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UNIT 1 INTRODUCTION TO MICROPROCESSORS

Introduction, 8085 Architecture, Pin Diagram and signals, Addressing Modes, Timing
Diagram, Memory read, Memory write, 1/O cycle, Interrupts and its types, Introduction
to 8086 microprocessors and its operation.

History of microprocessor:-

The invention of the transistor in 1947 was a significant development in the world of technology. It could
perform the function of a large component used in a computer in the early years. Shockley, Brattain and
Bardeen are credited with this invention and were awarded the Nobel prize for the same. Soon it was found
that the function this large component was easily performed by a group of transistors arranged on a single
platform. This platform, known as the integrated chip (IC), turned out to be a very crucial achievement and
brought along a revolution in the use of computers. A person named Jack Kilby of Texas Instruments was
honored with the Nobel Prize for the invention of IC, which laid the foundation on which microprocessors
were developed. At the same time, Robert Noyce of Fairchild made a parallel development in IC technology
for which he was awarded the patent.

ICs proved beyond doubt that complex functions could be integrated on a single chip with a highly
developed speed and storage capacity. Both Fairchild and Texas Instruments began the manufacture of
commercial ICs in 1961. Later, complex developments in the IC led to the addition of more complex
functions on a single chip. The stage was set for a single controlling circuit for all the computer functions.
Finally, Intel corporation's Ted Hoff and Frederico Fagin were credited with the design of the first
microprocessor.

The work on this project began with an order from a Japanese calculator company Busicom to Intel, for
building some chips for it. Hoff felt that the design could integrate a number of functions on a single chip
making it feasible for providing the required functionality. This led to the design of Intel 4004, the world's
first microprocessor. The next in line was the 8 bit 8008 microprocessor. It was developed by Intel in 1972
to perform complex functions in harmony with the 4004.

This was the beginning of a new era in computer applications. The use of mainframes and huge computers
was scaled down to a much smaller device that was affordable to many. Earlier, their use was limited to
large organizations and universities. With the advent of microprocessors, the use of computers trickled
down to the common man. The next processor in line was Intel’'s 8080 with an 8 bit data bus and a 16 bit
address bus. This was amongst the most popular microprocessors of all time.

Very soon, the Motorola corporation developed its own 6800 in competition with the Intel's 8080. Fagin left
Intel and formed his own firm Zilog. It launched a new microprocessor Z80 in 1980 that was far superior
to the previous two versions. Similarly, a break off from Motorola prompted the design of 6502, a derivative
of the 6800. Such attempts continued with some modifications in the base structure.

The use of microprocessors was limited to task-based operations specifically required for company projects
such as the automobile sector. The concept of a "personal computer* was still a distant dream for the world
and microprocessors were yet to come into personal use. The 16 bit microprocessors started becoming a
commercial sell-out in the 1980s with the first popular one being the TMS9900 of Texas Instruments.

Intel developed the 8086 which still serves as the base model for all latest advancements in the
microprocessor family. It was largely a complete processor integrating all the required features in it. 68000
by Motorola was one of the first microprocessors to develop the concept of microcoding in its instruction
set. They were further developed to 32 bit architectures. Similarly, many players like Zilog, IBM and Apple
were successful in getting their own products in the market. However, Intel had a commanding position in
the market right through the microprocessorers.

The 1990s saw a large scale application of microprocessors in the personal computer applications developed
by the newly formed Apple, IBM and Microsoft corporation. It witnessed a revolution in the use of



computers, which by then was a household entity.

This growth was complemented by a highly sophisticated development in the commercial use of
microprocessors. In 1993, Intel brought out its ‘Pentium Processor' which is one of the most popular
processors in use till date. It was followed by a series of excellent processors of the Pentium family, leading
into the 21st century. The latest one in commercial use is the Pentium Dual Core technology and the Xeon
processor. They have opened up a whole new world of diverse applications. Supercomputers have become
common, owing to this amazing development in microprocessors.

1.2 INTRODUCTION TO MICROPROCESSOR AND MICROCOMPUTER ARCHITECTURE:

A microprocessor is a programmable electronics chip that has computing and decision making capabilities
similar to central processing unit of a computer. Any microprocessor-based systems having limited number
of resources are called microcomputers. Nowadays, microprocessor can be seen in almost all types of
electronics devices like mobile phones, printers, washing machines etc. Microprocessors are also used in
advanced applications like radars, satellites and flights. Due to the rapid advancements in electronic
industry and large scale integration of devices results in a significant cost reduction and increase application
of microprocessors and their derivatives.
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Fig.1.1 Microprocessor-based system

Bit: A bit is a single binary digit.

Word: A word refers to the basic data size or bit size that can be processed by the arithmetic and logic unit
of the processor. A 16-bit binary number is called a word in a 16-bit processor.

Bus: A bus is a group of wires/lines that carry similar information.

System Bus: The system bus is a group of wires/lines used for communication between the microprocessor
and peripherals.

Memory Word: The number of bits that can be stored in a register or memory element is called a memory
word.



Address Bus: It carries the address, which is a unique binary pattern used to identify a memory location or
an 1/O port. For example, an eight bit address bus has eight lines and thus it can address 28 = 256 different
locations. The locations in hexadecimal format can be written as 00H — FFH.

Data Bus: The data bus is used to transfer data between memory and processor or between 1/0O device and
processor. For example, an 8-bit processor will generally have an 8-bit data bus and a 16-bit processor will
have 16-bit data bus.

Control Bus: The control bus carry control signals, which consists of signals for selection of memory or 1/0
device from the given address, direction of data transfer and synchronization of data transfer in case of
slow devices.

A typical microprocessor consists of arithmetic and logic unit (ALU) in association with control unit to
process the instruction execution. Almost all the microprocessors are based on the principle of store-
program concept. In store-program concept, programs or instructions are sequentially stored in the
memory locations that are to be executed. To do any task using a microprocessor, it is to be programmed
by the user. So the programmer must have idea about its internal resources, features and supported
instructions. Each microprocessor has a set of instructions, a list which is provided by the microprocessor
manufacturer. The instruction set of a microprocessor is provided in two forms: binary machine code and
mnemonics.

Microprocessor communicates and operates in binary numbers 0 and 1. The set of instructions in the form
of binary patterns is called a machine language and it is difficult for us to understand. Therefore, the binary
patterns are given abbreviated names, called mnemonics, which forms the assembly language. The
conversion of assembly-level language into binary machine-level language is done by using an application
called assembler.

Technology Used:

The semiconductor manufacturing technologies used for chips are:

. Transistor-Transistor Logic (TTL)
. Emitter Coupled Logic (ECL)
. Complementary Metal-Oxide Semiconductor (CMOS)

Classification of Microprocessors:
Based on their specification, application and architecture microprocessors are classified.

Based on size of data bus:

. 4-bit microprocessor
. 8-bit microprocessor
. 16-bit microprocessor
. 32-bit microprocessor

Based on application:

« General-purpose microprocessor- used in general computer system and can be used by programmer for
any

application. Examples, 8085 to Intel Pentium.

¢ Microcontroller- microprocessor with built-in memory and ports and can be programmed for any generic

4



control
application. Example, 8051.

« Special-purpose processors- designed to handle special functions required for an application. Examples,
digital signal processors and application-specific integrated circuit (ASIC) chips.

Based on architecture:

. Reduced Instruction Set Computer (RISC) processors
. Complex Instruction Set Computer (CISC) processors

2. 8085 MICROPROCESSOR ARCHITECTURE

The 8085 microprocessor is an 8-bit processor available as a 40-pin IC package and uses +5 V for power. It
can run at a maximum frequency of 3 MHz. Its data bus width is 8-bit and address bus width is 16-bit, thus
it can address 216 = 64 KB of memory. The internal architecture of 8085 is shown is Fig. 1.2.
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Fig 1.2: 8085 Architecture
Arithmetic and Logic Unit

The ALU performs the actual numerical and logical operations such as Addition (ADD), Subtraction
(SUB), AND, OR etc. It uses data from memory and from Accumulator to perform operations. The results
of the arithmetic and logical operations are stored in the accumulator.

Registers

The 8085 includes six registers, one accumulator and one flag register, as shown in Fig. 1.3. In addition, it
has two 16-bit registers: stack pointer and program counter. They are briefly described as follows.



The 8085 has six general-purpose registers to store 8-bit data; these are identified as B, C, D, E, H and L.
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 register by using data copy instructions.
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Fig 1.3: Register Organization
Accumulator

The accumulator is an 8-bit register that is a part of 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.

Flag register

The ALU includes five flip-flops, which are set or reset after an operation according to data condition 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. Their bit positions in the flag register are shown in Fig. 4. The microprocessor uses these flags to test data
conditions.
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For example, after an addition of two numbers, if the result in the accumulator is larger than 8-bit, the flip-flop uses to
indicate a carry by setting CY flag to 1. When an arithmetic operation results in zero, Z flag is set to 1. The S flag is just
a copy of the bit D7 of the accumulator. A negative number has a 1 in bit D7 and a positive number has a 0 in 2’s
complement representation. The AC flag is set to 1, when a carry result from bit D3 and passes to bit D4. The P flag is
set to 1, when the result in accumulator contains even number of 1s.

Program Counter (PC)



This 16-bit register deals with sequencing the execution of instructions. This register is a memory pointer. 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 is being fetched, the program
counter is automatically 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 stack. The beginning of the stack is defined by loading 16-bit address in the stack pointer.

Instruction Register/Decoder

It is an 8-bit register that temporarily stores 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.

Control Unit

Generates signals on data bus, address bus and control bus within microprocessor to carry out the instruction, which
has been decoded. Typical buses and their timing are described as follows:

. Data Bus: Data bus carries data in binary form between microprocessor and other external units such as
memory.
It is used to transmit data i.e. information, results of

arithmetic etc between memory and the microprocessor. Data bus is bidirectional in nature. The data bus width of 8085
microprocessor is 8-bit i.e. 28 combination of binary digits and are typically identified as DO — D7. Thus

size of the data bus determines what arithmetic can be done. If only 8-bit wide then largest number is 11111111 (255 in
decimal). Therefore, larger numbers have to be broken down into chunks of 255. This slows
MiCroprocessor.

. Address Bus: The address bus carries addresses and is one way bus from microprocessor to the memory or
other devices. 8085 microprocessor contain 16-bit address bus and are generally identified as A0 - A15. The higher

order address lines (A8 — A15) are unidirectional and the lower order lines (A0 — A7) are multiplexed (time-
shared) with the eight data bits (DO — D7) and hence, they are bidirectional.

. Control Bus: Control bus are various lines which have specific functions for coordinating and controlling

microprocessor operations. The control bus carries control signals partly unidirectional and partly bidirectional.
The following control and status signals are used by 8085 processor:

. ALE (output): Address Latch Enable is a pulse that is provided when an address appears on the
ADO — AD7 lines, after which it becomes 0.

1. RD (active low output): The Read signal indicates that data are being read from the selected 1/0 or
memory device and that they are available on the data bus.

. WR (active low output): The Write signal indicates that data on the data bus are to be written into
a selected memory or 1/O location.

Iv. I0/M (output): It is a signal that distinguished between a memory operation and an 1/O operation.
When IO/M =0 it is a memory operation and 10/M = 1 it is an 1/O operation.
V. S1 and SO (output): These are status signals used to specify the type of operation being performed;

they are listed in Table 1.1



Table 1.1: Status signals and associated operations

S1 S0 States
0 0 Halt
0 1 Write
1 0 Read
1 1 Fetch

The schematic representation of the 8085 bus structure is as shown in Fig. 1.5. The microprocessor
performs primarily four operations:

1.Memory Read: Reads data (or instruction) from memory.
2.Memory Write: Writes data (or instruction) into memory.
3.1/0 Read: Accepts data from input device.

4.1/0 Write: Sends data to output device.

The 8085 processor performs these functions using address bus, data bus and control bus as shown in Fig.
1.5.
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Fig 1.5: 8085 Bus structure

3. 8085 PIN DESCRIPTION

Properties:
. It is a 8-bit microprocessor
. Manufactured with N-MOS technology
. 40 pin IC package
. It has 16-bit address bus and thus has 216 = 64 KB addressing capability.
. Operate with 3 MHz single-phase clock
. +5 V single power supply

The logic pin layout and signal groups of the 8085nmicroprocessor are shown in Fig. 1.6. All the signals



are classified into six groups:
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Fig 1.6: 8085-Pin Diagram
Address and Data Buses:
. A8 — A15 (output, 3-state): Most significant eight bits of memory addresses and the eight

bits of the 1/0
addresses. These lines enter into tri-state high impedance state during HOLD and HALT

modes.

. ADO — AD7 (input/output, 3-state): Lower significant bits of memory addresses and the
eight bits of the 1/0 addresses during first clock cycle. Behaves as data bus during third
and fourth clock cycle. These lines enter into tri-state high impedance state during

Address bus

Data bus

Control & status signals

Power supply and frequency signals
Externally initiated signals

Serial 1/0 signals

HOLD and HALT modes.

Control & Status Signals:

ALE: Address latch enable

RD : Read control signal.



. WR :Write control signal
. 10/M , S1 and SO : Status signals. Power

Supply & Clock Frequency:

. Vcc: +5 V power supply

. Vss: Ground reference

. X1, X2: A crystal having frequency of 6 MHz is connected at these two pins
. CLK: Clock output

Externally Initiated and Interrupt Signals:

. RESET IN : When the signal on this pin is low, the PC is set to 0, the buses are tri-stated
and the processor is reset.

. RESET OUT: This signal indicates that the processor is being reset. The signal can be
used to reset other
devices.

. READY: When this signal is low, the processor waits for an integral number of clock

cycles until it goes high.

. HOLD: This signal indicates that a peripheral like DMA (direct memory access)
controller is requesting the use of address and data bus.

. HLDA: This signal acknowledges the HOLD request.

. INTR: Interrupt request is a general-purpose interrupt.

. INTA : This is used to acknowledge an interrupt.

. RST 7.5, RST 6.5, RST 5,5 — restart interrupt: These are vectored interrupts and have

highest priority than INTR interrupt.

. TRAP: This is a non-maskable interrupt and has the highest priority.

Serial 1/O Signals:
e SID: Serial input signal. Bit on this line is loaded to D7 bit of register A using RIM
instruction.
¢ SOD: Serial output signal. Output SOD is set or reset by using SIM instruction.

4. INSTRUCTION SET AND EXECUTION IN 8085

Based on the design of the ALU provides and decoding unit, the microprocessor manufacturer
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microprocessor. The instruction set for every machine code and instruction set consists
of both

mnemonics.

An instruction is a binary pattern designed inside a microprocessor to perform a specific

function. The entire group of instructions that a microprocessor supports is called
instruction set. Microprocessor instructions can be classified based on the parameters
such functionality, length and operand addressing.

Classification based on functionality:

Data transfer operations: This group of instructions copies data from source to
destination. The content of the source is not altered.

Arithmetic operations: Instructions of this group perform operations like addition,
subtraction, increment & decrement. One of the data used in arithmetic operation is
stored in accumulator and the result is also stored in accumulator.

Logical operations: Logical operations include AND, OR, EXOR, NOT. The operations
like AND, OR and EXOR uses two operands, one is stored in accumulator and other can
be any register or memory location. The result is stored in accumulator. NOT operation
requires single operand, which is stored in accumulator.

Branching operations: Instructions in this group can be used to transfer program
sequence from one memory location to another either conditionally or unconditionally.
Machine control operations: Instruction in this group control execution of other
instructions and control operations like interrupt, halt etc.

Classification based on length:

One-byte instructions: Instruction having one byte in machine code. Examples are
depicted in Table 1.2.

Two-byte instructions: Instruction having two byte in machine code. Examples are
depicted in Table 1.3

Three-byte instructions: Instruction having three byte in machine code. Examples are
depicted in Table 1.4.

Table 1.2: Example of one byte instruction

Opcode Operand Machine code/Hex code
MOV A B 78
ADD M 86
Table 1.3 Examples of two byte instructions
Opcode Operand | Machine code/Hex code | Byte description
MVI A, 7FH 3E First byte
7F Second byte
ADI OFH C6 First byte
OF Second byte

11



Table 1.4 Examples of three byte
instructions

Opcode Operand | Machine code/Hex code Byte description
JMP 9050H C3 First byte
50 Second byte
90 Third byte
LDA 8850H 3A First byte
50 Second byte
88 Third byte

Addressing Modes in Instructions:

The process of specifying the data to be operated on by the instruction is called addressing. The
various formats for specifying operands are called addressing modes. The 8085 has the following
five types of addressing:

1. Immediate addressing

2. Memory direct addressing
3. Register direct addressing
4. Indirect addressing

5. Implicit addressing

Immediate Addressing:

In this mode, the operand given in the instruction - a byte or word — transfers to the destination
register or memory location.

Ex: MVI A, 9AH

» The operand is a part of the instruction.
» The operand is stored in the register mentioned in the instruction.

Memory Direct Addressing:

Memory direct addressing moves a byte or word between a memory location and register. The
memory location address is given in the instruction.

Ex: LDA 850FH

This instruction is used to load the content of memory address 850FH in the accumulator.
Register Direct Addressing:

Register direct addressing transfer a copy of a byte or word from source register to destination
register.

Ex: MOV B, C

It copies the content of register C to register B.
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Indirect Addressing:
Indirect addressing transfers a byte or word between a register and a memory location.
Ex: MOV A, M

Here the data is in the memory location pointed to by the contents of HL pair. The data is moved
to the accumulator.

Implicit Addressing
In this addressing mode the data itself specifies the data to be operated upon.
Ex: CMA

The instruction complements the content of the accumulator. No specific data or operand is
mentioned in the instruction

INSTRUCTION EXECUTION AND TIMING DIAGRAM

Each instruction in 8085 microprocessor consists of two part- operation code (opcode) and
operand. The opcode is a command such as ADD and the operand is an object to be operated on,
such as a byte or the content of a register.

Instruction Cycle: The time taken by the processor to complete the execution of an instruction.
An instruction cycle consists of one to six machine cycles.

Machine Cycle: The time required to complete one operation; accessing either the memory or 1/0
device. A machine cycle consists of three to six T-states.

T-State: Time corresponding to one clock period. It is the basic unit to calculate execution of
instructions or programs in a processor.

To execute a program, 8085 performs various operations as:

. Opcode fetch

. Operand fetch

. Memory read/write
. 1/0O read/write

External communication functions are:

. Memory read/write
. 1/0O read/write
. Interrupt request acknowledge

Opcode Fetch Machine Cycle:
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It is the first step in the execution of any instruction. The timing diagram of this cycle is given in
Fig. 1.7.

The following points explain the various operations that take place and the signals that are
changed during the execution of opcode fetch machine cycle:

T1 clock cycle

i. The content of PC is placed in the address bus; ADO - AD7 lines contains lower bit address and
A8 — A15 contains higher bit address.

ii. 10/M signal is low indicating that a memory location is being accessed. S1 and SO also
changed to the levels as indicated in Table 1.

iii. ALE is high, indicates that multiplexed ADO — AD7 act as lower order bus.

T2 clock cycle

i. Multiplexed address bus is now changed to data bus.

ii. The RD signal is made low by the processor. This signal makes the memory device load
the data bus with the contents of the location addressed by the processor.

T3 clock cycle

i. The opcode available on the data bus is read by the processor and moved to the instruction
register.

ii. The RD signal is deactivated by making it logic 1.

T4 clock cycle

i. The processor decode the instruction in the instruction register and generate the necessary
control signals to execute the instruction. Based on the instruction further operations such as
fetching, writing into memory etc takes place.
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Fig. 1.7 Timing diagram for opcode fetch cycle
Memory Read Machine Cycle:

The memory read cycle is executed by the processor to read a data byte from memory. The machine cycle is exactly
same to opcode fetch except: a) It has three T-states b) The SO signal is set to 0. The timing diagram of this cycle is given
in Fig. 1.8.
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Fig. 1.8 Timing diagram for memory write machine cycle

Memory Write Machine Cycle:

The memory write cycle is executed by the processor to write a data byte in a memory location.
The processor takes three T-states and WR signal is made low. The timing diagram of this cycle

is given in Fig.1.8.
SIGNAL

CLOCK

AB-A1S

ADO-AD7

10M, 81, 80

N N NI
X Higher order

D
RN

X om=o| [si=180-0

Fig. 1.9 Timing diagram for memory read machine cycle

1/0 Read Cycle:

The 1/O read cycle is executed by the processor to read a data byte from 1/O port or from
peripheral, which is /O mapped in the system. The 8-bit port address is placed both in the lower
and higher order address bus. The processor takes three T-states to execute this machine cycle.

The timing diagram of this cycle is given in Fig. 1.10.
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1/0 Write Cycle:

The 1/0O write cycle is executed by the processor to write a data byte to 1/0 port or to a peripheral, which is /0O mapped
in the system. The processor takes three T-states to execute this machine cycle. The timing diagram of this cycle is given

in Fig. 1.11.
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Fig.1. 11 Timing diagram 1/O write machine cycle
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Ex: Timing diagram for IN 80H.
The instruction and the corresponding codes and memory locations are given in Table 5.

Table 5 IN instruction

Address Mnemonics Opcode
800F IN 80H DB
8010 80

i. During the first machine cycle, the opcode DB is fetched from the memory, placed in the
instruction register and decoded.

ii. During second machine cycle, the port address 80H is read from the next memory
location.

iii. During the third machine cycle, the address 80H is placed in the address bus and the
data read from that port address is placed in the accumulator.

The timing diagram is shown in Fig. 1.12.

Timing diagram for INR M

Algorithm —

The instruction INR M is of 1 byte; therefore the complete instruction will be stored in a single
memory address.

For example:

2000: INR M

The opcode fetch will be same as for other instructions in first 4 T states.

Only the Memory read and Memory Write need to be added in the successive T states.

For the opcode fetch the IO/M (low active) =0, S1 =1 and SO = 1.

For the memory read the 10/M (low active) = 0, S1 = 1 and SO = 0. Also, only 3 T states will be
required.

For the memory write the IO/M (low active) =0, S1 =0and SO =1 and 3 T states will be required.
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Fig 1.12 Timing diagram for INR M
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In Opcode fetch ( t1-t4 T states ) —

« 00: lower bit of address where opcode is stored, i.e., 00

* 20: higher bit of address where opcode is stored, i.e., 20.

¢ ALE: provides signal for multiplexed address and data bus. Only in t1 it used as address bus to
fetch lower bit of address otherwise it will be used as data bus.

* RD (low active): signal is 1 in t1 & t4 as no data is read by microprocessor. Signal is 0 in t2 & t3
because here the data is read by microprocessor.

* WR (low active): Signal is 1 throughout, no data is written by microprocessor.

* 1O/M (low active): Signal is 0 in throughout because the operation is performing on memory.

« SO and S1: both are 1 in case of opcode fetching.

In Memory read (t5-t7 T states ) —

« 00: lower bit of address where opcode is stored, i.e, 00

« 50: higher bit of address where opcode is stored, i.e, 50.

» ALE: provides signal for multiplexed address and data bus. Only in t5 it used as address bus to
fetch lower bit of address otherwise it will be used as data bus.

* RD (low active): signal is 1 in t5, no data is read by microprocessor. Signal is 0 in t6 & t7, data
is read by microprocessor.

* WR (low active): signal is 1 throughout, no data is written by microprocessor.

* 10/M (low active): signal is 0 in throughout, operation is performing on memory.

» SO0 and S1 — S1=1 and S0=0 for Read operation.

In Memory write (t8-t10 T states) —

« 00: lower bit of address where opcode is stored, i.e, 00

« 50: higher bit of address where opcode is stored, i.e, 50.

» ALE: provides signal for multiplexed address and data bus. Only in t8 it used as address bus to
fetch lower bit of address otherwise it will be used as data bus.

* RD (low active): signal is 1 throughout, no data is read by microprocessor.

* WR (low active): signal is 1 in t8, no data is written by microprocessor. Signal is 0 in t9 & t10,
data is written by microprocessor.

* |O/M (low active): signal is 0 in throughout, operation is performing on memory.

* SO0 and S1 — S1=0 and S0=1 for write operation.

Timing diagram of MV instruction

Problem — Draw the timing diagram of the following code,

MVI B, 45

Explanation of the command — It stores the immediate 8 bit data to a register or memory location.
Example: MVI1 B, 45

Opcode: MVI

Operand: B is the destination register and 45 is the source data which needs to be transferred to
the register.

’45’ data is stored in the B register.

Algorithm —

* Decide what is the opcode and what is the data. Here, opcode is ‘MVI B’ and data is 45.

¢ Assume the memory address of the opcode and the data. For example:

MVI B, 45

2000: Opcode

2001: 45

» The opcode fetch will be same in all the instructions.

¢ Only the read instruction of the opcode needs to be added in the successive T states.

 For the opcode read the 10/M (low active) =0, S1 =1 and SO = 0. Also, only 3 T states will be
required.
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Fig 1.13: timing diagram for MVI B,45
Timing diagram of MOV Instruction in Microprocessor
Problem — Draw the timing diagram of the given instruction in 8085,
MOV B, C
Given instruction copies the contents of the source register into the destination register and the
contents of the source register are not altered
OV B,C
Opcode: MOV
Operand: Band C
Bis the destination register and C is the source register whose contents need to be transferred to
the destination register.
Algorithm —
The instruction MOV B, C is of 1 byte; therefore the complete instruction will be stored in a single
memory address. For example:
2000: MOV B, C
Only opcode fetching is required for this instruction and thus we need 4 T states for the timing
diagram. For the opcode fetch the 10/M (low active) =0, S1 =1 and SO = 1.
The timing diagram of MOV instruction is shown below:
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ALE/ N

10/M

51,50 \ 10/M=pD, S1=S0=1 r
RD -—\\ —
WR/

Fig 1.14:Timing diagram for MOV B,C

Timing diagram for STA 526AH

STA means Store Accumulator -The contents of the accumulator is stored in the specified
address(526A).

The opcode of the STA instruction is said to be 32H. It is fetched from the memory 41FFH(see
fig). - OF machine cycle Then the lower order memory address is read(6A). - Memory Read
Machine Cycle Read the higher order memory address (52).- Memory Read Machine Cycle The
combination of both the addresses are considered and the content from accumulator is written in
526A. - Memory Write Machine Cycle Assume the memory address for the instruction and let the
content of accumulator is C7H. So, C7H from accumulator is now stored in 526 A
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Fig 1.15:Timing diagram for STA 526A
Timing Diagram for Call instruction
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Fig 1.16:Timing diagram for CALL instruction

Note : The instruction, which involves stack mostly will take 6T states in opcode fetch.

8085 INTERRUPTS

Interrupt Structure:
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Interrupt is the mechanism by which the processor is made to transfer control from its current program execution to
another program having higher priority. The interrupt signal may be given to the processor by any external peripheral
device.

The program or the routine that is executed upon interrupt is called interrupt service routine (ISR). After execution of
ISR, the processor must return to the interrupted program. Key features in the interrupt structure of any
microprocessor are as follows:

i Number and types of interrupt signals available.

The address of the memory where the ISR is located for a particular interrupt signal. This address is called
interrupt vector address (IVA).
Masking and unmasking feature of the interrupt signals.

Priority among the interrupts.
V. Timing of the interrupt signals.
Vi. Handling and storing of information about the interrupt program (status information).

Types of Interrupts:

Interrupts are classified based on their maskability, IVA and source. They are classified as:

i. Vectored and Non-Vectored Interrupts

Vectored interrupts require the VA to be supplied by the external device that gives the interrupt signal. This
technique is vectoring, is implemented in number of ways.
Non-vectored interrupts have fixed IVA for ISRs of different interrupt signals.

ii.Maskable and Non-Maskable Interrupts

Maskable interrupts are interrupts that can be blocked. Masking can be done by software or hardware means.

Non-maskable interrupts are interrupts that are always recognized; the corresponding ISRs are executed.
iii. Software and Hardware Interrupts

Software interrupts are special instructions, after execution transfer the control to predefined ISR.
Hardware interrupts are signals given to the processor, for recognition as an interrupt and execution of the
corresponding ISR.

Interrupt Handling Procedure:

The following sequence of operations takes place when an interrupt signal is recognized:

i. Save the PC content and information about current state (flags, registers etc) in the stack.

ii.Load PC with the beginning address of an ISR and start to execute it.

iii. Finish ISR when the return instruction is executed.

iv. Return to the point in the interrupted program where execution was interrupted.

Interrupt Sources and Vector Addresses in 8085:
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Software Interrupts:

8085 instruction set includes eight software interrupt instructions called Restart (RST) instructions. These are one
byte instructions that make the processor execute a subroutine at predefined locations. Instructions and their vector
addresses are given in Table 1.6

Table 1.6 Vector address

Instruction Machine hex code Interrupt Vector Address
RSTO0 C7 0000H
RST 1 CF 0008H
RST 2 D7 0010H
RST 3 DF 0018H
RST 4 E7 0020H
RST 5 EF 0028H
RST 6 F7 0030H
RST 7 FF 0032H

The software interrupts can be treated as CALL instructions with default call locations.
The concept of priority does not apply to software interrupts as they are inserted into the
program as instructions by the programmer and executed by the processor when the
respective program lines are read.

Hardware Interrupts and Priorities:

8085 have five hardware interrupts — INTR, RST 5.5, RST 6.5, RST 7.5 and TRAP. Their
IVA and priorities are given in Table 1.7.

Table 1.7 Hardware interrupts of 8085

Interrupt Interrupt vector Maskable or non- Edge or level priority
address maskable Triggered
TRAP 0024H Non-makable Level 1
RST 7.5 003CH Maskable Rising edge 2
RST 6.5 0034H Maskable Level 3
RST 5.5 002CH Maskable Level 4
INTR Decided by hardware Maskable Level 5

Masking of Interrupts:
Masking can be done for four hardware interrupts INTR, RST 5.5, RST 6.5, and RST 7.5. The

masking of 8085 interrupts is done at different levels. Fig. 13 shows the organization of hardware
interrupts in the 8085.
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Fig 1.17: Interrupt diagram
The Fig. 1.17 is explained by the following five points:
i. The maskable interrupts are by default masked by the Reset signal. So no interrupt is recognized

by the hardware reset.

ii. The interrupts can be enabled by the El instruction.

iii. The three RST interrupts can be selectively masked by loading the appropriate word in
the accumulator and executing SIM instruction. This is called software masking.

iv. All maskable interrupts are disabled whenever an interrupt is recognized.

V. All maskable interrupts can be disabled by executing the DI instruction.

RST 7.5 alone has a flip-flop to recognize edge transition. The DI instruction reset interrupt enable
flip-flop in the processor and the interrupts are disabled. To enable interrupts, El instruction has

to be executed.

SIM Instruction:

The SIM instruction is used to mask or unmask RST hardware interrupts. When executed, the
SIM instruction reads the content of accumulator and accordingly mask or unmask the interrupts.
The format of control word to be stored in the accumulator before executing SIM instruction is
as shown in Fig. 1.18.

Bit position D7 D6 D5 D4 D3 D2 D1 Do
Name SOD SDE X R7.5 MSE M7.5 M6.5 MS5.5
Explanation Serial Senial Not  Reset Mask set Setto Setto Setto
data data used RST7.5 enable— 11to 1 to 1to
to be enable— flip-flop Setto | mask  mask mask
sent set to to mask RST RST RST
1 for interrupts 7.5 6.5 5.5
sending

Fig 1.18:SIM instruction
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Fig. 1.18 Accumulator bit pattern for SIM instruction

In addition to masking interrupts, SIM instruction can be used to send serial data on the SOD line
of the processor. The data to be send is placed in the MSB bit of the accumulator and the serial
data output is enabled by making D6 bit to 1.

RIM Instruction:

RIM instruction is used to read the status of the interrupt mask bits. When RIM instruction is
executed, the accumulator is loaded with the current status of the interrupt masks and the pending
interrupts. The format and the meaning of the data stored in the accumulator after execution of
RIM instruction is shown in Fig. 15.

In addition RIM instruction is also used to read the serial data on the SID pin of the processor.
The data on the SID pin is stored in the MSB of the accumulator after the execution of the RIM
instruction.

Bsn D7 D6 Ds Da D3 D2 D1 Do
position
Name sS1ID 17.5 16.5 155 | § =) M7.5 M6.5 MS.S
Explanation Serial Settww 1l Setwo 1l Setio ]l Setiwo Sctto 1 Set 1o I Set to L
mput iIf RS if RST it RST 1 ar if RS if RST i RTST
data 7.5 s 6.5 s 5.Sis interTupts 7.5 is 6.5 s S.5i3s
in the pending pending pending are masked masked masked
Si1o enabled
Pin P

Fig. 1.19 Accumulator bit pattern after execution of RIM instruction

Ex: Write an assembly language program to enables all the interrupts in 8085 after reset.
El : Enable interrupts

MVI A, 08H : Unmask the interrupts

SIM : Set the mask and unmask using SIM instruction

Timing of Interrupts:

The interrupts are sensed by the processor one cycle before the end of execution of each
instruction. An interrupts signal must be applied long enough for it to be recognized. The longest
instruction of the 8085 takes 18 clock periods. So, the interrupt signal must be applied for at least
17.5 clock periods. This decides the minimum pulse width for the interrupt signal.

The maximum pulse width for the interrupt signal is decided by the condition that the interrupt
signal must not be recognized once again. This is under the control of the programmer.

8086 Microprocessor Architecture and Operation:

It is a 16 bit pp. 8086 has a 20 bit address bus can access upto 220 memory locations ( 1 MB) . It
can support upto 64K 1/O ports. It provides 14, 16-bit registers. It has multiplexed address and
data bus ADO- 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
prefetches upto 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.

The minimum mode is selected by applying logic 1 to the MN / MX# input pin. This is a
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single microprocessor configuration. The maximum mode is selected by applying logic
0 to the MN / MX# input pin. This is a multi micro processors configuration.

Block diagram of 8086
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Fig 1.20 Block diagram of 8086 microprocessor
Software model of 8086
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Fig 1.21 Software model-8086
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15 H g |7 L 0
AX (Accumulator)
AH AL
BX (Base Reqgister)
EH BL
CX (Used as a counter)
CH CL
DX (Used to point to data in I/O operations)
DH DL

Fig 1.22: General purpose registers
Internal 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 system byte queue.
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,
Instruction pointer, Address adder. EU contains Control circuitry, Instruction decoder,
ALU, Pointer and Index register, Flag register.

Bus Interfacr Unit;

It provides a full 16 bit bidirectional data bus and 20 bit address bus. The bus interface
unit is responsible for performing all external bus operations.

Specifically it has the following functions:

Instruction 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 a pipeline architecture.
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This queue permits prefetch of up to six bytes of instruction code. When ever 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 inthe program by prefetching the next sequential instruction. These
prefetching 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 cyclesare known as Idle state. If the BIU is already in the process of fetching
an instruction when the EU request it to read or write operands from memory or 1/O,
the BIU first completes theinstruction 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. For example, the
physical address of the next instructionto 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. The BIU is also responsible for generating bus control signals such
as those for memory read or write and 1/O read or write.

EXECUTION UNIT : The Execution unit is responsible for decoding and executing all
instructions. The EU extracts instructions from the top of the queue in the BIU, decodes
them, generates operands if necessary, passes them to the BIU and requests it to perform
theread or write bys cycles to memory or 1/0O 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 ofthe 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.
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Maximum mode signals (MN / MX'= GN"ID )

Name Function I Type
RQ/GT1,0 | Request/ Grant Bus Bidirectional [ate
Access Control
Output,
LOCK Bus Priority Lock Control 3. State
— Output,
S, Sp Bus Cycle Status 3_ State
QS1, QS0 Instruction Queue Status Output

Internal Registers 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 bit register called the
status register, with 9 of bits implemented for status and control flags. Most of the
registers contain data/instruction offsets within 64 KB memory segment. 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
processorinstructions. 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.

Extra segment (ES) is a 16-bit register containing address of 64KB segment, usually with
program data. By default, the processor assumes that the DI register references the ES
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segment in string manipulation instructions. ES register can be changed directly using
POP and LES instructions. It is possible to change default segments used by general and
index registers by prefixing instructions with a CS, SS, DS or ES prefix.

All general registers of the 8086 microprocessor can be used for arithmetic and logic
operations. The general registers are:

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 1/O
operations andstring 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 byteof 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 1/O operations. In integer 32-bit multiply and divide 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. Sl 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.

Other registers:
Instruction Pointer (IP) is a 16-bit register.Flags is a 16-bit register containing 9 one bit flags.
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Overflow Flag (OF) - set if the result is too large positive number, or is too small
negativenumber to fit into destination operand.

Direction Flag (DF) - if set then string manipulation instructions will auto-decrement
indexregisters. If cleared then the index registers will be auto-incremented.

Interrupt-enable Flag (IF) - setting this bit enables maskable interrupts.

Single-step Flag (TF) - if set then single-step interrupt will occur after the next instruction.
Sign Flag (SF) - set if the most significant bit of the result is set.

Zero Flag (ZF) - set if the result is zero

Auxiliary carry Flag (AF) - set if there was a carry from or borrow to bits 0-3 in the AL
register.

Parity Flag (PF) - set if parity (the number of "1™ bits) in the low-order byte of the
result iseven.

Carry Flag (CF) - set if there was a carry from or borrow to the most significant bit
duringlast result calculation.

Addressing Modes

Implied - the data value/data address is implicitly associated with the instruction.
Register - references the data in a register or in a register pair.

Immediate - the data is provided in the instruction.

Direct - the instruction operand specifies the memory address where data is located.

Register indirect - instruction specifies a register containing an address, where data is
located. This addressing mode works with SI, DI, BX and BP registers.

Based :- 8-bit or 16-bit instruction operand is added to the contents of a base register
(BXor BP), the resulting value is a pointer to location where data resides.

Indexed :- 8-bit or 16-bit instruction operand is added to the contents of an index
register(SI or DI), the resulting value is a pointer to location where data resides.

Based Indexed :- the contents of a base register (BX or BP) is added to the contents of
anindex register (SI or DI), the resulting value is a pointer to location where data
resides.
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Based Indexed with displacement :- 8-bit or 16-bit instruction operand is added to the
contents of a base register (BX or BP) and index register (SI or DI), the resulting value
is a pointer to location where data resides.

Interrupts
The processor has the following interrupts:

INTR is a maskable hardware interrupt. The interrupt can be enabled/disabled using
STI/CLI instructions or using more complicated method of updating the FLAGS
register with the help of the POPF instruction.

When an interrupt occurs, the processor stores FLAGS register into stack, disables
further interrupts, fetches from the bus one byte representing interrupt type, and jumps
to interrupt processing routine address of which is stored in location 4 * <interrupt
type>. Interrupt processing routine should return with the IRET instruction.

NMI is a non-maskable interrupt. Interrupt is processed in the same way as the INTR
interrupt. Interrupt type of the NMI is 2, i.e. the address of the NMI processing routine
is stored in location 0008h. This interrupt has higher priority then the maskable
interrupt.

Software interrupts can be caused by:
INT instruction - breakpoint interrupt. This is a type 3 interrupt.
INT <interrupt number> instruction - any one interrupt from available 256

interrupts.INTO instruction - interrupt on overflow

Single-step interrupt - generated if the TF flag is set. This is a type 1 interrupt. When
the CPU processes this interrupt it clears TF flag before calling the interrupt
processing routine.

Processor exceptions: Divide Error (Type 0), Unused
Opcode (type 6) and Escape opcode (type 7).
Software interrupt processing is the same as for the hardware interrupts.

The figure below shows the 256 interrupt vectors arranged in the interrupt vector
table inthe memory.

32



Address

003FFH Type FFH vector (available)

Availabie interrupt .
vectors {224) OO3FCH

Type 21H vector (available)

Type 20H vector (available)

1l

Type 1FH vector (reserved)

Reserved interrupt 5
vectors (27) . I I

00014H Type 05H vector (reserved)

00010H Type 04H vector (overflow)

Dedicated
interrupt . Type O3H vector
vectors (5) 0000CH (1-byte INT instructicn)
0000BH
00008H Type 02H vector (NMI)
00007H Type 01H vector
00004H (Trap or single step)
 00003H
& = ___00002H Type 00H vector
IP < [ 00001H (Divide-by-0 error)
< . >
8 bits

Fig 1.23 Interrupt Vector Table in the 8086

Minimum Mode Interface

When the Minimum mode operation is selected, the 8086 provides all control signals
needed to implement the memory and 1/O interface. The minimum mode signal can be
divided into the following basic groups : address/data bus, status, control, interrupt and
DMA.

Address/Data Bus : these lines serve two functions. As an address bus is 20 bits long and
consists of signal lines A0 through A19. A19 represents the MSB and A0 LSB. A 20bit
address gives the 8086 a 1Mbyte memory address space. More over it has an
independent I/O address space which is 64K bytes in length.

The 16 data bus lines DO through D15 are actually multiplexed with address lines AQ
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through A15 respectively. By multiplexed we mean that the bus work as an address bus

during first machine cycle and as a data bus during next machine cycles. D15 is the MSB
and DO LSB. When acting as a data bus, they carry read/write data for memory,
input/output data for 1/0 devices, and interrupt type codes from an interrupt controller.

Yee ‘ GT'D

o1 AgAisdgSi-ArSs
—
Interrupt Address /data hns

interface __
TEST o
D,-D;:
8086
RESET - MPU > ALE
> BHE/S;
s M/IU -
DMA HOLD " .+ DI® 1/0 controls
HLDA « — = RO

e — DEN
Mode select
> O READY

TCLK«:lm:l»;
_ Block Diagram of the Minimum Mode 8086 MPU
Fig 1.24: Block diagram of Minimum mode

Status signal : The four most significant address lines A19 through A16 are also
multiplexed but in this case with status signals S6 through S3. These status bits are
output on the bus at the same time that data are transferred over the other bus lines. Bit
S4 and S3 together from a 2 bit binary code that identifies which of the 8086 internal
segment registersare used to generate the physical address that was output on the
address bus during the current bus cycle. Code S4S3 = 00 identifies a register known as
extra segment register as the source of the segment address.

Sy S, Segment Register
0 0 Extra
0 1 Stack
1 0 Code/ none
1 1 Data

Fig 1.25:Memory segment status code
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Status line S5 reflects the status of another internal characteristic of the 8086. It is the logic
level of the internal enable flag. The last status bit S6 is always at the logic 0 level.

Control Signals : The control signals are provided to support the 8086 memory 1/O
interfaces. They control functions such as when the bus is to carry a valid address in which
direction data are to be transferred over the bus, when valid write data are on the bus and
when to put read data on the system bus.

ALE is a pulse to logic 1 that signals external circuitry when a valid address word is on the
bus. This address must be latched in external circuitry on the 1-to-0 edge of the pulse at
ALE.

Another control signal that is produced during the bus cycle is BHE bank high enable.
Logic 0 on this used as a memory enable signal for the most significant byte half of the data
bus D8 through D1. These lines also serves a second function, which is as the S7 status line.

Using the M/10 and DT/R__lines, the 8086 signals which type of bus cycle is in progress
and in which direction data are to be transferred over the bus.

The logic level of M/10 tells external circuitry whether a memory or 1/0O transfer is taking
place over the bus. Logic 1 at this output signals a memory operation and logic 0 an

1/0 operation.

The direction of data transfer over the bus is 74ignallin by the logic level output at DT/R.
When this line is logic 1 during the data transfer part of a bus cycle, the bus is in the
transmit mode. Therefore, data are either written into memory or output to an 1/O device.

On the other hand, logic 0 at DT/R signals that the bus is in the receive mode. This
corresponds to reading data from memory or input of data from an input port.

The signal read RD and write WR indicates that a read bus cycle or a write bus cycle is in
progress. The 8086 switches WR to logic 0 to signal external device that valid write or
output data are on the bus.

On the other hand, RD indicates that the 8086 is performing a read of data of the

bus. During read operations, one other control signal is also supplied. This is DEN
(data

enable) and it signals external devices when they should put data on the bus.

There is one other control signal that is involved with the memory and 1/O interface.
This isthe READY signal.

READY signal is used to insert wait states into the bus cycle such that it is extended by a
number of clock periods. This signal is provided by an external clock generator device and
can be supplied by the memory or 1/O sub- system to signal the 8086 when they are ready

topermit the data transfer to be completed.
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Maximum Mode Interface (cont..)

S "
eatas- Uty _ CPU Cycles 8288

Ss Sy 0 Command

0 0 0 Interrupt Acknowledge INTA

0 0 1 Read 1/0O Port IORC

0 1 0 Write I/O Port TOWC, ATOWC
0 1 1 Halt None

1 0 0 Instruction Fetch MRDC

1 0 1 Read Memory MRDCT

1 1 0 Write Memory MWTC, ANMWC

1 1 Passive None

Bus Status Codes

Fig 1.26: Maximum mode

Maximum Mode Interface

When the 8086 is set for the maximum-mode configuration, it provides signals for
implementing a multiprocessor / coprocessor system environment. By  multiprocessor
environment we mean that one microprocessor exists in the system and that each processor
is executing its own program. Usually in this type of system environment, there are some
system resources that are common to all processors. They are called as global resources.
There are also other resources that are assigned to specific processors. These are known as
local or private resources. Coprocessor also means that there is a second processor in the
system. In this two processor does not access the bus at the same time. One passes the
control of the system bus to the other and then may suspend its operation. In the maximum-
mode 8086 system, facilities are provided for implementing allocation of global resources
and passing bus control to other microprocessor or coprocessor.

8288 Bus Controller — Bus Command and Control Signals: 8086 does not directly provide all
the signals that are required to control the memory, 1/O and interrupt interfaces. Specially
the WR, M/10O, DT/R, DEN, ALE and INTA, signals are no longer produced by the 8086.
Instead it outputs three status signals SO, S1, S2 prior to the initiation of each bus cycle.
This 3- bit bus status code identifies which type of bus cycle is to follow. S2S1S0 are input
to the external bus controller device, the bus controller generates the appropriately timed
command and control signals. The 8288 produces one or two of these eight command
signals for each b_us_cycles. For instance, when the 8086 outputs the code S2S1S0 equals
001, it indicates that an 1/0 read cycle is to be performed. In the code 111 is output by the
8086, it is 7 signalling that no bus

activity is to take place.

The control outputs produced by the 8288 are DEN, DT/R and ALE. These 3 signals
provide the same functions as those described for the minimum system mode. This set of
bus commands and control signals is compatible with the Multibus and industry standard
for interfacing microprocessor systems.
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8289 Bus Arbiter - Bus Arbitration and Lock Signals:

This device permits processors to reside on the system bus. It does this by implementing
the Multibus arbitration protocol in an 8086-based system. Addition of the 8288 bus
controller and 8289 bus arbiter frees a number of the 8086 pins for use to produce control
signals that are needed to support multiple processors. Bus priority lock (LOCK) is one of
these signals.It is input to the bus arbiter together with status signals SO through S2.

Queue Status Signals: Two new signals that are produced by the 8086 in the maximum-
mode system are queue status outputs QS0 and QS1. Together they form a 2-bit queue
status code, QS1QS0. Following table shows the four different queue status.

Table 1.8: Queue status code

Qs, Qs, Queue Status

0(low) | 0 No Operation. During the last clock cycle, nothing was
taken from the queue.

0 1 |First Byte. The byte taken from the queue was the first
byte of the instruction.

1 (high) | 4 | Queue Empty. The queue has been reinitialized as a result
of the execution of a transfer instruction.

Subseauent Bvte. The bvte taken from the aueue was a
subsequent byte of the instruction.

o

Queue status codes

AX - the Accumulator BX - the Base Register CX - the Count Register DX - the Data Register

Normally used for storing temporaryresults. Each of the registers is 16 bits wide (AX, BX, CX,
DX). Can be accessed as either 16 or 8 bitsAX, AH, AL

AX-Accumulator Register. Preferred register to use in arithmetic, logic and data transfer
instructions because it generates the shortest Machine Language Code. Must be used in
multiplication and division operations.Must also be used in 1/O operations.

BX-Base Register.Also serves as an address register

CX- Count register. Used as a loop counter. Used in shift and rotate operations

DX- Data register. Used in multiplication and division. Also used in 1/O operations

Pointer and Index Registers
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sSP Stack Pointer

(=1 o Base Pointer

sl Source Index

Dl Destination Index
(| o Instruction Pointer

Fig 1.27 Pointers and index registers

® Al 16 bits wide, L/H bytes are notaccessible. Used as memory pointers

® Example: MOV AH, [SI]

® Move the byte stored in memory location whose address is contained in register Slto register AH.
IP is not under direct control of theprogrammer

The Stack

The stack is used for temporary storage of information such as data or addresses. When a CALL is
executed, the 8086 automatically PUSH es the current value of CS and IP onto the stack. Other
registers can also be pushed. Before return from the subroutine, POP instructions can be used to
pop values back from the stack into the corresponding registers.

PUSH POP

End of
! SS00000 | g

Topof
SS:SP stack

| Bottom

SSFFFEh | o
stack'

Fig 1.28 satgck operation



Test signals in 8086

TEST is an_input pin and is only used by the wait instruction .the 8086 enter a wait state after
execution of the wait instruction’until a Iow is Seen on _the test pin. Used in conjunction with the
WAIT instruction in multiprocessing environments. This is input from the 8087 coprocessor.
During execution of a wait instruction, the CPU checks this signal. If it is low, execution of the

signal will continue; if not, it will stop executing.
Coprocessor Execution

oVOoOw OuUoo

Coprocessor (1e: 8087)

» Monitor the |g
8086 or 8SO8S

Wake up the
coprocessor

v
Deactivate the
host's !TEST pin
and execute the

Execute
8086
instructions

specified operation

Y

Wake up the Activate the
8086 or 8088 ITEST pin

Fig 1.29. Coprocessor execution

Multiprocessor configuration Advantages

High system throughput can be achieved by having more than one CPU. The system can be
expanded in modular form. Each bus master module is an independent unit and normally
resides on a separate PC board. One can be added or removed without affecting the others
in the system. A failure in one module normally does not affect the breakdown of the entire
system and the faulty module can be easily detected and replaced. Each bus master has its
own local bus to access dedicated memory or 10 devices. So a greater degree of parallel
processing can be achieved.

Question Bank

Part A

Define microprocessor

In how many groups can the signals of 8085 be classified?

What is the technology used in the manufacture of 80857

Draw the block diagram of the built-in clock generator of 8085

What is the purpose of CLK signal of 8085?

What are the widths of data bus (DB) and address bus (AB) of 80857
The address capability of 8085 is 64 KB. Explain.

Does 8085 have serial 1/0 control

. What jobs ALU of 8085 can perform?

10. How many hardware interrupts 8085 supports?

11. How many 1/O ports can 8085 access?

12. Why the lower byte address bus (A0 — A73)9and data bus (DO — D7) are multiplexed?
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13. Why the lower byte address bus (A0 — A7) and data bus (DO — D7) are multiplexed?

14. List the interrupts of 8085
15. List the flag bits of 8086

PART B
1. Explain the architecture of 8085

2. Discuss the addressing modes of 8085
3. Draw the timing diagram for the given instructions
a.STA
b. CALL
c. LDA
d. MOV AM
4. Explain the 8086 architecture with neat diagram
5. Explain the interrupts of 8085
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UNIT 2 PROGRAMMING 8085 MICROPROCESSOR

8085 assembly language programming, addressing modes, 8085 instruction set, Instruction formats,
Instruction Classification: data transfer, arithmetic operations, logical operations, branching
operations, machine control —Stack and subroutines, Example Programs

Instruction Set of 8085
e An instruction is a binary pattern designed inside a microprocessor to perform a specific
function.
e The entire group of instructions that a microprocessor supports is called Instruction Set.
e 8085 has 246 instructions.
e Each instruction is represented by an 8-bit binary value.
e These 8-bits of binary value is called Op-Code or Instruction Byte.

Classification of Instruction Set

* Data Transfer Instruction
* Arithmetic Instructions
* Logical Instructions
* Branching Instructions
* Control Instructions
Data Transfer Instructions * These instructions move data between registers, or between memory and
registers. * These instructions copy data from source to destination. * While copying, the contents of
source are not modified.
Arithmetic Instructions  These instructions perform the operations like: * Addition ¢ Subtract ¢
Increment * Decrement
Logical Instructions * These instructions perform logical operations on data stored in registers,
memory and status flags. * The logical operations are: * AND * OR * XOR ¢ Rotate * Compare *
Complement
Branching Instructions * The branching instruction alter the normal sequential flow. * These
instructions alter either unconditionally or conditionally
Control Instructions * The control instructions control the operation of microprocessor.
DATA TRANSFER INSTRUCTIONS
Copy of data
e MOV Moves data from register to register / memory
e MVI Moves immediate data to register / memory
Load Instructions
e LDA Load accumulator direct
e LDAX Load accumulator indirect
e LHLD Load H&L registers direct
e LXI Load register pair immediate
Store Instructions
e STA Store accumulator direct
e SPHL Copy H&L registers to stack pointer.
e STAX Store accumulator indirect
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Opcode

MOV

MVI

LDA

LDAX

LXI

LHLD

Operand

Rd, Sc
M, Sc
Dt, M

Rd, data
M, data

16-bit address

B/D Reg. pair

Reg. pair, 16-
bit data

16-bit address

Meaning

Copy from the source (Sc)
to the destination(Dt)

Move immediate 8-bit

Load the accumulator

Load the accumulator
indirect

Load the register pair
immediate

Load H and L registers
direct

43

Explanation

This instruction copies the
contents of the source register
into the destination register
without any alteration.

Example - MOV A, L

The 8-bit data is stored in the
destination register or memory.

Example - MVI H, 55H

The contents of a memory
location, specified by a 16-bit
address in the operand, are
copied to the accumulator.

Example - LDA 2034H

The contents of the designated
register pair point to a memory
location. This instruction copies
the contents of that memory
location into the accumulator.

Example - LDAX B

The instruction loads 16-bit
data in the register pair
designated in the register or the
memory.

Example — LXI H, 3225H

The instruction copies the
contents of the memory
location pointed out by the
address into register L and
copies the contents of the next
memory location into register
H.



STA

STAX

SHLD

XCHG

16-bit address 16-bit address

Store the accumulator

16-bit address o
indirect

Store H and L registers

16-bit address direct

Exchange H and L with D

None and E

44

Example - LHLD 3225H

The contents of the
accumulator are copied into the
memory location specified by
the operand.

This is a 3-byte instruction, the
second byte specifies the low-
order address and the third
byte specifies the high-order
address.

Example - STA 3257H

The contents of the
accumulator are copied into the
memory location specified by
the contents of the operand.

Example -— STAXD

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

This is a 3-byte instruction, the
second byte specifies the low-
order address and the third
byte specifies the high-order
address.

Example - SHLD 3225H

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

Example - XCHG



SPHL

XTHL

PUSH

POP

Copy H and L registers to

None the stack pointer
None Exchange H and L with top
of stack
. Push the register pair onto
Reg. pair the stack
R . Pop off stack to the
eg. pair

register pair
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The instruction loads the
contents of the H and L
registers into the stack pointer
register. The contents of the H
register provide the high-order
address and the contents of the
L register provide the low-order
address.

Example - SPHL

The contents of the L register
are exchanged with the stack
location pointed out by the
contents of the stack pointer
register.

The contents of the H register
are exchanged with the next
stack location (SP+1).

Example - XTHL

The contents of the register
pair designated in the operand
are copied onto the stack in the
following sequence.

The stack pointer register is
decremented and the contents
of the high order register (B, D,
H, A) are copied into that
location.

The stack pointer register is
decremented again and the
contents of the low-order
register (C, E, L, flags) are
copied to that location.

Example - PUSH PSW

The contents of the memory
location pointed out by the
stack pointer register are
copied to the low-order register
(C, E, L, status flags) of the
operand.



ouT

8-bit port
address

8-bit port
address

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

Input data to accumulator
from a port with 8-bit
address
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The stack pointer is
incremented by 1 and the
contents of that memory
location are copied to the high-
order register (B, D, H, A) of the
operand.

The stack pointer register is
again incremented by 1.

Example — POP D

The contents of the
accumulator are copied into the
I/O port specified by the
operand.

Example - OUT 12H

The contents of the input port
designated in the operand are
read and loaded into the
accumulator.

Example — IN 55H



Store accumulator direct

STA 16-bit address The contents of the accumulator are copied into the memory
location specified by the operand. This is a 3-byte
instruction, the second byte specifies the low-order address
and the third byte specifies the high-order address.
Example: STA 4350 or STA XYZ

Store accumulator indirect

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

Store H and L registers direct

SHLD  16-bit address The contents:of register L are stored into the memory location
specified by the 16-bit address in the operand and the contents
of H register are stored into the next memory location: by
incrementing the operand The contents of registers HL are
not altered. This is a 3-byte instruction, the second byte
specifies the low-order address and the third byte specifies the
‘high-order address.
Example: SHLD 2470

Exchange H and L with D and E

XCHG  none The contents of register H are exchanged with the contents of
register D, and the contents of register L are exchanged with
the contents of register E.
Example: XCHG

Copy H and L registers to the stack pointer

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

Exchange H and L with top of stack

XTHL  none The contents of the L register are exchanged with the stack
location. pointed out by the contents of the stack pointer
register. The contents of the H register are exchanged with
the next stack location (SP+1); however, the contents of the
stack pointer register are not altered.
Example: XTHL

47



Push register pair onto stack

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

Pop off stack to register pair

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

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

our S-bit port address The contents of the accumulator are copied into the 'O port
specified by the operand.
Example: OUT 87

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

IN K-bit port address The contents of the input port designated in the operand are
read and loaded into the accumulator.
Example: IN 82

ARITHMETIC INSTRUCTIONS:

Opcode  Operand Description
Add register or memory to accumulator
ADD R I'he contents of the operand (register or memory) are
M added to the contents of the accumulator and the result is

stored in the accumulator.  If the operand is a memory
location, its location is specified by the contents of the HL
registers.  All flags are modified 1o reflect the result of the
addition.

Example: ADDB or ADDM

Add register to accumulator with carry
ADC R The contents of the operand (register or memaory) and
M the Carry flag are added to the contents of the accumulator

and the result is stored in the accumulator, If the operand is a
memory location, its location is specified by the contents of
the HL registers. All flags are moditied to reflect the result of
the addition.
Example: ADC B or ADCM

Add immediate to accumulator

ADI1 8-bit data The 8-bit data (operand) 15 added to the contents of the
accumulator and the result is stored in the accumulator. All
flags are modified to reflect the result of the addition.
Example: ADI 45

Add immediate to accumulator with carry

ACT |-bit data The 8-bit data (operand) and the Carry flag are added to the
contents of the accumulator and the result is stored in the
accumulator. All flags are modified to reflect the result of the
addition.
Example: ACT 45

Add register pair to H and L registers

DAD Reg. pair The 16-bit contents of the specified register pair are added to
the contents of the HL register and the sum is stored in the
HL register. The contents of the source register pair are not
altered. If the result is larger than 16 bits, the CY flag is set.
No other flags are affected.
Example: DAD H
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Subtract register or memory from accumulator
SUB R The contents of the operand (register or memory ) are
M subtracted from the contents of the accumulator, and the

result is stored in the accumulator. If the operand is a
memory location, its location is specified by the contents of
the HL registers. All flags are modified to reflect the result of
the subtraction.
Example: SUBB or SUBM

Subtract source and borrow from accumulator
SBB R The contents of the operand (register or memory ) and
M the Borrow flag are subtracted from the contents of the

accumulater and the result is placed in the accumulator.  If
the operand i1s a memory location, its location is specified by
the contents of the HL registers. All flags are modified to
reflect the result of the subtraction.
Example: SBBBorSBBM

Subtract immediate from accumulator

SUI 8-bit data The 8-bit data (operand) is subtracted from the contents of the
accumulator and the result 1s stored m the accumulator. All
flags are modified to reflect the result of the subtraction.
Example: SUI 45

Subtract immediate from accumulator with borrow

SBI 8-bit data The 8-bit data (operand) and the Bomrow flag are subtracted
from the contents of the accumulator and the result 1s stored
in the accumulator. All flags are modified to reflect the result
of the subtracion.
Example: SBI 45

Increment register or memory by 1

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

Example: INRB or INKM

Increment register pair by |

INX R The contents of the designated register pair are incremented
by 1 and the result 1s stored in the same place.
Example: INX H
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Decrement register or memory by |

DCR R
M

Decrement register pair by |

DCX R

Decimal adjust accunulator

DAA none

BRANCHING INSTRUCTIONS

Opeode  Operand

Jump unconditionall

IMP 16-bit

Jump conditionally

Operand: 16-bit address

Opcode

INC
Ip

IZ

INZ
JPE
PO

The contents of the designated (cgtsict or memory are
decremented by 1 and the result is stored in the same place. I
the operand is a memory location, its Joeation s specified by
the contents of the HI. registers.

Example: DCR B or DORM

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

The contents of the accumulator are changed from a binary
value to two 4-hit binary coded decimal (BCD) digits. This is
the only instruction that uses the auxiliary flag to perform the
binary to BCD conversion, and the conversion procedure 1s
described below. 8. 7, AC, P, €Y flags arc altered to reflect
the results of the operation.

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

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

Example: DAA

Description

Thc program sequence is. transferred to thie memory location
specified by the 16-bit address given in the operand.
Example: IMP 2034 or IMP XYZ

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

Example: JZ 2034 orJZ XYZ

Deseription Flag Status
Jump on Carry CY =1
Jump on no Carry CY =0
Jump on positive S$=0
Jump on minus §=1
Jump on zero Z=1
Jump on no zero Z=0
Jump on parity even P=1
Jump on parity odd P=0

50



Unconditional subroutine call
CALL 16-bit address

Call conditionally

Operand: 16-bit address

Opcode
cC
ONC
CP
M
CcZ
CNZ
CPE
CPO

Description

Call on Carry
Call on no Carry
Call on positive
Call on minus
Call on zero
Call on no zero
Call on parity ev

Call on parity odd

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

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

Flag Status
CY =1
-1 =0

A
<

g nn

<n

TOUNNZ®
O~ ~=—D

Return from subroutine unconditionally

RET none

The program sequence is transferred from the subroutine to
the calling program. The two byies from the top of the stack
are copied into the program counter, and program execution
begins at the new address.

Example: RET

Return from subroutine conditionally

Operand: none

Opcode
RC
RNC

RM
RZ
RNZ
RPE
RPO

Description

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

Example: RZ

Flag Status

Return on Carry CY =1
Return on no Carry CY =0

Return on positi

Return on minus

Return on zero

Return on no zero
Return on parity even
Return on parity odd

ve S=0

e

TTENNCL

g
=

[
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Load program counter with HI contents

PO none The contents of registers H and 1, are copied into the progrian
counter. The contents of H are placed as the high-order byte
and the contents of L as the low-order byte.
Fxample: PCHIL

Restart

RST 0-7 The RST instruction is equivalent to a 1-byte call instruction
to one of eight memory locations depending upon the number.
The mstructions are generally used in conjunction  with
mterrupts and inserted using external hardware.  However
these can be used as soltware INsrUCtions in a progeam to
transter progrim execution to one of the cight locations, The
addresses are:

Instruction Restart Address
RST O OO00L1T
RST 1 0OOSH
RST 2 0010k
RST 3 OO IR
RST 4 0O20H
RST S 00281
RST 6 OO30F1
RST 7 OO3ISTT

The ROXS has four additnonal interrupts and these interrupts
generate RST mstructions internally and thus do not require
any external hardware.  These instructions and their Restart
addresses are:

Interrupt Restart Address
TRAP 0024H
RST 5.5 0O2CTH
RST 6.5 003411
RST 7.5 0O3CH
LOGICAL INSTRUCTIONS
Opcode  Operand Deseription
Compare register or memory with accumulator
CMP R The contents of the operand (register or memory) are
M compared with the contents of the accumulator. Both
contents are preserved . The result of the comparison is

shown by setting the flags of the PSW as follows:

i (A) < (reg/mem): carry tlag is set, s=1

if (A) ~ (reg/mem): zero flag is set, 0

i {A) = (reg'mem): carry and zero flags are reset, s-0
Example: CMPB or CMPM

Compare immediate with accumulator

CPI 8-bit data The second byte (8-bit data) is compared with the contents of
the accumulator. The values being compared remain
unchanged. The result of the comparison is shown by setting
the flags of the PSW as follows:
if (A) < data: carry flag is sct, s=1
it (A) = data: zero flag is set, =0
if (A) > data: carry and zero flags are reset, s=0
Example: CPl 89

Logical AND register or memory with accumulator
ANA R The contents of the accumulator are logically ANDed with
M the contents of the operand (register or memory), and the

result is placed in the accumulator. If the operand is a
memory location, its address is specified by the contents of
HL registers. S, Z. P are modified to reflect the result of the
operation. CY 1s reset. AC is set.
Example: ANA B or ANA M

Logical AND immediate with accumulator

ANI S-bat data The contents of the accumulator are logically ANDed with the
8-bit data (operand) and the result i1s placed in  the
accumulator. S, 7, P are modified to reflect the result of the
operation. CY is reset. AC 1s set.
Example: ANI 86
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Exclusive OR register or memory with accumulator
XRA R The contents of the accumulator are Exclusive ORed with
M the contents of the operand (register or memory), and the

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

Exclusive OR immediate with accumulator

XRI 8-bit data The contents of the accumulator are Exclusive ORed with the
8-bit data (operand) and the result is placed in the
accumulator. S, Z, P are modified to reflect the result of the
operation. CY and AC are reset.
Example: XRI 86

Logical OR register or memory with accumulaotr
ORA R The contents of the accumulator are logically ORed with
M the contents of the operand (register or memory), and the

result is placed in the accumulator. If the operand 1s a
memory location, its address is specified by the contents of
HL registers. S, Z, P are modified to reflect the result of the
operation. CY and AC are reset.
Example: ORA B or ORAM

Logical OR immediate with accumulator

ORI 8-bit data The contents of the accumulator are logically ORed with the
8-bit data (operand) and the result is placed in the
accumulator. S, Z, P are modified to reflect the result of the
operation. CY and AC are reset.
Example: ORI 86

Rotate accumulator left

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

Rotate accumulator right

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

RAL none

Rotate acewmulator right through ¢

RAR none

Complement accumulator
CMA none

Complement carry
CNMC none

Set Carry
STC

none
CONTROL INSTRUCTIONS
Opcode  Operand

No operation
NOp none

Halt and enter wait state
HLT none

Disable mietrupts
DI none

Enable mterrupts
El none

Each binary bit of the asccumulator is motated left by one
position through the Carry flag. Bit D7 is placed in the Carry
flag, and the Carry flag is placed m the least significant
position DO. CY is moditied according to bit 7. §, Z, P, AC
are not affected.
Example: RAL

nﬂgach' binasy bit of the accumulator is rotated right by one

position through the Carry flag. Bit Dp is placed in the Carry
flag, and the Carry flag is placed in the most significant
position D7. CY is modified according te bit Dp. S, Z, P, AC
are not atlected.
Example: RAR

The contents of the accumuldtor are complemented. No flags
are affected.
Example: CMA

The Carry flag is complemented. No other flags are affected.
Example: CMC

The Carry flag is sel to 1. Noother flags dre affeeted.
Example: STC

Deseription

No o ion is performed. The instruction is fetched and
decoded, However no operation is executed.
Example: NOP

The CPL finishes executing the current instruction and halts
any further execution. An interrupt or reset is pecesspry to
exit from the halt state.

Example: HLT

The interrupt enable flip-flop is reset and all the interrupts
except the TRAP are disabled. No flags are affected.
Example: DI

The interrupt enable flip-flop is set and all iterrupts are
enabled. No flags are affected. After a system feset or thie
acknowledgement of an interrupt, the interrupt enable flip-
flop is reset. thus disabling the interrupts.  This instruction is
neeessary 1o reenable the interrupts (except TRAP)

Example: EI
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Read interrupt mask

RIM

none

This 1s a multipurpose instruction used to read the status of
mterrupts 7.5, 6.5, 5.5 and read serial data input bit. The
mstruction loads eight bits in the accumulator with the
following interpretations.

Example: RIM

D, D, Do D. Dy D. D Dy
[SD] 17 [16 [ I5]IE[7.5]65[55]

I L1
Senal input Interrupt
data bit masked if
bit = 1
Interrupts Interrupt enable
pending if flip-flop is set
bit = 1 if bit = 1

Set interrupt mask

SIM

none

This 1s a multipurpose instruction and used to implement the
8085 interrupts 7.5, 6.5, 5.5, and serial data output. The
instruction interprets the accumulator contents as follows.
Example: SIM
D, D, Ds D. D, D; D, Dy
[SOD | SDE | XXX [ R7.5 [ MSE | M7.5 | M6.5 | M55 |
| ——
Serial output data Reset R7.5 Masks interrupts
ifD; =1 if bits = 1
Serial data enable Mask set
1 = Enable enable if
0 = Disable Dy=1

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

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

0 XXX~—Don't Care

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

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

[0 M7.5—Ds = 0, RST 7.5 is enabled.

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

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

1, RST 5.5 is masked or disabled.
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8085 Assembly Language Programs & Explanations

1. Statement: Store the

data byte 32H into memory location 4000H.

Program 1:

MVI A, 32H : Store 32H in the accumulator

STA 4000H : Copy accumulator contents at address 4000H
HLT : Terminate program execution

Program 2:

LXIH : Load HL with 4000H

MVI M : Store 32H in memory location pointed by HL register pair
(4000H)

HLT : Terminate program execution

2. Statement: Exchange the contents of memory locations 2000H and 4000H

Program 1:

LDA 2000H

accumulator
MOV B, A
LDA 4000H
accumulator
STA 2000H
MOV A, B
STA 4000H

Program 2:
LXI H 2000H

: Get the contents of memory location 2000H into

: Save the contents into B register
: Get the contents of memory location 4000Hinto

: Store the contents of accumulator at address 2000H
: Get the saved contents back into A register
: Store the contents of accumulator at address 4000H

. Initialize HL register pair as a pointer to

memory location 2000H.

LXI D 4000H

: Initialize DE register pair as a pointer to

memory location 4000H.

MOV B, M
register.

LDAX D
register.

MOV M, A
location 2000H.

MOV A, B

STAXD

4000H.

: Get the contents of memory location 2000H into B

: Get the contents of memory location 4000H into A

: Store the contents of A register into memory

: Copy the contents of B register into accumulator.
: Store the contents of A register into memory location
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HLT
: Terminate program execution.

3.Sample problem

(4000H) = 14H
(4001H) = 89H
Result = 14H + 89H = 9DH Source program

LXI H 4000H : HL points 4000H

MOV A, M : Get first operand

INX H : HL points 4001H

ADD M : Add second operand

INX H : HL points 4002H

MOV M, A : Store result at 4002H

HLT : Terminate program execution

4.Statement: Subtract the contents of memory location 4001H from the memory location 2000H and place

the result in memory location 4002H.

Program - 4: Subtract two 8-bit numbers

Sample problem:

(4000H) =51H
(4001H) = 19H
Result =51H - 19H = 38H

Source program:

LXI H, 4000H : HL points 4000H
MOV A, M : Get first operand

INX H : HL points 4001H

SUB M : Subtract second operand
INX H : HL points 4002H

MOV M, A : Store result at 4002H.
HLT : Terminate program execution

5.Statement: Add the 16-bit number in memory locations 4000H and 4001H to the 16-bit number in
memory locations 4002H and 4003H. The most significant eight bits of the two numbers to be added are in
memory locations 4001H and 4003H. Store the result in memory locations 4004H and 4005H with the

most significant byte in memory location 4005H.
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Program - 5.a: Add two 16-bit numbers - Source Program 1
Sample problem:

(4000H) = 15H

(4001H) = 1CH

(4002H) = B7H

(4003H) = 5AH

Result = 1C15 + 5AB7H = 76CCH (4004H) =
CCH

(4005H) = 76H

Source Program 1:

LHLD 4000H : Get first 16-bit number in HL

XCHG : Save first 16-bit number in DE

LHLD 4002H : Get second 16-bit number in HL

MOV A, E : Get lower byte of the first number

ADD L : Add lower byte of the second number

MOV L, A : Store result in L register

MOV A, D : Get higher byte of the first number

ADCH : Add higher byte of the second number with CARRY
MOV H, A : Store result in H register

SHLD 4004H : Store 16-bit result in memory locations 4004H and
4005H.

HLT : Terminate program execution

6.Statement: Add the contents of memory locations 40001H and 4001H and place the result in the memory

locations 4002Hand 4003H.

Sample problem:

(4000H) = 7FH
(400IH) = 89H

Result = 7FH + 89H = [08H (4002H) =
08H (4003H) = OIH

Source program:

LXI H, 4000H :HL Points 4000H

MOV A M :Get first operand

INX H :HL Points 4001H

ADD M :Add second operand

INXH :HL Points 4002H

MOV M, A :Store the lower byte of result at 4002H
MVIA, 00 :Initialize higher byte result with O0H
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ADC A :Add carry in the high byte result

INXH :HL Points 4003H
MOV M, A :Store the higher byte of result at 4003H
HLT :Terminate program execution

7.Statement: Subtract the 16-bit number in memory locations 4002H and 4003H from the 16-bit number in
memory locations 4000H and 4001H. The most significant eight bits of the two numbers are in memory
locations 4001H and 4003H. Store the result in memory locations 4004H and 4005H with the most
significant byte in memory location 4005H.

Sample problem

(4000H) = 19H

(4001H) = 6AH

(4004H) = 15H (4003H) = 5CH Result = 6A19H -
5C15H = OE04H (4004H) = 04H

(4005H) = OEH

Source program:

LHLD 4000H : Get first 16-bit number in HL

XCHG : Save first 16-bit number in DE

LHLD 4002H : Get second 16-bit number in HL

MOV A, E : Get lower byte of the first number

SUB L : Subtract lower byte of the second number

MOV L, A : Store the result in L register

MOV A, D : Get higher byte of the first number

SBB H : Subtract higher byte of second number with borrow
MOV H, A : Store 16-bit result in memory locations 4004H and
4005H.

SHLD 4004H : Store 16-bit result in memory locations 4004H and
4005H.

HLT : Terminate program execution

8.Statement: Find the I's complement of the number stored at memory location 4400H and store
the complemented number at memory location 4300H.

Sample problem:

(4400H) = 55H
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Result = (4300B) = AAB
Source program:

LDA 4400B : Get the number

CMA : Complement number

STA 4300H : Store the result

HLT : Terminate program execution

9.Statement: Find the 2's complement of the number stored at memory location 4200H and store
the complemented number at memory location 4300H.

Sample problem:

(4200H) = 55H
Result = (4300H) = AAH + 1 = ABH

Source program:

LDA 4200H : Get the number

CMA : Complement the number
ADI, 01 H : Add one in the number
STA 4300H : Store the result

HLT : Terminate program execution

10.Statement: Pack the two unpacked BCD numbers stored in memory locations 4200H and 4201H and store
result in memory location 4300H. Assume the least significant digit is stored at 4200H.

Sample problem: (4200H)
=04 (4201H) = 09
Result = (4300H) = 94

Source program

LDA 4201H : Get the Most significant BCD digit
RLC

RLC

RLC

RLC : Adjust the position of the second digit (09 is changed to
90)
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ANI FOH : Make least significant BCD digit zero

MOV C, A : store the partial result

LDA 4200H : Get the lower BCD digit
ADD C : Add lower BCD digit
STA 4300H : Store the result

HLT : Terminate program execution

11.Statement: Two digit BCD number is stored in memory location 4200H. Unpack the BCD number and
store the two digits in memory locations 4300H and 4301H such that memory location 4300H will have
lower BCD digit.

Sample problem

(4200H) =58
Result = (4300H) = 08 and (4301H) = 05
Source program

LDA 4200H : Get the packed BCD number
ANI FOH : Mask lower nibble

RRC

RRC

RRC

RRC : Adjust higher BCD digit as a lower digit
STA 4301H : Store the partial result

LDA 4200H : .Get the original BCD number
ANI OFH : Mask higher nibble

STA 4201H : Store the result

HLT : Terminate program execution

12.Statement:Read the program given below and state the contents of all registers after
the execution of each instruction in sequence.

Main program:

4000H LXI SP, 27FFH
4003H LXI H, 2000H
4006H LXI B, 1020H
4009H CALL SUB
400CH HLT
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Subroutine program:

4100H SUB: PUSH B
4101H PUSHH
4102H LXI B, 4080H
4105H LXI H, 4090H
4108H SHLD 2200H
4109H DAD B
410CH POP H
410DH POP B
410EH RET

13.Statement:Write a program to shift an eight bit data four bits right. Assume that data is in register C.

Source program:

MOV A, C
RAR
RAR
RAR
RAR
MOV C, A
HLT

14.Statement: Program to shift a 16-bit data 1 bit left. Assume data is in the HL register pair

Source program:

DADH : Adds HL data with HL data

15.Statement: Write a set of instructions to alter the contents of flag register in 8085.

PUSH PSW : Save flags on stack
POP H : Retrieve flags in 'L
MOV A, L : Flags in accumulator
CMA : Complement accumulator
MOV L, A : Accumulator in ‘L'
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PUSHH : Save on stack
POP PSW : Back to flag register
HLT :Terminate program execution

16.Statement: Calculate the sum of series of numbers. The length of the series is in memory location 4200H
and the series begins from memory location 4201H.

1. Consider the sum to be 8 bit number. So, ignore carries. Store the sum at memory location 4300H.

2. Consider the sum to be 16 bit number. Store the sum at memory locations 4300H and 4301H

a. Sample problem

4200H = 04H

4201H =10H

4202H =45H

4203H =33H

4204H =22H
Result=10+41+30+12=H
4300H =H

Source program:

LDA 4200H

MOV C, A : Initialize counter

SUB A :sum=20

LXI H, 420IH - Initialize pointer

BACK: ADD M : SUM = SUM + data
INX H : increment pointer

DCRC : Decrement counter

JNZ BACK : if counter O repeat

STA 4300H : Store sum

HLT : Terminate program execution

b. Sample problem

4200H = 04H 420IH

= 9AH 4202H = 52H

4203H = 89H 4204H

=3EH

Result = 9AH + 52H + 89H + 3EH = H 4300H = B3H
Lower byte

4301H = 0IH Higher byte

Source program:
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LDA 4200H
MOV C, A
LXI H, 4201H
SUB A
MOV B, A
BACK: ADD M
JNC SKIP
INR B
SKIP: INX H
DCRC
JNZ BACK
STA 4300H

MOV A, B
STA 4301H
HLT

: Initialize counter
- Initialize pointer
:Sumlow =0
:Sumhigh=0
: Sum = sum + data

: Add carry to MSB of SUM
: Increment pointer
: Decrement counter
: Check if counter 0 repeat
: Store lower byte

: Store higher byte
:Terminate program execution

17.Statement: Multiply two 8-bit numbers stored in memory locations 2200H and 2201H by repetitive
addition and store the result in memory locations 2300H and 2301H.

Sample problem:

(2200H) = 03H
(2201H) = B2H

Result = B2H + B2H + B2H = 216H = 216H

(2300H) = 16H
(2301H) = 02H

Source program

LDA 2200H

MOVE, A

MVI D, 00

LDA 2201H

MOV C, A

LX I H, 0000 H
BACK: DAD D

DCR Cc

INZ BACK

SHLD 2300H

HLT

: Get the first number in DE register pair

> Initialize counter
:Result=0
: Result = result + first number
: Decrement count
: If count O repeat
: Store result
: Terminate program execution
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18.Statement:Divide 16 bit number stored in memory locations 2200H and 2201H by the 8 bit number stored at
memory location 2202H. Store the quotient in memory locations 2300H and 2301H and remainder in memory
locations 2302H and 2303H.

Sample problem (2200H) =
60H (2201H) = AOH
(2202H) = I12H
Result = A060H/12H = 8E8H Quotient and 10H remainder (2300H) =
E8H (2301H) = 08H
(2302H=10H (2303H)

00H

Source program

LHLD 2200H : Get the dividend

LDA 2202H : Get the divisor

MOV C, A

LXI D, 0000H : Quotient =0
BACK: MOV A, L

SUBC : Subtract divisor

MOV L, A : Save partial result

JNC SKIP 2if CY 1 jump

DCRH : Subtract borrow of previous subtraction
SKIP: INX D : Increment quotient

MOV A/ H

CPI, 00 : Check if dividend < divisor

JNZ BACK :if no repeat

MOV A, L

CMPC

JNC BACK

SHLD 2302H : Store the remainder

XCHG

SHLD 2300H : Store the quotient

HLT : Terminate program execution

19.Statement:Find the number of negative elements (most significant bit 1) in a block of data. The length of
the block is in memory location 2200H and the block itself begins in memory location 2201H. Store the number
of negative elements in memory location 2300H

Sample problem

(2200H) = 04H
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(2201H) = 56H
(2202H) = A9H
(2203H) = 73H
(2204H) = 82H

Result = 02 since 2202H and 2204H contain numbers with a MSB of 1.

Source program

LDA 2200H

MOV C, A : Initialize count

MVI B, 00 : Negative number = 0

LXI H, 2201H - Initialize pointer
BACK: MOV A, M : Get the number

ANI 80H : Check for MSB

JZ SKIP IfMSB=1

INR B : Increment negative number count
SKIP: INX H : Increment pointer

DCRC : Decrement count

JNZ BACK : If count O repeat

MOV A, B

STA 2300H : Store the result

HLT : Terminate program execution

20.Statement:Find the largest number in a block of data. The length of the block is in memory location
2200H and the block itself starts from memory location 2201H.

Store the maximum number in memory location 2300H. Assume that the numbers in the block are all 8
bit unsigned binary numbers.

Sample problem

(2200H) = 04
(2201H) = 34H
(2202H) = A9H
(2203H) = 78H
(2204H) =56H
Result = (2202H) = A9H

Source program

LDA 2200H
MOV C, A - Initialize counter
XRA A : Maximum = Minimum possible value = 0
LXI H, 2201H - Initialize pointer
BACK: CMP M : Is number> maximum
JNC SKIP - Yes, replace maximum

66



MOV A, M

SKIP: INX H
DCRC
JNZ BACK
STA 2300H
HLT

: Store maximum number
: Terminate program execution

21.Statement:Write a program to count number of I's in the contents of D register and store the count

in the B register.

Source program:

MVI B, 00H
MVI C, 08H

MOV A, D
BACK: RAR

JNC SKIP

INR B
SKIP: DCRC

JINZ BACK

HLT

22.Statement:Write a program to sort given 10 numbers from memory location 2200H in the

ascending order.

Source program:

MVI B, 09
START
MVI C, 09H
BACK: MOV A, M
INX H
CMP M
JC SKIP
JZ SKIP

MOV D, M
MOV M, A
DCXH
MOV M, D
INX H
SKIP:DCR C
JNZ BACK
DCRB
JNZ START
HLT

. Initialize counter
1 LXI H, 2200H: Initialize memory pointer
: Initialize counter 2
: Get the number
: Increment memory pointer

: Compare number with next number

: If less, don't interchange
: If equal, don't interchange

: Interchange two numbers
: Decrement counter 2
: If not zero, repeat

: Decrement counter 1

: Terminate program execution
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23.Statement:Calculate the sum of series of even numbers from the list of numbers. The length of the list is in
memory location 2200H and the series itself begins from memory location 2201H. Assume the sum to be 8 bit
number so you can ignore carries and store the sum at memory location 2Sample problem:

2200H= 4H
2201H= 20H
2202H= I5H
2203H= I3H
2204H=22H

Result 2210H= 20 + 22 = 42H = 42H

Source program:

LDA 2200H
MOV C, A
MVI B, 00H
LXI H, 2201H
BACK: MOV A, M
ANI OIH
JINZ SKIP
MOV A, B
ADD M
MOV B, A
SKIP: INX H
DCR o
JINZ BACK
STA 2210H
HLT

24.Statement:Calculate the sum of series of odd numbers from the list of numbers. The length of the list is in
memory location 2200H and the series itself begins from memory location 2201H. Assume the sum to be 16-bit.
Store the sum at memory locations 2300H and 2301H.

Sample problem:

2200H = 4H
2201H= 9AH
2202H= 52H
2203H= 89H
2204H=3FH

Result = 89H + 3FH = C8H 2300H=H
Lower byte 2301H = H Higher byte
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Source program

BACK:

LDA 2200H
MOV C, A
LXI H, 2201H
MVI E, 00
MOV D, E
MOV A, M
ANI OIH

JZ SKIP
MOV A, E
ADD M
MOV E, A
JNC SKIP
INRD

SKIP: INX H

DCRC

: Initialize counter
> Initialize pointer
:Sumlow =0
:Sum high=0
: Get the number
: Mask Bit 1 to Bit7
: Don't add if number is even
: Get the lower byte of sum
: Sum = sum + data
: Store result in E register

: Add carry to MSB of SUM
: Increment pointer
: Decrement

25.Statement:Find the square of the given numbers from memory location 6100H and store the result from
memory location 7000H

Source Program:

BACK:

LXI H, 6200H
LXI D, 6100H
LXI B, 7000H
LDAX D
MOV L, A
MOV A, M
STAXB

INX D

INX B

MOV A, C
CPI 05H
JNZ BACK
HLT

- Initialize lookup table pointer
- Initialize source memory pointer
- Initialize destination memory pointer
: Get the number
: A point to the square
: Get the square
: Store the result at destination memory location

: Increment source memory pointer

: Increment destination memory pointer

: Check for last number
: If not repeat
: Terminate program execution

26.Statement: Search the given byte in the list of 50 numbers stored in the consecutive memory locations
and store the address of memory location in the memory locations 2200H and 2201H. Assume byte is in the
C register and starting address of the list is 2000H. If byte is not found store 00 at 2200H and 2201H.

Source program:
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BACK:

LX I H, 2000H
MVI B, 52H
MOV A, M
CMPC

JZ LAST

INX H
DCRB

IJNZ B

LXI H, 0000H
SHLD 2200H
JMP END

LAST: SHLD 2200H
END: HLT

: Initialize memory pointer 52H
- Initialize counter
: Get the number
: Compare with the given byte
: Go last if match occurs
: Increment memory pointer
: Decrement counter

: | fnot zero, repeat

: Store 00 at 2200H and 2201H
: Store memory address
: Stop

27.Statement: Two decimal numbers six digits each, are stored in BCD package form. Each number occupies
a sequence of byte in the memory. The starting address of first number is 6000H Write an assembly language
program that adds these two numbers and stores the sum in the same format starting from memory location
6200H

Source Program:

LXI H, 6000H - Initialize pointer | to first number
LXI D, 6100H - Initialize pointer2 to second number
LXI B, 6200H : Initialize pointer3 to result
STC
CMC :Carry=0
BACK: LDAX D : Get the digit
ADD M : Add two digits
DAA : Adjust for decimal
STAX.B : Store the result
INX H . Increment pointer 1
INXD : Increment pointer2
INX B : Increment result pointer
MOV A, L
CPI 06H : Check for last digit
JNZ BACK : If not last digit repeat
HLT : Terminate program execution

28.Statement: Add 2 arrays having ten 8-bit numbers each and generate a third array of result. It is
necessary to add the first element of array 1 with the first
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element of array-2 and so on. The starting addresses of array |, array2 and array3 are 2200H, 2300H
and 2400H, respectively.

Source Program:

BACK:

LXI H, 2200H
LXI B, 2300H
LXI D, 2400H
LDAX B
ADD M
STAXD

INX H

INX B

INX D

MOV A, L
CPI 0AH
JNZ BACK
HLT

: Initialize memory pointer 1
. Initialize memory pointer 2
- Initialize result pointer
: Get the number from array 2
: Add it with number in array 1
: Store the addition in array 3
: Increment pointer 1
: Increment pointer2
. Increment result pointer

: Check pointer 1 for last number
. If not, repeat
: Stop

29.Statement: Write an assembly language program to separate even numbers from the given list of 50
numbers and store them in the another list starting from 2300H. Assume starting address of 50 number list is

2200H

Source Program:

BACK:

SKIP: |

LXI H, 2200H
LXI D, 2300H
MVI C, 32H
MOV A, M
ANI OIH
JINZ SKIP
MOV A, M
STAX

INX D

NX H
DCRC

JNZ BACK
HLT

D

: Initialize memory pointer |
: Initialize memory pointer2
- Initialize counter
: Get the number

: Check for even number

: If ODD, don't store
: Get the number
: Store the number in result list
: Increment pointer 2
> Increment pointer |
: Decrement counter
: If not zero, repeat
: Stop

30.Statement: Write assembly language program with proper comments for the following:
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A block of data consisting of 256 bytes is stored in memory starting at 3000H. This block is to be shifted
(relocated) in memory from 3050H onwards. Do not shift the block or part of the block anywhere else in the
memory.

Source Program:

Two blocks (3000 - 30FF and 3050 - 314F) are overlapping. Therefore it is necessary to transfer last byte
first and first byte last.

MVI C, FFH : Initialize counter

LX I H, 30FFH - Initialize source memory pointer 314FH

LXI D, 314FH : Initialize destination memory pointer
BACK: MOV A, M : Get byte from source memory block

STAX D : Store byte in the destination memory block

DCXH : Decrement source memory pointer

DCX : Decrement destination memory pointer

DCRC : Decrement counter

JNZ BACK . If counter O repeat

HLT : Stop execution

31.Statement: Add even parity to a string of 7-bit ASCII characters. The length of the string is in
memory location 2040H and the string itself begins in memory location 2041H. Place even parity in the
most significant bit of each character.

Source Program:

LXI H, 2040H
MOV C .M : Counter for character
REPEAT:INX H : Memory pointer to character
MOV AM : Character in accumulator
ORA A : ORing with itself to check parity.
JPO PAREVEN : If odd parity place
ORI 80H even parity in D7 (80).
PAREVEN:MOV M, A : Store converted even parity character.
DCRC : Decrement counter.
JNZ REPEAT : If not zero go for next character.
HLT

32.Statement: A list of 50 numbers is stored in memory, starting at 6000H. Find number of negative, zero and
positive numbers from this list and store these results in memory locations 7000H, 7001H, and 7002H
respectively
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Source Program:

LXI H, 6000H : Initialize memory pointer
MVI C, 00H : Initialize number counter
MVI B, 00H : Initialize negative number counter
MVI E, 00H : Initialize zero number counter
BEGIN:MOV A, M : Get the number
CPI O0OH 2 If number =0
JZ ZERONUM : Goto zeronum
ANI : If MSB of number = li.e. if
JNZ NEGNUM number is negative goto NEGNUM
INRD : otherwise increment positive number counter
JMP LAST
ZERONUM:INR E : Increment zero number counter
JMP LAST
NEGNUM:INR B : Increment negative number counter
LAST:INX H : Increment memory pointer
INRC : Increment number counter
MOV A, C
CPI 32H . If number counter = 5010 then
JNZ BEGIN : Store otherwise check next number
LXI H, 7000 : Initialize memory pointer.
MOV M, B : Store negative number.
INX H
MOV M, E : Store zero number.
INX H
MOV M, D : Store positive number.
HLT : Terminate execution

33.Statement:Write an 8085 assembly language program to insert a string of four characters from the
tenth location in the given array of 50 characters

Solution:
Step 1: Move bytes from location 10 till the end of array by four bytes downwards.
Step 2: Insert four bytes at locations 10, 11, 12 and 13.

Source Program:

LXI H, 2131H : Initialize pointer at the last location of array.
LXI D, 2I135H : Initialize another pointer to point the last

location of array after insertion.

AGAIN: MOV A, M : Get the character
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STAXD : Store at the new location

DCXD : Decrement destination pointer
DCXH : Decrement source pointer
MOV A, L . [check whether desired
CP1 05H bytes are shifted or not]
JNZ AGAIN » if not repeat the process
INX H : adjust the memory pointer
LXI D, 2200H . Initialize the memory pointer to point the string to
be inserted
REPE: LDAX D : Get the character
MOV M, A : Store it in the array
INX D : Increment source pointer
INX H : Increment destination pointer
MOV A, E : [Check whether the 4 bytes
CP1 04 are inserted]
JNZ REPE - if not repeat the process
HLT : stop

34.Statement:Write an 8085 assembly language program to delete a string of 4 characters from the tenth
location in the given array of 50 characters.

Solution: Shift bytes from location 14 till the end of array upwards by 4 characters i.e. from location
10 onwards.

Source Program:
LXI H, 210DH :Initialize source memory pointer at the 14thlocation

of the array.

LXI D, 2109H : Initialize destn memory pointer at the 10th location
of the array.

MOV A, M : Get the character

STAXD : Store character at new location

INX D : Increment destination pointer

INX H : Increment source pointer

MOV A, L : [check whether desired

CPI 32H bytes are shifted or not]

JNZ REPE : if not repeat the process

HLT : stop

35.Statement:Multiply the 8-bit unsigned number in memory location 2200H by the 8-bit unsigned number
in memory location 2201H. Store the 8 least significant bits of the result in memory location 2300H and the 8
most significant bits in memory location 2301H.
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Sample problem:

(2200) = 1100 (OCH)
(2201) = 0101 (05H)
Multiplicand =1100 (1210)
Multiplier =0101 (510)
Result =12 x5=(6010)

Source program

LXI H, 2200 : Initialize the memory pointer

MOV E, M : Get multiplicand

MVI D, 00H : Extend to 16-bits

INX H : Increment memory pointer

MOV A, M : Get multiplier

LXI H, 0000 :Product =0

MVI B, 08H > Initialize counter with count 8
MULT: DAD H : Product = product x 2

RAL

JNC SKIP > Is carry from multiplier 1 ?

DAD D - Yes, Product =Product + Multiplicand
SKIP: DCR B : Is counter = zero

JNZ MULT 1 no, repeat

SHLD 2300H : Store the result

HLT : End of program

36.Statement:Divide the 16-bit unsigned number in memory locations 2200H and 2201H (most significant
bits in 2201H) by the B-bit unsigned number in memory location 2300H store the quotient in memory
location 2400H and remainder in 2401H

Assumption: The most significant bits of both the divisor and dividend are zero.

Source program

MVI E, 00 : Quotient =0
LHLD 2200H : Get dividend
LDA 2300 : Get divisor
MOV B, A : Store divisor
MVI C, 08 :Count=38

NEXT: DAD H : Dividend = Dividend x 2
MOV A, E
RLC
MOV E, A : Quotient = Quotient x 2
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MOV A, H

SUB B : Is most significant byte of Dividend > divisor

JC SKIP 2 No, go to Next step

MOV H, A : Yes, subtract divisor

INRE : and Quotient = Quotient + 1
SKIP:DCR C :Count=Count -1

INZ NEXT . Is count =0 repeat

MOV A E

STA 2401H : Store Quotient

Mov A, H

STA 2410H : Store remainder

HLT : End of program

37.DAA instruction is not present. Write a sub routine which will perform the same task as DAA.

Sample Problem:

Execution of DAA instruction:

I the value of the low order four bits (03-00) in the accumulator is greater than 9 or if auxiliary carry flag
is set, the instruction adds 6 '(06) to the low-order four bits.

If the value of the high-order four bits (07-04) in the accumulator is greater than 9 or if carry flag is set,
the instruction adds 6(06) to the high-order four bits.

Source Program:

LXI SP, 27FFH - Initialize stack pointer
MOV E, A : Store the contents of accumulator
ANI OFH : Mask upper nibble
CPIOAH : Check if number is greater than 9
JC SKIP > if no go to skip
MOV A, E : Get the number
ADI 06H : Add 6 in the number
JMP SECOND : Go for second check
SKIP: PUSH PSW : Store accumulator and flag contents in stack
POP B : Get the contents of accumulator in B register and
flag register contents in C register
MOV A, C : Get flag register contents in accumulator
ANI 10H : Check for bit 4
JZ SECOND : if zero, go for second check
MOV A E : Get the number
ADI 06 : Add 6 in the number
SECOND: MOV E, A : Store the contents of accumulator
ANI FOH : Mask lower nibble
RRC
RRC
RRC
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RRC
CPI OAH
JC SKIPI
MOV A, E
ADI 60 H
JMP LAST
SKIP1: JNC LAST
MOV A, E
ADI 60 H
LAST: HLT

38.Statement:To test RAM by writing '1' and reading it back and later writing '0" (zero) and reading it
back. RAM addresses to be checked are 40FFH to 40FFH. In case of any error, it is indicated by writing

01H at port 10H

Source Program:

LXI H, 4000H
BACK: MVI M, FFH
MOV A, M
CPI FFH
JNZ ERROR
INXH
MOV A, H
CPI SOH
JNZ BACK
LXI H, 4000H
BACKI: MVI M, OOH
MOV A, M
CPI OOH
INX H
MOV A, H
CPI SOH
JNZ BACKI
HLT

: Rotate number 4 bit right

: Check if number is greater than 9

:if no go to skip 1
: Get the number
: Add 60 H in the number
: Go to last
s if carry flag = 0 go to last
: Get the number
- Add 60 H in the number

- Initialize memory pointer

: Writing 1" into RAM
: Reading data from RAM

: Check for ERROR

. If yes go to ERROR
: Increment memory pointer

: Check for last check

: If not last, repeat
: Initialize memory pointer
: Writing '0" into RAM
: Reading data from RAM

: Check for ERROR

: Increment memory pointer

: Check for last check

. If not last, repeat

: Stop Execution

39.Statement:Write an assembly language program to generate fibonacci number

Source Program:

MVI D, COUNT MVI

B,00 MVIC, 01

Fnitialize counter
Initialize variable to store previous number
Initialize variable to store current number
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MOV A, B :[Add two numbers]

BACK: ADD C :[Add two numbers]
MOV B, C : Current number is now previous number
MOV C, A : Save result as a new current number
DCR D : Decrement count
JNZ BACK :if count 0 go to BACK
HLT : Stop

40.Statement:Write a program to generate a delay of 0.4 sec if the crystal frequency is 5 MHz

Calculation: In 8085, the operating frequency is half of the

crystal frequency,

ie.Operating frequency Time =5/2=25MHz
for one T -state =

Number of T-states required =

=1x106
Source Program:
LXI B, count : 16 - bit count
BACK: DCX B : Decrement count
MOV A, C
ORAB : Logically OR Band C
JNZ BACK - If result is not zero repeat

41.Statement: Arrange an array of 8 bit unsigned no in descending order

Source Program:

START:MVI B, 00 ;Flag=0
LXI H, 4150 ; Count = length of array
MOV C, M
DCRC ; No. of pair = count -1
INX H ; Point to start of array
LOOP:MOV A, M ; Get kth element
INX H
CMP M ; Compare to (K+1) th element
JNC LOOP 1 ; No interchange if kth >= (k+1) th
MOV D, M ; Interchange if out of order
MOV M, A ;
DCRH
MOV M, D
INX H
MVI B, 01H ; Flag=1
LOOP 1:DCR C ; count down
JNZ LOOP ;
DCR B ;isflag=17?

78



JZ START ; do another sort, if yes
HLT ; If flag = 0, step execution

42 .Statement: Transfer ten bytes of data from one memory to another memory block. Source memory block
starts from memory location 2200H where as destination memory block starts from memory location 2300H

Source Program:

LXI H, 4150 - Initialize memory pointer
MVI B, 08 : count for 8-bit

MVI A, 54
LOOP : RRC
JC LOOP1
MVI M, 00 : store zero it no carry
JMP COMMON
LOOP2: MVI M, 01 : store one if there is a carry
COMMON: INX H
DCRB : check for carry
JNZ LOOP
HLT : Terminate the program

43.Statement: Program to calculate the factorial of a number between 0 to 8

Source program

LXI SP, 27FFH ; Initialize stack pointer
LDA 2200H ; Get the number
CPI1 02H ; Check if number is greater than 1
JC LAST
MVI D, 00H ; Load number as a result
MOV E, A
DCRA
MOV C,A ; Load counter one less than number
CALL FACTO ; Call subroutine FACTO
XCHG ; Get the result in HL
SHLD 2201H ; Store result in the memory
JMP END
LAST: LXI H, 000IH ; Store result =01
END: SHLD 2201H
HLT
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44 Statement:Write a program to find the Square Root of an 8 bit binary number. The binary number is

stored in memory location 4200H and store the square root in 4201H.

Source Program:

LDA 4200H
MOV B,A
MVI C,02H
CALL DIV

in D-reg
REP: MOV E,D

MOV AB
MOV C,D
CALL DIV

value(Y/X) in D-reg
MOV A, D
ADD E
MVI C, 02H
CALL DIV

in D-reg.This is XNEW
MOV A E
CMP D
INZ REP
STA 4201H
HLT

45.Statement:Write a simple program to Split a HEX data into two nibbles and store it in memory

Source Program:

LXI H, 4200H
MOV B,.M
MOV A,B
ANI OFH
INXH

MOV M,A
MOV A,B
ANI FOH

RRC
RRC
RRC
RRC
INXH
MOV M,A
HLT

: Get the given data(Y) in A register
: Save the data in B register
: Call the divisor(02H) in C register

: Call division subroutine to get initial value(X)

: Save the initial value in E-reg
: Get the dividend(Y) in A-reg
: Get the divisor(X) in C-reg
: Call division subroutine to get initial

: Move Y/X in A-reg
: Get the((Y/X) + X) in A-reg
: Get the divisor(02H) in C-reg
: Call division subroutine to get ((Y/X) + X)/2

: Get Xin A-reg
: Compare X and XNEW
- If XNEW is not equal to X, then repeat
: Save the square root in memory
: Terminate program execution

: Set pointer data for array

: Get the data in B-reg

: Copy the data to A-reg

: Mask the upper nibble

: Increment address as 4201

: Store the lower nibble in memory
: Get the data in A-reg

: Bring the upper nibble to lower nibble position

: Store the upper nibble in memory
: Terminate program execution

80



46.Statement: Add two 4 digit BCD numbers in HL and DE register pairs and store result in memory locations,
2300H and 2301H. Ignore carry after 16 bit.

Sample Problem:

(HL) =3629 (DE)

=4738
Step 1 : 29 + 38 = 61 and auxiliary carry flag = 1
:.add 06
61 + 06 = 67

Step 2 : 36 + 47 + 0 (carry of LSB) = 7D

Lower nibble of addition is greater than 9, so add 6. 7D + 06 = 83
Result = 8367

Source program

MOV A, L : Get lower 2 digits of no. 1

ADD E : Add two lower digits

DAA : Adjust result to valid BCD

STA 2300H : Store partial result

MOV A, H : Get most significant 2 digits of number
ADC D : Add two most significant digits
DAA : Adjust result to valid BCD

STA 2301H : Store partial result

HLT : Terminate program execution

47.Subtract the BCD number stored in E register from the number stored in the D register.

Source Program:

MVI A,99H

SUB E : Find the 99's complement of subtrahend
INR A : Find 100's complement of subtrahend
ADD D : Add minuend to 100's complement of subtrahend
DAA : Adjust for BCD

HLT : Terminate program execution

48.Statement: Write an assembly language program to multiply 2 BCD numbers

Source Program:
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MVI C, Multiplier
MVI B, 00
LXI H, 0000H
MVI E, multiplicand
MVI D, 00H

BACK: DAD D
MOV A, L

ADI, 00H
DAA
MOV L, A
MOV A, H
ACI, 00H
DAA
MOV H, A
MOV A, B
ADI 01H
DAA
MOV B,A
CMPC
JNZ BACK
HLT

: Load BCD multiplier
- Initialize counter
: Result = 0000
: Load multiplicand
: Extend to 16-bits
: Result Result + Multiplicand

: Get the lower byte of the result

: Adjust the lower byte of result to BCD.
: Store the lower byte of result
: Get the higher byte of the result
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QUESTION BANK -UNIT 11
PART A
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15.

Identify the addressing modes of LDA and LDAXB instruction

Identify the no of bytes of XTHL and LXI H,16bit

Define addressing modes

Classify the instruction sets of 8085

Explain SPHL instruction with example

What is the difference between CMP and SUB instruction

When the parity flag will set

What determines the number of bytes to be fetched from memory to execute an instruction?
What are the different instruction word sizes in 8085?

Give one example each of 1-byte, 2-byte and 3-byte instructions.

. Mention the different types of operations possible with arithmetic, logical,branch and

machine control operations

. What is an instruction?

What are the different types of data transfer operations possible?
What is the output in 9100 after executing the following instructions
MVI A, 09
MVI B, 04
ADD B
DAA
STA 9100
HLT
What is the content in DE register?
MVI A,09
ADI 77
PUSH PSW
POP D
HLT

PART B

1. Classify the instruction set based on the operations performed and explain with examples
2. Classify the instruction set based on the size of the instructions and explain with examples
3. Explaina. XTHL b.SPHL c.PCHL d.RAR e.SIM

4. Explain with example a.LDAX B b.PUSH PSW c.RLC d.JNC 16bite.XRA A

5. Write an ALP to sort a given array in ascending order

6. Write an ALP to find a factorial of a number

7. Write an ALP to add two multibyte data

8. Write an ALP to generate fibonocci series

Note: Study all the programs
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2. Ramesh Gaonkar, “Microprocessor Architecture, Programming and applications with 8085”, 5th Edition,
Penram International Publishing Pvt Ltd, 2010.
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Mathur A.P. ” Introduction to microprocessor .“

Muhammad Ali Mazidi.”The 8051 Microcontroller and Embedded Systems.”
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UNIT 3 PERIPHERALS AND INTERFACING

Introduction, memory and I/O interfacing, data transfer schemes, Interface ICs’- USART (8251), programmable
peripheral interface (8255), programmable interrupt controller (8259), programmable counter/interval timer
(8254), Analog to Digital Converter (ADC), and Digital to Analog Converter (DAC).

8255 - PROGRAMMABLE PERIPHERAL INTERFACE (PPI)
The Intel 8255 (or i8255) Programmable Peripheral Interface (PPI) chip is a
peripheral chip, is used to give the CPU access to programmable parallel 1/0. It can be

programmable to transfer data under various conditions from simple 1/O to interrupt 1/O.

it is flexible versatile

Fig 3.1: Pin diagram

and economical (when multiple 1/O ports are required) but some what complex. It
is an important general purpose 1/O device that can be used with almost any
microprocessor. Functional block of 8255 — Programmable Peripheral Interface (PPI1)

The 8255A has 24 1/0 pins that can be grouped primarily in two 8-bit parallel ports:
A and B with the remaining eight bits as port C. The eight bits of port C can be used as
individual bits or be grouped in to 4-bit ports: CUpper (Cu) and CLower (CL) as in Figure
2. The function of these ports is defined by writing a control word in the control register as

shown in Figure 3.3
85



—
— 4TV GROUP A "o
PALIES : <:> _l_k:> -
SUPPLIES PORY A DATRAD

—p GND GROUP A 8
—] Conrror pCE—— S

BI-DIRECTIONAL
DATA BUS

or-00 "3

"o
PCT-PCa

DATA BUSE A N
BUFFER

i 8-BITY

RO
W e
AT —p]
AD e
RESET i

INTERNAL
DATA BUS
|
READ
WRITE GROUP B
CONTROL CONTROL GROUr &
LOGIC PORT B
(8)

"wo
PCa-PCO

wo
PB7.-PBO

e —

Fig 3.2 : Block diagram of 8255

CONTROL WORD

|P7 pelos |p4]p3|p2]o1|p0
GROUP B

PORT C g{LOWER)
»] 1=INPU
0 = OUTPUT

PORT B
1 =INPUT
0 =0UTPUT

MODE SELECTION
0 =MODE 0
1 =MODE 1

v

h 4

GROUP A

PORT C (UPPER)
1 = INPUT
0 = OUTPUT

PORT A
1 =INPUT
0 =0UTPUT

MODE SELECTION
00 = MODE 0
01 = MODE 1
1X = MODE 2

v

v

¥

L 3

| moDE SET FLAG
| 1=AcTive

Fig 3.3. Control word Register format
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Data Bus Buffer

This three-state bi-directional 8-bit buffer is used to interface the 8255 to the system data
bus. Data is transmitted or received by the buffer upon execution of input or output
instructions by theCPU. Control words and status information are also transferred through
the data bus buffer.

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 8255
and the CPU.

(RD) Read. A "'low" on this input pin enables 8255 to send the data or status information to
the CPU on the data bus. In essence, it allows the CPU to "'read from" the 8255.

(WR) Write. A "low" on this input pin enables the CPU to write data or control words into
the 8255.

(A0 and Al) Port Select 0 and Port Select 1. These input signals, in conjunction with the RD
andWR 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 Al).

Al A0 SELECTION

0 0 PORT A
0 1 PORT B
1 0 PORT C
1 | CONTROIL
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Fig 3.4 selection of Ports and Control reg

(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.

Group A and Group B Controls
The functional configuration of each port is programmed by the systems software. In essence,

theCPU "outputs' a control word to the 8255. The control word contains information such
as ""'mode™, "'bit set", "'bit reset™, etc., that initializes the functional configuration of the
8255. Eachof 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.

Ports A, B, and C

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

Port A One 8-bit data output latch/buffer and one 8-bit data input latch. Both *"pull-up™ and
"pull- down'" bus-hold devices are present on Port A.

Port B One 8-bit data input/output latch/buffer and one 8-bit data input buffer.

Port C One 8-bit data output latch/buffer and one 8-bit data input buffer (no latch for input).
This port can be divided into two 4-bit ports under the mode control. Each 4-bit port contains
a 4-bit latch and it can be used for the control signal output and status signal inputs in
conjunction with ports A and B.

l. Operational modes of 8255

There are two basic operational modes of 8255:

1. Bit set/reset Mode (BSR Mode).
2. Input/Output Mode (I/0 Mode).

The two modes are selected on the basis of the value present at the D7 bit of the Control Word
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Register. When D7 = 1, 8255 operates in 1/0 mode and when D7 = 0, it operates in the BSR

mode.

1. Bit set/reset (BSR) mode

The Bit Set/Reset (BSR) mode is applicable to port C only. Each line of port C (PCo - PCy)
can be set/reset by suitably loading the control word register as shown in Figure 4. BSR
mode and 1/0O mode are independent and selection of BSR mode does not affect the operation

of other portsin 1/0 mode.

\ '
! |

Always 0 Don't care Port C bit select Set/Reset
for BSR mode

Fig 3.5: 8255 Control register format for BSR mode

D7 bit is always 0 for BSR mode.

Bits Ds, Ds and D4 are don't care

bits.

Bits D3, D2 and D; are used to select the pin of Port

R Y

C.Bit Do is used to set/reset the selected pin of Port C.

Selection of port C pin is determined as follows:
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B3 B2 |B1 |Bit/pin of port C selected

0 0 0 PCy

o |1 1 PCs

1 0 1 PCs

1 1 4] PCs

1 1 1 PCy

As an example, if it is needed that PCs be set, then in the control word,

1. Since it is BSR mode, D7 ="0".

2. Since Da, Ds, Ds are not used, assume them to be '0".

3. PCs has to be selected, hence, D3 ='1', D> ='0', D1 ='1".
4. PCs has to be set, hence, DO ="1".

Thus, as per the above values, 0B (Hex) will be loaded into the Control Word Register (CWR).

D7 |D6|D5 |D4 D3 D2 Pp1 DO
0O p D o1 0 11

2. Input/Output mode
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This mode is selected when D+ bit of the Control Word Register is 1. There are three 1/0O modes:

1. Mode 0 - Simple I/O
2. Mode 1 - Strobed 1/0O
3. Mode 2 - Strobed Bi-directional 1/0

.
A - o |y e
i GA mode ‘ PA Py GBmode PB PG
Always 1 for Group A mode Group A GroupA  Group B Group B Group 8
1/O mode selection bit Port A Port Cu mode Port B Port C1
lecth
00-Mode 1 1-Input 1-input el 1-tnput 1-Input
01-Mode 2 0-Output 0-Output 0-Mode 0 0-Output 0-Output
1X-Mode 3 1-Mode 1

PCu-Port C upper
PCi-Port C lower

Figure 3.6: 8255 Control word for 1/0 mode

™ Do, D1, D3, D4 are assigned for lower port C, port B, upper port C and port A
respectively. When these bits are 1, the corresponding port acts as an input port. For
e.g., If Do= D4 =1, then lower port C and port A act as input ports. If these bits are 0,
then the corresponding port acts as an output port. For e.g., if D1= D3 =0, then port
B and upper port C act as output ports as shown in Figure 5.

" Dy is used for mode selection of Group B (port B and lower port C). When D, =0,
mode 0 is selected and when D2 = 1, mode 1 is selected.

™ Ds& De are used for mode selection of Group A ( port A and upper port C). The

selectionis done as follows:
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Ds Ds [Mode

0O 0 |0
o1 1
1 X |2

r Asitis I/O mode, D7 =1.

For example, if port B and upper port C have to be initialized as input ports and lower

port Cand port A as output ports (all in mode 0):

1. Since it isan I/0O mode, D7 = 1.
2. Mode selection bits, D2, D5, D6 are all 0 for mode 0 operation.

3. Port B and upper port C should operate as Input ports, hence, D1 = D3 = 1.
4. Port A and lower port C should operate as Output ports, hence, D4 = Do =0.

Hence, for the desired operation, the control word register will have to be loaded with

"10001010" = 8A (hex).

" Mode 0 - simple 1/0

In this mode, the ports can be used for simple 1/O operations without handshaking
signals. Port A, port B provide simple 1/O operation. The two halves of port C can be
either used together as an additional 8-bit port, or they can be used as individual 4-bit
ports. Since the two halves of port C are independent, they may be used such that one-

half is initialized as an input port while the other half is initialized as an output port.

The input/output features in mode 0 are as follows:

1. Output ports are latched.
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2.
3.
4.

Input ports are buffered, not latched.
Ports do not have handshake or interrupt capability.

With 4 ports, 16 different combinations of I/O are possible.

" Mode 0 - input mode

In the input mode, the 8255 gets data from the external peripheral ports and the
CPUreads the received data via its data bus.

The CPU first selects the 8255 chip by making"CS low. Then it selects the
desiredport using Ao and A1 lines.

The CPU then issues an —RD signal to read the data from the external

peripheraldevice via the system data bus.

" Mode 0 - output mode

™ In the output mode, the CPU sends data to 8255 via system data bus and then the
external peripheral ports receive this data via 8255 port.

" CPU first selects the 8255 chip by makingCS low. It then selects the desired port
using Ao and A1 lines.

I CPU then issues aWR signal to write data to the selected port via the system
databus. This data is then received by the external peripheral device connected to
the selected port.

" Mode 1

When we wish to use port A or port B for handshake (strobed) input or output operation,
we initialise that port in mode 1 (port A and port B can be initilalised to operate in
different modes, i.e., for e.g., port A can operate in mode 0 and port B in mode 1). Some

of the pins of port C function as handshake lines.

For port B in this mode (irrespective of whether is acting as an input port or output port),
PCO0, PC1 and PC2 pins function as handshake lines.
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If port A is initialised as mode 1 input port, then, PC3, PC4 and PC5 function as

handshake signals. Pins PC6 and PC7 are available for use as input/output lines.

The mode 1 which supports handshaking has following features:

=

Two ports i.e. port A and B can be used as 8-bit i/o ports.

2. Each port uses three lines of port ¢ as handshake signal and remaining two signals can
be used as i/o ports.

3. Interrupt logic is supported.

4. Input and Output data are latched.

Input Handshaking signals

1. IBF (Input Buffer Full) - It is an output indicating that the input latch contains

information.

2. STB (Strobed Input) - The strobe input loads data into the port latch, which holds

the information until it is input to the microprocessor via the IN instruction.

3. INTR (Interrupt request) - It is an output that requests an interrupt. The INTR pin
becomes a logic 1 when the STB input returns to a logic 1, and is cleared when the data

are input from the port by the microprocessor.

4. INTE (Interrupt enable) - It is neither an input nor an output; it is an internal bit

programmed via the port PC4(port A) or PC2(port B) bit position.

Output Handshaking signals

1. OBF (Output Buffer Full) - It is an output that goes low whenever data are
output(OUT) to the port A or port B latch. This signal is set to a logic 1 whenever the

ACK pulse returns from the external device.
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2. ACK (Acknowledge)-It causes the OBF pin to return to a logic 1 level. The ACK
signal is a response from an external device, indicating that it has received the data
from the 82C55 port.

3. INTR (Interrupt request) - It is a signal that often interrupts the microprocessor when
the external device receives the data via the signal. this pin is qualified by the internal
INTE(interrupt enable) bit.

4. INTE (Interrupt enable) - It is neither an input nor an output; it is an internal bit
programmed to enable or disable the INTR pin. The INTE A bit is programmed using
the PC6 bit and INTE B is programmed using the PC2 bit.

T Mode 2

Only group A can be initialized in this mode. Port A can be used for bidirectional
handshake data transfer. This means that data can be input or output on the same eight
lines (PAO - PATY). Pins PC3 - PC7 are used as handshake lines for port A. The remaining
pins of port C (PCO - PC2) can be used as input/output lines if group B is initialized in
mode 0 or as handshaking for port B if group B is initialized in mode 1. In this mode, the
8255 may be used to extend the system bus to a slave microprocessor or to transfer data
bytes to and froma floppy disk controller. Acknowledgement and handshaking signals
are provided to maintain proper data flow and synchronisation between the data
transmitter and receiver.

1. Interfacing 8255 with 8085 processor
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Fig 3.7. Interfacing 8255 with 8085 processor

™ The 8255 can be either memory mapped or I/O mapped in the system. In the
schematic shown in above is 1/O mapped in the system.

Using a 3-to-8decoder generates the chip select signals for 1/O mapped devices.

I The address lines A4, A5 and A6 are decoded to generate eight chip select signals
(10CS-0 to 10CS-7) and in this, the chip select IOCS- 1 is used to select 8255 as
shown in Figure 3.7.

- The address line A7 and the control signal 10/M (low) are used as enable for

thedecoder.

I The address line A0 of 8085 is connected to A0 of 8255 and Al of 8085 is connected
toAl of 8255 to provide the internal addresses.

I The data lines DO-D7 are connected to D0-D7 of the processor to achieve parallel
datatransfer.

I The I/O addresses allotted to the internal devices of 8255 are listed in table.
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Binary Address
Internal | Decoder input | Input to address| Hexa
Device and enable pins of 8255 Addyess
A, A, A, AJ A, A A A

Port-A 0O 0 0 1i|x x 0 0 10
Port-B 0O 0 o0 1|x x 0 1 11
Port-C 0O 0 0 1 |x X 1 0 12
Control 0O 0 0 I |x x |1 | 13
Register

Note : Don’t care "x" is considered as zero.

USART 8251 (Universal Synchronous/ Asynchronous Receiver Transmitter)

The 8251 is a USART (Universal Synchronous Asynchronous Receiver Transmitter) for
serial data communication. As a peripheral device of a microcomputer system, the 8251
receives parallel data from the CPU and transmits serial data after conversion. This device

also receives serial data from the outside and transmits parallel data to the CPU after
conversion as shown in Figure 3.8.
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Figure 3.8 : Architecture of 8251

Transmitter Section

The transmitter section consists of three blocks—transmitter buffer register, output register
and the transmitter control logic block. The CPU deposits (when TXRDY = 1, meaning that
the transmitter buffer register is empty) data into the transmitter buffer register, which is
subsequently put into the output register (when TXE = 1, meaning that the output buffer is

empty). In the output register, the eight bit data is converted into serial form and comes out
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via TXD pin. The serial data bits are preceded by START bit and succeeded by STOP bit,
which are known as framing bits. But this happens only if transmitter is enabled and the
CTS s low. TXC signal is the transmitter clock signal which controls the bit rate on the TXD

line (output line). This clock frequency can be 1, 16 or 64 times the baud.

Receiver Section

The receiver section consists of three blocks — receiver buffer register, input register and
the receiver control logic block. Serial data from outside world is delivered to the input
register via RXD line, which is subsequently put into parallel form and placed in the receiver
buffer register. When this register is full, the RXRDY (receiver ready) line becomes high.
This line is then used either to interrupt the MPU or to indicate its own status. MPU then
accepts the data from the register. RXC line stands for receiver clock. This clock signal
controls the rate at which bits are received by the input register. The clock can be set to 1,

16 or 64 times the baud in the asynchronous mode.

D, 1 28 P D,

D, 2 27 =1 D,
RXD 3 26 A Vf+5Y)
GNDC 4 25 =1 RXC

D,=5 24 |2 DTR

D, 6 23 P RTS

D, 7 22 =2 DSR

D, 8 =S 21 |2 RESET
TXCH 9 20 |2 CLK
WRE] 10 19 |3 TXD

CSg 11 18 |3 TXEMPTY
Cc/Dg 12 17 1 CTS

RD 13 16 | SYNDET/BD

RXRDY =] 14 15 B2 TXRDY

Fig 3.9 : Pin Configuration of 8251
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Pin Configuration of 8251 is shown in figure
11.D0to D 7 (I/O terminal)
This is bidirectional data bus which receive control words and transmits data from the

CPU andsends status words and received data to CPU.

RESET (Input terminal)

A ""High" on this input forces the 8251 into "'reset status." The device waits for the
writing of''mode instruction.” The min. reset width is six clock inputs during the operating
status of CLK.

CLK (Input terminal)

CLK signal is used to generate internal device timing. CLK signal is independent of RXC or
TXC. However, the frequency of CLK must be greater than 30 times the RXC and TXC at
Synchronous mode and Asynchronous *'x1" mode, and must be greater than 5 times at

Asynchronous ""x16" and "'x64" mode.

WR (Input terminal)

This is the "active low' input terminal which receives a signal for writing transmit
data andcontrol words from the CPU into the 8251.
RD (Input terminal)

This is the "active low™ input terminal which receives a signal for reading receive data and
statuswords from the 8251.
C/D (Input terminal)

This is an input terminal which receives a signal for selecting data or command words and
statuswords when the 8251 is accessed by the CPU. If C/D = low, data will be accessed. If
C/D

= high, command word or status word will be

accessed.CS (Input terminal)

This is the "active low" input terminal which selects the 8251 at low level when the CPU
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accesses. Note: The device won’t be in *'standby status™; only setting CS = High.

TXD (output terminal)

This is an output terminal for transmitting data from which serial-converted data is sent out.
The device is in ""mark status' (high level) after resetting or during a status when transmit
is disabled. It is also possible to set the device in ""break status™ (low level) by a command.
TXRDY (output terminal)

This is an output terminal which indicates that the 8251is ready to accept a transmitted data
character. But the terminal is always at low level if CTS = high or the device was set in "TX
disable status™ by a command. Note: TXRDY status word indicates that transmit data
character isreceivable, regardless of CTS or command. If the CPU writes a data character,
TXRDY will be reset by the leading edge or WR signal.

TXEMPTY (Output terminal)

This is an output terminal which indicates that the 8251 has transmitted all the characters
and hadno data character. In ""'synchronous mode," the terminal is at high level, if transmit
data charactersare no longer remaining and sync characters are automatically transmitted.
If the CPU writes a data character, TXEMPTY will be reset by the leading edge of WR
signal. Note : As the transmitter is disabled by setting CTS ""High" or command, data written
before disable will be sent out. Then TXD and TXEMPTY will be ""High"'. Even if a data is
written after disable, that data is not sent out and TXE will be ""High™. After the transmitter
is enabled, it sent out. (Refer to Timing Chart of Transmitter Control and Flag Timing)
TXC (Input terminal)

This is a clock input signal which determines the transfer speed of transmitted data. In
""synchronous mode," the baud rate will be the same as the frequency of TXC. In
""asynchronous mode", it is possible to select the baud rate factor by mode instruction. It can
be 1, 1/16 or 1/64 the TXC. The falling edge of TXC sifts the serial data out of the 8251.
RXD (input terminal)

This is a terminal which receives serial
data.RXRDY (Output terminal)

This is a terminal which indicates that the 8251 contains a character that is ready to READ.

If theCPU reads a data character, RXRDY will be reset by the leading edge of RD signal.
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Unless the CPU reads a data character before the next one is received completely, the

preceding data will belost. In such a case, an overrun error flag status word will be set.

RXC (Input terminal)

This is a clock input signal which determines the transfer speed of received data. In
"'synchronous mode," the baud rate is the same as the frequency of RXC. In ""asynchronous
mode,"" it is possible to select the baud rate factor by mode instruction. It can be 1, 1/16, 1/64
the RXC.

SYNDET/BD (Input or output terminal)

This is a terminal whose function changes according to mode. In *internal synchronous
mode." this terminal is at high level, if sync characters are received and synchronized. If a
status word is read, the terminal will be reset. In "external synchronous mode, "'this is an
input terminal. A ""High™ on this input forces the 8251 to start receiving data characters.

In ""asynchronous mode,™ this is an output terminal which generates ""high leveloutput
upon the detection of a ""break' character if receiver data contains a "low-level space
between the stopbits of two continuous characters. The terminal will be reset, if RXD is at
high level. After Reset is active, the terminal will be output at low level.

DSR (Input terminal)

This is an input port for MODEM interface. The input status of the terminal can be
recognizedby the CPU reading status words.
DTR (Output terminal)

This is an output port for MODEM interface. It is possible to set the status of DTR by a
command.
CTS (Input terminal)

This is an input terminal for MODEM interface which is used for controlling a transmit
circuit. The terminal controls data transmission if the device is set in ""TX Enable' status by

a command.
Data is transmitable if the terminal is at low

level.
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RTS (Output terminal)

This is an output port for MODEM interface. It is possible to set the status RTS by a
command. The 8251 functional configuration is programmed by software. Operation
between the 8251 anda CPU is executed by program control. Table 1 shows the
operation between a CPU and thedevice.

Summary of Control Signals for 8251

S C/D RD WR Functfon

0 1 1 0 MPU writes instructions in the control register
0 1 0 1 MPU reads status from the status register

0 0 1 0 MPU outputs data to the Data Buffer

0 0 0 1 MPU accepts data from the Data Buffer

1 X X X USART is not selected

Control Words

There are two types of control word.

1. Mode instruction (setting of function)

2. Command (setting of operation)

1) Mode Instruction

Mode instruction is used for setting the function of the 8251. Mode instruction will be in
"wait for write™ at either internal reset or external reset. That is, the writing of a control

word after resetting will be recognized as a **mode instruction.™

Items set by mode instruction are as follows:
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Fig. 2 Bit Configuration of Mode Instruction (Asynchronous)

- I Baud Hate Factor
- 0 1 0 1
- 0 0 1 1
Hefer to PR 9 =
Fig. 3 1> 16 = 64
SYNC
. Charactor Length
L Q0 1 0 1
- 0 o 1 1
5 bits 6 bits 7 bits 8 bits
Parity Check
- 0 1 0 1
0 0 1 1
o Odd of Evan
Disable Parity Disabla Parity
Stop bit Length
0 1 0 1
0 0 1 1
Inhabit 1 bt 1.5 bits 2 bits

Fig 3.10: Bit configuration of Mode instruction (Asynchronous)

« Synchronous/asynchronous mode
« Stop bit length (asynchronous mode)

» Character length
* Parity bit
« Baud rate factor (asynchronous mode)

« Internal/external synchronization (synchronous mode)

« Number of synchronous characters (Synchronous mode)

The bit configuration of mode instruction is shown in Figures 12 and 13. In the case of
synchronous mode, it is necessary to write one-or two byte sync characters. If sync characters

were written, a function will be set because the writing of sync characters constitutes part of

mode instruction.

104




SCS | ESD | EP | PEN | L | L | © 0

Charactor Length
0 1 0 1
= 0 0 1 1

5 bits 6 bits 7 bits 8 hits

Parity
0 1 0 1
> 0 0 1 1

Disable | pay | Disable | pary

Synchronous Mode

- 0 1

Internal External
Synchronization | Synchronization

Number of Synchronous Charactors
- 0 1
2 Charactors | 1 Charactor

Fig. 3 Bit Configuration of Mode Instruction (Synchronous)

Fig 3.11: Bit configuration of mode instruction(synchronous)

2) Command

Command is used for setting the operation of the 8251. It is possible to write a
commandwhenever necessary after writing a mode instruction and sync characters as

shown in figure 14.

Items to be set by command are as follows:
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» Transmit Enable/Disable

* Receive Enable/Disable
* DTR, RTS Output of data.
« Resetting of error flag.

» Sending to break characters
« Internal resetting
» Hunt mode (synchronous mode)

D7 Ds Ds Ds Dz D2 D1 Do
| EH I IR I RTS l ER |SBRK| RXE I DTR ITXENI

1...Transmit Enable
0...Disable

1...Recieve Enable
0...Disable

.y

..-Sent Break Charactor

o

..Normal Operation

=y

...Reset Error Flag

(=]

..Normal Operation

RTS o
1 5 ATS =0
0 - RIS=1

..Internal Reset

O -~

..Normal Operation

1...Hunt Mode {Note)
0...Normal Operation

Note Seach mode for synchronous
charactors in synchronous mode.

Fig. 4 Bit Configuration of Command

Fig 3.12: Bit configuration of command
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Status Word

It is possible to see the internal status of the 8251 by reading a status word. The bit
configuration of status word is shown in Fig.15.

D7 Dg Ds Da Dz D2 Dy Do
DSR S“:ggﬂ FE OE PE TXEMPTY | BRXRDY | TXRDY

L Parity Different from
TXRDY Terminal.

Refer to "Explanation”
of TXRDY Terminals.

Same as terminal.
Refer to "Explanation”
of Terminals.

1...Parity Error

1...0verrun Errer

1...Framing Error

Note: Only asynchronous mode.
Stop bit cannot be detected

Shows Terminal DSR
1..DSR=0
0...DSR =1

Fig. 5 Bit Configuration of Status Word

Fig 3.13: Bit configuration of Status Word
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8253(8254) PROGRAMMABLE INTERVAL TIMER:

The 8254 programmable Interval timer consists of three independent 16-bit programmable
counters (timers). Each counter is capable of counting in binary or binary coded decimal.
The maximum allowable frequency to any counter is 10MHz. This device is useful whenever
the microprocessor must control real-time events. The timer in a personal computer is an
8253. 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, which
interrupts the processor. The count can count either in binary or BCD Each counter in the
block diagram has 3 logical lines connected to it. Two of these lines, clock and gate, are

inputs. The third, labeled OUT is an output.

DT 2,
BUS
BLUFFER

Sl

RO —»
R ——
A0 ——————H
B

READY
WNRITE
I |

CTRL.
LEE ] ] I
FEZ.

INTERMAL BUS

(>

COUMTER

—— LK O
—— SATE O
— OLUT 0

—— LK 1

— SATE 1
——+ QLT 1

—— LK 2
—— SATE 2

————— OuUT 2

Fig : 3.14 Block Diagram of 8253 programmable interval timer
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Data bus buffer- It is a communication path between the timer and the microprocessor. The
buffer is 8-bit and bidirectional. It is connected to the data bus of the microprocessor. Read

/write logic controls the reading and the writing of the counter registers. Control word register,
specifies the counter to be used and either a Read or a write operation. Data is transmitted

or received by the buffer upon execution of INPUT instruction from CPU as shown in figure
16. The data bus buffer has three basic functions,

(i). Programming the modes of 8253.
(i1). Loading the count value in times

(iii).Reading the count value from timers.

— ® \._j —
D71 24| vee
D6l |2 230 ]-wR
D53 221 -RD
DA |4 21 _-CS
D3L|5 | .o 20[ Al
D26 8753 19| ] AO
D17 18| CLK 2
pol]s 171 ouT 2

cLk o9 16| GATE 2
OUT0_]10 150 CLK 1
GATEO |11 14 GATE 1

GNDL]12 13/ louT1

Fig 3.15:Pin Diagram of 8253

The data bus buffer is connected to microprocessor using D7 — DO pins which are also
bidirectional. The data transfer is through these pins. These pins will be in high- impedance (or this
state) condition until the 8253 is selected by a LOW or CS and either the read operation requested by a
LOW RD on the input or a write operation WR requested by the input going LOW.

Read/ Write Logic:

It accepts inputs for the system control bus and in turn gen?ation the control signals for overall
device operation. It is enabled or disabled by CS so that no operation can occur to change the
function unless the device has been selected as the system logic.

CS: The chip select input is used to enable the communicate between 8253 and themicroprocessor by means
of data bus. A low an CS enables the data bus buffers, while a high disable the buffer. The CS input does not
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have any affect on the operation of threetimes once they have been initialized. The normal configuration of a
system employs an decode logic which actives CS line, whenever a specific set of addresses thatcorrespond to
8253 appear on the address bus.

RD & WR :
The read (ﬁ) ) and write WR pins central the direction of data transfer on the 8-bit bus.

Whenthe input RD pin is low. Then CPU is inputting data from 8253 in the form of counter

value. When WR pins_is low, then CPU is sending data to 8253 in the form of mode
information or loading counters. The RD &WR shouldnot both be low
gmultaneously. When RD & WR pins are HIGH, the data bus buffer is disabled.

A0 & Al:

These two input lines allow the microprocessor to specify which one of the internal register
in the 8253 is going to be used for the data transfer. Fig shows how these two lines are used

to select either the control word register or one of the 16-bit counters.

(845 RD WR A4 Ao operation

0 1 0 0 0 Load counter ‘0’

0 1 0 0 1 Load counter ‘1’

0 1 0 1 0 Load counter ‘2’

0 1 0 1 1 Write mode word

0 0 1 0 0 Read TM,

0 0 1 0 1 Read TM;

0 0 1 1 0 Read TM,

0 0 1 1 1 No- operation 3- state
1 X X X X Disable -- state

0 1 1 X X No- operation 3- state
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Control word register:

It is selected when A0 and Al . It the accepts information from the data bus buffer and
stores itin a register. The information stored in then register controls the operation mode of
each counter,selection of binary or BCD counting and the loading of each counting and the
loading of each count register. This register can be written into, no read operation of this

content is available.
Counters:

Each of the times has three pins associated with it. These are CLK (CLK) the gate (GATE)
and the output (OUT).

CLK:

This clock input pin provides 16-bit times with the signal to causes the times to decrement max™

clock input is 2.6MHz. Note that the counters operate at the negative edge (H1 to LO) of this

clock input. If the signal on this pin is generated by a fixed oscillator then the user has
implemented a standard timer. If the input signal is a string of randomly occurring pulses,
then it is called implementation of a counter.

GATE:

The gate input pin is used to initiate or enable counting. The exact effect of the gate signal
dependson which of the six modes of operation is chosen.

OUTPUT:

The output pin provides an output from the timer. It actual use depends on the mode of
operationof the timer. The counter can be read —in the flyl without inhibiting gate pulse or

clock input.
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CONTROL WORD OF 8253

D7 D& D5 D4 D3 D2 D1 Do
RL
[SC1[SCGIRL1[D lME l!.H lMl} [EICD‘
I I [ |
Binary counter {(16-
0 |wit)
1 |BCD (4 decades)
0 0 |0 Moded
0 0 |1 Mode1
x |1 |0 Mode2
x 1 |1 Mode3
i 0 0 Mode 4
i |0 1 Modes
0 0 ICounter latching operation
0 1 Road/load LSB only
1 0 Road/load MSB only
Road/load LSB first, then
1 1 MSB

Select

0 0 ounter
Select

] 1 ounter 1
Select

1 1] ounter 2
llleg

1 1 al

| | |
Fig 3.16: Control word format-8253

Control Register
MODES OF OPERATION
Mode 0 Interrupt on terminal count Mode 1 Programmable one shot Mode 2 Rate
Generator Mode 3 Square wave rate Generator Mode 4 Software triggered strobe Mode

5 Hardware triggered strobe

Mode 0: The output goes high after the terminal count is reached. The counter stops if the
Gate islow.. The timer count register is loaded with a count (say 6) when the WR line is made
low by the processor. The counter unit starts counting down with each clock pulse. The
output goes highwhen the register value reaches zero. In the mean time if the GATE is made

low the count is suspended at the value(3) till the GATE is enabled again .
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CLK

WR

TN/

GATE

Mode 0 count when Gate is high (enabled)

UUiudutuduyuL

CLK

4

WR

ouT

GATE \ /

Mode 0 count when Gate is low temporarily (disabled) Mode 1

Programmable mono-shot

The output goes low with the Gate pulse for a predetermined period depending on the
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counter. The counter is disabled if the GATE pulse goes momentarily low.The counter
register isloaded with a count value as in the previous case (say 5). The output responds to
the GATE inputand goes low for period that equals the count down period of the register (5
clock pulses in this period). By changing the value of this count the duration of the output
pulse can be changed. If the GATE becomes low before the count down is completed then
the counter will be suspended at that state as long as GATE is low. Thus it works as a mono-
shot.

uituiudutduyt

CLK

T\

GATE (trigger)

ouT

Mode 1 The Gate goes high. The output goes low for the period

depending on the count

uuuiudutyuyL

CLK

WR

S

GATE (trigger)
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ouT 4 3 3 4 3 2 1

Mode 1 The Gate pulse is disabled momentarily causing the counter to stop.

Mode 2 Programmable Rate Generator
In this mode it operates as a rate generator. The output goes high for a period that equals
the timeof count down of the count register (3 in this case). The output goes low exactly for

one clock period before it becomes high again. This is a periodic operation.

CLK

WR

N/

GATE

ouT

Mode 2 Operation when the GATE is kept high
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CLK

Uiyl

N

GATE

I I | 1 1
OUT 3213321 Mdde 2Ibpera=ion when the GA:TE is Idisal::led
]

momentarily.

Mode 3 Programmable Square Wave Rate Generator

It is similar to Mode 2 but the output high and low period is symmetrical. The output

goes high after the count is loaded and it remains high for period which equals the count
down period of the counter register. The output subsequently goes low for an equal period

and hence generates a symmetrical square wave unlike Mode 2. The GATE has no role here.

Uiyl

WR

n=
4 OUT (n=4) _l
OUT (n=5)
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CLK

Mode3 Operation: Square Wave generator
Mode 4 Software Triggered Strobe

In this mode after the count is loaded by the processor the count down starts. The output
goes low for one clock period after the count down is complete. The count down can be
suspended bymaking the GATE low . This is also called a software triggered strobe as the

count down is initiated by a program.

WR

N/

ouT

2 1l

N
w

CLK

Mode 4 Software Triggered Strobe when GATE is high

Uity Ul
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LK

Mode 4 Software Triggered Strobe when GATE is momentarily low

Mode 5 Hardware Triggered Strobe

The count is loaded by the processor but the count down is initiated by the GATE pulse. The
transition from low to high of the GATE pulse enables count down. The output goes low for

one clock period after the count down is complete.

U UUUU Uil
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GATE

ouT
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N
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Mode 5 Hardware Triggered Strobe

PROGRAMMABLE INTERRUPT CONTROLLER-8259
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FEAUTURES OF 8259

= Eight-Level PriorityController Expandable to 64Levels Programmable
Interrupt Modes
e 8086, 8088 Compatible

e MCS-80, MCS-85 Compatible

= |ndividual Request Mask
Capability Single +5V
Supply (No Clocks)
= Available in 28-Pin DIP and 28-Lead
PLCC Package Available in EXPRESS
1. Standard Temperature Range
2. Extended Temperature Range

The Intel 8259A Programmable Interrupt Controller handles up to eight vectored priority
interrupts for the CPU. It is cascadable for up to 64 vectored priority interrupts without
additional circuitry. It is packaged in a 28-pin DIP, uses NMOS technology and requires a
single a5V supply. Circuitry is static, requiring no clock input. The 8259A is designed to
minimize the software and real time overhead in handling multi-level priority interrupts. It
has several modes, permitting optimization for a variety of system requirements. The 8259A
is fully upward compatible with the Intel 8259. Software originally written for the 8259 will
operate the 8259Ain all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered).
Pin Diagram of 8259is shown in figure 3.17.

esC]1® ~ 28[vec
wRrR[ |2 27| 1lAao
-RD |3 26 | 1 -INTA
pzl]a 25 [ 1IR7
pel |5 24 [ lIrR6
DsL |6 o 23| | IRs
nce
el Rl e
pz2l|o 20| |l IrR2
pil]io 19 [ IR
pol |11 18| liIroO
casol |12 17| INT
cas 1[ ]13 i6| | -sP/-EN
oNnD [l |14 1s| lcas 2

Fig.3.17 Pin Diagram of 8259
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Pin Description of 8259

Symbol

Pin No.

Type

Name and Function

Vee

28

SUPPLY: + 5V Supply.

GND

14

GROUND

TS

CHIP SELECT: A low on this pin enables FD and WH communication
between the CPU and the B259A. INTA functions are independent of
CS.

WR

WRITE: A low on this pin when CS is low enables the B259A to accept
command words from the CPU.

RD

READ: A low on this pinwhen CS is low enables the 8259A to release
status onto the data bus for the CPU.

D7-Do

4-1

1/0

BIDIRECTIONAL DATA BUS: Control, status and interrupt-vector
information is transferred via this bus.

CASy-CAS,

12,13,15

170

CASCADE LINES: The CAS lines form a private 8259A bus to control
a multiple 8259A structure. These pins are outputs for a master B259A
andinputs for a slave 8259A.

SP/EN

16

170

SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin.
When in the Buffered Mode it can be used as an output to control
buffer ransceivers (EN). When not in the buffered mode it is used as
an input to designate a master (SP = 1) or slave (SP = 0),

17

INTERRUPT: This pin goes high whenever a valid interrupt request is
asserted. tis used to interrupt the CPU, thus it is comnected 1o the
CPU's interrupt pin.

IRg~1R;

18-25

INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request
is executed by raising an IR input (low to high), and holding it high until
itis acknowledged (Edge Triggered Mode), or just by a high levelon an
IR input (Level Triggered Mode).

INTERRUPT ACKNOWLEDGE: This pin is used 1o enable 8259A
interrupt-vector data onto the data bus by a sequence of interrupt
acknowledge pulses issued by the CPU.

27

AO ADDRESS LINE: This pin acts in conjunction with the TS, WR, and
RD pins. It is used by the 8259A to decipher various Command Words
the CPU writes and status the CPU wishes to read. It is typically
connected to the CPU A0 address ine (A1 for 8086, 8088).
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1 1 t caso ] 2 17 [CJINT
CASO -1 Cascade = Interrupt mask register - o =
CAS| <—{ buffer/ [« (IMR) = P-lom
CAS2 ——s-|comparator
SPEN <—; \lnlcrnal bus

Fig. 3.18 Block Diagram of 8259

A more desirable method would be one that would allow the microprocessor to be
executing its main program and only stop to service peripheral devices when it is told to do
so bythe device itself. In effect, the method would provide an external asynchronous input
that would inform the processor that it should complete whatever instruction that is
currently being executedand fetch a new routine that will service the requesting device. Once
this servicing is complete, however, the processor would resume exactly where it left off. This
method is called Interrupt. It is easy to see that system throughput would drastically increase,
and thus more tasks could be assumed by the micro-computer to further enhance its cost

effectiveness. Block Diagram of 8259is shown in figure 18.

The Programmable Interrupt Controller (PIC) functions as an overall manager in an
Interrupt-Driven system environment. It accepts requests from the peripheral equipment,

determines which of the in-coming requests is of the highest importance (priori-ty),
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ascertains whether the incoming request has a higher priority value than the level currently
being serviced, and issues an interrupt to the CPU based on this determination.

The 8259A is a device specifically designed for use in real time, interrupt driven
microcomputer systems. It manages eight levels or requests and has built-in features for
expandability to other 8259A's (up to 64 levels). It is programmed by the system's software
as an 1/O peripheral. A selection of priority modes is available to the programmer so that the
manner in which the requests are processed by the 8259A can be configured to match his
system requirements. The priority modes can be changed or reconfigured dynamically at
any time during the main program. This means that the complete interrupt structure can
be defined as required, based on the total system environment.

INTERRUPT REQUEST REGISTER (IRR) AND IN-SERVICE REGISTER (ISR)

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

levels which are being serviced.

PRIORITY RESOLVER

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

INTERRUPT MASK REGISTER (IMR)
The IMR stores the bits which mask the interrupt lines to be masked. The IMR operates on

the IRR. Masking of a higher priority input will not affect the interrupt request lines of lower

quality.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input. The VOH level on this line is designed
to befully compatible with the 8080A, 8085A and 8086 input levels.
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INTA (INTERRUPT ACKNOWLEDGE)

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

DATA BUS BUFFER

This 3-state, bidirectional 8-bit buffer is used to inter-face the 8259A to the system Data Bus.
Control words and status information are transferred through the Data Bus Buffer.

READ/WRITE CONTROL LOGIC

The function of this block is to accept Output commands from the CPU. It contains the
Initialization Command Word (ICW) registers and Operation Command Word (OCW)
registers which store the various control formats for device operation. This function block

also allows the status of the 8259A to be transferred onto the Data Bus.

CS (CHIP SELECT)

A LOW on this input enables the 8259A. No reading or writing of the chip will occur

unless the device is selected.

WR (WRITE)

A LOW on this input enables the CPU to write con-trol words (ICWs and OCWs)
to the8259A. RD (READ)

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

Interrupt level onto the Data Bus.
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A0

This input signal is used in conjunction with WR and RD signals to write commands
into the various command registers, as well as reading the various status registers of the chip.

This line can be tied directly to one of the address lines.

INTERRUPT SEQUENCE

The powerful features of the 8259A in a microcomputer system are its programmability and
the interrupt routine addressing capability. The latter allows direct or indirect jumping to
the specificinterrupt routine requested without any polling of the interrupting devices. The

normal sequence of events during an interrupt depends on the type of CPU being used.

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

1. One or more of the INTERRUPT REQUEST lines (IR7x0) are raised high, setting the
correspond-ing IRR bit(s).
2. The 8259A evaluates these requests, and sends an INT to the CPU, if appropriate.

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

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

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

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

7. This completes the 3-byte CALL instruction re-leased by the 8259A. In the AEOI mode
the ISR bit is reset at the end of the third INTA pulse. Otherwise, the ISR

124



bit remains set until an appropriate EOl command is issued at the end of the
interruptsequence.

8. The events occurring in an 8086 system are the same until step 4.

9. Upon receiving an INTA from the CPU group, the highest priority ISR bit is set and the
corresponding IRR bit is reset. The 8259A does not drive the Data Bus during thiscycle.

10. The 8086 will initiate a second INTA pulse. During this pulse, the 8259A releases an 8- bit
pointer onto the Data Bus where it is read by the CPU.

11. This completes the interrupt cycle. In the AEOI mode the ISR bit is reset at the end of the
second INTA pulse. Otherwise, the ISR bit remains set until an appropriate EOl command
is issued at the end of the interrupt subroutine.

If no interrupt request is present at step 4 of either sequence (i.e., the request was too
short in duration) the 8259A will issue an interrupt level 7. Both the vectoring bytes and the
CASlines will look like an interrupt level 7 was requested.

When the 8259A PIC receives an interrupt, INT be-comes active and an interrupt
acknowledge cycle is started. If a higher priority interrupt occurs between the two INTA
pulses, the INT line goes inactive immediately after the second INTA pulse. After an un-
specified amount of time the INT line is activated again to signify the higher priority
interrupt waiting for service. This inactive time is not specified and can vary between parts.
The designer should be aware of this consideration when designing a sys-tem which uses the

8259A. It is recommended that proper asynchronous design techniques be followed.

INITIALIZATION COMMAND WORDS

Whenever a command is issued with A0 e 0 and D4 e 1, this is interpreted as Initialization
Command Word 1 (ICW1). ICW1 starts the initialization sequence during which the

following automatically occur.

a. The edge sense circuit is reset, which means that following initialization, an interrupt
request (IR) input must make a low-to-high transition to generate an interrupt.
b. The Interrupt Mask Register is cleared.

c. IR7 input is assigned priority 7.
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d. The slave mode address is setto 7.
e. Special Mask Mode is cleared and Status Read isset to IRR.

If IC4 e 0, then all functions selected in ICWA4are set to zero. (Non-Buffered mode*, no
Auto-EOI, MCS-80, 85 system).

Initialization Command Word Format is as shown in figure

1w
Ay 0, O oy 0, 0, o, 0, g
0 A, AL a, 1 LY | ADI |SNGL| 1ICa

1 1 ICWANEEDED
0« NO ICWA NEEDED

= SINGLE
= CASCADE MODE

CALL APDRESS INTERVAL
1+ INTERVAL OF 4
0« INTEAVAL OF 8

! = LEVEL TRIGGERED MODE
0 = EDGE TRIGGERED MODE

A,-Ag Of INTERRUPT
VECTOR ADDRESS
(MCS-80 /85 MODE ONLY)

A'S" OF INTERRUPTY
VECTOR ADDRESS
(MCSB0 85 MODE)
', '3 OF INTERRUPT
VECTOR ADDRESS
(8086 ' BOBB MODE)
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ICW3 (MASTER DEVICE)

a, D, D 0o, 0, 0, 0, 0, 0y
ln S, S IS 1&%1Ss 1518 15
1= 1R INPUT HMAS A SLAVE
0- IR INPUT DOESNOT HAVE
ASLAVE
ICW3 ISLAVE DEVICE ]
A ©0, O O 0O b, 0 0 0D,
) 0 0 ] 0 0 10, 10, 10,

SLAVE DI Y
o|lr|2|3]als]|6]|?
o|jvjofrjofrfo}|

—ojo|r|r]ojo] ]
ocjojojoi L8
ICwd
Ag vy Dg Ds, Dg O3 0y Dy Do
1 0 0 0 SFNM| BUF | M S [AFOIL) uPM
1 | = BOB6 /8088 MODE
0 = MCS-80/85 MODE
1= AUTO EO
0 NORMAL FOI
]
0 x NON BUF FERED MODE
1 0 |- BUFFERED MODE 'SLAVE
1 1 - BUFFERED MODE/MASTER

SPECIAL FULLY NESTED
MODE

NOT SPECIAL FULLY
NESTED MODE

Fig 3.19 . Initialization Command Word Format
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OPERATION COMMAND WORDS

After the Initialization Command Words (ICWSs) are programmed into the 8259A, the chip
is ready to accept interrupt requests at its input lines. However, during the 8259A operation,
a selection of algorithms can command the 8259A to operate in various modes through the
Operation Command Words (OCWs). Operation Command Word format is as shown in

figure

OCWwi1

A0 D7 D6 D5 D4 D3 D2 D1 DO

1 M7 M6 M5 M4 M3 M2 M1 MO
oCcw2

0 R SL EOl 0 0 L2 L1 LO
OCw3

0 0O ESMM SMM 0 1 P RR RIS

Fig 3.20 a. Operational Control Words

Ocwi
A, D, D o, D, D4 0, o, Dy
1 M?2 ) M6 | mMs | ma | m3 | m2 | M MO

INTERRUPT MASK
1 - MASK SET
] MASK RESETY
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IR LEVEL TO BE
ACTED UPON

3 4

o
o
1

-l -y

cl|elo|o

2
n
A\l

0

-lol=]e
-

ol=|=

O~

“f=lol-]|-lclc

wls

0

NON-SPECIFIC EQICOMMAND

SPECIFIC EOI COMMAND

ROTATE ON NON-SPECIFIC EQOI COMMAND
ROTATE IN AUTOMATIC EOI MODE (SET)
ROTATE IN AUTOMATIC EQI MODE (CLEAR)
"TROTATE ON SPRCIFIC BOI COMMAND
“SET PRIORITY COMMAND

NO OPERATION

END OF INTERRUPYT

AUTOMATIC ROTATION

SPECIFIC ROTATION

“LO-L2 ARE USED

Fig 3.20 b. Operation Command Word Format

INTERFACING MEMORY CHIPS WITH 8085

8085 has 16 address lines (A0 - A15), hence a maximum of 64 KB (= 21 bytes) of memory
locations can be interfaced with it. The memory address space of the 8085 takes values
from0000H to FFFFH.

The 8085 initiates set of signals such as 10/M , RD and WR when it wants to read from
and write into memory. Similarly, each memory chip has signals such as CE or CS (chip
enable or chip select), OE or RD (output enable or read) and WE or WR (write enable

or write) associated with it.

Generation of Control Signals for Memory:
When the 8085 wants to read from and write into memory, it activates I0/M , RD

and WR signals as shown in Table .
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Table 8 Status of IO/M , RD and WR signals during memory read and write operations

IO/M | - _ Operation
RD WR
0 0 1 8085 reads data from memory
0 1 0 8085 writes data into memory

Using IO/M, RD and WR  signals, two control signals ~ MEMR (memory read) and

MEMW (memory write) are generated. Fig. 16 shows the circuit used to generate
thesesignals.

Fig. 3.21 Circuit used to generate MEMR and MEMW signals

When is 10/M high, both memory control signals are deactivated irrespective of the
statusof RDand WR signals.

Ex: Interface an IC 2764 with 8085 using NAND gate address decoder such that
theaddress range allocated to the chip is 0000H — 1FFFH.

Specification of I1C 2764

8 KB (8 x 2% byte) EPROM chif
13 address lines (2*2 bytes = 8 KB)
Interfacing:
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r 13 address lines of IC are connected to the corresponding address lines of 8085.
Remaining address lines of 8085 are connected to_address decoder formed
using logic gates, the output of which is connected to the CE pin of IC.

I Address range allocated to the chip is shown in Table 9.

" Chip is enabled whenever the 8085 places an address allocated to EPROM chip in
the address bus. This is shown in Fig. 17.

[ A1 o ™

—:i:a ) - e
Al

A2 £ A12

2784
, BK=8
R EPROM
Al

i
NN NN R

hm_ // o7
Dats bus

DO 7 0o

k. Circult for ADT-ADO and generating

Fig. 3.22 Interfacing IC 2764 with the 8085 Table 9 Address allocated to IC 2764

A15 A4 A13‘§A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0 Address

0 06 0 ‘0 0 0 0O 0 O O O 0O 0O 0 0 0 O000H
o 0 0 '0 O 0 0 0 0 O 0 0 0 0 0 1 O000H

;);)i)éil.l.li'llllllllOlF‘FEH
e 0 © 1 1 1 1 1 1 1 1 1 1 1 1 1 |IFFFH

Ex: Interface a 6264 IC (8K x 8 RAM) with the 8085 using NAND gate decoder
suchthat the starting address assigned to the chip is 4000H.

Specification of 1C 6264:

r 8Kx8 RAM
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LI 8 KB = 2" bytes
13 address lines

The ending address of the chip is 5FFFH (since 4000H + 1FFFH = 5FFFH). When the
address 4000H to 5FFFH are written in binary form, the values in the lines A15, Al4,
Al3 are 0, 1 and 0 respectively. The NAND gate is designed such that when the lines
Al15 and A13 carry 0 and Al4 carries 1, the output of the NAND gate is 0. The NAND
gate output is in turn connected to the CEL1 pin of the RAM chip. A NAND output of 0
selects the RAM chip for read or write operation, since CE2 is already 1 because of its
connection to +5V. Fig. 18 shows the interfacing of IC 6264 with the 8085.

Fig. 3.23 Interfacing 6264 1C with the 8085

Ex: Interface two 6116 ICs with the 8085 using 74L.S138 decoder such that the starting
addresses assigned to them are 8000H and 9000H, respectively.

Specification of IC 6116:

r 2Kx8RAM

L 2 KB = 2" bytes
11 address lines

132



6116 has 11 address lines and since 2 KB, therefore ending addresses of 6116 chip 1 is

and chip 2 are 87FFH and 97FFH, respectively. Table 10 shows the address range of the
two chips.

Table 3.1 Address range for IC 6116

A15A14§A13A12A11§A10As A8 A7 A6 A5 A4 A3 A2 A1 A0 Address
1 0 0 0 0'0 0 0 0O 0 0O 0 0 0 0 0 8000H

......................................................................................

Interfacing:

« Fig. 19 shows the interfacing.
« A0 - A10 lines of 8085 are connected to 11 address lines of the RAM chips.

« Three address lines of 8085 having specific value for a particular RAM are connected
to the three select inputs (C, B and A) of 74LS138 decoder.

« Table 10 shows that A13=A12=A11=0 for the address assigned to RAM 1 and
A13=0, A12=1 and A11=0 for the address assigned to RAM 2.

« Remaining lines of 8085 which are constant for the address range assigned to the two
RAM are connected to the enable inputs of decoder.

« When 8085 places any address between 8000H and 87FFH in the address bus, the

select inputs C, B and A of the decoder are all 0. The YO output of the decoder is also
0, selecting RAM 1.
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« When 8085 places any address between 9000H and 97FFH in the address bus, the
select inputs C, B and A of the decoder are 0, 1 and 0. The Y2 output of the decoder
is also 0, selecting RAM 2.

1
/AI‘
o "
m m 61 Y1 +5v +5V
o ] 1
/m . T4L5138 : e CE2 [ 5] CE2
/ All i3
8084 / A
Voo GND
- 3
+5V wE we
OE OE
8118 6118
er A0 2.8 o LY
/  RAMChip 1 /  RAMChip2
A0 AD
/ o7 / o7
7 Do 3 o0

Fig. 3.24 Interfacing two 6116 RAM chips using 74LS138 decoder

3. PERIPHERAL MAPPED I/0 INTERFACING

In this method, the I/O devices are treated differently from memory chips. The
control signals 1/0 read ( IOR ) and 1/O write ( IOW ), which are derived from the
1I0/M , RD and

WR signals of the 8085, are used to activate input and output devices,
respectively. _
Generation of these control signals is shown in Fig. 20. Table 11 shows the status of
1I0/M ,RD and WR signals during I/O read and 1/O write operation.
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o oW

Fig. 3.25 Generation of IOR and IOW signals

IN instruction is used to access input device and OUT instruction is used to access output
device. Each 1/O device is identified by a unique 8-bit address assigned to it. Since the
control signals used to access input and output devices are different, and all 1/0O device
use 8-bit address, a maximum of 256 (28) input devices and 256 output devices can be

interfaced with 8085.
Table 3.2 Status of IOR and IOW signals in 8085.

10/ Operation
M RD [ WR |IOR | IOW
1 0 1 0 1 I/0 read operation
1 1 [0 1 0 I/0 write operation
0 X X 1 1 Memory read or write operation

Ex: Interface an 8-bit DIP switch with the 8085 such that the address assigned to the
DIPswitch if FOH.

IN instruction is used to get data from DIP switch and store it in accumulator.

Stepsinvolved in the execution of this instruction are:
«  Address FOH is placed in the lines AO — A7 and a copy of it in lines A8 — A15.

The IOR signal is activated ( IOR = 0), which makes the selected input device to

place its data in the data bus.

iii. The data in the data bus is read and store in the accumulator.
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Fig. 3.26 shows the interfacing of DIP switch.

A7 A6 A5 Ad A3 A2 Al A0
1 1 1 1 0 0 0 0 =FOH

A0 — A7 lines are connected to a NAND gate decoder such that the output of NAND gate is
0. The output of NAND gate is ORed with the IOR signal and the output of OR gate is

connected to 1G and 2G of the 74LS244. When 74L.S244 is enabled, data from the DIP
switch is placed on the data bus of the 8085. The 8085 read data and store in the

accumulator. Thus data from DIP switch is transferred to the accumulator.

+5V

Y 1KSIOKS 10K
D7 vl J{) \
m .
Py 745244
L7
e
e .
- L7 w B
/ﬂ—__—_._ SbDIPswich L
LA ——— o
OR
J [ ] . ”

Fig. 3.26 interfacing of 8-bit DIP switch with 8085
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4. MEMORY MAPPED I/0 INTERFACING

In memory—map;Fl/O, each input or output device is treated as if it is a memory location.
The MEMR and MEMW control signals are used to activate the devices. Each input or
output device is identified by unique 16-bit address, similar to 16-bit address assigned
to memory location. All memory related instruction like LDA 2000H, LDAX B, MOV
A, M can be used.Since the 1/0 devices use some of the memory address space of 8085,
the maximum memory capacity is lesser than 64 KB in this method. Ex: Interface an 8-
bit DIP switch with the 8085 using logic gates such that the address assigned to it is
FOFOH. Since a 16-bit address has to be assigned to a DIP switch, the memory- mapped
1/0 technique must be used. Using LDA FOFOH instruction, the data from the 8-bit DIP

switch can be transferred to the accumulator. The steps involved are:

r  The address FOFOH is placed in the address bus A0 —
T Al15.The MEMR signal is made low for some time.

r The data in the data bus is read and stored in the accumulator.

Fig. 3.27 shows the interfacing diagram.

-5V
sy i :ox§
o a1 ?

—_— t —

LS4

>
=

il i

g
ANN \\\\\\%r\f\g\\\\\\\l
§
g
g

|

Fig. 3.27 Interfacing 8-bit DIP switch with 8085
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When 8085 executes the instruction LDA FOFOH, it places the address
FOFOHin the address lines A0 — A15 as:

Al5 Al4 Al13 Al12 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
1 1 1 1 0 0 0O 0 1 11 1 O 00 0= FOFOH

The address lines are connected to AND gates. The output of these gates along with
MEMR signal are connected to a NAND gate, so that when the address FOFOH is
placed in the address bus and MEMR = 0 its output becomes 0, thereby enabling the
buffer 74LS244. The data from the DIP switch is placed in the 8085 data bus. The 8085

reads the data from the data bus and stores it in the accumulator.
nterfacing ADC with 8085 Microprocessor

To interface the ADC with 8085, we need 8255 Programmable Peripheral Interface
chip with it. Let us see the circuit diagram of connecting 8085, 8255 and the ADC

converter.
ADC
0808/0809 8255
N0 $-Bit
Ouwput ]
CLK e I> Port A
—1 7490 —CLK 1
from ]
uP A
V. EOC » | Port ( Y
g jclfppcr N 4
o REF()  |ALE To
Pl Microprocessor
OF PC,
ADD —{
REEL) ABC [SOC
GND W PCy |4 CPon
20 Lower
= R

Fig 3.28: ADC interfacing
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The PortA of 8255 chip is used as the input port. The PC7 pin of Port Cupper is
connected to the End of Conversion (EOC) Pin of the analog to digital converter. This
port is also used as input port. The Ciower port is used as output port. The PCz-o lines
are connected to three address pins of this chip to select input channels. The PCs pin is
connected to the Start of Conversion (SOC) pin and ALE pin of ADC 0808/0809.

Now let us see a program to generate digital signal from analog data. We are using INO

as input pin, so the pin selection value will be 00H.
Program
MVI A, 98H ; Set Port A and Cupper as input, CLower as output
OUT 03H ; Write control word 8255-1 to control Word register
XRA A ; Clear the accumulator
OUT 02H ; Send the content of Acc to Port Clower to select
INO
MVI A, 08H ; Load the accumulator with 08H
OUT 02H ; ALE and SOC will be 0
XRA A ; Clear the accumulator
OUT 02H ; ALE and SOC will be low.
READ: IN 02H ; Read from EOC (PC7)
RAL ; Rotate left to check C7 is 1.
JNC READ ; If C7 isnot 1, go to READ
IN O0H ; Read digital output of ADC
STA 8000H ; Save result at 8000H

HLT ; Stop the program
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ADC
PCT-EOC-I/P

PC3-SOC-0/P Sure vegite
PORT A-I/P I
Sekect chamnel

MVIA98 I
OUT Control Reg Sed SOC pule
L2: MVI A, 08(send SOC)
OUT PORT C
L1:IN PORT C(wait for EOC) | No /" Chek
CPI01 il
JNZ L1: 1/P-0/P Yes
INPORTA oV -00 Read deta from ADC ind ore
STA 9100 1V-33 1
JMP L2 oV - 66 Restore register

3V-99

4V-CC Retum

5V - FF

Fig 3.29: Flow chart-ADC

Either of the method can write the program.

_?I-l-_ﬂﬁ-

' l PORT C (LOWER) 1=1/P,
> 0=0/P

PORT B 1=1/P, 0=0/P

_ PORT C (UPPER) 151/P,

- o=0/P :
PORTA

> 1=I/P, 0=0/F

MODE SELECTION 00 =
MODE 0
v > 01 = MODE 1

1X = MODE 2
MODE SET FLAG {1/0) Port C lower-O/F
1= ACTIVE Port C upper- P

Port A - I/P

Fig 3.30: control word format
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DAC

LATCH DAC 4
Q0 Ax lm”
Q A,
Q, A
: D,-D, 0 A
8085 ND,-D, 3 5 =V e converter
SYSTEM Q, Ay =
@
< A ~Veery
A
Qb AI .-VRHN
cak & |
v_=o CLR
—— C(
CS 7418273 DACO808

Fig 3.31: DAC Interfacing

\" A 0
o (Analog output

voltage)

Current to voltage

» The processor sends an address, which is decoded by decoder in the microprocessor system to produce

chip select signal.

* Then the processor sends a digital data to latch. The buffer and inverter will produce sufficient delay
for CS signal so that, the latch is clocked only after the data is arrived at the input lines of the latch.

* When the latch is clocked the digital data is send to DAC. The DAC will produce a corresponding
current signal, which is converted to voltage signal by the op-amp 741.

* The typical settling time of DACO0800 is 150nsec. Therefore the processor need not wait for loading

next data

PROGRAMS FOR VARIOUS WAVEFORM GENERATION USING DAC

SAW TOOTH

L1:MVI A,00
OuUT DAC
INR A

JMP L1:

TRIANGULAR

L1:MVI A,00
OUT DAC
INRA

‘CPI FF

JNZ L1: ,
L2:0UT DAC
DCR A

JUNZ L2

JMP L1:

SQUARE WAVE

L1:MVI A,00
OQUT DAC |
CALL DELAY
MVI A, FF

OUT DAC

CALL DELAY
JMP L1: ‘

DELAY
MVI B,;55
L2:DCR B
JNZ L2:
RET
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STAIR CASE

L1:LXI H,9100
MVI C, 06
L2:MOV A, M
OUT DAC
CALL DELAY
INX H

DCR C

JNZ L2:

JMP L1:

9100: 00
9101: 65
9102: AA
9103:. FF
9104: AA
91056: 565



QUESTION BANK
PART A

PART B

NogakrowdPRE

. What is interfacing

. Distinguish memory mapped 1/0 and 1/0O mapped 1/0

. Draw the control word for 8255

. Configure 8255 as PORT A-1/P, PORT B-O/P & PORT C LOWER-I/P , PORTC UPPER-O/P
. Set PCO using bit set reset mode

. Write the control word to generate square wave using 8253
. What is the need of Priority resolver in 8259

. How many interrupts maximum a 8259 can support

. What is USART

10. Define resolution in DAC and ADC

11. What is EOC and SOC in ADC

12. Write an ALP to generate sawtooth using DAC

13. What are the two command words used in 8259

14. Explain mode 5 of 8253

15. Explain the transmitter section of 8251 USART

O©COoONO O WNE

Explain with neat diagram 8255 PPI

With neat diagram explain how serial communication is done using 8251
With neat diagram explain the 8253 timer

Explain the various modes of 8253 timer

Discuss about 8259 PIC

Interface ADC to 8085 and explain

Interface DAC with 8085 and generate various waveforms
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UNIT 4 8051 MICROCONTROLLER

8051 Architecture: Microcontroller Hardware — 1/0 Pins, Ports — Internal and External memory
— Counters and Timers — Serial data 1/0 — Interrupts — 8051 Assembly Language Programming:
Addressing modes, Instruction set of 8051, Data transfer instructions, Arithmetic and Logical
Instructions, Jump and Call Instructions interrupts and return interrupts and return interrupt
handling.

ARCHITECTURE OF 8051 MICROCONTROLLER

An 8051 microcontroller has the following 11 major components:
1. ALU (Arithmetic and Logic Unit)

PC (Program Counter)

Registers

Timers and counters

Internal RAM and ROM

Four general purpose parallel input/output ports
Interrupt control logic with five sources of interrupt

Serial date communication

© o N o g B~ w D

PSW (Program Status Word)
10. Data Pointer (DPTR)
11. Stack Pointer (SP)
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Arithmaetic Special- = e |~ o
and PSW Function § 5 AQ-A7
Logic Unit Registers L — DD-D7
RAM =
B-Bit Data and L —
A B Address Bus S - : 10
| I 3 § I
DPTR
PC DPH ROM -
s
bRL S s C w
= 5 [ A8-A15
16-Bit Adress Bus =
1o
— > Special- = e p— Interrupt
EA "‘4 System Byte/Bit Function = - Ca
e unter
ALE — Timing Addresses Registers K] 5 T .
P Serial Dat:
= — RO-WR
XTAL1 — System Register L I
XTALZ — Interrupts Bank 3 P
RESET — Timers PCON |
Data Buffers : SBUF |
Vee — Register
)
I s Bank 2 SCON I
I TCON I
i Register T™MOD ]
Bank 1 TLO 1
{ THO
1 Register TL] !
) Bank O M1 ]
| Internal RAM Structure !
1 1
e s - T e e G D G S G G S — —— e w— = o)

Fig 4.1: 8051- Architecture

The unique features are

Internal ROM and RAM, 1/O ports with programmable pins, Timers and counters, Serial
Data communication
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PROGRAMMING

MODEL OF 8051

8 |88 | 8 J8°] [ & ]sa] | 8 [ss
IP IE TMOOD TCON
i Regist: Regi Regist
WIS RS Register egister egister egister
A B Interrupt Registers Timer Control Regrsters
Register Register
: A sl [T (&) [F %] [F e
Math Registers THO T TH1 {8
Counter Counter Counter Counter
Timer/Counter Registers
8 | 98* 8 | 99 8 |87 8 | Do’
L SCON SBUF PCON PSW
Register Register Register Register
Serial Data Regrsters Flags
General-
Purpose
Stack
Pointer
30
oF Bit TF
Address Bit Addresses for this RAM Area Only
20 Area 00
If Register
Bank
18 3
17 Register 8 |83 ] 8 | 8 16 | NoAddress
Bank Data Pointer
b
10 2 pH | onL i
OF Register
Bank
08 1
07 R7 8 |80 8 | 90 8 | A0 8 |80
06 R6 Port 0 Port | Port 2 Port 3
Register 05 RS Latch Latch Latch Lateh
Bank 04 Ré
0 03 R3
02 R2 ‘
01 1) Number of Direct Byte Address
Bits * Indicates Bit Addressable
00 RO
Byte Internal
Addresses RAM

Fig 4.2: Programming Model
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The above diagram shows the programming model of 8051.
The 8051 architecture consists of these specific features:
» 8 bit CPU with registers A and B
> 16 bit PC and DPTR
» 8 bit Program status word (PSW)
» 8 bit Stack pointer(SP)
» Internal ROM (4K)
> Internal RAM of 128 bytes
e 4 register banks, each containing 8 registers
e 16 bytes, which may be addressed at the bit level
e 80 bytes of general purpose data memory
> 32 input/output pins arranged as four 8 bit ports: PO-P3
» Two 16 bit Timers/Counters: TO and T1
» Full duplex serial data receiver/transmitter: SBUF
» Control Register: TCON,TMOD,SCON,PCON,IP and IE
> Two external and three internal interrupt sources

» Oscillator and clock circuits

Special Function Registers (SFRs)

Special Function Registers (SFRs) are a sort of control table used for running and monitoring
the operation of the microcontroller. Each of these registers as well as each bit they include,
has its name, address in the scope of RAM and precisely defined purpose such as timer
control, interrupt control, serial communication control etc. Even though there are 128
memory locations intended to be occupied by them, the basic core, shared by all types of 8051
microcontrollers, has only 21 such registers. Rest of locations are intensionally left
unoccupied in order to enable the manufacturers to further develop microcontrollers
keeping them compatible with the previous versions. It also enables programs written a long
time ago for microcontrollers which are out of production now to be used today.
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FI
F7
LF
E7
DF
D7
CF
C7
BF
B7
AF
AT
Ok
97
8F

Value after Reset

I'8
FO B
L8
E0 | ACC
DS
DO | PSW
C8
C0
B8 IP
B0 P3
A8 IE
Al P2
98 | SCON [ SBUF
90 Pl
88 [TCON | TMOD | TLO | TLI | THO | THI
80 P0) SP DPL | DPH PCON
T— Bit-addressable Registers
Fig 4.3 : SFR
A Register (Accumulator)
0 0 0 0 0 0
ACC Bit name
bit7 bit6 bit5 bitd bit3 hit2 bit0

A register is a general-purpose register used for storing intermediate results obtained during
operation. Prior to executing an instruction upon any number or operand it is necessary to
store itin the accumulator first. All results obtained from arithmetical operations performed
by the ALU are stored in the accumulator. Data to be moved from one register to another
must go through theaccumulator. In other words, the A register is the most commonly used
register and it is impossible to imagine a microcontroller without it. More than half

Fig 4.4: Accumulator

instructions used by the 8051 microcontroller use somehow the accumulator.

B Register

Multiplication and division can be performed only upon numbers stored in the A and B
registers.All other instructions in the program can use this register as a spare accumulator
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(A).

0 0 0 0 0 0 0 0 Value after Reset
B Bit name

bit7  bit6  bitS  bitd  bit3  bit2  bit1  bitd
Fig 4.5: B Register

R Registers (R0-R7)

RAM

R3|R4|R5|R6|R7| Banko

R

RO|R1

R3|R4|R5|R6|R7| Bank1

=
-]

RO(R1

R3|R4|R5|R6|R7 “B_;I;l_(_z__

SR

RO|R1

Hex. address

g|

R3|R4|R5|R6|R7| Bank 3 |

-
°0

RO(R1

Fig 4.6: Register Banks

This is a common name for 8 general-purpose registers (R0, R1, R2 ...R7). Even though they
are not true SFRs, they deserve to be discussed here because of their purpose. They occupy
4 banks within RAM. Similar to the accumulator, they are used for temporary storing
variables and intermediate results during operation. Which one of these banks is to be active
depends on two bits of the PSW Register. Active bank is a bank the registers of which are
currently used.

The following example best illustrates the purpose of these registers. Suppose it is necessary
to perform some arithmetical operations upon numbers previously stored in the R registers:
(R1+R2) - (R3+R4). Obviously, a register for temporary storing results of addition is needed.
This is how it looks in the program:

MOV A R3; Means: move number from R3 into accumulator

ADD A R4; Means: add number from R4 to accumulator (result remains in accumulator)
MOV R5,A; Means: temporarily move the result from accumulator into R5

MOV A R1; Means: move number from R1 to accumulator

ADD A,R2; Means: add number from R2 to accumulator

SUBB A,R5; Means: subtract number from R5 (there are R3+R4)
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Program Status Word (PSW) Register

0 0 0 0 0 0 0 0 Value after Reset

PSW | cv | ac | Fo | Rs1 | RSO [ OV P | Bitname
bit7 bité bit5 bit4 bit3 hit2 bit1 bit0
Fig 4.7: PSW

PSW register is one of the most important SFRs. It contains several status bits that reflect
the current state of the CPU. Besides, this register contains Carry bit, Auxiliary Carry, two
register bank select bits, Overflow flag, parity bit and user-definable status flag.

P - Parity bit. If a number stored in the accumulator is even then this bit will be automatically
set (1), otherwise it will be cleared (0). It is mainly used during data transmit and receive via
serial communication.

- Bit 1. This bit is intended to be used in the future versions of microcontrollers.

OV Overflow occurs when the result of an arithmetical operation is larger than 255 and
cannot be stored in one register. Overflow condition causes the OV bit to be set (1).
Otherwise, it will becleared (0).

RSO, RS1 - Register bank select bits. These two bits are used to select one of four register
banks of RAM. By setting and clearing these bits, registers R0-R7 are stored in one of four
banksof RAM.

RS1 RS2 Space in RAM

BankO0 00h-07h

Bank1 08h-0Fh
Bank2 10h-17h
Bank3 18h-1Fh

= O O
O Pk O

FO - Flag 0. This is a general-purpose bit available for use.
AC - Auxiliary Carry Flag is used for BCD operations only.

CY - Carry Flag is the (ninth) auxiliary bit used for all arithmetical operations and shift
instructions.

Data Pointer Register (DPTR)

DPTR register is not a true one because it doesn't physically exist. It consists of two separate
registers: DPH (Data Pointer High) and (Data Pointer Low). For this reason it may be treated
as al6-bit register or as two independent 8-bit registers. Their 16 bits are primarly used for
external memory addressing. Besides, the DPTR Register is usually used for storing data and
intermediateresults.
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DPH DPL

Af |

ppTR [ [ 1 [ [ [ [ [ [ T [ T [ T |

bit1s  bit14  bi13  biH1Z  bi11 B0 b9 bitd bit? bite bits bitd  bitd bit2 bit1 bitd

0 0 0 0 0 0 0 0 Value after Reset

DPL Bit name

bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

0 0 0 0 0 0 0 0 Value after Reset

DPH Bit name

bit? bit6 bit5 bitd bit3 bit2 bit1 bit0

Fig 4.8: DPTR
Stack Pointer (SP) Register

0 0 0 0 0 1 1 1 Value after Reset

S p Bit name

bit7 bit6 bits bit4 bit3 bit2 bit1 bit0

Fig 4.9: Stack Pointer
A value stored in the Stack Pointer points to the first free stack address and permits stack
availability. Stack pushes increment the value in the Stack Pointer by 1. Likewise, stack pops
decrement its value by 1. Upon any reset and power-on, the value 7 is stored in the Stack
Pointer,which means that the space of RAM reserved for the stack starts at this location. If

another value is written to this register, the entire Stack is moved to the new memory
location.

PO, P1, P2, P3 - Input/Output Registers

1 1 1 1 1 1 1 1 Value after Reset

PO | po7 | Po6 | P05 | Po.4 | PO3 | PO.2 | POt | PO.0 | Bitname
bit?.  bit6  bits  bitd  bit3  bi2  bit!  bitd

Fig 4.10: PO
If neither external memory nor serial communication system are used then 4 ports with in
total 0f32 input/output pins are available for connection to peripheral environment. Each bit
within theseports affects the state and performance of appropriate pin of the microcontroller.
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Thus, bit logic state is reflected on appropriate pin as a voltage (0 or 5 V) and vice versa,
voltage on a pin reflects the state of appropriate port bit.

As mentioned, port bit state affects performance of port pins, i.e. whether they will be
configuredas inputs or outputs. If a bit is cleared (0), the appropriate pin will be configured
as an output, while if it is set (1), the appropriate pin will be configured as an input. Upon
reset and power-on, all port bits are set (1), which means that all appropriate pins will be
configured as inputs.

Pinout Description
Pins 1-8: Port 1 Each of these pins can be configured as an input or an output.

Pin 9: RS A logic one on this pin disables the microcontroller and clears the contents of most
registers. In other words, the positive voltage on this pin resets the microcontroller. By
applying logic zero to this pin, the program starts execution from the beginning.

Pins10-17: Port3 Similar to port 1, each of these pins can serve as general input or output.
Besides, all of them have alternative functions:

Pin 10: RXD Serial asynchronous communication input or Serial synchronous communication
output.

Pin 11: TXD Serial asynchronous communication output or Serial synchronous communication
clock output.

Pin 12: INTO Interrupt O input.
Pin 13: INT1 Interrupt 1 input.
Pin 14: TO Counter 0 clock
Pin 15: T1 input.Counter 1
Pin 16: WR:lock input.
Write to external (additional)

Pin 17: RD RAM.Read from external RAM.

Pin 18, 19: X2, X1 _ _ ) o
Internal oscillator input and output. A quartz crystal which specifies
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Operating frequency is usually connected to these pins. Instead of it, miniature ceramics
resonators can also be used for frequency stability. Later versions of microcontrollers
operate ata frequency of 0 Hz up to over 50 Hz.

Pin 20: GND Ground.

Pin 21-28: Port 2 |If there is no intention to use external memory then these port pins
areconfigured as general inputs/outputs. In case external memory is used, the higher

address byte,

i.e. addresses A8-A15 will appear on this port. Even though memory with capacity of 64Kb is
not used, which means that not all eight port bits are used for its addressing, the rest of

them arenot available as inputs/outputs.

Pin 29: PSEN If external ROM is used for storing program then a logic zero (0) appears
on itevery time the microcontroller reads a byte from memory.

Pin 30: ALE Prior to reading from external memory, the microcontroller puts the lower
address byte (A0-A7) on PO and activates the ALE output. After receiving signal from the
ALE pin, the external register (usually 74HCT373 or 74HCT375 add-on chip) memorizes the
state of PO and uses it as a memory chip address. Immediately after that, the ALU pin is
returned its previous logic state and PO is now used as a Data Bus. As seen, port data
multiplexing is performed by means of only one additional (and cheap) integrated circuit. In
other words, this port is used for both data and address transmission.

Pin 31: EA By applying logic zero to this pin, P2 and P3 are used for data and address
transmission with no
PIN DIAGRAM OF 8051

Port 1 DIt O 1 1.0 \‘-——/ Vee A0 - BV
ot | Bt ) 2 P10 (ADOHIPO O A% Port © Bt O
(Addresn/Data O)
Fort 1 D2 a Lol B ADIPFO. 1 35 Fort O #Biv 1
(Adadress/Date 1)
Port 1 Bit 3 “ 1.3 AO2HPO.2 37 Fort © Bt 2
(Addraan/Oata 2)
Fort | it 4 = ”1a (ADAPO. 2 A6 ot O Bit 3
(Address/Cate 3)
Port 1 Bt S - 1.9 (ADA)PFO.4 a5 raort O B 4
(Address/ Dote a3
rort 1 Bt & z e (AD=IFO.S 34 Port O Bt 5
(Adarese/Oata &)
Port | Mt 7 " "7 (ADGYPO. G A Port O Bt &

(Address/Data 6)

Roset Inpat ° RST (ADTIFO. 7 332 Port O Rt 7
(Address/Oate 7)

Post A DIt O 10 PF3.0OMmXxXD) (Vpe)/EA 21 Enternal Enabile

(Receive Data) (EFROM Programming Valtage)
Fort 3 B0l 13 P ATHDY IPROGIALE DO Address Letch Enatsie
(XMIT Data) {(EPROM Program Pulee)
Part 3 Bit 2 12 P3 ZONTD) FSEN 29 | Program Store Enable
(Interrupt O)
Port 3 Rit 3 13 PAAGNT L) AL1mIPR.7 2R Port 2 Rit 7
CInterrupt 1) (Adciress | 5
Port 2 Bt 4 14 P3.ATO) (Ar1ayPr2.6 27 Part 2 Rit 6
(Timer O Nt (Address 1 4)
Port 2 B = 15 PAN(TL) Aimrez. s 26 | Port 2Bt s
ETimer L tngut) (Aadress 1 3)
ot 3 BT e 16 P36 W) a1z a 25 | Fort 2 BRita
(Write Strate) (Addrens t2)
Port 3 Bt 7 17 PA7RO) (AL1YP2 3 Za Fort 2 Bit s
(Read Strobe) (Addrens 1 1)
Crystal Input 2 18 xXTALZ tA1oyr2. 2 s Port 2 Bt >
(Address 10)
Crystal input 1 19 XTAL1 APz 1 22 | Port 2 Bit )
(Address )
CReomanad 20 Van APz 0 2 Font 2 Bt 0

(Addrans B)

Fig 4.11: Pin Diagram-8051
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Memory Organization

The 8051 has two types of memory and these are Program Memory and Data Memory.
Program Memory (ROM) is used to permanently save the program being executed, while
Data Memory (RAM) is used for temporarily storing data and intermediate results created
and used during the operation of the microcontroller. Depending on the model in use (we are
still talking about the 8051 microcontroller family in general) at most a few Kb of ROM and
128 or 256 bytes of RAM is used. However All 8051 microcontrollers have a 16-bit addressing
bus and are capable of addressing 64 kb memory. It is neither a mistake nor a big ambition
of engineers who were working on basic core development. It is a matter of smart memory
organization which makes these microcontrollers a real “programmers’ goody“.Program
Memory. The first models of the 8051 microcontroller family did not have internal program
memory. It was added as an external separate chip. These models are recognizable by their
label beginning with 803 (for example 8031 or 8032). All later models have a few Kbyte ROM
embedded. Even though such an amountof memory is sufficient for writing most of the
programs, there are situations when it is necessaryto use additional memory as well. A typical
example is so called lookup tables. They are used in cases when equations describing some
processes are too complicated or when there is no time forsolving them. In such cases all
necessary estimates and approximates are executed in advance and the final results are put
in the tables (similar to logarithmic tables).

How does the microcontroller handle external memory depends on the EA pin logic state:

Address FFFF hex

A

EA pin=1 »
EA pin=0 Additional ROM

‘ Memory
(64K max.)

Address FFFF hex

External ROM
Memory

Address 4000 hex

IXREX:

(64K max.)

Embedded ROM
Memory
(4K)

LJ L_JL L

Fig 4.12: External memory EA pin
EA=0 In this case, the microcontroller completely ignores internal program memory
andexecutes only the program stored in external memory.
EA=1 In this case, the microcontroller executes first the program from built-in ROM,
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then theprogram stored in external memory.
In both cases, PO and P2 are not available for use since being used for data and
addresstransmission. Besides, the ALE and PSEN pins are also used.

Data Memory
As already mentioned, Data Memory is used for temporarily storing data and intermediate
resultscreated and used during the operation of the microcontroller. Besides, RAM memory
built in the 8051 family includes many registers such as hardware counters and timers,
input/output ports, serial data buffers etc. The previous models had 256 RAM locations,
while for the later models this number was incremented by additional 128 registers.
However, the first 256 memory locations (addresses 0-FFh) are the heart of memory common
to all the models belonging to the 8051 family. Locations available to the user occupy memory
space with addresses 0-7Fh, i.e. first 128 registers. This part of RAM is divided in several
blocks.
The first block consists of 4 banks each including 8 registers denoted by RO-R7. Prior to
accessing any of these registers, it is necessary to select the bank containing it. The next
memory block (address 20h-2Fh) is bit- addressable, which means that each bit has its own
address (0- 7Fh). Since there are 16 such registers, this block contains in total of 128 bits with
separate addresses (address of bit 0 of the 20h byte is 0, while address of bit 7 of the 2Fh
byte is 7Fh). The third group of registers occupy addresses 2Fh-7Fh, i.e. 80 locations, and
does not have any special functions or features.
Additional RAM
In order to satisfy the programmers’ constant hunger for Data Memory, the manufacturers
decided to embed an additional memory block of 128 locations into the latest versions of the
8051 microcontrollers. However, it’s not as simple as it seems to be... The problem is that
electronics performing addressing has 1 byte (8 bits) on disposal and is capable of reaching
only the first 256 locations, therefore. In order to keep already existing 8-bit architecture
and compatibility with other existing models a small trick was done.
What does it mean? It means that additional memory block shares the same addresses with
locations intended for the SFRs (80h- FFh). In order to differentiate between these two
physically separated memory spaces, different ways of addressing are used. The SFRs
memory locations are accessed by direct addressing, while additional RAM memory
locations are accessed by indirect addressing.
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A

(256 general-purpose reglsters)

Later versions of the 8051 microcontrollers

(128 general-purpose registers)

Previous versions of the 8051 microcontrollers
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Internal RAM

Fig 4.13 :
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Memory expansion

In case memory (RAM or ROM) built in the microcontroller is not sufficient, it is possible to
addtwo external memory chips with capacity of 64Kb each. P2 and P3 1/O ports are used for
their addressing and data transmission.

3

LLLLLLL

JJJ) )

Lower address byte writing

Fig 4.14: External Memory Interfacing

From the user’s point of view, everything works quite simply when properly connected
because most operations are performed by the microcontroller itself. The 8051
microcontroller has two pins for data read RD#(P3.7) and PSEN#. The first one is used for
reading data from external data memory (RAM), while the other is used for reading data
from external program memory (ROM). Both pins are active low. A typical example of
memory expansion by adding RAM and ROM chips (Hardward architecture), is shown in
figure above.
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Even though additional memory is rarely used with the latest versions of the
microcontrollers, we will describe in short what happens when memory chips are connected
according to the previous schematic. The whole process described below is performed
automatically.

o When the program during execution encounters an instruction which resides in external
memory (ROM), the microcontroller will activate its control output ALE and set the first
8 bits of address (A0-A7) on PO. IC circuit 74HCT573 passes the first 8 bits to memory
address pins.

o A signal on the ALE pin latches the IC circuit 74HCT573 and immediately afterwards 8
higher bits of address (A8-A15) appear on the port. In this way, a desired location of
additional program memory is addressed. It is left over to read its content.

« Port PO pins are configured as inputs, the PSEN pin is activated and the microcontroller
reads from memory chip.

Similar occurs when it is necessary to read location from external RAM. Addressing is
performed in the same way, while read and write are performed via signals appearing on the
control outputs RD (is short for read) or WR (is short for write).

ADDRESSING MODES

An "addressing mode™ refers to how you are addressing a given memory location. In
summary, the addressing modes are as follows, with an example of each:

Immediate Addressing MOV A #20h
Direct Addressing MOV A,30h
Indirect Addressing MOV A ,@RO

External Direct MOV X
A @QDPTR
Code Indirect MOVC A,@A+DPTR

Each of these addressing modes provides important flexibility.

Immediate Addressing
Immediate addressing is so-named because the value to be stored in memory immediately
follows the operation code in memory. That is to say, the instruction itself dictates what value

will be stored in memory.

For example, the instruction:

MOV A,#6Ah

This instruction uses Immediate Addressing because the Accumulator will be loaded with
the value that immediately follows; in this case 6A (hexidecimal).

Immediate addressing is very fast since the value to be loaded is included in the instruction.
However, since the value to be loaded is fixed at compile-time it is not very flexible.
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Direct Addressing

Direct addressing is so-named because the value to be stored in memory is obtained by
directly retrieving it from another memory location. For example:

MOV A,30h

This instruction will read the data out of Internal RAM address 30 (hexidecimal) and store
it in the Accumulator.

Direct addressing is generally fast since, although the value to be loaded isnt included in the
instruction, it is quickly accessable since it is stored in the 8051s Internal RAM. It is also
much more flexible than Immediate Addressing since the value to be loaded is whatever is
found at thegiven address--which may be variable.

Also, it is important to note that when using direct addressing any instruction which refers
to an address between 00h and 7Fh is referring to Internal Memory. Any instruction which
refers to an address between 80h and FFh is referring to the SFR control registers that
control the 8051 microcontroller itself.

Indirect Addressing

Indirect addressing is a very powerful addressing mode which in many cases provides an
exceptional level of flexibility. Indirect addressing is also the only way to access the extra 128
bytes of Internal RAM found on an 8052.

Indirect addressing appears as follows:

MOV A,@RO

This instruction causes the 8051 to analyze the value of the RO register. The 8051 will then
load the accumulator with the value from Internal RAM which is found at the address
indicated by RO.

For example, lets say RO holds the value 40h and Internal RAM address 40h holds the value
67h.When the above instruction is executed the 8051 will check the value of RO. Since RO
holds 40h the 8051 will get the value out of Internal RAM address 40h (which holds 67h) and
store it in theAccumulator. Thus, the Accumulator ends up holding 67h.

Indirect addressing always refers to Internal RAM; it never refers to an SFR. Thus, in a
prior example we mentioned that SFR 99h can be used to write a value to the serial port.
Thus one may think that the following would be a valid solution to write the value 1 to the
serial port:
MOV R0,#99h ;Load the address of the serial port
MOV @RO0,#01h ;Send 01 to the serial port -- WRONG!!

This is not valid. Since indirect addressing always refers to Internal RAM these two
instructions would write the value 01h to Internal RAM address 99h on an 8052. On an 8051
these two instructions would produce an undefined result since the 8051 only has 128 bytes
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of Internal RAM.

External Direct

External Memory is accessed using a suite of instructions which use what I call **External
Directaddressing. I call it this because it appears to be direct addressing, but it is used to
access externalmemory rather than internal memory.

There are only two commands that use External Direct addressing mode:

MOVXA,@DPT R
MOVX
@DPTR,A

Both commands utilize DPTR. In these instructions, DPTR must first be loaded with the
address of external memory that you wish to read or write. Once DPTR holds the correct
external memory address, the first command will move the contents of that external memory
address into the Accumulator. The second command will do the opposite: it will allow you to
write the value of the Accumulator to the external memory address pointed to by DPTR.

External Indirect

External memory can also be accessed using a form of indirect addressing which 1 call
External Indirect addressing. This form of addressing is usually only used in relatively small
projects that have a very small amount of external RAM. An example of this addressing mode
is:

MOVX @RO,A

Once again, the value of RO is first read and the value of the Accumulator is written to that
address in External RAM. Since the value of @RO0 can only be 00h through FFh the project
would effectively be limited to 256 bytes of External RAM. There are relatively simple
hardware/software tricks that can be implemented to access more than 256 bytes of memory
using External Indirect addressing.

INSTRUCTION SET:

The process of writing program for the microcontroller mainly consists of giving instructions
(commands) in the specific order in which they should be executed in order to carry out a
specific task. As electronics cannot “understand” what for example an instruction “if the
push button is pressed- turn the light on” means, then a certain number of simpler and
precisely defined orders that decoder can recognise must be used. All commands are known
as INSTRUCTION SET. All microcontrollers compatibile with the 8051 have in total of 255
instructions, i.e. 255 different words available for program writing.

At first sight, it is imposing number of odd signs that must be known by heart. However, It
is not so complicated as it looks like. Many instructions are considered to be “different”, even
though they perform the same operation, so there are only 111 truly different commands.
For example: ADD A,RO, ADD AR1, ... ADD AR7 are instructions that perform the same
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operation (additon of the accumulator and register). Since there are 8 such registers, each
instruction is counted separately. Taking into account that all instructions perform only 53
operations (addition, subtraction, copy etc.) and most of them are rarely used in practice,
there are actually 20-30 abbreviations to be learned, which is acceptable.

Types of instructions
Depending on operation they perform, all instructions are divided in several groups:

Arithmetic Instructions
Branch Instructions

Data Transfer Instructions
Logic Instructions
Bit-oriented Instructions

The first part of each instruction, called MNEMONIC refers to the operation an instruction
performs (copy, addition, logic operation etc.). Mnemonics are abbreviations of the name of
operation being executed. For example:

e INCRL1 - Means: Increment register R1 (increment register R1);

e LJMP LABS - Means: Long Jump LABS5 (long jump to the address marked as LAB5);

e JNZ LOOP - Means: Jump if Not Zero LOORP (if the number in the accumulator is not 0,
jump to the address marked as LOOP);

The other part of instruction, called OPERAND is separated from mnemonic by at least one
whitespace and defines data being processed by instructions. Some of the instructions have
no operand, while some of them have one, two or three. If there is more than one operand in
an instruction, they are separated by a comma. For example:
o RET - return from a subroutine;
e JZ TEMP - if the number in the accumulator is not 0, jump to the address marked as
TEMP;
« ADD AR3 - add R3 and accumulator;
o CINE A#20,LOOP - compare accumulator with 20. If they are not equal, jump to the
address marked as LOOP;

Arithmetic instructions
Arithmetic instructions perform several basic operations such as addition, subtraction,
division, multiplication etc. After execution, the result is stored in the first operand. For

example:

ADD A,R1 - The result of addition (A+R1) will be stored in the accumulator.

Arithmetic Instructions

Mnemonic  Description Byte Cycle
ADD A,Rn  Adds the register to the accumulator 1 1
ADD A, direct Adds the direct byte to the accumulator 2 2
ADD A,@Ri Adds the indirect RAM to the accumulator 1 2
ADD A #data Adds the immediate data to the accumulator 2 2
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ADDC A,Rn  Adds the register to the accumulator with a carry flag 1 1

ADDC Adds the direct byte to the accumulator with a carry flag 2 2
Adirect

ADDC A,@Ri Adds the indirect RAM to the accumulator with a carry flag 1 2
ﬁ?#([j)? Adds the immediate data to the accumulator with a carry flag 2 2

J#data

SUBB A,Rn  Subtracts the register from the accumulator with a borrow 11
SUBB A, direct Subtracts the direct byte from the accumulator with a borrow 2 2
SUBB A,@Ri Subtracts the indirect RAM from the accumulator with a borrow 1 2
SUBB A #data Subtracts the immediate data from the accumulator with a borrow 2 2
INC A Increments the accumulator by 1 11
INC Rn Increments the register by 1 1 2
INC Rx Increments the direct byte by 1 2 3
INC @RI Increments the indirect RAM by 1 1 3
DEC A Decrements the accumulator by 1 11
DEC Rn Decrements the register by 1 11
DEC Rx Decrements the direct byte by 1 1 2
DEC @RI Decrements the indirect RAM by 1 2 3
INC DPTR Increments the Data Pointer by 1 1 3
MUL AB Multiplies A and B 15
DIV AB Divides A by B 15
DA A Decimal adjustment of the accumulator according to BCDcode 1 1

Branch Instructions

There are two kinds of branch instructions:

Unconditional jump instructions: upon their execution a jump to a new location from
where theprogram continues execution is executed.

Conditional jump instructions: a jump to a new program location is executed only if a
specifiedcondition is met. Otherwise, the program normally proceeds with the next
instruction.
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Jump Instruction Ranges
Memory Address (HEX)
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Fig 4.15: Jump Address Range
Branch Instructions
Mnemonic Description Byte Cycle
ACALL addrll  Absolute subroutine call 2 6
LCALL addr16  Long subroutine call 3 6
RET Returns from subroutine 1 4
RETI Returns from interrupt subroutine 1 4
AJMP addril Absolute jump 2 3
LIMP addr16 Long jump 3 4
SIMP rel Short jump (from —128 to +127 locations relative to the following 2 3
instruction)
JC rel Jump if carry flag is set. Short jump. 2 3
JNC rel Jump if carry flag is not set. Short jump. 2 3
JB bit,rel Jump if direct bit is set. Short jump. 3 4
JBC bit,rel Jump if direct bit is set and clears bit. Short jJump. 3 4
JMP @A+DPTR  Jump indirect relative to the DPTR 1 2
JZ rel Jump if the accumulator is zero. Short jump. 2 3
JNZ rel Jump if the accumulator is not zero. Short jump. 2 3
CJINE A direct rel Compares direct byte to the accumulator and jumps if not equal. 34

Short jump.

CJINE A #data rel Compares immediate data to the accumulator and jumps if not 5,
equal. Short jump.

CINE Rn,#data,rel
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CINE

DJINZ Rn,rel Decrements register and jumps if not 0. Short jump. 2 3
DJINZ Rx,rel Decrements direct byte and jump if not 0. Short jump. 3 4
NOP No operation 1 1

Data Transfer Instructions
Data transfer instructions move the content of one register to another. The register the

content of which is moved remains unchanged. If they have the suffix “X” (MOVX), the data
is exchanged with external memory.

Data Transfer Instructions

Mnemonic Description Byte Cycle
MOV A,Rn Moves the register to the accumulator 1 1
MOV A, direct Moves the direct byte to the accumulator 2 2
MOV A @RI Moves the indirect RAM to the accumulator 1 2
MOV A #data Moves the immediate data to the accumulator 2 2
MOV Rn,A Moves the accumulator to the register 1 2
MOV Rn,direct ~ Moves the direct byte to the register 2 4
MOV Rn#data  Moves the immediate data to the register 2 2
MOV direct,A Moves the accumulator to the direct byte 2 3
MOV direct,Rn  Moves the register to the direct byte 2 3
MOV direct,direct Moves the direct byte to the direct byte 3 4
MOV direct,@Ri Moves the indirect RAM to the direct byte 2 4
MOV direct,#data Moves the immediate data to the direct byte 3 3
MOV @Ri,A Moves the accumulator to the indirect RAM 1 3
MOV @Ri,direct Moves the direct byte to the indirect RAM 2 5
MOV @Ri,#data Moves the immediate data to the indirect RAM 2 3
MOV DPTR #data Moves a 16-bit data to the data pointer 3 3
MOVC Moves the code byte relative to the DPTR to the accumulator 1 3

A @A+DPTR (address=A+DPTR)

Moves the code byte relative to the PC to the accumulator
MOVC A.@A+PC (address=A+PC) 13
MOVX A,@RIi Moves the external RAM (8-bit address) to the accumulator 1 3-10
OVX A,@DPTR Moves the external RAM (16-bit address) to the accumulator 1 3-10

MOVX @Ri, A Moves the accumulator to the external RAM (8-bit address) 1 4-11

MOVX Moves the accumulator to the external RAM (16-bit address) 1 4-11
@DPTR,A

PUSH direct Pushes the direct byte onto the stack 2 4
POP direct Pops the direct byte from the stack/td> 2 3
XCH ARn Exchanges the register with the accumulator 1 2
XCH A direct Exchanges the direct byte with the accumulator 2 3
XCH A,@Ri Exchanges the indirect RAM with the accumulator 1 3
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XCHD A @RI Exchanges the low-order nibble indirect RAM with the1 3
’ accumulator

Logic Instructions

Logic instructions perform logic operations upon corresponding bits of two registers. After
execution, the result is stored in the first operand.

Logic Instructions

Mnemonic Description Byte Cycle
ANL A,Rn AND register to accumulator 1 1
ANL A direct AND direct byte to accumulator 2 2
ANL A, @RI AND indirect RAM to accumulator 1 2
ANL A #data AND immediate data to accumulator 2 2
ANL direct,A AND accumulator to direct byte 2 3
ANL direct,#data AND immediae data to direct register 3 4
ORL ARn OR register to accumulator 1 1
ORL A,direct OR direct byte to accumulator 2 2
ORL A,@Ri OR indirect RAM to accumulator 1 2
ORL direct,A OR accumulator to direct byte 2 3
ORL direct,#data OR immediate data to direct byte 3 4
XRL A,Rn Exclusive OR register to accumulator 1 1
XRL A, direct Exclusive OR direct byte to accumulator 2 2
XRL A, @RI Exclusive OR indirect RAM to accumulator 1 2
XRL A #data Exclusive OR immediate data to accumulator 2 2
XRL direct,A Exclusive OR accumulator to direct byte 2 3
XORL direct,#data Exclusive OR immediate data to direct byte 3 4
CLR A Clears the accumulator 1 1
CPL A Complements the accumulator (1=0, 0=1) 1 1
SWAP A Swaps nibbles within the accumulator 1 1
RL A Rotates bits in the accumulator left 1 1
RLC A Rotates bits in the accumulator left through carry 1 1
RR A Rotates bits in the accumulator right 1 1
RRC A Rotates bits in the accumulator right through carry 1 1

165



Bit-oriented Instructions

Similar to logic instructions, bit-oriented instructions perform logic operations. The
difference isthat these are performed upon single bits.

Bit-oriented Instructions
Mnemonic Description Byte Cycle
CLRC Clears the carry flag 1 1
CLR bit  Clears the direct bit

SETB C  Setsthe carry flag

SETB bit  Sets the direct bit

CPLC Complements the carry flag

CPL bit  Complements the direct bit

ANL C,bit AND direct bit to the carry flag

ANL C,/bit AND complements of direct bit to the carry flag
ORL C,bit OR direct bit to the carry flag

ORL C,/bit OR complements of direct bit to the carry flag

MOV C,bit Moves the direct bit to the carry flag
MOV bit,C Moves the carry flag to the direct bit

NN OV EDNMNEDN
WNDNMNDNDNDNDNNWEFE W, W

8051 Microcontroller Interrupts

There are five interrupt sources for the 8051, which means that they can recognize 5
different events that can interrupt regular program execution. Each interrupt can be
enabled or disabled bysetting bits of the IE register. Likewise, the whole interrupt system
can be disabled by clearing the EA bit of the same register. Refer to figure below.

Now, it is necessary to explain a few details referring to external interrupts- INTO and
INT1. Ifthe ITO and IT1 bits of the TCON register are set, an interrupt will be generated
on high to lowtransition, i.e. on the falling pulse edge (only in that moment). If these bits
are cleared, an interrupt will be continuously executed as far as the pins are held low.
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Register TCON
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Fig 4.16:TCON
[E Register (Interrupt Enable)
0 X 0 0 0 0 0 0 Value after Reset
IE | EA ET2 | ES | ET1 | EX1 | ET0O | EX0 | Bitname
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
Fig 4.17: IE

o EA - global interrupt enable/disable:
o 0-disables all interrupt requests.
o 1-enablesall individual interrupt requests.
e ES - enables or disables serial interrupt:
o 0- UART system cannot generate an interrupt.
o 1-UART system enables an interrupt.
o ETL1 - bit enables or disables Timer 1 interrupt:
o 0-Timer 1 cannot generate an interrupt.
o 1-Timer 1enables an interrupt.
o EX1 - bit enables or disables external 1 interrupt:
o 0 - change of the pin INTO logic state cannot generate an interrupt.
o 1 -enables an external interrupt on the pin INTO state change.
o ETO - bit enables or disables timer 0 interrupt:
o 0-Timer 0 cannot generate an interrupt.
o 1-enablestimer O interrupt.
o EXO - bit enables or disables external 0 interrupt:
o 0 -change of the INT1 pin logic state cannot generate an interrupt.
o 1 -enables an external interrupt on the pin INT1 state change.

Interrupt Priorities
It is not possible to forseen when an interrupt request will arrive. If several
interrupts areenabled, it may happen that while one of them is in progress, another one is

requested. In order
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that the microcontroller knows whether to continue operation or meet a new interrupt
request,there is a priority list instructing it what to do.

The priority list offers 3 levels of interrupt priority:

1. Reset! The apsolute master. When a reset request arrives, everything is stopped and the
microcontroller restarts.

2. Interrupt priority 1 can be disabled by Reset only.

3. Interrupt priority 0 can be disabled by both Reset and interrupt priority 1.

The IP Register (Interrupt Priority Register) specifies which one of existing interrupt
sourceshave higher and which one has lower priority. Interrupt priority is usually
specified at the beginning of the program. According to that, there are several
possibilities:

o Ifaninterrupt of higher priority arrives while an interrupt is in progress, it will be
immediately stopped and the higher priority interrupt will be executed first.

o Iftwo interrupt requests, at different priority levels, arrive at the same time then the
higher priority interrupt is serviced first.

« If the both interrupt requests, at the same priority level, occur one after another, the one
which came later has to wait until routine being in progress ends.

o Iftwo interrupt requests of equal priority arrive at the same time then the interrupt to be
serviced is selected according to the following priority list:

External interrupt INTO

Timer O interrupt

External Interrupt INT1

Timer 1 interrupt

Serial Communication Interrupt

SRS S

[P Register (Interrupt Priority)

The IP register bits specify the priority level of each interrupt (high or low priority).

X X 0 0 0 0 0 0 Value after Reset
IP PT2 | PS | PT1 | Px1 | PTO | PX0 | Bitname
bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0
Fig 4.18: IP
e PS - Serial Port Interrupt priority bit
o Priority 0
o Priority 1
e PTL1- Timer 1 interrupt priority
o Priority 0
o Priority 1

PX1 - External Interrupt INT1 priority
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o Priority O

o Priority 1
e PTO- Timer O Interrupt Priority
o Priority O
o Priority 1
o PXO0 - External Interrupt INTO Priority
o Priority O
o Priority 1

Handling Interrupt

Reset

When an interrupt request arrives the following occurs:

1. Instruction in progress is ended.

2. The address of the next instruction to execute is pushed on the stack.

3. Depending on which interrupt is requested, one of 5 vectors (addresses) is written to the
program counter in accordance to the table below:

Interrupt Source Vector (address)

IEO 3h
TFO Bh
TF1 1B h
RI, Tl 23 h

All addresses are in hexadecimal format

5. These addresses store appropriate subroutines processing interrupts. Instead of them,
there are usually jump instructions specifying locations on which these subroutines
reside.

6. When an interrupt routine is executed, the address of the next instruction to execute is
poped from the stack to the program counter and interrupted program resumes operation
from where it left off.

Reset occurs when the RS pin is supplied with a positive pulse in duration of at least 2
machine cycles (24 clock cycles of crystal oscillator). After that, the microcontroller
generates an internal reset signal which clears all SFRs, except SBUF registers, Stack Pointer
and ports (the state of the first two ports is not defined, while FF value is written to the ports
configuring all their pins as inputs). Depending on surrounding and purpose of device, the
RS pin is usually connected to apower-on reset push button or circuit or to both of them.
Figure below illustrates one of the simplest circuit providing safe power-on reset.
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Fig 4.19:Reset

Basically, everything is very simple: after turning the power on, electrical capacitor is being
charged for several milliseconds throgh a resistor connected to the ground. The pin is driven
highduring this process. When the capacitor is charged, power supply voltage is already
stable and the pin remains connected to the ground, thus providing normal operation of the
microcontroller.Pressing the reset button causes the capacitor to be temporarily discharged
and the microcontroller is reset. When released, the whole process is repeated...

Through the program- step by step...

Microcontrollers normally operate at very high speed. The use of 12 Mhz quartz crystal enables
1.00.00 instructions to be executed per second. Basically, there is no need for higher operating
rate. In case it is needed, it is easy to built in a crystal for high frequency. The problem arises
when it is necessary to slow down the operation of the microcontroller. For example during testing

in real environment when it is necessary to execute several instructions step by step in order to
check /0O pins' logic state.

Interrupt system of the 8051 microcontroller practically stops operation of the
microcontrollerand enables instructions to be executed one after another by pressing the
button. Two interruptfeatures enable that:
o Interrupt request is ignored if an interrupt of the same priority level is in progress.
« Upon interrupt routine execution, a new interrupt is not executed until at least one
instruction from the main program is executed.

In order to use this in practice, the following steps should be done:
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1. External interrupt sensitive to the signal level should be enabled (for example INTO).
2. Three following instructions should be inserted into the program (at the 03hex. address):

INB  P32§  <—— Means: wait here until the pin P3.2 (INTO) is set to “1”.
JB P32§  <«—— Mcans: wait here until the pin P3.2 (INTO) 1s set to “0”.
RETI <— Mecans: go back to the main program

What is going on? As soon as the P3.2 pin is cleared (for example, by pressing the button),
themicrocontroller will stop program execution and jump to the 03hex address will be
executed. This address stores a short interrupt routine consisting of 3 instructions.

The first instruction is executed until the push button is realised (logic one (1) on the P3.2
pin). The second instruction is executed until the push button is pressed again. Immediately
after that, the RET]I instruction is executed and the processor resumes operation of the main
program. Uponexecution of any program instruction, the interrupt INTO is generated and
the whole procedure is repeated (push button is still pressed). In other words, one button
press - one instruction

INPUT/OUTPUT PORTS

All 8051 microcontrollers have 4 1/0O ports each comprising 8 bits which can be configured
as inputs or outputs. Accordingly, in total of 32 input/output pins enabling the
microcontroller to beconnected to peripheral devices are available for use.

Pin configuration, i.e. whether it is to be configured as an input (1) or an output (0), depends
on its logic state. In order to configure a microcontroller pin as an output, it is necessary to
apply a logic zero (0) to appropriate 1/0 port bit. In this case, voltage level on appropriate
pin will be 0.

Similarly, in order to configure a microcontroller pin as an input, it is necessary to apply a
logic one (1) to appropriate port. In this case, voltage level on appropriate pin will be 5V (as
is the case with any TTL input). This may seem confusing but don't loose your patience. It
all becomesclear after studying simple electronic circuits connected to an 1/0 pin.
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Fig 4.21: Output
Input/Output (110) pin

Figure above illustrates a simplified schematic of all circuits within the microcontroller
connected to one of its pins. It refers to all the pins except those of the PO port which do not
havepull-up resistors built-in.
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Output pin
A logic zero (0) is applied to a bit of the P register. The output FE transistor is turned on,
thus connecting the appropriate pin to ground.

Input Data (0 or 1) /] % S Input (5V)
T < =
/O Register =
(Port) U

Fig 4.23 output
Hardware interrupts of 8085

Input pin
A logic one (1) is applied to a bit of the P register. The output FE transistor is turned off
and theappropriate pin remains connected to the power supply voltage over a pull-up

resistor of high resistance.

Logic state (voltage) of any pin can be changed or read at any moment. A logic zero (0) and
logic one (1) are not equal. A logic one (0) represents a short circuit to ground. Such a pin
acts asan output.

A logic one (1) is “loosely” connected to the power supply voltage over a resistor of high
resistance. Since this voltage can be easily “reduced” by an external signal, such a pin acts
as an input.
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Port 0

The PO port is characterized by two functions. If external memory is used then the lower
address byte (addresses A0-A7) is applied on it. Otherwise, all bits of this port are configured
as inputs/outputs.

The other function is expressed when it is configured as an output. Unlike other ports
consisting of pins with built-in pull-up resistor connected by its end to 5 V power supply,
pins of this port have this resistor left out. This apparently small difference has its
consequences:

Input Data (0 or 1) j Ingu(
‘/'- — x ‘l." |
‘ H

‘

Port 0 E
(/O Register)

Fig 4.24: Port 0 configuration-input

If any pin of this port is configured as an input then it acts as if it “floats”. Such an input has
unlimited input resistance and indetermined potential.

B a—

Input Data (0 or 1) lngut
T < I . .l"‘ I
‘ H

‘

: ull-Up
Port O E or
(/O Register)

Port
(/O regisver)

ir |

|

e E
Output Data (0) L +
GND
Fig 4.25: Port 0 configuration-output

When the pin is configured as an output, it acts as an “open drain”. By applying logic 0 to a
port bit, the appropriate pin will be connected to ground (0V). By applying logic 1, the
external output will keep on “floating”. In order to apply logic 1 (5V) on this output pin, it is
necessary to built in an external pull-up resistor.

Only in case PO is used for addressing external memory, the microcontroller will provide
internalpower supply source in order to supply its pins with logic one. There is no need to
add external pull-up resistors.
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Port1

Port 2

Port 3

P1isatrue I/O port, because it doesn't have any alternative functions as is the case with PO,

but can be cofigured as general 1/0O only. It has a pull-up resistor built-in and is completely
compatible with TTL circuits.

P2 acts similarly to PO when external memory is used. Pins of this port occupy addresses
intended for external memory chip. This time it is about the higher address byte with
addresses A8-A15. When no memory is added, this port can be used as a general input/output
port showingfeatures similar to P1.

All port pins can be used as general 1/0, but they also have an alternative function. In order
to use these alternative functions, a logic one (1) must be applied to appropriate bit of the P3
register. In tems of hardware, this port is similar to PO, with the difference that its pins have
a pull-up resistor built-in.

Pin's Current limitations

When configured as outputs (logic zero (0)), single port pins can receive a current of 10mA.
If all8 bits of a port are active, a total current must be limited to 15mA (port PO: 26mA). If
all ports (32 bits) are active, total maximum current must be limited to 72mA. When these
pins are configured as inputs (logic 1), built-in pull-up resistors provide very weak current,
but strong enough to activate up to 4 TTL inputs of LS series.

As seen from description of some ports, even though all of them have more or less similar
architecture, it is necessary to pay attention to which of them is to be used for what and how.

For example, if they shall be used as outputs with high voltage level (5V), then PO should be
avoided because its pins do not have pull-up resistors, thus giving low logic level only. When
using other ports, one should have in mind that pull-up resistors have a relatively high
resistance,so that their pins can give a current of several hundreds microamperes only.

Counters and Timers

As you already know, the microcontroller oscillator uses quartz crystal for its operation. As
the frequency of this oscillator is precisely defined and very stable, pulses it generates are
always of the same width, which makes them ideal for time measurement. Such crystals are
also used in quartz watches. In order to measure time between two events it is sufficient to
count up pulses coming from this oscillator. That is exactly what the timer does. If the timer
is properly programmed, the value stored in its register will be incremented (or
decremented) with each coming pulse, i.e. once per each machine cycle. A single machine-
cycle instruction lasts for 12 quartz oscillator periods, which means that by embedding
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quartz with oscillator frequency of 12MHz, a number stored in the timer register will be
changed million times per second, i.e. each microsecond.

The 8051 microcontroller has 2 timers/counters called TO and T1. As their names suggest,
their main purpose is to measure time and count external events. Besides, they can be used
for generating clock pulses to be used in serial communication, so called Baud Rate.

Timer TO

As seen in figure below, the timer TO consists of two registers — THO and TLO representing a
lowand a high byte of one 16-digit binary number.

THO Register TLO Register
A A,

it16  bitid  bit1d  bit12 bitd1  bitl0  bitd bith bit?

Timer T0
Fig 4.26: Timer 0

bith bith bitd bitd bit2

Accordingly, if the content of the timer TO is equal to 0 (T0=0) then both registers it consists
ofwill contain 0. If the timer contains for example number 1000 (decimal), then the THO
register (high byte) will contain the number 3, while the TLO register (low byte) will contain
decimal number 232.

0 0 0 0 0 0 0 0 Value after reset

THO Bit name

hit7 bit6 bits bitd hit3 bit2 bit1 hit0

0 0 0 0 0 0 0 0 Value after reset

TLO Bit name

bit7 bit6 bit5 bitd bit3 bit2 bit1 bit0
Fig 4.27: Timer O-TLO& TL1

Formula used to calculate values in these two registers is very
simple:THO x 256 + TLO=T

Matching the previous example it would be as

follows:3 x 256 + 232 = 1000
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THO0=3(Dec.) TL0=232(Dec.)

A A
f Al A |
[0 10T 00 0T AT AT AT AT AT a0l 10T 0]0]

bit15 bit14d bit13 biti2  bit1d biti0 bit® bitd bitT it bits bitd bit3 bit2 bit1 bitd
L

)

Timer T0=1000 (Dec.)
Fig 4.28: Timer 0

Since the timer TO is virtually 16-bit register, the largest value it can store is 65 535. In
case ofexceeding this value, the timer will be automatically cleared and counting starts

from 0. This condition is called an overflow. Two registers TMOD and TCON are closely
connected to thistimer and control its operation.

TMOD Register (Timer Mode)

The TMOD register selects the operational mode of the timers TO and T1. As seen in
figure below, the low 4 bits (bit0 - bit3) refer to the timer 0, while the high 4 bits (bit4 -

bit7) refer tothe timer 1. There are 4 operational modes and each of them is described
herein.

0 0 0 0 0 0 0 0 Value after reset

TMOD |cate1 | cmt | 1M1 | TiMo | GATEO | c/To | Tom1 | Tomo | Bitname
bit/ bt  bit5  bitd4  bitd btz bt  bit0

Fig 4.29: TMOD

Bits of this register have the following function:

o GATEL1 enables and disables Timer 1 by means of a signal brought to the INT1 pin
(P3.3):
o 1-Timer 1 operates only if the INT1 bit is set.

o 0-Timer 1 operates regardless of the logic state of the INT1 bit.
e C/T1 selects pulses to be counted up by the timer/counter 1:

o 1-Timer counts pulses brought to the T1 pin (P3.5).
o 0 - Timer counts pulses from internal oscillator.
e T1M1,T1MO These two bits select the operational mode of the Timer 1.

T1M1 T1MO Mode Description

0 O 0 13-bit timer
0 1 1 16-bit timer
1 0 2 8-bit auto-reload
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1 1 3 Split mode

« GATEO enables and disables Timer 1 using a signal brought to the INTO pin (P3.2):

o 1-Timer 0 operates only if the INTO bit is set.
o 0 - Timer O operates regardless of the logic state of the INTO bit.
o CJ/TO selects pulses to be counted up by the timer/counter 0:
o 1-Timer counts pulses brought to the TO pin (P3.4).
o 0 - Timer counts pulses from internal oscillator.
e« TOMZ1,TOMO These two bits select the oprtaional mode of the Timer 0.

TOM1 TOMO Mode Description
0 0 0 13-bit timer
0 1 1 16-bit timer
1 0 2 8-bit auto-reload
1 1 3 Split mode

Timer 0 in mode 0 (13-bit timer)

This is one of the rarities being kept only for the purpose of compatibility with the previuos
versions of microcontrollers. This mode configures timer 0 as a 13-bit timer which consists
of all8 bits of THO and the lower 5 bits of TLO. As a result, the Timer 0 uses only 13 of 16
bits. How does it operate? Each coming pulse causes the lower register bits to change their
states. After receiving 32 pulses, this register is loaded and automatically cleared, while the
higher byte (THO)is incremented by 1. This process is repeated until registers count up 8192
pulses After that, both registers are cleared and counting starts from 0.

Mode (0
Elﬁ 08¢ TCON Regist
[ e

Pins

112
|8
THO TLO
Tnl} ?| aJQ RS o o> [IITITTT] {TifTTIITd
o U |o—4'g ( Timer0:0-8191 |
| p
0 '
I' lla
| cT | [GATE|

TMOD Register

Fig 4.30: Timer Mode 0
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Timer 0 in mode 1 (16-bit timer)

Mode 1 configures timer 0 as a 16-bit timer comprising all the bits of both registers THO
and TLO. That's why this is one of the most commonly used modes. Timer operates in the
same wayas in mode 0, with difference that the registers count up to 65 536 as allowable by

the 16 bits.
N~
- Mode 1
ol L
- | OSC.
[ | TCON Register
12 Lt

/0
) —. _TH Lo
wll s TN o~ (T I

- ——0 [ Timer 0:0 - 65535

INTO

TMOD Register
Fig 4.31: Timer Mode 1

Timer 0 in mode 2 (Auto-Reload Timer)

Mode 2 configures timer 0 as an 8-bit timer. Actually, timer 0 uses only one 8-bit register
for counting and never counts from 0, but from an arbitrary value (0-255) stored in

another (THO)register.

The following example shows the advantages of this mode. Suppose it is necessary to

constantlycount up 55 pulses generated by the clock.

If mode 1 or mode 0 is used, It is necessary to write the number 200 to the timer registers
and constantly check whether an overflow has occured, i.e. whether they reached the value
255. When it happens, it is necessary to rewrite the number 200 and repeat the whole
procedure. The same procedure is automatically performed by the microcontroller if set in
mode 2. In fact, only the TLO register operates as a timer, while another (THO) register stores
the value from which thecounting starts. When the TLO register is loaded, instead of being
cleared, the contents of THO will be reloaded to it. Referring to the previous example, in
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order to register each 55th pulse, the best solution is to write the number 200 to the THO
register and configure the timer to operate in mode 2.

Mode 2

/ —
Sl
& ;q_l‘ - TCON Register
5
M2 THO
] E [TTIIT]
TLO
10 |19 PN o LTI
m T —0
NTo; (| | 0 | Timer0:0-255 |
I i Ilm B )
""" | | @
| [GATE |
TMOD Register

Timer 0 in Mode 3 (Split Timer)

Fig 4.32: Timer Mode 2

Mode 3 configures timer 0 so that registers TLO and THO operate as separate 8-bit timers.
In other words, the 16-bit timer consisting of two registers THO and TLO is split into two
independent 8-bit timers. This mode is provided for applications requiring an additional 8-
bit timer or counter. The TLO timer turns into timer 0, while the THO timer turns into timer
1. In addition, all the control bits of 16-bit Timer 1 (consisting of the TH1 and TL1 register),
now control the 8-bit Timer 1. Even though the 16-bit Timer 1 can still be configured to
operate in any of modes (mode 1, 2 or 3), it is no longer possible to disable it as there is no
control bit to doit. Thus, its operation is restricted when timer 0 is in mode 3.
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TCOI:::gister M o d e 3

=
ik :
n Josc. THO
e / TCON Register
ik 0 >
2 TRO
E . g LTimer1:0-25‘5 ]
_ _c/ TLO
1o [l 5 IN T
INTOE:E I IQH rTimer0:0-255 ]
U | | 0 “ <
T8 gl
buvens |El @
CT | [GATE
TMOD Register

Fig 4.33: Timer Mode 3

The only application of this mode is when two timers are used and the 16-bit Timer 1 the
operation of which is out of control is used as a baud rate generator.

Timer Control (TCON) Register

TCON register is also one of the registers whose bits are directly in control of timer
operation. Only 4 bits of this register are used for this purpose, while rest of them is used for
interrupt control to be discussed later.

0 0 0 0 0 0 0 0 Value after Reset

TCON TF1 TR1 TFO TRO IE1 I IEO ITO Bit name
hit7 bit6 bits bit4 bit3 bit2 bit1 bit0

Fig 4.34: TCON

o TF1 bit is automatically set on the Timer 1 overflow.
o TR1 bit enables the Timer 1.
o 1-Timer1isenabled.
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o 0-Timer 1 isdisabled.
e TFO bit is automatically set on the Timer 0 overflow.
e TRO bit enables the timer 0.

o 1-Timer 0 isenabled.

o 0-Timer 0 is disabled.

How to use the Timer 0 ?

In order to use timer O, it is first necessary to select it and configure the mode of its
operation.Bits of the TMOD register are in control of it:

Timer 0

TMOD Register /GaTEo c/T0 TOM1 TOMOY Bit Name

TIMp[ 0o | o | o | 1

bitd hitd hit2 bit1 bit
A A T

16-bit Timer (mode 1)

Pulses are brought
from quartz oscillator
to Timer (ports)

P3.2 Pin doesn't affect Timer

Fig 4.35: Timer O configuration

Referring to figure above, the timer 0 operates in mode 1 and counts pulses generated by
internalclock the frequency of which is equal to 1/12 the quartz frequency.
Turn on the timer:

182



TFO TRO

1E1

TF1 TR1

bit5

bit7 bit6

TCON Register

Fig 4.36: TCON control bits

The TRO bit is set and the timer starts operation. If the quartz crystal with frequency of
12MHz isembedded then its contents will be incremented every microsecond. After 65.536
microseconds, the both registers the timer consists of will be loaded. The microcontroller
automatically clears them and the timer keeps on repeating procedure from the beginning
until the TRO bit value is logic zero (0).

How to 'read' a timer?

Depending on application, it is necessary either to read a number stored in the timer
registers or to register the moment they have been cleared.

- It is extremely simple to read a timer by using only one register configured in mode 2 or 3. It is
sufficient to read its state at any moment. That's all!

- It is somehow complicated to read a timer configured to operate in mode 2. Suppose the lower
byte is read first (TLO), then the higher byte (THO). The result is:

THO=15TLO =255
Everything seems to be ok, but the current state of the register at the moment of reading
was: THO =14 TLO = 255

In case of negligence, such an error in counting (255 pulses) may occur for not so obvious
but quite logical reason. The lower byte is correctly read (255), but at the moment the
program counter was about to read the higher byte THO, an overflow occurred and the
contents of both registers have been changed (TH0: 14—15, TLO0: 255—0). This problem
has a simple solution.The higher byte should be read first, then the lower byte and once
again the higher byte. If the number stored in the higher byte is different then this sequence
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should be repeated. It's about ashort loop consisting of only 3 instructions in the program.

There is another solution as well. It is sufficient to simply turn the timer off while reading is
going on (the TRO bit of the TCON register should be cleared), and turn it on again after
readingis finished.

Timer 0 Overflow Detection

Usually, there is no need to constantly read timer registers. It is sufficient to register the
moment they are cleared, i.e. when counting starts from 0. This condition is called an
overflow. When it occurrs, the TFO bit of the TCON register will be automatically set. The
state of this bit can be constantly checked from within the program or by enabling an
interrupt which will stop the mainprogram execution when this bit is set. Suppose it is
necessary to provide a program delay of

0.05 seconds (50 000 machine cycles), i.e. time when the program seems to be

stopped:First a number to be written to the timer registers should be calculated:

65536 - 50 DDD=1553? On Reset

Tx =15 536 T =50 000

-

A
”- o .
L

o

Tmax = 65 536

Then it should be written to the timer registers THO and TLO:

15536:256@6875
60-256=15360

15536-1 5360@
THO=60 TLORA76 N —

N A

L4
Egep=gelagniequjrgulrqul=gul=@rl=qr=gal=qej=qul=geleg=]=g=[=g=|]

LU AL I L) L UL F A iR ba 0 bt bith "ty bité ens bid ity bie2 bt bt

. >

Timer T0=15536

Fig 4.37: Timer 0 -TLO & THO count write
When enabled, the timer will resume counting from this number. The state of the TFO bit,

i.e. whether it is set, is checked from within the program. It happens at the moment of
overflow, i.e. after exactly 50.000 machine cycles or 0.05 seconds.
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How to measure pulse duration?

INTO

PINS

Fig 4.38: Measure Pulse duration

Suppose it is necessary to measure the duration of an operation, for example how long a
device has been turned on? Look again at the figure illustrating the timer and pay attention
to the function of the GATEO bit of the TMOD register. If it is cleared then the state of the
P3.2 pin doesn't affect timer operation. If GATEO = 1 the timer will operate until the pin
P3.2 is cleared. Accordingly, if this pin is supplied with 5V through some external switch at
the moment the device is being turned on, the timer will measure duration of its operation,
which actually was the objective.

How to count up pulses?

Timer 1

Similarly to the previous example, the answer to this question again lies in the TCON
register. This time it's about the C/TO bit. If the bit is cleared the timer counts pulses
generated by the internal oscillator, i.e. measures the time passed. If the bit is set, the timer
input is provided withpulses from the P3.4 pin (TO0). Since these pulses are not always of the
same width, the timer cannot be used for time measurement and is turned into a counter,
therefore. The highest frequency that could be measured by such a counter is 1/24 frequency
of used quartz-crystal.

Timer 1 is identical to timer 0, except for mode 3 which is a hold-count mode. It means that
theyhave the same function, their operation is controlled by the same registers TMOD and
TCON and both of them can operate in one out of 4 different modes.
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TH1 TL1

f A A

- r r r & 1 FFrFF P

bit15  bit14  bit13  bit1Z  bit11  Bit10  bit9 bt bit? hité bits bit4  bitd  bit2 bitl bitd

. /
hd

Timer 1

0 0 0 0 0 0 0 0 Value after Reset

TH1 Bit name

hit7 bit6 bit5 bitd bit3 hit2 bit1 bit0

0 0 0 0 0 0 0 0 Value after Reset

TLA1 Bit name

bit7  bit6  bit5  bitd  bit3  bit2  bitd  bit0
Fig 4.39: timer 1

SERIAL COMMUNICATION

One of the microcontroller features making it so powerful is an integrated UART, better
known as a serial port. It is a full-duplex port, thus being able to transmit and receive data
simultaneously and at different baud rates. Without it, serial data send and receive would be
an enormously complicated part of the program in which the pin state is constantly changed
and checked at regular intervals. When using UART, all the programmer has to do is to
simply selectserial port mode and baud rate. When it's done, serial data transmit is nothing
but writing to the SBUF register, while data receive represents reading the same register.
The microcontroller takescare of not making any error during data transmission.

X X X X X X X X Value after Reset

SBUF Bit name

bit7 bit6 bit5 bit4 bit3 bit2 bit1 bit0

Fig 4.40; SBUF

Serial port must be configured prior to being used. In other words, it is necessary to
determinehow many bits is contained in one serial “word”, baud rate and synchronization
clock source. The whole process is in control of the bits of the SCON register (Serial
Control).
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Serial Port Control (SCON) Register

0 0 0 0 0 0 0 0 Value after reset

SCON | smo | sm1 | sm2 | REN | TB8 | RBS | TI Rl | Bitname
bit?  bits  bit5  bit4  bit3 b2 bitt  bitd
Fig 4.41: SCON

SMO - Serial port mode bit 0 is used for serial port mode selection.

SM1 - Serial port mode bit 1.

SM2 - Serial port mode 2 bit, also known as multiprocessor communication enable bit.
When set, it enables multiprocessor communication in mode 2 and 3, and eventually
mode 1. It should be cleared in mode 0.

REN - Reception Enable bit enables serial reception when set. When cleared, serial
reception is disabled.

TB8 - Transmitter bit 8. Since all registers are 8-bit wide, this bit solves the problem of
transmiting the 9th bit in modes 2 and 3. It is set to transmit a logic 1 in the 9th bit.

RB8 - Receiver bit 8 or the 9th bit received in modes 2 and 3. Cleared by hardware if 9th
bit received is a logic 0. Set by hardware if 9th bit received is a logic 1.

T1 - Transmit Interrupt flag is automatically set at the moment the last bit of one byte is
sent. It's a signal to the processor that the line is available for a new byte transmite. It
must be cleared from within the software.

RI - Receive Interrupt flag is automatically set upon one byte receive. It signals that byte
is received and should be read quickly prior to being replaced by a new data. This bit is
also cleared from within the software.

As seen, serial port mode is selected by combining the SMO0 and SM2 bits:

SMO0 SM1 Mode

0

-

o -

Description Baud Rate

0 8-bit Shift Register 1/12 the quartz frequency

1 8-bit UART Determined by the timer 1
2 9-bit UART 1/32 the quartz frequency (1/64 the quartz frequency)
3 9-bit UART Determined by the timer 1
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Fig 4.42: TXD , RXD

In mode 0, serial data are transmitted and received through the RXD pin, while the TXD pin
output clocks. The bout rate is fixed at 1/12 the oscillator frequency. On transmit, the least
significant bit (LSB bit) is sent/received first.

TRANSMIT - Data transmit is initiated by writing data to the SBUF register. In fact, this
process starts after any instruction being performed upon this register. When all 8 bits have
beensent, the T1 bit of the SCON register is automatically set.

pinRXD DO XDTXD2XD3XD4XD5XD6XDT7 Y

Pin TXD |||||||||||||||

Bit Tl

Fig 4.43: TXD , RXD status- TI-mode 0
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Mode 1

RECEIVE - Data receive through the RXD pin starts upon the two following conditions are
met: bit REN=1 and RI=0 (both of them are stored in the SCON register). When all 8 bits
havebeen received, the RI bit of the SCON register is automatically set indicating that one
byte receive is complete.

DO D1 D2 D3 D4 D5 D6 D7

NN NI
Pin RXD U U U U U U U L

o L[ LU UL

Bit Rl

Fig 4.44: TXD , RXD-RI-mode 0

Since there are no START and STOP bits or any other bit except data sent from the SBUF
register in the pulse sequence, this mode is mainly used when the distance between devices is
short, noise is minimized and operating speed is of importance. A typical example is 1/O port
expansion by adding a cheap IC (shift registers 74HC595, 74HC597 and similar).

XD 1
— 1 AN
SBUF

RXD f
— [T e e

STOP

[ Tres]  [SCON

Fig 4.45: TXD , RXD, SBUF,SCON-mode 1
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In mode 1, 10 bits are transmitted through the TXD pin or received through the RXD pin
in thefollowing manner: a START bit (always 0), 8 data bits (LSB first) and a STOP bit
(always 1).

The START bit is only used to initiate data receive, while the STOP bit is automatically

writtento the RB8 bit of the SCON register.

TRANSMIT - Data transmit is initiated by writing data to the SBUF register. End of
datatransmission is indicated by setting the T1 bit of the SCON register.

START hit
Pin TXD \¢ DO X D1 XD2 X D3 X D4 XD5 XD6 XD7 STOP bit

Bit Tl

Fig 4.46: TXD, Tl-mode 1

RECEIVE - The START bit (logic zero (0)) on the RXD pin initiates data receive. The
following two conditions must be met: bit REN=1 and bit R1=0. Both of them are stored
in theSCON register. The RI bit is automatically set upon data reception is complete.

START bit

Pin RXD Y D0 D1 D2 3<D3 < Ba D5 <6 ><B7 > STOP bit
Bit RI [

Fig 4.47: RXD-RI-mode 1

The Baud rate in this mode is determined by the timer 1 overflow.
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Mode 2

TXD . [eira
— D—‘t SCON
»>-EEEEREEN
o f SBUF
e A

[Tres] | SCON

Fig 4.48: TXD , RXD-mode 2

In mode 2, 11 bits are transmitted through the TXD pin or received through the RXD pin:
a START bit (always 0), 8 data bits (LSB first), a programmable 9th data bit and a STOP
bit (always 1). On transmit, the 9th data bit is actually the TB8 bit of the SCON register.
This bit usually has a function of parity bit. On receive, the 9th data bit goes into the RB8
bit of the sameregister (SCON).The baud rate is either 1/32 or 1/64 the oscillator frequency.

TRANSMIT - Data transmit is initiated by writing data to the SBUF register. End of
datatransmission is indicated by setting the T1 bit of the SCON register.

START bit
pintis\/DOXEDEDXEEXTEXTEXTXED $Top bi

Bit Tl

Fig 4.49: mode 2

RECEIVE - The START bit (logic zero (0)) on the RXD pin initiates data receive. The
following two conditions must be met: bit REN=1 and bit RI=0. Both of them are stored
in theSCON register. The RI bit is automatically set upon data reception is complete.
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START bit

PinRXD N\ LY /D0 XD1 X2 X3 XD4 X5 XD6 XD7 XRES STOP bit

Bit RI

Fig 4.50: mode 2

Mode 3 is the same as Mode 2 in all respects except the baud rate. The baud rate in Mode 3
is variable.

Baud Rate

Baud Rate is a number of sent/received bits per second. In case the UART is used, baud
rate depends on: selected mode, oscillator frequency and in some cases on the state of the
SMOD bitof the SCON register. All the necessary formulas are specified in the table:

BAUD RATE BATSMOD

Timer 1 as a clock generator

Fosc. (MHz) ]
Baud Rate Bit SMOD

11.0592 12 14.7456 16 20

150 40h 30h 00h O
300 AOh 98h 80h 75h52h0

600 DOh CChCOh BBhA9hNO
1200 E8h E6hEON DEhD5h0
2400 F4h F3hFOh EFhEANO
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4800 F3hEFh EFh 1
4800 FAh F8h F5h 0
9600 FDh FCh 0
9600 F5h 1
19200 FDh FCh 1
38400 FE h 1
76800 FFh 1

Multiprocessor Communication

As you may know, additional 9th data bit is a part of message in mode 2 and 3. It can be used
forchecking data via parity bit. Another useful application of this bit is in communication
between two or more microcontrollers, i.e. multiprocessor communication. This feature is
enabled by setting the SM2 bit of the SCON register. As a result, after receiving the STOP
bit, indicating end of the message, the serial port interrupt will be generated only if the bit
RB8 =1 (the 9th bit).

This is how it looks like in practice:

Suppose there are several microcontrollers sharing the same interface. Each of them has its
own address. An address byte differs from a data byte because it has the 9th bit set (1),
while this bitis cleared (0) in a data byte. When the microcontroller A (master) wants to
transmit a block of data to one of several slaves, it first sends out an address byte which
identifies the target slave. An address byte will generate an interrupt in all slaves so that they
can examine the received byteand check whether it matches their address.

Master Slave Slave
K
SCON ‘Ts%2] | SCON ] ___|SCON
[[[TTTIT]SBUF [[ITTITTISBUF [[TITTTT]SBUF
RXD TXD Jm\ RXD TXD [ﬁ_‘j RXD TXD 9

Address C

— [T

Fig 4.51: multiprocessor communication

Of course, only one of them will match the address and immediately clear the SM2 bit of the
SCON register and prepare to receive the data byte to come. Other slaves not being
addressed leave their SM2 bit set ignoring the coming data bytes.
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Master

Slave
[ 0| | [ 0
SCON Tow scon
([TTTTTT]SBUF r [TIITIII]SBUF
/i) ~
RXD TXD /=Y B RXD TXD Y
Data
—
Fig 4.52: multiprocessor communication
PROGRAMS USING 8051
Addition
mov
r0,#50 mov
a,@ro
incr0
add
a,@ro
mov 60,a
Icall 00bb

Input:  50-55, 51-66
Output: 60-bb

Subtraction
clrc
mov
r0,#50mov
a,@ro
inc r0
subb
a,@romov
60,a
Icall 00bb

Input: 50-66, 51-55
Output: 60-11
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Multiplication
mov r0,#50

mov a,@r0

incr0

mov f0,@r0

mul ab

mov 60,a

mov 61,00

Icall 00bb

Input: 50-ff, 51-ff

Output: 60-01(LSB),
61-FE
(MSB)

Division

mov r0,#50
mov a,@r0
inc ro
mov fO,@r0
divab
mov 60,a
mov 61,0f0
Icall 00bb
Input: 50-ff, 51-fd
Output: 60-01(Q), 61-02 (R)

Smallest of an array

mov r0,#50h
mov r1,#05
mov 60 #ff
back:mov a,@r0
cjne a,60,loop
jnc loop
mov 60,a
loop:inc ro
djnz r1,back
Icall 00bb
Input:

50-99, 51-80, 52-70,
53-66, 54-77
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Output: 60-66 Largest of an
array

mov r0,#50h
mov r1#05

mov 60,#00
back:mov a,@r0
cjne a,60,loop

jc loop

mov 60,a
loop:inc ro

djnz r1,back
Icall 00bb

Input: 50-99, 51-80, 52-70, 53-66, 54-77
Output: 60-99

Factorial

mov
ro,#50mov
a,@romov
rl,adecrl
11:mov fO,r1
mul ab

djnz r1,11:
mov 60,a
Icall 00bb

i/p 50-05
o/p 60-78

sum of an array

mov rl1,#05
mov r0,#50
mov a,@r0
decrl
I11:inc r0
add a,@r0
djnz ri1,I1
mov 60,a
Icall 00bb
i/p50-01,51-02,52-03,54-04,55-05
0/p-60-0f
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Ascending order

mov r7,#05

b2:mov r6,#04

mov r0,#50

bl:mov a,@r0

inc r0

mov 0f0,@ro

cjne a,0f0,next

sjmp back

next jc back (descending order change jc to jnc)

mov @r0,a

dec r0

mov @ro,0f0

incr0

back: djnz r6,bl

djnz r7, b2

Icall 00bb

i/p

50-05, 51-04,52-03,53-04,54-05
o/p
50-01,51-02,52-03,53-04,54-05

QUESTION BANK

PART A

What are the addressing modes of 8051.
Differentiate microcontroller and microprocessor.
Write short notes on interrupts.
Write briefly about the timer of 8051.
What is an SFR.
List the SFR in 8051.
Write an assembly language program to transfer
a.10 data from internal to external
b.10 data from external to internal
9. Eplain how to interface 1/0 devices to 8051.
10. Write a program to find a square of a number using look up table.10.Write a program to find the
given number is odd or even.
11. Write a program to generate a square wave of 1ms using timer.
12. List the bits of PSW.
13. What are the different ranges of jump.
14. Classify jump instruction
15. Write about stack
16. On reset the value of SPis , I/0 ports are configured as__.
17. Write about EA pin of 8051.
18. Draw one machine cycle of 8051.

N~ WNE
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19. What is ALE?
20. The internal RAM size is and the internal ROM size is

PART B

no

o gk~ w

With neat diagram explain the architecture of 8051.
Classify the instruction set of 8051 and explain the instruction with suitable
examples.
Write in detail how serial communication is carried out in 8051.
Explain in detail about timers in 8051 microcontroller
Explain the interrupts of 8051 microcontroller
Write the following programs
a. programs using arithmetic and logical instruction
b. Programs to convert hexa to ascii and ascii to hexa

c.Programs using program transfer instructions.
d.Programs using 1/0O ports
Explain the following instructions with example
a. movc a,@a+dptr b. movx @r0,a c. JBC b,radd
d. XCHD A,@Rp e. Swap A

TEXT / REFERENCE BOOKS
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UNIT 5 APPLICATIONS BASED ON 8085 AND 8051
Interfacing Basic concepts, interfacing LED, 7 segment LED, Stepper motor control system,
Temperature control system, Traffic light control system, Motor speed control system, Waveform
generation, Interfacing LCD.

7-SEGMENT LED

A
| —
Fl G B
e—
[ e
.
D “pp
(a)
Common Anode From Data Lines

Through an Interfacing Device

D, D, D D, Dy D, D, D,

YYYYYYY $183810
|

L. 2 [ot £

il TTITTTT:

; Dy Dy Dy Dy v Da
To Data Lines
Through an Interfacing Device Common Cathode
(b) (c)

Fig 5.1: 7-sement LED types

Fig shows two different type of 7-segment display; common cathode and common anode.
« 7-segment display consists of a few LEDs and are arranged physically as shown in figure a.
» It has seven segments from A to G that normally connected to data bus Do to Ds respectively.
« If decimal point is used, D7 will be connected to DP; and left unconnected if it is unused.
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Fig 5.2: 7-sement LED interfacing

« Fig. shows the example to interface seven segment display and address decoder with an address of
FDH.
* The common anode display is used therefore 0 logic is needed to activate the segment.
« Suppose to display number 4 at seven segment display, therefore the segment F, G, B and C have to be
activated.
» Follows are the instructions to execute it:
-MVI A, 66H
OUT FDH

Datalines: D D5 D5 D, D; D Dy Dy

Bts: X 1 1 0 0 11 0 =66 H

§| Segments: NCG F E D C B A
Fig 5.3: 7-sement LED code for 4

PROGRAM (FLASH 4)

MVI A,80 DELAY
OUT CR LXI D,FFFF
L1:MVI A,00 L2:DCX D
OuUT PA MOV AE
CALL DELAY ORAD
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MVI A,66 JNZ L2:
OuUT PA RET
CALL DELAY

JMP L1:

Traffic light control system using 8085

The traffic lights placed at the road crossings can be automatically switched ON/OFF
in the desired sequence using the microprocessor system. The system can also have a manual
control option, so that during heavy traffic (or during4raffic jam) the duration of ON/OFF
time can be varied by the operator.

A typical traffic light control system (demonstration type) is shown in fig 1. The
systems have been developed using 8085 as CPU. The system has EPROM memory for
system program storage and RAM memory for stack operation. For manual control a
keyboard have been provided. It will be helpful for the operator if the direction 6ftraffic flow
is displayed during manual control. Hence 7-segment LEDs are interfaced to display the

direction of traffic flow both during manual and automatic mode.

The primary function of the microprocessor in the system is to switch ON/OFF the
Red/Yellow/Green lights is the specified sequence. In the demonstration system of fig,
Red/Yellow/Green LEDs are provided instead of lights (lamps). The LEDs are interfaced to
the system through buffer (74L.S245) and ports of 8255.

In the practical implementation scheme the lights can be turned ON/OFF using driver
transistors and relays. In practical implementation the output of buffer (74LS245) can be
connected to the driver transistor. A reverse biased diode is connected across relay coil to

prevent relay chattering (for free-wheeling action).

The microprocessor send High through a port line to switch ON the light and LOW
to switch OFF the light. A switching schedule (or sequence) can be developed as shown in
Table. In this switching sequence it is assumed that the traffic is allowed only in one

direction at time.
In table, 1" represents ON condition and 0" represents OFF condition. These 1's and O's
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Can be directly output to 8255 ports to switch ON/OFF the light. A flowchart for traffic
lightcontrol program is shown in fig .

7418245
Buffer
. [ INTEL o_'l—)
oy Address s E
EDT_ 8085 i lalr::)sb Ll ey T i
e CPU 7418373 3 ﬂ g TALS245
> 5 [ &
E | Buffer
INTEL
s [ Lo TR0
e oo B
S r— controller
p7 [Decoder | L %23;“ 7418245
Cathode drivers Keyboard >
and control Buffer
>  panel
Suffix Y - Yellow
Suffix FR - Free Right
Suffix FL. - Free Left
Fig.5.4: 8085 Microprocessor based Traffic light control system.
ON/OFF status of traffic lights
SWITCHING [PA, PA, PA, PA,.PA | PA, PA_ PA PB, PB |PB, PB PB, PB, PB,|PB, PC, PC, PC, PC,
SCHEDULE N NV NG NH( NCL Sk s" SG Sl’l SH Eli EV EG ETQ FL WP WV WG WGR wf'.
Schedule | 1 0 0 0 0 1 0 0 O © 1 0O 0 0 0]0 1 0 0 0
Schedule I 0 1 (6] 0 0 1 0 0 0 Q 1 (5} Q 0 0 1 0 Q 0 0
schedvel [0 0 1 1 1|1 0 o0 0 o o o o elT o 6 6 o
Scheduie IV | O 1 DR o B o 1 0. 0" 9 =B 1 0-g 9-0117 9 0 G 0
ScheduleV |1 © O 0 0|0 ) 0 9 ;A o0 @ o 0f] 0.0 0 0
SthedeMi |7 0 ©0 o o6|]6¢6 0 1 ¥ 93] 0 0 0 o]l 0 O 0O O
ScheduleMIl|1 O Q@ O 0|0 1 QORI SO S-00 08 <01 g O 0" @
SchedvleMii} 7 ©¢ O © 0|1 0 O © 0|JO 1 O © O]l O O 0 O
SchedvleX |1 0 @ © 0|1 0 0 6 0O0]|0O6 0 1 1 1 R ¢ SO < I o O
ScheduleX |} O O O 0|1 O O O ©]1]0 1 O O-0|Y O 0 0 O
ScheduleXt |7 O O © o0l 0 O O O0|l1 0 ¢ O O0|l0 1 0 O 0
SchedaleXll'1d O O O 0] Y 0 O © O0]1 O G 0 oO0|]C O 1 1 1

Fig. 5.5: Switching schedule for Traffic light
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The processor can output the codes for switching the lights for schedulel and then
waits. After a specified time delay the processor output the codes for schedule-11 and so on.
For each schedule the processor can wait for a specified time. After schedule-XII, the
processor can again return to schedule-1. On observing the schedules we can conclude that

three different delay routines are sufficient for implementing the twelve switching schedules.

Start (HORTH )
L

>
3 Outpul code tor Cutpyt cede for
Schadule-l Schadula-IV
Cail subrovtine L i 1
NORTH ~ —¥—
‘ Dbyl “ n- Delay.| []
¢ b !
Coll subrautire Ot 538 Tor Ourot coda for
P -‘:chcdulc il ScheduleV
¥ — 1
Call subrautine “ Deloy-ll I ” Daloy-1l “
EAST 1
¥
v Output cods for Cudput code ,‘O'
Coll subrautine Schedule-N Schedule VI
WEST l J,
| [ Detayn I [ oeloyi j
S
Ornput code for Cutput code kor
Schadule- Vi Scheduls-X
” Delay:| JJ | | Delay | |
i ¥
Ouiput eode for Output code for
Schedule- VIl 5[’1‘.1\:‘9')0
” Delay-1 u ” Dyl J_I
i} v
Qutput code for Cutput code lor
Schadule X Schadule-Xil
5K I

” Deloy-ll ” ” Dol H

Fig.5.6: Flow chart for Traffic light control system.
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Temperature controller using 8085

The microprocessor based temperature control system can be used for automatic
control of the temperature of a body. A simplified block diagram of 8085 microprocessor
based temperature control system is shown in fig 4 . The system consist of 8085
microprocessor as CPU, ERROM&RAM memory for program & data storage, INTEL 8279
for keyboard and display Interface, ADC, DAC, INTEL 8255 for 1/0O" ports, Amplifiers,
Signal conditioning circuit, Temperature sensor and Supply control circuit. In this system

the temperature is controlled by controlling the power input to the heating element.

The temperature of the body is measured using a temperature sensor. The different
types of temperature sensor that can be used for temperature measurement are Thermo-
couple, Thermistors , PN-junctions, IC sensors. This sensor will convert the input
temperature to Proportional analog voltage or current. The output signal of the sensor will
be a weak signal and so has to be amplified by using high input impedance op-amp. Then the

analog signal is scaled tosuitable level by the signal conditioning circuit.

The microprocessor can process only digital signals and so the analog signal from signal
conditioning circuit cannot be read by the processor directly. The system has an analog-to-
digital converter (ADC) to convert the analog signal to proportional digital data. In this
system the ADC is interfaced to 8085 processor through port-A of 8255. The 8085 processor
send signal to ADC to start conversion and at the end of conversion it read the digital data
from the port-A 0f8255.
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Fig.5.7 : 8085 Microprocessor based Temperature control system.

The 8085 processor calculate the actual temperature using the input data and display it on
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the 7- segment LED. Also, the processor compare the desired temperature with actual
temperature (Theoperator can enter the desired temperature through keyboard) and

calculate the error (the difference between actual temperature and desired temperature).
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Fig.5.8: Flow chart for Temperature control system.

The error is used to compute a digital control signal, which is converted to analog control
signal by DAC. The DAC is interfaced to the system through port-B of 8255. The analog
control signal produced by DAC is used to control the power supply of the heating element
of the body.

The digital control signal can be computed by the 8085 processor using different



digitalcontrol algorithms (PIPI/PID/FUZZY logic control algorithms).
The control circuit for power supply can be either thyristor based circuit or relay. In case of
thyristor control circuits the firing angle can be varied by the control signal to control the

power input to the heater.

Stepper motor controller system using 8085

The stepper motors are popularly used in computer peripherals, plotters, robots and
machine tools for 'precise incremental rotation. In stepper motor, the stator windings are
excited by electrical pulses and for each pulse the motor shaft advances by one angular step.
(Single the stepper motor can be driven by digital pulses; it is also called digital motor). The
step size in the motor is determined by the number of poles in the rotor and the number ‘of
pairs of stator windings (one pair of stator winding is called one "phase). The stator windings

are also called control windings.

The motor is controlled by switching ON/OFF the control winding. The popular
stepper motor used for demonstration in laboratories has a step size of 1.8° (i.e, 200 steps
per revolution). This motor consist of four stator winding and require four switching
sequence as shown in table 1. The basic step size of the motor is called full-step. By altering
the switching sequence, the motor can be made to run with incremental motion of half the

full-step value.

A typical stepper motor control system is shown in fig 6. a two-phase or four winding stepper
motor is show in fig 6. The system consists of 8085 microprocessor as CPU, EPROM and
RAM memory for program &data storage and for stack. Using INTEL 8279, a keyboard
and six number of 7-segment LED display has been interfaced in the system. Through the
keyboard the operator can issue commands to control the system. The LED display has been
provided to display messages to the operator. The windings of stepper motor connected to
the collector of Darlington pair transistors. The transistors are switched ON/OFF by the
microprocessor through the ports of 8255 and buffer (74LS245). A free wheeling diode is
connected across each windingfor fast switching. The flowchart for the operational flow of
the stepper motor control system is shown in fig 7. The processor has to output a switching
sequence and wait for | to 5 msec before Sending next switching sequence. (The delay is

necessary to allow be motor transients to die-out).
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TABLE 1: Switching sequence for Full Step Rotation
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r Stepper motor control system.

INTERFACING STEPPER MOTOR with 8051

The Stepper Motor to microcontroller. As you

Microcontroller output port pins through a ULN2803A array. So when the microcontroller

is giving pulses with particular frequency to 1s293A, the motor is rotated in clockwise or

anticlockwise. Fig. Interfacing Stepper Motor

to Microcontroller
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can see the stepper motor is connected with



To control a stepper motor in 8051 trainer kit. It works by turning ON & OFF. A four 1/O port lines
generating at a particular frequency. The 8051 trainer kit has three numbers of 1/O port connectors,
connected with 1/0O Port lines (P1.0 — P1.7),(p3.0 — p3.7) to rotate the stepper motor. Ls293d is used as a
driver for port I/0O lines, drivers output connected to stepper motor, connector provided for external power
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supply if needed.
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Fig 5.11: stepper motor interfacing- proteus

DC motor interfacing
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Fig 5.12: DC motor interfacing
Varying the armature voltage varies the speed of the dc motor and e field voltage is kept
constant. A controlled rectifier using SCR develops the required armature voltage and the
uncontrolled rectifier generates the required field voltage.

» The microprocessor controls the speed of the motor by varying the firing angle of SCRs in the
controlled rectifier.

* The system has EPROM for system program storage, and RAM for temporary data storage and
stack.

* A keyboard has been provided to input the desired speed and other commands to operate the system.
* In order to display the speed of the motor, 7-segment LED display has been provided. The keyboard

and 7-segment LED display has been interfaced to 8085 based system using Keyboard display
controller INTEL 8279.
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Fig 5.13: DC motor interfacing-flow chart

The speed of the dc motor is measured using a tachogenerator. It produces an analog voltage proportional
to the speed of the motor.

* Then the analog signal is scaled to desired level by the signal conditioning circuit and digitized
using ADC. (The processor cannot process the analog signal directly, hence the analog signal is
digitized using ADC).

e The ADC is interlaced to 8085 processor through the port-B and port-C of 8255. The
processor can send a start of conversion to ADC through port-C pin and at the end of conversion
it can read the digital data from port-B of 8255. This digital data is proportional to actual speed.

* The processor calculates the actual speed and displays it on LEDs.

» Also, the processor compares the actual speed with desired speed entered by the operator
through the keyboard. If there is a difference then the error isestimated. The error can be modified
by a digital control algorithm, (P/PI/PID/FUZZY logic control algorithm) to produce a digital
control signal.
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* The digital control signal is converted to analog signal by the DAC. The analog signal is used
to alter the firing angle of SCRS in the controlled rectifiers. The operational the speed control system is
shown in the flowchart.

WAVE FORM GENERATION

L1:SETB 90
LCALL DELAY
CLR 90

LCALL DELAY
SIMP L1:

DELAY

MOV RO,#33
L2:DINZ RO,L2
RET

Connect the positive of the CRO to P1.0

Gnd to gnd

Set the bit, call delay so that the on time also depends on the delay
Clear the bit, call delay so that the off time also depends on the delay

Steps to generate a square wave using 8051

Set the output of any port on the 8051 to logic high.
Wait for some time.

Set the output of the same port to logic low.

Again wait for the same amount of time as done earlier.
Loop around the same.

AR

Subsequently, for obtaining the desired frequency on the square wave. We have to manipulate with the
delay. We know that the machine cycle frequency is 1/12 of the crystal oscillator frequency. So, with the
crystal oscillator’s frequency as 11.0592 Mhz the machine cycle frequency is 921.6 Khz. To sum up, thats
equivalent to 1.085 psecond.

To generate a square wave of 1 KHz, in other words, a wave of time period 1 millisecond, we have to use
the delay in such a way that it causes a delay of 1 millisecond. We will have to loop around doing nothing
for about 461 machine cycles to generate a square wave of 50% duty cycle. That is to say, an on time and
an off time of 0.5 millisecond.
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Fig 5.14: Square wave-CRO output
Interfacing 16x2 LCD with 8051
We use LCD display for the messages for more interactive way to operate the system or
displaying error messages etc. interfacing LCD to microcontroller is very easy if you

understanding the working of LCD, in this session | will not only give the information of LCD

and also provide the code in C language which is working fine without any errors.
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Circuit Diagram of Interfacing LCD to AT89C51
Fig 5.14: LCD interfacing using proteus

LCD: 16x2 Liquid Crystal Display which will display the 32 characters at a time in two rows
(16 characters in one row). Each character in the display of size 5x7 pixel matrix, Although this
matrix differs for different 16x2 LCD modules if you take JHD162A this matrix goes to 5x8.
This matrix will not be same for all the 16x2 LCD modules. There are 16 pins in the LCD

module, the pin configuration us given below

LCD UNIT

Pin Number Symbol Pin Function
1 VSS Ground
2 VCC +5v
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VEE Contrast adjustment (VO)

10

11

12

13

14

15

16

RS Register Select. 0:Command, 1: Data
R/W Read/Write, R/W=0: Write & R/W=1: Read
EN Enable. Falling edge triggered

DO Data Bit O

D1 Data Bit 1

D2 Data Bit 2

D3 Data Bit 3

D4 Data Bit 4

D5 Data Bit 5

D6 Data Bit 6

D7 Data Bit 7/Busy Flag

A/LED+ Back-light Anode(+)

K/LED- Back-Light Cathode(-)

Let us look at a pin diagram of a commercially available LCD like JHD162 which uses a HD44780 controller and

then describe its operation.
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Fig 5.15: LCD

Apart from the voltage supply connections the important pins from the programming perspective are the data
lines(8-bit Data bus), Register select, Read/Write and Enable pin.

Data Bus: As shown in the above figure and table, an alpha numeric Icd has a 8-bit data bus referenced as DO-
D7. As it is a 8-bit data bus, we can send the data/cmd to LCD in bytes. It also provides the provision to send the
the data/cmd in chunks of 4-bit, which is used when there are limited number of GPIO lines on the microcontroller.

Register Select(RS): The LCD has two register namely a Data register and Command register. Any data that
needs to be displayed on the LCD has to be written to the data register of LCD. Command can be issued to LCD
by writing it to Command register of LCD. This signal is used to differentiate the data/cmd received by the LCD.
If the RS signal is LOW then the LCD interprets the 8-bit info as Command and writes it Command register and
performs the action as per the command.
If the RS signal is HIGH then the LCD interprets the 8-bit info as data and copies it to data register. After that
the LCD decodes the data for generating the 5x7 pattern and finally displays on the LCD.

Read/Write(RW): This signal is used to write the data/cmd to LCD and reads the busy flag of LCD. For write
operation the RW should belLOWand for read operation the R/W should be HIGH.

Enable(EN): This pin is used to send the enable trigger to LCD. After sending the data/cmd, Selecting the
data/cmd register, Selecting the Write operation. A HIGH-to-LOW pulse has to be send on this enable pin which
will latch the info into the LCD register and triggers the LCD to act accordingly.

I E=1; enable pin should be high
1 RS=1; Register select should be high

I RIW=0; Read/Write pin should be low.
Follow these simple steps for displaying a character or data

To send a command to the LCD just follows these steps:

M E=1; enable pin should be high

Il RS=0; Register select should be low
1 R/W=1; Read/Write pin should be high.
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The crystal oscillator is connected to XTAL1 and XTAL2 which will provide the system clock
to the microcontroller the data pins and remaining pins are connected to the microcontroller
as shown in the circuit. The potentiometer is used to adjust the contrast of the LCD. You can
connect data pins to any port. If you are connecting to portO then you have to use pull up
registers. The enable, R/W and RS pins are should be connected to the 10, 11 and 16 (P3.3,
P3.4 and P3.5).

Steps for Sending Command:

e stepl: Send the I/P command to LCD.

o step2: Select the Control Register by making RS low.

o step3: Select Write operation making RW low.

e step4: Send a High-to-Low pulse on Enable PIN with some delay_us.

/* Function to send the command to LCD */

void LCD_CmdWrite( char cmd)

{
LcdDataBus=cmd; // Send the command to LCD
LCD_RS=0; // Select the Command Register by pulling RS LOW
LCD_RW=0; // Select the Write Operation by pulling RW LOW
LCD_EN=1; // Send a High-to-Low Pusle at Enable Pin
delay us(10);
LCD_EN=0;
delay us(1000);
}

Steps for Sending Data:

e stepl: Send the character to LCD.
e step2: Select the Data Register by making RS high.
o step3: Select Write operation making RW low.
e step4: Send a High-to-Low pulse on Enable PIN with some delay_us.
The timings are similar as above only change is that RS is made high for selecting Data register.

/* Function to send the Data to LCD */
void LCD_DataWrite( char dat)
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LcdDataBus=dat; // Send the data to LCD

LCD_RS=1; // Select the Data Register by pulling RS HIGH
LCD_RW=0; // Select the Write Operation by pulling RW LOW
LCD_EN=1; // Send a High-to-Low Pusle at Enable Pin

delay us(10);

LCD_EN=0;

delay us(1000);
}

HARDWARE CONNECTION

W5V © DO 0T 0200 DA DA DT

bre U TRA RO51 Devalonment Roard V1.2
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Fig 5.16: LCD interfacing-hardware

Code Examples

code for displaying the data on 2x16 LCD in 8-bit mode.
#include<reg5l1.h>

/* Configure the data bus and Control pins as per the hardware connection
Databus is connected to P2_0:P2_7 and control bus PO_0:Po_2*/

#tdefine LcdDataBus P2

sbit LCD_RS = P0"0;
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sbit LCD_RW
sbit LCD_EN

PO~1;
Po~2;

/* local function to generate delay */
void delay_us(int cnt)
{

int i;

for(i=0;i<cnt;i++);

/* Function to send the command to LCD */

void LCD_CmdWrite( char cmd)

{
LcdDataBus=cmd; // Send the command to LCD
LCD_RS=0; // Select the Command Register by pulling RS LOW
LCD_RW=0; // Select the Write Operation by pulling RW LOW
LCD_EN=1; // Send a High-to-Low Pusle at Enable Pin
delay us(10);
LCD_EN=0;
delay us(1000);
¥

/* Function to send the Data to LCD */
void LCD_DataWrite( char dat)

{
LcdDataBus=dat; // Send the data to LCD
LCD_RS=1; // Select the Data Register by pulling RS HIGH
LCD_RW=0; // Select the Write Operation by pulling RW LOW
LCD_EN=1; // Send a High-to-Low Pusle at Enable Pin
delay us(10);
LCD_EN=0;
delay us(1000);
}

int main()

char i,a[]={"Good morning!"};

Lcd_CmdwWrite(0x38); // enable 5x7 mode for chars
Lcd_CmdWrite(@Ox0E); // Display OFF, Cursor ON

Lcd_Cmdwrite(oxol); // Clear Display

Lcd_Cmdwrite(0x890); // Move the cursor to beginning of first line
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Lcd_DataWrite('
Lcd_DataWrite('
Lcd_DataWrite('
Lcd_DataWrite('
Lcd DataWrite('
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Lcd_CmdwWrite(0xco);

for(i=0;a[i]!=0;i++)

{

Lcd_DataWrite(a[i]);

while(1);

QUESTION BANK

PART A

//Go to Next line and display Good Morning

1. What are the two types of seven segment LED

. Draw the schematic of 7 segment LED

. Stepper motor interfaced to 8085. How?

2

3

4. Write 7 segment common cathode and anode code for displaying ‘E’

5. Write the traffic light schedule for N-G, S-R, E-R, W-R and NFL & NFR-

ON

© o N o

Write the stepping sequence for stepper motor
What is the drawback of LCD
Write a program to generate square wave using 8051

Compare 7-segment LED and LCD
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10.How the speed of the motor can be varied

11. List the applications of Stepper motor
PART B

6.

1. Explain how the 7-segment LED is interfaced to 8085/8051
2. With neat diagram explain the stepper motor interfacing

3.
4
5

Discuss in detail about temperature control system

. Explain motor speed control system with necessary diagram
. Discuss in detail about LCD interfacing with 8051

Interface traffic light controller to 8085/8051 and control the traffic.
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