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80286 Microprocessor:

There are two operating modes for 80286.

1-
”~

A\

Y

The real address mode and protected virtual address mode. As explained in the real
address mode the processor can address up to IMB of the physical memory.

The virtual address mode is for multiuser and multitasking system. In this mode of
operation the memory management unit can manage up to 1 GB of the virtual memory
though the real memory may be much less, only 16 MB.

Basically in this mode one user do not interfere with the other. Also users cannot interfere
with the operating system. These features are called protection.

The 80286 contains four processing units:

1. Bus unit

2

. Instruction unit

. Execution unit

L2

4. Address unit

All memory and I/O read /write operations are performed by BU. While the current
instruction is being executed, the BU pre fetches instructions and keeps them in a queue
of six bytes.

» The function of IU is to decode the perfected instructions and to maintain a queue of 3

decoded instructions for execution. The EU executes instruction.

The address unit computes address of memory or [/O devices, which is to be sent by BU
for read and write operation. All the four units work in parallel within the CPU.

This type of parallel operation is called pipelining. All modern 16-bit CPU use
pipelining. In pipelining several execution units in a processor work simultaneously in

parallel.

80386 Microprocessor:

o
’

v

N

The Intel 80386 (also called Intel386) is a microprocessor which has been used as the
CPU of many personal computers since 1986. The 80386 operated at 5 million
instructions per second to 11.4MIPS for the 33MHz model.

This is a 32 bit microprocessor it has a circuitry of 275000 transistors. It was basically
introduced in the year 1985. It is compatible with 8086, 8088, 80186, 80286
MiCroprocessors.

It also contains a four-level protection mechanism on the chip itself. It has a total of 129
instructions. The 80386 is a 32 bit microprocessor with a non multiplexed 32 bit address

bus housed in a 132 pin grid array package.
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Basically this microprocessor has three versions: 80386SX, SL and DX. The DX version
has a 32 bit internal architecture and a 32 bit data bus whereas the SX and the SL version
have a 32 bit internal architecture but a 16 bit wide data bus.

These versions operate from 20MHz to 33MHz. It is capable of addressing 4G bytes of
physical memory and through its memory management unit it can address 64 terabytes
of the virtual memory.

The processor can operate in two modes: Real and protected. In the real mode physical
address space is 1Mbytes (20 address lines), which is extended to 4G bytes in the
protected mode (32 address lines). The primary difference between these modes is the
availability of the memory space and the addressing scheme.

The 80386 has 32 bit registers and is upward software compatible with the 8086. The
execution of the instructions is highly pipelined and the processor is designed to operate
in a multiuser and multitasking environment. It has the protection mechanism for this
type of environment.

It has basically six functional units: bus interface unit, code pre fetch unit, instruction
decode unit, execution unit, segmentation unit and the paging unit. It has the provision
for both memory segmentation and paging. A page is of fixed size 4KB each. Segment
vary in size, 4GB is the maximum size of a segment.

The 80386 has 11 addressing modes: register, immediate, direct, register indirect, based,
indexed, scale indexed, base indexed, base scale indexed, base indexed with displacement
and base scale indexed with displacement addressing. In the scale indexed addressing
the contents of an indexed register are multiplied with a scaling factor and the result is
added to the displacement to obtain the operand’s offset.

As explained earlier it has 32 bit register and has eight general purpose registers, six 16
bit segment registers, also has a 32 bit instruction pointer, six debug registers and a 32 bit
status register. The80386 has a segment descriptor register associated with each segment
register. The 80386 was widely used in powerful PCs before the 80486 was developed.

80486 Microprocessor:

._r

Basically this is an upgraded advanced version of 80386 and it was released in the year
1989.

It contains a 32 bit CPU, a floating-point math coprocessor, unified instruction and data
cache memory and memory management unit in a single I1C.

It contains an electronic circuitry of 1.2 million transistors. Its operating frequency for
its different versions is 23, 33, 66 and 100MHz. Itis 3 to 5 times faster than 80386.
Basically this is available in two versions: DX and SX. The DX type version is a 32 bit
processor housed in a 168 pin grid array package and can operate with the clock
frequencies from 25 to 66 MHz as explained earlier. The important additional features of
the 486 processor in comparison with the 386 processor are as follows.

.,' 3‘
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The486 processor includes:

;.'

Y

A\l

Y

Y

Built in math coprocessor. In the 386 system, a math coprocessor is an external device.
Therefore, the math instructions in 486 systems are executed three times faster than in
386 systems.

8K byte of code and data cache memory on the chip.

Highly pipelined execution unit. Therefore the execution time for many instructions is
one clock period. Basically we do not use 80486 but instead of that we usei486 because
of a court ruling that prohibited trade marking numbers. Intel dropped number-based
naming altogether with the successor to the i486-thePentium processor. The 486 contains
the following functional units:

Execution unit

Control unit

Bus interface unit

Code pre fetch unit

Instruction decode unit

Segmentation unit

Paging unit

Cache unit

Floating point unit.

Y VVVYVY VVVYVYYV

The code pre fetch unit contains a 32 byte queue to store fetched instruction codes. The
control unit also contains a control ROM to store micro codes. The segmentation
unit calculates linear address (the starting address of the segment plus the offset) from the
logical address. The address given in the program is called the logical address.

It also provides 4-level of protection for isolating and protecting tasks and the operating
system from each other. The paging unit provides the paging facility within a segment. It
translates the linear address into the physical address. The actual capacity of RAM and
ROM existing in a computer is known as physical memory.

The segmentation and the paging unit constitute memory management unit. In summary,
the 486 is a high speed, high performance 32bit microprocessor. It executes many of
its instructions in one clock cycle by using highly pipelined execution units.

It is designed to facilitate the execution of highlevel languages and suited
for multiprocessing and multitasking systems. In the early 1990s, 486 was generally used
in high end microcomputers and network environments

o
o
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Macros

* Macros are just like procedures, but not really. Macros look like procedures,
but they exist only until your code is compiled, after compilation all macros are
replaced with real instructions.

e If you declared a macro and never used it in your code, compiler will simply
ignore it. Emu8086.1nc is a good example of how macros can be used; this file
contains several macros to make coding easier for you.

—N e —
INSTRUCTION TYPES

The 8051 instructions are divided among five functional groups:
1. Arithmetic

2. Logical

3. Data transfer

4. Boolean variable

5. Program branching

1. Arithmetic Instructions

With the arithmetic instructions four addressing modes may be used. These
modes are direct, indirect, register and immediate. For instance the add-with-
carry instruction ADDC A, operand2 has the following four forms:

Tosir action Operativy Cunnuenls

ADDC A EKn Add register to accumulator Ra = register KU to R from carreatly
with carry selected remicter banlk

ADDC A, direct Add durect byte to acenmeulater Dircct = 8-bit inte:nal data’s Iscation
with carry addzess.

ADNC A.7@Ri Addirdireer RAM ta @R1= 8-hit intermal dam R AL loearinre
accuulator witl cany adthessed idncelly thiougl RO o: R1.

ADDC A, #darma Add inunediate Jatato =dat = 3-bir constaatincluded in tke
accunulator with earry mstruction,

Most of the arithmetic instructions execute in twelve oscillator clock periods
with the following three exceptions:

e
oo
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Instruction

Operaticn

Dseillator periods

INC DPTR Increment data pointe; 24
MUL 4B Muliply A and B 48
DI AB Divide Aby B 48

2. Logical Instructions

The logical instructions can perform Boolean operations on the data contained

cither in the accumulator or in an internal RAM location. Those logical
Instructions that use the accumulator as one of the operands have the same

addressing modes as those found in arithmetic instruction. Examples of such
instructions are:

Instructien Operantion Comments

ORL A Rn OR reg:ster to acconulator Ra = reguister RO 10 R7 from currently
selected register bank.

ORL AL direct OR direct byte to accumulator Direct = 8-bit mternal data’s leeation

address,

ORL ARl OR md:rect RAM to

@R1 = 8-bit mremal data RAM location
accumulator

addressed indirectly througl: RO cr R1.

ORL A, #data ORX imunediare data o

#ilaa = B-bir consraar mcludec in the
accumulator

mstruction.

Note that in addition to the ORL A, direct instruction we also have the
equivalent “mirror” instruction ORL direct, A (OR the accumulator to the direct
byte). All such instructions execute in twelve oscillator clock periods. Apart
from the logical instructions that use the accumulator as one of the operands,
there are three logical instructions that perform Boolean operations directly on

any byte in the internal data memory without going through the accumulator.
The table below gives a summary of these instructions.

lusl uctivn Operativu Cumwmenls
ANL  direct, Zdata AND immediate data to Example: ANL P2 #0FFH
direct byte

OKRL dwrect, =data Or immediate data to direct  Example: OKL P2 #)FFH

byte
XRL direct, #data Exclusive OR imniediate

data to direct byre

Example: XRL P2 #0FFH

Thesc three instructions take 24-oscillator clock period to execute. Note that
these instructions perform what is known as “read-modify-write” operation. In a
“read-modify-write” instruction the datum in the direct address location is first
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rcad, then the logical operation is performed on the read datum with the
immediate byte, and

Finally the result of the logical operation is written back to the direct address
location.

The logical group of instructions also contains four rotate instructions, which
operate on the contents of the accumulator, and a swap instruction (SWAP A).
The swap instruction is useful in BCD arithmetic manipulations.

3. Data Transfer Instructions

This group contains the largest number of instructions that enable us to move
data within the internal RAM, move data between the internal RAM and
external RAM, and three instructions that allow us to manipulate look-up
tables. The following table contains some examples of data transfer
instructions. Note that the stack in the 8051 is implemented in the on-chip
RAM. Unlike the stack implementations in other microprocessors the stack
grows “upwards” in memory, ie. towards higher memory addresses. The
execution of the PUSH instruction first increments the stack pointer, and then
copies the indicated byte into the stack.

Instruction Operation Comments
: Register addressing.

MOV A Rn Move register (o accumulator - >

MOV direct, A Meove accumulator to direct byze Direct addressmg.

MOV Ru. =data Move immediate data to register Immediate addressing

MOV @Ri, A Move accumulator 1o indirect RAM Indirect addressing Move 10
mrernal RAM.

MOV direct. @ Ri Move from mdirect RAM 1o direct byte Indirecr addressingz. Move from
external RAM to tnternal RAM.

MOV DPTR, #datal 6 Load data pointer with a 16-bit constant Immediate address.

MOVX @DPIR. A Move accumulator 1o external RAM Indirect addressing

MOVC A, 1A-PC Move Code byte relative 10 PC 10 ACC Index addressing,

PUSH direct Push direct byte mnta stack Direct addressing Stack dtself is
accessed using mdurect
addressing through the stack
pouter

XCI A, aRi Exchange mditect RAM with accumulator  Indirect addressing.

4. Boolean Instructions

The 8051 has a range of Boolean variable manipulating instructions which
cnable us to set or reset individual bits within some of the locations in the
internal RAM, and some of the special function registers. We give some

examples ol these instructions in the table below.
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Instruction

Operation

Oscillator period

CLR
(LR
SETB
CPL
ANL
ORL
ATOV

C

bit

C

blt
C. bit
C. bit
hit. C

Clear Carry but

Clear darect bt

Set Camry

Complemenr direct bit

AND complement of direct bit 10 Carry
OR direct bit to Carry

Move Carry to direct hit

12

5. Program branching Instructions

This group contains conditional and unconditional branch instructions. Some
of the conditional branch instructions which test individual bits such as JC rel
(jump if Carry is set) are found in the previous instruction group. The following
is a list of some of the program branch instructions.

Iustruction . Operation Comments

ACALL  addrll Absolute subroutine call Absolure addressing

LCALL  addrle Long subroutine call Long addressmmg Call 10
subroutine mn external memory

RETI Rerum from wnterrupt

SIMP rel Shart jump Relative addressing.

nr @Aa-DPTR Jump indirect relarive to the data painter Indexed addressing.

CINE A.=darm.rel Compare the immediate dama to the Compare - immediate

accumulator and jump 1f not equal

Jump — relative

CJINE @Ri. 2data.rel Compare mmmediate dara o indweet and  As above
Jump 1f not equal
DINZ Rn.rel Decrement register and jump 1f not zeto Register and relanve addressmg.
DINZ direct. rel Decrement the direct byte and jump ifnor  As above
Zero
INC el Jump 1f Carry 15 not set Jump - relatve addressing
JBC _ bit. 1el Jump if direct bir is set and clear bt As above
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ADDRESSING MODES

In short, a way to addressing a operand is nothing but addressing mode.
Operand means data on which we are going to operate i.e source data. We can
address the operand using direct address or by using register or we can address
the data using some numerical value etc.

MOVA,#6BH
In this example 6BH is operand i.e. source data. After execution of this
instruction 6BH is added to the accumulator.
We can execute this instruction by using 5 different ways i.e we can use 5
different addressing modes to execute this instruction. Following are the
different type of addressing modes.

Immediate addressing mode
Direct addressing mode

Register addressing mode
Register indirect addressing mode
Indexed addressing mode.

1. Immediate addressing mode:
As word indicates 'immediate' this addressing mode transfers 8 bit immediate
data to destination.
MOVA,#6BH
This instruction moves immediate data hex 6B to accumulator.

2. Direct addressing mode:
This is type of addressing mode in which the address of the data (source data)
is given as operand..i.e. it is given directly in the form of numerical data.

MOVB,20H

The instruction above moves value at address 20H memory location to register
B-

Here 20H is address of SFR.

The difference between direct addressing and immediate addressing mode is, we
don't use ‘4’ in direct addressing mode, unlike immediate mode.

3. Register addressing mode:
This 1s type of addressing mode in which we use the register name directly as

source data.
MOV A, RS

/:? S'\]

— |
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After execution of this instruction content of register RS is get copied to location
accumulator.

4. Register direct addressing mode :
In this mode of addressing address of source data is given by value at register
indirectly that's why we call it as a indirect register addressing mode.

e.g. MOV A, @R1

Here in this instruction register R1 holds the address, suppose value at R1 is
'D0H' then after execution of above instruction value at location 20H is
transferred to to accumulator.
Here symbol ‘@' indicates address. In this type addressing mode we can use
only register RO and R1 to provide indirect address.

5. Indexed addressing mode:
In this type of addressing mode we use following instruction:
1. MOVC A, @A+DPTR and 2. MOVC A, @A+PC
'MOVC A, @A+DPTR' instruction copies value at the location given by result of
addition of content of accumulator and 16 bit register DPTR. Suppose
Accumulator contain '01H' and DPTR contains value '1000H' then after the

execution of instruction 'MOVC A, @A+DPTR the value at address '1001H" will
be transferred to accumulator.

'MOVC A, @A+PC' instruction copies value at the location given by result of
addition of content of accumulator and 16 bit register PC (Program counter).
Suppose Accumulator contain '01H' and PC contains value '1000H’ then after
the execution of instruction 'MOVC A, @A+DPTR the value at address '1001H’
will be transferred to accumulator.

ASSEMBLY LANGUAGE PROGRAMMING

Simple addition is done within the 8051 based on 8 bit numbers, but it is often
required to add 16 bit numbers, or 24 bit numbers etc. This leads to the use of
multiple byte (multi-precision) arithmetic. The least significant bytes are first added,
and if a carry results, this carry is carried over in the addition of the next significant
byte etc. This addition process is done at 8-bit precision steps to achieve multi
precision arithmetic. The ADDC instruction is used to include the carry bit in the
addition process. Example instructions using ADDC are:

ADDC A, #55h ; Add contents of A, the number 55h, the carry bit; and put the sum
in A

ADDC A, R4 - Add the contents of A, the register R4, the carry bit; and put the
sum in A.
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Subtraction Computer subtraction can be achieved using 2’s complement arithmetic.
Most computers also provide instructions to directly subtract signed or unsigned
numbers. The accumulator, register A, will contain the result (difference) of the subtraction
operation. The C (carry) flag is treated as a borrow flag, which is always subtracted from the
minuend during a subtraction operation. Some examples of subtraction instructions are:

SUBB A, #55d ; Subtract the number 55 (decimal) and the C flag from A; and put the result
in A.

SUBB A, R6 ; Subtract R6 the C flag from A; and put the result in A.

SUBB A, 58h ; Subtract the number in RAM location 58h and the C flag From A; and put the
result in A.

Increment/Decrement The increment (INC) instruction has the effect of simply adding
a binary 1 to a number while a decrement (DEC) instruction has the effect of
subtracting a binary 1 from a number. The increment and decrement instructions can
use the addressing modes: direct, indirect and register. The flags C, AC, and OV are
not affected by the increment or decrement instructions. If a value of FFh is increment
it overflows to OOh. If a value of O0h is decrement it underflows to FFh. The DPTR can
overflow from FFFFh to 0O000h. The DPTR register cannot be decremented using a
DEC instruction (unfortunately!). Some example INC and DEC instructions are as
follows:

INC R7; Increment register R7
INC A; Increment A INC @R1 ; Increment the number which is the content

of the address in R1

DEC A; Decrement register A
DEC 43h; Decrement the number in RAM address 43h
INC DPTR; Increment the DPTR register

Multiply / Divide

The 8051 supports 8-bit multiplication and division. This is low precision (8 bit)
arithmetic but is useful for many simple control applications. The arithmetic is
relatively fast since multiplication and division are implemented as single instructions.
If better precision, or indeed, if floating point arithmetic is required then special
software routines need to be written. For the MUL or DIV instructions the A and B
registers must be used and only unsigned numbers are supported.

—

[

-,

Ly
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Multiplication

The MUL instruction is used as follows (note absence of o comman hetween the A and 13

operands):

MUL AB:  Multiply A by 13, The resulting product resides in repisters A and 13, the low-
order byte is in A and the high order byte is in B,

Division
The DIV instruction is used as follows:

DIV AB: A is divided by B. The remainder is put in register B and the inteper part of
the quotient is put in register A.

Decimal Adjust (Special)

The 8051 performs all arithmetic in binary numbers (i.e. it does not support BCD
arithmetic). 1l two BCD numbers are added then the result can be adjusted by using
the DA, decimal adjust, instruction:

DA A:  Decimal adjust A following the addition of two BCD numbers.

(2€)
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For removing this situation we use the stack from location30H to 7FH by shifting SP to 2FH.
MOV SP,#2FH;
DPTR — Data Pointer in 8051 g
* 16 bitregister, it is divided into two parts DPH and DPL.
* DPH for Higher order 8 b]lS DPL for lower order 8 bits:
* DPTR, DPH, DPL these all are SFRs in 8051.
Special Function Register
* (See Fig.) RAM scraf::h pad, there is extra 1/28 byte RAM which is used to store the SFRs
* Following fi f‘guryﬁhows special function bit address, all access to the four I/O ports CPU register,
interrupt control register, timer/count r/UART power control are performed through registers
between 80H and FFH. ’/
Byte Addressable SFR with byte add
SP - Stack printe

er—81H //
DPTR - Data pointer 2 bytes y

DPL — Loy byte — 82H

DPH — High byte — 83H /

TMOP - Timer mode coy ol — 89H
THY— Timer 0 Higher order bytes — 8CH
TI40 — Timer 0 Low opder bytes — 8AH
THI = Timer 1 Higlt'bytes = 80H

TLI —Timer 1 order byte = 86H
SBUF — Serial data buffer = 99H

PCON - Power control — 87H.

Instruction set of 8051

The 8051 instructions are divided among five functional groups:
1. Arithmetic

2. Logical

3. Data transfer

4. Boolean variable

5. Program branching

1. Arithmetic Instructions:

ADD A, source ;A = A + source
» The instruction ADD is used to add two operands
» Destination operand is always in register A Source operand can be a register,
immediate data, or in memory
Ex: MOV A #0F5H
ADD A, #0BH
DA A ; decimal adjust for addition
» The DA instruction is provided to correct the aforementioned problem
associated with BCD addition
> The DA instruction will add 6 to the lower nibble or higher nibble if need
Ex:
MOV A #47TH; A=47H first BCD operand
MOV B,#25H; B=25H second BCD operand
ADD A,B; hex(binary) addition(A=6CH)
DA A ; adjust for BCD addition (A=72H)
After an ADD or ADDC instruction

> If the lower nibble (4 bits) is greater than 9, or if AC=1, add 0110 to the lower

4 bits
> If the upper nibble is greater than 9, or if CY=1, add 0110 to the upper 4 bits

SUBB A,source ;A = A —source— CY

()
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~ To make SUB out of SUBB, we have to make CY=0 prior to the execution of the instruction
~ Notice that we use the CY flag for the borrow

MUL AB ;AxB, 16-bit result in B, A

~ The 8051 supports byte by byte multiplication only
~ The byte are assumed to be unsigned data

Ex:

MOV A#25H ; load 25H to reg. A

MOV B,#65H ; load 65H to reg. B

MUL AB ; 25H * 65H =E99 where; B =0EH and A =99H
DIV AB; divide A by B, A/B

~ The 8051 supports byte over byte division only
» The byte are assumed to be unsigned data

Ex:
MOV A#95 load 95 to reg. A
MOV B#10; load 10 toreg. B
MUL AB ; A =09(quotient) and; B = 05(remainder)

2. Logical Instructions:
ANL destination, source ;dest = dest AND source

» This instruction will perform a logic AND on the two operands and place the result in the
destination

» The destination is normally the accumulator
»  The source operand can be a register, in memory, or immediate

Ex:
MOV A#35H; A=35H
ANL A #0FH ; A=A AND OFH

ORL destination,source :dest = dest OR source

» The destination and source operands are ORed and the result is placed in the destination
~ The destination is normally the accumulator
» The source operand can be a register, in memory, or immediate

Ex:
MOV A #04H ; A=04
ORL A #68H ; A=6C

XRL destination,source ;dest = dest XOR source

»  This instruction will perform XOR operation on the two operands and place the result in the
destination

» The destination is normally the accumulator
» The source operand can be a register, in memory, or immediate

Ex:
MOV A #54H
XRL A #78H
CPL A ; complements the register A
» This s called 1’s complement

» To get the 2’s complement, all we have to do is to to add 1 to the 1°s complement
Ex:

MOV A, #55H

CPL A; now A=AAH; 0101 0101(55H);becomes 1010 1010(AAH)
CJNE destination,source,rel. addr.

P

,I_.',f S 3
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The actions of comparing and jumping are combined into a single instruction
called CINE (compare and jump if not equal)

The CINE instruction compares two operands, and jumps if they are not equal
The destination operand can be in the accumulator or in one of the Rn registers
The source operand can be in a register, in memory, or immediate

The operands themselves remain unchanged

It changes the CY flag to indicate if the destination operand is larger or smaller

VVVVY

Rotation Instructions:

RR A ;rotate right A
» Inrotate right
» The 8 bits of the accumulator are rotated right one bit, and
» Bit DO exits from the LSB and enters into MSB, D7

RL A ;rotate left A
» Inrotate left
» The 8 bits of the accumulator are rotated left one bit, and
» Bit D7 exits from the MSB and enters into LSB, D0

RRC A jrotate right through carry
> InRRCA
> Bits are rotated from left to right
» They exit the LSB to the carry flag, and the carry flag enters the MSB

RLCA ;rotate left through carry =
» InRLCA '
> Bits are shifted from right to left
» They exit the MSB and enter the carry flag, and the carry flag enters the LSB

3. Data Transfer Instructions:

MOV A, R2 ; moving data from source R2 to destination Accumulator
> This instruction will perform a Move the data in source to the destination.

» The destination is normally the register, memory location.
» The source operand can be a register, in memory, or immediate

4. Boolean Instructions:

There are several instructions by which the CY flag can be manipulated directly
Instruction Function

SETBC Make CY =1

CLRC Clear carry bit (CY = 0)

CPLC Complement carry bit

MOV b,C Copy carry status to bit location (CY = b)
MOV C,b Copy bit location status to carry (b = CY)
INC target Jump to target if CY =0

JC target Jump to target if CY = 1

ANL C,bit AND CY with bit and save iton CY

ANL C,/bit AND CY with inverted bit and save it on CY
ORL C,bit OR CY with bit and save it on CY

ORL C,/bit OR CY with inverted bit and save it on CY

5. Program Branching Instructions
DJNZ reg, Label

)

[

] )
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> Repeating a sequence of instructions a certain number of times is called a loop

» The register is decremented

> Ifitis not zero, it jumps to the target address referred to by the label

» Prior to the start of loop the register is loaded with the counter for the number of
repetitions

» Counter can be RO —R7 or RAM location

Jump only if a certain condition is met
JZ label Jump if A=0

JNC label Jump if no carry, CY=0

If CY = 0, the CPU starts to fetch and execute instruction from the address of the label
If CY =1, it will not jump but will execute the next instruction below JNC

JBC Jump if bit = | and clear bit
INB Jump if bit = 0

IB Jump if bit = 1

JNC Jump ifCY = 0

IC Jump if CY = |

CJINE reg,#data Jump if byte # #data

CINE A,byte Jump if A # byte

DINZ Decrement and Jump if A £ 0
INZ Jumpif A#0

1z Jump if A = 0

Addressing Modes of 8051
In short, a way to addressing a operand is nothing but addressing mode. Operand means data on
which we are going to operate i.e source data. We can address the operand using direct address or
by using register or we can address the data using some numerical value etc.

, MOVA #6BH
In this example 6BH is operand i.e. source data. After execution of this instruction 6BH is added
to the accumulator.
We can execute this instruction by using 5 different ways i.e we can use 5 different addressing
modes to execute this instruction. Following are the different type of addressing modes.
Immediate addressing mode
Direct addressing mode
Register addressing mode
Register indirect addressing mode
Indexed addressing mode.

Immediate addressing mode:
As word indicates 'immediate’ this addressing mode transfers 8 bit immediate data to destination.
MOVA, #6BH
This instruction moves immediate data hex 6B to accumulator.

Direct addressing mode:
This is type of addressing mode in which the address of the data (source data) is given as
operand..i.e. it is given directly in the form of numerical data.
MOVB,20H

The instruction above moves value at address 20H memory location to register B .

i
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Here 20H is address of SFR.
The difference between direct addressing and immediate addressing mode is, we don't use */# in
direct addressing mode, unlike immediate mode.

Register addressing mode:
This is type of addressing mode in which we use the register name directly as source data.
MOV A, RS
After execution of this instruction content of register RS is get copied to location accumulator.

Register direct addressing mode :
In this mode of addressing address of source data is given by value at register indirectly that's
why we call it as a indirect register addressing mode.

e.g. MOV A, @RI

Here in this instruction register R1 holds the address, suppose value at R1 is "20H" then after
execution of above instruction value at location 20H is transferred to to accumulator,
Here symbol '@' indicates address. In this type addressing mode we can use only register R0 and
R1 to provide indirect address.

Indexed addressing mode:
In this type of addressing mode we use following instruction:
1.MOVC A, @A+DPTR and 2. MOVC A, @A+PC
'MOVC A, @A+DPTR ' instruction copies value at the location given by result of addition of
content of accumulator and 16 bit register DPTR. Suppose Accumulator contain '01H' and DPTR
contains value '1000H' then after the execution of instruction 'MOVC A, @A+DPTR the value at
address '1001H' will be transferred to accumulator.

'MOVC A, @A+PC' instruction copies value at the location given by result of addition of content
of accumulator and 16 bit register PC (Program counter). Suppose Accumulator contain '01H' and
PC contains value '1000H' then after the execution of instruction 'MOVC A, @A+DPTR the
value at address '1001H' will be transferred to accumulator.

Timer Operation in 8051 Micro controller

3

~

>

The 8051 has two counters/timers which can be used either as timer to generate a time delay or as
counter to count events happening outside the microcontroller.

The 8051 has two timers: timer0 and timerl. They can be used either as timers or as counters.
Both timers are 16 bits wide. Since the 8051 has an 8-bit architecture, each 16-bit is accessed as
two separate registers of low byte and high byte. First we shall discuss about Timer0 registers.
Timer0 registers is a 16 bits register and accessed as low byte and high byte. The low byte is
referred as a TLO and the high byte is referred as THO. These registers can be accessed like any
other registers.

THO

iTLO
IDlS]DI-\II DI*DIJ IDIJDID I D9| DBI D7 I DGI DSI D4 I D3 ID2 I D1 I Do I

Flg. Timero
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> Timerl registers is also a 16 bits register and is split into two bytes, referred to as TL1 and THI.

TH e TLI1

D15 f D14} Di1FDI2 Dnl.»ml ml Da 1J7| Del DsfDa D3z o f oo

Fig. Timerl

TMOD (timer mode) Register:
> This is an 8-bit register which is used by both timers 0 and | to set the various timer modes.
» In this TMOD register, lower 4 bits are set aside for timer0 and the upper 4 bits are set aside for
timerl.
» In each case, the lower 2 bits are used to set the timer mode and upper 2 bits to specify the
operation.

AT crfl M1 Mo Jeare] ot Mt | Mo |
I Timerl TimeroO I

Fig. TMOD Register

‘v"

The hardware way of starting and stopping the timer by an external source is achieved by making
GATE=1 in the TMOD register. And if we change to GATE=0 then we do not need cxternal
hardware to start and stop the timers.

The second bit is C/T bit and is used to decide whether a timer is used as a time delay generator
or an event counter. If this bit is 0 then it is used as a timer and if it is | then it is used as a
counter.

In upper or lower 4 bits, the last bits third and fourth are known as M1 and MO respectively.
These are used to select the timer mode.

Y

Y

MO MI Mode Operating Mode

0 0 0 13-bit timer mode, 8-bit timer/counter THx and TLx as 5- bit
prescalar.
0 1 1 16-bit timer mode, 16-bit timer/counters THx and TLx are cascaded;
There are no prescalar.
| 0 2 8-bit auto reload mode, 8-bit auto reload timer/counter; THx holds a
Value which is to be reloaded into TLx each time it overflows.
1 ] 3 Spilt timer mode '

It is a 16-bit timer; therefore it allows values from 0000 to FFFFH to be loaded into the timer's
registers TL and TH.
» After TH and TL are loaded with a 16-bit initial value, the timer must be started. We can do it by
“SETB TRO" for timer 0 and “SETB TRI1” for timer 1.
After the timer is started.
It starts count up until it reaches its limit of FFFFH. When it rolls over from FFFF to 0000H, it
sets high a flag bit called TF (timer flag).
This timer flag can be monitored. When this timer flag is raised, one option would be stop the
timer with the instructions “CLR TRO“ or CLR TR for timer 0 and timer | respectively.

v Vv

v

» Again, it must be noted that each timer flag TFO for timer 0 and TF1 for timerl. After the timer

reaches its limit and rolls over, in order to repeat the process the registers TH and TL must be
reloaded with the original value and TF must be reset to 0.

Example program

a
ek

Scanned by CamScanner



>

To create a square wave of 50% duty cycle (with equal portions high and low) on the P1.5 bit.
Timer 0 is used to generate the time delay

MOV TMOD,#01 ;Timer 0, mode 1(16-bit mode)
HERE: MOV TLO0,#0F2H ;TLO=F2H, the low byte
MOV THO,#0FFH ;THO=FFH, the high byte
CPL P1.5 ;toggle P1.5
ACALL DELAY
SIMP HERE

In the above program notice the following step.

I. TMOD is loaded.

2. FFF2H is loaded into THO-TLO.

3. P1.5 is toggled for the high and low portions of the pulse.

DELAY:
SETB TRO ;start the timer 0
AGAIN: INB TF0, AGAIN ;monitor timer flag O;until it rolls over
CLR TRO ;stop timer 0
CLR TFO sclear timer 0 flag
RET

4. The DELAY subroutine using the timer is called.

5. In the DELAY subroutine, timer 0 is started by the SETB TRO instruction.

6. Timer 0 counts up with the passing of each clock, which is provided by the crystal oscillator. As the
timer counts up, it goes through the states of FFF3,FFF4, FFFS, FFF6, FFF7, FFF8, FFF9, FFFA, FFFB,
and so on until it reaches FFFFH. One more clock rolls it to 0, raising the timer flag (TF0=1).At that
point, the INB instruction falls through.

7. Timer 0 is stopped by the instruction CLR TR0, The DELAY subroutine ends and the process is
repeated.

Mode 2

.
>

v

Itis an 8 bit timer that allows only values of 00 to FFH to be loaded into the timer’s register TH.
After TH is loaded with 8 bit value, the 8051 gives a copy of it to TL. Then the timer must be
started. It is done by the instruction “SETB TRO0” for timer 0 and “SETB TR1” for timer]. This is
like mode 1.

After timer is started, it starts to count up by incrementing the TL registers. It counts up until it
reaches its limit of FFH. When it rolls over from FFH to 00.

It sets high the TF (timer flag). If we are using timer 0, TFO goes high; if using TF1 then TF1 is
raised.

When Tl register rolls from FFH to 00 and TF is set to 1, TL is reloaded automatically with the
original value kept by the TH register. To repeat the process, we must simply clear TF and let it
go without any need by the programmer to reload the original value. This makes mode 2 auto
reload, in contrast in mode 1 in which programmer has to reload TH and TL,

Example Program

"

To find the frequency of the square wave generated on pin P1.0 in the following program

MOV TMOD,#20H ;T1/8-bit/auto reload
MOV TH1,#5 ;THI =5
SETB TR1 ; start the timer 1
BACK: INB TF1,BACK still timer rolls over
CPL P1.0 ;P1.0 to hi, lo
CLR TF1 iclear Timer 1 flag
SIMP BACK ;mode 2 is auto-reload

Solution:

>

First notice the target address of SIMP. In mode 2 we do not need to reload TH since it is auto-
reload. Now (256 - 05) x 1.085 us =251 x 1.085 us = 272.33 us is the high portion of the pulse.
Since it is a 50% duty cycle square wave, the period T is twice that; as a result T=2 x 272.33 us
= 544.67 us and the frequency =1.83597 kHz

(S 0)
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TCON register
TCON register is the timer control special function register. In which lower nibble is used to control

interrupt operation and higher nibble is used to control timer operation. Bits and symbol and functions of
every bits of TCON are as follows:

ITFI ITRl 'I'FOITROI IE1 | IT1 I 1Eo | 1To |

Fig. TCON Register

BIT Symbol Functions

7 TF1 Timerl over flow flag. Set when timer rolls from all Is to 0. Cleared When
the processor vectors to execute interrupt service routine Located at
program address 001Bh.

6 TRI1 Timer I run control bit. Set to 1 by programmer to enable timer to count;
Cleared to 0 by program to halt timer.

5 TFO Timer 0 over flow flag. Same as TF1.

4 TRO Timer 0 run control bit. Same as TRI.

3 IE] External interrupt 1 Edge flag. Not related to timer operations.

2 IT] External interrupt] signal type control bit. Set to 1 by program to Enable

external interrupt 1 to be triggered by a falling edge signal. Set To 0 by
program to enable a low level signal on external interruptl to generate an
interrupt.

| IEO External interrupt 0 Edge flag. Not related to timer operations. 0 110
External interrupt O signal type control bit. Same as 1TO.

Interrupt Operation in 8051 Micro Controller
~ An interrupt is an external or internal event that interrupts the microcontroller to inform it that a
device needs its service.
~ There are six interrupt sources for the 8051, which means that they can recognize 6 different
events that can interrupt regular program execution
Six interrupts are allocated as follows
1. Reset — power-up reset
2. Two interrupts are set aside for the timers: one for timer 0 and one for timer |
3. Two interrupts are set aside for hardware external interrupts P3.2 and P3.3 are for the external
hardware interrupts INTO (or EX1), and INT1 (or EX2)
4. Serial communication has a single interrupt that belongs to both receive and transfer

» Each interrupt can be enabled or disabled by setting 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.

0 X 0 0 0 0 0 0 Value after Rl
IE [ ea | | e2 | es [ em | ext | ero | exo | Bitname
bit7 bit6 bits bit4 bit3 bit2 bit1 bit0

EA - global interrupt enable/disable:
. 0 - disables all interrupt requests.
. 1 - Enables all individual interrupt requests.
ES - enables or disables serial interrupt:
e 0-UART system cannot generate an interrupt.
e | - UART system enables an interrupt.
ET]1 - bit enables or disables Timer 1 interrupt:
e (- Timer ] cannot generate an interrupt.
e 1 -Timer | enables an interrupt.
EX1 - bit enables or disables external 1 interrupt:

\ Y

SEEPT_ T ]
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* 0 - change of the pin INTO logic state cannot generate an interrupt.
e | - Enables an external interrupt on the pin INTO state change.
ETO - bit enables or disables timer 0 interrupt:
e 0- Timer 0 cannot generate an interrupt.
e | - Enables timer 0 interrupt.
EXO - bit enables or disables external 0 interrupt:
e 0-change of the INTI pin logic state cannot generate an interrupt.
e |- Enables an external interrupt on the pin INT1 state change.

Interrupt Priorities
» If several interrupts are enabled, it may happen that while one of them is in progress,

another one is requested.

» The IP Register (Interrupt Priority Register) specifies which one of existing interrupt
sources have 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
¢ If an interrupt of higher priority arrives while an interrupt is in progress, it will be

immediately stopped and the higher priority interrupt will be executed first. i
e If two interrupt requests, at different priority levels, arrive at the same time then the g
higher priority interrupt is serviced first.
e If the both interrupt requests, at the same priority level, occur one after another, the one 5
which came later has to wait until routine being in progress ends. 4
e If two interrupt requests of equal priority arrive at the same time then the interrupt to be
serviced is selected according to the following priority list:
1. External interrupt INTO
2. Timer 0 interrupt
3. External Interrupt INT1
4. Timer 1 interrupt
5. Serial Communication Interrupt
IP 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 aller Res 2t
IP L - I l PT2 ] PS | PT1 | PX1 l PTO l PX0 | Bit name
bit7 bit6 bits bit4 bit3 bit2 bit1 bit0

PS - Serial Port Interrupt priority bit
PT1 - Timer | interrupt priority

PX1 - External Interrupt INT1 priority
PTO - Timer 0 Interrupt Priority

PX0 - External Interrupt INTO Priority

Interrupt Handling Process:
» Upon activation of an interrupt, the microcontroller goes through the following steps

L. It finishes the instruction it is executing and saves the address of the next instruction (PC) on the

stack
2. It also saves the current status of all the interrupts internally (i.e: not on the stack) J

3. It jumps to a fixed location in memory, called the interrupt vector table, that holds the address of
the ISR

Interrupt Source Vector (address)
IEO 0003 h
IE1 0013h
TFO 000B h
TF1 001B h
RI, TI 0023 h

The microcontroller gets the address of the ISR from the interrupt vector table and jumps to it
4. It starts to execute the interrupt service subroutine until it reaches the last instruction of the

subroutine which is RETI (return from interrupt)

D

)
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Unit-6

Interfacing of Analog-to-Digital Converter to 8051 microcontroller:

ADC 0804:

> ADCO804 is an 8 bit successive approximation analogue to digital converter from
National semiconductors.

The features of ADC0804 are differential analogue voltage inputs, 0-5V input voltage
range, no zero adjustment, built in clock generator, reference voltage can be externally

Y

adjusted to convert smaller analogue voltage span to 8 bit resolution etc.
The pin out diagram of ADC0804 is shown in the figure below.

v

- N
e L 20 = Ve (OR Vpep)
RO—{2 19 —CLKR
WR—{3 18 |—DBO (LS8)
CLKIN— 4 17 =081
INTR — =
NR—5 Apcog04 6082
Vp(+)—8 15—DB3
vin(=)—7 14 }—0B4
AGND—{8 13}—0Bs
Vaer/2 =9 12 }—=DBS
DCND—{10 11}—DB7 (MSB)

The voltage at Vref/2 (pin9) of ADC0O804 can be externally adjusted to convert smaller input
voltage spans to full 8 bit resolution.

Steps for converting the analogue input and reading the output from ADC0804:

= Make C5=0 and send a low to high pulse to WR pin to start the conversion.

» Now keep checking the INTR pin. INTR will be 1 if conversion is not finished and INTR will
be 0 if conversion is finished.

= |f conversion is not finished (INTR=1), poll until it is finished.

= If conversion is finished (INTR=0), go to the next step.

« Make CS=0 and send a high to low pulse to RD pin to read the data from the ADC.

&)
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Unit-6

Circuit Diagram:
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The figure above shows the schematic for interfacing ADC0804 to 8051.
The circuit initiates the ADC to convert a given analogue input, then
corresponding digital data and displays it on the LED array connected at PO.
For example, if the analogue input voltage Vin is 5V then all LEDs will glow indicating
11111111 in binary which is the equivalent of 255 in decimal.

AT89s51 is the microcontroller used here. Data out pins (DO to D7) of the ADC0804 are
connected to the port pins P1.0 to P1.7 respectively.

accepts the

LEDs D1 to D8 are connected to the port pins P0.0 to P0.7 respectively.

Resistors R1 to R8 are current limiting resistors. In simple words P1 of the
microcontrollelr is the input port and PO is the output port.

Control signals for the ADC (INTR, WR, RD and CS) are available at port pins P3.4 to P3.7
respectively.

Resistor R9 and capacitor C1 are associated with the internal clock circuitry of the ADC.
Preset resistor R10 forms a voltage divider which can be used to apply a particular input

analogue voltage to the ADC. Push button S1, resistor R11 and capacitor C4 forms a
debouncing reset mechanism.

D
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unit-6

» Crystal X1 and capacitors C2, C3 are associated with the clock circuitry of the
microcontroller.

Program:
ORG 00H
MOV P1,#111111118B // initiates P1 as the input port
MAIN: CLR P3.7 /[ makes CS=0
SETB P36 // makes RD high
CLRP3S // makes WR low
SETBP3.5 // low to high pulse to WR for starting conversion
WAIT: I8 P3.4, WAIT // polls until INTR=0
CLR P3.7 // ensures C5=0
CLRP3.6 // high to low pulse to RD for reading the data from ADC
MOV A, P1 // moves the digital data to accumulator
CPLA // complements the digital data
MOV PO, A // outputs the data to PO for the LEDs
SIMP MAIN // jumps back to the MAIN program
END

S
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Dicital-to-analoo (DAC) converter interfacing with 8051 Micro controller:

> The digital-to-analog converter (DAC) is a device widely used to convert

digital pulses to analog signals,
MCI1408 DAC (or DACOS0S)

> In the MCT408 (DACO808), the digital inputs are converted to current (Iyu),

and by connecting a resistor to the Ly, pin, we get the result to voltage.

5Y 8V
BQSY DACQs0B T
RD vee
WR Vial {*)]
P10 1 DO
»{ D1 our TO
+»| 02 SCOPE
-1 D)
e Vout = 0
=1 D¢ Vel [+ 1o 10V
&1 D§
1 D&
Py 107

VEE COMP GND

-I_ 0.1uF el
L1

A2V

Fig. interfacing circuit

The total current provided by the Iy, pin is a function of the binary numbers at the
DO — D7 inputs of the DAC0808 and the reference current (1,op), and is as follows:

— i — o — 4 + - 4+

¢ g D7 D6 D3 D4 D3 D2 DI Do
et g > 4 X 16 32 64 128 256

% Where DO is the LSB, D7 is the MSB for the inputs, and I is the input
current that must be applied to pin 14. The I current is generally set to 2.0
mA.

rd
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> Figure above shows the generation of current reference (setting e = 2 mA)
by using the standard 5-V power supply and IK and 1.5K-ohm standard

resistors.

Program to send data to the DAC to generate a stair-step ramp:

CLR A

AGRIN: MOV P1,A ;send data to DAC
INC A ;jecount from 0 to FFH
ACRLL DELAY :let DAC recover
SJMP AGAIN

@

Scanned by CamScanner



Key board interfacing to 8051 micro controller:

e The key board here we are interfacing is a matrix keyboard. This key board
is designed with a particular rows and columns. These rows and columns are
connected to the microcontroller through its ports of the micro controller
8051.

e When ever a key is pressed, a row and a column gets shorted through that
pressed key and all the other keys are left open. When a key is pressed only
a bit in the port goes high. Which indicates microcontroller that the key is
pressed. By this high on the bit key in the corresponding column is
identified.

KEY PAD |— MICRO | — pispLAY
CONTROLER

Circuit diagram of INTERFACING KEY BOARD TO 8051.

The programming algorithm, program and the circuit diagram is as follows. Here
program is explained with comments.

1 2 3 ~
_LHI _.;-Hb _.-HD _.;——al
O e o s i o
_;:——0 _L--‘D j’l—#b -L-——dh
0 Wi uli S W D
7 g g C
= - = A
I- C. | -9 —_— —_
1:23ﬁ - - b
E 0 F D
-._Hl _._l—-ﬂi -l-l-dl -.-HP
RJ—E f & J: 1
Hex heypad w/iw v circutstoday com

Circuit diagram of INTERFACING KEY BOARD TO 8051.

-
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The hex keypad has 8 communication lines namely R1, R2, R3, R4, C1, C2,
C3 and C4.

R1 to R4 represents the four rows and C1 to C4 represents the four columns.
When a particular key is pressed the corresponding row and column to
which the terminals of the key are connected gets shorted.

For example if key 1 is pressed row R1 and column C1 gets shorted and so
on. The program identifies which key is pressed by a method known as
column scanning.

In this method a particular row is kept low (other rows are kept high) and the
columns are checked for low. If a particular column is found low then that
means that the key connected between that column and the corresponding
row (the row that is kept low) is been pressed.

For example if row R1 is initially kept low and column ClI is found low
during scanning, that means key 1 is pressed.

The circuit is very simple and it uses only two ports of the microcontroller, one for
the hex keypad and the other for the seven segment LED display.

=z =&V e
p

Hes heypad 29 4t 4
cJ ol 1 51
10uF/10V I Resel
Do — St
RZ P11 N
= Re P12 g 2K
c1 P14 D1
’E cz P1.5 R1 = coemmon cathode
c2 P1E PO O _z\/\/\/\,—\_ 7 segmenl LEC disglay
= P17 R2
[e] ][] oo v
ATESEE R2 AT

Interfacing hex veypad o 8031

R4
PO 3 AN ——— & l l
P e
RE d
PO.4 _W\_f\_l
[»
ATELA RE
PO & =AM, b .
a
FO 8 —\AAA— cou
b RE
WAL PO T J

veww circuilstoday com
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Program to interface matrix kevboard to microcontroller 8051

Program:

To check that whether any kev is pressed

ORG 0040H
BACK: MOV P1, #111111118B // loads P1 with all 1's
CLR P1.0 // makes row 1 low
JB P1.4, NEXT 1 // checks whether column 1 is low and jumps to NEXT1 if not low
MOV A, #F9 // loads a with 0D if column is low (that means key 1 is pressed)
MOV PO, A
NEXT1:JB P1.5, NEXT 2 // checks whether column 2 is low and so on...
MOV A, A4
MOV PO, A

NEXT2: JB P1.6, NEXT 3
MOV A, #B0
MOV PO, A

NEXT3:JB P1.7, NEXT 4
MOV A, #XX
MOV PO, A

NEXT4: SETB P1.0
CLRP1.1
JB P1.4, NEXT 5
MOV A, H99
MOV PO, A

NEXTS: JB P1.5, NEXT 6
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MOV A, 1192
MOV PO, A
NEXT6: JB P1.6, NEXT 7
MOV A, #82
MOV PO, A
NEXT7: JB P1.7, NEXT 8
MOV A, #..
MOV PO, A
NEXTS: SETB P1.1
CLR P1.2
JB P1.4, NEXT 9
MOV A, #F8
MOV PO, A
NEXT9: JB P1.5, NEXT 10
MOV A, #80

MOV PO, A

NEXT10:JB P1.6, NEXT 11

MOV A, #90
MOV PO, A
NEXT11:)B P1.7
MOV A 4.
MOV PO, A

SIMP BACK

€
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LED (Light Emitting Diodes)

e Light Emitting Diodes (LED) is the most commonly used components,
usually for displaying pins digital states. Typical uses of LEDs include alarm
devices, timers and confirmation of user input such as a mouse click or
keystroke.

Interfacing LED

e Fig. | shows how to interface the LED to microcontroller. As you can see
the cathode is connected through a resistor to GND & the anode is connected
to the Microcontroller pin. So when the Port Pin is HIGH the LED is ON &
when the Port Pin is LOW the LED is turned OFF.

LD6
Microcontroller . N/f’

Port pin

R25
2.2k

FIG.1.

o Interfacing LED with 8051 we now want to flash a LED in 8051 Primer
Board. It works by turning ON a LED & then turning it OFF & then looping
back to START.

e However the operating speed of microcontroller is very high so the flashing
frequency will also be very fast to be detected by human eye. The 8051
Primer board has eight numbers of point LEDs, connected with I/O Port

lines (P3.0 — P3.7) to make port pins high.

@
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Cireuit Dingram to Interface LED with 8051

PROGRANM :

AL
(MR}
} [l ‘ |
LLTAIRY
0] 2|
u

1y MRG
[ TN

LARLTE R

L 1
1T
P RIHTG
Y TR
L R T o

L]

an

-1 31

This is the program to flash one by one LED from LEDI to LEDS8 in above

interfacing circuit.
ORG 004011

- MAIN PROGRAM

TOGGLE: MOV A, #01H

MOV P3,

A

CALL DELAY

MOV A, #02H

MOV P3, A

CALL DELAY

MOVA, #03H
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MOV P3, A
CALL DELAY
MOV A, #04H
MOV P3, A
CALL DELAY
MOV A, #05H
MOV P3, A
CALL DELAY
MOV A, #06H
MOV P3, A
CALL DELAY
MOV A, #07TH
MOV P3, A
CALL DELAY
MOV A, #08H
MOV P3, A
CALL DELAY
SIMP TOGGLE

- DELAY SUB-ROUTINE
DELAY: MOV RS, #10

FIRST: MOV Ré6, #200
SECOND: MOV R7, #200
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THIRD  DINZ R5, FIRST
DINZ R6, SECOND
DINZ R7, THIED

RET
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Interfacing push button switches to an 8051 microcontroller:

e Push button switches are widely used in embedded system projects and the
knowledge about interfacing them to 8051 is very essential in designing such
projects.

e A typical push button switch has two active terminals that are normally open
and these two terminals get internally shorted when the push button is
depressed.

Pushbutton switch

Circuit diagram:

& -Ew -5 P P s
l:u ‘_-c
Es Ve
[' 1 - 1 < Az
| <> - =
= 2 = 10r = 10k
s3 T 1ouFnowv < =
T 2| asr P— |
o 1|38
f’ [Sa=] l
= Bax =} 42 s s s=
‘[ ATBEGSS ) I _l
o 7|22 2 il =
EG0 orm LED
HT ALY
WTaL2
GHD
1

)
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Interfacing 8051 and pushbutton:

e The circuit diagram for interfacing push button switch to 8051 is shown
above. AT89S51 is the microcontroller used here. The circuit is so designed
that when push button S1 is depressed the LED DI goes ON and remains
ON until push button switch S2 is depressed and this cycle can be repeated.

e Resistor R3, capacitor C3 and push button S3 forms the reset circuitry for
the microcontroller. Capacitor C1, C2 and crystal X1 belongs to the clock
circuitry. R1 and R2 are pull up resistors for the push buttons. R4 is the
current limiting resistor for LED.

PROGRAM

MOV P0,#83H
READSW: MOV A,P0

RRC A

JC NXT

CLR P0.7

SIMP READSW

NXT: RRC A

JC READSW

SETB P0.7

SJMP READSW
END

@)
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Interfacing seven segment displays with 8086 micro processor:

e There are two types of 7 segment displays: Common Anode and Common

Common Anode: In this all the Negative terminals (cathode) of all the 8 LEDs are
connected together (see diagram below), named as COM. And all the positive

Seven segment displays are important to display numbers from 0 to 9. It can
also display some character alphabets like A,B,C,H,F.E etc.

7 segment displays is the simplest unit to display numbers and characters. It
just consists of 8 LEDs, each LED used to illuminate one segment of unit
and the 8"LED used to illuminate DOT in 7 segment display.

We can refer each segment as a LINE, as we can see there are 7 lines in the
unit, which are used to display a number/character.

We can refer each line/segment "a,b,c,d,e,f,g" and for dot character we will
use "h".

There are 10 pins, in which 8 pins are used to refer a,b,c,d,e,f,g and h/dp, the
two middle pins are common anode/cathode of all he LEDs.

These common anode/cathode are internally shorted so we need to connect
only one COM pin.

=
=]
<

= | =]

_

| |

[ = n

| |

«» (s |

Com ———

Cathode:

terminals are left alone.
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Common Cathode: In this all the positive terminals (Anodes) of all the 8 LEDs
are connected together, named as COM. And all the negative thermals are left

alone.
CONMON ANOQDE COMMON CATHODE

CoM
c d e f g hidot

TR

Internal connections of 7 Segment Display

Circuit Diagram and Working Explanation

P0.7 l ;
ENABLE
P0.6 a I ’
P0.5 b | : 3 "
8051 <
PO.4 {mr i 9 |
P0.3 r
PO.2}— e !
PO.1 f |
qQ
P0.0 ap{

COMMON ANODE CONFIGURATION

We have connected a,b,c.d,e,f,g,h to pins 0.0 to 0.7 means we are connecting 7

segment to port 0 of microcontroller.

@)
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e Now suppose we want to display 0, then we need to glow all the LEDs
except LED which belongs to line “g” (see diagram above), so pins 0.0 to
0.6 should be at 0 (should be 0 to TURN ON the LED as per negative logic)
and pin 0.7 and 0.8 should be at 1 (should be 1 to TURN OFF the LED as
per negative logic).

e So the LEDs connected to pins 0.0 to 0.6 (a,b,c,d,e,f) will be ON and LEDs
connected to 0.7 and 0.8 (g and h) will be OFF, that will create a “0" m 7
segment.

e So we need bit pattern 11000000 (Pin 8 is the highest bit so starting from
P0.7 to P0.0), and the HEX code for binary 11000000 is “C0”. Similarly we
can calculate for all the digits.

e Here we should note that we are keeping “dot/h” always OFF, so we need to
give LOGIC “1” to it every time. A table has been given below for all the
numbers while using Common Anode 7 segment.

Digit to Display hgfedcba Hex code
0 11000000 Co
| 11111001 F9
2 110100100 A4
3 10110000 BO
4 10011001 99
5 10010010 92
6 10000010 82
7 11111000 F8
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8 10000000 80

] 10010000 90

Code Explanation

e We have created ms delay function to provide the delay in milliseconds, this
delay is usually provided in any microcontroller program so that
microcontroller can complete its internal operation.

e Then we have created an array of the hex codes for 0 to 9 (see table above),
and finally we have sent the hex codes to the port 0, which is connected to
common anode 7 segment. So in this way the numbers are shown on the 7
segment display.

Code:
* ORG 0000H

REPEAT:

MOV P0,# 11000000B ; DISPLAYING 0
ACALL DELAY

MOV P0O# 11111001B ; DISPLAYING 1
ACALL DELAY

MOV P0,# 10100100B ; DISPLAYING 2
ACALL DELAY

MOV PO,# 101100008 ; DISPLAYING 3
ACALL DELAY

MOV P0,# 10011001B ; DISPLAYING 4
ACALL DELAY

MOV P0,# 100100108 ; DISPLAYING 5
ACALL DELAY

MOV P0,# 10000010B : DISPLAYING 6

ACALL DELAY

)
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MOV POz 111110008 - DISPLAYING 7
ACALL DELAY

MOV PO.=100000008 - DISPLAYING 8
ACALL DELAY
MOV PO,= 10010000B : DISPLAYING 9

ACALL DELAY
SIMP REPEAT

- DELAY SUB-ROUTINE
DELAY: MOV RS, =10
FIRST: MOV R6, =200
SECOND: MOV R7,=200
THIRD DJNZ RS, FIRST
DJNZ R6, SECOND
DJNZ R7, THIED

RET
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