the 8259A from
the CPU group.

6. These two INTA pulses allow the 8259A to release its preprogrammed subroutine
address onto the Data Bus. The lower 8-bit address is released at the first INTA pulse and the higher
8-bitaddress is released at the second INTA pulse.

7. This completes the 3-byte CALL instruction released by the 8259A. In the AEOI mode the
ISR bit is reset at the end of the third INTA pulse. Otherwise, the ISR bit remains set until an
appropriate EOl command is issued at the end of the interrupt sequence.

PROGRAMMING THE 8259A

The 8259A accepts two types of command words generated by the CPU:
1.Initialization Command Words (ICWs):

Before normal operation can begin, each 8259A in the system must be brought to a starting point -by WR pulses.

2. Ogeration Command Words (DCWs): These are the command words which command the 8259A to
erate in various interrupt modes.
These modes are:
a. Fully nested mode
b. Rotating priority mode
c. Special mask mode
d. Polled mode
The OCWs can be written into the 8259A anytime after initialization.

EE6502 Microprocessor & Microcontroller UNIT IV
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Initialization Sequence

ICW1

ICw2

NO (SNGL = 1)

IN
CASCADE
MODE

ICwW3

IS ICW4
NEEDED

YES (IC4 = 1)

InitializationCommandWords: -

READY TO ACCEPT
INTERRUPT REQUESTS

upit

ization Command Words for the 82594 that are selected with the help of logic level of AO pin.

EE6502 Microprocessor & Microcontroller
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ct/Microprocessor

YES (SNGL = 0))

No (SINGL - 1)
Cascade

Mode

Yes (SNGL - 0)
s-and-Mjcroconfiéllers 1l25/

Na (i4- 1) Is ICW4

Needed

Yes (IC4 - 1)

ICW4

Ready to Accept
Interrupt Request
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Initialisation Sequence of 8259 A

I iowt |

!

| Icw2 \

In
Cascade
Mode

No (SINGL - 1)

Yes (SNGL - 0)

ICW3

Is ICW4
Needed

Yes (IC4 - 1)

Ready to Accept
Interrupt Request

Initialisation Sequence of 8259 A

| ICW1 |

!

| Icw2 ]

In
Cascade
Mode

No (SINGL - 1)

Icw3 |

No (IC4 - 0)

Is ICW4
Needed

Yes (IC4 - 1)

ICW4

Y
Ready to Accept
Interrupt Request

Yes (SNGL - 0)

EE6502 Microprocessor & Microcontroller

www.BrainKart.com

Course Material (Lecture Notes)

ICWI1 Format

A7

A6

A5

LTIM | ADI |SNGL| IC4

ICW2 Format

Al5

Al4

AI3

Al2

All |AIO| A9 | A8

Higher byte of Interrupt Service
Routine Address (for 8085)

UNIT IV
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Initialisation Sequence of 8259 A

| IcwA |

!

] ICw2 |
ICW3 Format

In
Cascade
Mode

No (SINGL - 1)

Master Mode:
Y65 (SNGL-0) | = Slave is present on a particular
IcW3 ] Interrupt Line

No (IC4 - 0) Is ICW4

Needed

Slave Mode:

ID1, 1D2, ID3 is Slave ID Number

Yes (IC4 - 1)

ICW4

O |0 | O | O] O PFD3YIEEEEE

A
Ready to Accept
Interrupt Request

Initialisation Sequence of 8259 A

| Icw1 |

!

| ICW2 |
ICW4 Format

In
Cascade
Mode

No (SINGL - 1)

Yes (SNGL - 0)

Iews | O | O | O |SFNM|BUF |M/S|AEOI{MODE

No (IC4 - 0)

Is ICW4
Needed

Yes (IC4-1)

h J
Ready to Accept ‘

Interrupt Request

EE6502 Microprocessor & Microcontroller UNIT IV
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ICW1:

Ha
cih

1// 1"51] D? Dﬁ Ds Dd DS DZ I:'1 I)I]

o

Toprogramthi;{ICVﬂ‘or408é€le+la<Xa I:giKI. if bitlca] LTIM | X |SNGL| IC4

Bits D7, D6, D5and D2 are don't care ration and I
This ICW select cascade operation by progrg mr]!g m:esT;ié{;ErdTﬁighgﬂéFéﬂlmﬁuaém 3. 1 o ICW4 Ne e de d
ewz e R e THggered WG de 0=No ICW4 Needed

Low order bits are 0 since there are 8 mterrupts.

Selectsthevectgrnumberusedwiththeinterruptrgquestinputs.
in4] Iﬁ? 156 ) eﬁd 3 2 1 n
LB D Dy Dy Dy D Dy

1 lj' g1 15

1 T Ts T: T, T; Ay Ay Ag

®* Tr—T3 are A3 — A0 of interrupt address

® Ajp— Ag, Ag — Selected according to interrupt request level.

Thev are not the address lines of Micronrocessor
+ Al =1 selects ICW,
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ICW3:
ICW3 {(MASTER DEVICE)
R S R
o7 D6 DS 4 D3 D2 D1 Do
1 S | S | S | S | S5y | S | S | S
| | 1 1 | | | 1 1= IR INPUT HAS A SLAVE
0 = IR INPUT DOES NOT HAVE
ASLAVE
IOW3 {SLAVE DEVICE)
AD or D& D5 D4 D) D2 D1 DY
[1[o]o]olo]o|[mwm|o|om] SUAVE g 1
! of1|2l3|a|s|6|7
LIRALARIRARIL IR
b 3 " . e - _ ojoitiri0|0|1|1
ojojoajoi1|1]|1}1
T —

o M0 D7 Dg Ds Dy D; D, Dy Dy
1 0 [ 0 | 0 |SFNM|BUF| M/S |AEOI| 1

i, T=AUTO EOT
0= NORMAL EOL
Y
{1
1

1 = Special Fully Nested Mode
0 = Not Special Fully ~
Nested Mode

Non-Buffered Mode
Buffered Mode:Slave
Buffered Mode:Master

— =
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SNFM:

cessing another interrupt from a slave. Norm:

AEOI:

o of gt or ks SRRSO R AR T o Bk araueat oty f t AEo1 a5 E o ety A, Tr AEO s slectd, th et vt
LTI M e A AT Al T —

’ =T OperationCommand Words ™

285 DTWL

L

Rl s Dol o D Do
_MM‘? TP LT Y Y ].,([2 Ml MU

Al [ ERRE L LR

INTERRUPT MASK

0 =Mask Reset
1 =Mask Set

36
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OCwa3:
AD D7 D6 2] M 02 D1 D0
0| o |eswu|swa| o | 1 | P | RR|RS
l l 5 ; 5 T
0 0 1 1
READ It REG ON | READ £ REG ON
NOACTION NEXTRD PULSE | NEXT RD PULSE
1= POLL COMMAND 0 = NO POLL COMMAND |
SPECIAL MASK MODE
Selects the register to be read, the operation of the special mask register and thepolicommand.
] 1 0 1
0 0 1 1
SET
H . NOACTION
Status gister: - SPECIALMASK | SPECIALMASK

EE6502 Microprocessor & Microcontroller UNIT IV
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lyNestedmode

Fullynestedmode:

Modes of 8259

jeneral purpose mode where all IR’s are arranged in highest to lowest.

SpecialFullyN
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w
' ————
S - -
¢ P
(0 ‘-----uA—v-v--—v--;

(N PR —

L
Fig&Wn
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| —
INTA
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) ADDRESS BUS (186) g
j CONTROL BUS c

TOR | TOW | INT | IRTA

) DATA BUS (8) g

[T o]

-
]
cs Ag Dy - Dg WR  INT
CASCADE «~—f CAS 0
LINES «-—>8 CAS1 B2C359A
“r cAs2 IRG IRQ IRGQ IRG IRQ IRQ IRQ
SPEN 7 6 5 4 3 2 1 0

SLAVE PROGRAM/ INTERRUPT
ENABLE BUFFER REQUESTS

INITIALISATION COMMAND WORDS
ICW1

Ag | D7 Dg| Ds| D4| D3| Da| Di1| Do
0 ALl Agl As| 1 T | ADI[SNGL IC4
\_4 LP' 1 = IC'W4 NEEDED
0= 1O ICW4 NEEDED
1=5INGLE
0=CASCADE MODE

—™ CALL ADDRESS INTERVAL
I=INTERVAL OF 4
0=TNTERVAL OF 8

1=LEVEL TRIGGERED MODE
(= EDGE TRIGGERED MODE

A7-A5 OF INTEREUPT VECTOR
ADDERESS

EE6502 Microprocessor & Microcontroller UNIT IV
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.A5+A15: Page starting address of service routines .In an MCS 80/85 system, the 8 request
levels will generate CALLs to 8 locations equally spaced in memory. These can be programmed
to be spaced at intervals of 4 or 8 memory locations, thus the 8 routines will occupy a page of
32 or 64 bytes, respectively. The address format is 2 bytes long (A0+A15). When the routine
interval is 4, AO+A4 are automatically inserted by the 8259A, while A5+A15 are programmed

externally. When the routine interval is 8, AO£A5 are automatically inserted by the 8259A, while
A6+Al5 are programmed externally.

.T: If LTIM e 1, then the 8259A will operate in the level interrupt mode.
Edge detect logic on the interrupt inputs will be disabled.

.ADI: CALL address interval. ADI = 1 then interval = 4; ADI e O then intervale 8.

.SNGL: Single. Means that this is the only 8259A in the system. If SNGL =1
no ICW3 will be issued.

.IC4: If this bit is setbICW4 has to be read. IfICW4 is not needed, set

ICW 2

» A5+ Ag of interrupt vector address
(MCSB0/85 mode)

Ty - T4 of interrupt vector address
(8086/8088 mode)

EE6502 Microprocessor & Microcontroller UNIT IV
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ICW 3

This word is read only when there is more than one 8259A in the system and cascading is used, in which case SNGL e 0. It will
load the 8-bit slave register.

The functions of this register are:

a. In the master mode (either when SP = 1, or in buffered mode when M/S = 1 in ICW4) a *'1" is set for each slave in the
system. The master then will release byte 1 of the call secluence (for MCS- 80/85 system) and will enable the
corresponding slave to release bytes 2'and 3 (for 8086 only byte 2) through the cascade lines.

b. In the slave mode (either when SP e 0, or if BUF e 1 and M/S e 0 in ICW4) bits 210 identify the slave. The slave
compares its cascade input with these bits and, if they are equal, bytes 2 and 3 of the call sequence (or just byte 2 for
8086) are released by it on the Data Bus. d only when there is more than one 8259A in the system and cascading is
used, in which

ICW3 (MASTER DEVICE)

Ao D7 Dy Dy Dy Dy D 0y Dy
1 St Sg S S4 Sa S; S So
[ | | ] | | | ] [

1 = IR input has a slave
0=IR input does not have a siave

ICW3 (SLAVE DEVICE)
A | o; | o5 | bs | os | b3 | b2 | By | 0o
1 0 [ [ 0 0 12 104 10g
SLAVE ID (NOTE)
L Of1]2]3jajs5jejr
ofjt1jojrjojrjoj1
oot jrjojog1g1
ojojojogrjrgg
Icw4
Ag Dy Dg Dg Dy D3 02 Dy Do
1 0 0 0 SFNM BUF MiS AEOI uPM
- [—a- 1 = 8086/8088 mode
AEOI mode requires no 0 = MCS-80/85 mode
commands. During the second ————= 1=AuEOl
e ® = Normal
INTA the ISR bit is reset. The 0 X |- Non buffered mode
ma_]or drawback with this mode 1 0 - Buffered mode slave
is that the ISR doesn’t have info 1 1 |- Butfered mode master
on which IR is served. Thus any
IR with any priority can now 1 = Spacial uly nosted madod
Interrupt service routine. 0 = Not special fully nested mode

43
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OCW1 - OCW2

OCWI1 is used to access the contents of the IMR. A READ operation can be performed
to the IMR to determine the present setting of the mask. Write operations can be
performed to mask or unmask certain bits.

OCW
Ay Dr Dg D3 Dy D3 Dz Dy D
1 Wy [ Mg My Ma Mz Wy WMa
| | | | | | | | I Interrupd Meask
1 = Mask set
D = Mask resel
ocwa
Ag Dy D Ds Da Ds Da D4 Do
3 R SL EOI ) 0 L o g R e
ACTED UPOM
I_’ olifzlzlalsls]ls
FEER I ER R ER B E
£ SEI BB EIE B E
olal+ Morespecific EOI commarnd p Q|lojoejojijrgit
ol 1]1 1 Spacfic ECI command } Codiormtantol
11041 Fotats on non-specific EC1 command
11010 Rotate in automaltic EOI mode {set)
ofofn Rotatz in automalic EO) moda {claar) £ “10M8UG rotaton
1111 + Rotats on specific EOF command
111]0 t Set priority command
olalo N operaticn }Sﬁecnic rotation
flgeLparcuscd
Controller will not confuse OCW2 with ICW1 since D4 =1

8254

PROCRAMMALEGLE
INTELVAL
TIMER
8204 (8203)

EE6502 Microprocessor & Microcontroller UNIT IV

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_125/

44



www.BrainKart.com

Sri Vidya College of Engineering & Technology Course Material (Lecture Notes)

PROGRAMMABLE INTERVAL TIMER 8254
(8253)

It is a programmable counter/timer chip specifically designed for use in Real Time
Applications for Timing and counting function
Such as
Binary counting
Generation of accurate time delay
Generation of Square wave etc

Timer 8253/54 has three timers

Three counters are 16-bit down counters independent of each other.
The counter can count either in binary or BCD.

8254 is an upgraded version of 8253 and they are pin-compatible
All modes of operation are software programmable

8253 Timer is a 24 pin IC
It consists of 3 Counters : Counter 0,Counter 1,Counter 2

Data Bus Buffer (D0-D7) Used to interface the 8253 to the system data bus D0-D7

Read (RD) It is low, the CPU is inputting data in the counter Write (WR) It is low, the
CPU is outputting data in the counter
(or) Loading of counters
Chip select (CS) It is low, the 8253 is enables otherwise No reading or writing operation will be
performed.
A0,A1 Used to select one of the counter or Control word

EE6502 Microprocessor & Microcontroller UNIT IV
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INTRODUCTION

It is a programmable counter/timer chip designed
. foruse as an Intel microcomputer peripheral

The 3 counters are 16-bit down counters
independent of each other, and can be easily read by
the CPU.

All 3 counters are able to operate either in BCD or
in Hexadecimal mode.

The counter can count either in binary or BCD.

8254 is an upgraded version of 8253 and they are
pin-compatible

All modes of operation are software programmable

ARCHITECURE
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BLOCK DIAGRAM OF 8253/54
e Three counters (0, 1 & 2)

= Each counters has two i/p signals (CLK & GATE)
and one o/p signal (OUT)

Data Bus buffer
Read/Write control logic

Control word Register

Control word registers and counters are selected

g S0 Ao s
0 0

Counter 0
0 1 Counter 1
1 0 Counter 2
1 |

Control register

BLOCK DIAGRAM OF 8253/54

X - Data Bus Counter |GATE
N CEN humer  (m— ~0

Internal bus
_—

Counter fe——
—_—
WR Read/Write =1 OUT 1

—{  Legic ] o

cs

Counter EGATE 2
=2
Control Word ouT g
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COUNTERS

DATA BUS BUFFER

The 8-bit bidirectional data buffer interfaces internal circuit of 8254 to
microprocessor. Data is transmitted or received by the buffer upon the
execution of IN or OUT instruction.

READ/WRITE CONTROL LOGIC

It controls the reading and the writing of the counter registers
The control section has five signals
1. RD_ (Read signal)
2. WR_ (Write signal)
3. CS_ (Chip Select signal)
4. Address line A
5. Address line A,

CONTROL WORD REGISTER

This register is accessed when lines A, and A, are at logic 1. Itis
used to write a command word which specifies the counter to be
used, its mode is either a Read or Write operation

26 February 2014  M.M.Arun Prasath., Asst. Prof/ECE
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(1] 1 0 (1] 0 WRITE COUNTER 0
0 1 0 0 1 WRITE COUNTER 1
0 1 0 1 V] WRITE COUNTER 2
(1] 1 (] 1 1 WRITE CONTROL WORD
0 0 1 0 0 READ COUNTER 0
(1] 0 1 (1] 1 READ COUNTER 1
0 0 1 1 0 READ COUNTER 2
0 V] 1 1 1 NO OPERATION ( TRISTATED )
(1] 1 1 X X NO OPERATION ( TRISTATED )
1 X X X X 8254 NOT SELECTED

s TNTERINAL RKEGISTERK
OPERATION FOR
PROGRAMMING 8253/54
I [ 0 O
Load Counter 0
COUNTER 0
0 1 0 0 Read Counter 0
1 0 0 1 Load Counter 1
COUNTER 1
0 1 0 1 Read Counter 1
1 0 1 0 Load Counter 2
COUNTER 2
0 1 1 0 Read Counter 2
MODE WORD or 1 0 1 1  Write Mode Word
CONTROLWORD ¢ 1 1 1 No-operation
49
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Mode

\* 7 6 8

4 3

g 1

0

SCI[SCORWIR
-

WiM2

M1| M0 BCD

[

Selects Counter
00 = Counter 0
01 = Counter 1
10 = Counter 2

11 = read-back command

8254 can operate in 6 different modes, and the gate of
a counter is used either to disable or enable counting

| L Selects 2 BCD when 1

Selects the mode (mode 0 - §)

Read/wite control

00 = counter latch eommand

01 = read/write least-signficant
byte only

10 = read/write meost significant
byte only

11 = read/write least significant
byte first, followed by the
most-signifieant  hyte

EE6502 Microprocessor & Microcontroller
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—

6 MODES OF 8253/54

MODE 0: Interrupt on Terminal Count

2. MODE I: Hardware — Retriggerable One-Shot

3. MODE 2: Rate Generator

4. MODE 3: Square-Wave Generator

5. MODE 4: Software Triggered Strobe

6. MODE 5: Hardware Triggered Strobe

MODE O : Interrupt on Terminal Count
«In this mode, initially the OUT is low.

ouT

CLK

0UT |

\¥ *Once the count is loaded in the register, the counter is
decremented every cycle and when the count reaches zero, the

goes high. This can be used as an interrupt

*The OUT remains high until a new count or a command word
is loaded.

N|1|2]3]4|5|6]7

Bpipiyipigigiypipinigipipipighy

|

Count of 7 loaded

EE6502 Microprocessor & Microcontroller UNIT IV
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MODE 1 : Hardware - Retriggerable one-shot

<In this mode, the OUT is initially high

\ *When the Gate is triggered, the OUT goes low, and at the end
of the count, the OUT goes high again, thus generating a one-
shot pulse.

lafz]3]4]s]
e
AT [] | N
orr_?_l | S————— !

Trigger with count of §

MODE 2 : Rate Generator

This mode is used to generate a pulse equal to the clock period
__at a given interval.

\_V ‘When a count is loaded, the OUT stays high until the count
+ reaches I, and then the OUT goes low for one clock period

\

‘The count is reloaded automatically, and the pulse is generated
continuously. The count = 1 is illegal in this mode.

1] 2]3]4]8

MM [] ﬂﬂﬂﬂl i f

|
i

Comnt of § loaded

EE6502 Microprocessor & Microcontroller UNIT IV
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\

MODE 3 : Square wave generator
« In this mode, when a count is loaded, the OUT is high.
|« The count is decremented by two at every clock cycle, and

P when it reaches zero, the OUT goes low, and the count is
. reloaded again.
« This is repeated continuously; thus a continuous square wave

with period equal to the period of the count is generated
+ The frequency of the square wave is equal to the frequency of the clock divided by the count

e s 4lsle|ale]s]4]8]e]t]2]s]
111 ]

Count of 6 loaded

\ -In this mode, the OUT is initially high; it goes low

MODE 4 : Software triggered strobe

for one clock period at the end of the count.

*The count must be reloaded for subsequent
outputs.

frle]sfa]se]7]s]

JULUU LU U LU

CIK_|
1
I
ouT |
Irigger with count of §
LMA
EE6502 Microprocessor & Microcontroller UNIT IV
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MODE 5 : Hardware triggered strobe

. °+This mode is similar to Mode 4, except that it is
triggered by the rising pulse at the gate

-Initially, the OUT is low, and when the Gate pulse
1s triggered from low to high, the count begins.

-At the end of the count, the OUT goes low for one
clock period.

1) 2]s|4]s]6|7]8]

OUT —
Trigger with count of § _l
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LOGIC PINOUT

24 PIN IC
DIP PACKAGE

+5V POWER
SUPPLY

HMOS
TECHNOLOGY

|sc1 | sco| rRwi | Rwo [ M2 | M1 [ Mo | BCD |

SC—Select Counter M—Mode
SCH SCo M2 M1 Mo
0 0 Select Counter 0 0 0 0 Mode 0
4] 1 Select Counter 1 4] 0 1 Mode 1
1 0 Select Counter 2 X 1 a Mode 2
1 1 Read-Back Command X 1 1 Mode 3
(see Read Operations) 1 0 o Mode 4
1 0 1 Mode 5
RW—Read/Write
RW1 RWO
BCD
0 0 | Counter Latch Command (see Read
Operations) 0 Binary Counter 18-hits
0 1 |Read/Write least significant byle only 1 Binary Coded Decimal (BCD) Counter
- e (4 Decades)
0 |Read/Write most significant byte only
1 1 |Read/Write least significant byte first,
then maost significant byte
EE6502 Microprocessor & Microcontroller UNIT IV
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Control Word Format
ApAg =11 TS5 =0 AD=1 WR =0

Dy D3 D Dy
|sc1 |sco [ rwi | mwo [ M2 [ M1 [ mo | sco |

RW—Read/Write
RW1 RWO

0 |Counter Latch Command (ses Raad
Oparations)
|Read/Writs 1aast significant byts only
|Read/write most significant byts only
Read/Writs |east significant byts first,
then most sgnificant byte
NOTE:

Don care bits () should be 0 10 insure compalibilly wilh fulure Intel products.

EE6502 Micr
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AtAg = 11;CS = 0;RD = 1;WR = 0
D; Dg Dy Dy Dy D, Dy Dy
[sci{scofofox]|x]|x]|x|

SC1,SC0—specify counter to be latched

SC1 SCo Counter

0|0 0
0|1 1
110 2
1 | 1 |Read-Back Command

D5,04—00 designates Counter Latch Command

X—don't care

NOTE:
Don't care bits (X) should be 0 to insure compatibility
vith future Intel products.

EE6502 Microprocessor & Microcontroller UNIT IV
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A=t 5=0 RO=1 WR=0

p0s O O Dy Dy D Oy
{1 |COUNT| STATUS|ONT 2{ONT 1 |CNTO 0

D 0 = Latch count of selected counte(§
D40 = Latch satus of selected counters(s)
D3: 1= Select Counter 2

Dy: 1= Select Couter

D1 = Seect Counter 0

Dy Reserved for future expension; Must be 0

58
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De Ds Dy D3z D; Dy Dy

Null | 2wt [rwo | M2 M1 | Mo
unt

1 OuUT Pinis 1
0 OuUT Pinis O

1 Null Count

(0] Count available for reading

Dg—Dg Counter programmed mode

EE6502 Microprocessor & Microcontroller UNIT IV
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b7C S 0N

.The Intel 8253 is a programmable counter / timer chip |H
designed for use as an Intel microcomputer peripheral. It DEE 23 ]

uses N-MOS technology with a single +5V supply and is =
packaged in a 24-pin plastic DIP. DS E 22 ] HD
It is organized as 3 independent 16-bit counters, each with )
a counttger rate up to 2 MI-B ’ D‘q' E 21 ] CS

programmable

.Clock This is the clock input for the counter.
'fl'he couni_:erl /is383.6 bits. Trée m_‘:;n%imum hclo'::k DE E 3253 19 :l 'E‘I:I
The minimum’ clock frequency is DC of  static 010 180CLK 2

1
2
3
4
All modes.of operation are software D3 |: 5 ED :l 'g|-|
B
7
g

operation. DD |:
.Out This single output line is the signal that is the final

1rpolT 2

Bt Tima depends on how the device has been programmed. | LK 09 16 GATE 2
i?i}enTlf‘c'ihL"s"‘;‘sth'r‘taSE.Zi,ad%a.finﬁ’i?,;"ﬁn"t°rfé‘ programmed | QUTOOM0 150CLK 1
mode of the counter.

GATEOON 140 GATE 1

GHD 12 1300074
8253/54 Pin Description

Microprocessor Counter
interface input/output

| CLKO
———> OuTo

EE6502 Microprocessor & Microcontroller UNIT IV
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INTERFACING 8086 WITH 8253/54

<L Data bus > D,-D, le——CLKO
«—— Gate O

— OUT 0

8086 8253 lt————— CLK 1
—""D <+ Gate 1

el OUIT

Control bus > ket ou

«—— CLK 2
A, [ — Gate 2
MO Address bus AA, ol F—"0urz

Decoder
UNIT IV

EE6502 Microprocessor & Microcontroller
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8237 DMA CONTROLLER

Introduction:

0 Direct Memory Access (DMA) is a method of allowing data to be moved
from one location to another in a computer without intervention from
the central processor (CPU).

0 Itis also a fast way of transferring data within (and sometimes
between) computer.

I The DMA 1I/O technique provides direct access to the memory while the
microprocessor is temporarily disabled.

0 The DMA controller temporarily borrows the address bus, data bus and
control bus from the microprocessor and transfers the data directly
from the external devices to a series of memory locations (and vice
versa).

Basic DMA Operation:

0 Two control signals are used to request and acknowledge a direct
memory access (DMA) transfer in the microprocessor-based
system.

I The HOLD signal as an input(to the processor) is used to request a
DMA action.

0 The HLDA signal as an output that acknowledges the DMA action.

I When the processor recognizes the hold,it stops its execution and
enters hold cycles.

EE6502 Mjcroprocessor & Microcontroller UNIT IV
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-l N\
Cont.,

[ HOLD input has higher priority than INTR orNMI.

0 The only microprocessor pin that has a higher priority
than a HOLD is the RESET pin.

0 HLDA becomes active to indicate that the processor has placed its
buses at high-impedance state.

Basic DMA Definitions:

0 Direct memory accesses normally occur between an I/O device and
memory without the use of the microprocessor.

o A DMA read transfers data from the memory
to the I/O device.

e A DMA write transfers data from an I/O device
to memory.

0 The system contains separate memory and 1/O control signals.

I Hence the Memory & the I/O are controlled simultaneously

L9 o

EE6502 Microprocessor & Microcontroller UNIT IV
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- ™

I The DMA controller provides memory with its address, and the controller
signal selects the I/O device during the transfer.

I Data transfer speed is determined by speed of the memory device or a DMA
controller.

[ In many cases, the DMA controller sLows the speed of the system when
transfers occur.

I The serial PCI (Peripheral Component Interface) Express bus transfers data at
rates exceeding DMA transfers.

0 This in modern systems has made DMA is less important.

o /

The 8237 DMA controller

* Supplies memory and I/O with control signals and addresses during DMA transfer
* 4-channels (expandable)
— 0: DRAM refresh
—1: Free
— 2: Floppy disk controller
—3: Free
* 1.6MByte/sec transfer rate
* 64 KByte section of memory address capability with single programming
* “fly-by” controller (data does not pass through the DMA-only memory to I/O transfer capability)

+ Initialization involves writing into each channel:

* i) The address of the first byte of the block of data that must be transferred (called the base address).
« ii) The number of bytes to be transferred (called the word count).

ACOE255 Microprocessors I - Frederick University
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8237 DMA Controller

The 8237 DMA controller supplies the memory and I/O with control
signals and memory address information during the DMA transfer.

The 8237 is capable of DMA transfers at rates of up to 1.6M bytes per second.

Each channel is capable of addressing a full

64K-byte section of memory and can transfer up to 64K bytes with a single
programming.

8237 pins o B o
WEnR [3] [5e] as [
* CS’: Chip select (decoder output) "E'::: g :AT’
* RESET: Clears registers, sets mask register Rezov [3] 5] as
* READY: 0 for inserting wait states HLDA [7] 5] A2
« HLDA: Signals that the pp has relinquished buses aoste [F] =k
* DREQ3 - DREQO0: DMA request input for each channel aen [3] 7] a0
« DB7-DB0: Data bus pins HRQ [T [37] vee
« IOR": Bidirectional pin used during programming cs [0 3] oBo
and during a DMA write cycle cik [ [%5] o1
« IOW': Bidirectional pin used during programming and during a DMA read reseT [ 7] oe2
cycle pAck2 [id] [77] o3
. Egls)t:ee:rEnd of process is a bidirectional signal used as input to terminate a DMA process or as outpagite @al the end of the Fifidas
* A3-A0: Address pins for selecting internal registers ::::: E g ::z::
* A7-A4: Outputs that provide part of the DMA transfer address oret [T 7] oes
* HRQ: DMA request output DREGO [T BE
* DACK3-DACKO0: DMA acknowledge for each channel. (GND)vss [ 7] oe7

* AEN: Address enable signal

* ADSTB: Address strobe

« MEMR’: Memory read output used in DMA read cycle

« MEMW': Memory write output used in DMA write cycle

ACOE255 Microprocessors I - Frederick University
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Important signal pins

DREQ3 — DREQo (DMA request): Used to
request a DMA transfer for a particular DMA
channel.

MEMR_
MEMW

DACK3 — DACKo (DMA channel READY
acknowledge): Acknowledges a channel DMA HLDA
request from a device. ADSTB

I HRQ (Hold request): Requests a

DMA transfer. CLK
RESET
DACK,
DACK; DBy
DREQ; DACK,
NREFN. DACK.

HLDA (Hold acknowledge) signals the 8237 that the
microprocessor has relinquished control of the address, data
and control buses.

MEMW (Memory write): Used as an output to cause
memory to write data during a DMA write cycle.

I  MEMR (Memory read): Used as an output to cause
memory to read data during a DMA read cycle
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0 A3 — Ao : address pins select an internal register during
programming and provide part of the DMA transfer address
during DMA operation.

A7 — A4 : address pins are outputs that provide part of the
DMA transfer address during a DMA operation.

0 DBo — DB7: data bus, connected to microprocessor and are
used during the programming DMA controller.

EE6502 Microprocessor & Microcontroller UNIT IV

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_125/



www.BrainKart.com
Sri Vidya College of Engineering & Technology Course Material (Lecture Notes)

Basic DMA operation :-

The direct memory access (DMA) I/O technique provides direct access
to the memory while the microprocessor is temporarily disabled.

ADM%gon oller tenﬁPoraril borrows Hle address bus dat%bus, émd
ontrol bus dnthe 18r0£>r CESSOT an tI'a]ilS ers the data bytes’directly
etween an /O port and a Series of memory locations.

The DMA transfer is also used to do high-speed memory-to memory
transters.

'wo control signals fre uged to request and acknowledge a DMA transfer in
the microprocessor-based system.

M

The HOLD signal is a bus request signal which asks the microprocessor to
release control of the buses after the current bus cycle.

The HLDA signal is a bus grant signal which indicates that the microprocessor
has indeed released control of its buses by placing the buses at their high-
impedance states.

0 The HOLD input has a higher priority than the INTR or NMI interrupt inputs.

EE6502 Micro
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Data transfer with a DMA
Controller

ADDRESS BUS

®

CENTRAL DIRECT
1o MEMORY

P : ACCESS
UNIT (CPU.
( ) INTERFACE

g @ (DMAC)
&L T T[]
@ ®

CONTROL BUS

DATA TRANSFER WITH 4 DMA CONTROLLER

Data transfer with DMA controller

During a block input byte transfer, the following sequence occurs as the
data byte is sent from the interface to the memory:

The interface sends the DMA controller a request for DMA

service.

A Bus request is made to the HOLD pin (active High) on the 8086
microprocessor and the controller gains control of the bus.

A Bus grant is returned to the DMA controller from the Hold
Acknowledge (HLDA) pin (active High) on the 8086 microprocessor.

EE6502 Midi
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The DMA controller places contents of the address register onto the
address bus. The controller sends the interface a DMA acknowledgment,
which tells the interface to put data on the data bus. (For an output it signals
the interface to latch the next data placed on the bus.)

The data byte is transferred to the memory location indicated by

the address bus. The interface latches the data.

EE6502 Microprocessor & Microcontroller UNIT IV
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The Bus request is dropped, the HOLD pin goes Low, and the controller
relinquishes the bus. The Bus grant from the 8086 microprocessor is dropped
and the HLDA pin goes Low.

The address register is incremented by 1.

The byte count is decremented by 1.

If the byte count is non-zero, return to step 1, otherwise stop

Register Organization of 8237

EE6502 Microprocessor & Microcontroller UNIT IV
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/

\

8237 Internal Registers
CAR

1 The current address register holds a 16-bit memory
address used for the DMA transfer.

1 Each channel has its own current address register for this
purpose.

1 When a byte of data is transferred during a DMA operation,
CAR is either incremented or decremented dependingon
how it is programmed.

EE6502 Microprocessor & Microcontroller UNIT IV
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4 .
CWCR
I The current word count register programs a channel for the
number of bytes to transferred during a DMA action.
CR

0 The command register programs the operation of the
8237DMAcontroller.

0 The register uses bit position 0 to select the memory-to-
memoryDMAtransfer mode.

0 Memory-to-memory DMA transfers use DMA channel
Otohold the source address

0 DMAchannel 1 holds the destination address

- ™

command register.

7 6 5 4 3 2 1 0«—Bit Number
) ) i i ] ] T

0 Memory-to memory disable

¥ L[ 1 Memory-to-memory enable _/
Channel 0 address hold disable
Channel 0 address hold enable
fbit0=0

Controller enable

Controller disable

Normal timing
Compressed timing
Ifbit0=1

0

1

X

0

1

0

1

X
| 0 Fixed priority

1 Rotating priority
[0

1

X

0

1

0

1

o

Late write selection
Extended write selection
Ifbit3=1

DREQ sense active high
DREQ sense active low

DACK sense active low
DACK sense active high

EE6502 Microprocessor & Microcontroller UNIT IV
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4 A
BA and BWC

I The base address (BA) and base word count
(BWC) registers are used when auto-
initialization is selected for a channel.

0 In auto-initialization mode, these registers are
used to reload the CAR and CWCR after the DMA
action is completed.

- a

EE6502 Mic

MR |
0 The mode register 171515141312]1 0«— Bit Number

programs the mode of i ] i m ;

operation for a channel. 00 Channal 0 léct
0 Each channel has its own 01 Channel 1 select
mode register as selected by bit 10 Channel 2 select
positions 1 and 0. | 11 Channel 3 select
0 Remaining bits of the mode [ 00 Verify transfer
register select operation, 01 Write transfer
auto-initialization, 10 Read transfer
increment/decrement, and ;)‘( :'f'zgfi's g
mode for the channel L its6and 7 =

0 Autoinitialization disable

| 1 Autoinitialization enable
4[ 0 Address increment select
1 Address decrement select

[ 0 Demand mode select
oprocessor & Microcontroller UNIT IV

0 Block mode select
1 Cascade mode select

0
01 Single mode select
1
1
\ Hitp:// brain} bi Mi } -Mi troll _1245/
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- D
BR

0 The bus request register is used to request
a DMA transfer via software.

0 very useful in memory-to-memory transfers, where an external signal is not
available to begin the DMA transfer

7 6 5 4 3 2 1 0<«<—Bit Number

Don't Care [ 00 Select channel 0
01 Select channel 1
10 Select channel 2
| 11 Select channel 3

[ 0 Reset request bit
| 1 Set request bit

- ™
MRSR

0 The mask register set/reset sets or clears the channel mask.
0 if the mask is set, the channel is disabled

0 the RESET signal sets all channel masks to
disable them

7 6 5 4 3 2 1 0<«<—Bit Number
[IIIIIIII

1
Don't Care 00 Select channel 0 mask bit
01 Select channel 1 mask bit
10 Select channel 2 mask bit
11 Select channel 3 mask bit

0 Clear mask bit
1 Set mask bit
\ /

EE6502 Microprocessor & Microcontroller UNIT IV
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/

MSR

0 The mask register clears or sets all of

the masks with one command instead of individual channels, as with the MRSR.

7 6 5 4 3 2 1 0<«<——Bit Number

I I I
Don't Care |_'

PO =0 =0 =0

Clear channel O mask bit
Set channel 0 mask bit

Clear channel 1 mask bit
Set channel 1 mask bit

Clear channel 2 mask bit
Set channel 2 mask bit

Clear channel 3 mask bit

C At Alharmimnal D vnanls Wid

/

I

-

SR

The status register shows
status of each DMA channel.
The TC bits indicate if the
channel has reached its
terminal count (transferred all
its bytes).

When the terminal count is
reached, the DMA transfer is
terminated for most modes of
operation.

The request bits indicate
whether

the DREQ input for a given
channel is active.

licroprocessor & Microcontroller UNIT IV
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7654321 0«—Bit Number

L 1 Channel ( has reached TC
—— 1 Channel 1 has reached TC
—— 1 Channel 2 has reached TC
1 Channel 3 has reached TC

1 Channel 0 request
1 Channel 1 request
1 Channel 2 request
1 Channel 3 request

™\
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1. Current Address Register

Each of 4 DMA channels of 8237 has a 16-bit current address register
that holds the current memory address , being accessed during DMA
transfer .

The address is automatically incremented or decremented after each
transfer & resulting address value is again stored current address
register .

This can be byte — wise programmed by CPU i.e.
lower byte 1 & higher byte later .

EE6502 Microprocessor & Microcontroller UNIT IV
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2.Current Word Register

Each channel has a 16- bit current word register that holds the number
of data byte transfers of be carried out.

The word count is decremented after each transfer &new value is

again stored back to the current word register .

When count becomes zero an EOP signal will be generated . This can be
written in successive bytes by the CPU ,in program mode

EE6502 Microprocessor & Microcontroller UNIT IV
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3.Base Address & Base Word Count Register

Each channel has a pair of these register . These maintains an original copy
of the resp. initial current address register & current word register (before
increment or decrement) resp.

These are automatically written along with current register .

These cannot be read by the CPU . The contents of these register are used
internally for auto — initialization.

M

4. Command Register

This is 8 — bit controls the complete operation of 8237.

This can be programmed by the CPU and cleared by a reset
operation .

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_125/
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5.Mode Register

Each of channel has 8 bit mode register . This is written by the CPU

program mode.

Bits 0 or 1 of mode register determine which of the four channel mode
register is to be written . The bits 2 & 3 indicate the type of DMA
transfer.  Bit 4 indicates whether auto- initialization is selected or not ,
while bit 5 indicates whether address increment or decrement mode is
selected .

M

6.Request Register

Each channel has a request register bit associated with it , in the
request register . These are nonmaskable & subject to prioritization
by the priority resolving network of 8237 .
Each bit is set or reset under program control or is cleared upon
generation of a TC or an external EOP. This register is cleared by reset.

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_125/
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/.Mask Register

Each of 4 channel has a mask bit which can be set under program control
to disable the incoming DREQ request at the specific channel .  This bit is
set when corresponding channel produces an EOP signal , if channel is not
programmed for auto — initialization .

The register is set to FFH after a reset operation. This disables all the

DMA request till the mask register is cleared

8.Temporary Register

The temporary register holds data during memory to memory

data transfers .

After the completion of the transfer operation , the last word
transferred remains in the temporary register till it is cleared by
the reset operation .

20
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9.Status Register

Status register keeps the track of the all DMA channel pending request
& status of their terminal count .

The bit Do-D3 are updates every time , the corresponding channel
reaches TC or external EOP occurs . These are cleared upon reset and
also on each status read operation .

OPERATION A3 A2 Al A oR oW
Read Stafus Register | 0 0 0 0 |
Write Command Register [ 0 0 0 1 0
Read Request Reqister | 0 0 1 0 |
Write Request Reqister [ 0 0 1 1 0
Read Command Register | 0 | 0 0 |
Write Single Mask Bit [ 0 [ 0 [ 0
Read Moda Register | 0 1 1 0 1
Write Mode Register | 0 [ 1 [ 0
Set First/Last FF [ [ 0 0 0 [
Clear First/Last F/F [ [ 0 0 [ 0
Read Temporary Register [ 1 0 1 0 1
Master Clear [ 1 0 1 1 0
Clear Mode Reg. Counter | [ [ 0 0 [
Clear Mask Register [ 1 1 0 1 0
Read All Mask Bits [ [ [ 1 0 [
Write All Mask Bits 1 [ [ 1 [ 0
EE6502 Microprocessor & Microcontroller UNIT IV
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» Clear First/Last Flip-Flop - This command is executed prior to writing or reading new
address or word count information to the 82C37. This command initializes the flipflop to
a known state (low byte first) so that subsequent accesses to register contents by the
microprocessor will address upper and lower bytes in the correct sequence.

* Set First/Last Flip-Flop - This command will set the flip-flop to select the high byte first
on read and write operations to address and word count registers.

* Master Clear - This software instruction has the same effect as the hardware Reset. The
Command, Status, Request, and Temporary registers, and Internal First/Last Flip-Flop
and mode register counter are cleared and the Mask register is set. The 82C37A will enter
the idle cycle.

* Clear Mask Register - This command clears the mask bits of all four channels, enabling
them to accept DMA requests.

* Clear Mode Register Counter - Since only one address location is available for reading

the Mode
registers, an internal two-bit counter has been
22
EE6502 Microprocessor & Microcontroller UNIT IV
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included to select Mode registers during read operation. To read the Mode registers, first
execute the Clear Mode Register Counter command, then do consecutive reads until the
desired channel is read. Read order is channel 0 first, channel 3 last. The lower two bits
on all Mode registers will read as ones.

23
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8237 block diagram
" — —
EOP +—0 DECREMENTOR ING/DECREMENTOR )
RESET —— TEMP WORD TEMP ADDRESS FUEFER
05 —o) COUNT REG (16) REG (16) |
READY ——+| 16-BIT BUS
oLk ——| TIMING
AND ?
AEN ¢==| conTROL l e l OUTRUT
ADSTE « READ BUFFER READ WRITE BUFFER = P I
MENR =0 BASE ;Ao:i CURRENT ch?:nm
NEMW =0 ADDRESS ADDRESS
o 8) CO%NT 1) coqlém
et (16) (16) 0 |
10W 4= | | < COMMAND
o CONTROL
_l < ——
WRITE READ
gUFFER | | BuFFeER Do-D1
_DREQU' E T TrT— T U
ot o] PRIORITY COMMAND i i i
DREQ3 encoer [*] AV 4
(&) INTERNAL DATA BUS BUFFER
HLDA =———p]  AND
- ROTATING MASK
HRQ == PRIRTY [ )
DACKD - 3 LOGIC e
DACK3 ™ REQUEST
— ?4) STATUS TEMPORARY
— MODE ) 8)
{4 X 5} T — S —
_—
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Initiating a DMA transaction

* Save the current interrupt status and disable interrupts by executing the CLI
instruction

* Disable the channel that will be used for the transaction
* Reset the flip-flop by writing a value of 0X to the register

* Set the Mode Register

* Set the Page Register

* Set the Offset Register

* Set the Block Size Register

* Enable the channel that will be used for the transaction

* Restore the interrupt status

ACOE255 Microprocessors I - Frederick University

Programming the 8237

 First program the address and count registers first:
—1. Clear the F/L flip-flop with a clear F/L. command

—2. Disable the channel
—3. Program the LSB and then MSB of the address
——=4.Program the LSB and then MSB of the count

+ select the mode of operation

e Enable channel

ACOE255 Microprocessors 1 - Frederick University 18
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Data Transfer modes
1) Single Transfer Mode

0 In Single Transfer mode the device is programmed to make one transfer

The word count will be decremented and the address decremented or
incremented following each transfer.

When the word count " "rolls over' from zero to FFFFH, a Terminal Count
(TC) will cause an Auto initialize if the channel has been programmed to do
So.

EE6502 Microprocessor & Microcontroller UNIT IV
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2) Block Transfer Mode

0 In Block Transfer mode the device is activated by DREQ to continue making
transfers during the service until a TC, caused by word count going to
FFFFH, or an external End of Process (EOP) is encountered.

DREQ need only be held active until DACK becomes active. Again, an Auto
initialization will occur at the end of the service if the channel has been
programmed for it.

3)Demand transfer mode

Device continues transfer until a TC is reached or an external EOP is
detected or the DREQ signal goes inactive .

After the I/O device is able to catch up , the service mat be re-established
activating DREQ signal again.

Only EOP generated by TC or external EOP can cause the auto-
initialization and only if it is programmed for .
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4)Cascade mode

In this mode ,more than one 8237 can be connected together to provide
more than four DMA channels .

The HRQ & HLDA signals from additional 8237s are connected with DREQ
& DACK pins of channel of the host rsp.
The priority of the DMA requests may be preserved at each level.

EE6502 Microprocessor & Microcontroller UNIT IV
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5)Memory to memory transfer

+ To perform the transfer of the block of data from one set of memory address to
apother one .this mode i ed

C C C Dy SC -, = Wdrc .
d O 24 O 2 SU O

The 8237 sends HRQ signal to CPU as usual & when HLDA signal is
activated by CPU ,device starts operating in block transfer mode to read the
data from file.

The channel o current register acts as a source pointer.

The byte read data from memory is stored in an internal temporary register
of 8237.

The channel 1 current register acts as a destination pointer to write the
data from temporary register to the destination memory.

The pointers are automatically incremented or decremented , depending
upon the programming .

EE6502 Microprocessor & Microcontroller UNIT IV
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INTERFACING-Memory to device transfer

Conbelbus

CPU having the control over the bus:

ADU- %%, addr
AD15 adar " bus
ALE latch
CPU ——Ow. - data memory
lo} bus
3 3
x = oORW,MEMR/W eante)
A bus
I data
HOLD TI'ppa DMA bus
HLDA
controlier SUS Peripf:.-eral
4  prea device
DACK [\
. A
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v

When DMA operates:

\

e o addr
AD15 addr bus
SE fatch
CPU —© data | emor
" ous ¥
s 9
4 ©| control bus
2 S contolbus o control
ry bus
data
HOLD fiRa HuA bus
HLDA
controller bus Peripl?eral
A  DRreg device
DACK )
-
8251

10.10 SERIAL COMMUNICATION INTERFACE

erial Communication Port: I/O interface, used to connect peripheral units, such as CRT terminals, modems, and printers,

0 a microcomputer.

It permits data to be transferred between two units using just two data lines

One line is used for transmitting data and the other for receiving data.

Types of serial data communications.

Synchronous communications.

Asynchronous communications.

EE6502 Microprocessor & Microcontroller

UNIT IV
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Synchronous vs. Asynchronous

A communication protocol is a convention for data transmission that include such
functions as timing, control, formatting, and data presentation. There are two
categories depending on the clocking of the data on the serial link:

e Synchronous protocols--each successive datum in a stream of data is governed by a
master clock and appears at a specific interval in time.

e Asynchronous protocols--successive data appear in the data stream at arbitrary
times, with no specific clock control governing the relative delays between data.

There are §Ipeci§l IC chips made for serial data communications. These chip is
called UART (universal asynchronous receiver transmitter) and USART (universal
synchronous-asynchronous receiver-transmitter) 8251.

Synchronous communications|

The receiver and transmitter sections of the two pieces of equipment communicating with each other must run
synchronously.

To initiate synchronous transmission, the transmitter first sends out synchronization characters to the receiver.

The receiver reads the synchronization bit pattern and compares it to a known sync pattern. Once they are identified as being the same, the
receiver begins to read character data off the data line.

Transmit data

Transfer of data continues until the complete
block of data is received. Receive data

§ : System 2
If large blocks of data are being sent, ystem | Clock ¥

the synchronization characters may =
be periodically resent to assure that Slgnnl c!:mruon

A i

Used in applications where high speed g
data transfer is required.

(a)

I O B ) o v Y e O s O e T 3y i

e I

Data SYN SYN
CHAR #2 CHAR #1
()
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Asynchronous communications

The asynchronous method of communication eliminates the need for the Clock signal.

The si form of an asy ication interface could consist of a Receive data, Transmit data, and Signal common
communication line.

The data to be transmitted are sent out one character at a time, and at the i ini Y ization bits that are i at the
beginning and end of each character performs end of the ication line sy izati
The sy ization bit at the beginning of -
the character is called the Start bit, and that Transmit data
at the end of the character the stop bit. Receive data
System | dgal g System 2
D ing on the icati Y Signal common ¥
scheme, 1, 1.5, or 2 stop bits can be
used.
The bits of the character are -
embedded between the start and stop
bits.
7-bit ASCII can be used and parity added as an eighth bit for (a)
higher reliability in transmission.
MSB LSB
Parity Data
; bit
Baud Rate and the Baud-Rate Generator] Stop Start
bit bit
(MARK) (SPACE)
Baud rate: The rate at which data transfers take place over the receive and transmit lines.
By baud rate we mean the number of bits of data transferred per second.
some of the common data transfer rates 300 bps
1200 bps
9600 bps

Baud rate is set by a part of the serial communication interface called the

Baud rate generator.

The baud rate at which data are transferred determines the bit time, that is, the amount of time each bit of data is on the communication
line. At 300 baud rate, the bit time is found to be 3.33 ms.
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The 8251A is a programmable serial communication interface chip designed for synchronous and asynchronous serial data communication.

It supports the serial transmission of data.

It is packed in a 28 pin DIP.

D& 1 281> D,
D2 27§ p,
RaD—3 26V
OND<| 4 25} RxC
D, 95 24} DTR
D6, 23> RTS
D, <3 7 22)— DSR
o
D,olg 8251A 5k peser
TxC—{9 20k~ CLK
WR — 10 19 TxD
C5—H11 18}> TxEMPTY
c/D-f 12 17 CTS
RD—{ 13 16 k> SYNDET/BRKDET
RxRDY « 14 15> TxRDY
D = D ""+ TKD
v 0= > TxRDY
RESET > TXEMPTY
CLK —"TxC
c/D — Vo
RE 8251A  [>GND
WR — RxD
T3 3 RxRDY
DSR b RxC
DTR
CTS SYNDET/
=T BRKDET

Read/Write control logic:

0

It monitors the data flow.

EE6502 Microprocessor & Microcontroller

UNIT IV

Pin Description
D,-D, Paralle] data
C/D Control registér or

Data buffer select

RD Read control
WR Write control
s Chip Select
CLK Clock pulse (TTL)
RESET Reset
TxC Transmitter Clock
TxD Transmitter Data
RxC Receiver Clock
RxD Receiver Data
RxRDY Receiver Ready
TxRDY Transmitter Ready
DSR Data Set-Ready
DTR Data Terminal Ready
SYNDET/ Synchronous Detect /
BRKDET Break Detéct '
RTS Request To Send Bata
CTS Clear To Send Data
TxEMPTY | Transmitter Empty
Ve Supply (+5V)
GND Ground [ﬁ V)

The Read/Write Control logic interfaces the 8251A with CPU, determines the functions of the 8251A according to the control word written into its
control register.

34
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0 This section has three registers and they are control register, status register and data buffer.
0 The active low signals RD, WR, CS and C/D(Low) are used for read/write operations with these three registers.
0 When C/D(low) is high, the control register is selected for writing control word or reading status word.
0 When C/D(low) is low, the data buffer is selected for read/write operation.
0 When the reset is high, it forces 8251A into the idle mode.
0 I;tc-ze-clock input is necessary for 8251A for communication with CPU and this clock does not control either the serial transmission or the reception

Transmitter section:

0 The transmitter section accepts parallel data from CPU and converts them into serial data.

0 The tr itter section is d buffered, i.e., it has a buffer register to hold an 8-bit parallel data and another register called output register to
convert the parallel data into serial bits.

0 When output register is empty, the data is transferred from buffer to output register. Now the processor can again load another data in buffer register.
0 If buffer register is empty, then TxRDY is goes to high.
0 If output register is empty then TXEMPTY goes to high.
0 The clock signal, TxC (low) controls the rate at which the bits are transmitted by the
USART.
0 The clock frequency can be 1,16 or 64 times the baud rate.

Receiver Section:

0 The receiver section accepts serial data and convert them into parallel data

0 The nilta(ieév%r section is double buffered, i.e., it has an input register to receive serial data and convert to parallel, and a buffer register to hold the
parallel ata.

0 When the RxD line goes low, the control logic assumes it as a START bit, waits for half a bit time and samples the line again.
0 If the line is still low, then the input register accepts the following bits, forms a character and loads it into the buffer register.
0 The CPU reads the parallel data from the buffer register.
0 When the input register loads a parallel data to buffer register, the RxRDY line goes high.
0 The clock signal RxC (low) controls the rate at which bits are received by the USART.
35
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0 During asynchronous mode, the signal SYNDET/BRKDET will indicate the break in the data transmission.
During synchronous mode, the signal SYNDET/BRKDET will indicate the reception of synchronous character.

MODEM Control:

0 The MODEM control unit allows to interface a MODEM to 8251A and to establish data communication through MODEM over telephone lines.

0 This unit takes care of handshake signals for MODEM interface.

8251A USART

Includes four key sections:

the bus interface section, which consists of the data bus buffer and read/write control logic blocks.

the transmit section, which consists of the transmit buffer and transmit control block.

the receive section, which consists of the receive buffer and receive control block.

the modem-control section.

EE6502 Microprocessor & Microcontroller UNIT IV
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RxDE3 36:l\f¢
GNDE4 asjﬁ{

ml:s 24 [m

DsEﬁ zajn”‘r_s

De[:'! zz:lﬁ'sﬁ
82514

8251 Block Diagram

DataBus | I Transmit
DDy @ Buffer N —— (E:)””\"éf) — ™0
RESET —+
CLK— P — Transmit TXRDY
C/D —»| Read/Write — — TXE
RD—=d Control r— o ontrol - L. Tx¢
WR—=d  Logic =
CS—=4 %)
a
g
DSR —=g = ]
DTR<——q Modem = Recieve 0
CTS—=d Control |A—1 Buffer [+
RTS +—d N—/ (5-P)
, — RXRDY
Recieve G
Control |, . SYNDET/BD
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e The UART is a universal asynchronous receiver/transmitter, which is modeled on the real-world
Intel® 8251 peripheral interface adapter component. In the model we are considering, the UART
consists of three main blocks.

* aserialtra s it lok RS — Serial
* a serial re eive loka d DATE ¥ Transmit —» TXD
+aCPUI terfae IF lo k. 2o =¥ Block
XWR — | CPULF
XRD —¥| R
m_r _’ €14,
CLK16M —¥ ngf:g: D
XRST —™
Port Type Description Width
D_XS Input CPU control signal |
DATA InOut Data received from or sent to the CPU | % il
XCS Input Chip Select | |
XWR Input CPU write control signal |
XRD Input CPU read control signal =i
CLKI16M Input 16 MHz system clock 1
XRST Input System reset e
XINT 3 Output Interrupt Factor 1
/D WR Operation

8251 A Data -+ Data bus

Data bus = 8251A Data
Status —+ Data bus

o

-
X - ~ o - o|§
- o o o o o

| Data bus =+ Control
X ! Data bus - 3-State
X X Data bus — 3-State
38
EE6502 Microprocessor & Microcontroller UNIT IV

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_125/



www.BrainKart.com
Sri Vidya College of Engineering & Technology

Course Material (Lecture Notes)

The receiver section

Is responsible for reading the serial bit stream of data at the Rxp (receive data) input and converting it to
parallel form.

When a mark voltage level is detected on this line, indicating a start bit, the receiver enables a counter

As the counter increments to a value equal to one-half a bit time, the logic level at the Rxp line is
sampled again.

If it is still at the mark level, a valid start pulse has been detected.

Then Rxp is examined every time the counter increments through another bit time.

This continues until a complete character is assembled and the stop bit is read.

After this, the complete character is transferred into the receive-data register.

EE6502 Microprocessor & Microcontroller UNIT IV
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During reception of a character

the receiver automatically checks the character data for parity, framing, or overrun errors.
If one of these conditions occurs, it is flagged by setting a bit in the status register.

Then the Rxrpy (receiver ready) output is switched to the 1 logic level.
This signal is sent to the microprocessor to tell it that a character is available and should be read from the receive-data register.

RxRDy is automatically reset to logic 0 when the MPU reads the contents of the receive_data register.

Tr}rough software, the 8251A can be set up to internally divide the Clock signal input at Rxc by 1, 16, or 64 to obtain the desired baud
rate.

The transmitter section

does the opposite of the receiver section.

It receives parallel character data from the MPU over the data bus.

The character is then automatically framed with the start bit, appropriate parity bit and the correct number of
stop bits and put into the transmit-data buffer register.

Then, the serial output on the Txp line will be sent.

The Txrpy output switches to logic 1, This signal can be returned to the MPU to tell it that another character
should be output to the transmitter section.

In most applications, the transmitter receiver operate on the same baud rate. Therefore, the same baud-
rate generator supplies both Rxc and Txc.

EE6502 Microprocessor & Microcontroller UNIT IV
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Configuration of 8251A

8251 can be configured for various modes of operation through
software.

It has three internal control
registers:

mode-control register
command register
status register.

1. MODE INSTRUCTION WORD

Thss format defines the Baud rate, Character length, Panty and Stop buts required to
work with asvachronous data commumication. By selecting the appropnate baud factor sync
mode, the 8251 can be operated in Synchronous mode.

Ithiﬂ]izing 8251 u?izlg the mode mstruction to the folluﬁ'ir_-g conditions
8 Bit data
No Pﬂl’iE'
Baud rate Factor (16X)
| Str:}p Bit

Mode Instruction (Asynchronous)

EE6502 Microprocessor & Microcontroller UNIT IV
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Dz Dg De Dy Dz Dz 0 Dy
| s« | s« [ er [ Pen | o | o, | B2 | B |
| Baud Rate Factor
0 1 ] 1
- 0 (] 1 1
P | oms 16 = 64 =
SY NG
Charactor Length
Lol 4] 1 0 1
Lol 0 (] 1 1
5 bits B bits 7 bits B bits
Parity Check
- 0 1 u] 1
- 0 u] 1 1
Disable F'Ei?i?y Disable F.E:[Eﬂ.y
Stop bit Length
- 0 1 [u] 1
- 0 u] 1 1
Inhabit 1 bit 1.5 bits 2 bits

Mode Instruction (Synchronous)

EE6502 Microprocessor & Microcontroller UNIT IV
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D7 Ds Ds Dy Ds D2 D4 Do

SCS ESD EP PEN L, Ly 0 0
Charactor Length
0 1 0 1
- 0 0 1 1
5 bits 6 bits 7 bits 8 bits
Parity
bt 0 1 0 1
0 0 1 1
Odd E
Disable | party | Disable | parity
Synchronous Mode
- 0 1
Internal External
Synchronization | Synchronization

Number of Synchronous Charactors
= 0 1
2 Charactors 1 Charactor

Ty and Rugy are enable bits for the tmsmitter and receiver. Since both the
receiver and transmitter can operate simultancously, these two bits can both be sel. Rz
15 actually an enable signal to the Ry signal, It does not tum the receiver section on
and off, The receiver runs at all times, but if Rxgy is set to 0, the 8251A does not signal
the MPU that a character has been received by switching Rxgpy to logic 1, The same is
trug for Tgy, It enables the Txgpy signal,
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2. COMMAND INSTRUCTION WORD

Thus format defines a status word that 15 used to control the actual operation of
8251. All control words written into 8251 after the mode mstruction will load the command
nstruction.

The command instructions can be watten into 8231 at any tume in the data block
during the operation of the 8251. to return to the mode nstruction format, the master reset
bit 1n the command mstruction word can be set to initiate an mnternal reset operation which
automatically places the 8231 back into the mode mstruction format. Command instructions
must follow the mode mstructions or sync characters.

D5 De Ds Das Da D2 D4 Do
I EH I IR I RTS I ER ISBHK' RXE | DTR |TXENJ

1..._Transmit Enable
O...Disable

TR
— DTR =0
— DTR =1

.-Recieve Enable
.-Disable

o #e-0

.-Sent Break Charactor
.-Normal Operation

(=

.-Reset Error Flag

Q -

.-Normal Operation

:

— RIS =0
— BRTS =1

.-Internal Reset
- ..Normal Operation

Q <O«

1...Hunt Mode (Note)
0.._ Normal Operation

Note: Seach mode for synchronous
charactors in synchronous mode.
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flags for the receiver

i 2 O i o3 o3 o, oo
SYNOET re o re vann | namae: Pusne

l l l l l SAME DEFINITIONS
AS /O PINS EXCEPT
THAT '|'r:ﬁov°||.|:o|'
CONDITIONE

PARITY EARCA
THE PE FLAT IS SET WHEN Takn OR CTE
APARITY E ¥ =

THE ER BIT OF TH lonn-
MAND INSTRUCTION.

DOES NOT INHIBIT Mn-
ATION OF THE 8251,

Status register OVERALN ERROR
THE OE FLAG 1S SET wHEN

THE C™U DOES NOT READ &
CHARACTER BEFORE THE
NEXT ONE BECOMES AVAIL.
ABLE IT I1SRESEY BY THE

PREVIOUSLY OVERRUN
CHARACTER 1S LOST

FRAMNG ERMOR (ASYNC

ONLYY
THE FE FLAG IS SET WHEN
A VALID STO® 81T (S NOT
OETECTED AT THE END OF

EVERY CHARACTER. IT IS5

RESET @Y THE €R 8IT OF
THE COMMAND INSTRUC:
TION. FE DOES NOT MBI T
THE OPERATION OF THE 8251

NOTE:
1. TxRDY status bit has different meanings from the TxRDY output pin. The former is not conditioned by CTS and TxEN;
the latter is conditioned by both TTS and TxEN.
i.e. TXADY status bit = DB Buffer Empty
TxRDY pin out = DB Buffer Empty ® (CTS = 0) ® (TXEN = 1)

INTERFACING WITH INTEL 8251A (USART)

0 The 825 1A can be either Yy dorI/O pped in the system.

0 8251A in I/0 mapped in the system is shown in the figure.

0 Using a 3-to-8 decoder generates the chip select signals for I/0 mapped devices.

0 tThe e:ddtresszssljl.nes A4, A5 and A6 are decoded to generate eight chip select signals (I0CS-0 to IOCS-7) and in this, the chip select signal IOCS-2 is used
o selec
0 The address line A7 and the control signal I0 / M(low) are used as enable for decoder.

The address line A0 of 8085 is connected to C/D(low) of 8251A to provide the internal addresses.

] The data lines DO - D7 are connected to DO - D7 of the processor to achieve parallel data transfer.

] The RESET and clock signals are s crplled by the processor. Here the processor clock is directly connected to 8251A. This clock controls the parallel data
transfer between the processor an

0 The output clock signal of 8085 is divided by suitable clock dividers like programmable timer 8254 and then used as clock for serial
transmission and reception.
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0 The TTL logic levels of the serial data lines and the control signals necessary for serial transmission and reception are converted to RS232 logic levels
using MAX232 and then terminated on a standard 9-pin D-.type connector.

0 In 8251A the transmission and reception baud rates can be different or same.
0 The device which requires serial communication with processor can be connected to this 9-pin D-type connector using 9-core cable
0 ;Iigfignals TxEMPTY, TxRDY and RxRDY can be used as interrupt signals to initiate interrupt driven data transfer scheme between processor and

0 I/0 addresses of 8251A interfaced to 8085 is,

AD_-AD L— 8-bit A -A
0 7 Latch - | e >
8085 EN ; i |

ALE Ll
3 ob o |>DSR
3 @ RD— (=) ;TxD
. : bl G RTS
Aofa v, 8251A "—m;]
0
Aj\ B z Y' C—-S __)D,T.R § . 5 .
A ? Y, > RxRDY | B~ 8
e § o - >TxRDY |[R F 2 F
AMls,. 8 5 gu;,Iu-»Txemm
] T LPiocs.s =3 & 12 Josynpem/| Maxasza
w3 %’, 10CS - 6 BRKDET _-3--}':55
M - &
10/M—> 7: 10CS -7 77 T
| TT]
(o] Fa 7
ot =] 4 |B

———,{ Clock Divider FL ? ]
o'o
l__.,r Clock Divider IL :

‘ Binary Address

Internal Device Hexa
Decoder input and enable Input to address pin of 8251

of 8251A Address| -

A, A A A, =
Data buffer 0 0 | 0 X X X 0 20
Control register 0 0 | 0 X X X 1 21

9-pin D-type
connector
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8279
Programmable Keyboard/Display Interface

0 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.

The keyboard display controller chip 8279 provides
0 A set of four scan lines and eight return lines for interfacing keyboard
0 A set of eight output lines for interfacing display

Keyboard segment

Scans the keyboard, detects key press transmits to CPU the characteristic’s of key
Connected to a 64 contact key matrix

Keyboard entries and debounced and stored in FIFO

Interrupt signal is generated with each entry

N ==

Display segment
0 It puts data from the CPU to display devices
0 16 character scanned display
0 16x8 R/W memory ( RAM )
0 Right entry or left entry

1/0 Control and Data Buffers
. The 1/O control section controls the flow of data to/from the 8279
. The /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.
. The data buffers interface the external bus of the system with internal bus of 8279.

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 AO=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
Scan 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 up to 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
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Four internally decoded scan lines may drive up to 4 displays.
The keyboard and display both are in the same mode at a time.

DB,-DB;| | RD| WR Cis lAu f
DATA 170) FIFO/SENSOR
BUFFERS CONTROL RAM STATUS

11 1 |

| INTERNAL 8 BIT DATA BUS |

o CLK KEYBOARD
DISPLAY 16*8 7 | [CONTROL 8*8 FIFO/|._ IDEBOUNCE
ADDRESS DISPLAY| ®___JAND SENSOR AND
REGISTERS RAM |, TIMING | RAM CONTROL
] REGISTERS| i el
{ TIMING -
AND d
DISPLAY CONTROL SCAN Return
REGISTERS [ |~y y COUNTER v
I 7 | T SHIFT
OUT A,-AY BD si;/sL, RL,—RL, CNTL/
ouT Bu‘Bs 8279 Internal Architecture STB

Return Buffers and Keyboard De-bounce 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.

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.

FIFO/Sensor RAM and Status Logic:
. In keyboard or strobed input mode, this block acts as 8-byte first-in-first out (FIFO) RAM.
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. 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.
. In scanned sensor matrix mode, this unit acts as sensor RAM.
. Each row of the sensor RAM is loaded with the status of the corresponding row of sensors in the matrix.

. If a sensor changes its state, the IRQ line goes high to interrupt the CPU.
Operating modes of 8279

INPUT ( keyboard) MODES
. Scanned keyboard mode
. Scanned sensor matrix mode

. Strobed input mode

2 key lock out

. 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

N — key roll over

. 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.

OUTPUT (display ) MODES
. Display scan
. Display entry

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.

Display Entry (Right entry or Left entry mode )

M 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.

Example :
Left Entry Mode ( TYPE WRITER)
Right Entry Mode ( CALCULATOR)

49

EE6502 Microprocessor & Microcontroller UNIT IV

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_ 125/



www.BrainKart.com
Sri Vidya College of Engineering & Technology Course Material (Lecture Notes)

8279 contains the, following

features:

. g_imtilltaneous and independent scanning of a‘keyboard and refresh of a
isplay,

+ significantly offloading these functions from the microprocessor.

Keyboard section:
— 8-character Keyboard FIFO
— 2-Key Lockout or N-key Rollover with Contact Debounce
— Interrupt Output on Key Entry
— Programmable Keyboard Scan & Debounce rates

Display Section:
— Dual 8- or 16-Numeric Display
— Single 16-Character Display

— Right or Left Entry 16-Byte Display RAM with address auto increment
— Programmable display refresh rate
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Figure 10-73 (a) Block diagram of the 8279. (Reprinted by permission of Intel Corpo-
ration. Copyright/Intel Corp. 1987) (b) Pin layout. (Reprinted by permission of Intel
Corporation. Copyright/Intel Corp. 1987)
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' initi T
PRSIt D étition 8279
» @mc%%gmgmwmmmmmqm reads and
: g&gédba&mi@mrpaam 8279.
° ICoftrol/strobie; cdrineeted to the controllKey-on thekeyhoard:: .
> BRI S s 3 MHz.
&  PIRQ: Interuptiréqliest) batomes T when'a key s pressed; datais@vailabie e control key on
. ;he k?\ b%?%cl!t s th ds data to the most significant/least significant nibble of display.
> Riwe: eenip Select Hakapables Drogradining, reading the keyboard, etc.
= P DB7-DBO: Consists of bidirectional pins that connect to data bus on micro.

F ER R R s e e b R AR bR ki ©Y 8 pressed, data is

RI
PShi cts to Shift key on keyboard.

»  PEUTAADBSIRD MOMmMpBUY e sends data to the most significant/least
significant nibble of display.

= P RD(WR): Connects to micro's IORC or RD signal, reads data/status
registers.

= P RESET: Connects to system RESET.

e P RL7-RLO: Return lines are inputs used to sense key depression in the
keyboard matrix.

= P Shift: Shift connects to Shift key on keyboard.
e P SL3-SLO0: Scan line outputs scan both the keyboard and displays
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Table 1. Pin Deseriplian

Symbol ::: Hame and Funclion
B e e o e

DEy-0By 18-12 | BIF-DIRECTIONAL DATA BUS: Al data and comemands betwean the CPU

and Iha 8270 ate bansritled on Ihase linas,
Lok 5 | CLOGK: Clock from system used 1o geneeste infernal liming,
RESET | 8 RESET: A high signal on this pin resats tha 8275, ARer baing rasel te 8278 &

alaesad i Fha irdlrradng meara:

1) 16 B-pit character displiy—Ief sairy.

2} Encoded scan keybaard—2 key lockoul.

filang with his tha program clock prescalar i sat 1o 31,

G3 22 CHIP SELECT: A low on 1his pin anables tha nterfacs functions to recaie or
{ transmil,
T L SR
Ay 71 | BUFFER ADDRESS: A high @ this line irdicabes the signals in or out are
imterprated a2 m command cr atedua, & low indlcales that thay are data.
RO, W 10-11 | INFUT/QOUTPUT READ AND WRITE: These signals onable tha data bufiers
b e geod data o the eslernal Bus ar recens it from the sxtamnal bus.
Ll - INTERRLPT REGLIEST. It a by Lard ponade, e lnlgimugs Broe b gl witen

thira & data o the FIFOY Sansor RAM, The intarmuat line poes low wilh asch
FIFCWSansar AAM read and returns high 1l thers is stll indormation in the
AAM. Ina sensoe made, the inlermupt e goes high wheaovar a change ina
Samaor is cabasbad.

Vo Vep 20,40 [ GROUND AND POWER SUPPLY PINS.

Sla=Els 22-3% | GOAN LINES: Stan nes which ana used to scan the kay swilch of sendar
makdx and the deplay digits, Thase linas can be either sncoded {1 ¢f 16) or
decoed (1 ol 1),

Flg=RALz 20, 23, | RETURM LINE: Aalurr lité wmipuls whizh are connacied 1o the scan Enes

4, % &g | through the kiys oo sensoe switchas, Thiey have arfiea indeenal failips i
kesap dham Righ wabil a switch chosure pulls ang low. They also sarva @5 an 8-
| it inpus in 1ha Strobed Input moda,

SHIFT 36 SHIFT: The shilt input stalus is stoned shang with the key position on key
closura In the Scanned Keybomd modas. Ithas a0 acive inamal pullip 10
koap it Righ unkil & swilth clasurs pulls 4 low,

CHTLASTH ar CONTROL/STROBED INPUT MODE: For kewboard modas this ing is ysad
ae A rnntrnd Input and stored lika stah e an A keg datura Tha oo it giea tho
glrebe line that antars the dala inde the FIFC inthe Srabed Ingis made.
(Hisng Ed-g!l].. It hiks an astive interndt pullup 1o keap It high urdil & swilch
Closung pulls it 1w,

OUT 8g-0UT Ag | 27-24 | QUTPUTS: Thiesa two ports 2a 1ha oulpuls ke the 16 x 4 dsplay radresh
OUTBy=DUT By | 31=28 | rogistars. The data freen these auiputs is symichronized 1o the scan Enes (SLg-
SLa) for muliplaxed digit displays, The twa 4 bil ports may ba blanked
indepandenily. Thass b ports may s ba considarad as ong BB pon.

o

D 23 | BLANK DISPLAY: This output s used 1o blank the display during digi
L swileliing of by & daplay maik_'fmgmrrma,nﬂ.
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3279 . KEYBUOARD AND DISPLAY
INTERFACING

Features:
It is designed by Intel
It is support 64 contact key matrix with two more keys
“"CONTROL"” and “SHIFT”
It provides 3 operating modes

1.Scanned keyboard mode 2.Scanned sensor matrix mode
3.Strobed Input mode.

It has inbuilt debounce key .

It provides 16 byte display RAM to display
16 digits and interfacing 16 digits.
It provides two output modes:

1.Left entry (Typewriter type).

2.Right entry (Calculator type).

Simultaneous keyboard and display operation facility allows to
interleave keyboard and display software.

The interrupt output of 8279 can be used to tell CPU that the key press is
detected, this eliminates the need of software polling.
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BiocKDiagram
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It consists 4 main section.
CPU interface and control section.
Scan section
Keyboard Section
Display section.

CPU INTERFACE AND CONTROL SECTION:
It consists of

1. Data buffers
2. I/O control
3. Control and timing registers.
4 Timing and control logic.
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Data Buffers:
8-bit bidirectional buffer.

Used to connect the internal data bus and external data bus.

I/O control:

I/0 control section uses the AQ,CS,RD and WR signals to controls
the data flow.

Tth?: data flow is enabled by CS=0otherwise it is the high impedance
state.

A0=0 means the data is transferred.
AO=1 means status or command word is transferred.

I/O control signals listed below

0 1 0 Data from CPU to 8279

0 0 1 Data from 8279 to CPU

1 1 0 Command word from CPU to 8279

1 0 1 Status word from 8279 to CPU
EE6502 Microprocessor & Microcontroller UNIT IV
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TIMING AND CONTROL REGISTERS:
Store the keyboard and display modes and

others operating condition programmed by the
CPU.

The modes are programmed by sending proper
command Ao=1.

TIMING AND CONTROL:
It consist timing counter chain.

First counter is divided by N prescalar that can

be programmed to give an internal frequency of
100 KHz.

The other counter is divide by basic internal frequency
.Listed below

Keyboard and time

5.1 msec

Keyboard and debounce time 10.3 msec
Key scan time 80 p sec

Display scan time 10.3 msec

Digit ON time 480 p sec
Blanking time 160 p sec
Internal clock time 10 p sec
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Scan“S&Ection
0 It has two modes,
Encoded mode

Decoded mode.

ENCODED MODE:

It provide binary count from 0000 to 1111 by four scan
lines(SCs-SCo)by active high inputs.

It is externally decoded to provide 16 scan lines
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Display use all 16 lines to interface 16 digit 7 segment display.
But keyboard use only 8 scan lines out of 16 lines.

DECODED MODE:

In this mode ,the internal decoder decodes the least 2 significant bits.

It is provide four possible combination from (SCo-SCs) such as 1110 ,1101 ,
1011 and 0111.

This four active low outputs line is used to directly to interface 4 =digit 7-
segment display ,8*4 matrix keyboard

Reéyboaird“Section
This is consist of,
Return buffers.
Keyboard debounce control.
FIFO / sensor RAM.
FIFO / sensor RAM status.

RETURN BUFFERS:

8 return lines(RL7-RLo) are buffered and latched by when each
row scan in scanned keyboard or sensor matrix mode.

In strobed mode ,the contents of return lines are transferred to
FIFO Ram.
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KEYBOARD DEBOUNCE AND CONTROL:

It is enabled only when keyboard mode is selected.

In this mode , return lines are scanned whether any keys are
closed in the row.

If debounce circuit is detect any closed switch it wait about 10
msec.

It is continued , the status of SHIFT and CONTROL keys are
transferred into RAM.

FIFO/SENSOR RAM:
This is a dual function of 8*8 RAM.
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In scanned key board mode and Strobed input mode , It is FIFO.

Each new entry is written into successive RAM position and read in
the order of entry.

In sensor matrix mode it is a sensor RAM.

Each sensor RAM is loaded with corresponding sensor RAM status.

FIFO/SENSOR RAM status:

This is used to tell the status of FIFO/SENSOR RAM.
The status of logic also makes IRQ signal is High , When FIFO is empty.

JisSpiay 'section:
It consists of,
1. Display RAM.
2. Display Address registers.
3. Display registers.
DISPLAY RAM:
It is a 16*8 RAM.
Which stores 16 digits display codes.
It can be accessed by CPU directly.

In Decoded mode,8279 uses only first four location of Display RAM.

In Encoded mode,8279 uses only first eight location of Display RAM.
And all 16 location for 16 digits display.
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DISPLAY ADDRESS REGISTERS:

Used to hold address of the byte currently write or read by the
CPU and scan count value.

In auto increment mode, address in the register s
automatically incremented for each write or read.

DISPLAY REGISTERS:
It is a Two 4-bit registers such as , A and B.

They hold the bit patterns of character to be displayed.

The content of display registers A and B can B blanked and
inhibited individually.

vUperaiting modes
0 It is two types, Input
modes.

Display modes.
INPUT MODES:

It is basically 3 types, 1. Scanned
keyboard.

Scanned sensor matrix.

Strobed mode.
SCANNED KEYBOARD:

Key board can be scanned in two ways. 1.Encoded Scan
2.Decoded Scan.
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ENCODED SCAN:

In this scan, scan lines (SL2-SLo) are decoded externally to
provide 8 scan lines.
Additionally it provides 8 return lines.

So the size of matrix keyboard is 8*8 (i.e Scan * Return)=64.

When the key is pressed , it is stored the status of return
lines , Scan lines ,SHIFT and CNTL/STB keys into FIFO RAM.

The Scanned keyboard structure is,

CNTL SHIFT SCAN RETURN
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Example:
Find the key code for given condition below:
CNTL/STB SHIFT keys are open.

The pressed keys are to scan lines 2 and return lines 4.
SOLUTION:

CNTL=1
SHIFT=1
Scan mode=010 (Scan line 2)
Return mode=100 (Return line 4)
Key code =D4 H
DECODED SCAN:
In this mode ,internal decoder decodes the least significant bits of scan
lines (SC3-SCO0).

'(I)'rﬁ’iis provide the four combination such as 1110,1101,1011 and
So the maximum size of keyboard is 8*4=32.

The key code is similar to encoded code , only bit 5 (Bs) is always zero.
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2-KEY LOCKOUT:
In this mode, the two key depression is not allowed.

When any key is depressed, the debounce logic is set and 8279 checks
for any key depress next two scans.

Three possible condition to avoid debouncing:
Condition 1:

If other key depression is not found during next two scan, it is a single key
is depressed .Then the status of key code is entered into FIFO RAM along
with the status of CNTL and SHIFT lines

If FIFO RAM is empty , The CPU is entry the
data.

If FIFO RAM is full , The CPU does not entry the data.
Condition 2:

If any other key depress is encountered , no entry to the FIFO
can occur.

When the key is released after that only Entry will be allowed.
Condition3:

If the two key is pressed in simultaneously in a debounce cycle,
both depression is not considered.
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N-KEY ROLLOVER:

Each key is depression is treated as independently from all
others.

SCANNED SENSOR MATRIX:
In this mode , image of the sensor matrix is kept in the sensor RAM.
The status of sensor switches are input directly to the sensor RAM.

8279 scans row one by one and store the status of each row in the
corresponding memory location.

STROBED INPUT MODE:
The data is entered from Returned lines.

UisS| Y hrodes:

It is baS|ca y two types,
1. Left entry (Type writer mode).
2. Right entry (Calculator mode).
LEFT ENTRY:

In this mode , 8279 display characters from left to right.
Like a typewriter.

AUTOINCREMENT IN LEFT ENTRY:

In left entry mode , Autoincrement flag is set after each
operation display RAM address is incremented.
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RIGHT ENTRY:

In this mode , 8279 display characters from Right to left.
Like a Calculator.

AUTOINCREMENT IN RIGHT ENTRY:

In right entry mode , Auto increment flag is set after each
operation display RAM address is incremented.

EE6502 Microprocessor & Microcontroller UNIT IV

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_125/

67



www.BrainKart.com
Sri Vidya College of Engineering & Technology Course Material (Lecture Notes)

Interfacing with 8279 with 8085

\_ v,

Interfacing with 8051

134 Interfacing Keyboard |

For interfacing keyboard to the microprocessor/microcontroller based systems, usually
push button keys are used. These push button keys when pressed, bounces a few times,
closing and opening the contacts before providing a steady reading, as shown in the
Fig.1313. Reading taken during - bouncing period may be faulty. Therefore,
microprocessor/microcontroller must wait until the key reach to a steady state; this is
known as key debounce.

The problem of key bounce can be eliminated using key debounce technique, either
hardware or software,
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Logic 1 Logic 1
+3 W
R
Outpul
l Logic O
L Key Key
prassed pressed

Fig. 13.13 Bouncing of key switch
13.4.1 Key Debounce using Hardware

Key position a b ¥ c d ¥
o 0 1 1 1 0
B 1 1 o o o 1
Between A and B 1 ¥ Mo change ¥ 1 No change
Table 13.7

Fig. 13.14 shows the circuit diagram of key debounce. It consists of flip-flop. The
cutput of flip-flop shown in Fig. 13.14 is logic 1 when key is at position A (unpressed) and
thﬂ,gicﬂwhenkzjrisntpuﬁiﬂmﬂ,ushnminTablelﬂ.?.Il:isimpurlnuth:lnntethnt,
when key is in between A and B, output does not change, preventing bouncing of key
output. In other words we can say that output does not change during transition period,

5V

To impurt port
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13.4.3 Simple Keyboard Interface

Fig. 13.16 shows simple keyboard interface.

Here eight keys are individually connected to specific pins of port P1. Each pin
gives the status of key connected to that pin. When port pin is logic 1, key is open,
otherwise key is closed.

+5V
s K1
s 2
2031 s“o—:::—
port sta M
Py) ;"1.'.’1.
sis 2
s“o—'fl_-__
Fig. 13.16 Simple keyboard interface
M ‘+’5V
o bows B e
——qXTAL2 E; ® r:-:'n
:;: 28 I P10 V. 2 V. >
v ' @ )0 |J® JO
P26
2 dper gf% P11 }’{ }'( 7/ =
P23 3
2 e @ Jo o Jo
sost P21 - P12 7{ ?J 7“ 3
P06 foii P13 > 2| 2
10 POS |22
S 2 T ¥ T ¥
PO2
38
o P17 P18 P15 P14
e il N -2 L scan fines —
N (|
rw ! wR |-

Fig. 13.19 4 x 4 matrix keyboard connected to port 1 of 8051
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The Fig, 1330 shows the interfacing of a 20 character x 2 line LCD module with the
B051. As shown in the Fig, 1330, the data lines are connected to the port 1 of 8051 and
control ines RS, R/W and E are driven by 32, 33 and 3.1 lines of port 3, respectively, The
voltage at Vi pin is adjusted by a potentiometer to adjust the contrast of the LCD.

P1.0 DB, Voo
[Pt O8] s0characterx2iine
P12 0B, —
P1.3 0B, v, -
EE
Pid 08B, d;‘;gy —-—%’
P1.5 085 module
P1.6 DB | Ves
P1.7 DB,
8051
rRs| RW .
e
P32 =
P33
P34

Fig. 13.30 Interfacing LCD module with 8051
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ADC

e ADC0808/ADC0809 8-Bit uP Compatible A/D Converters with 8-Channel
Multiplexer

e The 8-bit A/D converter uses successive approximation as the conversion
technique.

e The 8|—channel multiplexer can directly access any of 8-single-ended analog
signals.

e Key Specifications:
Resolution 8 Bits
Single Supply 5 VDC
Low Power 15 mw
Conversion Time 100 us

successive approximation

|, EOC
Clock S— SAR oC
Dyt | Dna2 D, (D[ Dy
L 2 J Yy vY
Vel DAC

Comparator

+

Vi S/H v
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The successive approximation circuit typically consists of four block:
A sample and hold circuit to acquire the input voltage (Vin).
An analog voltage comparator that compares Vin to the

outgut of the internal DAC and out?gtiﬁhe result of the comparison to the
successive approximation register

A successive approximation register block designed to
supply an approximate digital code of Vin to the internal DAC.
An internal reference DAC that supplies the comparator

W|th an_analo voltage equivalent of the digital code output of the SAR for
comparison with Vi

to a d| |talsfc'fﬁsswe apgrf%)gmatl |ster |s H‘ll astelfl S Iéls'la“‘the (MSB) is equal
v en of h| |ta |nto t mparat r co arlson

w esa | utv sa,nal ta ee ce nt eco ra

|t ot h ent |?_(set

e es con |n m searc un til. ever

as bee tested e re tm S t t | pro i a ion o

input voltage and is finally put y the at t o e conversmn
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ADDRESS
DECODE

J INTERRUFT
500 kHz =——{ CLK 0F
5.000V = VREF(+) EOC INTERRUPT

0.000V —

(AD4-ADIS* VREFI-)

2= = DB7 MSB

START 72 [ DB

P ALE =3 f——p DB5

77 pp B4

ADD—]A 25 f——app DB3

AD1—|8 :gg::g: -8 f——p DB2

AD?=—C 7~ e DB

2-8 ——p DB0 LsB

SV SUPPLY ([

Voo hif~—Vin g
GND =
0-5v
GROUND "= . ANALOG
> INPUT RANGE
Inof—Vin 1
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13.7 Interfacing DAC to 8051
In this section, we are going fo see the interfacing of DAC 1408, 8-bit R/2R ladder
type DAC with 8051. We begin with the details of IC DAC 1408.

13.7.1 IC DAC 1408

ﬂmlﬂhm&-ﬁtﬂflﬁhﬂd&typeﬂfﬂmaﬂmmpaﬁbkwimm:rdm
logic. It is designed to use where the output current is linear product of an eight-bit digital
word.

Fig. 13.31 shows the pin diagram and block diagram for IC 1408 DAC.

wmw 1] 18| Compensation
GND | 2 18] Vi
Vee | 3 14| Vi
Current output | 4 13] Vee
{HBME e 12} A (LSB)
4[] ] Ar
A [7] 10] As
A8 o] As

Fio. 13.31 (a) Pin diaaram
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MSB LS8
Av A AL AN A A A A

e |
" . Current switchas L= .of
Range 4
control
GND
RI2R ladder Basic clroult 2 5
(4 Veat |
T 13 Voo
Reference
e
15 current
(=) Vigs mrrp
16
Compensation
3
"I.I"'
EE
g
NPN Current source pair

Fig. 13.31 (b} Block diagram

The IC 1408 consists of a reference current amplifier, an R/2R ladder and eight high
speed current switches. It has eight input data lines A, (MSB) through Ag (LSB) which
conirel the positions of current switches.

It requires 2 mA reference current for full scale input and two power supplies
Voe=+5V and Vg = - 15 V (Vg can range from -5 V to - 15 V).

The voltage V. and resistor Ry, determines the total reference current source and Rys
is generally equal to Ryy to match the input impedance of the reference current amplifier.

Fig. 13.32 shows a typical circuit for IC 1408.
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-
m,f = = 25K 45V
1 14 v
Py Ryg !
Ay —— 25K
A
8-bit Ay i ‘;;""‘"'
digit
input T IC 1408
Ag—— l S
P — * vV
\ A = =
(LSB) 15
Wy w0 Rys g
15 pF 25K
Vs = =
=15V

Fig. 13.32 Typical circuit for IC 1408
The output current I, can be given as

b = R [T*T*T*ﬁ*ﬁ*ﬁ*ﬁ*ﬁ

Note : Input A; through Ay can be either (t or 1. Therefore, for typical circuit full scale
current can be given as,

5 BN, ISR PSR ! 1 1 1 1
B —z.sx(i*‘z"ﬁ"ﬁ*ﬁ*ﬁ*ﬁ*ﬁ]
2ma x 255
R = 1992 mA

It shows that the full scale oulput current is always 1 LSB less than the reference
current source of 2 mA. This output current is converted into voltage by I to V converter.
The cutput voltage for full scale input can be given as,

V, = 1.992x25K =498V
Nota : The arrow on the pin 4 shows the output current directon. It is inward. This
means that IC 1408 sinks current. At (0000 0000), binary input it sinks zero current and at
(1111 1111), binary input it sinks 1.992 mA. ;

The circuit shown in the Fig. 1332 gives cutput in the unipolar range. When digital
input is 00H, the output voltage is 0 V and when digital input is FFH (11111111),, the
output voltage is + 5 V. This circuit can be modified to give bipolar output.
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Fig. 13.33 shows the circuit for giving output in the bipolar range. Here, resistor Ry
(5K) is connected between V¢ and the output terminal of IC 1408. This gives a constant
current source of 1 ma.

5 A 12 Ry +5 W
— '™ 14 Voot
e B Ay 25K
7
' 'a| g5k ‘I.I;'Rf.ﬂu'\.—
B-bit _8 1a RE
digital ¥ 1 mA 5K
input 8 1a, 1C1408
4 .
_1.9— ,ﬁlﬂ 1 A —
:
Mla * Ve
2, = =
15 -
COMP

=

o

)

=]
pi:
n w
=

15 pF

W
Fig. 13.33 Interfacing DAC in the bipolar range

The circuit operation can be observed for three conditions :
Condition 1 : For binary input (00H)

When binary input is 00H, the output current I, at pin 4 is zero, Due to this current
Aowing through Ry (1 mA) flows through B; giving V, = =5 V.
Condition 2 : For binary input 80H

When binary input is 80H, the output current I, at pin 4 is 1 mA. By applying KCL at
node A we get,

~Ig+1,+1, = 0
Substituting values of Iy and I, we get,
1 mA)+ (ImA)+T; = 0

=0
and therefore the output voltage is zero.
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Condition 3 : For binary input FFH

When binary input is FFH, the output current I, at pin 4 is 2 maA. By applying KCL at
node A we get,

I+l 1 =0
substituting values of Iy and I, we get,
~ (1 mA) + (2 mA) + [ 0
RS I = -1mA

Therefore, the cutput voltage is + 5 V. In this way, circuit shown in the Fig. 13.33
gives output in the bipolar range.

13.7.1.1 Important Electrical Characteristics for IC 1408

* Reference current :2 mA
=  Supply voltage 45 Vopand - 15 V Vg
* Setting time : 300 ns

# Full scale output current : 1.992 mA
*  Accuracy : 019 %

13.7.2 Interfacing DAC 1408 /| DAC 0808 with 8051
Fig. 13.34 shows the interfacing of DAC 0808 with B051 microcontroller based system.

We now see how different waveforms can be generated using this circuit.
Square Wave

To generate square wave first we have to output FF and then 00 on port 1 of 8051.
The port 1 is connected as an input to the DAC 0808. According to frequency requirement
delay is provided between the two outputs,

Program :

Initialize Stack Pointer
Load all 1's in Port 1
Call delay routine

Leoad all 0's in Fort 1
Call delay routine
Repeat

MOV SP, $#08H
REPEAT: MOV PI, #0FFH
LCALL DELAY
MOV P, #00H
LCALL DELAY
LIMPF REFEAT

e TRp Rm S Wa Wa Wa Sw Re Ws e

DELAY : MOV RO, #0FFH Load delay count
BRCK: DJNZ RO, BACK Decrement and check whether delay
count is zero if not repeat the
operation
RET Beturn to main program
EE6502 Microprocessor & Microcontroller UNIT IV
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4 MHz
|—||:||—|
L/
Xy xpz
RST Pﬁ L
Poo : nAg - Ay
o 8051 o7 i
ALE ~Dp - 07
= PSEN ] H —rsen
PPy WR E
L% T l’P L
OF Oy Og Agp Ay WH OE DOrDp Az Ay
2764 (EFROM) 6264 (RAM)
[t i

Vieo
T 25K

13 14

25K

A13

LT

25K -
Ay

EE

—] DAc 2
L ~| oso08
—.vﬂ
15 *
163 1 2
25K

Fig. 13.34

Triangular Wave

To generate triangular wave we have to output data-from 00 initially, and it should be
incremented upto FF. When it reaches FF it should be decremented upto 00.
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Program ; M
:EV 5P, #0B8BH ; Initialize Stack Pointer
W RO, $00H
BREFEAT: MOV Fl, RO Send digital data te the input

of DAC CHOR

Increment digital data

Check digital data for peak
output 1if not repeat

Send digital data to the input
of DAC 0BOE

Decrement digital data and
check digital data for least
output if not repeat.

fht RA
G/WE RO #0FFH,REPEAT

REPEAT1: HIDV Pl, RO

DJNZ RO, REFEAT1

Tl e M %w W Wi We Wa e W

¢ Have LJMP REPEAT
Sine Wave ,.rate

To gendfte8ine wave we have to output digital equivalent values which will

Sirlk WidPe as shown in the Fig. 13.35. Digital data 00H represents — 2.5 V., JFH

represents 0"V UHH FFH represents + 2.5 V. The digital equivalent for sine wave can be
calculated as follows.

+15YE
+25WV
T
."
0 180° 80"
o
s i! =
i J’Fn«
FFEH
25V
EIH
EFH
FER
Fig. 13.35

“We kiioW* that sin (° = 0 and sin 9¢° = 1. The range sin (F to sin 9 is distributed over
digital rafige™f 7FH to FFH ie. (FFH - 7FH) 128 decimal steps. Therefore, taking 128 as a
offset we-can-write,

Digital-equivalent value (DEV) for sin x = (128 + 128 x sin x)

whersaris#angle in degrees and digital value is in decimal.

Lookup table shows the digital equivalent values for sine wave.
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EE6502 Microprocessor & Microcontroller

AGRIN: MOV DPTR, #LUT & Initialize pointer to lookup table
MOV RO, #25H : Irnitialize counter
BEGIN: CLR A
MOVC A, BA+DETR ] Get data from lookup table
MOV P1, A i Send data to port 1
INC DPTR H point to next lookup table entry
DJINZ RO, BEGIN 2 Decrement counter and go to BEGIN
= if not zero
SIMP RGARIN H Repsat the entire process
ORG 300
LUT: 0B EﬂﬂrEEH;-ﬁBH ......
BE! e
)2 I 40H, 54H, 6&AH, 80H
Mote :

In above program we have to store entries from given lookup table instead of dots.

13.8 Interfacing ADC to 8051

In this secton, we are going to see the interfacing of ADC 0803/0805 and 0808/0809
with B051. We begin with the details of IC ADC 0803/0805 and ADC 0808,/0809.

13.8.1 ADC 0804 Family

The ADC 0803, ADC 0804 and ADC 0B05 are CMOS 8-bit successive-approximation
analog to digital converters. These devices are design to operate from common
microprocessor control buses, with tri-state output latches driving the data bus, and are
identical except for accuracy.

Pin Diagram
Fig. 13.36 shows the pin diagram of ADC 0803, ADC 0804 and ADC 0805. IN+ and

IN- inputs allow application of differential input voltage which has high common mode
rejection and eliminates offset due to the zero input analog voltage value. The devices can

cs 1 it 200 Ve
ROz 18 [ CLK OUT
WR 2 18~ DBO
CLK IN 4 171 DB
INTR s ﬁg 16 pDe2
N+ 6 osoyy 15[ DBE3 DATA
N-7 0805 141 DB4 OUTPUTS
ANLG GND 8 131 0BS
REFR2 9 12 DB6
DGTL GND [TJ10 11 1 oBT

Fig. 13.36 Pin diagram of ADC 0803/0804/0805
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operate with an external clock signal or, the on chip clock penerator can be used
independently by adding an external resistor and capacitor to set the time period.

Features
* B-bit successive approximation ADC
& Conversion time 100 us
*  Access time 135 ns.
# It has an on<chip clock generator.

s It does not require any zero adjustment.

» It operates on single 5 V power supply.
*  Output meet TTL voltage level spedfications.

Operation

When the WR input goes low, the internal successive approximation register (SAR) is
reset. As long as both CS and WR remain low, the analog to digital converter will remain
in its reset state. One to eight clock periods after C5 or WR makes a low-to-high transition,
conversion starts. The INTR signal is held high during conversion process. After
conversion, INTR goes low which is used as end of conversion signal. By making C5 and
Esig:mlslmv,annrutputcmbermdﬂmmghDBohJDB-_,daI:ﬂs:ig:mls.

Analog Inputs

As mentioned earlier, there are two analog inputs to ADC 0803/0804/0805 : IN+ and
IN-. These inputs are connected to an internal operational amplifier and are differential
inputs. The differential input rejects the common mode noise and eliminates offset at zero
analog input voltage.

The Fig. 1337 shows a few ways to use these differential inputs. The Fig 13.37 (a)
shows the one way to use single input that can vary between 0 V and +5 V. Using another
way wariable voltage can be applied to the V, (~) pin so that the zero reference for Vi, (+)
can be adjusted, as shown in Fig. 13.37 (b).

Vini+) )
Analog nput — . Analog inpat +
[ Ming) - Viniy
— S5V

(a) {b)

Fig. 13.37 Ways to use differential Inputs

EE6502 Microprocessor & Microcontroller UNIT IV

Http://www.brainkart.com/subject/Microprocessors-and-Microcontrollers_ 125/



www.BrainKart.com

Sri Vidya College of Engineering & Technology Course Material (Lecture Notes)
Microprocessor & Microcontroller System 13- 44 Interfacing to Extermnal World

Clock Signal
ADC 0BO4 The ADC 0803/0804/0805 requires

a clock source ranging 100 kHz to

CLKCR 1460 kHz for operaton. The clock
=1 signal can be applied externmal or it
CLK IN can be generated with an RC circuit,

as shown in the Fig. 1338. When the
RC circuit, shown in Fig. 13.38 is used

= to generate the clock, the clock
I frequency is given as,

1
Fig. 13.38 Clock circuit Foock = TTRE
Note : To have a minimum conversion time clock frequency should be kept nearer to
1460 kHz
Typical interface

Fig. 13.39 shows the interfacing of ADC 0803, ADC 0804 and ADC 0805 with
microprocessor/ microcontroller system.

CLK QUT BD — CLKIN
RD
WR wR
1M+
Microprocessor ADC AMNALOG
————J] Address = o803 INPLUT
systam Address f [ RN cs ety N —
DBODS
INT <] TR
|~ DBO
A\ DATA BUS DB7

Fig. 13.39 Interfacing of ADC 0803/0804/0805 with microprocessorimicrocontroller
system
13.8.2 ADC 0808/0809 Family

I The ADC 0808 and ADC 0809 are monolithic CMOS devices with an 8-channel

multiplexer. These devices are also designed to operate from common microprocessor/
i microcontroller control buses, with tri-state output latches driving the data bus. The main
features of these devices are:
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Microprocessor & Microcontroller System 13-45 Interfacing to External World
Features

8-bit successive approximation ADC.

8-channel multiplexer with address logic.
Conversion time 100 ps.

It eliminates the need for external zero and full-scale adjustments.
Easy to interface to all microprocessors.

It operates on single 5 V power supply.

Output meet TTL voltage level specifications.

'Pin Diagram

Fig. 13.40 shows pin diagram of 0808/0809 ADC.
-
a1 28 ]2
4]z W:!}m
m m 26 Jo
64 25 ]A
s 241 B » Address
soc ] s 23:'_1{:}
eoc ] 7 ADC 2 [ ] aE
oes[]e oy 21 [ oe7
output conTroL [ @ 201
cx [ 10 19| oes
Vee ] 1 18 [ ] DB4
rer+ ] 12 17 ] oo
eno [ 12 16 ] REF
pe1 ] 14 15 ] paz

Fig. 13.40 Pin diagram of ADC 0808/0809

Operation

ADC 0808/0809 has eight input channels, so to select desired input channel, it is
necessary to send 3-bit address on A, B and C inputs. The address of the desired channel
is sent to the multiplexer address inputs through port pins. After atleast 50 ns, this address
must be latched. This can be achieved by sending ALE signal. After another 2.5 ps, the
start of conversion (SOC) signal must be sent high and then low to start the conversion
process. To indicate end of conversion ADC O0808/0809 activates EOC signal. The
microprocessor system can read converted digital word through data bus by enabling the
output enable signal after EOC is activated. This is illustrated in Fig. 13.41.
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A
8 Address X
c i
ALE i’_
=25 HB;[
e 4
Eoc N 4§ Py
08, N
pB, ¢ 2K Valid daia >—
oE 4 —

Interfacing

Fig. 13.41 Timing waveforms for ADC 0808

Fig. 13.42 shows typical interfacing circuit for ADC 0808 with microprocessor/
microcontroller system.

o
FE—
b
INPUT  |—ro
PORT! |—I
PORTS |o—l
b —
—
bt ——
—n
QUTPUT
PORT
L -

DBO
(= }]
DBz
DB3
D4
DBS
DB6
BT

(MO p—
[ po—
M2 p—
N3 p— Ana
A Mdp— mm':f 1K
B NEp— N
g M
e
s N7
B ok
L +5W !
Owtput 3 0.0 pF
enatie T414 e
e — =
+REF 12V
GHND I
AAAR
e
I-IF_—-— =

Fig. 13.42 Typical interface for 0808/0809
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CLE TFQ H Clear timer 0 flag
DJNE RO, BACK ; Decrement counter and if
] not zero repeat
RET J Return
Mote : Timer 0 gives a delay of 50 ms. To get a delay of 1 sec, such delay is executed 20

times.

13.8.3 Interfacing of ADC 0803/0804/0805 with 8051

The Fig. 13.44 shows the interfacing of ADC 0803/0804,/0805 with 8051 using port 1
and port 2. Here, port 1 is used to read digital data from ADC and port 2 is used to
provide conmtrol signals to ADC 0803/0804,/0805. Potentiometer is used to adjust Vi +
voltage. The clock signal is provided using internal clock generator and two external
componenis, resistor and capacitor as shown in the Fig. 13.44. The frequency of such clock
can be determined by,

R=10k2 and C=150pF. With these wvalues we get
In such case, the conversion time is around

110 ps.
+5 Y
(1]
W
POTS s W [*] RD P25
Vi) WH = P26
ANLGGHND
L L —RE Do -l P10
N B D P11
10 K 1 o ans1
CLK OUT 05 P12
b Dy P13
CLK IN o, Pid
Dg P15
150 pF ==C i Dg Pie
Dy = P1.7
GHND INTR P2.T
ADC 0B0INE040B0S
Fig. 13.44
AD Conversion Program
MOV P1l, #0FFH i configure Portl as input
BACK : CLR P2.6 ] [Make WR = 0 and
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