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UNIT -2
MICROCONTROLLERS




Advantages of microcontrollers

The overall system cost Is low, as the
peripherals are integrated in a single chip.

The product is of small size as compared to the
microprocessor based system and IS very
handy.

The system Is more reliable.

The system Is easy to troubleshoot and
maintain.

If required additional RAM, ROM and 1/O
ports may be interfaced
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ARCHITECTURE OF 8051
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The features of the 8051 are :

8 bit CPU with registers A (the accumulator) and B

16 bit Program Counter (PC) and Data Pointer (DPTR)
8 bit Program Status Word (PSW)

* 64K Program memory address space

* 64K Data memory address space

» 128 bytes of on chip data memory

« 32 1/O pins for four 8 bit ports : Port 0, Port 1, Port 2,
Port 3

* Two 16 bit timers / counters : Toand T,

* Full duplex UART : SBUF

« Two external and three internal interrupt sources
* On chip clock oscillator.




Central processing unit

 The CPU is the brain of the microcontrollers
reading user’s programs and executing the
expected task as per instructions stored there
In. It’s primary elements are an Accumulator
(ACC), B reqgister (B), Stack pointer (SP),
Program counter (PC), Program status word

(PSW), Data pointer register (DP
more 8 bit registers.

R) and few
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Accumulator

* The accumulator performs arithmetic and logic
functions on 8 bit input variables.

* Arithmetic operations include basic addition,
subtraction, multiplication and division.

 Logical operations are AND, OR XOR as well
as rotate, clear, complement etc.

« Apart from all the above, accumulator Is
responsible for conditional branching decisions
and provides a temporary place In a data
transfer operations within the device.
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B Register

B register i1s used In multiply and divide
operations.

* During execution B register either keeps one
of the two Inputs and then retains a portion of
the result.

* For other Instructions It iIs used as general
purpose register.
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Stack Pointer

Stack Pointer (SP) Is an 8 bit register.

This pointer keeps track of memory space where
the important register information are stored when
the program flow gets into executing a subroutine.

The stack portion may be placed in anywhere In
the onchip RAM.

But normally SP is Initialized to 07H after a
device reset and grows up from the location 08H.

The SP 1s automatically iIncremented or
decremented for all PUSH or POP Instructions
and for all subroutine calls and returns.
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Program Counter

 The Program Counter (PC) is the 16 bit
register giving address of next instruction to be
executed during program execution.

* |t always points to the program memory space.
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Data Pointer Register

* The Data Pointer Register (DPTR) is the 16 bit
addressing register that can be used to fetch
any 8 bit data from the data memory space.

* When 1t Is not being used for this purpose, It
can be used as two eight bit registers, DPH and
DPL.




Program Status Word

 The Program Status Word (PSW) keeps the
current status of the arithmetic and logic
operations in different bits.

The 8051 has four math flags that respond
automatically to the outcomes of arithmetic and
logic operations and 3 general purpose user flags
that can be set 1 or cleared to O by the
programmer as desired.

The math flags are carry (C), auxiliary carry
(AC), overflow (OV) and parity (P).

User flags are named flag O (FO), Register bank
select bits RS0 and RS1.
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CY | AC | FO [ RS1 | RS0 | OV — F
Carry J User Owverflow Farity
. fiag O
® Auxiliary flag flag

Carry

flag v v
0 0 - Select register bank 0
0 1- Select register bank 1
1 0- Select register bank 2
1 1 - Select register bank 3
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Input / Output Ports

* 8051 has 32 1/O pins configured as 4 eight bit
parallel ports (PO, P1, P2 and P3).

Each pin can be used as an Input or as an
output under the software control.

 These 1/0O pins can be accessed directly by
memory instructions during program execution
to get require flexibility.




Timers / Counters

e 8051 has two 16 bit Timers / Counters, TO and T1
capable of working in different modes.

« Each consists of a ‘HIGH’ byte and a ‘LOW’ byte
which can be accessed under software.

* There 1s a mode control register (TMOD) and a
control register (TCON) to configure these timers
/ counters in number of ways.

* These timers are used to measure time intervals,
determine pulse widths or Initiate events with one
microsecond resolution upto a maximum 65ms.
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Serial Port

* The 8051 has a high speed full duplex serial
port which Is software configurable In 4 basic
modes :

 Shift register mode
 Standard UART mode
* Multiprocessor mode
* 9 bit UART mode
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Interrupts

* The 8051 has five Interrupt sources : One from
the serial port (Rl / TI) when a transmission or
reception operation Is executed : two from the
timers (TFO, TF1) when overflow occurs and two
come from the two input pins INTO, INT1.

* Each interrupt may be independently enabled or
disabled to allow polling on same sources and
each may be classified as high or low priority.

* These operations are selected by Interrupt Enable
(IE) and Interrupt Priority (IP) registers.

AN
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Oscillator and Clock

* The 8051 generates the clock pulses by which
all internal operations are synchronized.

* Pins XTAL 1 and XTAL 2 are provided for
connecting a resonant network to form an
oscillator.

» Aquartz crystal is used for oscillator.

 The crystal frequency Is the basic internal
clock frequency of the microcontroller.




SPECIAL FUNCTION REGISTERS (SFRS)

* The address of the Special Function Registers
are above 80H, since the addresses 00H to
/FH are the addresses of RAM memory.

« The SFRs have addresses between 80H and
FFH.

« But all the address space of 80H to FFH Is not
used by the SFRs.

* The unused locations are reserved and must
not be used by the programmer.
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1 anie 4.3, 3peclal Funcoen Negisiers

Name Functdon Address (Hex)
Acc(A) Accumulator EO|
B Anthmetic FO
DPFH (Data Pomter High byte) Addressing &3

extemal memory
DPL Data Pomter Low byte 32
IE Intermupt Enable Control ASB
IP Intermupt Pnonty Control BE&
PO 'O Port 0 Latch 20
Pl 'O Port 1 Latch Q0
P2 'O Port 2 Latch A0
P3 'O Port 3 Latch BO
PCON Power Control &7
PSW Program Status Word DO
SCOMN Senal Port Control o8
SBUF Senal Port Data Buffer oo
SP Stack Pomter 21
TMWOD Timer/ Counter Mode Control 209
TCOM Timer/ Counter Control 28
TLOD Tmer 0 low byte A
THO Timer 0 lngh byte 2C
TL1 Timer 1 low byte 2B
TH1 Timer 1 high byte 2D
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ADDRESSING MODES

* Immediate addressing mode
 Register addressing mode
 Direct addressing mode

» Register indirect addressing mode
* |Indexed addressing mode




Immediate Addressing Mode

 When a source operand IS a constant rather
than a variable, then the constant can be
embedded into the instruction itself.

* This kind of Instructions take two bytes and
first one specifies the opcode and second byte
gives the required constant.

 The operand comes Immediately after the
opcode. The mnemonic for immediate data Is
the pound sign (#).

* This addressing mode can be used to load

Information Into any of the registers including
DPTR register.
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Examples ;

MOV A, % 18H

MOV B, 7 65H

MOV DPTE., #2040H

18H

B 65H

DPL <+— 40H
DPH <— 20H
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Register Addressing Mode

 Register addressing accesses the eight working
registers (R, - R-) of the selected register bank.

 The least significant three bits of the
Instruction opcode Indicate which register Is to
be used for the operation.

* One of the four banks of registers Is to be
predefined in the PSW before using register
addressing instruction.

« ACC, B and DPTR can also be addressed In
this mode.




Examples : A R3
MOVARS | XX
RO A

MOV RO A A WY
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Direct Addressing Mode

* In the direct addressing mode, all 128 bytes of
Internal RAM and the SFRs may be addressed
directly using the single - byte address
assigned to each RAM location and each SFR.

* Internal RAM uses address from 0O0H to 7FH
to address each byte.




Examples
50H
MOV R2, 61H E;:
MOV 6FH, A

HEEEEEE
s

ek [

6FH




Register Indirect Addressing Mode

* In this mode a register iIs used as a pointer to
the data.

If the data Is inside the CPU, only registers RO
and R1 are used for this purpose.

 When RO and R1 hold the addresses of RAM
locations, they must be preceded by the “@”
sign.
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Exampli

MOV@RLA - Movecontents of Atoto RAM locaton whose adches s beld by 1.
|

MOV, 930 - Move contets f RAMLocation whose s s el y R0 B
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Indexed Addressing Mode NroW

* Only the program memory can be accessed by this
mode.

* This mode Is intended for reading lookup tables in the
program memotry.

* A 16 bit base register (DPTR or PC) points to the base
of the lookup tables and accumulator carries the
constant indicating table entry number.

 The address of the exact location of the table i1s formed
by adding the accumulator data to the base pointer.

Example
MOVCA, @A+ DPTR

 The contents of A are added to the DPTR to form the 16
bit address of the needed data. ‘C’ means code.



I/OPORTS port 0 (P0.0-0.7)

Port O i1s used for both address and data bus (AD,
—AD;).

When the microcontroller chip is connected to an
external memory, Port O provides both address

and data.

ALE pin indicates If Port 0 has address or data.

When  ALE =0, Port O provides data (D, — D-)
= 1, Port O provides address (A; —A,)

ALE Is used for demultiplexing address and data
with the help of a latch
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Port1 (P1.0 - P1.7)
 Port 1 pins are used as input or output.

* To make port 1 as an input port, write 1 to all
Its 8 bits.

* To make port 1 as output port, write O to all Its
8 bits.

* Thus port 1 pins have no dual functions.
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Port 2 (P2.0 - P2.7)

* Port 2 pins are used as Input / output pins
similar in operation to port 1.

* The alternate use of port 2 Is to supply a high
order address byte (Ag — Aj;s) when the
microcontroller 1s connected to external

memory




Port 3 (P3.0 -
P3.7)

* Port 3 pins are used as input or output

Pin

Function

P3i0-RXD
P3i1-TXD
P3.2- INTO

P3.3- INT1
P3i4-TO
P3i5-T1

P3i6- WE
P3.7-FD

Serial data input

Serial data output

External interrupt 0

External interrupt 1
External imer 0 input

External timer 1 input

External memory write pulse

External memory read pulse




INSTRUCTION SET

* An Instruction 1S a command given to the
computer to perform a specified operation on
given data.

« The Instruction set 1s the collection of
Instructions that the microcontroller i1s
designed to execute.

 The programmer can write the program In
assembly language using these instructions.
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 Data transfer group
 Arithmetic group

 Logical group

* Boolean variable manipulation
* Program branching




Data

hinemonic Description Ofperation
LA & En S e— R bdowe register to acciomilastor
IO A direct S e— (adds) Ihdow e direct bvt=s to accimmulator
IO A i Fd S w— (R hdovwe indirect EAN] to accurmilator
IO A = data S =— data Ihdowe immediate datato accurmualator
IO En, A En «— & Ihdovwe accumulator to resistar
IO N FEm, direct En «— {add:rs) Ihdoc~e direct bret= to repistar
IO FEm, =data En <«— data Ihdoc~e immmediats datato recister

IO direct, S

IO direct, En

IO direct, direct
IO dirsct, EEFQ

IO direct Sdata
RIS R, A

BIOW & R, diract
IO DPTE, & data 16
IO O A @ + DDEFTE

RIOWC A, @A +PC

MO X A, @ Ri
MOV X A, @ DPTR
RO X @ Ri, A
MOV X @ DETR, A

PILTS5H direct

(addr) «— A
(adds) «— En

(addr 1) «— (addr )
{addr) «— {Ri)
(adds) «— data

(Ri) <— A

{Fi)} «— {addr)
DETR «— data 16
A« (A +DPETR)

A (A +PC)

A e (R}

A« (DPTE)™

(Ri)™ «— A

(DPETR)™ «— A

(SP) «— ADDR

o~ e accurmulator to direct beta
Ihdoc~weae resister to direct byt

o e dirsct bt to diract beta

Mo e indirect E AN to direct bwt=
Mo e immediate datato direct bet=
bdo~ws accurmulator to indirsct B Sl
hdowea direct bxt= into indir=ct F.ATT
L.oad data pointerwrith 16 bit constant
Ihdoc~we codse bwetae relative to DNPFTE to

accurmulator

o e cods brta ralative to PLC to

assnmualator.
Ihovwe external KEARI {8 bit addrass1to
acrcurnulator

hdowe extermnal EATRI {16 bit addr=ass)

to accumulstor.

Eiowe accumulastor to extermal FATT
{8 bitaddrass])

Eiowe accumulastor to extermal FATT
{16 bitaddress)

Push direct brxte onto stack




Mnemonic Description Operation
POP diract {addr) < (3P) POP diract bytz fromstack
XCHA En A& En Exchangs rapistar with acoumlator
XCHA, diract A4 (addr) Exchangs direct bytawith accumulator
XCHA, @Ri A+ (Ri) Exchangs indirect EAM with
accumulator
XCHD A, @Ri AL < (Ri)L Exchangs low ordardigit indirect

FAM with accumulator
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ARITHMETIC INSTRUCTIONS

Bl enmomnic

IDescrip tiomn

Drperation

ADD A, direct
ADD A = data
ADDM A Rn
ADDMC A direct
ADIDMC A @R
ADDM A # data
STTEEB A, Fn
STTEB A, diract

SUBEB A, @ Ri

SILTEE & = data

ITTC A
ITC Rn
ITIC direct
ITC @Ri
INC DPTR
DEC A
DECEn
DEC direct
DEC @ Ri
NILTL. AE
DIV AR

e S

A — A - FEn

A e A+ {adds)

A e A+ (R

Sy w— S+ data

Ase A+ Rn+ O

A e— A+ (addr) +C
A e A+ (R O
Sy w— S+ data
Ase A Rn O

A e— A -(adds) - C

R . T = 1 B i
A e — A datas - O

e |
Frn+«— Fn+1
{adds) «— {addr)+ 1
(R} «— {Fi} + 1
DFITE «— IDFTE +1
s S - 1
EFEn+«——Fn-1
{adds) «— {addc) -1
(Ri) «— {Ri)} -1
AR e A= B
AR e AE
A A

HAdd resister to acowuwmmulator

HAdd direct bete to acocwuwmrmalstor

Avdd imdirect B ATRT to accuwmm lator

Avdd irmrnmediatesdsats to accummm lstor

Add resister to acocuwmulator with carr—

SAdd direct betes to accuamilastorw-ith carres

Add imdirect EART to acociuogmalator —=-ith carr
Add immmediate data to accimmmlastor wqith carrer
Subtract register from accimgnulator =rith b omoses

Subtract direct betes from accurmalator w=rith
borrows

Subtract indirect E AR from acouaamilastor w~ith
borrows

Subtract iTmmediatse data from accurmmlator=-ith
borrows

Imcrsmment accurmilator
Increament resister
Increment direct b=rt=
Imcrasment indirsct BT
Increrment data pointer
Drecrement accumulator
IDecrament resistex
IDrecrament diraect bt
IDrecreament indirect F AT
ITultipls & and B
Idivide S b B

IDrercimal adjustaccurmilator




i emsom ic Dhescrip biom g era daom
ANL A Fmn CAD AT (Fn) AN resster t0 2oonsomlstar
ANI A direct A AN (addr) ANIY direct byte to aconimmlatar
ANL A, @R AN AN (R AND indirect AN to aconmnlatar

AN A, =d=t=
AT, dirsct, A
AWL dirsct, =data
OFT A Fmn
OFL A dirsct
OFL A. @Fi
OFL A =d=t=
OFEL dirsor, A
OFRL dirsct, = d=t=
HAFEIL A . Fmn
SEL A dirsct
XFEL A, @FRi
HEL A =d=t=
=EL dirsct, A
AEBEL dirsct, =d=i=
FI. &

Fl.io oA

EE &

FRT A
CLE A

CPL A
EWAD A

A AND data

{=ddry AT (A
faddsy AND data

(A OFE (Fn)
A0 OF {addr)

A DE R

{AYOF dara
{=addry OF {A)
(2ddsy OF. data

(A XOFR (Fn)

A0 F0F (addry

AL KOQEEA

(AL OF dats

addsy KOF (A

(addsry XOF data
Ape—Ar A A A
e BB e ne 0
Ap—3AT—* Ag . —FAg— A
BB —sf s
A = 00

A e— A

Ay == Ay

AT imamesd jats dats to accnmnlatar
AMND aconsmmlator o dirsct byt

AN imanedizte data to digs=ct byt
OF re=zister 10 2oonsmmlatar

OF dirsct byt 1o aconimmnlatar

OF indirect FAM to aconmmlatar

OF imerediste datas o soonmolstos
OF aoconmmn latar o dirsor byrs

OF imaredizts data to dirsct byis

Ex - OF razistes 10 aconimmlator

EX - OF direct byvie t0o aoonmulatar
EX - OF indirect FA M 10 accnmnlatar
EX - OF immeadists dats 1o 2conmmn lstar
EX - OF zconmulatar to dirsct byis
EX - OF imsmedizte data to direct byt
Fatats aconmnlatar 1=fr

Faotats aconmmlator l=f thronsh ceary
Faotats aconionlator risht

Foatats aoonswm latar risht thaansh oy

Clezr aoonmm lEtor

Compleanenit aoconiom latar

Swap nibkblss writhin the aconmmlatar




Mnemonic Description Operation
CLRC C «( Clear cany

(LR bt bit¢-{ Clear diect bi

SETB( (¢l St cany

SETB b bit¢-1 Setdirect b

)
vile
’




CPLC

CPL bit
IWNT C bit
ANLC,
ORL C. bit
ORL C. bit
MOV C, bit
MOV bit, C
JCradd

TNC radd

JB bit, radd
TNB bit, radd
JBC bit, radd

C o«

bit «— hit
(C)AND bit
(C)AND &z
(C) OR bit
(C) OR it
C o« bit
bit « C

« PC +2 +radd

« PC+2 +radd
— PC+3 +radd
« PC+3 +radd

«— PC+3 +£§-ﬁdﬂ,

Complement carrv

Complement direct bit

AND direct bit to carrv
AND complement of direct bit to carrv
OR. direct bit to carry

OFR. complement of direct bit to carry
Mowve direct bit to carry

Mowve carry to direct bit

Jump if carrvis set

Jump if carrvis not set.

Jump if direct bitis set

Jump if direct bitis not set

Jump if direct bitis set and clear bit




Ahinemomnic

Description

Operation

ACALL sadd

LCALL ladd

RET

RETI

ATUNP sadd
LIUNAP ladd
SITUBAP radd

TMP @ A +DPTR

TZ radd

TNZ radd.

CINE A, direct, radd.

CINE A #data, radd

CINERn. # data. gadd

DINZRa. radd

DJNZ direct, radd,

NOP

(SP)« PC+ 2:

PC — sadd

(SP)« PC+ 3:
PC — ladd
PC «— (SP)

PC «— (SP): El
PC < sadd

PC «—ladd
PC — PC +2 + radd
PC— DPTR+ A

L&A =007
PC—PC + 2+ gadd

[& = 00 ;
PC—PC +2 + gadd

[A == Caddr)]:
PC—PC +3 + radd

[A == (data)];
PC—PC +3 + gadd

[(Bg) == data];
PC—PC +3 + gadd

[Fyn-1 == 007
PC—PC +3 + gadd

[(add) -1 = = ]
PC—PC +3 + gadd

PC —PC +1

Alb=soluts subroutines c=ll

Long subroutine =11

Eeturn from sub - routine

Eetumn from mtsrnap

Ab=zoluts jJump

Leoeng jump

Short jump (relativre address)
Jump mdrect relative o the DPTE

Jump if sccumulator is Z=ro

Jumpr if accumulatoer 1= ot Zero.

Compars direct byt to Acc and jumpr if not
equal.

Compars immedizte data to Aoc and jump
i not equal.

Compears immediats data to register and
Jump if not equal.
Diecrement register and jumyp if not zero.

Decrement direct byte and jump if not z=ro.

MNo operation.




