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UNIT-1
8085 MICROPROCESSOR
1.1 INTRODUCTION:
Microprocessor acts as a CPU in a microcomputer. It is present as a single
IC chip in a microcomputer. Microprocessor is the heart of the machine. A
Microprocessor is a device, which is capable of
1. Fetching the data 2.Decoding the data 3. Executing the data
The device that performs tasks is called Arithmetic Logic Unit (ALU). A
single chip called Microprocessor performs these tasks together with other tasks.
“A MICROPROCESSOR is a multipurpose programmable logic device
that reads binary instructions from a storage device called memory
accepts binary data as input and processes data according to those
instructions and provides results as output.”

Figure shows a programmable machine, which consists of a microprocessor,
memory, I/O. All these three components work together to perform a given task.

1.2 EVOLUTION OF MICROPROCESSORS:
The microprocessor age began with the advancement in the IC technology
to put all necessary functions of a CPU into a single chip.

First Generation Microprocessor:
Intel started marketing its first microprocessor in the name of Intel 4004 in
1971. This was a4-bit microprocessor having 16-pins in a single chip of PMOS
technology. This was called the first generation microprocessor. The Intel 4004
along with few other devices was used for making calculators. The 4004 instruction
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set contained only 45 instructions. Later in 1971, INTEL Corporation released the
8008 – an extended 8-bit version of the 4004 microprocessor. The 8008
addressed an expanded memory size (16KB) and 48 instructions.

Limitations of first generation microprocessors:
1.small memory size

2.slow speed

3.instruction

set

limited

its

usefulness.

Second Generation Microprocessors:
The second generation microprocessor using NMOS technology appeared in
the market in the year 1973. The Intel 8080, an 8-bit microprocessor, of NMOS
technology was developed in the year 1974 which required only two additional
devices to design a functional CPU.
The advantages of second generation microprocessors were
•

Large chip size (170x200 mil) with 40-pins.

•

More chips on decoding circuits.

•

Ability to address large memory space (64-K Byte) and I/O ports(256).

•

More powerful instruction sets.

•

Dissipate less power.

•

Better interrupt handling facilities.

•

Cycle time reduced to half (1.3 to 9 m sec.)

•

Sized 70x200 mil) with 40-pins.

•

Less Support Chips Required

•

Used Single Power Supply

•

Faster Operation
The 8080 microprocessor addresses more memory and execute additional

instructions, but executes them 10 times faster than 8008.The 8080 has memory
of 64 KB whereas for 8008 16 KB only. In 1977, INTEL, introduced 8085 which
was an updated version of 8080 last 8-bit processor.
“The main advantages of 8085 were its internal clock generator, internal
system controller and higher clock frequency.”

Third Generation Microprocessor:
In 1978, INTEL released the 8086 microprocessor, a year later it released 8088.
Both devices were 16 bit microprocessors, which executed instructions in less than
400ns.The 8086 and 8088 addresses 1MB of memory and rich instruction set to
246.16-bit processors were designed using HMOS technology. The Intel 80186
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and 80188 were the improved versions of Intel 8086 and8088, respectively. In
addition to 16-bit CPU, the 80186 and 80188 had programmable peripheral
devices integrated on the same package.

Fourth Generation Microprocessor:
The single chip 32-bit microprocessor was introduced in the year 1981 by
Intel as iAPX 432. The other 4thgeneration microprocessors were; Bell Single Chip
Bellmac-32,

Hewlett-Packard,

National

NSl

6032,Texas

Instrument99000.

Motorola 68020 and 68030. The Intel in the year 1985 announced the 32-bit
microprocessor(80386). The 80486 has already been announced and is also a 32bit microprocessor.
The 80486 is a combination 386 processor a math coprocessor, and a cache
memory controller on a single chip.
The Pentium is a 64-bit superscalar processor. It can execute more than
one instruction at a time and has a full 64-bit data bus and 32-bit address bus. Its
performance is double than 80486.
To make a complete microcomputer system, only microprocessor is not
sufficient. It is necessary to add other peripherals such as ROM, RAM, decoders,
drivers, number of I/O devices to make a complete microcomputer system. In
addition, special purpose devices, such as interrupt controller, programmable
timers, programmable I/O devices, DMA controllers may be added to improve the
capability and performance and flexibility of a microcomputer system.
The key feature for microprocessor based design is that it has more
flexibility to configure a system as large system or small system by adding
suitable peripherals.
On the other hand, the microcontroller incorporates all the features that are
found in microprocessor. The microcontroller has built-in ROM, RAM, parallel I/O,
serial I/O, counters and a clock circuit. It has on-chip peripheral devices which
makes it possible to have single microcomputer system.

Advantages of built-in peripherals:
Built-in peripherals have smaller access times hence speed is more.
Hardware reduces due to single chip microcomputer system.
Less hardware reduces PCB size and increases reliability of the system.
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Comparison between Microprocessors and Microcontrollers:
No.
1

Microprocessor
Microprocessor

Microcontroller

contains

ALU, Microcontroller

Control unit (Clock & timing
circuit),

different registers

microprocessor,

contains
memory

(RAM

&

& ROM), I/O interfacing circuit and

interrupt circuit.

pheripheral devices such as A/D
converter, serial I/O, timer etc.,

2
3

It has many instructions to move

It has one or two instructions to move

data between memory and CPU.

data between memory and CPU.

It has one or two bit handling

It has many bit handling instructions.

instructions.
4
5

Access times for memory and I/O

Less access times for built-in memory

devices are more.

and I/O devices.

Microprocessor

Based

system Microcontroller based system requires

requires more hardware

less hardware reducing PCB size and
increasing the reliability.
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Microprocessor based system

is Less flexible in design point of view.

more flexible in design point of
view.
7

It has single memory map for data It has separate memory map for data
and code.
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Less

number

and code.
of

pins

are

multifunctional.

More

number

of

pins

are

multifunctional.

1.3 TYPES OF MEMORIES:
There are two main types of memory:
1. RAM and 2. ROM.

Read Only Memory (ROM): This memory is available only for reading purposes.
The various types of memories under this category are PROM, EPROM, EEPROM.
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Programmable ROM (PROM): PROM writes data by application of current
pulses through output terminal for each address. A blown fuse defines a binary 0 state
and intact fuse defines a binary 1 state once written, the data will be permanent.

Erasable (EPROM): EPROM is, read and written electrically. Before writing data,
all the storage cells must be erased to the reset state by exposure of the chip to UV
radiation. This erasure process can take approx. 20mins. However, it has the
advantage of multiple data capability.

Electrically Erasable (EEPROM): In EEPROM, we can do read and write at any
time. In order to write data, no need to erase prior contents. This is similar to RAM but
the differences in write operation. It takes more time than read and limited to million
times only.

Ex: Storing port statuses, mal functions and failure history

Flash memory: In flash memory a sector of bytes can be erased at a time that can
be from 256B to 16KB.

Ex: Storing pictures in digital camera.

Random Access Memory (RAM): It is a volatile memory RAM contains
temporary data and software programs for different applications.

Static RAM (SRAM): A static RAM holds the data as long as power supplied to it.
Each memory cell consists of 6 to 8 MOS transistors, therefore packing density is low.

Advantages:
Very fast as access time is less.
No need of refreshing circuit.

Disadvantages:
Low packing density.
It is expensive.
Consumes more power.

Dynamic RAM (DRAM): In order to store data capacitor can be used, so the
presence or absence of charge in a capacitor is interpreted as a logic 1 or logic 0 but
as capacitor has a tendency to discharge DRAMs require refreshing circuit to
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maintain data storage. A DRAM needs one transistor per memory cell, so packing
density will be very high.

Advantages:
High packing density.
Power consumption is very less compared to SRAM.
Inexpensive.

Disadvantages:
Requires complex refreshing control circuit.
It is slow since access time is more.
Several chips have to be connected in parallel to obtain the required length as
DRAMs can store 1-bit of data for each cell.
Note 1: Access time is referred to as the time required read/write operation.
Note2: The refresh cycle refers to the contents of a memory’s cell being recharged.

It helps to read data properly.

Basic memory device: Any memory device can contain i/p, o/p lines, selection
i/p, control i/p to perform rd/wr operation. All memory devices have address i/ps that
select memory location within the memory device i.e. A 0 to AN. “Number of address
lines indicate the total memory capacity of a device”. Ex: 1K memory requires 10
address lines (A0 to A9)

The memory device can have I/O lines to perform read or write operation. The
size of memory location is dependent on the number of data bits. i.e. D 0 to D7; D8
to D15. A memory device generated is indicated as 2N * M, N represents number
of address lines, M represents number of data lines. Memory devices can be
selected by control selection pins (CS) and select RD/WR mode.

1.4. 8085 MICROPROCESSOR
Salient features of 8085:
• It is a 8 bit microprocessor.
• It is manufactured with N-MOS technology.
• It has 16-bit address bus and hence can address up to 216 = 65536 bytes
(64KB) memory locations through A -A .
0

15

• The first 8 lines of address bus and 8 lines of data bus are multiplexed AD – AD .
0
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• Data bus is a group of 8 lines D – D .
0

7
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• It supports external interrupt request.
• A 16 bit program counter (PC)
• A 16 bit stack pointer (SP)
• Six 8-bit general purpose register arranged in pairs: BC, DE, HL.
• It requires a signal +5V power supply and operates at 3.2 MHZ single phase
clock.
• It is enclosed with 40 pins DIP (Dual in line package).

1.5 PIN DIAGRAM OF 8085 MICROPROCESSOR

Pin Description:
A8 - A15 (Output 3 State)
Address Bus: The most significant 8 bits of the memory address or the 8
bits of the I/0 address,3 stated during Hold and Halt modes.

AD0 - AD7 (Input/Output 3state)
Multiplexed Address/Data Bus; Lower 8 bits of the memory address (or I/0
address) appear on the bus during the first clock cycle of a machine state. It then
becomes the data bus during the second and third clock cycles. 3 stated during
Hold and Halt modes.

ALE (Output)
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Address Latch Enable: It occurs during the first clock cycle of a machine
state and enables the address to get latched into the on chip latch of peripherals.
The falling edge of ALE is set to guarantee setup and hold times for the address
information. ALE can also be used to strobe the status information. ALE is never
3stated.

RD (Output 3state)
READ: indicates the selected memory or 1/0 device is to be read and that
the Data Bus is available for the data transfer.

WR (Output 3state)
WRITE:indicates the data on the Data Bus is to be written into the selected
memory or 1/0 location. Data is set up at the trailing edge of WR. 3stated during
Hold and Halt modes.

READY (Input)
If Ready is high during a read or write cycle, it indicates that the memory or
peripheral is ready to send or receive data. If Ready is low, the CPU will wait
forReady to go high before completing the read or write cycle.

HOLD (Input)
HOLD:indicates that another Master is requesting the use of the Address
and DataBuses. The CPU, upon receiving the Hold request. will relinquish the use
of buses as soon as the completion of the current machine cycle. Internal
processing can continue.The processorcanregain the buses only after the Hold is
removed. When the Hold is acknowledged, the Address, Data, RD, WR, and IO/M
lines are 3stated.

HLDA (Output)
HOLD ACKNOWLEDGE:indicates that the CPU has received the Hold request
and that it will relinquish the buses in the next clock cycle. HLDA goes low after
the Hold request is removed. The CPU takes the buses one half clock cycle after
HLDA goes low.

INTR (Input)
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INTERRUPT REQUEST is used as a general purpose interrupt. It is sampled
onlyduring the next to the last clock cycle of the instruction. If it is active, the
Program Counter (PC) will be inhibited from incrementing and an INTA will be
issued. During this cycle a RESTART or CALL instruction can be inserted to jump to
the interrupt service routine. The INTR is enabled and disabled by software. It is
disabled by Reset and immediately after an interrupt is accepted.

INTA (Output)
INTERRUPT ACKNOWLEDGE: is used instead of (and has the same timing
as) RDduring the Instruction cycle after an INTR is accepted. It can be used to
activate the 8259 Interrupt chip or some other interrupt port.

RESTART INTERRUPTS
These three inputs have the same timing as INTR except they cause an
internal RESTART to be automatically inserted. RST 7.5 ~~ Highest Priority RST
6.5
RST 5.5 Lowest Priority

TRAP (Input)
Trap interrupt is a non-maskable restart interrupt. It is recognized at the
same time as INTR. It is unaffected by any mask or Interrupt Enable. It has the
highest priority of any interrupt.

RESET IN (Input)
Reset sets the Program Counter to zero and resets the Interrupt Enable and
HLDA flip-flops. None of the other flags or registers (except the instruction register)
are affected The CPU is held in the reset condition as long as Reset is applied.

RESET OUT (Output)
Indicates CPU is being reset. Can be used as a system RESET. The signal is
synchronized to the processor clock.

SO, S1 (Output)
Data Bus Status. Encoded status of the bus cycle:
S1 S0 OPERATION
00

HALT

11

01

WRITE

10

READ

11

FETCH

X1, X2 (Input)
Crystal or R/C network connections to set the internal clock generator X1
can also be

1.6 ARCHITECTURE OF 8085 MICROPROCESSOR:

1.7 REGISTERS OF 8085:
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Control Unit: Generates signals within Microprocessor to carry out the instruction,
which has been decoded. In reality causes certain connections between blocks of the
uP to be opened or closed, so that data goes where it is required, and so that ALU
operations occur.

Arithmetic Logic Unit: The ALU performs the actual numerical and logic
operation such as „add‟, „subtract‟, „AND‟, „OR‟, etc. Uses data from memory and
from Accumulator to perform arithmetic. Always stores result of operation in
Accumulator.

Registers: The 8085/8080A-programming model includes six registers, one
accumulator, and one flag register, as shown in Figure. In addition, it has two 16-bit
registers: the stack pointer and the program counter. The 8085/8080A has six
general-purpose registers to store 8-bit data; these are identified as B,C,D,E,H, and L
as shown in the figure. They can be combined as register pairs - BC, DE, and HL - to
perform some 16-bit operations. The programmer can use these registers to store or
copy data into the registers by using data copy instructions.

Accumulator: The accumulator is an 8-bit register that is a part of arithmetic/logic
unit (ALU). This register is used to store 8-bit data and to perform arithmetic and
logical operations. The result of an operation is stored in the accumulator. The
accumulator is also identified as register A.

Flags : The ALU includes five flip-flops, which are set or reset after an operation
according

to data conditions of the result in the accumulator and other registers. They are
called Zero (Z), Carry (CY), Sign (S), Parity (P), and Auxiliary Carry (AC) flags.
The most commonly used flags are Zero, Carry, and Sign. The microprocessor
uses these flags to test data conditions.
For example, after an addition of two numbers, if the sum in the accumulator id
larger than eight bits, the flip-flop uses to indicate a carry -- called the Carry flag (CY)
– is set to one. When an arithmetic operation results in zero, the flip-flop called the
Zero (Z) flag is set to one. The first Figure shows an 8-bit register, called the flag
register, adjacent to the accumulator. However, it is not used as a register;
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five bit positions out of eight are used to store the outputs of the five flip-flops.
The flags are stored in the 8-bit register so that the programmer can examine
these flags (data conditions) by accessing the register through an instruction.
These flags have critical importance in the decision-making process of the
microprocessor. The conditions (set or reset) of the flags are tested through the
software instructions. For example, the instruction JC (Jump on Carry) is
implemented to change the sequence of a program when CY flag is set.

Program Counter (PC): This 16-bit register deals with sequencing the execution
of instructions. This register is a memory pointer. Memory locations have 16-bit
addresses, and that is why this is a16-bit register.
The microprocessor uses this register to sequence the execution of the instructions.
The function of the program counter is to point to the memory address from which the
next byte is to be fetched. When a byte (machine code) is being fetched, the program
counter is incremented by one to point to the next memory location.

Stack Pointer (SP): The stack pointer is also a 16-bit register used as a memory
pointer. It points to a memory location in R/W memory, called the stack. The
beginning of the stack is defined by loading 16-bit address in the stack pointer.

Instruction Register/Decoder: Temporary store for the current instruction of
a program. Latest instruction sent here from memory prior to execution. Decoder then
takes instruction and decodes or interprets the instruction. Decoded instruction then
passed to next stage.

Memory Address Register:
Holds address, received from PC, of next program instruction. Feeds the address
bus with addresses of location of the program under execution.

Control Generator: Generates signals within uP to carry out the instruction which
has been decoded. In reality causes certain connections between blocks of the uP to
be opened or closed, so that data goes where it is required, and so that ALU
operations occur.
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Register Selector: This block controls the use of the register stack in the
example. Just a logic circuit which switches between different registers in the set will
receive instructions from Control Unit.

1.8 8085 ADDRESSING MODES:
Addressing modes are the manner of specifying effective address. 8085
Addressing mode can be classified into:

1) Direct addressing mode: the instruction consist of three byte, byte for the
op-code of the instruction followed by two bytes represent the address of the operand
Low order bits of the address are in byte 2 High order bits of the address are in byte 3

Ex: LDA 2000h; this instruction load the Accumulator is loaded with the
8-bit content of memory location [2000h]

2) Register addressing mode The instruction specifies the register or register
pair in which the data is located

Ex: MOV A,B ;Here the content of B register is copied to the
Accumulator

3) Register indirect addressing mode The instruction specifies a register
pair which contains the memory address where the data is located.

Ex. MOV M , A ;Here the HL register pair is used as a pointer to
memory location. The content of Accumulator is copied to that location

4)

Immediate addressing mode: The instruction contains the data itself.

This is either an 8 bit quantity or 16 bit (the LSB first and the MSB is the second)

Ex: MVI A , 28h LXI H , 2000h ;First instruction loads the
Accumulator with the 8-bit immediate data 28h Second instruction loads the HL
register pair with 16-bit immediate data 2000h

5) Implicit addressing mode: Here the operands are implicitly in the
instruction itself.

Ex: CMC –Complement carry
STC – Set Carry

1.9 8085 INSTRUCTION SET
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An Instruction is a command given to the computer to perform a specified
operation on given data. The instruction set of a microprocessor is the collection of
the instructions that the microprocessor is designed to execute. The instructions
described here are of Intel 8085. These instructions are of Intel Corporation. They
cannot be used by other microprocessor manufactures. The programmer can write
a program in assembly language using these instructions. These instructions have
been classified into the following groups:
1. Data Transfer Group
2. Arithmetic Group
3. Logical Group
4. Branch Control Group
5. I/O and Machine Control Group

Data Transfer Group: Instructions, which are used to transfer data from one
register to another register, from memory to register or register to memory, come
under this group. Examples are: MOV, MVI, LXI, LDA, STA etc. When an instruction of
data transfer group is executed, data is transferred from the source to the destination
without altering the contents of the source. For example, when MOV A, B is executed
the content of the register B is copied into the register A, and the content of register B
remains unaltered. Similarly, when LDA 2500 is executed the content of the memory
location 2500 is loaded into the accumulator. But the content of the memory location
2500 remains unaltered.

Arithmetic Group: The instructions of this group perform arithmetic operations
such as addition, subtraction; increment or decrement of the content of a register or
memory. Examples are: ADD, SUB, INR, DAD etc.

Logical Group: The Instructions under this group perform logical operation such
as AND, OR, compare, rotate etc. Examples are: ANA, XRA, ORA, CMP, and RAL
etc.

Branch Control Group: This group includes the instructions for conditional and
unconditional jump, subroutine call and return, and restart. Examples are: JMP,
JC, JZ, CALL, CZ, RST etc.
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I/O and Machine Control Group: This group includes the instructions for
input/output ports, stack and machine control. Examples are: IN, OUT, PUSH, POP,
and HLT etc.

Intel 8085 Instructions
1. Data Transfer
Group a. MOV r1, r2
(Move Data; Move the content of the one register to another).
[r1]  [r2].
b. MOV r, m (Move the content of memory register). r  [M]
c. MOV M, r. (Move the content of register to memory). M  [r]
d. MVI r, data. (Move immediate data to register). [r]  data.
e. MVI M, data. (Move immediate data to memory). M  data.
f. LXI rp, data 16. (Load register pair immediate). [rp]  data 16
bits,

[rh]  8 LSBs of data.

g. LDA addr. (Load Accumulator direct). [A]  [addr].
h. STA addr. (Store accumulator direct). [addr]  [A].
i.LHLD addr. (Load H-L pair direct). [L]  [addr], [H]  [addr+1].
j. SHLD addr. (Store H-L pair direct) [addr]  [L], [addr+1]  [H].
k. LDAX rp. (LOAD accumulator indirect) [A]  [[rp]]
l. STAX rp. (Store accumulator indirect) [[rp]]  [A].
m. XCHG. (Exchange the contents of H-L with D-E pair) [H-L] <-->
[D-E].

2. Arithmetic Group
i.

ADD r. (Add register to accumulator) [A]  [A] + [r].

ii.

ADD M. (Add memory to accumulator) [A]  [A] + [[H-L]].

iii.

ADC r. (Add register with carry to accumulator). [A]  [A] + [r] +
[CS].
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iv.

ADC M. (Add memory with carry to accumulator) [A]  [A] + [[HL]] [CS].

v.

ADI data (Add immediate data to accumulator) [A]  [A] + data.

vi.

ACI data (Add with carry immediate data to accumulator). [A]  [A]
+ data + [CS].

vii.

DAD rp. (Add register paid to H-L pair). [H-L]  [H-L] + [rp].

viii.

SUB r. (Subtract register from accumulator). [A]  [A] – [r].

ix.

SUB M. (Subtract memory from accumulator). [A]  [A] – [[H-L]].

x.

SBB r. (Subtract register from accumulator with borrow). [A]  [A]
– [r] – [CS].

xi.

SBB M. (Subtract memory from accumulator with borrow). [A]  [A]
– [[H-L]] – [CS].

xii.

SUI data. (Subtract immediate data from accumulator) [A]  [A] –
data.

xiii.

SBI data. (Subtract immediate data from accumulator with
borrow). [A]  [A] – data – [CS].

xiv.

INR r (Increment register content) [r]  [r] +1.

xv.

INR M. (Increment memory content) [[H-L]]  [[H-L]] + 1.

xvi.

DCR r. (Decrement register content). [r]  [r] – 1.

xvii.

DCR M. (Decrement memory content) [[H-L]]  [[H-L]] – 1.

xviii. INX rp. (Increment register pair) [rp]  [rp] – 1.
xix.

DCX rp (Decrement register pair) [rp]  [rp] -1.

xx.

DAA (Decimal adjust accumulator) .

The instruction DAA is used in the program after ADD, ADI, ACI, ADC, etc
instructions. After the execution of ADD, ADC, etc instructions the result is in
hexadecimal and it is placed in the accumulator. The DAA instruction operates on
this result and gives the final result in the decimal system. It uses carry and
auxiliary carry for decimal adjustment. 6 is added to 4 LSBs of the content of the
accumulator if their value lies in between A and F or the AC flag is set to 1.
Similarly, 6 is also added to 4 MSBs of the content of the accumulator if their
value lies in between A and F or the CS flag is set to 1. All status flags are
affected. When DAA is used data should be in decimal numbers.
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3.

Logical Group
i.

ANA r. (AND register with accumulator) [A]  [A] ^ [r].

ii.

ANA M. (AND memory with accumulator). [A]  [A] ^ [[H-L]].

iii.

ANI data. (AND immediate data with accumulator) [A]  [A] ^ data.

iv.

ORA r. (OR register with accumulator) [A]  [A] v [r].

v.

ORA M. (OR memory with accumulator) [A]  [A] v [[H-L]]

vi.

ORI data. (OR immediate data with accumulator) [A]  [A] v data.

vii.

XRA r. (EXCLUSIVE – OR register with accumulator) [A]  [A] v [r]

viii.

XRA M. (EXCLUSIVE-OR memory with accumulator) [A]  [A] v [[HL]]

ix.

XRI data. (EXCLUSIVE-OR immediate data with accumulator) [A] 
[A] v data.

x.

CMA. (Complement the accumulator) [A]  [A]

x.

CMC. (Complement the carry status) [CS]  [CS]

xi.

STC. (Set carry status) [CS]  1.

xii.

CMP r. (Compare register with accumulator) [A] – [r]

xiii.

CMP M. (Compare memory with accumulator) [A] – [[H-L]]

xiv.

CPI data. (Compare immediate data with accumulator) [A] – data.
The 2nd byte of the instruction is data, and it is subtracted from the
content of the accumulator. The status flags are set according to the
result of subtraction. But the result is discarded. The content of the
accumulator remains unchanged.

xv.

RLC (Rotate accumulator left) [An+1]  [An], [A0]  [A7],
[CS]  [A7].
The content of the accumulator is rotated left by one bit. The

seventh bit of the accumulator is moved to carry bit as well as to the zero
bit of the accumulator. Only CS flag is affected.
RRC. (Rotate accumulator right) [A7]  [A0], [CS]  [A0], [An]  [An+1].
The content of the accumulator is rotated right by one bit. The zero
bit of the accumulator is moved to the seventh bit as well as to carry
bit. Only CS flag is affected.
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xvi.

RAL. (Rotate accumulator left through carry) [An+1]  [An], [CS]
 [A7], [A0]  [CS].

xvii.

RAR. (Rotate accumulator right through carry) [An]  [An+1], [CS]
 [A0], [A7]  [CS]

4.

Branch Group
i.

JMP addr (label). (Unconditional jump: jump to the instruction
specified by the address). [PC]  Label.

ii.

Conditional Jump addr (label): After the execution of the conditional
jump instruction the program jumps to the instruction specified by
the address (label) if the specified condition is fulfilled. The program
proceeds further in the normal sequence if the specified condition is
not fulfilled. If the condition is true and program jumps to the
specified label, the execution of a conditional jump takes 3 machine
cycles: 10 states. If condition is not true, only 2 machine cycles; 7
states are required for the execution of the instruction.
a. JZ addr (label). (Jump if the result is zero)
b. JNZ addr (label) (Jump if the result is not
zero) c. JC addr (label). (Jump if there is a carry)
d. JNC addr (label). (Jump if there is no carry)
e. JP addr (label). (Jump if the result is plus) f.
JM addr (label). (Jump if the result is minus)
g. JPE addr (label) (Jump if even parity)
h. JPO addr (label) (Jump if odd parity)

iii.

CALL addr (label) (Unconditional CALL: call the subroutine identified
by the operand)
CALL instruction is used to call a subroutine. Before the control is
transferred to the subroutine, the address of the next instruction of
the main program is saved in the stack. The content of the stack
pointer is decremented by two to indicate the new stack top. Then
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the program jumps to subroutine starting at address specified by
the label.
iv.

RET (Return from subroutine)

v.

RST n (Restart) Restart is a one-word CALL instruction. The content
of the program counter is saved in the stack. The program jumps to
the instruction starting at restart location.

5. Stack, I/O and Machine Control Group
i.

IN port-address. (Input to accumulator from I/O port) [A]  [Port]

ii.

OUT port-address (Output from accumulator to I/O port) [Port]  [A]

iii.

PUSH rp (Push the content of register pair to stack)

iv.

PUSH PSW (PUSH Processor Status Word)

v.

POP rp (Pop the content of register pair, which was saved, from the
stack)

vi.

POP PSW (Pop Processor Status Word)

vii.

HLT (Halt)

viii.

XTHL (Exchange stack-top with H-L)

ix.

SPHL (Move the contents of H-L pair to stack pointer)

x.

EI (Enable Interrupts)

xi.

DI (Disable Interrupts)

xii.

SIM (Set Interrupt Masks)

xiii.

RIM (Read Interrupt Masks)

xiv.

NOP (No Operation)

1.10 TIMING DIAGRAMS OF 8085
It

is

one

of

the

best

ways

to

understand

to

process

of

micro-

processor/controller. With the help of timing diagram we can understand the
working of any system, step by step working of each instruction and its execution,
etc.
It is the graphical representation of process in steps with respect to time.
The timing diagram represents the clock cycle and duration, delay, content of
address bus and data bus, type of operation ie. Read/write/status signals.
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Important terms related to timing diagrams:
1. Instruction cycle: this term is defined as the number of steps required
by the cpu to complete the entire process ie. Fetching and execution of one
instruction. The fetch and execute cycles are carried out in synchronization
with the clock.
2. Machine cycle: It is the time required by the microprocessor to
complete the operation of accessing the memory devices or I/O devices. In
machine cycle various operations like opcode fetch, memory read, memory
write, I/O read, I/O write are performed.
3. T-state: Each clock cycle is called as T-states.

Rules to identify number of machine cycles in an instruction:
1. If an addressing mode is direct, immediate or implicit then No. of machine
cycles = No. of bytes.
2. If the addressing mode is indirect then No. of machine cycles = No. of bytes +
1. Add +1 to the No. of machine cycles if it is memory read/write operation.
3. If the operand is 8-bit or 16-bit address then, No. of machine cycles = No.
of bytes +1.
4. These rules are applicable to 80% of the instructions of 8085.

Timing Diagram:

Where, Instruction cycle= Fetch Cycle(FC) + Executecycle(EC).

Opcode fetch:
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•

The microprocessor requires instructions to perform any particular action.
In order to perform these actions microprocessor utilizes Opcode which is a
part of an instruction which provides detail(ie. Which operation Âµp needs
to perform) to microprocessor.

Fig: Opcode fetch timing diagram

Operation:
•

During T1 state, microprocessor uses IO/M(bar), S0, S1 signals are used
to instruct microprocessor to fetch opcode.

•

Thus when IO/M(bar)=0, S0=S1= 1, it indicates opcode fetch operation.

•

During this operation 8085 transmits 16-bit address and also uses ALE
signal for address latching.

•

At T2 state microprocessor uses read signal and make data ready from that
memory location to read opcode from memory and at the same time program
counter increments by 1 and points next instruction to be fetched.

•

In this state microprocessor also checks READY input signal, if this pin is
at low logic level ie. '0' then microprocessor adds wait state immediately
between T2 and T3.

•

At T3, microprocessor reads opcode and store it into instruction register
to decode it further.

•

During T4 microprocessor performs internal operation like decoding
opcode and providing necessary actions.
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•

The opcode is decoded to know whether T5 or T6 states are required, if
they are not required then Âµp performs next operation.

Read and write timing diagram for memory and I/O
Operation Memory Read:

Figure: Memory read timing diagram

Operation:
•

It is used to fetch one byte from the memory.

•

It requires 3 T-States.

•

It can be used to fetch operand or data from the memory.

•

During T1, A8-A15 contains higher byte of address. At the same time ALE
is high. Therefore Lower byte of address A0-A7 is selected from AD0-AD7.

•

Since it is memory ready operation, IO/M(bar) goes low.

•

During T2 ALE goes low, RD(bar) goes low. Address is removed from
AD0-AD7 and data D0-D7 appears on AD0-AD7.

• During T3, Data remains on AD0-AD7 till RD(bar) is at low signal.

24

Memory Write:

Figure: Memory write timing diagram

Operation:
•

It is used to send one byte into memory.

•

It requires 3 T-States.

•

During T1, ALE is high and contains lower address A0-A7 from AD0-AD7.

•

A8-A15 contains higher byte of address.

•

As it is memory operation, IO/M(bar) goes low.

•

During T2, ALE goes low, WR(bar) goes low and Address is removed
from AD0-AD7 and then data appears on AD0-AD7.

•

Data remains on AD0-AD7 till WR(bar) is low.
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IO Read:

Figure: I/O read timing diagram

Operation:
It is used to fetch one byte from an IO port.
It requires 3 T-States.
During T1, The Lower Byte of IO address is duplicated into higher
order address bus A8-A15.
ALE is high and AD0-AD7 contains address of IO device.
IO/M (bar) goes high as it is an IO operation.
During T2, ALE goes low, RD (bar) goes low and data appears on AD0AD7 as input from IO device.
During T3 Data remains on AD0-AD7 till RD(bar) is low.
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IO Write:

Figure:I/O write timing diagram

Operation:
•

It is used to writ one byte into IO device.

•

It requires 3 T-States.

•

During T1, the lower byte of address is duplicated into higher
order address bus A8-A15.

•

ALE is high and A0-A7 address is selected from AD0-AD7.

•

As it is an IO operation IO/M (bar) goes low.

•

During T2, ALE goes low, WR (bar) goes low and data appears on
AD0-AD7 to write data into IO device.

•

During T3, Data remains on AD0-AD7 till WR(bar) is low.
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UNIT- II
8086 ARCHITECTURE
2.1 OVERVIEW OF 8086:
The INTEL 8086 is the first 16-bit processor released by INTEL in the year
1978. 8086 is packed in a 40 pin DIP and requires a 5 Volt supply. 8086
microprocessor has a much more powerful instruction set along with the
architectural developments which imparted substantial programming flexibility and
improvement in speed over the 8-bit microprocessors.
The peripheral chips designed earlier for 8085 were compatible with
microprocessor 8086 with slight or no modifications. Though there is a
considerable difference between the memory addressing techniques of 8085 and
8086, the memory interfacing technique similar, but includes the use of a few
additional signals. The clock requirements are also different as compared to 8085,
but the overall minimal system organization of 8086 is similar to that of a general
8-bit microprocessor.
The 8086 does not have internal clock circuit. The 8086 requires an external
asymmetric clock source with 33% duty cycle. The 8284 clock generator is used to
generate the required clock for 8086. The maximum internal clock of 8086 is 5
MHz. The other versions of 8086 with different .clock rates are 8086-1, 8086-2
and 8086-4 with maximum internal clock frequency of 10MHz, 8MHz and 4MHz
respectively.
The 8086 uses a 20-bit address to access memory and hence it can directly
address upto one megabytes (220 = 1 Mega) of memory space. The one
megabytes (1 Mb) of addressable memory space of 8086 are organised as two
memory banks of 512 kilobytes each (512 kb + 512 kb 1Mb). The memory banks
are called even (or lower) bank and odd (or upper) bank. The address line A0 is
used to select even bank and the control signal BHE is used to select odd bank.
For accessing I/O mapped devices, the 8086 uses a separate 16-bit
address, and so the 8086 can generate 64k (216) I/O addresses. The signal M /IO
is used to differentiate the memory and I/O addresses. For memory address the
signal M /IO is asserted high and for I/O address the signal M /IO is asserted low
by the processor.
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The 8086 can operate in two modes, and they are minimum mode and
maximum mode. The mode is decided by a signal at MN/MX pin. When the MN/MX
is tied high, it works in minimum mode and the system is called uniprocessor
system. When MN / MX is tied low, it works in maximum mode and the system is
called multiprocessor system. Usually the pin MN/ MX is permanently tied to low
or high so that the 8086 system can work in any one of the two modes. The 8086
can work with 8087 coprocessor in maximum mode. In this mode an external bus
controller 8288 is required to generate bus control signals
The 8086 has two family of processors. They are 8086 and 8088. The 8088
uses 8-bit data bus externally but 8086 uses 16-bit data bus externally. The 8086
access memory in words but 8088 access memory in bytes. The IBM designed its
first personal computer (PC) using INTEL 8088 microprocessor as CPU.

2.2 FEATURES OF 8086:
•It is a 16-bit μp.
•8086 has a 20 bit address bus can access up to 2^20 memory locations (1
MB).
•It can support up to 64K I/O ports.
•It provides 14, 16 -bit registers.
•It has multiplexed address and data bus AD0- AD15 and A16 – A19.
•It requires single phase clock with 33% duty cycle to provide internal
timing.
•8086 is designed to operate in two modes, Minimum and Maximum.
•It can pre-fetches up to 6 instruction bytes from memory and queues them
in order to speed up instruction execution. •It requires +5V power supply.
•A 40 pin dual in line package.

2.3 ARCHITECTURE OF 8086:
•

8086 has two blocks BIU and EU.

•

The BIU performs all bus operations such as instruction fetching, reading and
writing operands for memory and calculating the addresses of the memory
operands. The instruction bytes are transferred to the instruction queue.

•

EU executes instructions from the instruction byte queue.
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•

Both units operate asynchronously to give the 8086 an overlapping instruction
fetch and execution mechanism which is called as Pipelining. This results in
efficient use of the system bus and system performance.

•

BIU contains Instruction queue, Segment registers, IP, address adder.

•

EU contains control circuitry, Instruction decoder, ALU, Flag register.

Bus Interface Unit:
• It provides full 16 bit bidirectional data bus and 20 bit address bus.
• The BIU is responsible for performing all external bus
operations. Specifically it has the following functions:
• Instructions fetch Instruction queuing, Operand fetch and storage, Address
relocation and Bus control.
• The BIU uses a mechanism known as an instruction stream queue to implement
pipeline architecture.
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• This queue permits pre-fetch of up to six bytes of instruction code. Whenever the
queue of the BIU is not full, it has room for at least two more bytes and at the same
time the EU is not requesting it to read or write operands from memory, the BIU is
free to look ahead in the program by pre-fetching the next sequential instruction.
• These pre-fetching instructions are held in its FIFO queue. With its 16 bit data
bus, the BIU fetches two instruction bytes in a single memory cycle.
• After a byte is loaded at the input end of the queue, it automatically shifts up
through the FIFO to the empty location nearest the output.
• The EU accesses the queue from the output end. It reads one instruction byte
after the other from the output of the queue. If the queue is full and the EU is not
requesting access to operand in memory.
• These intervals of no bus activity, which may occur between bus cycles, are
known as idle state.
• If the bus is already in the process of fetching an instruction when the EU request
it to read or write operands from memory or I/O, the BIU first completes the
instruction fetch bus cycle before initiating the operand read / write cycle.
• The BIU also contains a dedicated adder which is used to generate the 20 bit
physical address that is output on the address bus. This address is formed by
adding an appended 16 bit segment address and a 16 bit offset address.

Physical address generation
Thus, Physical Address = Segment Register content 16 D + Offset
• For example: The physical address of the next instruction to be fetched is formed
by combining the current contents of the code segment CS register and the current
contents of the instruction pointer IP register.
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• The BIU is also responsible for generating bus control signals such as those for
memory read or write and I/O read or write.

Execution Unit:
• The EU extracts instructions from top of the queue in the BIU, decodes them,

generates operands if necessary, passes them to the BIU and requests it to perform
the read or write bus cycles to memory or I/O and perform the operation specified
by the instruction on the operands.
• During the execution of the instruction, the EU tests the status and control flags

and updates them based on the results of executing the instruction.
• If the queue is empty, the EU waits for the next instruction byte to be fetched and

shifted to top of the queue.
• When the EU executes a branch or jump instruction, it transfers control to a

location corresponding to another set of sequential instructions.
• Whenever this happens, the BIU automatically resets the queue and then begins

to fetch instructions from this new location to refill the queue.

2.4 PIN OUT SIGNALS AND FUNCTIONS OF 8086:
The microprocessor 8086 is a 16-bit CPU available in three clock rates, i.e.
5, 8 and 10 MHz, packaged in a 40 pin CERDIP or plastic package. The 8086
operates in single processor or multiprocessor configurations to achieve high
performance. The pin configuration is shown in Fig. 1.1. Some of the pins serve a
particular function in minimum mode (single processor mode) and others function
in maximum mode (multiprocessor mode) configuration.
The 8086 signals can be categorised in three groups. The first are the
signals having common functions in minimum as well as maximum mode, the
second are the signals which have special functions for minimum mode and the
third are the signals having special functions for maximum mode.
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The following signal descriptions are common for both the minimum and
maximum modes.

AD15 -- AD0: These are the time multiplexed memory I/O address and data lines.
Address remains on the lines during T1 state, while the data is available on the data
bus during T2, T3, Tw and T4. Here T2, T3, T4 and Tw are the clock states of a machine
cycle. Tw is a wait state. These lines are active high and float to a tristate during
interrupt acknowledge and local bus hold acknowledge cycles.

A19/S6, A18/S5, A17/S4, A16/S3: These are the time multiplexed address and
status lines. During T1, these are the most significant address lines for memory
operations. During I/O operations, these lines are low. During memory or I/O
operations, status information is available on those lines for T 2, T3, Tw and T4. The
status of the interrupt enable flag bit (displayed on S5) is updated at the beginning of
each clock cycle. The S4 and S3 combinedly indicate which segment register is
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presently being used for memory accesses as shown in Table 1.1. These lines float
to tri-state off (tristated) during the local bus hold acknowledge. The status line S6
is always low (logical). The address bits are separated from the status bits using
latches controlled by the ALE signal.

BHE / S7-Bus High Enable/Status: The bus high enable signal is used to
indicate the transfer of data over the higher order (D15—D8) data bus as shown in
Table 1.2. It goes low for the data transfers over D15—D8 and is used to derive chip

selects of odd address memory bank or peripherals. BHE is low during T 1 for read,
write and interrupt acknowledge cycles, whenever a byte is to be transferred on
the higher byte of the data bus. The status information is available during T 2, T3
and T4. The signal is active low and is tristated during ‘hold’. It is low during T1 for
the first pulse of the interrupt acknowledge cycle.
Table 1 .2 Bus High Enable/Status
BHE

A0

Indications

0

0

Whole Word

0

1

Upper byte from or to odd

address
1

0

Lower byte from or to

even address
1

1

None

RD-Read Read signal, when low, indicates the peripherals that the processor is
performing a memory or I/O read operation. RD is active low and shows the state for
T2, T3, Tw of any read cycle. The signal remains tristated during the ‘hold

acknowledge’.

READY This is the acknowledgement from the slow devices or memory that they
have completed the data transfer. The signal made available by the devices is
synchronized by the 8284A clock generator to provide ready input to the 8086. The
signal is active high.
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INTR- Interrupt Request This is a level triggered input. This is sampled during
the last clock cycle of each instruction to determine the availability of the request. If
any interrupt request is pending, the processor enters the interrupt acknowledge
cycle. This can be internally masked by resetting the interrupt enable flag. This signal
is active high and internally synchronized.

TEST This input is examined by a ‘WAIT’ instruction. If the TEST input goes low,
execution will continue, else, the processor remains in an idle state. The input is
synchronized internally during each clock cycle on leading edge of clock.

NMI-Non-maskable Interrupt This is an edge-triggered input which causes a
Type2 interrupt. The NMI is not maskable internally by software. A transition from low
to high initiates the interrupt response at the end of the current instruction. This input
is internally synchronized.

RESET This input causes the processor to terminate the current activity and start
execution from FFFF0H. The signal is active high and must be active for at least four
clock cycles. It restarts execution when the RESET returns low. RESET is also
internally synchronised.

CLK-Clock Input The clock input provides the basic timing for processor operation
and bus control activity. Its an asymmetric square wave with 33% duty cycle. The
range of frequency for different 8086 versions is from 5MHz to 10MHz.

Vcc +5V power supply for the operation of the internal circuit.
GND ground for the internal circuit.
MN/ MX The logic level at this pin decides whether the processor is to operate in
either minimum (single processor) or maximum (multiprocessor) mode.

The following pin functions are for the minimum mode operation of 8086.

M / I/O -Memory/IO This is a status line logically equivalent to S2 in maximum
mode. When it is low, it indicates the CPU is having an I/O operation, and when it is
high, it indicates that the CPU is having a memory operation. This line becomes, active
in the previous T4 and remains active till final T4 of the current cycle. It is tristated
during local bus “hold acknowledge”.
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INTA -Interrupt Acknowledge This signal is used as a read strobe for
interrupt acknowledge cycles. In other words, when it goes low, it means that the
processor has accepted the interrupt. It is active low during T 2, T3, and Tw of each
interrupt acknowledge cycle.

ALE-Address Latch Enable This output signal indicates the availability of the
valid address on the address/data lines, and is connected to latch enable input of
latches. This signal is active high and is never tristated.

DT / R-Data Transmit/Receive This output is used to decide the direction of
data flow through the transreceivers (bidirectional buffers). When the processor sends
out data, this signal is high and when the processor is receiving data, this signal is
low. Logically, this is equivalent to S 1 in maximum mode. Its timing is the same as M/
I/O. This is tristated during ‘hold acknowledge’.

DEN-Data Enable This signal indicates the availability of valid data over the
address/data lines. It is used to enable the transreceivers (bidirectional buffers) to
separate the data from the multiplexed address/data signal. It is active from the
middle of T2 until the middle of T4. DEN is tristated during ‘hold acknowledge’ cycle.

HOLD, HLDA-Hold /Hold Acknowledge When the HOLD line goes high, it
indicates to the processor that another master is requesting the bus access. The
processor, after receiving the HOLD request, issues the hold acknowledge signal on
HLDA pin, in the middle of the next clock cycle after completing the current bus
(instruction) cycle. At the same time, the processor floats the local bus and control
lines. When the processor detects the HOLD line low, it lowers the HLDA signal. HOLD
is an asynchronous input, and it should be externally synchronized.

If the DMA request is made while the CPU is performing a memory or I/O cycle, it
will release the local bus during T4 provided:
1. The request occurs on or before T2 state of the current cycle.
2. The current cycle is not operating over the lower byte of a word (or
operating on an odd address).
3. The current cycle is not the first acknowledge of an interrupt acknowledge
sequence.
4. A Lock instruction is not being executed.
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The following pin functions are applicable for maximum mode operation of 8086.

S2, S1, S0 - Status Lines These are the status lines which reflect the type of
operation, being carried out by the processor. These become active during T 4 of the
previous cycle and remain active during T1 and T2 of the current bus cycle. The status
lines return to passive state during T 3 of the current bus cycle so that they may again
become active for the next bus cycle during T 4. Any change in these lines during T3
indicates the starting of a new cycle, and return to passive state indicates end of the
bus cycle. These status lines are encoded in Table 1.3.

Table 1 .3
Indications

S0

S2

S1

0

0

0

Interrupt Acknowledge

0

0

1

Read I/O port

0

1

0

Write I/O port

0

1

1

Halt

1

0

0

Code Access

1

0

1

Read Memory

1

1

0

Write memory

1

1

1

Passive

LOCK This output pin indicates that other system bus masters will be prevented from
the system bus, while the LOCK signal is low. The LOCK signal is activated by the

LOCK prefix instruction and remains active until the completion of the next
instruction. This floats to tri-state off during “hold acknowledge”. When the CPU is
executing a critical instruction which requires the system bus, the LOCK prefix
instruction ensures that other processors connected in the system will not gain the
control of the bus. The 8086, while executing the prefixed instruction, asserts the bus
lock signal output, which may be connected to an external bus controller.
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QS1, QS0-Queue Status These lines give information about the status of the
code prefetch queue. These are active during the CLK cycle after which the queue
operation is performed. These are encoded as shown in Table 1.4.

Table 1 .4
QS1

QS2

0

0

No operation

0

1

First byte of Opcode from the queue

1

0

Empty queue

1

1

Subsequent byte from the queue

Indications

This modification in a simple fetch and execute architecture of a conventional
microprocessor offers an added advantage of pipelined processing of the
instructions. The 8086 architecture has a 6-byte instruction prefetch queue. Thus
even the largest (6-bytes) instruction can be prefetched from the memory and
stored in the prefetch queue. This results in a faster execution of the instructions.
In 8085, an instruction (opcode and operand) is fetched, decoded and executed
and only after the execution of this instruction, the next one is fetched. By
prefetching the instruction, there is a considerable speeding up in instruction
execution in 8086. This scheme is known as instruction pipelining.
At the starting the CS: IP is loaded with the required address from which the execution
is At the starting the CS: IP is loaded with the required address from which the
execution is to be started. Initially, the queue will be empty and the microprocessor
starts a fetch operation to bring one byte (the first byte) of instruction code, if the CS:
IP address is odd or two bytes at a time, if the CS: IP address is even. The first byte is
a complete opcode in case of some instructions (one byte opcode instruction) and it is
a part of opcode, in case of other instructions (two byte long opcode instructions), the
remaining part of opcode may lie in the second byte. But invariably the first byte of an
instruction is an opcode. These opcodes along with data are fetched and arranged in
the queue. When the first byte from the queue goes for decoding and interpretation,
one byte in the queue becomes empty and subsequently the queue is updated. The
microprocessor
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does not perform the next fetch operation till at least two bytes of the instruction
queue are emptied. The instruction execution cycle is never broken for fetch
operation. After decoding the first byte, the decoding circuit decides whether the
instruction is of single opcode byte or double opcode byte. If it is single opcode
byte, the next bytes are treated as data bytes depending upon the decoded
instruction length, otherwise, the next byte in the queue is treated as the second
byte of the instruction opcode. The second byte is then decoded in continuation
with the first byte to decide the instruction length and the number of subsequent
bytes to be treated as instruction data. The queue is updated after every byte is
read from the queue but the fetch cycle is initiated by BIU only if at least two
bytes of the queue are empty and the EU may be concurrently executing the
fetched instructions.
The next byte after the instruction is completed is again the first opcode byte of
the next instruction. A similar procedure is repeated till the complete execution of
the program. The main point to be noted here is that the fetch operation of the
next instruction is overlapped with the execution of the current instruction. As
shown in the architecture, there are two separate units, namely, execution unit
and bus interface unit while the execution unit is busy in executing an instruction,
after it is completely decoded, the bus interface unit may be fetching the bytes of
the next instruction from memory, depending upon the queue status. Figure 1.2
explains the queue operation.
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RQ /GT0 , RQ /GT1 -Request/Grant These pins are used by other local bus masters,
in maximum mode, to force the processor to release the local bus at the end of the
processor’s current bus cycle. Each of the pins is bidirectional with RQ /GT0 having
higher priority than RQ /GT1 . RQ /GT pins have internal pull-up

resistors and may be left unconnected. The request/grant sequence is as follows:
1. A pulse one clock wide from another bus master requests the bus access to
8086.
2. During T4 (current) or T1 (next) clock cycle, a pulse one clock wide from
8086 to the requesting master, indicates that the 8086 has allowed the local
bus to float and that it will enter the “hold acknowledge” state at next clock
cycle. The CPU’s bus interface unit is likely to be disconnected from the local
bus of the system.
3. A one clock wide pulse from another master indicates to 8086 that the ‘hold’
request is about to end and the 8086 may regain control of the local bus at
the next clock cycle.

Thus each master to master exchange of the local bus is a sequence of 3
pulses. There must be at least one dead clock cycle after each bus exchange. The
request and grant pulses are active low. For the bus requests those are received
while 8086 is performing memory or I/O cycle, the granting of the bus is governed
by the rules as discussed in case of HOLD and HLDA in minimum mode.

2.5 REGISTER ORGANIZATION OF 8086:

The 8086 has four groups of the user accessible internal registers. They are
the instruction pointer, four data registers, four pointer and index register, four
segment registers. The 8086 has a total of fourteen 16-bit registers including a 16
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bit register called the status register, with 9 of bits implemented for status and
control flags.
There are four different 64 KB segments for instructions, stack, data and
extra data. To Specify where in 1 MB of processor memory these 4 segments are
located the processor uses four segment registers:

•Code segment (CS) is a 16-bit register containing address of 64 KB segment with
processor instructions. The processor uses CS segment for all accesses to instructions
referenced by instruction pointer (IP) register. CS register cannot be changed directly.
The CS register is automatically updated during far jump, far call and far return
instructions.

•Stack segment (SS) is a 16-bit register containing address of 64KB segment with
program stack. By default, the processor assumes that all data referenced by the
stack pointer (SP) and base pointer (BP) registers is located in the stack segment. SS
register can be changed directly using POP instruction.

•Data segment (DS) is a 16-bit register containing address of 64KB segment with
program data. By default, the processor assumes that all data referenced by general
registers (AX, BX, CX, DX) and index register (SI, DI) is located in the data
segment.DS register can be changed directly using POP and LDS instructions.

•Accumulator register consists of two 8-bit registers AL and AH, which can be
combined together and used as a 16-bit register AX. AL in this case contains the low
order byte of the word, and AH contains the high-order byte. Accumulator can be used
for I/O operations and string manipulation.
•Base register consists of two 8-bit registers BL and BH, which can be combined
together and used as a 16-bit register BX. BL in this case contains the low-order byte
of the word, and BH contains the high-order byte. BX register usually contains a data
pointer used for based, based indexed or register indirect addressing.
•Count register consists of two 8-bit registers CL and CH, which can be combined
together and used as a 16-bit register CX. When combined, CL register contains the
low order byte of the word, and CH contains the high-order byte. Count register can
be used in Loop, shift/rotate instructions and as a counter in string manipulation,.
•Data register consists of two 8-bit registers DL and DH, which can be combined
together and used as a 16-bit register DX. When combined, DL register contains the
low order byte of the word, and DH contains the high-order byte. Data register can be
used as a port number in I/O operations. In integer 32-bit multiply and divide
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instruction the DX register contains high-order word of the initial or resulting
number.

The following registers are both general and index registers:
•Stack Pointer (SP) is a 16-bit register pointing to program stack.
•Base Pointer (BP) is a 16-bit register pointing to data in stack segment. BP
register is usually used for based, based indexed or register indirect addressing.

•Source Index (SI) is a 16-bit register. SI is used for indexed, based indexed and
register indirect addressing, as well as a source data address in string manipulation
instructions.

•Destination Index (DI) is a 16-bit register. DI is used for indexed, based
indexed and register indirect addressing, as well as a destination data address in
string manipulation instructions.

Instruction Pointer (IP) register acts as a program counter for 8086. It points
to the address of the next instruction to be executed Its content is automatically
incremented when the program execution of a program proceeds further. The contents
of IP and CS register are used to compute the memory address of the instruction code
to be fetched.

2.6 FLAG REGISTER OF 8086:
It is a 16-bit register, also called flag register or Program Status Word (PSW).
Seven bits unused while the rest nine are used to indicate the conditions of flags.
The status flags of the register are shown below in Fig.

Status flags of Intel 8086:
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•

Out of nine flags, six are condition flags and three are control flags. The
control flags

•

are TF (Trap), IF (Interrupt) and DF (Direction) flags, which can be set/reset
by the

•

programmer, while the condition flags [OF (Overflow), SF (Sign), ZF
(Zero), AF (Auxiliary

•

Carry), PF (Parity) and CF (Carry)] are set/reset depending on the results
of some arithmetic or logical operations during program execution.

•

CF is set if there is a carry out of the MSB position resulting from an addition
operation or if a borrow is needed out of the MSB position during subtraction.

•

PF is set if the lower 8-bits of the result of an operation contains an even
number of 1’s. AF is set if there is a carry out of bit 3 resulting from an
addition operation or borrow required from bit 4 into bit 3 during subtraction
operation.

•

ZF is set if the result of an arithmetic or logical operation is zero.

•

SF is set if the MSB of the result of an operation is 1. SF is used with
unsigned numbers.

•

OF is used only for signed arithmetic operation and is set if the result is too
large to be fitted in the number of bits available to accommodate it.

The three control flags of 8086 are TF, IF and DF. These three flags are
programmable, i.e., can be set/reset by the programmer so as to control
the operation of the processor.
•

When TF (trap flag) is set (=1), the processor operates in single
stepping mode—i.e., pausing after each instruction is executed. This mode
is very useful during program development or program debugging.

•

When an interrupt is recognized, TF flag is cleared. When the CPU returns to
the main program from ISS (interrupt service subroutine), by execution of
IRET in the last line of ISS, TF flag is restored to its value that it had before
interruption.

•

TF cannot be directly set or reset. So indirectly it is done by pushing the flag
register on the stack, changing TF as desired and then popping the flag
register from the stack.

•

When IF (interrupt flag) is set, the maskable interrupt INTR is enabled
otherwise disabled (i.e., when IF = 0).
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•

IF can be set by executing STI instruction and cleared by CLI
instruction. Like TF flag, when an interrupt is recognized, IF flag is cleared,
so that INTR is disabled. In the last line of ISS when IRET is encountered, IF
is restored to its original value. When 8086 is reset, IF is cleared, i.e., reset.

•

DF (direction flag) is used in string (also known as block move) operations. It
can be set by STD instruction and cleared by CLD. If DF is set to 1 and
MOVS instruction is executed, the contents of the index registers DI and SI
are automatically decremented to access the string from the highest memory
location down to the lowest memory location.

2.7 MEMORY SEGMENTATION:
The memory in an 8086/8088 based system is organised as segmented
memory. In this scheme, the complete physically available memory may be
divided into a number of logical segments. Each segment is 64K bytes in size and
is addressed by one of the segment registers. The 16-bit contents of the segment
register actually point to the starting location of a particular segment. To address
a specific memory location within a segment, we need an offset address. The
offset address is also 16-bit long so that the maximum offset value can be FFFFH,
and the maximum size of any segment is thus 64K locations.
The CPU 8086 is able to address 1Mbytes of physical memory. The complete
1Mbytes memory can be divided into 16 segments, each of 64Kbytes size. The
addresses of the segments may be assigned as 0000H to F000H respectively. The
offset address values are from 0000H to ‘FFFH so that the physical addresses range
from 00000H to FFFFFH. In the above said case, the segments are called nonoverlapping segments. The non-overlapping segments are shown in Fig. 1.6(a). In
some cases, however, the segments may be overlapping. Suppose a segment starts at
a particular address and its maximum size can be 64Kbytes. But, if another segment
starts before this 64Kbytes location of the first segment, the two segments are said to
be overlapping segments. The area of memory from the start of the second segment
to the possible end of the first segment is called as overlapped segment area. Figure
1.6(b) explains the phenomenon more clearly. The locations lying in the overlapped
area may be addressed by the same physical address generated from two different
Sets of segment and offset addresses.
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The main advantages of the segmented memory scheme are as follows:
1. Allows the memory capacity to be 1Mbytes although the actual addresses to be
handled are of 16-bit size.
2. Allows the placing of code, data and stack portions of the same program in
different parts (segments) of memory, for data and code protection.
3. Permits a program and/or its data to be put into different areas of memory each
time program is executed, i.e. provision for relocation may be done.
In the Overlapped Area Locations Physical Address = CS1 + IP1 = CS2 + IP2
indicates the procedure of physical address formation.

2.8 GENERAL BUS OPERATION:
The 8086 has a combined address and data bus commonly referred to as a
time multiplexed address and data bus. The main reason behind multiplexing
address and data over the same pins is the maximum utilization of processor pins
and it facilitates the use of 40 pin standard DIP package. The bus can be
Demultiplexer using a few latches and transreceivers, whenever required.
Basically, all the processor bus cycles consist of at least four clock cycles.
These are referred to as T1, T2, T3 and T4. The address is transmitted by the

45

processor during T1. It is present on the bus only for one cycle. During T2, i.e.
the next cycle, the bus is tristated for changing the direction of bus for the
following data read cycle. The data transfer takes place during T3 and T4. In case,
an addressed device is slow and shows ‘NOT READY’ status the wait states Tw are
inserted between T3 and T4. These clock states during wait period are called idle
states (Ti), wait states (Tw) or inactive states. The processor uses these cycles for
internal housekeeping. The address latch enable (ALE) signal is emitted during T 1
by the processor (minimum mode) or the bus controller (maximum mode)
depending upon the status of the MN/ MX input. The negative edge of this ALE
pulse is used to separate the address and the data or status information. In
maximum mode, the status lines S0 ,S1 and S2 are used to indicate the type of
operation. Status bits S3 to S7 are multiplexed with higher order address bits and
the BHE signal. Address is valid during T1 while the status bits S3 to S7 are valid
during T2 through T4. The Fig.1.7 shows a general bus operation cycle of 8086.
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Minimum Mode 8086 System And Timings:
In a minimum mode 8086 system, the microprocessor 8086 is operated in
minimum mode by strapping its MN/ MX pin to logic 1. In this mode, all the
control signals are given out by the microprocessor chip itself. There is a single
microprocessor in the minimum mode system. The remaining components in the
system are latches, transreceivers, clock generator, memory and I/O devices.
Some type of chip selection logic may be required for selecting memory or I/O
devices, depending upon the address map of the system.

The latches are generally buffered output D-type flip-flops, like, 74LS373 or
8282. They are used for separating the valid address from the multiplexed
address/data signals and are controlled by the ALE signal generated by 8086.
Transreceivers are the bidirectional buffers and some times they are called as data
amplifiers. They are required to separate the valid data from the time multiplexed
address/data signal. They are controlled by two signals, namely, DEN and DT/ R .
The DEN signal indicates that the valid data is available on the data bus, while DT/

R indicates the direction of data, i.e. from or to the processor. The system
contains memory for the monitor and users program storage. Usually, EPROMS
are used for monitor storage, while RAMs for users program storage. A system
may contain I/O devices for communication with the processor as well as some
special purpose I/O devices. The clock generator generates the clock from the
crystal oscillator and then shapes it and divides to make it more precise so that it
can be used as an accurate timing reference for the system. The clock generator
also synchronizes some external signals with the system clock. The general
system organization is shown in Fig. 1.8. Since it has 20 address lines and 16 data
lines, the 8086 CPU requires three octal address latches and two octal data buffers
for the complete address and data separation.
The working of the minimum mode configuration system can be better
described in terms of the timing diagrams rather than qualitatively describing the
operations. The opcode fetch and read cycles are similar. Hence the timing
diagram can be categorized in two parts, the first is the timing diagram for read
cycle and the second is the timing diagram for write cycle.
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The read cycle begins in T1 with the assertion of the address latch enable (ALE)
signal and also M/IO signal. During the negative going edge of this signal, the valid
address is latched on the local bus. The BHE and A0 signals address low, high or both
bytes. From T1 to T4, the M/ IO signal indicate a memory or I/O operation. At T2, the
address is removed from the local bus and is sent to the output. The bus

is then tristated. The read ( RD ) control signal is also activated in T2. The read
( RD ) signal causes the addressed device to enable its data bus drivers. After RD
goes low, the valid data is available on the data bus. The addressed device will
drive the READY line high. When the processor returns the read signal to high
level, the addressed device will again tristate its bus drivers.
A write cycle also begins with the assertion of ALE and the emission of the
address. The M/ IO signal is again asserted to indicate a memory or I/O operation.
In T2, after sending the address in T1, the processor sends the data to be written
to the addressed location. The data remains on the bus until middle of T 4 state.
TheWR becomes active at the beginning of T2 (unlike RD is somewhat delayed in
T2 to provide time for floating).
The BHE and A0 signals are used to select the proper byte or bytes of
memory or I/O word to be read or written.
The M/ IO, RD and WR signals indicate the types of data transfer as
specified in Table1.5.
M/IO

RD

Indications

WR

0

0

1

I/O Read

0

1

0

I/O Write

1

0

1

Memory Read

1

1

0

Memory Write

Figure 1.9(a) shows the read cycle while the Fig. 1.9(b) shows the write cycle.
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Maximum Mode 8086 System And Timings:
In the maximum mode, the 8086 is operated by strapping the MN/ MX pin to

ground. In this mode, the processor derives the status signals S2 , S1 andS0 .
Another chip called bus controller derives the control signals using this status
information. In the maximum mode, there may be more than one microprocessor
in the system configuration. The other components in the system are the same as
in the minimum mode system.
The basic functions of the bus controller chip 1C8288, is to derive control
signals like RD andWR (for memory and I/O devices), DEN , DT/ R , ALE, etc.
using the information made available by the processor on the status lines. The bus
controller chip has input lines and S2 , S1 andS0 CLK. These inputs to 8288 are
driven by the CPU. It derives the outputs ALE, DEN , DT/ R , MRDC, MWTC,

AMWC , IORC, IOWC and AIOWC. The AEN, IOB and CEN pins are specially
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useful for multiprocessor systems. AEN and IOB are generally grounded. CEN pin
is usually tied to +5V. The significance of the MCE/ PDEN output depends upon the
status of the IOB pin. If IOB is grounded, it acts as master cascade enable to
control cascaded
8259A, else it acts as peripheral data enable used in the multiple bus
configurations. INTA pin is used to issue two interrupt acknowledge pulses to the
interrupt controller or to an interrupting device.

IORC, IOWCare I/O read command and I/O write command signals
respectively. These signals enable an IO interface to read or write the data from or

to the addressed port. The MRDC, MWTCare memory read command and memory
write command signals respectively and may be used as memory read and write
signals. All these command signals instruct the memory to accept or send data
from or to the bus. For both of these write command signals, the advanced signals
namely AMWC and AIOWCare available. They also serve the same purpose, but
are activated one clock cycle earlier than the IOWC and MWTC signals,
respectively. The maximum mode system is shown in Fig. 1.10.
The maximum mode system timing diagrams are also divided in two
portions as read (input) and write (output) timing diagrams. The address/data and
address/status timings are similar to the minimum mode. ALE is asserted in T1,
just like minimum mode. The only difference lies in the status signals used and
the available control and advanced command signals.
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2.9 INTERRUPTS OF 8086:
An interrupt is the method of processing the microprocessor by peripheral
device. An interrupt is used to cause a temporary halt in the execution of
program. Microprocessor responds to the interrupt with an interrupt service
routine, which is short program or subroutine that instructs the microprocessor on
how to handle the interrupt.
There are two basic type of interrupt, maskable and non-maskable, nonmaskable interrupt requires an immediate response by microprocessor, it usually
used for serious circumstances like power failure. A maskable interrupt is an
interrupt that the microprocessor can ignore depending upon some predetermined
upon some predetermined condition defined by status register.
Interrupt can be divided in to five groups:
1.hardware interrupt
2.Non-maskable interrupt
3.Software interrupt
4.Internal interrupt
5.Reset
Hardware, software and internal interrupt are service on priority basis. Each
interrupt is given a different priority level by assigning it a type number. Type 0
identifies the highest-priority and type 255 identifies the lowest-priority interrupt.
The 80x86 chips allow up to 256 vectored interrupts. This means that you
can have up to 256 different sources for an interrupt and the 80x86 will directly
call the service routine for that interrupt without any software processing. This is
in contrast to non-vectored interrupts that transfer control directly to a single
interrupt service routine, regardless of the interrupt source.
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UNIT-III
INSTRUCTION SET AND ASSEMBLY LANGUAGE PROGRAMING OF 8086

3.1 8086 INSTRUCTION SET
Data Transfer Instructions
MOV – MOV Destination, Source
The MOV instruction copies a word or byte of data from a specified source to
a specified destination. The destination can be a register or a memory location.
The source can be a register, a memory location or an immediate number. The
source and destination cannot both be memory locations. They must both be of
the same type (bytes or words). MOV instruction does not affect any flag.
MOV CX, 037AH

Put immediate number 037AH to CX

MOV BL, [437AH]

Copy byte in DS at offset 437AH to BL

MOV AX, BX

Copy content of register BX to AX

MOV DL, [BX]

Copy byte from memory at [BX] to DL

MOV DS, BX

Copy word from BX to DS register

MOV RESULT [BP], AX

Copy AX to two memory locations;

AL to the first location, AH to the second;
EA of the first memory location is sum of the
displacement
represented by RESULTS and content of BP.
Physical address = EA + SS.
MOV ES: RESULTS [BP], AX Same as the above instruction, but physical
address = EA + ES,
because of the segment override prefix ES

XCHG – XCHG Destination, Source
The XCHG instruction exchanges the content of a register with the content
of another register or with the content of memory location(s). It cannot directly
exchange the content of two memory locations. The source and destination must
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both be of the same type (bytes or words). The segment registers cannot be used
in this instruction. This instruction does not affect any flag.
Exchange word in AX with word in
XCHG AX, DX

DX

Exchange byte in BL with byte in
XCHG BL, CH

CH

Exchange byte in AL with byte in
XCHG AL, PRICES [BX]

memory at

EA = PRICE [BX] in DS.

LEA – LEA Register, Source
This instruction determines the offset of the variable or memory location
named as the source and puts this offset in the indicated 16-bit register. LEA does
not affect any flag.
Load BX with offset of PRICE in
LEA BX, PRICES

DS

Load BP with offset of
STACK_TOP LEA BP, SS: STACK_TOP in SS
LEA CX, [BX][DI]

Load CX with EA = [BX] + [DI]

LDS – LDS Register, Memory address of the first word
This instruction loads new values into the specified register and into the DS
register from four successive memory locations. The word from two memory
locations is copied into the specified register and the word from the next two
memory locations is copied into the DS registers. LDS does not affect any flag.
Copy content of memory at displacement 4326H
LDS BX, [4326]

in DS to BL,

content of 4327H to BH. Copy content at
displacement of
4328H and 4329H in DS to DS register.
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Copy content of memory at displacement SPTR
LDS SI, SPTR

and SPTR + 1

in DS to SI register. Copy content of memory at
displacements SPTR + 2 and SPTR + 3 in DS to DS
register. DS: SI now points at start of the desired
string.

LES – LES Register, Memory address of the first word
This instruction loads new values into the specified register and into the ES
register from four successive memory locations. The word from the first two
memory locations is copied into the specified register, and the word from the next
two memory locations is copied into the ES register. LES does not affect any flag.
LES BX, [789AH]

Copy content of memory at displacement 789AH in

DS to BL,
content of 789BH to BH, content of memory at
displacement
789CH and 789DH in DS is copied to ES register.
LES DI, [BX]

Copy content of memory at offset [BX] and offset

[BX] + 1 in
DS to DI register. Copy content of memory
at offset [BX] + 2
and [BX] + 3 to ES register.

Arithmetic Instructions
ADD – ADD Destination, Source
ADC – ADC Destination, Source
These instructions add a number from some source to a number in some
destination and put the result in the specified destination. The ADC also adds the
status of the carry flag to the result. The source may be an immediate number, a
register, or a memory location. The destination may be a register or a memory
location. The source and the destination in an instruction cannot both be memory
locations. The source and the destination must be of the same type (bytes or
words). If you want to add a byte to a word, you must copy the byte to a word
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location and fill the upper byte of the word with 0’s before adding. Flags affected:
AF, CF, OF, SF, ZF.
ADD AL, 74H

Add immediate number 74H to content of AL.

Result in AL
ADC CL, BL

Add content of BL plus carry status to content of CL

ADD DX, BX

Add content of BX to content of DX

ADD DX, [SI]

Add word from memory at offset [SI] in DS to

content of DX
ADC AL, PRICES [BX]

Add byte from effective address PRICES [BX]

plus carry status to content of AL
ADD AL, PRICES [BX]

Add content of memory at effective address PRICES

[BX]
to AL

SUB – SUB Destination, Source
SBB – SBB Destination, Source
These instructions subtract the number in some source from the number in
some destination and put the result in the destination. The SBB instruction also
subtracts the content of carry flag from the destination. The source may be an
immediate number, a register or memory location. The destination can also be a
register or a memory location. However, the source and the destination cannot
both be memory location. The source and the destination must both be of the
same type (bytes or words). If you want to subtract a byte from a word, you must
first move the byte to a word location such as a 16-bit register and fill the upper
byte of the word with 0’s. Flags affected: AF, CF, OF, PF, SF, ZF.

SUB CX, BX

CX – BX; Result in CX

Subtract content of AL and content of CF from
SBB CH, AL

content of CH.

Result in CH
SUB AX, 3427H

Subtract immediate number 3427H from AX

Subtract word at displacement 3427H in DS and
SBB BX, [3427H]

content of CF

from BX
SUB PRICES [BX], 04H

Subtract 04 from byte at effective address PRICES

[BX],
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if PRICES is declared with DB; Subtract 04
from word at
effective address PRICES [BX], if it is declared with

DW.
SBB CX, TABLE [BX]

Subtract word from effective address TABLE [BX]

and status of CF from CX.
SBB TABLE [BX], CX

Subtract CX and status of CF from word in memory

at
effective address TABLE[BX].

MUL – MUL Source
This instruction multiplies an unsigned byte in some source with an unsigned
byte in AL register or an unsigned word in some source with an unsigned word in AX
register. The source can be a register or a memory location. When a byte is multiplied
by the content of AL, the result (product) is put in AX. When a word is multiplied by
the content of AX, the result is put in DX and AX registers. If the most significant byte
of a 16-bit result or the most significant word of a 32-bit result is 0, CF and OF will
both be 0’s. AF, PF, SF and ZF are undefined after a MUL instruction.
If you want to multiply a byte with a word, you must first move the byte to a
word location such as an extended register and fill the upper byte of the word with all
0’s. You cannot use the CBW instruction for this, because the CBW instruction fills the
upper byte with copies of the most significant bit of the lower byte.

MUL BH

Multiply AL with BH; result in AX

MUL CX

Multiply AX with CX; result high word in DX, low

word in AX
MUL BYTE PTR [BX]

Multiply AL with byte in DS pointed to by [BX]

MUL FACTOR [BX]

Multiply AL with byte at effective address FACTOR

[BX], if it
is declared as type byte with DB. Multiply AX
with word at
effective address FACTOR [BX], if it is declared as
type word
with DW.
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MOV AX, MCAND_16

Load 16-bit multiplicand into

MOV CL, MPLIER_8

AX Load 8-bit multiplier into CL

MOV CH, 00H

Set upper byte of CX to all 0’s

MUL CX

AX times CX; 32-bit result in DX and AX

IMUL – IMUL Source
This instruction multiplies a signed byte from source with a signed byte in
AL or a signed word from some source with a signed word in AX. The source can
be a register or a memory location. When a byte from source is multiplied with
content of AL, the signed result (product) will be put in AX. When a word from
source is multiplied by AX, the result is put in DX and AX. If the magnitude of the
product does not require all the bits of the destination, the unused byte / word will
be filled with copies of the sign bit. If the upper byte of a 16-bit result or the
upper word of a 32-bit result contains only copies of the sign bit (all 0’s or all 1’s),
then CF and the OF will both be 0; If it contains a part of the product, CF and OF
will both be 1. AF, PF, SF and ZF are undefined after IMUL.
If you want to multiply a signed byte with a signed word, you must first move the
byte into a word location and fill the upper byte of the word with copies of the sign
bit. If you move the byte into AL, you can use the CBW instruction to do this.
IMUL BH

Multiply signed byte in AL with signed byte in BH;

result in AX.
IMUL AX

Multiply AX times AX; result in DX and AX

MOV CX, MULTIPLIER

Load signed word in CX

MOV AL, MULTIPLICAND

Load signed byte in AL

CBW

Extend sign of AL into AH

IMUL CX

Multiply CX with AX; Result in DX and AX

DIV – DIV Source
This instruction is used to divide an unsigned word by a byte or to divide an
unsigned double word (32 bits) by a word. When a word is divided by a byte, the word
must be in the AX register. The divisor can be in a register or a memory location. After
the division, AL will contain the 8-bit quotient, and AH will contain the 8-bit remainder.
When a double word is divided by a word, the most significant
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word of the double word must be in DX, and the least significant word of the double
word must be in AX. After the division, AX will contain the 16-bit quotient and DX will
contain the 16-bit remainder. If an attempt is made to divide by 0 or if the quotient is
too large to fit in the destination (greater than FFH / FFFFH), the 8086 will generate a
type 0 interrupt. All flags are undefined after a DIV instruction.

If you want to divide a byte by a byte, you must first put the dividend byte
in AL and fill AH with all 0’s. Likewise, if you want to divide a word by another
word, then put the dividend word in AX and fill DX with all 0’s.
DIV BL

Divide word in AX by byte in BL; Quotient in AL,

remainder in AH
DIV CX

Divide down word in DX and AX by word in CX;

Quotient in AX, and remainder in DX.
DIV SCALE [BX]

AX / (byte at effective address SCALE [BX]) if SCALE [BX]

is of type
byte; or (DX and AX) / (word at effective
address SCALE[BX]
if SCALE[BX] is of type word

IDIV – IDIV Source
This instruction is used to divide a signed word by a signed byte, or to
divide a signed double word by a signed word.
When dividing a signed word by a signed byte, the word must be in the AX
register. The divisor can be in an 8-bit register or a memory location. After the
division, AL will contain the signed quotient, and AH will contain the signed
remainder. The sign of the remainder will be the same as the sign of the dividend.
If an attempt is made to divide by 0, the quotient is greater than 127 (7FH) or
less than –127 (81H), the 8086 will automatically generate a type 0 interrupt.
When dividing a signed double word by a signed word, the most significant
word of the dividend (numerator) must be in the DX register, and the least
significant word of the dividend must be in the AX register. The divisor can be in
any other 16-bit register or memory location. After the division, AX will contain a
signed 16-bit quotient, and DX will contain a signed 16-bit remainder. The sign of
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the remainder will be the same as the sign of the dividend. Again, if an attempt is
made to divide by 0, the quotient is greater than +32,767 (7FFFH) or less than –
32,767 (8001H), the 8086 will automatically generate a type 0 interrupt.
All flags are undefined after an IDIV.
If you want to divide a signed byte by a signed byte, you must first put the
dividend byte in AL and sign-extend AL into AH. The CBW instruction can be used
for this purpose. Likewise, if you want to divide a signed word by a signed word,
you must put the dividend word in AX and extend the sign of AX to all the bits of
DX. The CWD instruction can be used for this purpose.

IDIV BL

Signed word in AX/signed byte in BL

Signed double word in DX and AX/signed
IDIV BP

word in BP

IDIV BYTE PTR [BX]

AX / byte at offset [BX] in DS

INC – INC Destination
The INC instruction adds 1 to a specified register or to a memory location.
AF, OF, PF, SF, and ZF are updated, but CF is not affected. This means that if an
8-bit destination containing FFH or a 16-bit destination containing FFFFH is
incremented, the result will be all 0’s with no carry.
INC BL

Add 1 to contains of BL register

INC CX

Add 1 to contains of CX register

INC BYTE PTR [BX]

Increment byte in data segment at offset contained

in BX.
INC WORD PTR [BX]

Increment the word at offset of [BX] and [BX + 1]

in the data segment.
INC TEMP

Increment byte or word named TEMP in the data

segment.
Increment byte if MAX_TEMP declared with DB.
Increment word if MAX_TEMP is declared with DW.
INC PRICES [BX]

Increment element pointed to by [BX] in array

PRICES.
Increment a word if PRICES is declared as an array
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of words;
Increment a byte if PRICES is declared as an
array of bytes.

DEC – DEC Destination
This instruction subtracts 1 from the destination word or byte. The
destination can be a register or a memory location. AF, OF, SF, PF, and ZF are
updated, but CF is not affected. This means that if an 8-bit destination containing
00H or a 16-bit destination containing 0000H is decremented, the result will be
FFH or FFFFH with no carry (borrow).
DEC CL

Subtract 1 from content of CL register Subtract 1

DEC BP

from content of BP register Subtract 1 from byte

DEC BYTE PTR [BX]

at offset [BX] in DS. Subtract 1 from a word at

DEC

offset [BP] in SS. Subtract 1 from byte or word

WORD

PTR

[BP] DEC COUNT

named COUNT in DS. Decrement a byte if COUNT
is declared with a DB; Decrement a word if
COUNT is declared with a DW.

DAA (DECIMAL ADJUST AFTER BCD ADDITION)
This instruction is used to make sure the result of adding two packed BCD
numbers is adjusted to be a legal BCD number. The result of the addition must be
in AL for DAA to work correctly. If the lower nibble in AL after an addition is
greater than 9 or AF was set by the addition, then the DAA instruction will add 6
to the lower nibble in AL. If the result in the upper nibble of AL in now greater
than 9 or if the carry flag was set by the addition or correction, then the DAA
instruction will add 60H to AL.
Let AL = 59 BCD, and BL = 35 BCD
ADD AL, BL

AL = 8EH; lower nibble > 9, add 06H to AL

DAA

AL=94BCD,CF=0

Let AL = 88 BCD, and BL = 49 BCD
ADD AL, BL

AL = D1H; AF = 1, add 06H to AL

DAA

AL = D7H; upper nibble > 9, add 60H to AL
AL=37BCD,CF=1
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The DAA instruction updates AF, CF, SF, PF, and ZF; but OF is undefined.

DAS (DECIMAL ADJUST AFTER BCD SUBTRACTION)
This instruction is used after subtracting one packed BCD number from
another packed BCD number, to make sure the result is correct packed BCD. The
result of the subtraction must be in AL for DAS to work correctly. If the lower
nibble in AL after a subtraction is greater than 9 or the AF was set by the
subtraction, then the DAS instruction will subtract 6 from the lower nibble AL. If
the result in the upper nibble is now greater than 9 or if the carry flag was set, the
DAS instruction will subtract 60 from AL.
Let AL = 86 BCD, and BH = 57 BCD
SUB AL, BH AL = 2FH; lower nibble > 9, subtract 06H from AL AL =
29 BCD, CF = 0
Let AL = 49 BCD, and BH = 72 BCD
SUB AL, BH

AL = D7H; upper nibble > 9, subtract 60H from AL

DAS

AL = 77 BCD, CF = 1 (borrow is needed)

The DAS instruction updates AF, CF, SF, PF, and ZF; but OF is undefined.

CBW (CONVERT SIGNED BYTE TO SIGNED WORD)
This instruction copies the sign bit of the byte in AL to all the bits in AH. AH
is then said to be the sign extension of AL. CBW does not affect any flag.
Let AX = 00000000 10011011 (–155 decimal)
CBW

Convert signed byte in AL to signed
word in AX AX = 11111111
10011011 (–155 decimal)

CWD (CONVERT SIGNED WORD TO SIGNED DOUBLE WORD)
This instruction copies the sign bit of a word in AX to all the bits of the DX
register. In other words, it extends the sign of AX into all of DX. CWD affects no
flags.
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Let DX = 00000000 00000000, and AX = 11110000 11000111 (–3897 decimal)

CWD

Convert signed word in AX to signed double
word in DX:AX DX = 11111111 11111111
AX = 11110000 11000111 (–3897 decimal)

AAA (ASCII ADJUST FOR ADDITION)
Numerical data coming into a computer from a terminal is usually in ASCII
code. In this code, the numbers 0 to 9 are represented by the ASCII codes 30H to
39H. The 8086 allows you to add the ASCII codes for two decimal digits without
masking off the “3” in the upper nibble of each. After the addition, the AAA
instruction is used to make sure the result is the correct unpacked BCD.
Let AL = 0011 0101 (ASCII 5), and BL = 0011 1001 (ASCII 9)
ADD AL, BL

AL = 0110

(6EH, which is incorrect

1110

BCD)

AL = 0000
AAA

0100

(unpacked BCD 4)

CF = 1 indicates answer is 14
decimal.
The AAA instruction works only on the AL register. The AAA instruction updates
AF and CF; but OF, PF, SF and ZF are left undefined.

AAS (ASCII ADJUST FOR SUBTRACTION)
Numerical data coming into a computer from a terminal is usually in an
ASCII code. In this code the numbers 0 to 9 are represented by the ASCII codes
30H to 39H. The 8086 allows you to subtract the
ASCII codes for two decimal digits without masking the “3” in the upper nibble
of each. The AAS instruction is then used to make sure the result is the correct
unpacked BCD.
Let AL = 00111001 (39H or ASCII 9), and BL = 00110101 (35H or ASCII 5)
SUB AL, BL

AL =

(BCD 04), and CF
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AAS

00000100

=0

AL =

(BCD 04), and CF (no borrow

00000100

=0

required)

Let AL = 00110101 (35H or ASCII 5), and BL = 00111001 (39H or ASCII 9)
SUB AL, BL
AAS

AL =

(– 4 in 2’s complement form), and

11111100

CF=1

AL =

(BCD 06), and CF (borrow

00000100

=1

required)

The AAS instruction works only on the AL register. It updates ZF and CF; but
OF, PF, SF, AF are left undefined.

AAM (BCD ADJUST AFTER MULTIPLY)
Before you can multiply two ASCII digits, you must first mask the upper 4
bit of each. This leaves unpacked BCD (one BCD digit per byte) in each byte. After
the two unpacked BCD digits are multiplied, the AAM instruction is used to adjust
the product to two unpacked BCD digits in AX. AAM works only after the
multiplication of two unpacked BCD bytes, and it works only the operand in AL.
AAM updates PF, SF and ZF but AF; CF and OF are left undefined.
Let AL = 00000101 (unpacked BCD 5), and BH = 00001001 (unpacked BCD 9)
MUL BH

AL x BH: AX = 00000000 00101101= 002DH
= 0405H (unpacked BCD

AAM

AX = 00000100 00000101for 45)

AAD (BCD-TO-BINARY CONVERT BEFORE DIVISION)
AAD converts two unpacked BCD digits in AH and AL to the equivalent
binary number in AL. This adjustment must be made before dividing the two
unpacked BCD digits in AX by an unpacked BCD byte. After the BCD division, AL
will contain the unpacked BCD quotient and AH will contain the unpacked BCD
remainder. AAD updates PF, SF and ZF; AF, CF and OF are left undefined.
Let AX = 0607 (unpacked BCD for 67 decimal), and CH = 09H
AAD

AX = 0043 (43H = 67 decimal)

DIV CH

AL = 07; AH = 04; Flags undefined after DIV
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If an attempt is made to divide by 0, the 8086 will generate a type 0 interrupt.

Logical Instructions
AND – AND Destination, Source
This instruction ANDs each bit in a source byte or word with the same
numbered bit in a destination byte or word. The result is put in the specified
destination. The content of the specified source is not changed.
The source can be an immediate number, the content of a register, or the
content of a memory location. The destination can be a register or a memory
location. The source and the destination cannot both be memory locations. CF and
OF are both 0 after AND. PF, SF, and ZF are updated by the AND instruction. AF is
undefined. PF has meaning only for an 8-bit operand.
AND word in DS at offset [SI] with word in
AND CX, [SI]

CX register;
Result in CX register

AND BH, CL

AND byte in CL with byte in BH; Result in BH

00FFH Masks upper byte, leaves lower byte
AND BX, 00FFH

unchanged.

OR – OR Destination, Source
This instruction ORs each bit in a source byte or word with the same
numbered bit in a destination byte or word. The result is put in the specified
destination. The content of the specified source is not changed.
The source can be an immediate number, the content of a register, or the
content of a memory location. The destination can be a register or a memory
location. The source and destination cannot both be memory locations. CF and OF
are both 0 after OR. PF, SF, and ZF are updated by the OR instruction. AF is
undefined. PF has meaning only for an 8-bit operand.
OR AH, CL CL ORed
with AH, result in AH,
CL not OR BP, SI

SI ORed with BP, result in BP, SI not changed
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OR SI, BP

BP ORed with SI, result in SI, BP not changed
BL ORed with immediate number 80H; sets MSB

OR BL, 80H

of BL to 1
CX ORed with word from effective address

OR CX, TABLE [SI]

TABLE [SI];
Content of memory is not changed.

XOR – XOR Destination, Source
This instruction Exclusive-ORs each bit in a source byte or word with the
same numbered bit in a destination byte or word. The result is put in the specified
destination. The content of the specified source is not changed.
The source can be an immediate number, the content of a register, or the
content of a memory location. The destination can be a register or a memory
location. The source and destination cannot both be memory locations. CF and OF
are both 0 after XOR. PF, SF, and ZF are updated. PF has meaning only for an 8bit operand. AF is undefined.
XOR CL, BH

Byte in BH exclusive-ORed with byte in CL.
Result in CL. BH not changed.

XOR BP, DI

Word in DI exclusive-ORed with word in BP.

Result in BP. DI not changed.
XOR WORD PTR [BX], 00FFH

Exclusive-OR immediate number 00FFH with

word at
offset [BX] in the data segment.

Result in memory location [BX]

NOT – NOT Destination
The NOT instruction inverts each bit (forms the 1’s complement) of a byte
or word in the specified destination. The destination can be a register or a memory
location. This instruction does not affect any flag.
NOT BX

Complement content or BX register

NOT BYTE PTR [BX]

Complement memory byte at offset [BX] in
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data segment.

NEG – NEG Destination
This instruction replaces the number in a destination with its 2’s
complement. The destination can be a register or a memory location. It gives the
same result as the invert each bit and add one algorithm. The NEG instruction
updates AF, AF, PF, ZF, and OF.
Replace number in AL with its 2’s
NEG AL

complement

Replace number in BX with its 2’s
NEG BX

complement

Replace byte at offset BX in DX with its 2’s
NEG BYTE PTR [BX]

complement

Replace word at offset BP in SS with its 2’s
NEG WORD PTR [BP]

complement

CMP – CMP Destination, Source
This instruction compares a byte / word in the specified source with a byte /
word in the specified destination. The source can be an immediate number, a
register, or a memory location. The destination can be a register or a memory
location. However, the source and the destination cannot both be memory
locations. The comparison is actually done by subtracting the source byte or word
from the destination byte or word. The source and the destination are not
changed, but the flags are set to indicate the results of the comparison. AF, OF,
SF, ZF, PF, and CF are updated by the CMP instruction. For the instruction CMP
CX, BX, the values of CF, ZF, and SF will be as follows:
CF

ZF

SF

CX=BX

0

1

0

Result of subtraction is 0

CX>BX

0

0

0

No borrow required, so CF = 0

CX<BX

1

0

1

Subtraction requires borrow, so CF = 1

CMP AL, 01H

Compare immediate number 01H with byte in AL

CMP BH, CL

Compare byte in CL with byte in BH
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Compare word in DS at displacement TEMP with
CMP CX, TEMP

word at CX

CMP PRICES [BX],

Compare immediate number 49H with byte at

49H

offset [BX]
in array PRICES

TEST – TEST Destination, Source
This instruction ANDs the byte / word in the specified source with the byte /
word in the specified destination. Flags are updated, but neither operand is
changed. The test instruction is often used to set flags before a Conditional jump
instruction.
The source can be an immediate number, the content of a register, or the
content of a memory location. The destination can be a register or a memory
location. The source and the destination cannot both be memory locations. CF and
OF are both 0’s after TEST. PF, SF and ZF will be updated to show the results of
the destination. AF is be undefined.
AND BH with AL. No result stored; Update
TEST AL, BH

PF, SF, ZF.

TEST CX, 0001H

AND CX with immediate number 0001H;

No result stored; Update PF, SF, ZF
AND word are offset [BX][DI] in DS with
TEST BP, [BX][DI]

word in BP.

No result stored. Update PF, SF, and ZF

Rotate And Shift Instructions
RCL – RCL Destination, Count
This instruction rotates all the bits in a specified word or byte some number
of bit positions to the left. The operation circular because the MSB of the operand
is rotated into the carry flag and the bit in the carry flag is rotated around into
LSB of the operand.
CF

MSB

LSB
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For multi-bit rotates, CF will contain the bit most recently rotated out of the MSB. The
destination can be a register or a memory location. If you want to rotate
the operand by one bit position, you can specify this by putting a 1 in the count
position of the instruction. To rotate by more than one bit position, load the desired
number into the CL register and put “CL” in the count position of the instruction.

RCL affects only CF and OF. OF will be a 1 after a single bit RCL if the MSB
was changed by the rotate. OF is undefined after the multi-bit rotate.
RCL DX, 1

Word in DX 1 bit left, MSB to CF, CF to LSB
Load the number of bit positions to rotate into

MOV CL, 4

CL
Rotate byte or word at effective address SUM

RCL SUM [BX], CL

[BX] 4 bits left
Original bit 4 now in CF, original CF now in bit 3.

RCR – RCR Destination, Count
This instruction rotates all the bits in a specified word or byte some number
of bit positions to the right. The operation circular because the LSB of the operand
is rotated into the carry flag and the bit in the carry flag is rotate around into MSB
of the operand.
CF

MSB

LSB

For multi-bit rotate, CF will contain the bit most recently rotated out of the LSB.
The destination can be a register or a memory location. If you want to rotate
the operand by one bit position, you can specify this by putting a 1 in the count
position of the instruction. To rotate more than one bit position, load the desired
number into the CL register and put “CL” in the count position of the instruction.

RCR affects only CF and OF. OF will be a 1 after a single bit RCR if the MSB
was changed by the rotate. OF is undefined after the multi-bit rotate.
RCR BX, 1

Word in BX right 1 bit, CF to MSB, LSB to
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CF
MOV CL, 4

Load CL for rotating 4 bit position

Rotate the byte at offset [BX] in DS 4 bit
RCR BYTE PTR [BX], 4

positions right

CF = original bit 3, Bit 4 – original CF.

ROL – ROL Destination, Count
This instruction rotates all the bits in a specified word or byte to the left
some number of bit positions. The data bit rotated out of MSB is circled back into
the LSB. It is also copied into CF. In the case of multiple-bit rotate, CF will contain
a copy of the bit most recently moved out of the MSB.
CF

MSB

LSB

The destination can be a register or a memory location. If you to want rotate
the operand by one bit position, you can specify this by putting 1 in the count position
in the instruction. To rotate more than one bit position, load the desired number into
the CL register and put “CL” in the count position of the instruction.

ROL affects only CF and OF. OF will be a 1 after a single bit ROL if the
MSB was changed by the rotate.
Rotate the word in AX 1 bit position left, MSB to
ROL AX, 1

LSB and CF

MOV CL, 04H

Load number of bits to rotate in CL

ROL BL, CL

Rotate BL 4 bit positions

Rotate the word or byte in DS at EA = FACTOR
ROL FACTOR [BX], 1

[BX]

by 1 bit position left into CF

ROR – ROR Destination, Count
This instruction rotates all the bits in a specified word or byte some number
of bit positions to right. The operation is desired as a rotate rather than shift,
because the bit moved out of the LSB is rotated around into the MSB. The data bit
moved out of the LSB is also copied into CF. In the case of multiple bit rotates, CF
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will contain a copy of the bit most recently moved out of the LSB.
CF

MSB

LSB

Rotate all bits in BL right 1 bit position LSB to MSB
ROR BL, 1

and to CF

MOV CL, 08H

Load CL with number of bit positions to be rotated

Rotate word in DS at offset [BX] 8 bit
position ROR WORD PTR [BX], CL right
The destination can be a register or a memory location. If you want to rotate
the operand by one bit position, you can specify this by putting 1 in the count position
in the instruction. To rotate by more than one bit position, load the desired number
into the CL register and put “CL” in the count position of the instruction.

ROR affects only CF and OF. OF will be a 1 after a single bit ROR if the
MSB was changed by the rotate.

SAL – SAL Destination, Count
SHL – SHL Destination, Count
SAL and SHL are two mnemonics for the same instruction. This instruction
shifts each bit in the specified destination some number of bit positions to the left.
As a bit is shifted out of the LSB operation, a 0 is put in the LSB position. The MSB
will be shifted into CF. In the case of multi-bit shift, CF will contain the bit most
recently shifted out from the MSB. Bits shifted into CF previously will be lost.
CF

MSB

LSB

0

The destination operand can be a byte or a word. It can be in a register or
in a memory location. If you want to shift the operand by one bit position, you can
specify this by putting a 1 in the count position of the instruction. For shifts of
more than 1 bit position, load the desired number of shifts into the CL register,
and put “CL” in the count position of the instruction.
The flags are affected as follow: CF contains the bit most recently shifted out
from MSB. For a count of one, OF will be 1 if CF and the current MSB are not the
same. For multiple-bit shifts, OF is undefined. SF and ZF will be updated to reflect
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the condition of the destination. PF will have meaning only for an operand in AL.
AF is undefined.

SAL BX, 1

Shift word in BX 1 bit position left, 0 in LSB

MOV CL, 02h

Load desired number of shifts in CL

SAL BP, CL

Shift word in BP left CL bit positions, 0 in LSBs

Shift byte in DX at offset [BX] 1 bit position
SAL BYTE PTR [BX], 1

left, 0 in LSB

SAR – SAR Destination, Count
This instruction shifts each bit in the specified destination some number of
bit positions to the right. As a bit is shifted out of the MSB position, a copy of the
old MSB is put in the MSB position. In other words, the sign bit is copied into the
MSB. The LSB will be shifted into CF. In the case of multiple-bit shift, CF will
contain the bit most recently shifted out from the LSB. Bits shifted into CF
previously will be lost.
MSB

MSB

LSB

CF

The destination operand can be a byte or a word. It can be in a register or in a
memory location. If you want to shift the operand by one bit position, you can
specify this by putting a 1 in the count position of the instruction. For shifts of
more than 1 bit position, load the desired number of shifts into the CL register,
and put “CL” in the count position of the instruction.
The flags are affected as follow: CF contains the bit most recently shifted in
from LSB. For a count of one, OF will be 1 if the two MSBs are not the same. After
a multi-bit SAR, OF will be 0. SF and ZF will be updated to show the condition of
the destination. PF will have meaning only for an 8- bit destination. AF will be
undefined after SAR.
Shift word in DI one bit position right, new MSB
SAR DX, 1

= old MSB

MOV CL, 02H

Load desired number of shifts in CL

SAR WORD PTR [BP], CL

Shift word at offset [BP] in stack segment right by

two bit
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positions, the two MSBs are now copies of
original LSB

SHR – SHR Destination, Count
This instruction shifts each bit in the specified destination some number of
bit positions to the right. As a bit is shifted out of the MSB position, a 0 is put in
its place. The bit shifted out of the LSB position goes to CF. In the case of multibit shifts, CF will contain the bit most recently shifted out from the LSB. Bits
shifted into CF previously will be lost.
0

MSB

LSB

CF

The destination operand can be a byte or a word in a register or in a
memory location. If you want to shift the operand by one bit position, you can
specify this by putting a 1 in the count position of the instruction.
For shifts of more than 1 bit position, load the desired number of shifts into
the CL register, and put “CL” in the count position of the instruction.
The flags are affected by SHR as follow: CF contains the bit most recently
shifted out from LSB. For a count of one, OF will be 1 if the two MSBs are not both
0’s. For multiple-bit shifts, OF will be meaningless. SF and ZF will be updated to
show the condition of the destination. PF will have meaning only for an 8-bit
destination. AF is undefined.
Shift word in BP one bit position right, 0 in
SHR BP, 1

MSB

MOV CL, 03H

Load desired number of shifts into CL

Shift byte in DS at offset [BX] 3 bits right; 0’s
SHR BYTE PTR [BX]

in 3 MSBs

Transfer-Of-Control Instructions
Note: The following rules apply to the discussions presented in this section.
The terms above and below are used when referring to the magnitude of
unsigned numbers. For example, the number 00000111 (7) is above the
number 00000010 (2), whereas the number 00000100 (4) is below the
number 00001110 (14).

73

The terms greater and less are used to refer to the relationship of two signed
numbers. Greater means more positive. The number 00000111 (+7) is greater
than the number 11111110 (-2), whereas the number 11111100 (-4) is less
than the number 11110100 (-6).
In the case of Conditional jump instructions, the destination address must be
in the range of –128 bytes to +127 bytes from the address of the next
instruction These instructions do not affect any flags.

JMP (Unconditional Jump To Specified Destination)
This instruction will fetch the next instruction from the location specified in
the instruction rather than from the next location after the JMP instruction. If the
destination is in the same code segment as the JMP instruction, then only the
instruction pointer will be changed to get the destination location. This is referred
to as a near jump. If the destination for the jump instruction is in a segment with
a name different from that of the segment containing the JMP instruction, then
both the instruction pointer and the code segment register content will be changed
to get the destination location. This referred to as a far jump. The JMP instruction
does not affect any flag.
JMP CONTINUE
This instruction fetches the next instruction from address at label CONTINUE. If
the label is in the same segment, an offset coded as part of the instruction will be
added to the instruction pointer to produce the new fetch address. If the label is
another segment, then IP and CS will be replaced with value coded in part of the
instruction. This type of jump is referred to as direct because the displacement of
the destination or the destination itself is specified directly in the instruction.
JMP BX
This instruction replaces the content of IP with the content of BX. BX must first be
loaded with the offset of the destination instruction in CS. This is a near jump. It is
also referred to as an indirect jump because the new value of IP comes from a
register rather than from the instruction itself, as in a direct jump.
JMP WORD PTR [BX]
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This instruction replaces IP with word from a memory location pointed to by BX in
DX. This is an indirect near jump.
JMP DWORD PTR [SI]
This instruction replaces IP with word pointed to by SI in DS. It replaces CS with a
word pointed by SI + 2 in DS. This is an indirect far jump.

JA / JNBE (Jump If Above / Jump If Not Below Or Equal)
If, after a compare or some other instructions which affect flags, the zero
flag and the carry flag both are 0, this instruction will cause execution to jump to
a label given in the instruction. If CF and ZF are not both 0, the instruction will
have no effect on program execution.
CMP AX, 4371H

Compare by subtracting 4371H from AX

JA NEXT

Jump to label NEXT if AX above 4371H

CMP AX, 4371H

Compare (AX – 4371H)

Jump to label NEXT if AX not below or equal
JNBE NEXT

to 4371H

JAE / JNB / JNC
(Jump If Above Or Equal / Jump If Not Below / Jump If No Carry)
If, after a compare or some other instructions which affect flags, the carry
flag is 0, this instruction will cause execution to jump to a label given in the
instruction. If CF is 1, the instruction will have no effect on program execution.
CMP AX, 4371H
JAE NEXT
CMP AX, 4371H
JNB NEXT
ADD AL, BL
JNC NEXT

Compare (AX – 4371H)
Jump to label NEXT if AX above 4371H
Compare (AX – 4371H)
Jump to label NEXT if AX not below 4371H
Add two bytes
If the result with in acceptable range, continue

JB / JC / JNAE (Jump If Below / Jump If Carry / Jump If Not
Above Or Equal)
If, after a compare or some other instructions which affect flags, the carry
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flag is a 1, this instruction will cause execution to jump to a label given in the
instruction. If CF is 0, the instruction will have no effect on program execution.
CMP AX, 4371H
JB NEXT
ADD BX, CX
JC NEXT
CMP AX, 4371H
JNAE NEXT

Compare (AX – 4371H)
Jump to label NEXT if AX below 4371H
Add two words
Jump to label NEXT if CF = 1
Compare (AX – 4371H)
Jump to label NEXT if AX not above or equal to

4371H

JBE / JNA (Jump If Below Or Equal / Jump If Not Above)
If, after a compare or some other instructions which affect flags, either the
zero flag or the carry flag is 1, this instruction will cause execution to jump to a
label given in the instruction. If CF and ZF are both 0, the instruction will have no
effect on program execution.
CMP AX, 4371H

Compare (AX – 4371H)

Jump to label NEXT if AX is below or equal
JBE NEXT

to 4371H

CMP AX, 4371H

Compare (AX – 4371H)

JNA NEXT

Jump to label NEXT if AX not above 4371H

JG / JNLE (Jump If Greater / Jump If Not Less Than Or Equal)
This instruction is usually used after a Compare instruction. The
instruction will cause a jump to the label given in the instruction, if the zero flag
is 0 and the carry flag is the same as the overflow flag.
CMP BL, 39H

Compare by subtracting 39H from BL

Jump to label NEXT if BL more positive than
JG NEXT

39H

CMP BL, 39H

Compare by subtracting 39H from BL

Jump to label NEXT if BL is not less than or
JNLE NEXT

equal to 39H

JGE / JNL (Jump If Greater Than Or Equal / Jump If Not Less Than)
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This instruction is usually used after a Compare instruction. The instruction
will cause a jump to the label given in the instruction, if the sign flag is equal to
the overflow flag.
CMP BL, 39H

Compare by subtracting 39H from BL

Jump to label NEXT if BL more positive than or
JGE NEXT

equal to 39H

CMP BL, 39H

Compare by subtracting 39H from BL

JNL NEXT

Jump to label NEXT if BL not less than 39H

JL / JNGE (Jump If Less Than / Jump If Not Greater Than Or Equal)
This instruction is usually used after a Compare instruction. The instruction
will cause a jump to the label given in the instruction if the sign flag is not equal
to the overflow flag.
CMP BL, 39H

Compare by subtracting 39H from BL

Jump to label AGAIN if BL more negative than
JL AGAIN

39H

CMP BL, 39H

Compare by subtracting 39H from BL

Jump to label AGAIN if BL not more positive than
JNGE AGAIN

or equal to

39H

JLE / JNG (Jump If Less Than Or Equal / Jump If Not Greater)
This instruction is usually used after a Compare instruction. The instruction
will cause a jump to the label given in the instruction if the zero flag is set, or if
the sign flag not equal to the overflow flag.
CMP BL, 39H

Compare by subtracting 39H from BL

Jump to label NEXT if BL more negative than or
JLE NEXT

equal to 39H

CMP BL, 39H

Compare by subtracting 39H from BL

Jump to label NEXT if BL not more positive than
JNG NEXT

39H

JE / JZ (Jump If Equal / Jump If Zero)
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This instruction is usually used after a Compare instruction. If the zero flag
is set, then this instruction will cause a jump to the label given in the instruction.
CMP BX, DX

Compare (BX-DX)

JE DONE

Jump to DONE if BX = DX

IN AL, 30H

Read data from port 8FH

SUB AL, 30H

Subtract the minimum value.

Jump to label START if the result of
JZ START

subtraction is 0

JNE / JNZ (Jump Not Equal / Jump If Not Zero)
This instruction is usually used after a Compare instruction. If the zero flag
is 0, then this instruction will cause a jump to the label given in the instruction.
IN AL, 0F8H

Read data value from port

CMP AL, 72

Compare (AL –72)

JNE NEXT

Jump to label NEXT if AL

ADD AX, 0002H

72

Add count factor 0002H to AX

DEC BX

Decrement BX

JNZ NEXT

Jump to label NEXT if BX

0

JS (Jump If Signed / Jump If Negative)
This instruction will cause a jump to the specified destination address if the
sign flag is set. Since a 1 in the sign flag indicates a negative signed number, you
can think of this instruction as saying “jump if negative”.

ADD BL, DH

Add signed byte in DH to signed byte in DL

Jump to label NEXT if result of addition is
JS NEXT

negative number

JNS (Jump If Not Signed / Jump If Positive)
This instruction will cause a jump to the specified destination address if the
sign flag is 0. Since a 0 in the sign flag indicate a positive signed number, you can
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think to this instruction as saying “jump if positive”.
DEC AL
JNS NEXT

Decrement AL
Jump to label NEXT if AL has not decremented to

FFH

JP / JPE (Jump If Parity / Jump If Parity Even)
If the number of 1’s left in the lower 8 bits of a data word after an
instruction which affects the parity flag is even, then the parity flag will be set. If
the parity flag is set, the JP / JPE instruction will cause a jump to the specified
destination address.
IN AL, 0F8H

Read ASCII character from Port F8H

OR AL, AL

Set flags

JPE ERROR

Odd parity expected, send error message if parity

found even

JNP / JPO (Jump If No Parity / Jump If Parity Odd)
If the number of 1’s left in the lower 8 bits of a data word after an
instruction which affects the parity flag is odd, then the parity flag is 0. The JNP /
JPO instruction will cause a jump to the specified destination address, if the parity
flag is 0.
IN AL, 0F8H

Read ASCII character from Port F8H

OR AL, AL

Set flags

JPO ERROR

Even parity expected, send error message if parity

found odd

JO (Jump If Overflow)
The overflow flag will be set if the magnitude of the result produced by
some signed arithmetic operation is too large to fit in the destination register or
memory location. The JO instruction will cause a jump to the destination given in
the instruction, if the overflow flag is set.
ADD AL, BL
JO ERROR

Add signed bytes in AL and BL
Jump to label ERROR if overflow from add
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JNO (Jump If No Overflow)
The overflow flag will be set if some signed arithmetic operation is too large
to fit in the destination register or memory location. The JNO instruction will cause
a jump to the destination given in the instruction, if the overflow flag is not set.
ADD AL, BL

Add signed byte in AL and BL

JNO DONE

Process DONE if no overflow

JCXZ (Jump If The CX Register Is Zero)
This instruction will cause a jump to the label to a given in the instruction,
if the CX register contains all
0’s. The instruction does not look at the zero flag when it decides whether to
jump or not.
JCXZ SKIP SUB [BX], 07H SKIP: ADD C
If CX = 0, skip the process Subtract 7 from data value Next instruction

LOOP (Jump To Specified Label If Cx

0 After Auto Decrement)

This instruction is used to repeat a series of instructions some number of
times. The number of times the instruction sequence is to be repeated is loaded
into

CX.

Each

time

the

LOOP

instruction

executes,

CX

is

automatically

decremented by 1. If CX is not 0, execution will jump to a destination specified by
a label in the instruction. If CX = 0 after the auto decrement, execution will simply
go on to the next instruction after LOOP. The destination address for the jump
must be in the range of –128 bytes to +127 bytes from the address of the
instruction after the LOOP instruction. This instruction does not affect any flag.
MOV BX, OFFSET PRICES

Point BX at first element in array

MOV CX, 40

Load CX with number of elements in array

NEXT: MOV AL, [BX]

Get element from array

INC AL

Increment the content of AL

MOV [BX], AL

Put result back in array

INC BX

Increment BX to point to next location
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LOOP NEXT

Repeat until all elements adjusted

LOOPE / LOOPZ (LOOP WHILE CX

0 AND ZF = 1)

This instruction is used to repeat a group of instructions some number of
times, or until the zero flag becomes 0. The number of times the instruction
sequence is to be repeated is loaded into CX. Each time the LOOP instruction
executes, CX is automatically decremented by 1. If CX 0 and ZF = 1, execution
will jump to a destination specified by a label in the instruction. If CX = 0,
execution simply go on the next instruction after LOOPE / LOOPZ. In other words,
the two ways to exit the loop are CX = 0 or ZF = 0. The destination address for
the jump must be in the range of –128 bytes to +127 bytes from the address of
the instruction after the LOOPE / LOOPZ instruction. This instruction does not
affect any flag.
MOV BX, OFFSET ARRAY

Point BX to address of ARRAY before start of array

DEC BX

Decrement BX

MOV CX, 100

Put number of array elements in CX

NEXT: INC BX

Point to next element in array

CMP [BX], OFFH

Compare array element with FFH

LOOPE NEXT

LOOPNE / LOOPNZ (LOOP WHILE CX

0 AND ZF = 0)

This instruction is used to repeat a group of instructions some number of
times, or until the zero flag becomes a 1. The number of times the instruction
sequence is to be repeated is loaded into the count register CX. Each time the
LOOPNE / LOOPNZ instruction executes, CX is automatically decremented by 1. If
CX 0 and ZF = 0, execution will jump to a destination specified by a label in the
instruction. If CX = 0, after the auto decrement or if ZF = 1, execution simply go
on the next instruction after LOOPNE / LOOPNZ. In other words, the two ways to
exit the loop are CX = 0 or ZF = 1. The destination address for the jump must be
in the range of –128 bytes to +127 bytes from the address of the instruction after
the LOOPNE / LOOPZ instruction. This instruction does not affect any flags.
MOV BX, OFFSET ARRAY

Point BX to adjust before start of array
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DEC BX

Decrement BX

MOV CX, 100

Put number of array in CX

NEXT: INC BX

Point to next element in array

CMP [BX], ODH

Compare array element with 0DH

LOOPNZ NEXT

CALL (Call A Procedure)
The CALL instruction is used to transfer execution to a subprogram or a
procedure. There two basic type of calls near and far.
1. A near call is a call to a procedure, which is in the same code segment as the
CALL instruction. When the 8086 executes a near CALL instruction, it
decrements the stack pointer by 2 and copies the offset of the next instruction
after the CALL into the stack. This offset saved in the stack is referred to as
the return address, because this is the address that execution will return to
after the procedure is executed. A near CALL instruction will also load the
instruction pointer with the offset of the first instruction in the procedure. A
RET instruction at the end of the procedure will return execution to the offset
saved on the stack which is copied back to IP.
2. A far call is a call to a procedure, which is in a different segment from the one
that contains the CALL instruction. When the 8086 executes a far call, it
decrements the stack pointer by 2 and copies the content of the CS register to
the stack. It then decrements the stack pointer by 2 again and copies the
offset of the instruction after the CALL instruction to the stack. Finally, it loads
CS with the segment base of the segment that contains the procedure, and
loads IP with the offset of the first instruction of the procedure in that
segment. A RET instruction at the end of the procedure will return execution to
the next instruction after the CALL by restoring the saved values of CS and IP
from the stack.
CALL MULT
This is a direct within segment (near or intra segment) call. MULT is the
name of the procedure. The assembler determines the displacement of MULT from
the instruction after the CALL and codes this displacement in as part of the

82

instruction.
CALL BX
This is an indirect within-segment (near or intra-segment) call. BX contains
the offset of the first instruction of the procedure. It replaces content of IP with
content of register BX.
CALL WORD PTR [BX]
This is an indirect within-segment (near or intra-segment) call. Offset of the
first instruction of the procedure is in two memory addresses in DS. Replaces
content of IP with content of word memory location in DS pointed to by BX.
CALL DIVIDE
This is a direct call to another segment (far or inter-segment call). DIVIDE
is the name of the procedure. The procedure must be declared far with DIVIDE
PROC FAR at its start. The assembler will determine the code segment base for
the segment that contains the procedure and the offset of the start of the
procedure. It will put these values in as part of the instruction code.
CALL DWORD PTR [BX]
This is an indirect call to another segment (far or inter-segment call). New
values for CS and IP are fetched from four-memory location in DS. The new value
for CS is fetched from [BX] and [BX + 1]; the new IP is fetched from [BX + 2] and
[BX +3].

RET (Return Execution From Procedure To Calling Program)
The RET instruction will return execution from a procedure to the next
instruction after the CALL instruction which was used to call the procedure. If the
procedure is near procedure (in the same code segment as the CALL instruction),
then the return will be done by replacing the IP with a word from the top of the
stack. The word from the top of the stack is the offset of the next instruction after
the CALL. This offset was pushed into the stack as part of the operation of the
CALL instruction. The stack pointer will be incremented by 2 after the return
address is popped off the stack.
If the procedure is a far procedure (in a code segment other than the one
from which it is called), then the instruction pointer will be replaced by the word at
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the top of the stack. This word is the offset part of the return address put there by
the CALL instruction. The stack pointer will then be incremented by 2. The CS
register is then replaced with a word from the new top of the stack. This word is
the segment base part of the return address that was pushed onto the stack by a
far call operation. After this, the stack pointer is again incremented by 2.
A RET instruction can be followed by a number, for example, RET 6. In this
case, the stack pointer will be incremented by an additional six addresses after the
IP when the IP and CS are popped off the stack. This form is used to increment
the stack pointer over parameters passed to the procedure on the stack.
The RET instruction does not affect any flag.

STRING MANIPULATION INSTRUCTIONS
MOVS

– MOVS Destination String Name, Source String Name

MOVSB

– MOVSB Destination String Name, Source String Name

MOVSW

– MOVSW Destination String Name, Source String Name

This instruction copies a byte or a word from location in the data segment
to a location in the extra segment. The offset of the source in the data segment
must be in the SI register. The offset of the destination in the extra segment must
be in the DI register. For multiple-byte or multiple-word moves, the number of
elements to be moved is put in the CX register so that it can function as a counter.
After the byte or a word is moved, SI and DI are automatically adjusted to point
to the next source element and the next destination element. If DF is 0, then SI
and DI will incremented by 1 after a byte move and by 2 after a word move. If DF
is 1, then SI and DI will be decremented by 1 after a byte move and by 2 after a
word move. MOVS does not affect any flag.
When using the MOVS instruction, you must in some way tell the assembler
whether you want to move a string as bytes or as word. There are two ways to do
this. The first way is to indicate the name of the source and destination strings in
the instruction, as, for example. MOVS DEST, SRC. The assembler will code the
instruction for a byte / word move if they were declared with a DB / DW. The
second way is to add a “B” or a “W” to the MOVS mnemonic. MOVSB says move a
string as bytes; MOVSW says move a string as words.
MOV SI, OFFSET SOURCE

Load offset of start of source string in DS
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into SI
MOV DI, OFFSET DESTINATION

Load offset of start of destination string in ES

into DI
CLD

Clear DF to auto increment SI and DI after

move
MOV CX, 04H

Load length of string into CX as counter

REP MOVSB

Move string byte until CX = 0

LODS / LODSB / LODSW (Load String Byte Into Al Or String
Word Into Ax)
This instruction copies a byte from a string location pointed to by SI to AL,
or a word from a string location pointed to by SI to AX. If DF is 0, SI will be
automatically incremented (by 1 for a byte string, and 2 for a word string) to point
to the next element of the string. If DF is 1, SI will be automatically decremented
(by 1 for a byte string, and 2 for a word string) to point to the previous element of
the string. LODS does not affect any flag.
CLD

Clear direction flag so that SI is auto-incremented

MOV SI, OFFSET SOURCE

Point SI to start of string

LODS SOURCE

Copy a byte or a word from string to AL or AX

Note: The assembler uses the name of the string to determine whether the string
is of type bye or type word. Instead of using the string name to do this, you can
use the mnemonic LODSB to tell the assembler that the string is type byte or the
mnemonic LODSW to tell the assembler that the string is of type word.

STOS / STOSB / STOSW (Store String Byte Or String Word)
This instruction copies a byte from AL or a word from AX to a memory location
in the extra segment pointed to by DI. In effect, it replaces a string element with
a byte from AL or a word from AX. After the copy, DI is automatically incremented
or decremented to point to next or previous element of the string. If DF is cleared,
then DI will automatically incremented by 1 for a byte string and by 2 for a word
string. If DI is set, DI will be automatically decremented by 1 for a byte string and
by 2 for a word string. STOS does not affect any flag.
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MOV

DI,

OFFSET

TARGET STOS TARGET
Note: The assembler uses the string name to determine whether the string is of type
byte or type word. If it is a byte string, then string byte is replaced with content of AL.
If it is a word string, then string word is replaced with content of AX.

MOV

DI,

OFFSET

TARGET STOSB
“B” added to STOSB mnemonic tells assembler to replace byte in string with byte
from AL. STOSW would tell assembler directly to replace a word in the string with
a word from AX.

CMPS / CMPSB / CMPSW (Compare String Bytes Or String Words)
This instruction can be used to compare a byte / word in one string with a
byte / word in another string. SI is used to hold the offset of the byte or word in
the source string, and DI is used to hold the offset of the byte or word in the
destination string.
The AF, CF, OF, PF, SF, and ZF flags are affected by the comparison, but the
two operands are not affected. After the comparison, SI and DI will automatically
be incremented or decremented to point to the next or previous element in the
two strings. If DF is set, then SI and DI will automatically be decremented by 1 for
a byte string and by 2 for a word string. If DF is reset, then SI and DI will
automatically be incremented by 1 for byte strings and by 2 for word strings. The
string pointed to by SI must be in the data segment. The string pointed to by DI
must be in the extra segment.
The CMPS instruction can be used with a REPE or REPNE prefix to compare all
the elements of a string.
MOV SI, OFFSET FIRST

Point SI to source string

MOV DI, OFFSET

Point DI to destination string

SECOND CLD

DF cleared, SI and DI will auto-increment after

compare
MOV CX, 100

Put number of string elements in CX
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REPE CMPSB

Repeat the comparison of string bytes until end of

string
or until compared bytes are not equal

CX functions as a counter, which the REPE prefix will cause CX to be decremented
after each compare. The B attached to CMPS tells the assembler that the strings are of
type byte. If you want to tell the assembler that strings are of type word, write the
instruction as CMPSW. The REPE CMPSW instruction will cause the pointers in SI and
DI to be incremented by 2 after each compare, if the direction flag is set.

SCAS / SCASB / SCASW (Scan A String Byte Or A String Word)
SCAS compares a byte in AL or a word in AX with a byte or a word in ES
pointed to by DI. Therefore, the string to be scanned must be in the extra
segment, and DI must contain the offset of the byte or the word to be compared.
If DF is cleared, then DI will be incremented by 1 for byte strings and by 2 for
word strings. If DF is set, then DI will be decremented by 1 for byte strings and by
2 for word strings. SCAS affects AF, CF, OF, PF, SF, and ZF, but it does not change
either the operand in AL (AX) or the operand in the string.
The following program segment scans a text string of 80 characters for a
carriage return, 0DH, and puts the offset of string into DI:
MOV DI, OFFSET STRING

MOV AL, 0DH

Byte to be scanned for into AL

MOV CX, 80

CX used as element counter

CLD

Clear DF, so that DI auto increments

REPNE SCAS STRING

Compare byte in string with byte in AL

REP / REPE / REPZ / REPNE / REPNZ (PREFIX)
(Repeat String Instruction Until Specified Conditions Exist)
REP is a prefix, which is written before one of the string instructions. It will
cause the CX register to be decremented and the string instruction to be repeated
until CX = 0. The instruction REP MOVSB, for example, will continue to copy string
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bytes until the number of bytes loaded into CX has been copied.
REPE and REPZ are two mnemonics for the same prefix. They stand for
repeat if equal and repeat if zero, respectively. They are often used with the
Compare String instruction or with the Scan String instruction. They will cause the
string instruction to be repeated as long as the compared bytes or words are equal
(ZF = 1) and CX is not yet counted down to zero. In other words, there are two
conditions that will stop the repetition: CX = 0 or string bytes or words not equal.
REPE CMPSB

Compare string bytes until end of string or

until string bytes not equal.
REPNE and REPNZ are also two mnemonics for the same prefix. They stand
for repeat if not equal and repeat if not zero, respectively. They are often used
with the Compare String instruction or with the Scan String instruction. They will
cause the string instruction to be repeated as long as the compared bytes or
words are not equal (ZF = 0) and CX is not yet counted down to zero.
REPNE SCASW

Scan a string of word until a word in the string

matches the word
in AX or until all of the string has been scanned.
The string instruction used with the prefix determines which flags are affected.

FLAG MANIPULATION INSTRUCTIONS
STC (Set Carry Flag)
This instruction sets the carry flag to 1. It does not affect any other flag.

CLC (Clear Carry Flag)
This instruction resets the carry flag to 0. It does not affect any other flag.

CMC (Complement Carry Flag)
This instruction complements the carry flag. It does not affect any other flag.

STD (Set Direction Flag)
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This instruction sets the direction flag to 1. It does not affect any other flag.

CLD (Clear Direction Flag)
This instruction resets the direction flag to 0. It does not affect any other
flag.

STI (Set Interrupt Flag)
Setting the interrupt flag to a 1 enables the INTR interrupt input of the
8086. The instruction will not take affect until the next instruction after STI. When
the INTR input is enabled, an interrupt signal on this input will then cause the
8086 to interrupt program execution, push the return address and flags on the
stack, and execute an interrupt service procedure. An IRET instruction at the end
of the interrupt service procedure will restore the return address and flags that
were pushed onto the stack and return execution to the interrupted program. STI
does not affect any other flag.

CLI (Clear Interrupt Flag)
This instruction resets the interrupt flag to 0. If the interrupt flag is reset,
the 8086 will not respond to an interrupt signal on its INTR input. The CLI
instructions, however, has no effect on the non-maskable interrupt input, NMI. It
does not affect any other flag.

LAHF (Copy Low Byte Of Flag Register To Ah Register)
The LAHF instruction copies the low-byte of the 8086 flag register to AH
register. It can then be pushed onto the stack along with AL by a PUSH AX
instruction. LAHF does not affect any flag.

SAHF (Copy Ah Register To Low Byte Of Flag Register)
The SAHF instruction replaces the low-byte of the 8086 flag register with a byte
from the AH register. SAHF changes the flags in lower byte of the flag register.
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STACK RELATED INSTRUCTIONS
PUSH – PUSH Source
The PUSH instruction decrements the stack pointer by 2 and copies a word from a
specified source to the location in the stack segment to which the stack pointer points.
The source of the word can be general-purpose register, segment register, or memory.
The stack segment register and the stack pointer must be initialized before this
instruction can be used. PUSH can be used to save data on the stack so that it will not
destroyed by a procedure. This instruction does not affect any flag.

PUSH BX

Decrement SP by 2, copy BX to stack.

PUSH DS

Decrement SP by 2, copy DS to stack.

PUSH BL

Illegal; must push a word

Decrement SP by 2, and copy word from
PUSH TABLE [BX]

memory in DS at

EA = TABLE + [BX] to stack

POP – POP Destination
The POP instruction copies a word from the stack location pointed to by the stack
pointer to a destination specified in the instruction. The destination can be a
general-purpose register, a segment register or a memory location. The data in
the stack is not changed. After the word is copied to the specified destination, the
stack pointer is automatically incremented by 2 to point to the next word on the
stack. The POP instruction does not affect any flag.
Copy a word from top of stack to DX;
POP DX

increment SP by 2

Copy a word from top of stack to DS;
POP DS

increment SP by 2

Copy a word from top of stack to memory in
POP TABLE [DX]

DS with

EA = TABLE + [BX]; increment SP by 2.
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PUSHF (Push Flag Register To Stack)
The PUSHF instruction decrements the stack pointer by 2 and copies a word in the
flag register to two memory locations in stack pointed to by the stack pointer. The
stack segment register is not affected. This instruction does to affect any flag.

POPF (Pop Word From Top Of Stack To Flag Register)
The POPF instruction copies a word from two memory locations at the top of the
stack to the flag register and increments the stack pointer by 2. The stack
segment register and word on the stack are not affected. This instruction does to
affect any flag.

INPUT-OUTPUT INSTRUCTIONS
IN – IN Accumulator, Port
The IN instruction copies data from a port to the AL or AX register. If an 8-bit port
is read, the data will go to AL. If a 16-bit port is read, the data will go to AX.
The IN instruction has two possible formats, fixed port and variable port. For fixed
port type, the 8-bit address of a port is specified directly in the instruction. With
this form, any one of 256 possible ports can be addressed.
Input a byte from port
IN AL, OC8H

OC8H to AL

Input a word from port 34H
IN AX, 34H

to AX

For the variable-port form of the IN instruction, the port address is loaded into the
DX register before the IN instruction. Since DX is a 16-bit register, the port
address can be any number between 0000H and FFFFH. Therefore, up to 65,536
ports are addressable in this mode.
MOV DX, 0FF78H

Initialize DX to point to port
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IN AL, DX

Input a byte from 8-bit port 0FF78H to AL

IN AX, DX

Input a word from 16-bit port 0FF78H to AX

The variable-port IN instruction has advantage that the port address can be
computed or dynamically determined in the program. Suppose, for example, that
an 8086-based computer needs to input data from 10 terminals, each having its
own port address. Instead of having a separate procedure to input data from each
port, you can write one generalized input procedure and simply pass the address
of the desired port to the procedure in DX.
The IN instruction does not change any flag.

OUT – OUT Port, Accumulator
The OUT instruction copies a byte from AL or a word from AX to the specified port.
The OUT instruction has two possible forms, fixed port and variable port.
For the fixed port form, the 8-bit port address is specified directly in the instruction.

With this form, any one of 256 possible ports can be addressed.
Copy the content of AL to
OUT 3BH, AL

port 3BH

Copy the content of AX to
OUT 2CH, AX

port 2CH

For variable port form of the OUT instruction, the content of AL or AX will be
copied to the port at an address contained in DX. Therefore, the DX register must
be loaded with the desired port address before this form of the OUT instruction is
used.
MOV DX, 0FFF8H

Load desired port address in DX

OUT DX, AL

Copy content of AL to port FFF8H

OUT DX, AX

Copy content of AX to port FFF8H
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The OUT instruction does not affect any flag.

MISCELLANEOUS INSTRUCTIONS
HLT (Halt Processing)
The HLT instruction causes the 8086 to stop fetching and executing instructions.
The 8086 will enter a halt state. The different ways to get the processor out of the
halt state are with an interrupt signal on the INTR pin, an interrupt signal on the
NMI pin, or a reset signal on the RESET input.

NOP (Perform No Operation)
This instruction simply uses up three clock cycles and increments the instruction
pointer to point to the next instruction. The NOP instruction can be used to
increase the delay of a delay loop. When hand coding, a NOP can also be used to
hold a place in a program for an instruction that will be added later. NOP does not
affect any flag.

ESC (Escape)
This instruction is used to pass instructions to a coprocessor, such as the 8087
Math coprocessor, which shares the address and data bus with 8086. Instructions
for the coprocessor are represented by a 6-bit code embedded in the ESC
instruction. As the 8086 fetches instruction bytes, the coprocessor also fetches
these bytes from the data bus and puts them in its queue. However, the
coprocessor treats all the normal 8086 instructions as NOPs. When 8086 fetches
an ESC instruction, the coprocessor decodes the instruction and carries out the
action specified by the 6-bit code specified in the instruction. In most cases, the
8086 treats the ESC instruction as a NOP. In some cases, the 8086 will access a
data item in memory for the coprocessor.
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INT – Int Type
The term type in the instruction format refers to a number between 0 and 255,
which identify the interrupt. When an 8086 executes an INT instruction, it will
1. Decrement the stack pointer by 2 and push the flags on to the stack.
2. Decrement the stack pointer by 2 and push the content of CS onto the stack.
3. Decrement the stack pointer by 2 and push the offset of the next instruction
after the INT number instruction on the stack.
4. Get a new value for IP from an absolute memory address of 4 times the type
specified in the instruction. For an INT 8 instruction, for example, the new IP
will be read from address 00020H.
5. Get a new for value for CS from an absolute memory address of 4 times the
type specified in the instruction plus 2, for an INT 8 instruction, for example,
the new value of CS will be read from address 00022H.
6. Reset both IF and TF. Other flags are not affected.
INT 35

New IP from 0008CH, new CS from 0008Eh

This is a special form, which has the single-byte
INT 3

code of CCH;

Many systems use this as a break point
instruction
(Get new IP from 0000CH new CS from 0000EH).

INTO (Interrupt On Overflow)
If the overflow flag (OF) is set, this instruction causes the 8086 to do an indirect
far call to a procedure you write to handle the overflow condition. Before doing the
call, the 8086 will
1. Decrement the stack pointer by 2 and push the flags on to the stack.
2. Decrement the stack pointer by 2 and push CS on to the stack.
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3. Decrement the stack pointer by 2 and push the offset of the next instruction
after INTO instruction onto the stack.

IRET

When the 8086 responds to an interrupt signal or to an interrupt instruction, it pushes
the flags, the current value of CS, and the current value of IP onto the stack. It then
loads CS and IP with the starting address of the procedure, which you write for the
response to that interrupt. The IRET instruction is used at the end of the interrupt
service procedure to return execution to the interrupted program. To do this return,
the 8086 copies the saved value of IP from the stack to IP, the stored

value of CS from the stack to CS, and the stored value of the flags back to the flag
register. Flags will have the values they had before the interrupt, so any flag Many
microcomputer systems contain several microprocessors. Each microprocessor settings
from the procedure will be lost unless they are specifically saved in some has its own
local buses and memory. The individual microprocessors are connected way.

together by a system bus so that each can access system resources such as disk
drive or memory. Each microprocessor takes control of the system bus only when
it

needs

to

access

some

system

resources.

The

LOCK

prefix

allows

a

microprocessor to make sure that another processor does not take control of the
system bus while it is in the middle of a critical instruction, which uses the system
bus. The LOCK prefix is
.put in front of the critical instruction. When an instruction with a LOCK prefix
executes, the 8086 will assert its external bus controller device, which then
prevents any other processor from taking over the system bus. LOCK instruction
does not affect any flag.
When this instruction is executed, the 8086 enters an idle condition in which it is
doing no processing. The 8086 will stay in this idle state until the 8086 test input
pin is made low or until an interrupt signal is received on the INTR or the NMI
interrupt input pins. If a valid interrupt occurs while the 8086 is in this idle state,
the 8086 will return to the idle state after the interrupt service procedure executes.
It returns to the idle state because the address of the WAIT instruction is the
address pushed on the stack when the 8086 responds to the interrupt request.
WAIT does not affect any flag. The WAIT instruction is used to synchronize the
8086 with external hardware such as the 8087 Math coprocessor.
4. Reset TF and IF. Other flags are not affected. To do the call, the 8086 will read
a new value for IP from address 00010H and a new value of CS from address
00012H.
The SEGMENT directive is used to indicate the start of a logical segment. Preceding
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the SEGMENT directive is the name you want to give the segment. For example,
the statement CODE SEGMENT indicates to the assembler the start of a logical
segment called CODE. The SEGMENT and ENDS directive are used to “bracket” a
logical segment containing code of data.
Additional terms are often added to a SEGMENT directive statement to indicate some
special way in which we want the assembler to treat the segment. The statement
CODE SEGMENT WORD tells the assembler that we want the content of this segment
located on the next available word (even address) when segments ate combined and
given absolute addresses. Without this WORD addition, the segment will be located on
the next available paragraph (16-byte) address, which might waste as much as 15
bytes of memory. The statement CODE SEGMENT PUBLIC tells the assembler that the
segment may be put together with other segments named CODE from other assembly
modules when the modules are linked together.

ENDS (End Segment)
This directive is used with the name of a segment to indicate the end of
that logical segment.
Start of logical segment containing code
CODE SEGMENT
CODE ENDS

instruction statements
End of segment named CODE

END (End Procedure)
The END directive is put after the last statement of a program to tell the
assembler that this is the end of the program module. The assembler will ignore
any statements after an END directive, so you should make sure to use only one
END directive at the very end of your program module. A carriage return is
required after the END directive.

ASSUME
The ASSUME directive is used tell the assembler the name of the logical
segment it should use for a specified segment. The statement ASSUME CS: CODE,
for example, tells the assembler that the instructions for a program are in a logical
segment named CODE. The statement ASSUME DS: DATA tells the assembler that
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for any program instruction, which refers to the data segment, it should use the
logical segment called DATA.

DB (Define Byte)
The DB directive is used to declare a byte type variable, or a set aside one or
more storage locations of type byte in memory.
PRICES DB 49H, 98H, 29H Declare array of 3 bytes named PRICE and initialize
them with specified values.
NAMES DB “THOMAS” Declare array of 6 bytes and initialize with ASCII codes
for the letters in THOMAS.
TEMP DB 100 DUP (?) Set aside 100 bytes of storage in memory and give it the
name TEMP. But leave the 100 bytes un-initialized.
PRESSURE DB 20H DUP (0) Set aside 20H bytes of storage in memory, give it
the name PRESSURE and put 0 in all 20H locations.

DD (Define Double Word)
The DD directive is used to declare a variable of type double word or to
reserve memory locations, which can be accessed as type double word. The
statement ARRAY DD 25629261H, for example, will define a double word named
ARRAY and initialize the double word with the specified value when the program is
loaded into memory to be run. The low word, 9261H, will be put in memory at a
lower address than the high word.

DQ (Define Quadword)
The DQ directive is used to tell the assembler to declare a variable 4 words
in length or to reserve 4 words of storage in memory. The statement
BIG_NUMBER DQ 243598740192A92BH, for example, will declare a variable
named BIG_NUMBER and initialize the 4 words set aside with the specified number
when the program is loaded into memory to be run.

DT (Define Ten Bytes)
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The DT directive is used to tell the assembler to declare a variable, which is
10 bytes in length or to reserve 10 bytes of storage in memory. The statement
PACKED_BCD

DT

11223344556677889900

will

declare

an

array

named

PACKED_BCD, which is 10 bytes in length. It will initialize the 10 bytes with the
values 11, 22, 33, 44, 55, 66, 77, 88, 99, and 00 when the program is loaded into
memory to be run. The statement RESULT DT 20H DUP (0) will declare an array of
20H blocks of 10 bytes each and initialize all 320 bytes to 00 when the program is
loaded into memory to be run.

DW (Define Word)
The DW directive is used to tell the assembler to define a variable of type
word or to reserve storage locations of type word in memory. The statement
MULTIPLIER DW 437AH, for example, declares a variable of type word named
MULTIPLIER, and initialized with the value 437AH when the program is loaded into
memory to be run.
WORDS DW 1234H, 3456H

Declare an array of 2 words and initialize
them with the specified values.

STORAGE DW 100 DUP (0) Reserve an array of 100 words of memory and
initialize all 100
words with 0000. Array is named as STORAGE.
STORAGE DW 100 DUP (?) Reserve 100 word of storage in memory and give it
the name
STORAGE, but leave the words un-initialized.

EQU (Equate)
EQU is used to give a name to some value or symbol. Each time the assembler
finds the given name in the program, it replaces the name with the value or
symbol you equated with that name. Suppose, for example, you write the
statement FACTOR EQU 03H at the start of your program, and later in the
program you write the instruction statement ADD AL, FACTOR. When the
assembler codes this instruction statement, it will code it as if you had written the
instruction ADD AL, 03H.
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CONTROL EQU 11000110 B MOV AL, CONTROL
DECIMAL_ADJUST EQU DAA ADD AL, BL DECIMAL_ADJUST
Replacement
Assignment
Create clearer mnemonic for DAA Add BCD
numbers Keep result in BCD format

LENGTH
LENGTH is an operator, which tells the assembler to determine the number
of elements in some named data item, such as a string or an array. When the
assembler reads the statement MOV CX, LENGTH STRING1, for example, will
determine the number of elements in STRING1 and load it into CX. If the string
was declared as a string of bytes, LENGTH will produce the number of bytes in the
string. If the string was declared as a word string, LENGTH will produce the
number of words in the string.

OFFSET
OFFSET is an operator, which tells the assembler to determine the offset or
displacement of a named data item (variable), a procedure from the start of the
segment, which contains it. When the assembler reads the statement MOV BX,
OFFSET PRICES, for example, it will determine the offset of the variable PRICES
from the start of the segment in which PRICES is defined and will load this value
into BX.

PTR (POINTER)
The PTR operator is used to assign a specific type to a variable or a label. It is
necessary to do this in any instruction where the type of the operand is not clear.
When the assembler reads the instruction INC [BX], for example, it will not know
whether to increment the byte pointed to by BX. We use the PTR operator to clarify
how we want the assembler to code the instruction. The statement INC BYTE PTR [BX]
tells the assembler that we want to increment the byte pointed to by BX. The
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statement INC WORD PTR [BX] tells the assembler that we want to increment the
word pointed to by BX. The PTR operator assigns the type specified before PTR to
the variable specified after PTR.
We can also use the PTR operator to clarify our intentions when we use indirect
Jump instructions. The statement JMP [BX], for example, does not tell the
assembler whether to code the instruction for a near jump. If we want to do a
near jump, we write the instruction as JMP WORD PTR [BX]. If we want to do a far
jump, we write the instruction as JMP DWORD PTR [BX].

EVEN (Align On Even Memory Address)
As an assembler assembles a section of data declaration or instruction
statements, it uses a location counter to keep track of how many bytes it is from
the start of a segment at any time. The EVEN directive tells the assembler to
increment the location counter to the next even address, if it is not already at an
even address. A NOP instruction will be inserted in the location incremented over.
DATA SEGMENT
SALES DB 9 DUP (?)

Location counter will point to 0009 after this

instruction.
EVEN

Increment location counter to 000AH

INVENTORY DW 100 DUP (0) Array of 100 words starting on even
address for quicker read DATA ENDS

PROC (Procedure)
The PROC directive is used to identify the start of a procedure. The PROC
directive follows a name you give the procedure. After the PROC directive, the term
near or the term far is used to specify the type of the procedure. The statement
DIVIDE PROC FAR, for example, identifies the start of a procedure named DIVIDE and
tells the assembler that the procedure is far (in a segment with different name from
the one that contains the instructions which calls the procedure). The PROC directive is
used with the ENDP directive to “bracket” a procedure.

ENDP (End Procedure)
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The directive is used along with the name of the procedure to indicate the
end of a procedure to the assembler. The directive, together with the procedure
directive, PROC, is used to “bracket” a procedure.
Start of
SQUARE_ROOT PROC

procedure.
End of

SQUARE_ROOT ENDP

procedure.

ORG (Origin)
As an assembler assembles a section of a data declarations or instruction
statements, it uses a location counter to keep track of how many bytes it is from
the start of a segment at any time. The location counter is automatically set to
0000 when assembler starts reading a segment. The ORG directive allows you to
set the location counter to a desired value at any point in the program. The
statement ORG 2000H tells the assembler to set the location counter to 2000H,
for example.
A “$” it often used to symbolically represent the current value of the location
counter, the $ actually represents the next available byte location where the
assembler can put a data or code byte. The $ is often used in ORG statements to
tell the assembler to make some change in the location counter relative to its
current value. The statement ORG $ + 100 tells the assembler increment the
value of the location counter by 100 from its current value.

NAME
The NAME directive is used to give a specific name to each assembly
module when programs consisting of several modules are written.

LABEL
As an assembler assembles a section of a data declarations or instruction
statements, it uses a location counter to be keep track of how many bytes it is from
the start of a segment at any time. The LABEL directive is used to give a name to the
current value in the location counter. The LABEL directive must be followed by a term
that specifics the type you want to associate with that name. If the label is
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going to be used as the destination for a jump or a call, then the label must be
specified as type near or type far. If the label is going to be used to reference a
data item, then the label must be specified as type byte, type word, or type
double word. Here’s how we use the LABEL directive for a jump address.
ENTRY_POINT LABEL
FAR NEXT: MOV AL, BL

Can jump to here from another segment
Can not do a far jump directly to a label with a

colon
The following example shows how we use the label directive for a data reference.

STACK_SEG SEGMENT STACK

DW 100 DUP (0)

Set aside 100 words for stack

STACK_TOP LABEL WORD

Give name to next location after last word in stack

STACK_SEG ENDS
To initialize stack pointer, use MOV SP, OFFSET STACK_TOP.

EXTRN
The EXTRN directive is used to tell the assembler that the name or labels
following the directive are in some other assembly module. For example, if you
want to call a procedure, which in a program module assembled at a different time
from that which contains the CALL instruction, you must tell the assembler that
the procedure is external. The assembler will then put this information in the
object code file so that the linker can connect the two modules together. For a
reference to externally named variable, you must specify the type of the variable,
as in the statement EXTRN DIVISOR: WORD. The statement EXTRN DIVIDE: FAR
tells the assembler that DIVIDE is a label of type FAR in another assembler
module. Name or labels referred to as external in one module must be declared
public with the PUBLIC directive in the module in which they are defined.
PROCEDURE SEGMENT
EXTRN DIVIDE: FAR Found in segment
PROCEDURES PROCEDURE ENDS
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PUBLIC
Large program are usually written as several separate modules. Each
module is individually assembled, tested, and debugged. When all the modules are
working correctly, their object code files are linked together to form the complete
program. In order for the modules to link together correctly, any variable name or
label referred to in other modules must be declared PUBLIC in the module in which
it is defined. The PUBLIC directive is used to tell the assembler that a specified
name or label will be accessed from other modules. An example is the statement
PUBLIC DIVISOR, DIVIDEND, which makes the two variables DIVISOR and
DIVIDEND available to other assembly modules.

SHORT
The SHORT operator is used to tell the assembler that only a 1 byte
displacement is needed to code a jump instruction in the program. The destination
must in the range of –128 bytes to +127 bytes from the address of the instruction
after the jump. The statement JMP SHORT NEARBY_LABEL is an example of the
use of SHORT.

TYPE
The TYPE operator tells the assembler to determine the type of a specified
variable. The assembler actually determines the number of bytes in the type of
the variable. For a byte-type variable, the assembler will give a value of 1, for a
word-type variable, the assembler will give a value of 2, and for a double wordtype variable, it will give a value of 4. It can be used in instruction such as ADD
BX, TYPE-WORD-ARRAY, where we want to increment BX to point to the next word
in an array of words.

GLOBAL (Declare Symbols As Public Or Extrn)
The GLOBAL directive can be used in place of a PUBLIC directive or in place
of an EXTRN directive. For a name or symbol defined in the current assembly
module, the GLOBAL directive is used to make the symbol available to other
modules. The statement GLOBAL DIVISOR, for example, makes the variable
DIVISOR public so that it can be accessed from other assembly modules.

INCLUDE (Include Source Code From File)
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This directive is used to tell the assembler to insert a block of source code
from the named file into the current source module.

3.3ADDRESSING MODES OF 8086
The set of mechanisms by which an instruction can specify how to obtain
its operands is known as Addressing modes. The CPU can access the
operands (data) in a number of different modes.
The addressing modes available in Intel 8086 are: 1. Register
Addressing 2. Immediate Addressing 3. Direct Addressing 4.
Register Indirect Addressing 5. Based Relative Addressing 6.
Indexed Relative Addressing
7. Based Indexed Relative Addressing
Register Addressing Mode: With the Register Addressing mode the
operand to be accessed is specified as residing in an internal
register of the 8086.
Example: MOV AX , BX This stands for move the contents of BX (the
source operand) to AX (the destination operand).Both the source
and the destination operands have been specified as the contents of
internal registers of the 8086.
Immediate Addressing Mode: If a source operand is part of the
instruction instead of the contents of a register or memory location,
it represents what is called the immediate operand and is accessed
using immediate addressing mode. Typically immediate operand
represents constant data. Immediate operands can be either a byte
or word of data.
Example: MOV AL , 015H In this instruction the operand 015H is an
example of a byte wide immediate source operand. The
destination operand, which consists of the contents of AL, uses
register addressing. Thus this instruction employs both
immediate and registers addressing modes
Direct Addressing Mode : Direct addressing differs from immediate
addressing, that the locations following the instruction op-code hold an
effective memory address (EA). This effective address is a 16-bit offset
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of the storage location of the operand from the current value in the
data segment (DS) register .EA is combined with the contents of DS
in the BIU to produce the physical address of the operand.
Example: MOV CX , BETA This stands for move the contents of the
memory location, which is offset by BETA from the current value in
DS into internal register CX.
Register Indirect Addressing Mode: Register indirect addressing is
similar to direct addressing, that an effective address is combined
with the contents of DS to obtain a physical address. However it
differs in a way that the offset is specified. Here EA resides in either
a pointer register or an index register within the 8086.The pointer
register can be either a base register BX or a base pointer register
BP and the index register can be source index register SI or the
destination index register DI.
Example MOV AX , [SI] This instruction moves the contents of the
memory location offset by the value of EA in SI from the current
value in DS to the AX register.
Based Addressing Mode: In the based addressing mode, the physical
address of the operand is obtained by adding a direct or indirect
displacement of the contents of either base register BX or base
pointer register BP and the current value in DS and SS respectively.
Example MOV [BX] . BETA , AL This instruction uses base register BX and
direct displacement BETA to derive the EA of the destination operand.
The based addressing mode is implemented by specifying the base
register in the brackets followed by a period and direct displacement

.The source operand is located in the byte accumulator AL.
Indexed Addressing Mode: Indexed addressing mode works identically to
the based addressing but it uses the contents of the index registers
instead of BX or BP, in the generation of the physical address.
Example MOV AL , ARRAY [SI] The source operand has been specified using
direct index addressing. The notation this time is such ARRAY, which is
a direct displacement, prefixes the selected index register, SI.
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Based Indexed Addressing Mode: Combining the based addressing mode and
the indexed addressing mode together results in a new, more powerful
mode known as based indexed addressing.
Example: MOV AH , [BX] . BETA [SI] Here the source operand is accessed
using the based indexed addressing mode. The effective address of
the source operand is obtained as EA=(BX)+BETA+(SI)
3.4 Simple ALP’s
1. Write an ALP to find factorial of number for
8086. MOV AX, 05H
MOV CX, AX
Back: DEC CX
MUL CX
LOOP back
results stored in AX
to store

the result at

D000H
MOV [D000], AX
HLT
2 The 8 data bytes are stored from memory location E000H to E007H. Write 8086
ALP to transfer the block of data to new location B001H to B008H.
MOV BL, 08H
MOV CX, E000H
MOV EX, B001H
Loop: MOV DL, [CX]
MOV [EX], DL
DEC BL
JNZ loop
HLT
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3. Write a program to display string ‘Electronics Engineering’ for 8086.
.model small
.stack
.data

.code
Main proc
MOV AX, @data

4. Write a program to reverse the given string for
8086. Title reverse the given string
.model small
.stack 100h
.data
String1 db .assembly language program.,
$ Length dw $-String1-1
.code Main proc
MOV AX,
@data
MOV DS, AX
MOV SI, offset String1
MOV CX, Length
ADD SI, CX
Back: MOV DL,
[SI] MOV AH, 02H
INT 21H
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DEC SI
LOOP Back
MOV AH, 4CH
INT 21H
Main endp
end
5. Sum of series of 10 numbers and store result in memory location
total. Title Sum of series
.model small
.stack 100h
.data
List db 12,34,56,78,98,01,13,78,18,36
Total dw ?
.code Main proc
MOV AX,
@data
MOV DS, AX MOV AX,
0000H MOV CX, 0AH ;
counter MOV BL, 00H ; to
count carry MOV SI, offset
List
Back: ADD AL,
[SI] JC Label
Back1: INC SI
LOOP Back
MOV Total, AX
MOV Total+2,
BL MOV AH,
4CH INT 21H
Label: INC BL
JMP Back1
Main endp End
Main
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UNIT-IV
INTERFACING DEVICES
PROGRAMMABLE PERIPHERAL INTERFACE – 8255
Intel 8255A is a general purpose parallel I/O interface. It provides three
I/O port (A, B and C). 8255A’s mode of operation is determined by the
contents of its control register Port A and Port B can be set to different
mode and input/output independently.
8255 has 24 I/O lines which may be individually programmed in two
groups of 12 lines each or three groups of 12 line each. The two groups of
I/O lines are named as Group A and Group B. There are three ports, port A
and port B can be used as an 8 – bit I/O port. Port C can be used as an 8 –
bit I/O port as two 4 – bit ports, or to produce handshake signals for port A
and Port B.

Data Bus Buffer
• It is three-state bi-directional 8-bit buffer
• Used to interface the 82C55A to the system data bus.
• Data is transmitted or received by the buffer upon execution of input
or output instructions by the CPU.
• Control words and status information are also transferred through the
data bus buffer.
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Read/Write and Control Logic
The function of this block is to manage all of the internal and external transfers of both Data and
Control or Status words. It accepts inputs from the CPU Address and Control busses and in turn, issues
commands to both of the Control Groups.

• (CS) Chip Select. A “low” on this input pin enables the
communication between the 82C55A and the CPU.
• (RD) Read. A “low” on this input pin enables 82C55A to send the
data or status information to the CPU on the data bus. In essence, it
allows the CPU to “read from” the 82C55A.

(WR)Write. A “low” on this input pin enables the CPU to write data or
control words into the 82C55A.
(A0 and A1)Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the selection of one of the
three ports or the control word register. They are normally connected to
the least significant bits of the address bus (A0 and A1).
(RESET) Reset. A “high” on this input initializes the control register to 9Bh
and all ports (A, B, C) are set to the input mode. “Bus hold” devices
internal to the 82C55A will hold the I/O port inputs to a logic “1”state with
a maximum hold current of 400mA.
Group A and Group B Controls
The functional configuration of each port is programmed by the systems
software. In essence, the CPU “outputs” a control word to the 82C55A. The
control word contains information such as “mode”, “bit set”, “bit reset”,
etc., that initializes the functional configuration of the 82C55A.
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Each of the Control blocks (Group A and Group B) accepts “commands”
from the Read/Write Control logic, receives “control words” from the
internal data bus and issues the proper commands to its associated ports.
Control Group A -Port A and Port C upper (C7 -C4)
Control Group B -Port B and Port C lower (C3 -C0)
The control word register can be both written and read as shown in the
“Basic Operation” table. When the control word is read, bit D7 will always
be logic “1”, as this implies control word mode information.

How to set 8255A? –by control words
Two control word formats are used:
Mode-set control word format: to set the modes of each port
Port C bit set/rest control word format: to set the particular bit in port C.
These two formats are differentiated by the MSB of the control word.
The control words can be sent to the corresponding 8255A’s address by
using I/O instruction.
Ex. Assume 8255A is located at 0FFF8H, control register address is
0FFFEH and the control word is to be set to 10001110B MOV AL,
10001110B
MOV DX, 0FFFEH
OUT DX, AL
BSR MODE: BSR mode stands for Bit Set Reset mode.
• The characteristics of BSR mode are:
• BSR mode is selected only when D7 = 0 of the Control Word Register
(CWR).
• Individual bits of Port C can either be Set or Reset.
• At a time, only a single bit of port C can be Set or Reset.
• Is used for control or on/off switch.
• BSR control word doesn’t affect ports A and B functioning.
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MODE SET CONTROL WORD:
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8255A Mode 0 Operation
• In Mode 0 operation, no handshaking will be used.
• If both port A and port B are initialized as mode 0 operation, port C
can be used together as an additional 8-bit port, or two 4-bit ports.
• When used as an output, port C line can be set/reset by sending
special control word to the control register address.
• The two halves of port C are independent and can be set as input or
output port independently.
8255A Mode 1 Operation
• In Mode 1 operation, single handshaking (strobed) is used.
• In this mode, some of the port C pins are used for handshaking
purpose.
• If Port A set to mode 1 & input port: PC3, PC4, and PC5 pins are used.
• If Port A set to mode 1 & output port: PC3, PC6, and PC7 pins are
used.
• If Port B set to mode 1 & input port: PC0, PC1, and PC2 pins are used.
• If Port B set to mode 1 & output port: PC0, PC1, and PC2 pins are
used.
8255A Mode 2 Operation
• Only port A can be initialized in mode 2.
• In mode 2, port A can be used as bi-directional handshake data
transfer.
• In this mode, PC3-PC7 is used for handshake lines.
• PC0-PC2 can be used as I/O pins if port B is set to mode 0.
• PC0-PC2 is used as handshake lines if port B is set to mode 1.
• Note that mode 2 does not mean that it uses double handshake I/O.
• 8255A Control Words

HANDSHAKING SIGNALS
• A byte of data is presented to the data bus of the receiver device.
• The receiver device is informed of the presence of a byte of data to
be processed by activating STROBE input signal.
• Whenever the receiver device receives the data, it informs the sender
by activating an output signal called ACK (acknowledge).

114

• The ACK signal initiates the process of providing another byte of data
to the receiver device.

Control Signals for MODE 1:
Input mode:
The following are the control signals when ports A and B act as input ports
(under mode 1) STBA , IBFA, INTEA for Port A and STBB , IBFB, INTEB for
Port B, respectively. The details about the input control signals are
discussed below:
STB (Strobe input): This is an active low signal generated by a peripheral
device. When an external peripheral device provides a byte of the data to
an input port (A or B), it informs the 8255 through the STB pin that it can
load the data in to its internal register.
IBF (Input buffer full): On receipt of STB signal from peripheral device,
the 8255 latches in to its internal register the data present at PA 0 – PA7 or
PB0 – PB7, and through IBF indicates that it has latched all data, but it has
not read by the CPU yet.
INTR (Interrupt request): This active high output signal is generated
only if STB, IBF and INTE are all set at the same time. This signal
interrupts the CPU via its INTR.
To get the attention of the CPU to read the data, IBF activates INTR
(sets it high). When IBF goes active, INTR is activated to inform the CPU
that there is a byte of data in the 8255. When the CPU reads the data by
activating the RD signal of 8255 that INTR becomes inactive.
INTE (Interrupt Enable): This is an internal F/F which can be set/reset
using the BSR mode. It must be set if INTR signal is to be effective.
MODE1 – STROBED OUTPUT: The following are the control signals
when ports A and B act as output ports (under mode 1) OBFA, ACKA, INTEA
for Port A and OBFB, ACKB, INTEB for Port B respectively.
The details about the output control signals are discussed below:
OBF (Output buffer full): This is an active low output signal. This signal
indicates that CPU has written a byte of data in to port A. It must be
connected to the STROBE input of the receiving equipment to inform the
device that it can read a byte of data from the port latch.
ACK (Acknowledge): It informs the 8255 that the data at port A has
been collected by the receiving device. When the receiving device collects
data at port, it must inform the 8255 through the ACK signal.
The 8255 in turn makes OBF signal as high, to indicate that the data
at the port is old data now. OBF will not go low until the CPU writes a new
byte of data to port A.
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INTR (Interrupt): This signal is set only if OBF, ACK and INTE (internal
F/F) are all at high (1) state. This output signal from 8255 goes to INTR
interrupt the CPU. This signal is set to indicate the CPU that the receiving
device has received the last byte and is ready to receive another one.
INTE (Interrupt Enable): This is an internal F/F which can be set/reset
in BSR mode.
This must be set if INTR signal is to be effective.
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Write a program to print a string using printer connected to
port A operating in mode1 ($ - indicates the end of the
string)
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ASSUME CS:CODE, DS:DATA
ORG 4000H
MSG DB “CLEAR”, OAH, 0DH,”$”
PA EQU 3000H
PC EQU 3002H
CWR EQU 3003H
DATA ENDS
CODE SEGMENT
ORG 6000H
START:
MOV AX, DATA
MOV DS, AX
MOV AL, 0A0H
MOV DX, CWR

;

(10100000)
OUT DX, AL
MOV AL, 0DH
MOV DX, PC
BSR MODE (00001101)
OUT DX, AL
MOV SI, OFFSET MSG
MSG TO SI
AGAIN:
MOV AH, [SI]
TO AH
CMP AH, ‘$’
TO CHECK END
JZ OVER
MOV DX, PC
STATUS OF PC
BACK:
IN AL, DX
AND AL, 08H
WITH 08 TO INTRA PC3
JZ BACK

PA OUTPUT IN MODE 1

;

;

PC6

IS SET

LOAD ADDRESS

IN

OF

;

COPY CONTENT OF SI

;

;

COMPARE AH WITH $
OF MSG
JUMP TO OVER IF ZF=1
READ
THE

;

PERFORM

;

AND

;
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MOV DX, PA
ADDRESS TO DX REGISTER
MOV AL, AH
REGISTER
OUT DX, AL
INC SI
JMP AGAIN
ANOTHER DATA BYTE
OVER:
INT 03H
CODE ENDS
END START

;

LOAD

;

AH DATA TO AL

;
;
;

PA

COPY AL DATA TO PA
INCREMENT SI
JUMP TO READ

CONTROL SIGNALS IN MODE2:
Input mode: The input control signals in mode 2 are STB, IBF and INTE 2.
These control signals are discussed below:
STB (strobe input), an active low signal, enables Port A to latch the data
available at its input. This happens if STB = 0.
IBF (Input buffer full), an active high signal, indicates the data has been
loaded into the input latch of Port A. This happens if IBF = 1.
INTE 2 is an internal F/F associated with input buffer full. INTE 2 can be
used to enable or disable the interrupt (INTR) by setting or resetting PC4 in
BSR mode.

INTR Interrput Request is an output indicating that requests an
interrupt. ACK Acknowledge is an input that enables tri-state buffers
which are otherwise in their high-impedance state.
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Keyboard Interfacing
When you press a key on your computer, you are activating a switch. In
most keyboards, the key switches are connecting in a matrix of rows and
columns.
Getting data from a keyboard, it requires the following three major tasks:
1. Detect a key press.
2. Debounce the key press.
3. Encode the key press.
➢ The rows of the matrix are connected to four output port lines. The
column lines of matrix are connected to four input-port lines. To
make the program simpler, the row lines are also connected to four
input lines.
➢ When no keys are pressed, the column lines are held high by the
pull-up resistor connected to +5V. Pressing a key connects a row to a
column. If a low is output on a row and a key in that row is pressed,
then the low will appear on the column which contains that key and
can be detected on the input port. If you know the row and column of
the pressed key, you then know which key was pressed.
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➢ An easy way to detect if any key in the matrix is pressed is to output
0’s to all rows and then check the column to see if a pressed key has
connected a low to a column.
➢ We first output lows to all the rows and check the columns over and
over until the column are all high. This is done before the previous
key has been released before looking for the next one.

➢ Once the columns are found to be all high, the program enters
another loop, which waits until a low appears on one of the columns,
indicating that a key has been pressed.
➢ This second loop does the detect task for us. A simple 20- ms delay
procedure then does the debounce task.
➢ After the debounce time, another check is made to see if the key is
still pressed. If the columns are now all high, then no key is pressed
and the initial detection was caused by a noise pulse or a light
brushing past a key. If any of the columns are still low, then the
assumption is made that it was a valid key press
Interface a 4 * 4 keyboard with 8086 using 8255 an write an ALP for
detecting a key closure and return the key code in AL. The debounce
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period for a key is 10ms. Use software debouncing technique.
DEBOUNCE is an available 10ms delay routine.
• Solution: Port A is used as output port for selecting a row of keys while
Port B is used as an input port for sensing a closed key. Thus the keyboard
lines are selected one by One through port A and the port B lines are polled
continuously till a key closure is sensed. The routine DEBOUNCE is called
for key debouncing. The key code is depending upon the selected row and
a low sensed column.
The higher order lines of port A and port B are left unused. The address of
port A and port B will respectively 8000H and 8002H while address of CWR
will be 8006H. The flow chart of the complete program is as given. The
control word for this problem will be 82H. Code segment CS is used for
storing the program code.
• Key Debounce: Whenever a mechanical push-button is pressed or
released once, the mechanical components of the key do not change the
position smoothly,
rather
it
generates
a
transient
response.

➢ These transient variations may be interpreted as the multiple key
pressures and responded accordingly by the microprocessor system.
➢ The other scheme suggests that the microprocessor should be made
to wait for the transient period (usually 10ms), so that the transient
response settles down and reaches a steady state.
➢ Logic ‘0’ will be read by the microprocessor when the key is pressed.
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STEPPER MOTOR INTERFACING
A stepper motor is a motor controlled by a series of electromagnetic
coils. The center shaft has a series of magnets mounted on it, and the coils
surrounding the shaft are alternately given current or not, creating
magnetic fields which repulse or attract the magnets on the shaft, causing
the motor to rotate.
➢ A stepper motor is a device used to obtain an accurate position
control of rotating shafts.
➢ It employs rotation of its shafts in terms of steps, rather than
continuous rotation. Eg: printers, disk drives etc
➢ To rotate the shaft of the stepper motor, a sequence of pulses is
needed to be applied to the windings of the stepper motor in a proper
sequence.
➢ The number of pulses required for one complete rotation of the shaft
of the stepper motor is equal to its number of internal teeth on its
rotor.
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Figure a: Internal schematic of stepper motor windings figure b:
Winding arrangement
➢ The stator teeth and rotor teeth lock with each other to fix a position
of the shaft. With a pulse applied to the winding input, the rotor
rotates by one teeth position or an angle X. The angle X can be
calculated by
X= 3600/ No of rotor teeth
➢ The sequence pulses can be decided, depending upon the required
motion of the shaft. The count for rotating the shaft of the stepper
motor through a specified angle can be calculated from the no of
rotor teeth
C= no of rotor teeth / 3600 *
➢ The windings WA, WB, WC and WD are applied with required voltage
pulses in cyclic fashion. By reversing the sequence of excitation the
direction of the shaft can be reversed.

➢ Design a stepper motor controller and write an ALP to rotate
shaft of a 4 phase stepper motor for clockwise and anti
clockwise of 5 rotations
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Assume that the portA address at 0740H and stepper motor has 200 teeth.
The port A bit PA0 drives WA; PA1 drives WB and so on. The stepper motor
has an internal delay of 10ms.
ASSUME CS: CODE, DS: DATA
DATA SEGMENT
PA EQU 0740H
CWR EQU 0743H
DATA ENDS
CODE SEGMENT
START:
MOV AL, 80H
;
Load CWR AS 80H WHICH DEFINES
PORTA ADDR
OUT CWR, AL
;
MOV AL, 88H
;
LOAD AL WITH 88H AS DATA
MOV CX, 03E8H
;
LOAD COUNT AS 1000 (CX= 200 *
5=1000D i.e. 3E8H)
AGAIN1: OUT PA, AL
;
LOAD DATA TO PORT A
CALL DELAY
;
CALL DELAY PROCEDURE TO
CONTROL SPEED
ROR AL, 01
;
ROTATE RIGHT FOR CLOCKWISE
DIRECTION
DEC CX
;
DECREMENT COUNT
JNZ AGAIN1
;
REPEAT THE LOOP UNTIL CX
=0
AGAIN2: OUT PA, AL
;
LOAD DATA TO PORT A
CALL DELAY
;
CALL DELAY PROCEDURE TO
CONTROL SPEED
ROL AL, 01
;
ROTATE
RIGHT
FOR
ANTI
CLOCKWISE DIRECTION
DEC CX
;
DECREMENT COUNT
JNZ AGAIN2
;
REPEAT THE LOOP UNTIL CX
=0
INT 03H
;
RETURN CONTROL TO OS
DELAY PROC NEAR
MOV CX, FFFFH
;
BACK:
NOP
DEC AH
;
JNZ BACK
;
RET
;
ENDP
;
CODE
ENDS
;
END START
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INTERFACING ADC AND DAC APPLICATIONS
Real world applications use sensors to get a signal voltage which will be in
analog form. This analog signal should be converted in to digital signal, so
that microprocessor can read the data. To perform this conversion of
analog to digital conversion ADC devices are used.
Analog multiplexer is required to process multiple signals; these
signals are taken by microprocessor one by one for processing. To process
AC signals, sample and hold circuit is used. All these components can be
under the control of microprocessor and hence the knowledge of interfacing
these devices is necessary.

General block diagram of connections between 8086, PPI and ADC

ADC 0808/0809 to 8086
Analog voltage is given as an input to an ADC; it gets converted to a digital
number which is transferred to 8086.”The role of 8255 is that the converted
signal from ADC is transferred to 8255 with one of its ports acting as an input
and this data is sent to the processor through the data bus”.
There are many different methods of ADC conversions and different
standard ADC chips. These can vary depending on number of digital output
bits and number of analog input bits and speed of conversion.
ADC0808/0809 is an 8-bit microprocessor compatible with 8-channel
multiplexer. It uses Successive Approximation Technique for analog to
digital conversion. It is an 8-input multiplexed ADC which means 8 input
signals but operated one at a time. This is selected by three address inputs
A, B, C. Steps for conversion:
• To latch the input signal on to the chip ALE signal is to be supplied.
• ADC has to select an input channel by giving an appropriate address
lines (A, B, C).
• The signal conversion can be started by Start of Conversion signal as
low (SC) and the conversion can be completed in a finite duration
depending on the clock rate of the chip, the end of conversion can be
notified by lowering the pin called EOC.
• To receive the digital data the output lines of ADC are to be activated
by enabling OE.
The salient points for connections among 8255, 8086 and 0808:
• Port A is used in the input mode to get the converted digital data

from ADC to 8255.
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• The port pins PB0 to PB2 are used in the output mode as address
selection lines A, B, C of ADC.
• The port pin PC0 as ALE to be output, PC1 as SOC to ADC, PC2 as OE
for ADC and PC7 as EOC from ADC.

ADC pin diagram Channel selection Logic ADC with its control and
data pins connected to 8086
Write a program to interface the ADC 0809/0808 to 8086 using 8255
as an interfacing chip.
Steps to follow:
• First the control word in Mode 0. Port A is to be input, port B as output,
port CL as output and port CU as input. Hence control word is
10011000 i.e. 98H
• The ALE signal has to be raised from low to high transition, PC0 in BSR
mode. First clear and then set the bit, 00000000 and 00000001.
• To start conversion SC signal (PC1) should be made high and low. BSR
word can be 00000010 and 00000011. After a delay ALE and SOC are
to be made as low (inactive).
• The EOC signal (PC7) is tested. This is done by rotating port C left and
getting PC7 in to carry bit. When carry bit is found, then OE signal PC2 is
raised. BSR for raising and lowering OE pin is 07 and 06.
Program:
ASSUME CS: CODE, DS: DATA
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DATA SEGMENT
DAT DB 00H
; Memory location for converted data
PA EQU 0C0H
; address of port a
PB EQU 0C1H
; address of port b
PC EQU 0C2H
; address of port c
CR EQU 0C3H
; address of control word register
DATA ENDS
CODE SEGMENT
START:
MOV AX, DATA
MOV DS, AX
MOV AL, 98H
; control word in AL
OUT CR, AL
; sends it to control register
MOV AL, 00
; address corresponding to IN0
OUT PB, AL
; sends it to port b
MOV AL, 00
; BSR control word to clear ALE
(PC0)
OUT CR, AL
;
MOV AL, 01
; BSR control
word to set ALE
(PC0)
OUT CR, AL
;
; BSR control word to set SC (PC 1)
MOV AL, 03
OUT CR, AL
;
CALL DELAY
; provide delay
MOV AL, 00
; BSR control word to clear ALE
(PC0)
OUT CR, AL
;
MOV AL, 02
; BSR control
word to clear SC
(PC1)
OUT CR, AL
;
AGAIN:
IN AL, PC
; read the contents of port C
; rotate left to check if PC7 is high
RCL AL, 01H
JC AGAIN
; if carry high, continue to checking
; if low, EOC got. Load word for OE PC2
MOV AL, 05H
OUT CR, AL
;
IN AL, PA
; read the converted data from Port A
MOV DAT, AL
; saves it to memory
; BSR control word to lower OE (PC2)
MOVAL, 04H
OUT CR, AL
;
INT 03H
DELAY PROC NEAR ; delay procedure
MOV CX, N
; the value of N can be decided by
requirement
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L1:

LOOP L1
RET
DELAY ENDP
CODE ENDS
END START

DAC CONVERTER:
A digital number sent from processor is to an analog current/voltage. DACs of
different resolutions are available i.e. 8, 10, 12, 16 inputs. An 8-bit DAC gives
28 or 256 levels of voltages at the output. For an 8-bit DAC, the output current
I0 is a function of the binary numbers at the data input pins D0 to D7.

PIN DIAGRAM OF DAC 0800/0802

Connections between 8255 and
DAC Triangular wave generation routine
RPT1:
MOV CX, 0FFH
;
MOV AL, 00H
;
UP:
INC AL
;
for
MOV DX, 0FFE0H
;
and
OUT DX, AL
;

set count
start from 0
increment
data
+ive going slope
output at port A
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LOOP UP
MOV CX, 0FFH
MOV AX, CX
DEC AL

;
;
;

set count
start from FFh
decrement data

MOV DX, 0FFE0H

;

-ive going slope

OUT DX, AL
LOOP DOWN
JMP SHORT RPT1
continuously

;

port A

;

repeat

DOWN:
for
at

Square wave generation routine
RPT2:
MOV AL, 0FFH
MOV DX, 0FFE0H
OUT DX, AL
MOV CX, FFH
DLY1:
LOOP DLY1
MOV AL, 00H
MOV DX, 0FFE0H
OUT DX, AL
MOV CX, FFH
DLY2:
LOOP DLY2
JMP SHORT RPT2
continuously
END

;

O/P FFh at ports

;

delay

;

O/P 0 at ports

;

delay
;

repeat

DISPLAY INTERFACING USING PORTS
The 7 – segment LEDs are the most popular display devies used for
single microprocessor kits. The 7 – segment LEDs can be either common
anode type or common cathode type.
Each 7 – segment LED will have seven LEDs arranged in the form of
rectangular segments. In common cathode type, all the cathode terminals
of LEDs are internally shorted. The anodes of the LEDs are terminated on
separate pins for external connection. In common anode type, all the
anode terminals of LEDs are internally shorted. The cathodes of the LEDs
are terminated on separate pins for external connection.
In a 7 – segment LED, a segment will glow when it is forward biased.
Therefore, a logic high is applied to the anode and logic low is applied to
the cathode.
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COMMON CATHODE 7 – SEGMENT LED
7 – SEGMENT DISPLAY CODE FOR COMMON CATHODE LED

COMMON ANODE 7 – SEGMENT LED
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7 – SEGMENT DISPLAY CODE FOR COMMON ANODE LED

7 – SEGMENT DISPLAY USING PORT

MOV AX, 8500H

;
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MOV DS, AX
segment with 8500H
MOV SI, 0000H
register
MOV CX, 10H
16 i.e. 10H
MOV AL, 80H

;

Initialize
0000
H

data

;

Copy

to

SI

;

Load CX register with

;

MOV CWR, AL
80H i.e. PA as output
CLD
L1:
LODSB
content to AL
OUT PA, AL
to PORTA

;

Configur
e

;
;

DF=0
Load byte

CALL DELAY
LOOP L1
another character
MOV AL, 00H
OUT 85H, AL
INT 03H

;
;

Call delay
program
Go
for

;
;
;

clear the display
Return control to OS

;

8255 with

from

SI

AL register data

displaying

Generally, a microprocessor system normally requires 6 to 8 numbers of 7
– segments LEDs. Each 7 – segment LED requires 140mA to 200mA.
Hence the total current required for displays is 1200mA for 6 to 8
LEDs.Therefore, heavy current requirement can be reduced drastically by
using multiplexed display scheme. In multiplexed display only one 7 –
segment LED made to display.
In multiplexed display, the segment information is sent out to all of the
digits on the common bus, but only one display digit is turned ON at a time.
The BCD code for digit – 1 is the first output from PORTA to the 7447 decoder.
The 7447 outputs the corresponding 7 – segment code on the segment
bus.The PNP transistors in series with common anode of each digit acts as an
ON and OFF switch for that digit. The transistor connected to digit
– 1 is then turned ON by outputting a LOW on the corresponding bit of
PORTB. The rest of the bits of PORTB should be high to make sure no other
digits are turned ON. After a few milliseconds, digit – 1 is turned OFF by
outputting all HIGH to PORTB.
The greatest advantage of multiplexing the displays is that only one
7447 decoder is required to represent 7 – segments and only one digit is ON
at a time. Hence, it results in large savings of power and ports.
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MULTIPLEXED DISPLAY USING PORTS

8253 PROGRAMMABLE INTERVAL TIMER
NEED FOR PROGRAMMABLE INTERVAL TIMER
There are many situations where accurate time delays are required to be
generated in a microcomputer system.
The 8253/54 solves one of most common problem in any microcomputer
system, the generation of accurate time delays under software control.
Instead of setting up timing loops in system software, the programmer
configures the 8253/54 to match his requirements, initializes one of the
counters of the 8253/54 with the desired quantity, then upon command the
8253/54 will count out the delay and interrupt the CPU when it has completed
its task. It is easy to see that the software overhead is minimum and that
multiple delays can be easily be maintained by assignment of priority levels.
“The 8253/54 includes three identical 16 bit counters that can operate
independently. To operate a counter, a 16-bit count is loaded in its register
and, on command; it begins to decrement the count until it reaches 0. At the
end of the count, it generates a pulse that can be used to interrupt the CPU.
The counter can count either in binary or BCD. In addition, a count can be
read by the CPU while the counter is decrementing”.
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Features:
1) Three independent 16-bit down counters.
2) 8254 can handle inputs from DC to 10 MHz (5MHz 8254-5 8MHz 8254
10MHz 8254-2) where as 8253 can operate up to 2.6 MHz
3) Three counters are identical pre-settable, and can be programmed for
either binary or BCD count.
4) Counter can be programmed in six different modes.
5) Compatible with all Intel and most other microprocessors.
6) 8254 has powerful command called READ BACK command which allows the
user to check the count value, programmed mode and current mode and
current status of the counter.
Note: Read back mode facility—which means that the status of a particular
mode can be read after programming. This facility is not available with
8253.

Functional Diagram of 8253/8254:

It includes three counters, a
data bus buffer, Read/Write control logic, and a control register. Each counter has two
input signals CLOCK and GATE and one output signal OUT.

Data Bus Buffer: This tri-state, bi-directional, 8-bit buffer is used to interface the
8253/54 to the system data bus. The Data bus buffer has three basic functions.
1. Programming the modes of 8253/54.
2. Loading the count registers.
3. Reading the count values.
Read/Write Logic: The Read/Write logic has five signals: RD, WR, CS and the
address lines A0 and A1. The control word register and counters are selected
according to the signals on lines A0 and A1.
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BLOCK DIAGRAM OF PIT 8253
Control Word Register: This register is accessed when lines A0 and A1 are at
logic 1. It is used to write a command word which specifies the counter to be
used (binary or BCD), its mode, and either a read or write operation.
Counters: These three functional blocks are identical in operation. Each
counter consists of a single, 16 bit, pre-settable, down counter. The counter
can operate in either binary or BCD and its input, gate and output are
configured by the selection of modes stored in the control word register. The
counters are fully independent. The programmer can read the contents of any
of the three counters without disturbing the actual count in process.
Each counter has a program control word used to select the way the
counter operates. If two bytes are programmed, then the first byte (LSB)
stops the count, and the second byte (MSB) starts the counter with the new
count.
GATE: The gate input controls the operation of the counter in some modes.
OUT: A counter output is where the waveform generated by the timer is available.
RD/WR: Read/Write causes data to be read/written from the 8254 and often
connects to the IORC/IOWC.
Note: Each counter can be programmed with maximum count as 10 4 i.e. 10,000
in decimal where as in hexadecimal 216 (65,536H).
Operational Description
The complete functional definition of the 8253/54 is programmed by the system
software. Once programmed, the 8253/54 is ready to perform whatever timing
tasks it is assigned to accomplish.
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Programming the 8253/54: Each counter of the 8253/54 is individually
programmed by writing a control word into the control word register (A0 - A1 =
11). The Figure shows the control word format. Bits SC1 and SC0 select the
counter, bits RW1 and RW0 select the read, write or latch command, bits M2, M1
and M0 select the mode of operation and bit BCD decides whether it is a BCD
counter or binary counter.
WRITE Operation:
1. Write a control word into control register.
2. Load the low-order byte of a count in the counter register.
3. Load the high-order byte of count in the counter register.

CONTROL WORD FORMAT 8253/54
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READ Operation: In some applications, especially in event counters, it is
necessary to read the value of the count in process. This can be done by three
possible methods:
1. Simple Read: It involves reading a count after inhibiting the counter by
controlling the gate input or the clock input of the selected counter, and two
I/O read operations are performed by the CPU. The first I/O operation reads
the low-order byte, and the second I/O operation reads the high order byte.
2. Counter Latch Command: In the second method, an appropriate control word
is written into the control register to latch a count in the output latch, and two I/O
read operations are performed by the CPU. The first I/O operation reads the loworder byte, and the second I/O operation reads the high order byte.
3. Read-Back Command (Available only for 8254): The third method uses the
Read-Back command. This command allows the user to check the count value,
programmed Mode, and current status of the OUT pin and Null count flag of the
selected counter(s).Figure shows the format of the control word register for ReadBack command.

Modes of Operation:

Six modes of operation are available to each of the

8253/54 counters.

MODE 0: Interrupt on terminal count
Normal Operation:
1) The output will be initially low after the mode set operation.
2) After the count is loaded into the selected count Register the output will remain
low and the counter will count.
3) When the terminal count is reached the output will go high and remain high
until the selected count is reloaded.
b) Gate Disable
1) Gate = 1 enables counting. 2) Gate = 0 disables
counting. Note: Gate has no effect on OUT.
c) New Count
If a new count is written to the counter, it will be loaded on the next CLK pulse
and counting will continue from the new count
In case of two byte count:
1) Writing the first byte disables counting.
2) Writing the second byte loads the new count on the next CLK pulse and
counting will continue from the new count.
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Mode0 interrupt on terminal count
MODE 1: Hardware Retrigger able Oneshot a) Normal operation
1) The output will be initially high
2) The output will go low on the CLK pulse following the rising edge at the gate
input.
3) The output will go high on the terminal count and remain high until the next
rising edge at the gate input.
b) Retriggering
The one shot is retriggerable, hence the output will remain low for the full count
after any rising edge of the gate input.
c) New count
If the counter is loaded during one shot pulse, the current one shot is not affected
unless the counter is retriggered. If retriggered, the counter is loaded with the
new count and the one-shot pulse continues until the new count expires.

139

MODE 1: HARDWARE RETRIGGERABLE ONE-SHOT
MODE 2: Rate generator
This mode functions like a divide by-N counter.
a) Normal Operation
1) The output will be initially high.
2) The output will go low for one clock pulse before the terminal count.
3) The output then goes high, the counter reloads the initial count and the process
is repeated.
4) The period from one output pulse to the next equals the number of input
counts in the count register.
b) Gate Disable
1) If Gate = 1 it enables a counting otherwise it disables counting (Gate = 0).
2) If Gate goes low during a low output pulse, output is set immediately high. A
trigger reloads the count and the normal sequence is repeated.

140

MODE 2: RATE GENERATOR
MODE 3: SQUARE WAVE GENERATOR
a) Normal operation
1) Initially output is high.
2) For even count, counter is decremented by 2 on the falling edge of each clock
pulse. When the counter reaches terminal count, the state of the output is changed
and the counter is reloaded with the full count and the whole process is repeated.

3) If the count is odd and the output is high the first clock pulse (after the count is
loaded) decrements the count by 1. Subsequent clock pulses decrement the clock
by 2. After timeout, the output goes low and the full count is reloaded. The first
clock pulse (following the reload) decrements the count by 3 and subsequent clock
pulse decrement the count by two. Then the whole process is repeated. In this
way, if the count is odd, the output will be high for (n+1)/2 counts and low for (n1)/2 counts.
b) Gate Disable
If Gate is 1 counting is enabled otherwise it is disabled. If Gate goes low while
output is low, output is set high immediately. After this, When Gate goes high, the
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counter is loaded with the initial count on the next clock pulse and the sequence is
repeated.
c) New Count
The current counting sequence does not affect when the new count is written. If a
trigger is received after writing a new count but before the end of the current halfcycle of the square wave, the counter will be loaded with the new count on the
next CLK pulse and counting will continue from the new count. Otherwise, the new
count will be loaded at end of the current half-cycle.

MODE 3: SQUARE WAVE GENERATOR

MODE 4: Software Triggered Strobe.
a) Normal operation
1) The output will be initially high
2) The output will go low for one CLK pulse after the terminal count
(TC). b) Gate Disable
If Gate is one the counting is enabled otherwise it is disabled. The Gate has no
effect on the output.
c) New count
If a new count is written during counting, it will be loaded on the next CLK pulse
and counting will continue from the new count. If the count is two byte then
1) Writing the first byte has no effect on counting.
2) Writing the second byte allows the new count to be loaded on the next CLK
pulse.
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MODE 4: SOFTWARE TRIGGERED STROBE
MODE 5: Hardware triggered strobe (Retriggerable).
a) Normal operation
1) The output will be initially high.
2) The counting is triggered by the rising edge of the Gate.
3) The output will go low for one CLK pulse after the terminal count
(TC). b) Retriggering
If the triggering occurs on the Gate input during the counting, the initial count is
loaded on the next CLK pulse and the counting will be continued until the terminal
count is reached.
c) New count
If a new count is written during counting, the current counting sequence will not
be affected. If the trigger occurs after the new count is written but before the
terminal count, the counter will be loaded with the new count on the next CLK
pulse and counting will continue from there.
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MODE 5: HARDWARE TRIGGERED STROBE
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Example: Use the port addresses as binary address A7 - A2 =100101:
(a) Counter 0 for binary count of mode 3 (square wave) to divide CLKO by number
4282 (BCD)
(b) Counter 2 for binary count of mode 3 (square wave) to divide CLK2 by number
C26A hex
(c) Find the frequency of OUTO and OUT2 in (a) and (b) if CLKO =1.2 MHz, CLK2
= 1.8 MHz
Solution:
(a) To program counter 0 for mode 3, we have 00110111 for the control word.
Therefore,
MOV AL, 37H
;
counter 0, mode 3, BCD
OUT 97H, AL
;
send it to control register
MOV AX, 4282H ;
load the divisor (BCD needs H for hex)
OUT 94H, AL
;
send the low byte
MOV AL, AH
;
to counter 0
OUT 94H, AL
;
and then the high byte to counter 0
(b) By the same token:
MOV AL, B6H
;
counter2, mode 3, binary (hex)
OUT 97H, AL
;
send it to control register
MOV AX, C26AH ;
load the divisor
OUT 96H, AL
;
send the low byte
MOV AL, AH
;
to count 2
OUT 96H, AL
;
send the high byte to counter 2
(c) The output frequency for OUTO is 1.2MHz divided by 4282, which is 280 Hz.
Notice that the program in part (a) used instruction "MOV AX,4282H" since BCD
and hex numbers are represented in the same way, up to 9999. For OUT2, CLK2
of 1.8 MHz is divided by 49770 since C26AH = 49770 in decimal. Therefore, OUT2
frequency is a square wave of 36 Hz.
Example: Using the port addresses as 94H, show the programming of counter 1
to divide CLK1 by 10,000, producing the mode 3 square wave. Use the BCD option
in the control byte.
Solution:
MOV AL, 77H
;
counter 1, mode 3, BCD
OUT 97H, AL
;
send it to control register
SUB AL, AL
;
AL =0 load the divisor for 10,000s
OUT 95H, AL
;
send the low byte
OUT 95H, AL
;
and then the high byte to counter 1
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UNIT V
8051 MICROCONTROLLERS
To make a complete microcomputer system, only microprocessor is
not sufficient. It is necessary to add other peripherals such as ROM, RAM,
decoders, drivers, number of I/O devices to make a complete
microcomputer system. In addition, special purpose devices, such as
interrupt controller, programmable timers, programmable I/O devices,
DMA controllers may be added to improve the capability and performance
and flexibility of a microcomputer system.
The key feature for microprocessor based design is that it has more
flexibility to configure a system as large system or small system by adding
suitable peripherals.
On the other hand, the microcontroller incorporates all the features that
are found in microprocessor. The microcontroller has built-in ROM, RAM,
parallel I/O, serial I/O, counters and a clock circuit. It has on-chip peripheral
devices which makes it possible to have single microcomputer system.
Advantages of built-in peripherals:
Built-in peripherals have smaller access times hence speed is more.
Hardware reduces due to single chip microcomputer system.
Less hardware reduces PCB size and increases reliability of the system.
Comparison between Microprocessors and Microcontrollers:

Features of 8051:
• 4KB on-chip program memory (ROM/EPROM).
• 128 bytes on-chip data memory.
• Four register banks.
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•
•
•
•
•
•

64KB each program and external RAM addressability.
One microsecond instruction cycle with 12MHz crystal.
32 bidirectional I/O lines organized as four 8-bit ports.
Multiple modes, high-speed programmable serial port (UART).
16-bit Timers/Counters.
Direct byte and bit addressability.

Block Diagram of 8051:

Accumulator: The Accumulator, as it’s name suggests, is used as a
general register to accumulate the results of a large number of
instructions. It can hold an 8-bit (1-byte) value.
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‘B’ Register: The "B" register is very similar to the Accumulator in the
sense that it may hold an 8-bit (1-byte) value. The "B" register is only used
by two 8051 instructions: MUL AB and DIV AB.
Aside from the MUL and DIV an instruction, the “B” register is often
used as yet another temporary storage register much like a ninth "R"
register.
Program Status Word
The PSW register contains program status information. It is a 8-bit flag
register, out of 8-bits 6 bits are used and 2 bits are reserved. Out of 6 bits
4 bits are conditional bits and 2 bits are used for selecting register bank.

Stack Pointer
The Stack Pointer register is 8 bits wide. It is incremented before data is
stored during PUSH and CALL executions. While the stack may reside
anywhere in on-chip RAM, the Stack Pointer is initialized to 07H after a
reset. This causes the stack to begin at locations 08H.
Data Pointer
The Data Pointer (DPTR) consists of a high byte (DPH) and a low byte
(DPL). Its intended function is to hold a 16-bit address. It may be
manipulated as a 16-bit register or as two independent 8-bit registers.
Program Counter
The Program Counter (PC) is a 2-byte address which tells the 8051 where
the next instruction to execute is found in memory. When the 8051 is
initialized PC always starts at 0000h and is incremented each time an
instruction is executed. It is important to note that PC isn’t always
incremented by one. Since some instructions require 2 or 3 bytes the PC
will be incremented by 2 or 3 in these cases.
The Program Counter is special in that there is no way to directly modify its
value. That is to say, we can’t do something like PC=2430h. On the other
hand, if we execute LJMP 2430h you’ve effectively accomplished the same
thing.
Ports 0 to 3
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P0, P1, P2, and P3 are the SFR latches of Ports 0, 1, 2, and 3, respectively.
Writing a one to a bit of a port SFR (P0, P1, P2, or P3) causes the
corresponding port output pin to switch high. Writing a zero causes the
port output pin to switch low. When used as an input, the external state of
a port pin will be held in the port SFR (i.e., if the external state of a pin is
low, the corresponding port SFR bit will contain a 0; if it is high, the bit will
contain a 1).
Serial Data Buffer
The Serial Buffer is actually two separate registers, a transmit buffer and a
receive buffer. When data is moved to SBUF, it goes to the transmit buffer
and is held for serial transmission. (Moving a byte to SBUF is what initiates
the transmission.) When data is moved from SBUF, it comes from the
receive buffer.
Timer Registers Basic to 80C51
Register pairs (TH0, TL0), and (TH1, TL1) are the 16-bit Counting registers
for Timer/Counters 0 and 1, respectively.
Control Register for the 80C51
Special Function Registers IP, IE, TMOD, TCON, SCON, and PCON contain
control and status bits for the interrupt system, the Timer/Counters, and
the serial port.
Register Banks
The 8051 uses 8 "R" registers which are used in many of its instructions.
These "R" registers are numbered from 0 through 7 (R0, R1, R2, R3, R4, R5,
R6, and R7). These registers are generally used to assist in manipulating
values and moving data from one memory location to another.
PSEN (Program Store Enable)
The 8051 has four dedicated bus control signals. It is a control signal that
enables external program (code) memory. It usually connects to an
EPROM's Output Enable (OE) pin to permit reading of program bytes. The
PSEN signal pulses low during the fetch stage of an instruction. When
executing a program from internal ROM (8051/8052), PSEN remains in the
inactive (high) state.
ALE (Address Latch Enable)
The 8051 similarly uses ALE for demultiplexing the address and data bus.
When Port 0 is used in its alternate mode—as the data bus and the lowbyte of the address bus—ALE is the signal that latches the address into an
external register during the first half of a memory cycle.
EA (External Access)
The EA input signal is generally tied high (+5 V) or low (ground). If high,
the 8051 executes programs from internal ROM when executing in the
lower 4K of memory. If low, programs execute from external memory only
(and PSEN pulses low accordingly).
RST (Reset)
The RST input is the master reset for the 8051. When this signal is brought
high for at least two machine cycles, the 8051 internal registers are loaded
with appropriate values for an orderly system start-up.
On-chip Oscillator Inputs
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The 8051 features an on-chip oscillator. The nominal crystal frequency is
12 MHz for most ICs in the MCS-51™ family.
Memory Organization
Most microprocessors implement a shared memory space for data and
programs. This is reasonable, since programs are usually stored on a disk
and loaded into RAM for execution; thus both the data and programs reside
in the system RAM. Microcontrollers have limited memory, and there is no
disk drive or disk operating system. The control program must reside in.
For this reason, the 8051 implements a separate memory space for
programs (code) and data. Both the code and data may be internal;
however, both expand using external components to a maximum of 64K
code memory and 64K data memory.
The internal memory consists of on-chip ROM (8051/8052 only) and onchip data RAM. The on-chip RAM contains a rich arrangement of
general-purpose storage, bit-addressable storage, register banks,
and special function registers.
The internal memory space is divided between register banks (00H-1FH),
bit-addressable RAM (20H-2FH), general-purpose RAM (30H-7FH), and
special function registers (80H-FFH).
Any location in the general-purpose RAM can be accessed freely using
the direct or indirect addressing modes.
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Internal RAM memory
Bit-addressable RAM
The 8051 contains 210 bit-addressable locations, of which 128 are at byte
addresses 20H through 2FH, and the rest are in the special function
registers.
The idea of individually accessing bits through software is a powerful
feature of most microcontrollers. Bits can be set, cleared, ANDed, ORed,
etc., with a single instruction.
Most microprocessors require a read-modify-write sequence of instructions
to achieve the same effect. Furthermore, the 8051 I/O ports are bitaddressable, simplifying the software interface to single-bit inputs and
outputs.
There are 128 general-purpose bit-addressable locations at byte address
20H through 2FH (8 bits/byte X 16 bytes = 128 bits).
Register Banks
The bottom 32 locations of internal memory contain the register banks.
The 8051 instruction set supports 8 registers, R0 through R7, and by
default (after a system reset) these registers are at addresses OOH-07H.
Instructions using registers R0 to R7 are shorter and faster than the
equivalent instructions using direct addressing. Data values used
frequently should use one of these registers.
Special Function Registers
The 8051 internal registers are configured as part of the on-chip RAM;
therefore, each register also has an address. This is reasonable for the
8051, since it has so many registers. As well as R0 to R7, there are 21
special function registers (SFRs) at the top of internal RAM, from addresses
80H to FFH.
EXTERNAL MEMORY
The MCS-51 architecture provides expansion in the form of a 64K external
code memory space and a 64K external data memory space. Extra ROM
and RAM can be added as needed. Peripheral interface ICs can also be
added to expand the I/O capability. These become part of the external data
memory space using memory-mapped I/O.
When external memory is used, Port 0 is unavailable as an I/O port.
It becomes a multiplexed address (A0-A7) and data (D0-D7) bus, with ALE
latching the low-byte of the address at the beginning of each external
memory cycle. Port 2 is usually (but not always) employed for the highbyte of the address bus.
Addressing Modes
The CPU can access data in various ways, which are called addressing modes
1. Immediate 2. Register 3. Direct 4.Register indirect 5.Indexed
Immediate Addressing
When a source operand is a constant rather than a variable then the constant
can be incorporated into the instruction as a byte of "immediate" data. In
assembly language, immediate operands are preceded by a number sign (#).
The operand may be a numeric constant, a symbolic variable, or an
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arithmetic expression using constants, symbols, and operators. The
assembler computes the value and substitutes the immediate data into the
instruction.
For example, the instruction
MOV A, #12 ; loads the value 12 (OCH) into the accumulator. (It is
assumed the constant "12" is in decimal notation, since it is not followed
by "H.")
MOV A,#25H
;
load 25H into A
MOV R4,#62
;
load 62 into R4
MOV B,#40H
;
load 40H into B
MOV DPTR,#4521H
;
DPTR=4512H
MOV DPL,#21H
;
This is the same
MOV DPH,#45H
;
as above
MOV DPTR,#68975
;
illegal!! Value > 65535 (FFFFH)
MOV P1, #55H
;
immediate addressing mode can be used
for ports also
Register Addressing Mode
Certain register names may be used as part of the opcode mnemonic as
sources or destinations of data. Registers A, DPTR, and RO to R7 may be
named as part of the opcode
mnemonic.
MOV A,R0
;
copy contents of R0 into A
MOV R2,A
;
copy contents of A into R2
ADD A,R5
;
add contents of R5 to A
ADD A,R7
;
add contents of R7 to A
MOV R6,A
;
save accumulator in R6
MOV DPTR,A
;
will give an error
MOV DPTR,#25F5H
;
MOV R7,DPL
;
MOV R6, DPH
;
MOV R4, R7
;
The data transfer between Rn registers is
not allowed
Direct Addressing Mode
All 128 bytes of internal RAM and the SFRs may be addressed directly
using the single byte address assigned to each RAM location and each
special-function register.
MOV R0, 40H
;
save content of 40H in R0
MOV 56H, A
;
save content of A in 56H
MOV A, 4
;
is same as
MOV A, R4
;
which means copy R4 into A
The SFR (Special Function Register) can be accessed by their names or by
their addresses
MOV 0E0H, #55H
;
is the same as
MOV A, #55h
;
load 55H into A
MOV 0F0H, R0
;
is the same as
MOV B, R0
;
copy R0 into B
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Note: The SFR registers have addresses between 80H and FFH. Not all the
address space of 80 to FF is used by SFR. The unused locations 80H to FFH
are reserved and must not be used by the 8051 programmer.
Register Indirect Addressing Mode
The indirect addressing mode uses a register to hold the actual address that
will finally be used in the data move; the register itself is not the address, but
rather the number in the register. Indirect addressing for MOV opcodes uses
register R0 or R1, often called "data pointers," to hold the address of one of
the data locations, which could be a RAM or an SFR address.
MOV A,@RO
;
Copy the contents of the address in RO
to the A register
MOV @R1, # 35h
;
Copy the number 35h to the address in
R1
MOV add,@R0
;
Copy the contents of the address in RO
to add
MOV @R1, A
;
Copy the contents of A to the address in
R1
MOV @R0, 80h
;
Copy the contents of the port 0 pins to
the address in R0
Note: The advantage is that it makes accessing data dynamic rather than
static as in direct addressing mode. Looping is not possible in direct
addressing mode.
Indexed addressing uses a base register (either the program counter or the
data pointer) and an offset (the accumulator) in forming the effective
address for a JMP or MOVC instruction. Jump tables or look-up tables are
easily created using indexed addressing.
MOVC A,@A+DPTR
;
Copy the code byte, found at the
ROM address
formed by adding A and the
DPTR, to A
MOVC A,@A + PC
;
Copy the code byte, found at the
ROM address formed by adding A and the PC,
to A
I/O Ports:
The four 8-bit I/O ports P0, P1, P2 and P3 each uses 8 pins. All the ports
upon RESET are configured as output, ready to be used as input ports.
Port 0 is also designated as AD0-AD7, allowing it to be used for both
address and data. When connecting an 8051/31 to an external memory,
port 0 provides both address and data. The 8051 multiplexes address and
data through port 0 to save pins.
ALE indicates if P0 has address or data.
When ALE=0, it provides data D0-D7
When ALE=1, it has address A0-A7
In 8051-based systems with no external memory connection. Both P1
and P2 are used as simple I/O. In 8031/51-based systems with external
memory connections, Port 2 must be used along with P0 to provide the 16bit address for the external memory.
P0 provides the lower 8 bits via A0 – A7
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P2 is used for the upper 8 bits of the 16-bit address, designated as A8 –
A15, and it cannot be used for I/O Port 3 can be used as input or output.
Port 3 does not need any pull-up resistors. Port 3 has the additional
function of providing some extremely important signals.
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Counters and Timers
Many microcontroller applications require the counting of external events,
such as the frequency of a pulse train, or the generation of precise internal
time delays between computer actions. To relieve the processor burden,
two 16-bit up counters, named T0 and T1, are provided for the general use
of the programmer. Each counter may be programmed to count internal
clock pulses, acting as a timer, or programmed to count external pulses as
a counter. The timers are used for (a) interval timing, (b) event counting,
or (c) baud rate generation for the built-in serial port.
The 8051 has two timers/counters, they can be used either as:
Timers to generate a time delay or as Event counters to count
events happening outside the microcontroller
In interval timing applications, a timer is programmed to overflow at
a regular interval and set the timer overflow flag. The flag is used to
synchronize the program to perform an action such as checking the state of
inputs or sending data to outputs.
Other applications can use the regular clocking of the timer to measure
the elapsed time between two conditions (e.g., pulse width measurements).
Event counting is used to determine the number of occurrences of an
event, rather than to measure the elapsed time between events. An
"event" is any external stimulus that provides a 1-to-0 transition to a pin
on the 8051 IC. The timers can also provide the baud rate clock for the
8051’s internal serial port.
TIMER MODE REGISTER (TMOD)
The TMOD register contains two groups of four bits that set the operating
mode for Timer 0 and Timer 1. TMOD is not bit-addressable. Generally, it is
loaded once by software at the beginning of a program to initialize the
timer mode. In each case, the lower 2 bits are used to set the timer mode
and the upper 2 bits to specify the operation.

C/T:
Timer or counter selected, Cleared for timer operation (input from internal
system clock) and Set for counter operation (input from Tx input pin).
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GATE: Timers of 8051 do starting and stopping by either software or
hardware control. In using software to start and stop the timer where
GATE=0. The start and stop of the timer are controlled by way of software
by the TR (timer start) bits TR0 and TR1.
The SETB instruction starts it, and it is stopped by the CLR
instruction. These instructions start and stop the timers as long as GATE=0
in the TMOD register.
The hardware way of starting and stopping the timer by an external
source is achieved by making GATE=1 in the TMOD register.
Timer Modes:
13-Bit Timer Mode (Mode 0)
Mode 0 is a 13-bit timer mode that provides compatibility with the 805l's
predecessor, the 8048. It is not generally used in new designs. The timer
high-byte (THx) is cascaded with the five least-significant bits of the timer
low-byte (TLx) to form a 13-bit timer. The upper three bits of TLx are not
used.
16-Bit Timer Mode (Mode 1)
Mode 1 is a 16-bit timer mode and is the same as mode 0, except the
timer is operating as a full 16-bit timer. The clock is applied to the
combined high and low timer registers (TLx/THx). As clock pulses are
received, the timer counts up: OOOOH, 0001H, 0002H, etc. An overflow
occurs on the FFFFH-to-OOOOH transition of the count and sets the timer
overflow flag. The timer continues to count. The overflow flag is the TFx bit
in TCON that is read or written by software.

8-Bit Auto-Reload Mode (Mode 2)
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Mode 2 is 8-bit auto-reload mode. The timer low-byte (TLx) operates as an
8-bit timer while the timer high-byte (THx) holds a reload value. When the
count overflows from FFH to 00H, not only is the timer flag set, but the
value in THx is loaded into TLx; counting continues from this value up to
the next FFH-to-OOH transition, and so on. This mode is convenient, since
timer overflows occur at specific, periodic intervals once TMOD and THx are
initialized.
Split Timer Mode (Mode 3)
Mode 3 is the split timer mode and is different for each timer. Timer 0 in
mode 3 is split into two 8-bit timers. TLO and THO act as separate
timers with overflows setting the TFO and TF1 bits respectively.
Timer 1 is stopped in mode 3, but can be started by switching it into one of
the other modes. The only limitation is that the usual Timer 1 overflow
flag, TF1, is not affected by Timer 1 overflows, since it is connected to
THO. Mode 3 essentially provides an extra 8-bit timer: The 8051 appears
to have a third timer. When Timer 0 is in mode 3, Timer 1 can be turned
on and off by switching it out of and into its own mode 3. It can still be
used by the serial port as a baud rate generator, or it can be used in any
way not requiring interrupts (since it is no longer connected to TF1).
TCON Register

TF1 Timer 1 Overflow flag Set when timer rolls from all ones to zero.
Cleared when processor vectors to execute interrupt service routine located
at program address 001Bh.
TR1 Timer 1 run control bit Set to 1 by program to enable timer to
count; cleared to 0 by program to halt timer. Does not reset timer.
TFO Timer 0 Overflow flag Set when timer rolls from all ones to zero.
Cleared when processor vectors to execute interrupt service routine
located at program address 000Bh.
TRO Timer 0 run control bit. Set to 1 by program to enable timer to count;
cleared to 0 by
program to halt timer. Does not reset timer.
IE 1 External interrupt 1 edge flag. Set to 1 when a high to low edge
signal is received on port 3 pin 3.3 (INTO. Cleared when processor vectors
to interrupt service routine located at program address 0013h. Not related
to timer operations.
IT1 External interrupt 1 signal type control bit Set to 1 by program to
enable external interrupt 1 to be triggered by a falling edge signal. Set to 0
by program to enable a low level signal on external interrupt 1 to generate
an interrupt.
IE0 External interrupt 0 edge flag Set to 1 when a high to low edge
signal is received on port 3 pin 3.2 (INTO). Cleared when processor vectors
to interrupt service routine located at program address 0003h. Not related
to timer operations.
The following are the characteristics and operations of mode1:
1. It is a 16-bit timer; therefore, it allows value of 0000 to FFFFH to be
loaded into the timer’s register TL and TH.
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2. After TH and TL are loaded with a 16-bit initial value, the timer must be
started. This is done by SETB TR0 for timer 0 and SETB TR1 for timer 1.
3. After the timer is started, it starts to count up. It counts up until it
reaches its limit of FFFFH. When it rolls over from FFFFH to 0000, it sets
high a flag bit called TF (timer flag).
4. Each timer has its own timer flag: TF0 for timer 0, and TF1 for timer 1.
This timer flag can be monitored. When this timer flag is raised, one option
would be to stop the timer with the instructions CLR TR0 or CLR TR1, for
timer 0 and timer 1, respectively.

5. After the timer reaches its limit and rolls over, in order to repeat the
process, TH and TL must be reloaded with the original value, and TF must
be reloaded to 0.
To generate a time delay
1. Load the TMOD value register indicating which timer (timer 0 or timer 1)
is to be used and which timer mode (0 or 1) is selected. Load registers TL
and TH with initial count value
3. Start the timer
4. Keep monitoring the timer flag (TF) with the JNB TFx, target instruction
to see if it is raised. Get out of the loop when TF becomes high
5. Stop the timer
6. Clear the TF flag for the next round
7. Go back to Step 2 to load TH and TL again.
The following are the characteristics and operations of mode 2:
1. It is an 8-bit timer; therefore, it allows only values of 00 to FFH to be
loaded into the timer’s register TH
2. After TH is loaded with the 8-bit value, the 8051 gives a copy of it to TL.
Then the timer must be started. This is done by the instruction SETB TR0
for timer 0 and SETB TR1 for timer 1
3. After the timer is started, it starts to count up by incrementing the TL
registers. It counts up until it reaches its limit of FFH. When it rolls over
from FFH to 00, it sets high the TF (timer flag)

4. When the TL register rolls from FFH to 0 and TF is set to 1, TL is reloaded
automatically with the original value kept by the TH register. To repeat the
process, we must simply clear TF and let it go without any need by the
programmer to reload the original value. This makes mode 2 an auto-reload,
in contrast with mode 1 in which the programmer has to reload TH and TL.
To generate a time delay:
1. Load the TMOD value register indicating which timer (timer 0 or timer 1)
is to be used, and the timer mode (mode 2) is selected.
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2. Load the TH registers with the initial count value.
3. Start timer
4. Keep monitoring the timer flag (TF) with the JNB TFx, target instruction
to see whether it is raised. Get out of the loop when TF goes high
5. Clear the TF flag
6. Go back to Step 4; since mode 2 is auto reload.
SERIAL PORT OPERATION
The 8051 includes an on-chip serial port that can operate in several
modes over a wide range of frequencies. The essential function of the serial
port is to perform parallel-to-serial conversion for output data, and serialto-parallel conversion for input data.
The serial port features Full duplex operation (simultaneous
transmission and reception), and receive buffering allowing one
character to be received and held in a buffer while a second character is
received. If the CPU reads the first character before the second is fully
received, data are not lost.
Two special function registers provide software access to the serial port,
SBUF and SCON. The serial port buffer (SBUF) at address 99H is really two
buffers. Writing to SBUF loads data to be transmitted, and reading SBUF
accesses received data. These are two separate and distinct registers, the
transmit write-only register, and the receive read-only register.

Serial Port Block Diagram
The serial port control register (SCON) at address 98H is a bitaddressable register containing status bits and control bits. Control bits set
the operating mode for the serial port, and status bits indicate the end of a
character transmission or reception. The status bits are tested in software
or programmed to cause an interrupt.
The serial port frequency of operation, or baud rate, can be fixed
(derived from the 8051 on-chip oscillator) or variable. If a variable baud
rate is used, Timer 1 supplies the baud rate clock and must be
programmed accordingly.
SERIAL PORT CONTROL REGISTER (SCON)
The mode of operation of the 8051 serial port is set by writing to the serial
port mode register (SCON) at address 99H.
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INITIALIZATION AND ACCESSING SERIAL PORT
REGISTERS Receiver Enable
The receiver enable bit (REN) in SCON must be set by software to enable
the reception of characters. This is usually done at the beginning of a
program when the serial port, timers, etc., are initialized. This can be done
in two ways. The instruction sets REN and sets or clears the other bits in
SCON, as required.
SETB REN
;
explicitly sets REN, or the instruction
Interrupt Flags
The receive and transmit interrupt flags (Rl and TI) in SCON play an
important role in 8051 serial communications. Both bits are set by
hardware, but must be cleared by software.
Typically, Rl is set at the end of character reception and indicates "receive
buffer full." This condition is tested in software or programmed to cause an
interrupt.
TI is set at the end of character transmission and indicates "transmit buffer
empty." If software wishes to send a character to the device connected to
the serial port, it must first check that the serial port is ready. In other
words, if a previous character was sent, wait until transmission is finished
before sending the next character.
MODES OF OPERATION
The 8051 serial port has four modes of operation, selectable by
writing 1’s or 0’s into the SMO and SM1 bits in SCON. Three of the modes
enable asynchronous communications, with each character received or
transmitted framed by a start bit and a stop bit. In the fourth mode, the
serial port operates as a simple shift register.
8-Bit Shift Register (Mode 0)
Mode 0, selected by writing 0’s into bits SM1 and SM0 of SCON, puts the
serial port into 8-bit shift register mode. Serial data enter and exit through
RXD, and TXD outputs the shift clock. Eight bits are transmitted or received
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with the least-significant (LSB) first. The baud rate is fixed at 1/12th the
on-chip oscillator frequency.
Transmission is initiated by any instruction that writes data to SBUF.
Reception is initiated when the receiver enable bit (REN) is 1 and the
receive interrupt bit (Rl) is 0.
One possible application of shift register mode is to expand the output
capability of the 8051.
8-Bit UART with Variable Baud Rate (Mode 1)
In mode 1, the 8051 serial port operates as an 8-bit UART with variable
baud rate. In mode 1, 10 bits are transmitted on TXD or received on RXD.
These consist of a start bit (always 0), eight data bits (LSB first), and a
stop bit (always 1).
For a receive operation, the stop bit goes into RB8 in SCON. In the
8051, the baud rate is set by the Timer 1 overflow rate.
Transmission is initiated by writing to SBUF, but does not actually start
until the next rollover of the divide-by-16 counter supplying the serial port
baud rate. Shifted data are outputted on the TXD line beginning with the
start bit, followed by the eight data bits, then the stop bit.
The period for each bit is the reciprocal of the baud rate as
programmed in the timer. The transmit interrupt flag (Tl) is set as soon as
the stop bit appears on TXD. Reception is initiated by a 1-to-0 transition on
RXD. The divide-by-16 counter is immediately reset to align the counts
with the incoming bit stream (the next bit arrives on the next divide-by-16
rollover, and so on).
The incoming bit stream is sampled in the middle of the 16 counts.
The receiver includes "false start bit detection" by requiring a 0 state eight
counts after the first 1-to-0 transition. If this does not occur, it is assumed
that the receiver was triggered by noise rather than by a valid character.
The receiver is reset and returns to the idle state, looking for the next 1-to0 transition.
Assuming a valid start bit was detected, character reception continues. The
start bit is skipped and eight data bits are clocked into the serial port shift
register. When all eight bits have been clocked in, the following occur:
1. The ninth bit (the stop bit) is clocked into RB8 in SCON,
2. SBUF is loaded with the eight data bits, and
3. The receiver interrupt flag (Rl) is set.
9-Bit UART with Fixed Baud Rate (Mode 2)
When SMI = 1 and SM0 = 0, the serial port operates in mode 2 as a 9-bit
UART with a fixed baud rate. Eleven bits are transmitted or received: a
start bit, eight data bits, a programmable ninth data bit, and a stop bit. On
transmission, the ninth bit is whatever has been put in TB8 in SCON
(perhaps a parity bit). On reception, the ninth bit received is placed in RB8.
The baud rate in mode 2 is either 1/32nd or 1/64th the on-chip oscillator
frequency.
Mode 3, 9-bit UART with variable baud rate
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In Mode 3, is the same as mode 2 except the baud rate is programmable and
provided by the timer. In fact, modes 1, 2, and 3 are very similar. The
differences lie in the baud rates (fixed in mode 2, variable in modes 1 and 3)
and in the number of data bits (eight in mode 1, nine in modes 2 and 3).

MULTIPROCESSOR COMMUNICATIONS
Modes 2 and 3 have a special provision for multiprocessor communications.
In these modes, nine data bits are received and the ninth bit goes into
RB8. The port can be programmed so that when the stop bit is received,
the serial port interrupt is activated only if RB8 = 1. This feature is enabled
by setting the SM2 bit in SCON. An application of this is in a networking
environment using multiple 8051s in a master/slave arrangement.
SERIAL PORT BAUD RATES is fixed in modes 0 and 2. In mode 0 it is
always the on-chip oscillator frequency divided by 12. Usually a crystal
drives the 8051's on-chip oscillator, but another clock source can be used
as well. Assuming a nominal oscillator frequency of 12 MHz, the mode 0
baud rate is 1 MHz
By default following a system reset, the mode 2 baud rate is the
oscillator frequency divided by 64. The baud rate is also affected by a bit in
the power control register, PCON.
There are two ways to increase the baud rate of data transfer
• To use a higher frequency crystal
• To change a bit in the PCON register
PCON register is an 8-bit register
When 8051 is powered up, SMOD is zero. We can set it to high by
software and thereby double the baud rate

Bit 7 of PCON is the SMOD bit. Setting SMOD has the effect of
doubling the baud rate in modes 1, 2, and 3. In mode 2, the baud rate can
be doubled from a default value of l/64th the oscillator frequency (SMOD =
0), to l/32nd the oscillator frequency (SMOD = 1).
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In programming the 8051 to transfer character bytes serially
1. TMOD register is loaded with the value 20H, indicating the use of timer
1 in mode 2 (8-bit auto-reload) to set baud rate
2. The TH1 is loaded with one of the values to set baud rate for serial
data transfer
3. The SCON register is loaded with the value 50H, indicating serial mode
1, where an 8- bit data is framed with start and stop bits
4. TR1 is set to 1 to start timer 1
5. TI is cleared by CLR TI instruction
6. The character byte to be transferred serially is written into SBUF register
7. The TI flag bit is monitored with the use of instruction JNB TI, xx to see
if the character has been transferred completely
8. To transfer the next byte, go to step 5
The steps that 8051 goes through in transmitting a character via TxD
1. The byte character to be transmitted is written into the SBUF register
2. The start bit is transferred
3. The 8-bit character is transferred on bit at a time
4. The stop bit is transferred. It is during the transfer of the stop bit that
8051 raises the TI flag, indicating that the last character was transmitted
5. By monitoring the TI flag, we make sure that we are not overloading
the SBUF. If we write another byte into the SBUF before TI is raised, the
untransmitted portion of the previous byte will be lost.
6. After SBUF is loaded with a new byte, the TI flag bit must be forced to
0 by CLR TI in order for this new byte to be transferred.
The TI bit can be checked by the instruction JNB TI, xx Using an interrupt
In programming the 8051 to receive character bytes serially
1. TMOD register is loaded with the value 20H, indicating the use of timer
1 in mode 2 (8-bit auto-reload) to set baud rate
2. TH1 is loaded to set baud rate
3. The SCON register is loaded with the value 50H, indicating serial mode
1, where an 8- bit data is framed with start and stop bits
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4. TR1 is set to 1 to start timer 1
5. RI is cleared by CLR RI instruction
6. The RI flag bit is monitored with the use of instruction JNB RI, xx to see
if an entire character has been received yet
7. When RI is raised, SBUF has the byte; its contents are moved into a
safe place
8. To receive the next character, go to step 5
In receiving bit via its RxD pin, 8051 goes through the
following steps
1. It receives the start bit. Indicating that the next bit is the first bit of
the character byte it is about to receive
2. The 8-bit character is received one bit at time
3. The stop bit is received. When receiving the stop bit 8051 makes RI =
1 indicating that an entire character byte has been received and must be
picked up before it gets overwritten by an incoming character
4. By checking the RI flag bit when it is raised, we know that a character
has been received and is sitting in the SBUF register. We copy the SBUF
contents to a safe place in some other register or memory before it is lost.
5. After the SBUF contents are copied into a safe place, the RI flag bit
must be forced to 0 by CLR RI in order to allow the next received
character byte to be placed in SBUF. Failure to do this causes loss of the
received Character.
It must be cleared by the programmer with instruction CLR RI
If we copy SBUF into a safe place before the RI flag bit is raised, we
risk copying garbage
The RI bit can be checked by the instruction JNB RI, xx using an interrupt
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