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UNIT-1: MICROPROCESSOR (ARCHITECTURE AND PROGRAMMING-8085-8-BIT)
1.1 Introduction to Microprocessor and Microcomputer & distinguish between them.
Microprocessor

» A microprocessor is a programmable electronics chip that has computing and decision
making capabilities similar to central processing unit of a computer.
Or
» Microprocessor is a digital device on a chip that can fetch instructions from memory,
decode and execute them and give results.

Microcomputer

» Microcomputer an electronic device with a microprocessor as its central processing
unit (CPU).

» Microcomputers are designed to be used by individuals, whether in the form of PCs,
workstations or notebook computers.

» A microcomputer contains a CPU on a microchip (the microprocessor), a memory system
(typically ROM and RAM), a bus system and /0 ports, typically housed in a motherboard.

Block Diagram of a Microcomputer
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Microcomputer Microprocessor
Microcomputer is a complete computer Microprocessor is one component of the
similar to any other computer. microcomputer.

Examples: Laptops and desktops Examples: 8085, 8086, Dual Core, etc

1.2 Concept of Address bus, Data bus, Control bus & System Bus
1.3 General Bus structure Block diagram.
» A Bus is a collection of wires that connects several devices.
» In computer system all the peripherals are connected to microprocessor through Bus.
» A bus that connects major components (CPU, memory and 1/O devices) of a computer
system is called as a System Bus.
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https://www.britannica.com/technology/central-processing-unit

The system bus consists of three major components-

Componants of System Bus

|
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1. Data Bus
2. Address Bus
3. Control Bus

Data Bus

Address Bus

System Bus

Control Bus

.
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1. Address Bus:
> Address bus is used to carry address from CPU to memory/IO devices.
> Itis used to identify the particular location in memory.

» It carries the source or destination address of data i.e. where to store or from where to
retrieve the data.

» Itis uni-directional.
2. Data Bus:

» Data bus is used for transmitting the data / instruction from CPU to memory/IO and vice-
versa.

> It is bi-directional.
3. Control Bus:

» Control bus is used to transfer the control and timing signals from one component to the
other component.

> The CPU uses control bus to communicate with the devices that are connected to the
computer system.

» The CPU transmits different types of control signals to the system components.
» ltis bi-directional.

Typical control signals hold by control bus-

e Memory read — Data from memory address location to be placed on data bus.
e Memory write — Data from data bus to be placed on memory address location.
/0O Read — Data from I/O address location to be placed on data bus.
e |/O Write — Data from data bus to be placed on I/O address location.




1.4 Basic Architecture of 8085 (8 bit) Microprocessor

>
>
>

8085 Microprocessor is a programmable electronics chip(IC).

It is an 8-bit microprocessor that means it operates 8-bit at a time.

It is used in almost all electronic devices like mobile phones, printers, washing machines,
etc., and in advanced applications like radars, satellites, and flights.

The salient features of 8085 up are:

It is an 8-bit processor available as a 40-pin IC package and uses +5 V for power.

It is manufactured with N-MOS technology and operates at 3.2 MHZ single phase clock.
Its data bus width is 8-bit and address bus width is 16-bit, thus it can address 2¢ = 64 KB
of memory.

It supports external interrupt request.

A 16-bit program counter (PC)

A 16-bit stack pointer (SP)

Six 8-bit general purpose register arranged in pairs: BC, DE, HL.

Architecture of 8085 Microprocessor

8085 consists of various units as shown in figure and each unit performs its own functions. The
various units of a microprocessor are listed below

Accumulator

Arithmetic and logic Unit
General purpose register
Program counter

Stack pointer

Temporary register

Flags

Instruction register and Decoder
Timing and Control unit
Interrupt control

Serial Input/output control
Address buffer and Address-Data buffer
Address bus and Data bus
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Accumulator:

» The accumulator is an 8-bit register associated with the ALU. It is used to hold one of the
operands of an arithmetic and logical operation.
» The final result of an arithmetic or logical operation is also placed in the accumulator.
Arithmetic and logic Unit:

» The ALU is responsible for performing arithmetic and logical operations on data.
» It can perform operations such as addition, subtraction, logical AND, logical OR, and
more.

General purpose register:

» The 8085 has six general-purpose registers to store 8-bit data; these are identified as- B,
C, D, E, H, and L. These can be combined as register pairs — BC, DE, and HL, to perform
some 16-bit operation.
» These registers are used to store or copy temporary data, by using instructions, during
the execution of the program.
Program counter:

» Itis a 16-bit register used to store the memory address location of the next instruction to
be executed.

» Microprocessor increments the program whenever an instruction is being executed, so
that the program counter points to the memory address of the next instruction that is
going to be executed.




Stack pointer:

» 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.
» Eachtime when the data is loaded into stack, Stack pointer gets decremented. Conversely
it is incremented when data is retrieved from stack.
Temporary register:

» Itis an 8-bit register, which holds the temporary data of arithmetic and logical operations.
» Itis used by the microprocessor. It is not accessible to programmer.
Flags:
» Itis an 8-bit register having five 1-bit flip-flops, which holds either 0 or 1 depending
upon the result stored in the accumulator.
These are the set of 5 flip-flops -

e Sign (S)

e Zero(2)

e Auxiliary Carry (AC)
e Parity (P)

e Carry (C)

Its bit position is shown in the following table -

D7 D6 D5 D4 D3 D2 D1 DO

S z AC P CcYy

If a flip-flop for a particular flag is set, then it indicates 1. When it is reset, it indicates 0.
Instruction register and Decoder:

» Itis an 8-bit register. When an instruction is fetched from memory then it is stored in the
Instruction register.
» Instruction decoder decodes the information present in the Instruction register.

Timing and Control unit:

» It provides timing and control signal to the microprocessor to perform operations.
Following are the timing and control signals, which control external and internal circuits

e Control Signals: READY, RD’, WR’, ALE
e Status Signals: SO, S1, I0/M’

e DMA Signals: HOLD, HLDA

e RESET Signals: RESET IN, RESET OUT

Interrupt control:

» As the name suggests it controls the interrupts during a process. When a microprocessor
is executing a main program and whenever an interrupt occurs, the microprocessor shifts
the control from the main program to process the incoming request. After the request is
completed, the control goes back to the main program.




» There are 5 interrupt signals in 8085 microprocessors: INTR, RST 7.5, RST 6.5, RST 5.5,
TRAP.
» Priorities of Interrupts: TRAP > RST 7.5 > RST 6.5 > RST 5.5 > INTR

Serial Input/output control:

» It controls the serial data communication by using these two instructions: SID (Serial
input data) and SOD (Serial output data).

Address buffer and Address-Data buffer:

» The content stored in the stack pointer and program counter is loaded into the address
buffer and address-data buffer to communicate with the CPU. The memory and 1/0 chips
are connected to these buses; the CPU can exchange the desired data with the memory
and 1/0O chips.

Address bus and Data bus:

> Data bus carries the data to be stored. It is bidirectional, whereas address bus carries the
location to where it should be stored and it is unidirectional. It is used to transfer the data
& Address I/O devices.

1.5 Signal Description (Pin diagram) of 8085 Microprocessor

PN
Ky ——i 1 0 —"
Crystd Input - HLDA
iy o= 30 [u—
Reset Out 4—3 38 M——HOLD
D e by CLK OUT
el { S:]D Q—d . —RESET IN
15 3% Timing and
TRAP sl 35 M=——READY | Control dgnas
RST75 ——p 7 34 0/ >
RSTES e 33 ey
Interrupts< #52 ? INTEL S_l.
RSTSS =i 9 32 +—RD
INR —p{10 80BSA o | o
| TNTA e 11 3 i
r AD ={12 29—
AD& €:>13 28 :>A!!
ADs =14 97 =
ADy - ADy ADy =315 2% =>e
Address Data A A=Ay
Bus \ A& =16 5 b > Address bus
317 2% 11
ADy =318 5 =
Ay =19 2 =
Vs 20 g —




8085 is a 40 pin IC, DIP package. The pins of the 8085 microprocessor can be divided into six
categories based on their function as follows:

1. Power supply and clock signals

Address bus

Data bus

Control and status signals

Interrupts and externally initiated signals
6. Serial I/O ports

1. Power supply and clock signals

vk N

Power Signals
» There are two power supply signals Vcc and Vss. Vcc indicates +5V powers supply and Vss
indicates ground reference.

Clock signals
There are three clock signals i.e X1, X2, CLK (OUT)

» X1, X2 pins are connected with a crystal or LC network to maintain the internal frequency
of the clock generator.
» CLK (OUT) signal can be used as the system clock for other devices.
2. Address bus
» The address bus has 16 lines i.e. it can carry 16 bits at a time. However, out of 16, 8 are
multiplexed with the data bus.
» A8 - A15 are unidirectional and are used to carry high-order address of 16-bit address
3. Data bus
» The address bus pins or data bus pins range from ADO to AD7, and these pins are called
multiplexing lines that can do both addresses as well as data transfer.
4. Control and status signals
The Control signals are

RD’
» Itis a signal to control READ operation. When it is low the selected memory or input-
output device is read.
WR’
» It is a signal to control WRITE operation. When it goes low the data on the data bus is
written into the selected memory or I/0 location.
Address Latch Enable (ALE)
» This is an output signal used to give information on (ADo-AD7) contents.

» When the ALE pulse is HIGH, it indicates that the contents of (ADo-ADy), are addressed.
When the ALE pulse is LOW, it indicates that the contents are data.

The Status signals are




Io/M’
» It is a status signal which determines whether the address is for input-output or
memory.
» When it is high (1) the address on the address bus is for input-output devices. When it
is low (0) the address on the address bus is for the memory.
51 and So:
» These are output status signals used to get information on the operation performed by
the microprocessor.

S1 So Status

0 0 Halt

0 1 write

1 0 Read

1 1 Opcode Fetch

5. Interrupts and externally initiated signals
Interrupts
Interrupts are the signals generated by external devices to request the microprocessor to
perform a task. There are 5 interrupt signals, i.e. TRAP, RST 7.5, RST 6.5, RST 5.5, and INTR.
Externally initiated signals
INTA’
» Itis an interrupt acknowledgement sent by the microprocessor after INTR is received.
RESET IN
» This signal is used to reset the microprocessor by setting the program counter to zero.
RESET OUT
» This signal is used to reset all the connected devices when the microprocessor is reset.
READY

» This signal indicates that the device is ready to send or receive data. If READY is low, then

the CPU has to wait for READY to go high.
HOLD

» This signal indicates that another master is requesting the use of the address and data
buses.

» This signal indicates that a peripheral such as DMA Controller is requesting the use of
address & data buses

HLDA (HOLD Acknowledge)
» This active high signal is used to acknowledge HOLD request.
6. Serial I/O ports
SID (Serial I/P Data):
» This input signal is used to accept serial data bit by bit from the external device.
SOD (Serial O/P Data):




» This is an output signal which enables the transmission of serial data bit by bit to the
external device.
1.6 Register Organizations, Distinguish between SPR & GPR, Timing & Control Module,

Registers are a type of computer memory used to quickly accept, store and transfer data and
instructions that are being used immediately by the processor.

There are two types of register in Intel 8085 Microprocessor.
a. General Purpose Registers (GPR)

b. Special Purpose Register (SPR)

(a) General Purpose Registers

» The 8085 has six general-purpose registers to store 8-bit data; these are identified as-
B, C,D, E, H, and L. These can be combined as register pairs — BC, DE, and HL, to perform
some 16-bit operation.

» These registers are used to store or copy temporary data, by using instructions, during
the execution of the program.

(b) Special Purpose Registers
Accumulator (A):

» The accumulator is an 8-bit register used for arithmetic and logical operations. It holds
one of the operands during calculations and stores the result.

Flag registers:

» The flag register is a special purpose register and it is completely different from other
registers in microprocessor. It consists of 8 bits and only 5 of them are useful. The other
three are left vacant and are used in the future Intel versions. These 5 flags are set or
reset (when value of flag is 1, then it is said to be set and when value is 0, then it is said
to be reset) after an operation according to data condition of the result in the
accumulator and other registers. The 5 flag registers are:

D- Ds D: D D: D, D; Ds
S Z AC P CY
. . I
Sign Flag Zevo Flag Auxiliary Carry Parity Flag Canry Flag
Flag
1. Sign Flag:

It occupies the seventh bit of the flag register, which is also known as the most significant
bit. It helps the programmer to know whether the number stored in the accumulator is
positive or negative. If the sign flag is set, it means that number stored in the accumulator
is negative, and if reset, then the number is positive.

2. Zero Flag:




It occupies the sixth bit of the flag register. It is set, when the operation performed in the
ALU results in zero (all 8 bits are zero), otherwise it is reset. It helps in determining if two
numbers are equal or not.

3. Auxiliary Carry Flag:
It occupies the fourth bit of the flag register. In an arithmetic operation, when a carry flag
is generated by the third bit and passed on to the fourth bit, then Auxiliary Carry flag is set.
If not flag is reset.

4. Parity Flag:
It occupies the second bit of the flag register. This flag tests for number of 1’s in the
accumulator. If the accumulator holds even number of 1’s, then this flag is set and it is said
to even parity. On the other hand if the number of 1’s is odd, then it is reset and it is said
to be odd parity.

5. Carry Flag:

It occupies the zeroth bit of the flag register. If the arithmetic operation results in a carry
(if result is more than 8 bit), then Carry Flag is set; otherwise it is reset.

» The instruction register holds the opcode (operation code or instruction code) of the
instruction which is being decoded and executed.

» It is an 8-bit register associated with the ALU. It holds data during an arithmetic/logical
operation. It is used by the microprocessor. It is not accessible to programmer.

» Itis a 16-bit special purpose register. It is used to hold the address of memory of the next
instruction to be executed. It keeps the track of the instruction in a program while they
are being executed.

» The microprocessor increments the content of the next program counter during the
execution of an instruction so that at the end of the execution of an instruction it points
to the next instructions address in the program.

» It is a 16-bit special function register used as memory pointer. A stack is nothing but a
portion of RAM.

» Inthe stack, the contents of only those registers are saved, which are needed in the later
part of the program.

Distinguish between SPR & GPR

General purpose registers are used by | Special purpose registers are used by CPU for
programmer to store data temporary storage of the data for calculations
and other purposes.




It can be used for various operations, like | These registers are designed for particular
arithmetic, data movement, or temporary | tasks, such as keeping track of program flow,
storage. managing the stack, or storing flags indicating
the status of operations.

General purpose registers are symmetric and | Special purpose registers are symmetric.
interchangeable.
It hold data and addresses It hold the state of a program

Examples- B,C,D,E,H,L Examples- Stack Pointer, Program Counter etc.

Timing & Control Module

The Timing and Control Unit generates the necessary timing signals to synchronize the activities
of the microprocessor. There are certain timing and control signals like Control signals, DMA
Signals, RESET signals and Status signals.

Control Signals: RD’, WR’, ALE

» ALE is used for provide control signal to synchronize the components of microprocessor
and timing for instruction to perform the operation.

» RD (Active low) and WR (Active low) are used to indicate whether the operation is reading
the data from memory or writing the data into memory respectively.

Status Signals: SO, S1, 10/M’

» 10/M (Active low) is used to indicate whether the operation belongs to the memory or
peripherals.

IO/M’ S1 SO Data Bus Status
0 1 1 Opcode fetch

8] 1 (8] Memory read

0 0 1 Memory write

1 1 0 /O read

1 0 1 I/O write

1 1 1 Interrupt acknowledge
0 0 0 Halt

DMA Signals: HOLD, HLDA

> Indicates that another master is requesting the use of the address and data buses.
The CPU, upon receiving the hold request, will relinquish the use of the bus as soon as the
completion of the current bus transfer. Internal processing can continue. The processor
can regain the bus only after the HOLD is removed




> It is a signal which indicates that the hold request has been received after the
removal of a HOLD request, the HLDA goes low.

Reset Signals: Reset in, Reset Out

> This signal is used to reset the microprocessor by setting the program counter
to zero.
> This signal is used to reset all the connected devices when the microprocessor
is reset.
1.7 Stack, Stack pointer &Stack top.

o The stack is a special area in memory used by the CPU to store register information or
general data information during program execution. The stack has a top and a bottom.

e A stack is a region of memory that is used to store data temporarily. In the 8085
microprocessor, the stack is implemented using a dedicated block of memory known as
the stack pointer (SP).

¢ The stack pointer (SP) register in 8085 contains the 16-bit offset from the start of the
segment to the memory location where a word was most recently stored on the stack.

¢ Last memory location of the occupied portion of the stack is called Stack Top.

2501
2502 Next Avaiable
o0 / Location
2504 $
o505 2505
\ Stack Top
‘ Location

e The stack pointer points to the current top of the stack, which is the location where the
next item will be stored.

e The stack used is a Last in first out (LIFO) structure that uses push and pull (pop)
operations.

e When data is pushed onto the stack, the stack pointer is decremented by one to point to
the next available memory location. When data is popped from the stack, the stack
pointer is incremented by one to point to the next item on the stack.

The 8085 microprocessor provides a set of instructions that can be used to manipulate the stack.
These instructions include:

1. PUSH: This instruction is used to push a register or memory location onto the stack. The
contents of the register or memory location are first copied to the memory location
pointed to by the stack pointer, and then the stack pointer is decremented.

2. POP: This instruction is used to pop the topmost item from the stack. The contents of the
memory location pointed to by the stack pointer are first copied to the register or memory
location specified in the instruction, and then the stack pointer is incremented.




1.8 Interrupts:-8085 Interrupts, Masking of Interrupt (SIM, RIM)

In the 8085 microprocessor, an interrupt is a signal that temporarily suspends the normal
execution of a program and redirects the control to a specific interrupt service routine (ISR).
Interrupts allow the microprocessor to respond to external events, such as user input, system
events, or hardware signals, without the need for constant polling.

Interrupt are classified into following groups based on their parameter

8085 Interrupts

Hardware Interrupts Software Interrupts

Vectored Non- Vectored Maskable Non- Maskable

TRAP, RST 7.5, RST 6.5 RST 5.5, INTR

1. Hardware and Software Interrupts
» When microprocessors receive interrupt signals through pins (hardware) of

microprocessor, they are known as Hardware Interrupts. There are 5 Hardware
Interrupts in 8085 microprocessor. They are — INTR, RST 7.5, RST 6.5, RST 5.5, TRAP.
» Software Interrupts are those which are inserted in between the program which
means these are mnemonics of microprocessor. There are 8 software interrupts in
8085 microprocessor. They are — RST 0, RST 1, RST 2, RST 3, RST 4, RST 5, RST 6, RST
7.
Hardware Interrupts are classified as follows:
i. Vector interrupt
» In this type of interrupt, the interrupt address is known to the processor. For
example: RST7.5, RST6.5, RST5.5, TRAP
ii. Non-Vector interrupt
» In this type of interrupt, the interrupt address is not known to the processor so, the
interrupt address needs to be sent externally by the device to perform interrupts. For
example: INTR.
iii. Maskable Interrupts
» Maskable Interrupts are those which can be disabled or ignored by the
microprocessor. These interrupts are either edge-triggered or level-triggered, so
they can be disabled. INTR, RST 7.5, RST 6.5, RST 5.5 are maskable interrupts in
8085 microprocessor.
iv. Non-Maskable Interrupts




» Non-Maskable Interrupts are those which cannot be disabled or ignored by
microprocessor. TRAP is a non-maskable interrupt. It consists of both level as well
as edge triggering and is used in critical power failure conditions.

There are five interrupt signals in the 8085 microprocessor:

1. TRAP:
The TRAP interrupt is a non-maskable interrupt that is generated by an external device,
such as a power failure or a hardware malfunction. The TRAP interrupt has the highest
priority and cannot be disabled.

2. RST 7.5:
The RST 7.5 interrupt is a maskable interrupt that is generated by a software instruction. It
has the second highest priority.

3. RST6.5:
The RST 6.5 interrupt is a maskable interrupt that is generated by a software instruction. It
has the third highest priority.

4. RSTS5.5:
The RST 5.5 interrupt is a maskable interrupt that is generated by a software instruction. It
has the fourth highest priority.

5. INTR:
The INTR interrupt is a maskable interrupt that is generated by an external device, such as
a keyboard or a mouse. It has the lowest priority and can be disabled.

Masking of Interrupt (SIM, RIM)

Masking of Interrupts in 8085 microprocessor is most important portion of interrupt. In 8085
microprocessor masking of interrupt we can do for four hardware interrupts INTR, RST 5.5, RST
6.5, and RST 7.5. The masking of 8085 interrupts can do at different levels.

» The maskable interrupts by default masked by the Reset signal. So no interrupt recognized
by the hardware reset.

» The interrupts can enabled by the El instruction.

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

» All maskable interrupts disabled whenever an interrupt recognized.

» All maskable interrupts can disabled by executing the Dl instruction.

SIM (Set Interrupt Mask) and RIM (Read Interrupt Mask) commands are two important
instructions inside the Intel 8085 microprocessor architecture.

SIM instruction:

The SIM instruction generally used to mask or unmask RST hardware interrupts. When it
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 shown in Fig




Bit position D7 D6 D5 D4 D3 D2 D1 Do

Name SOD SDE X R7.5 MSE M7.5 M6.5 M55
Explanation Serial Serial Not Reset Mask set Setto Setto Setto
data  data used RST7.5 enable— Ito 1to 1to
tobe enable— flip-flop Settol mask mask mask
sent set o tomask RST RST RST
1 for interrupts 7.5 6.5 5.5
sending

In addition to masking interrupts, SIM instruction can used to send serial data on the SOD line of
the processor. Now need to send the data. So it placed in the MSB bit of the accumulator. And
finally the serial data output enabled by making D6 bit to 1.

RIM instruction:

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

Bit D7 D6 DS D4 D3 D2 D1 Do
position
Name SID 175 16.5 I5.5 IE M7.5 M65 M55
Explanation Serial Settol Settol Settol Setto Setto 1 _Set tol Setto 1
input if RST ifRST ifRST 1if if RST lfR.ST 1fR$T
data 75is 65is SS5is interrupts 7.5is 6.Sis  55is
inthe pending pending pending are masked masked masked
SID enabled
pin

In addition, RIM instruction is used to read the serial data on the SID pin of the processor. The
data on the SID pin then stored in the MSB of the accumulator after the execution of the RIM
instruction.
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UNIT-2: INSTRUCTION SET AND ASSEMBLY LANGUAGE PROGRAMMING

Aninstruction is a command to the microprocessor to perform a given task on a specified data.

Each instruction has two parts: one is task to be performed, called the operation code
(opcode), and the second is the data to be operated on, called the operand.

» The operand (or data) can be specified in various ways. It may include 8-bit (or 16-bit) data, an
internal register, a memory location, or 8-bit (or 16-bit) address. In some instructions, the
operand is implicit.

» An instruction is a binary pattern designed inside a microprocessor to perform a specific
function. The entire group of instructions, called the instruction set, determines what
functions the microprocessor can perform.

2.1 Addressing data & Differentiate between one-byte, two-byte & three-byte instructions with
examples.

» The 8085 instruction set is classified into 3 categories by considering the length of the
instructions.

» In 8085, the length is measured in terms of “byte” rather than “word” because 8085
microprocessor has 8-bit data bus.

» Three types of instruction are: 1-byte instruction, 2-byte instruction, and 3-byte instruction.

1. One-byte instructions

» In one-byte instruction, the opcode and the operand of an instruction are represented in

one byte.
» These type of instruction occupy only one memory location.
» Example:
Opcode Operand Machine code/Hex code
MOV A B 78
ADD M 86

2. Two-byte instructions

» Two-byte instruction is the type of instruction in which the first 8 bits indicates the opcode
and the next 8 bits indicates the operand.

» These type of instruction occupies two memory location.

» Example:

Opcode Operand | Machine code/Hex code | Byte description

MVI A, 7FH 3E First byte
7F Second byte
ADI OFH Cé First byte

OF Second byte




3. Three-byte instructions
» Three-byte instruction is the type of instruction in which the first 8 bits indicates the opcode
and the next two bytes specify the 16-bit address. The low-order address is represented in
second byte and the high-order address is represented in the third byte.
» These type of instruction occupies three memory location.
» Examples:

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

2.2 Addressing modes in instructions with suitable examples.

Each instruction requires some data on which it has to operate. There are different techniques to
specify data for instructions. These techniques are called addressing modes. The 8085 has the
following five types of addressing modes:

1. Immediate Addressing Mode

In immediate addressing mode, the data (8 / 16 bit) is specified in the instruction itself.

The immediate addressing instructions are either 2 bytes or 3 bytes long.

In 2-byte instruction, the first byte is OPCODE, and the second byte is the 8-bit data.

In 3-byte instruction, the first byte is OPCODE, second and third bytes are 16-bit data.
> The instruction containing the letter “I” indicate immediate addressing mode.

Examples:

YV V V V

1. MVIA, AO H: This instruction transfers immediate data (AO H) to A register.
2. LXI H, C200 H: This instruction transfer 16-bit immediate data C200 to HL register pair.

Lower order data(00H) to L register and high order data (C2 H) to H register.
2. Register Addressing Mode

> In register addressing mode, the source and destination operands are general-purpose
registers.
> The register addressing instructions are generally of 1 byte i.e. OPCODE only.
Examples:

1. MOV D, B: This instruction copies the contents of register B to the D register. The source
and destination operands are both registers.

2. ADD B: This instruction adds the content of the B register and A register, The data is
present in both B and A registers. The result is stored in the accumulator.




3. Direct Addressing Mode

> In direct addressing mode, the 16-bit address of the operand is given within the
instruction itself.

» The instruction in the direct addressing mode is 3-byte instructions. The first byte is
OPCODE, the second slower order address mode, and the third is the higher-order
address mode.

Examples:

1. LDA C200 H: Load accumulator directly from the memory location. In this instruction, the
contents of the C200 memory location are transferred to the accumulator.
2. STA C200 H: Store accumulator directly to memory location. In this instruction, the
content of the accumulator is stored at memory location C200 H.
4. Indirect Addressing Mode

> In indirect addressing mode, the instruction references the memory through a register
pair.
> i.e. the memory address where the operand is located is specified by the content of a
register pair.
Examples:

1. MOV A, M: In this case, M is a memory pointer specifying the HL register pair where the
address is stored. The contents of the HL pair are used as addresses and the content of
that memory location is transferred to the accumulator.

2. LDAX B: In this case, the BC register pair is used as an address and the content of the
memory location specified by the BC register pair is copied to the accumulator.

5. Implied Addressing or Implicit Addressing Mode

> The implied mode of addressing does not require any operand.

> The data is specified within OPCODE itself.

» Generally, the implied addressing mode instruction is a 1-byte instruction.

» The data is supposed to be present generally in the accumulator.
Examples:

1. RAL: Rotate the accumulator left, it operates on the data in the accumulator only. So
whenever RAL is used it is implied that the data to be operated on is available in the
accumulator only.

2. CMC: Complement carry flag.

2.3 Instruction Set of 8085(Data Transfer, Arithmetic, Logical, Branching, Stack& |I/0O Machine

Control)

» In microprocessor, the instruction set is the collection of the instructions that the
microprocessor is designed to execute.

» The programmer writes a program in assembly language using these instructions. These
instructions have been classified into the following groups:




= Data Transfer Instruction

=  Arithmetic Instructions

= Logical Instructions

= Branching Instructions

= Stack, I/0 and Machine Control Instructions

Data Transfer Instruction

» 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.

SINo Instruction Set

1 MOV ry, 2
[r1] € [r2]

2 MOVhM
[r]<=[[H-L]]

3 MOV M, r
[[H-L]]<[r]

4 MVI r, data
[r] &<data

5 MVI M, data
[[H-L]]¢édata

6 LXI rp,data 16
[rp] ¢-data 16 bits,
[rh] ¢-8 MSBs,
[r]] &8 LSBs of data

7 LDA addr
[A] € [addr]

8 STA Addr
[addr] <[A]

9 LHLD addr
[L] ¢ [addr],
[H] ¢ [addr+ 1]

Explanation

Move the content of the one register to

another

Move the content of memory to register

Move the content of register to memory

Move immediate data to register

Move immediate data to memory

Load Register pair immediate

Load Accumulator direct

Store accumulator direct.

(The content of the accumulator is stored in
the memory location

Load H-L pair direct

Example

MOV A, B

MOV B, M

MOV M, C

MVI A, 08

MVI M, 09

LXI'H, 2500H

LDA 2400 H

STA 2000H

LHLD 2500H




10 SHLD addr Store H-L pair direct. SHLD 2500 H

[addr] &L], (The content of register H,L are stored in the
[addr +1] ¢ [H] memory location)
11 LDAX rp Load accumulator indirect LDAX B

[A] < [[rp]]

12 STAX rp Store accumulator indirect. STAX D
[[rp]] <[A] The content of the accumulator is stored in
the memory location whose address is in
the register pair rp.

13 XCHG Exchange the contents of H-L with D-E = XCHG
[H-L] ¢>[D-E] pair

Arithmetic Instructions

The instructions of this group perform arithmetic operations such as addition, subtraction,
increment or decrement of the content of a register or a memory.

SINo Instruction Set Explanation Example

1 ADD r Add register to accumulator ADD C
[A] <[A]+[r]

2 ADD M Add memory to accumulator ADD M
[A] < [A] + [[H-L]]

3 ADCr Add register with carry to ADCB
[A] < [A] + [r] + [CS] accumulator
4 ADC M Add memory with carry to ADCM

[A] & [A] + [[H-L]] +[CS] = accumulator

5 ADI data Add immediate data to ADI 55
[A] & [A] + data accumulator
6 ACI data Add with carry immediate data to ACI 55

[A] < [A] + data + [CS] accumulator

7 SUBr Subtract register from accumulator # SUB C
[A] <[A]-[r]

8 SUB M Subtract memory from SUB D
[A] €& [A] - [[H-L]] accumulator




9 SBBr Subtract memory from SBB D

[A] €[A]-[H-L]] - [CS] accumulator with borrow

10 SUl data Subtract immediate data from SUI 55
[A] € [A]-data accumulator

11 SBIl data Subtract immediate data from SBI 08
[A] & [A]-data-[CS] accumulator with borrow

12 INRr Increment register content INR D
[r] &[r]+1

12 INR M Increment memory content INRM

[[H-L]] < [[H-L]]+1

13 DCRr Decrement register content DCRC
[r] <[r]-1
14 DCR M Decrement memory content DCR M

[[H-L]] < [[H-L]]-1

15 INX rp Increment memory content INX B
[rp] < [rpl+1

16 DCX rp Decrement register pair DCX B
[rp] &[rp]-1

17 DAD rp Add register paid to H-L pair DAD D
[H-L] <[H-L] + [rp]

18 DAA Decimal adjust accumulator DAA

Logical Group

The instructions in this group perform logical operation such as AND, OR, XOR, compare, rotate,
etc.

S| Instruction Set Explanation Example
No

1 ANAr AND register with accumulator ANA B
[A] <[AJALY]

2 ANA M AND memory with accumulator ANA 2300H
[A] <[AJA[[H-L]




10

11

12

13

14

15

16

17

ANI data
[A] & [A] A [data]

ORAT
[A] <[A]VI[r]

ORA M
[A] <-[A]VI[H-L]]

ORI data
[A]<[A] V [data]

XRAr
[Al&[A] ® [r]

XRA M
[A] < [A] ® [[H-L]]

XRI data
[A] &[A] ® [data]

CMA
[A] <[A]

cMC
[CS] ¢-[ CS]

STC
[CS] <1

CMPr
[A]-[r]

CMP M
[A] - [[H-L]]

CP| data
[A] - data

RLC

RRC

AND immediate data with accumulator

OR-register with accumulator

OR-memory with accumulator

OR -immediate data with accumulator

XOR register with accumulator

XOR memory with accumulator

XOR immediate data with accumulator

Complement the accumulator

Complement the carry status

Set carry status

Compare register with accumulator

Compare memory with accumulator

Compare immediate data with

accumulator

Rotate accumulator left

ER = LINNEBRENC

Accumulator

Carry status

Rotate accumulator right

ANI 09

ORAC

ORA M

ORI 98H

XRA B

XRAM

XRI 07

CMA

CMC

STC

CMPD

CMP M

CPI 21

RLC

RRC




LS AT

CARRY STATUS ACCUMULATOR
18 RAL Rotate accumulator left through carry RAL
L s
CARRY STATUS ACCUMULATOR
19 RAR Rotate accumulator right through carry  RAR
L FITTTITE-
CARRY STATUS ACCUMULATOR

Branching Instructions

Branching instructions refer to the act of switching execution to a different instruction
sequence as a result of executing a branch instruction.

The three types of branching instructions are:
Jump (unconditional and conditional)

1. Call (unconditional and conditional)

2. Return (unconditional and conditional)

Jump Instructions — The jump instruction transfers the program sequence to the memory
address given in the operand based on the specified flag. Jump instructions are 2 types:

Unconditional Jump Instructions and Conditional Jump Instructions.

(a) Unconditional Jump Instructions: Transfers the program sequence to the described
memory address.

OPCODE OPERAND EXPLANATION EXAMPLE

JMP address Jumps to the address  JMP 2050

(b) Conditional Jump Instructions: Transfers the program sequence to the described memory
address only if the condition in satisfied.

OPCODE OPERAND EXPLANATION EXAMPLE

JC address Jumps to the address if carry flag is 1 JC 2050




OPCODE OPERAND EXPLANATION EXAMPLE

JNC address Jumps to the address if carry flag is 0 JNC 2050
1z address Jumps to the address if zero flagis 1 JZ 2050
INZ address Jumps to the address if zero flag is O JNZ 2050
JPE address Jumps to the address if parity flag is 1 JPE 2050
JPO address Jumps to the address if parity flagis O JPO 2050
IM address Jumps to the address if sign flag is 1 JM 2050
JP address Jumps to the address if sign flag O JP 2050

Call Instructions — The call instruction transfers the program sequence to the memory
address given in the operand. Before transferring, the address of the next instruction after
CALL is pushed onto the stack. Call instructions are 2 types: Unconditional Call Instructions
and Conditional Call Instructions.

(a) Unconditional Call Instructions: It transfers the program sequence to the memory address
given in the operand.

OPCODE OPERAND EXPLANATION EXAMPLE

CALL address Unconditionally calls  CALL 2050

(b) Conditional Call Instructions: Only if the condition is satisfied, the instructions executes.

OPCODE OPERAND EXPLANATION EXAMPLE

CC address Callif carry flagis 1 CC 2050

CNC address CallifcarryflagisO  CNC 2050

(074 address Calls if zero flagis 1 CZ 2050

CNz address Calls if zeroflagisO  CNZ 2050




OPCODE OPERAND EXPLANATION EXAMPLE

CPE address Calls if parity flagis1  CPE 2050

CPO address Calls if parity flagis0  CPO 2050

CcM address Calls if sign flag is 1 CM 2050

cp address Calls if sign flag is O CP 2050

Return Instructions — The return instruction transfers the program sequence from the
subroutine to the calling program. Return instructions are 2 types: Unconditional Jump
Instructions and Conditional Jump Instructions.

(a) Unconditional Return Instruction: The program sequence is transferred unconditionally
from the subroutine to the calling program.

OPCODE OPERAND EXPLANATION EXAMPLE

RET none Return from the subroutine unconditionally RET

(b) Conditional Return Instruction: The program sequence is transferred unconditionally
from the subroutine to the calling program only is the condition is satisfied.

OPCODE OPERAND EXPLANATION EXAMPLE
RC none Return from the subroutine if carry flag is 1 RC
RNC none Return from the subroutine if carry flag is 0 RNC
RZ none Return from the subroutine if zero flag is 1 RZ
RNZ none Return from the subroutine if zero flag is 0 RNZ
RPE none Return from the subroutine if parity flag is 1 RPE

RPO none Return from the subroutine if parity flagis 0 RPO




OPCODE OPERAND

RM none

RP none

EXPLANATION EXAMPLE
Returns from the subroutine if sign flag is 1 RM
Returns from the subroutine if sign flag is 0 RP

Stack, 1/0 and Machine Control Instructions

This group contains the instructions for input/output ports, stack and machine control.

Instruction Set

IN port - address

[A] « [Port]

OUT port-address

[Port] < [A]

PUSH rp
[[SP] - 1] « [rh],
[[SP] - 2] « [rh],
[SP] « [SP] - 2

PUSH PSW
[SP]-1] < [A],
[[SP] -2] « PSW,
[SP] « [SP] -2

POP rp

[f] = [[SP]],
[rh] < [[SP]+1],
[SP] < [SP] + 2

HLT

XTHL

[L] < [[SPI],
[H] < [[SP] + 1]

SPHL
[H-L] — [SP]

El

Explanation

Input to accumulator from
I/O port

Output from accumulator to
I/O port

Push the content of register
pair to stack

Push processor Status word

Pop the content of register
pair, which was saved, from
the stack

Halt

Exchange top stack with H-L

Moves the contents of H-L
pair to stack pointer

Enable Interrupts

Example

IN 08

OUT 21

PUSH B

POP D

HLT

XTHL

SPHL

El




SIM Set Interrupts Masks SIM
RIM Read Interrupts Masks RIM

NOP No Operation NOP

2.4 Simple Assembly Language Programming of 8085
2.4.1 Simple Addition & Subtraction

N

> Addition of two 8-bit number: Sum 8 bits

Mnemonics Operands Comments
LXI H, 2501 H Cet address of 1st number in
H-L pair.

MOV AM 1st number in accumulator.
INX H Increment content of H-L pair.
ADD M Add 1st and 2nd numbers.
STA 2503 H Store sum in 2503 H.
HLT Stop

Example:

Data:

2501-49H

2502-56H

The sum is stored in the memory location 2503H

Result:

2503-9FH

> 8 Bit Subtraction

Mnemonics Operands Comments
IXI H, 2501 H Get address of tst number in
H-L pair,
MOV AM Ist number in accumulator.
INX H Content of H-L pair increases
from 2501 to 2502 H.
SUB M 1stnumber - 2nd number.
INX H Content of H-L pair becomes
2503 H.
MOV M, A Store resultin 2503 H.
HLT - Halt
Example:
Data:
2501-49H
2502-32H

The result is stored in the memory location 2503H

Result:




2503-17H
» Addition of Two 8 Bit numbers: Sum 16 Bits

Labels Mnemonics ~ Operands Comments
LXI H, 2501 H Address of 1st number in H-L
pair.
MVI C,00 MSBs of sum in register C.
Initial value = 00,
MOV A M 1st number in accumulator.
INX H Address of 2nd number 2502 in
H-L pair.
ADD M 1st number + 2nd number.
INC AHEAD Is carry? No, go to the label
AHEAD.
INR c Yes, increment C.
AHEAD STA 2503 H LSBs of sum in 2503 H.
MOV A C MSBs of sum in accumulator.
STA 2504 H MSBs of sum in 2504 H.
HLT Halt
Example:
Data:
2501-98H
2502-9AH
Result:

2503-32H, LSB of sum
2504-01H, MSB of sum

» Decimal Addition of two 8 bit numbers: sum 16 bits

Labels Mnemonics ~ Operands Comments

LXI H, 2501 H Address of 1st number in
H-L pair.

MVI C, 00 MSDs of sum in register
C. Initial value = 00.

MOV A M 1st number in accumulator.

INX H Address of 2nd number
2502 in H-L pair.

ADD M 1st number + 2nd number.

DAA Decimal adjust.

JNC AHEAD Is carry? No, go to the
label AHEAD.

INR C Yes, increment C.

AHEAD STA 2503 H LSDs of sum in 2503 H.

MOV A C MSDs of sum in
accumulator.

STA 2504 H MSDs of sum in 2504 H.

HLT

Example:
Data:

2501-84D




A

»

2502-75D

Result:

2503-59D, LSDs of the sum

2504-01D, MSDs of the sum

Addition of two 16 bit numbers: sum 16 bits or more

Labels Mnemonics

LHLD
XCHG
LHLD
MVI
DAD
JNC

AHEAD SHLD
MOV

STA

Example:

Data:

Operands Comments

2501 H 1st 16-bit number in H-L

pair.
Get 1st number in D-E
pair.

2503 H 2nd 16-bit number in H-L

pair.

C, 00 MSBs of the sum in

register C. Initial value =
00.
1st number + 2nd number

AHEAD  Is carry? No, go to the

label AHEAD.
Yes, increment C.

2505 H Store LSBs of sum in 2505

and 2506 H.

A, C MSBs of sum in

accumulator.

2507 H Store MSBs of the sum in

2507 H.
Halt

2501-98H, LSBs of 1% number

2502-5B H, MSBs of 1%t number
2503-4C H, LSBs of 2" number
2504-8E H, MSBs of 2" number

Result:

2505-E4, LSBs of sum
2506-E9, LSBs of sum
2507-00, MSBs of sum

> 8 bit Decimal Subtraction

Mnemonics Operands

LXI H, 2502 H
MVI A, 99
SUB M

INR A

DCX H

Comments

Get address of 2nd number in
H-L pair.

Place 99 in accumulator.

9's complement of 2nd number.
10’s complement of 2nd
number.

Get address of 1st number.




ADD M

Add 1st number and 10’s
complement of 2nd number.
DAA Decimal adjustment.
STA 2503 H Store result in 2503 H.
HLT Halt
Example:
Data:
2501-96
2502-38
Result:
2503-58

2.4.2 Logic Operations (AND, OR, Complement 1’s & 2’s) & Masking of bits

One’s complement of an 8 Bit number
Mnemonics Operands Comments

LDA 2501 H Get data in accumulator.
CMA Take its complement.
STA 2502 H Store result in 2502 H.
HLT Halt

Example:

Data:

2501-96H

Result:

2502-69H

»  One’s complement of a 16 Bit number

Mnemonics Operands Comments
LXI H, 2501 H Address of LSBs of the number.
MOV AM 8 LSBs of the number in
accumulator.
CMA Complement of 8 LSBs of the
number.
STA 2503 H Store 8 LSBs of result.
INX H Address of 8 MSBs of the
number.
MOV - AM 8 MSBs of the number in
accumulator.
CMA Complement of 8 MSBs of the
number.
STA 2504 Store 8 MSBs of the result.

HLT Halt




Example:

Data:

2501-85H, LSBs of the number
2502-54 H, MSBs of the number
Result:

2503-7A H, LSBs of the result
2504-AB H, MSBs of the result

» Two’s Complement of an 8 bit-number

Mnemonics Operands Comments
LDA 2501 H Get data in accumulator.
CMA Take its 1’s complement.
INR A Take 2’s complement.
STA 2502 H Store result in 2502 H.
HLT Stop

Example:

Data:

2501-96H

Result:

2502-6AH

» Two’'s Complement of a 16 bit-number

Label Mnemonics ~ Operands Comments
LXI H,2501 H Address of 8 LSBs of the number.
MVI B, 00 Use register B to store carry.
MOV A, M 8 LSBs in accumulator.
CMA 1's complement of 8 LSBs of the
number.
ADI 01 2's complement of 8 LSBs of the
number.
STA 2503 H Store 8 LSBs of the result.
JNC GO
INR B Store carry.
GO INX H Address of 8 MSBs of the number.
MOV A, M 8 MSBs in accumulator.
CMA 1’s complement of 8 MSBs of the
number.
ADD B Add carry.
STA 2504 H Store 8 MSBs of the result.

HLT Stop.




Example:
Data:

2501-8C, LSBs of the number

2502-5B, MSBs of the number

Result:

2503-74, LSBs of the result
2504-A4, MSBs of the result
2’s complement of the number is A474

> Mask off least significant 4 bits of an 8-bit number

Mnemonics

LDA
ANI

STA
HLT

Example:
Data:
2501-A6
Result:
2502-A0

Operands

2501 H
FO

2502 H

Comments

Get data in accumulator.
Mask off the least significant 4
bits.

Store result in 2502 H.

Stop

» Mask off most significant 4 bits of an 8-bit number

Mnemonics

LDA
ANI

STA
HLT

Example:
Data:
2501-A6
Result:
2502-06

2.4.3 Counters & Time delay (Single Register, Register Pair, More than Two Register)

Operands

2501 H
OF

2502 H

Comments

Get data in accumulator.

Mask off the most significant 4
bits.

Store result in 2502 H.

Stop

» Delay subroutine using one Register




Labels Mnemonics  Operands
MVI B, 10H
LOOP DCR B
JNZ LOOP

RET

» Delay subroutine using Register Pair

Label Mnemonics Operands
LXI D, FFFF
LOOP DCX D
* MOV AD
ORA E
INZ LOOP
RET

» Delay subroutine using three Register

Comments

Get 10 in register B,
Decrement register B,

Has the content of register B
become zero? No,

LOOP. Yes, proceed ahead.

jump to

Lomments
Get FFFF in register pair D-E
Decrement count.

Move content of register D to
accumulator.

Check if D and E are zero,
[f D-E is not zero, jump to LOOP
Return to main program.

Comments

Get control word.
Initialize port for LED

display.

Labels Mnemonics  Operands
MVI A, 98 H
OouT 03
MVI B, 50 H
LOOP1 MVI C, FE
LOOP 2 MVI D, FF
LOOP 3 DCR D
INZ LOOP 3 ¢
DCR &
INZ LOOP 2
DCR B
INZ LOOP 1 °
MVI A, 01
ourT 01
HET Stop.

2.4.6 Code conversion, BCD Arithmetic & 16 Bit data Operation, Block Transfer.

Delay subroutine with
three registers.

Qutput for LED

BCD Arithmetic & 16 Bit data Operation discuss in 2.4.1

» Code conversion

+ Decimal to Hexadecimal/ BCD to Binary




Label

LOOP

Mnemonic
LDA 8200H
MOV B,A
ANI OFH
MOV D,A
MOV A,B
ANI FOH
RLC
RLC
RLC
RLC
MOV C,A

MVI E,0AH
XRA A

ADD C
DCRE
JNZ: LOOP
ADD D
STA 8201H

HLT

Comment

Get data in accumulator
Move the content A to B
Mask off most significant bit
Move the content A to D
Move the content B to A
Mask off least significant bit
Rotate the content of A to left
Rotate the content of A to left
Rotate the content of A to left
Rotate the content of A to left
Move the content Ato C

Get OA in register E
Exclusive or with A

Add Accumulator+ C

Decrement E

Add Accumulator+ D
Store result in 8201H

Stop

+ Hexadecimal to Decimal / Binary to BCD

Label

Mnemonic
LDA 8000H
MVI B, 00H
MOV C, B
CPI 64H
JC: LOOP
SUI 64H

INR B

Comment
Get data in accumulator
Content of B=00
Move the content B to C
Compare accumulator with 64H
If carry then jump to LOOP
Subtract with 64H

Increment B




o,
°*

o,
£

LOOP

LABEL

JMP:AHEAD
CPI OAH
JC:LABEL
SUl OAH
INRC
JMP:LOOP
STA 8001H
MOV A,C
STA 8002H
MOV A,B
STA 8003

HLT

Binary to Gray code

Mnemonic
LDA 4050H
MOV B,A
RAR
XRA B
STA 4051H

HLT

Jump to AHEAD

Compare accumulator with 0OAH
If carry then jump to LABEL
Subtract with OAH

Increment C

Jump to LOOP

Store unit digit in 8001H

Move the content C to A

Store tenth digit in 8002H
Move the content B to A

Store hundredth digit in 8002H

Stop

Comment

Get data in accumulator

Move data to Register B

Rotate right with carry

Exclusive OR with Register B

Store result in 4051

Stop

Gray to Binary code

Label

LOOP

Mnemonic

LXI H, 5000H

MOV A M
MVI B, O7H

RAR

XRA M

DCR B

Comment
Get address of number in H-L pair
Move number in Accumulator
Get 07 in Register B
Rotate right Accumulator data
Exclusive OR memory with Accumulator

Decrement register B




JNZ: LOOP

STA 5001H

HLT

> Block Transfer

Label

LOOP:

Example:

Mnemonic
LXI H, 8050H
LXI D, 8070H
MVI C, 10H
MOV A M
STAXD
INX H
INX D
DCRC
JNZ LOOP

HLT

Jump to Loop if Register B is not 0

Store result in 5001H

Stop

Comment

Source address of data in H-L pair

Destiny address of data in D-E pair

Set up B to count 10 bytes

Data from source address to Accumulator

Store data byte as destination

Source address of next data

Destiny address of next data

Decrement count

Jump to label Loop

Stop

2.4.7 Compare between two numbers

» Larger of two number

Labels

AHEAD

Mnemonics  Operands

LXI

MOV

INC

MOV

STA

H, 2501 H

A, M
H

M

AHEAD

A M

2503 H

Comments

Address of 1st number in
H-L pair.
1st number in accumulator.,

Address of 2nd number in
H-L pair.

Compare 2nd number with
1st number. Is the 2nd
number > 1st ?

No, larger number is in
accumulator. Go to
AHEAD.

Yes, get 2nd number in
accumulator.

Store larger number in
2503 H.

Stop




Example:
Data:
2501-98H
2502-87H
Result:
2503-98H

» Smaller of two number
Labels Mnemonics  Operands Comments

LXI H, 2501 H Address of 1st number in H-L

pair.
MOV A M 1st number in accumulator.
INX H Address of 2nd number in H-L
pair.
CMP M Compare 2nd number with 1st. Is
1st number < 2nd number?
JC AHEAD  Yes, smaller number is in
accumulator. Go to AHEAD.
MOV A,M No, Get 2nd number in
accumulator
AHEAD STA 2503 H Store smaller number in 2503 H.
HLT Stop
Example:
Data:
2501-84H 2502-99H
Result:
2503-84H

2.4.8 Array Handling (Largest number & smallest number in the array)

» Largest number in a data array

Labels ~ Mnemonics ~ Operands Comments

LXI H, 2500 H Address for count in H-L
pair.

MOV M Count in register C.

INX H Address of 1st number in
H-L pair.

MOV AM 1st number in accumulator,

DCR C Decrement count.

LOOP INX H Address of next number.
CMP M Compare next number

with previous maximum.
Is next number >
previous maximum?




AHEAD DCR

Example:
Data:
2500-03 H

2501-98 H
2502-75H
2503-99 H
Result:

2450-99 H

» Smallest number in a data array

Labels ~ Mnemonics

LXI
MOV
INX
MOV
DCR
LOOP INX
CMP
JC
MOV
AHEAD DCR
INZ
STA
HLT
Example:
Data:
2500-03 H
2501-86 H
2502-58 H
2503-75H
Result:

2450-58H

AHEAD No, larger number is in
accumulator. Go to the
lable AHEAD

AM Yes, get larger number in
accumulator.

C Decrement count.

LOOP

2450 H Store result in 2450 H.
Stop.

Operands Comments
H, 2500 H Get address for count in H-L

C, M

AHEAD

AM

LOOP
2450 H

pair.

Count in register C.

Get address of 1st number in
H-L pair.

1st number in accumulator.
Decrement count.

Address of next number in H-L
pair.

Compare next number with

previous smallest. Is previous
smallest less than next number?

Yes, smaller number in
accumulator. Go to AHEAD.

No, get next number in
accumulator.

Decrement count.

Store smallest number in 2450 H.
Stop.




UNIT-3: TIMING DIAGRAMS

3.1 Define opcode, operand, T-State, Fetch cycle, Machine Cycle, Instruction cycle & discuss the
concept of timing diagram.

» Timing Diagram is a graphical representation.
» It represents the execution time taken by each instruction in a graphical format.
» The execution time is represented in T-states.
Opcode:
» Opcodes mean “operation codes”. An opcode is the first part of an instruction that tells
the computer what function to perform.
» Every computer has an operation code or opcode for each of its functions. It is an
instruction that tells the processor what to do with the variable or data written beside it.
Operand:
» An operand is the second part of the instruction, which tells the computer where to find
or store the data or instructions.
» The number of operands varies among computers. Each instruction tells the Control
Unit of the CPU what to do and how to do it.

Instruction Format Example
e
ADD 06H
I o Operand
L1 Opeode | Operand LDA 20H
[ ] Opcode | Operand 1 | Operand2 J xgg&%zx
S —— Y, >} TN V.

Instruction cycle:
» The amount of time the microprocessor takes to fetch, decode and execute one
Instruction. One Instruction cycle consists of several machine cycle.
OR
» The time required to execute an instruction is called instruction cycle.
The instruction cycle also known as the fetch—decode—execute cycle, or simply the fetch-execute
cycle.

| Decode ]
INSTRUCTION
Fetch ) g \ Execute

\ Stare ’

The instruction cycle of the 8085 microprocessor consists of four basic steps, which are:

» Fetch: Inthis step, the microprocessor fetches the instruction from the memory location
pointed to by the program counter (PC). The PC is incremented by one after the fetch
operation.




» Decode: Once the instruction is fetched, the microprocessor decodes it to determine
the operation to be performed and the operands involved.
» Execute: In this step, the microprocessor performs the operation specified by the
instruction on the operands.
» Store: Finally, the result of the execution is stored in the appropriate memory location
or register.
Fetch cycle:
» A fetch cycle is part of an instruction cycle and may occur more than once in the cycle.
» During the fetch execute cycle, the computer retrieves a program instruction from its
memory. Every instruction cycle starts with a fetch, the opcode which the program
counter points to.
Machine Cycle:
» The amount of time the microprocessor takes to perform a memory or 1/O access.
» One machine cycle consists of several clock cycle.

The 8085 microprocessor has 5 basic machine cycles. They are:
Opcode Fetch {4T/6T- state}
Memory Read {3T- state}
Memory Write {3T- state}
I/O Read {3T- state}
I/O Write {3T- state}
T-State:
» The time taken by the processor to execute a machine cycle is expressed in T-states.
» One T-state is equal to the time period of the internal clock signal of the processor.
» A t-state is measured from the falling edge of one clock pulse to the falling edge of the

next clock pulse.
Time period, T = 1/f ; where f = Internal clock frequency

X3

o8

X3

o8

X3

o8

X3

o8

X3

o8

rising edge ~ fallingedge or negative edge
or . ;
posiiveedge 2N/ N\__/\__
— s
o I T-state
%Ma:hine Cycle 1 Machine Cyc\eZ%

Fetch Cycle Execution Cycle ——>

Instruction Cycle

3.2 Draw timing diagram for memory read, memory write, I/O read, I/O write machine cycle.
Opcode Fetch Machine Cycle of 8085
» Each processor instruction has a one-byte opcode.
» Operation codes are stored in memory. Thus, the processor performs an opcode load
machine cycle to load the opcode from memory.
» Thus, each instruction begins with a machine cycle of opcodes.
» The time the processor takes to perform an opcode load cycle is 4T.




> At this time, the first, 3T-states are used to load the opcode from memory, and the
remaining T-states are used for internal opcodes.

SIGNAL T, T, T, T,
aock N/ N NV NS
As-Ag :>( HIGHER { ORDER MEMORY| ADDRESS UNSPECIFIED

AD,-AD, >( rowenonoee | >4 opooE| @00 >\ ---------
ALE / \

IOM,S, S, >< \oM=0,| s =Use=1

o Y
T1 clock cycle

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

» 10/M signal is low indicating that a memory location is being accessed. S1 and SO
also changed to 1.

» ALE is high, indicates that multiplexed ADO — AD7 act as lower order bus.
T2 clock cycle

» Multiplexed address bus is now changed to data bus.

» The RD(bar) 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

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

» The RD(bar) signal is deactivated by making it logic 1.
T4 clock cycle

» 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.

Memory Read Machine Cycle of 8085
» A memory read machine cycle is executed by the processor to read a data byte from
memory.
» The processor takes 3T states to perform this cycle.
» Instructions that have more than one byte word will use machine cycle after machine
cycle to load the opcode.




>

>

SIGNAL
CLOCK

Tz TJ
AA, >( HIGHFR |ORDER MEMORY | ADDRESS

A, [XEEEE )} s | oy >.\
ALE / \

1
?

. oM =0, \ s,-u,' S, =0
o —

During T1, A8-A15 contains higher byte of address. At the same time ALE is high.
Therefore, Lower byte of address A0-A7 is selected from ADQO-AD7. Since it is memory
ready operation, I0/M(bar) goes low.

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

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

Memory Write Machine Cycle of 8085

>

>
>

>

>

A write-to-memory machine cycle is executed by the processor to write a data byte to
memory.

The processor takes 3T states to perform this cycle.

Instructions that have more than one-byte word will use machine cycle after machine
cycle to load the opcode.

SIGNAL T, T, T,
cgock N/~ N©M_ 7 |

A, A, >( HIGHER |ORDER MEMORY | ADDRESS

AD_}_ ADo m‘em ......... DATA (‘D,—D )
ALE k- \
1I0MS, S, | X 10M=0, \ s -0 | 551

During T1, ALE is high and contains lower address A0-A7 from ADO-AD7. A8-A15 contains
higher byte of address. As it is memory operation, |I0/M goes low.

During T2, ALE goes low, WR goes low and Address is removed from ADO-AD7 and then
data appears on ADO-AD7.

During T3 Data remains on ADO-AD7 till WR is low.

I/O Read Machine Cycle

>

A reader 1/0 cycle is performed by the processor to read a data byte from an |I/O port
or peripheral that is I/O mapped in the system.

» The processor needs 3T states to execute this machine cycle.




SIGNAL T, i 14 T L
clock N\___/ | N |
AjAq >( 1O Port address
AD,-AD, | )X VO Portaddress Y.-+-----. oata | ©vbo
ate |/ \ L
108, 5, | X oM=1, | 5,1 | S0
. I

I/O Write Machine Cycle

> A writer’s I/O cycle is executed by the processor to write a data byte to an 1/O port or
peripheral that is I/O mapped in the system.

» The processor needs 3T states to execute this machine cycle.

SIGNAL T T, T,
clock N\___ /|
A-A, >( PORT ADDRESS
AD,-AD, | X PORT ADDRESS }--+«+-- DATA | Dy
ALE - /N
- \ /-
IOMSS, S, :X IOM=1,  $,=0 | Sy=1

> During T1, the lower byte of address is duplicated into higher order address bus A8-A15.
ALE is high and A0-A7 address is selected from ADO- AD7. As it is an 10 operation 10/M

goes low.

> During T2, ALE goes low, WR goes low and data appears on ADO-AD7 to write data into |10

device.

» During T3, Data remains on ADO-AD7 till WR is low.

3.3 Draw a neat sketch for the timing diagram for 8085 instructions (MOV, MVI, LDA instruction).

Timing Diagram of MOV R, Ry instruction

The instruction MOV A,B is a 1-byte instruction. Microprocessor takes only one machine cycle
(opcode fetch) to complete instruction. Hence, hex code for MOV A,B is paased to the

microprocessor.




SIGNAL| T, T, Ty T,
ok N/ N N
A-Ag X HIGHER | ORDER MEMORY| ADDRESS UNSPECIFIED
AD,-AD, DY i | ™4 orcopE [ or viov =) (IETTEEE

ALE / \ \

\ /
IOM,S, S, >< \ oMo s -15-1
RD \Li
OR

MOV E, His an example instruction of this type. It is a 1-Byte instruction. Suppose E register
content is AB H, and H register content is 9C H. When the 8085 executes this instruction, the
contents of E register will change to 9C H. This is shown as follows.

(E)
(H)

Address

2004

Before

ABH

9CH

Hex Codes

5C

After

9CH

9CH
Mnemonic Comment
MOVE, H E<-H

The timing diagram of MOV E, H instruction is as follows.

A15-A8

AD7-ADO

10/ M

Memory Addr

ALE=1

OPCODE FETCH CYCLE

ess

I0fM=0




Timing Diagram of MOV R, M instruction

MOV E, M is an example instruction of this type. It is a 1-Byte instruction. Suppose E register
content is DBH, H register content is 40H, and L register content is 50H. Let us say location 4050H
has the data value AAH. When the 8085 executes this instruction, the contents of E register will
change to AAH, as shown below.

Before After
(E) DBH AAH
(HL) 4050H 4050H
(4050H) AAH AAH
Address Hex Mnemonic Comment
Codes
2008 2A MOV E, M Comment E <- Content of the memory location

pointed by HL register pair

The timing diagram for this MOV E, M instruction is as follows -

OPCODE FETCH CYCLE MEMORY READ CYCLE

b 20 Hinh0 TR \f
AlS5-A8 | ) 20 [High-Order Memofy Address .'. Unspecified |}
k Decodes Opcode| ,
AD7-ADD | | 08 Low-Order [F------ \Op.orip RO OF ) === v v e amnannas
Memory Address Memory Address

ALE=1 ALE=

10/M=0 0/M=0

S0=




MOV M, E is an example instruction of this type. It is a 1-Byte instruction. Let us suppose, E is
having the initial value ABH, HL register pair is pointing to the memory location 4050H, 4050H
memory location’s content is CDH. Then after execution of the instruction MOV M, E, E register’s
content will be ABH. The result of execution of this instruction is shown with this example is
shown below -

Before After
(E) ABH ABH
(HL) (4050H) (4050H)
(4050H) CDH ABH

Address Hex Codes Mnemonic Comment

2005 273 MOV M,E  Memory location pointer by HL register pair <- E

Here is the timing diagram of the instruction MOV M, E as below.

OPCODE FETCH ( MEMORY WRITE CYCLE

Memory Address

ALE=1

0/H=0




Timing Diagram of MVI A,45H instruction

e Loading opcode 4EH from memory 2000H. (Operation Code Loading Machine Cycle)
e Read (move) data 45H from memory 2001H. (memory reading).

Address Mnemonics Opcode
2000H MVI A,45H 4EH
2001H 45H

SIGNAL Tl T2 T3 T4 T1 T2 T3

w Nt NP NS NSNS

A15'Ag X 20H High - Order Mempry Address XUnspecrﬁed >< 20H | High - Order Mamory Address

ALE

Low ~ Order

Low - Orcer
AD7-ADy X oo Moo deH | Opcode Yy fenneneeees CHrEDE

Memary Address 7' N Memary Address 454

I0M, 51,50 >( iOM=0 51 | 5ol Yiomo| st [5:0

I
. \_| / -

OR

MVI E, ABH then it means that ABH will be moved or copied to the register E. And as a result the

previous value of E will get over written.

Address Hex Codes Mnemonic Comment
2000 1E MVI E, ABH E <- ABH
2001 AB ABH as operand

This instruction will have seven T-states as s