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UNIT-I
INTRODUCTION:
Microprocessor acts as a CPU in a microcomputer. It is present as a single 1C chip in a microcomputer.
Microprocessor is the heart of the machine.
A Microprocessor is a device, which is capable of
1. Receiving Input 2 Performing Computations 3. Storing data and instructions
4. Display the results 5. Controlling all the devices that perform the above 4 functions.
The device that performs tasks is called Arithmetic Logic Unit (ALU). A single chip called Microprocessor
performs these tasks together with other tasks.
“A MICROPROCESSOR is a multipurpose programmable logic device that reads binary instructions
from a storage device called memory accepts binary data as input and processes data according to those
instructions and provides results as output.”

" » Memory

PMICROPROCESSOR

[

Figure 1.1

Figure shows a programmable machine, which consists of a microprocessor, memory, 1/0. All these three
components work together to perform a given task.

EVOLUTION OF MICROPROCESSORS:

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

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

Limitations of first generation microprocessors is small memory size, slow speed and instruction set limited its
usefulness.

Second generation microprocessors:

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

The advantages of second generation microprocessors were

e Large chip size (170 x 200 mil) with 40-pins. More chips on decoding circuits.

e Ability to address large memory space (64-K Byte) and /O ports (256).
e More powerful instruction sets. Dissipate less power. 5
|| DEPARTMENT OF ECE L. L




MICROPROCESSORS AND MICROCONTROLLERS MATERIAL

e Better interrupt handling facilities. Cycle time reduced to half (1.3 to 9 m sec.)
e Sized 70x200 mil) with 40-pins. Less Support Chips Required
e Used Single Power Supply Faster Operation

The 8080 microprocessor addresses more memory and execute additional instructions, but executes them 10
times faster than 8008.The 8080 has memory of 64 KB whereas for 8008 16 KB only. In 1977, INTEL,
introduced 8085 which was an updated version of 8080 last 8-bit processor.

The main advantages of 8085 were its internal clock generator, internal system controller and higher
clock frequency.
Third Generation Microprocessor:
In 1978, INTEL released the 8086 microprocessor, a year later it released 8088. Both devices were 16 bit
microprocessors, which executed instructions in less than 400ns.The 8086 and 8088 addresses 1MB of memory
and rich instruction set to 246.16-bit processors were designed using HMOS technology. The Intel 80186 and
80188 were the improved versions of Intel 8086 and8088, respectively. In addition to 16-bit CPU, the 80186
and 80188 had programmable peripheral devices integrated on the same package.
Fourth Generation Microprocessor:
The single chip 32-bit microprocessor was introduced in the year 1981 by Intel as iAPX 432. The other
4"hgeneration microprocessors were; Bell Single Chip Bellmac-32, Hewlett-Packard, National NSI 6032, Texas
Instrument99000. Motorola 68020 and 68030. The Intel in the year 1985 announced the 32-bit microprocessor
(80386). The 80486 has already been announced and is also a 32-bit microprocessor.
The 80486 is a combination 386 processor a math coprocessor, and a cache memory controller on a single chip.
The Pentium is a 64-bit superscalar processor. It can execute more than one instruction at a time and has
a full 64-bit data bus and 32-bit address bus. Its performance is double than 80486.
inition is: ALAB: MOV AX, COUNT

8085 Microprocessor

The salient features of 8085 pp are:

* It is a 8 bit microprocessor.

» It is manufactured with N-MOS technology.

« It has 16-bit address bus and hence can address up to 216 = 65536 bytes (64KB) memory locations through
Ao-Ais.

* The first 8 lines of address bus and 8 lines of data bus are multiplexed ADo— AD».
* Data bus is a group of 8 lines Do— D7.

« It supports external interrupt request.

* A 16 bit program counter (PC)

* A 16 bit stack pointer (SP)

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

* It requires a signal +5V power supply and operates at 3.2 MHZ single phase clock.
» It is enclosed with 40 pins DIP (Dual in line package).
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A8 - A15 (Output 3 State)

Address Bus:The most significant 8 bits of the memory address or the 8 bits of the 1/0 address,3 stated during
Hold and Halt modes.

ADO - AD7 (Input/Output 3state)

Multiplexed Address/Data Bus; Lower 8 bits of the memory address (or 1/0 address) appear on the bus
during the first clock cycle of a machine state. It then becomes thedata bus during the second and third clock
cycles. 3 stated during Hold and Halt modes.

ALE (Output)

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

RD (Output 3state)

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

WR (Output 3state)

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

READY (Input)

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

HOLD:indicates that another Master is requesting the use of the Address and DataBuses. The CPU, upon
receiving the Hold request. will relinquish the use of buses as soon as the completion of the current machine
cycle. Internal processing can continue.The processorcanregain the buses only after the Hold is removed. When
the Hold is acknowledged, the Address, Data, RD, WR, and IO/M lines are 3stated.
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HLDA (Output)
HOLD ACKNOWLEDGE:indicates that the CPU has received the Hold request and that it will relinquish the
buses in the next clock cycle. HLDA goes low after the Hold request is removed. The CPU takes the buses one
half clock cycle after HLDA goes low.
INTR (Input)
INTERRUPT REQUEST is used as a general purpose interrupt. It is sampled onlyduring the next to the last
clock cycle of the instruction. If it is active, the Program Counter (PC) will be inhibited from incrementing and
an INTA will be issued. During this cycle a RESTART or CALL instruction can be inserted to jump to the
interrupt service routine. The INTR is enabled and disabled by software. It is disabled by Reset and immediately
after an interrupt is accepted.
INTA (Output)
INTERRUPT ACKNOWLEDGE: is used instead of (and has the same timing as) RDduring the Instruction
cycle after an INTR is accepted. It can be used to activate the 8259 Interrupt chip or some other interrupt port.
RESTART INTERRUPTS
These three inputs have the same timing as INTR except they cause an internal RESTART to be automatically
inserted.
RST 7.5 ~~ Highest Priority RST 6.5
RST 5.5 Lowest Priority
TRAP (Input)
Trap interrupt is a non-maskable restart interrupt. It is recognized at the same time as INTR. It is unaffected by
any mask or Interrupt Enable. It has the highest priority of any interrupt.
RESET IN (Input)
Reset sets the Program Counter to zero and resets the Interrupt Enable and HLDA flip-flops. None of the other
flags or registers (except the instruction register) are affected The CPU is held in the reset condition as long as
Reset is applied.
RESET OUT (Output)
Indicates CPU is being reset. Can be used as a system RESET. The signal is synchronized to the processor
clock.
SO, S1 (Output)

Data Bus Status. Encoded status of the bus cycle:

S1S0 OPERATION

00 HALT
01 WRITE
10 READ

11 FETCH

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

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

Arithmetic Logic Unit

The ALU performs the actual numerical and logic operation such as ,,add", ,,subtract®, ,,AND", ,,OR", etc. Uses
data from memory and from Accumulator to perform arithmetic. Always stores result of operation in
Accumulator.

Registers

The 8085/8080A-programming model includes six registers, one accumulator, and

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

Accumulator

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

Flags

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

to data conditions of the result in the accumulator and other registers. They are called Zero (Z), Carry (CY),
Sign (S), Parity (P), and Auxiliary Carry (AC) flags. The most commonly used flags are Zero, Carry, and Sign.
The microprocessor uses these flags to test data conditions.

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

Program Counter (PC)

This 16-bit register deals with sequencing the execution of instructions. This register is a memory pointer.
Memory locations have 16-bit addresses, and that is why this is al6-bit register.

The microprocessor uses this register to sequence the execution of the instructions. The function of the program
counter is to point to the memory address from which the next byte is to be fetched. When a byte (machine
code) is being fetched, the program counter is incremented by one to point to the next memory location

Stack Pointer (SP)

The stack pointer is also a 16-bit register used as a memory pointer. It points to a memory location in R/W
memory, called the stack. The beginning of the stack is defined by loading 16-bit address in the stack pointer.
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Instruction Register/Decoder

Temporary store for the current instruction of a program. Latest instruction sent here from memory prior to
execution. Decoder then takes instruction and decodes or interprets the instruction. Decoded instruction then
passed to next stage.Memory Address Register
Holds address, received from PC, of next program instruction. Feeds the address bus with addresses of location
of the program under execution.
Control Generator
Generates signals within uP to carry out the instruction which has been decoded. In reality causes certain
connections between blocks of the uP to be opened or closed, so that data goes where it is required, and so that
ALU operations occur.
Register Selector
This block controls the use of the register stack in the example. Just a logic circuit which switches between
different registers in the set will receive instructions from Control Unit.

8085 Addressing mode:

Addressing modes are the manner of specifying effective address. 8085 Addressing mode can be classified
into:
1) Direct addressing mode: the instruction consist of three byte, byte for the op-code of the instruction
followed by two bytes represent the address of the operand Low order bits of the address are in byte 2 High
order bits of the address are in byte 3
Ex: LDA 2000h; this instruction load the Accumulator is loaded with the 8-bit content of memory
location [2000h]

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

Ex: MOV A,B ;Here the content of B register is copied to the Accumulator
3) Register indirect addressing mode The instruction specifies a register pair which contains the memory
address where the data is located.

Ex. MOV M, A ;Here the HL register pair is used as a pointer to memory location. The content of
Accumulator is copied to that location
4) Immediate addressing mode: The instruction contains the data itself. This is either an 8 bit quantity or 16
bit (the LSB first and the MSB is the second)

Ex: MVI A, 28h LXI H , 2000h ;First instruction loads the Accumulator with the 8-bit immediate
data 28h Second instruction loads the HL register pair with 16-bit immediate data 2000h
5) Implicit addressing mode: Here the operands are implicitly in the instruction itself.

Ex: CMC —Complement carry
STC — Set Carry

B
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Timing Diagrams of 8085:
8085 has seven different machine cycles. These are:
(1) Opcode Fetch (2) Memory Read (3) Memory Write (4) 1/0 Read (5) I/O Write (6) Interrupt
Acknowledge (7) Bus Idle.
Ppcode Fetch Machine Cycle:

e The first machine cycle of every instruction is the Opcode Fetch. This indicates the kind of instruction to
be executed by the system. The length of this machine cycle varies between 4T to 6T states—it depends
on the type of instruction. In this, the processor places the contents of the PC on the address lines,
identifies the nature of machine cycle (by 10/M, S0, S1) and activates the ALE signal. All these occur in
T1 state.

e In T2 state, RD signal is activated so that the identified memory location is read from and places the
content on the data bus (DO — D7).

e In T3, data on the data bus is put into the instruction register (IR) and also raises the RD signal thereby
disabling the memory.

e In T4, the processor takes the decision, on the basis of decoding the IR, whether to enter into T5 and T6
or to enter T1 of the next machine cycle.

One byte instructions that operate on eight bit data are executed in T4. Examples are ADD B, MOV C,
B, RRC, DCR C, etc.
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Memory Read and Write Machine cycles:
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i(a) Memory read machine cycle i) Memory write machine cycle

Both the Memory Read and Memory Write machine cycles are 3T states in length. In Memory Read the
contents of R/W memory (including stack also) or ROM are read while in Memory Write, it stores data into
data memory (including stack memory).

During T2 and T3 states data from either memory or CPU are made available in Memory Read or
Memory Write machine cycles respectively. The status signal (IO/ M, S0, S1) states are complementary in
nature in Memory Read and Memory Write cycles. Reading or writing operations are performed in T2.

In T3 of Memory Read, data from data bus are placed into the specified register (A, B, C, etc.) and raises RD so
that memory is disabled while in T3 of Memory Write WR signal is raised which disables the memory.
10 Read and Write Machine cycles:

I/0 Read and Write machine cycles are almost similar to Memory Read and Write machine cycles
respectively. The difference here is in the 10/ M signal status which remains 1 indicating that these machine
cycles are related to 1/0 operations. These machine cycles take 3T states. In I/O read, data are available in T2
and T3 states, while during the same time (T2 and T3) data from CPU are made available in I/O write.
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Instruction Set

An instruction is a command given to the microcomputer to perform a specific task or function on a given data.
An instruction comprises of an operation code (called ‘opcode’) and the address of the data (called ‘operand’),
on which the opcode operates. This is the structure on which an instruction is based. The opcode specifies the
nature of the task to be performed by an instruction. Symbolically, an instruction looks like
Operation code Address of data

opcode operand

An instruction set is a collection of instructions that the microprocessor is designed to perform.
Functionally, the instructions can be classified into five groups:

Data transfer (copy) group
Arithmetic group

Logical group

Branch group

Stack, 1/O and machine control group.

Data transfer (copy) group
The different types of data transfer operations possible are cited below:

Between two registers.

Between a register and a memory location.

A data byte can be transferred between a register and a memory location.
Between an 1/0O device and the accumulator.

Between a register pair and the stack.
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