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INTRODUCTION TO MICROCONTROLLER

U A microcontrolleris a computerpresentn a singleintegrated
circuit which is dedicatedo performonetaskandexecuteone
specificapplication

U It containsmemory,programmablenput/outputperipheralsas
well asprocessar

U Microcontrollers are mostly designed for embedded
applicationsand are heavily usedin automaticallycontrolled
electronic devices such as cellphones,cameras,microwave
ovenswashingmachinesetc

U There are many manufacturers of different series of
microcontrollersand amongthem 8051 is consideredas the
basicmicrocontroller
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U Theblockdiagramof a microprocessois shownbelow
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U To makethe microprocessoasacompleteone,we shouldadd
memorydevices)/O devicesjnterrupthandlersetc

Microprocessors and Microcontrollers
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U Theblock diagramof a microcontrollens shownbelow

ALLr Timer/Counter e}
Port
Accumulator
Register{s) 10
Port
Intarnal
Internal ROM Interrupt
RAM Circuits
Clock
Stack Pointer Circuit
Program Counter

U The apoveaesigninciuae ail me reawuresor microprocessor
along with the other featureslike ROM, RAM, parallel I/O,
seriall/O thusmakingit acompletecomputer

Microprocessors and Microcontrollers
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AMicroprocessor is heart of Computer system.

Micro Controller is a heart of embedded system.

It is just a processor. Memory and /O components
have to be connected externally

Micro controller has external processor along with
internal memory and i/O components

Since memory and 1O has to be connected externally,
the circuit becomes large.

Since memory and /O are present internally, the
circuit is small,

Cannot be used in compact systems and hence
inefficient

Can be used in compact systems and hence it is an
efficient technique

Cosz of the entire system increases

Cost of the entire system is low

Due to external components, the entire power
consumption is high. FHence it is not suitable to used
with devices running on stored power like batteries.

Since external components are low, total power
consumption is less and can be used with devices
running on storexd power like batteries.

Most of the microprocessors do not have power saving
features.

Most of the micro controliers have power saving modes
like idle mode and power saving mode. This helps to
reduce power consumption even further.

Since memory and 1O components are all extermal,
each instruction will need external operation, hence it
is rcdatively slower.

Since components are internal, most of the operations
are internal instruction, hencoe speed is fasy

Microprocessor have less number of registers, hence
more operations are memory based.

Micro controller have more number of registers, hence
the programs are easier 1o write.

Microprocessors are based on von Neumann
model/architecture where program and data are stored
in same moemory modulc

Micro controllers are based onn Harvard architecture
where program memory and Data memaory are separate

Mainly used in personal computers

Microprocessors and Microcontrollers

Used mainly in washing machine, MP3 players
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Features of8051microcontroller:
U 4 KB of on chip program memory, ROM used for saving prog.

U 128 bytes of on chip data memory, RAM for storing
Intermediateesultsandvariables

128user defined software flags.

8-bit data bus.

16-bit address bus.

32 general purpose registers eacld bits.

16 bit timers (usuall\2)

3 internal and2 external interrupts

Bit as well as byte addressable RAM areda@bytes.
Four8 bit ports

16 bit program counter and data pointer
Emicrosecond instruction cycle will® MHz crystal.

cC. C- C- C. . .- C: Cc:

c:
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INTERNAL ARCHITECTURE OF 8051
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Arithmetic and Logic Unit:

U ALU performs arithmetic like addition, subtraction,
multiplicationandLogical Operationdike NAND, NOR etc

U Since8051is an8 bit microcontroller,t takesinput from two
8 bit registermmamelyA andB andprocessethem

Program Counter (PC):

U PCis alé6bit registerwhich pointsto the nextinstructionthat
the CPUexecutes

0 As each instruction gets fetched, the program counter
Increase#s storedvalueby 1.

U PCisconsideredsinstructionPointerin X86 processors
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DPTR:

u

u
0
u

c:

DPTRknownasDataPointer

1 It istheuseraccessibld 6 bit register

DPTRIis meantfor pointingto data

1 It is usedby the 8051to accesghe externalmemoryusingthe

addressndicatedby DPTR
DPTRcanstore2 bytevalues
It consistof two registers.e. DPHandDPL.

PSW

0

Standdor ProgramStatusWord/ ProcessoStatusiord.

U The programstatusword (PSW) registeris an 8-bit register,

alsoknownasflag register. It is of 8-bit wide but only 6-bit of
It is used
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U Thetwo unusedbits are user-defined flags. Four of the flags
are calledconditional flags, which meanshattheyindicatea
conditionwhichresultsafteraninstructionis executed

U Thesefour are CY (Carry), AC (auxiliary carry), P (parity),
andOV (overflow). The bits R0 andRSl1 areusedto change
thebankregisters

cY

CY PSW.T

AC PSW.B

FO PSW.5

R31 | PSW.4

RS0 PSW.3

o PSW.2

PSWWA

P PSW.0

CA FO RS1 RSO ov - P

Carry Flag

Auxiliary Carry Flag

Flag 0 available to user for general purpose.
Register Bank selector bit 1

Register Bank selector bit O

Overflow Flag

User definable FLAG

Parity FLAG. Set/ cleared by hardware during instruction cycle to indicate even/odd
number of 1 bit in accumulator.

Microprocessors and Microcontrollers
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RS1 RS2 Register Bank Address
0 0 0 00H-07H
0 1 1 08H-0FH
1 0 2 10H-17H
1 1 3 18H-1FH

U PSWregisteris bit addressablee. bits in thatregistercanbe
accessebit wisei.e. PSW0 to PSW7

Microprocessors and Microcontrollers
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Registerbanksin 8051

U A total of 32 bytesof RAM aresetasidefor theregisterbanks
andstack These32 bytesaredividedinto 4 banksof registers
In which eachbankhas8 registersR0-R7.

U TheregisterbankO hasthe RAM locationsfrom O to 7 where
RO is the RAM location0, R1 is the RAM location1 andso
on.

U The registerbank 1 hasthe RAM locationsfrom 08 to OFh
wheretheregistersstartfrom RO to R7.

U The third bank of registersRO to R7 starts from memory
location10h andgoesto memorylocation17h.

U The fourth bank of registersR0O to R7 startsfrom memory
location18hto 1Fnh.

U Theregisterbankl usesthe samememoryspaceasthe stack
which indicatesthat no othermemoryareacanbe usedfor the
stack
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Default register bank:

U Amongthese4 registerbanks,whenthe 8051is poweredup,
therewill beonly oneregisterbankwhich canbeaccessed

U The registerbank that can be accessedn power up is the
registerbank O which hasthe RAM locationsstartingfrom 00
to O7h.

i

(xS h

Banko Bankl ' Bank? BankS




sJ\’\thr_l/\%v

How to switch register banks:
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U Register bank is the default wheB8051is powered up. If we
want to switch from one register bank to other, then it can be

done using PSW register.

U Bits D4 and B of the PSW are used to select the desired
register bank as shown in the table below.

PSW.7

PSW.6

Processor Status Word

PSW.5

PSW.4

PSW.3

PSW.2 PSW.1 PSW.O

CY

AC

FO

RS1

RSO

ov P

= Register bank Select bit O

RSO

Register
Bank

Register bank Select bit 1

Register Bank Status

o

Register Bank 0O is selected

Register Bank 1 is selected

= |0 |0

1O = |0

1
-2
3

Register Bank 2 is selected

Register Bank 3 is selected

www.CircuitsToday.com
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U The PSWI and PSWB are bit addressable instructions which
can be accessed using SETB and CLR.

U For example, SETB PS®Mwill make PSW3=1 and select
bank registed.

Example Program:

SETB PSw. 4
SETBE PSw. 3
MOV RO, #OS5H
MOV R1L, #OS5H
MOV RZ2, #O0OS5H
MOW R3, #O|5H



P

SADTYAY
SpecialFunction Register.

U Along with the variousregisters,8051is providedwith some
specialfunction registerswhich are from the locations80 to
FFh

Aditya Engineering College (A)

-

U All the registersin the SFR are known as memory mapped
registersbecauseeachandeveryregisteris provided with an
address

u All the locationsfrom 80 to FFh cannotbe usedas SFR®
becaus&051containonly 21 SFRs.

U 21 SFR® indicatethat only 21 memorylocationscanbe used
out of the 128 locations Remaininglocationsare reservedor
unusedocations



ol Symbol Name Address
ACC* Accumulator OEOH
B* B register OFOH
PSW#* Program status word 0DOH
SP Stack pointer 81H
DPTR Data pointer 2 bytes

DPL Low byte 82H

DPH High byte 83H
PO* Port 0 80H
P1* Port 1 90H
p2* Port 2 0AOH
P3* Port 3 0BOH
Ip* Interrupt priority control 0B8H

IE* Interrupt enable control 0A8H
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Symbol Name Address
TMOD Timer/counter mode control 89H
TCON* Timer/counter control 88H
T2CON* Timer/counter 2 control 0CB8H
T2MOD Timer/counter mode control OC9H
THO Timer/counter 0 high byte 8CH
TLO Timer/counter 0 low byte 8AH
TH1 Timer/counter 1 high byte 8DH
TL1 Timer/counter 1 low byte 8BH
TH2 Timer/counter 2 high byte 0CDH
TL2 Timer/counter 2 low byte 0CCH
RCAP2H T/C 2 capture register high byte 0CBH
RCAP2L T/C 2 capture register low byte 0CAH
SCON* Serial control 98H
SBUF Serial data buffer 99H
PCON Power ontrol 87H
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U In the abovelist of specialfunction registers,those marked
with * indicatethattheyarebit addressable

U Oneeasyway to identify the bit addressableegistersis that
the addresdor eachregisterthoseendingwith O or 8 arethe

bit addressablesgisters

U Bit addressablaegistersindicate that the locationsin that
particularregistercanbeaccessefit wise

U The SFR spacecontainsspecial purposeCPU registers,|/O
ports,interruptcontrol,timers,andseriall/O.
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CPU registers:

ACC
B

PSW -

SP

DPTR -
Interrupt Control:

IE
IP

/O Ports:

PO
P1
P2
P3

Accumulator

B register

Program Status Word
Stack Pointer

Data Pointer (DPH, DPL)

Interrupt Enable
Interrupt Priority

Port0O
Portl
Port?2
Port3

Aditya Engineering College (A)
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Timers:

TMOD - Timer mode
TCON - Timer control
THO - Timer O High byte
TLO - TimerO Low byte
TH1 - Timer 1 High byte
TL1 - Timer1 Low byte
Serial 1/O:

SCON - Serial port control
SBUF - Serial data register
Other:

PCON - Power Control
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Internal RAM Organization:

U InternalRAM in 8051is of size128 bytesorganizednto three
distinctareas

Registerbank:

u

32 bytes from addressOOH to 1FH are the 32 working registers
organizedasfour banksof eightregisterseach

Thefour banksarenamedasbankO to bank3 eachconsistingof eight
registermamedasRO to R7.

Eachregistercan be addressedby nameor by its RAM addressFor
example,RO of bank 3 can be selectedby the name RO or can be
selectedby theaddresd.8H.

RS1 andRS0 of PSWwill determinethe currentbankof registerwhich
IS currentlyin use

BankO is selecteduponreset
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Bit addressablearea:

U This is of size 16 byteswhich occupythe RAM memoryspace The
addresdor this bit addressablareawill befrom 20H to 2FH forming a
total of 128addressablbits.

U Outof the entireareafrom O0H to 7FH a bit canbe addressedvith its
bit addresdrom any of O0OH to 7FH (or) a byte canbe addressedrom
theaddresdocation20H to 2FH.

U For example (consider the bit addressablearea shown below) bit
addresglFH is alsobit 7 of byteaddres29H
General purposeRAM area

U A total of 80 bytesfrom locations30h to 7Fh are usedfor readand
write storagewhichis knownasscratchpad

U These 80 locations of RAM are used for storing the data and
parametersf 8051 programmers



General Purpose RAM
(including the stack)

7F|7E 78 79

78

77|76 73 71

70

6F | 6E 68 69

68

67|66 63 61

60

5F| 5E 58 59

58

57|56 53 51

50

aF| 4 4B|4A|49

48

47|46 43 41

40|

3F|3E 3B 38

38| "

37|36 33 31

30[~.

2F| 2E 2B 29

27|26 23 21

20

1F| 1E 1B 19

18

17|16 13 11

10

OF | OE 0B

08

07|06 03 01

Register Bank 3

Register Bank 2

Register Bank 1

Register Bank O

. 128 Bytes (00 to 7F)

“Byte Address — '
Microprocessors and Microcontrollers
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F

F7|re|Fs|ra|F3|F2]Fi]Fo

E

o

£7|e6|es|ea]e3|e2]E1]E0

D

(=]

p7|p6|bs| 4| p3]p2[p1| D0

A B

B

8r| 8e[ep|ac|ss[Ba[Ba] B8

BO

87|86]85[84]83[82]81] 80

ol

A

AF| AE[AD|Ac|aB[Aa|Ag] A8

ol:

A

A7[as|As|as[A3|A2]A1] A0

“199

:f}ft Bit Address 9

/oo

oF| 9e|ap|ac|9B|9a[9a] a8

oli

9

97|96|95[94|93]92[91] 90

8D

8C

8B

8A

89

8

o

gF|se|spac|ss[8a[89] 58

87

83

82

81

80

87|86/85]|84[83]82[81]80

128 Bytes (80 to FF) - the SFRs

D Unused in the 8051

ACC

PSW

P2

SBUF
SCON

P1

TMOD
TCON
PCON

DPH
DPL
SP
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INPUT/OUTPUT PORTS AND CIRCUITS

U The major featurefor the microcontrolleris the input/output
circuitsthatconnecthe 8051to the outsideworld.

U To interfaceany externalcircuitry with the microprocessowe
needto addadditionalchips This ability hasbeenbuilt in the
microcontroller

U Theinput/outputdevicescanbe connectedo anyof thepinsin
thecontrollerif thefunctionalityis known

U Pin diagramis usedto connectany numberof peripheralsto
thecontroller

U There are a total &f0 pins in theB051microcontroller. The
package used is DIP.

U 8051has four ports i.e. P@adPor, FO, P1, P2, P3.
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Port | BItD
Poort 1 Biit 1
Pert 1 BIt2
Port 1 Bit 3
Fort 1 Bitd

Porf | BilS

Port 1 Bite

Port 1 Bit7

Reset Input

Fort 3BItO
{Receive Data)

Port 3Bit 1
[XMIT Datal

Port 3 Bil 2
(Interrupt O}

Part 3 Bit 3
(Interrupt 10

Fort 3 Bit 4
(Tarmar O | puth

Part 2Bl 5
(Timer 1 Inputl

Fort 3 Bit6
{Write Strobe)

Porl 3B 7
{Read Strobe)
Crystal Input 2
Crystal Input 1

Groarnd

10

11

13

14

15

17

18

19

PLO Voo
P11 (ADETIPO.D
L2 D LPO.1
P13 aD2)P0.2
P14 D03
P15 {AD41P0. 4
PLE {ADSIPD.S
P17 IADEIPO.E
RST (ADTIFD.7
P3.00RHD) {Vpp)EA
P3,1TAD) [PROGIALE
F3.2(NTDN PSEN
PAA(NT 1) (B15IP2.7
PI.4(TO) IAIAIFLE
FIETI) A1TIPZS
FAEWR) (W12P24
P3.7AD) A11P2.3
KTALZ IMIOVP2.2
MTALI tAEIPZ.1
yas LREIPZ.0

40

kL]

a7

36

kLT

34

33

3z

il

30

29

28

27

26

24

23

22

2l

+ 5V

Part O Bit O
(AddressiData 0)
Port O Bil 1
(Address/Data 1)
Part O Bit 2
{Rddrass/Data 2)
Port O Bil 3
{Address/Data 3)
Port O Bit 4
{Address/Data 4)
Port D BItS
{Address/Data 5)
Part DBt G
{Address/Data &)
Powt O Bt 7
{fddress/Data 7)

External Enable

Aditya Engineering College (A)

(EPROM Proagramming Voltage)

Bddress Latch Enalbole
{EPROM Program Pulse)

Program Store Enable

Porl 2 Bit 7
(Addness 1 5
Part 2 Bit 6
(Address | 4]
Port 2Bi15
{pddress 13)
Prel 2 Bil 4
{Addness 12)
Post 2 Bit 3
{Addoness 110
Port 2 Bil 2
(Address 10
Part 2 Bil 1
(Address 3)
Port 2 BilQ
(Address B)

Note: Alternate fumctions are showsn below the port name (in parentheses). Pin fum-
bers and pin names are shown inside the DIP package.
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Pin description:

U Outof 40 pins, 32 pinsarereservedor inputoutputpurposes
Theremaining8 pinswill functionasVcc, GND,ALEéE¢ .

Vcc (pin 40):
U Thispin providesvoltageto theentirecontrollerchip.
U Thevoltagesourcas +5V.

U Foranelectronicdigital device,a dc supplyhasto be givenandsothe
voltageprovidedis 5V.

U If morethan5V is givento thecontroller,thencontrollergetsdamaged
GND (pin 20):

U Thisis thegroundpin which canbetermedasthe commonpin.

U Thiswill directall thecurrentsandvoltageso thegroundterminal

XTAL 1 and XTAL 2

U Thesearethe crystal pins mainly usedfor connectingthe oscillatorto
the microcontroller
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Needof an oscillator:

u

Generallyall the electronicdevicesrequirethe clock signalbecauseéf it
IS involvedwith memorycomponentsthenit requiresa clock signal

This clock signalis requiredbecausall the memorycomponentand
memory peripheralswill be working on the clock signal that is
providedwith.

An oscillator containsan inverting amplifier along with an feedback
elementwhich generatethe clock signalcontinuously

Baurkhesiancriteria has to be satisfiedso that it can be termedas
oscillator

The feedbackcomponentcan be designedwith the help of R,L,C
componentsBut usingthesecomponentsyill havesomedrawbacks

Theothercomponenthatcanbeusedis crystali.e. usingcrystalquartz
oscillator and the otherway is to use TTL oscillator which will give
externalsignal
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c2
XiIAL2

L]

XTALY

GND

Microprocessors and Microcontrollers
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Machine cycle

0
0

12 clock cyclesis amachinecycle

Machinecycleis the time takenby the processoto executean
Instruction

Thereare many instructionsrunning inside a microcontroller
which are of 1lbyte, 2bytes,3bytes The time takento execute
aninstructionof odbytescanbetermedasa machinecycle

This machinecycle is againdivided into two morecyclesi.e.
Instructioncycleandexecutecycle

During the instruction cycle, the operationsthat can be
performedon theinstructionsarefetch anddecode

During the execute cycle, the operations performed are
executeandthenwrite back the result to the memory.
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RST (pin 9):
U Upon resetall the ports will be configuredas input and
havea defaultvalueof FFH onthem

U Whenwe resetthe pin in the 8051, thenall the memoryand
registerswill beinitialized to zeroor elsewill beinitialized
to adefinedvalue

U For the controller to get into reset state completely, an
active high signal is to be given for at least2 machine
cycles

U But theactivehigh signalfor 2 machinecyclesto makethe
controllerresetis quite difficult task Sowe needto design
a specificcircuit knownaspower on reset

U The circuit will be designedwhich will take care of the
time duration2 machinecycles
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PSEN (out):
U ProgramStoreEnableis anactivelow pin which is anoutputpin from

acontroller

U This is mainly usedas the readsignal for externalprogrammemory
This pinis connectedo the OE pin of the controller

EA (in-pin 31):
U Thisis externalacces$in whichis anactivelow pin to acces®xternal
programmemory

U Forthe 8051 microcontrollerstamily, wherethe on-chip ROM is used
to storethe programsjn suchcase<€A is used

U This pin by defaultis connectedo the ground If it is connectedo
logic high, thenthe controllerknowsthatthe informationis in external
memory

U Forthe8051controller,EA pinis connectedo Vcc.
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ALE (pin 30):
U It is anactivehigh outputpin which is usedto latch addressutputsat

0

PortO andPort2.
ThisALE is usedfor demultiplexingtheaddressanddata

Port O (pins 32-39):

u

They arerepresentecs P0.0 to PO.7. Theseport O pins are called as
multiple functionality pinsbecausave canusethesepins for morethan
onefunction

Thesamepinscanbeusedasinputor outputor asmultiplexedlines.

When the 8051 is connectedto the external memory, then the
multiplexingof addresanddatais doneby ALE.

If ALE is O thenit providesDO-D7 andif ALE is 1 thenit providesAO-
AT.

In 8051 systemswhere there is no externalmemory, PO hasto be
connectedo externalpull up resistorof 10k-ohms

By makingconnectiornof externalpull up resistors PO canbe usedasa
simplel/O port.
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Port 1 and Port 2;

u

In 8051where there is no external memory connected, bbtme P2
are used as simple I/0O.

But if external memory is connected, theéhHas to be used along with
PO to provide thel6 bit address for external memory.

Since8051is capable of accessiwgkKB of memory, it needs a path for
the 16 bit address.

PO provides the lower bits of the address 1.6-A7 and R provides
the higher bits of address i1.e3A15.

When8051is connected to external memory, iB used for the upper
8-bits of 16 bit address and cannot be used for |/

Port 3 (10-17):

0

It can also be used as input/output. But the main functionality is to
provide additional functions like interrupts.



Aditya Engineering College (A)

Importance of pull-up resistor:
U Considerthesimpledigital logic circuit shownbelow

+5B\ T
2 -.A
- A Digital .
.__,fi Logic Gate
Inputs QOutput
- —
Pull up resistor application
_ +5V
R E] [;IH
— - = A Digital Q
q-E"“: = STl Qutput
| Inputs T

Microprocessors and Microcontrollers
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EXTERNAL MEMORY

U 8051 has4KB of ROM and 1288 of RAM. The designerof an 8051
microcontrolleris not limited to the internal RAM and ROM presentin
8051microcontroller

U Thereis a provisionof connectingooth externalRAM andROM i.e. Data
MemoryandProgram

U The reasonfor interfacing external ProgramMemory or ROM is that
complexprogramswritten in highi level language®ftentendto belarger
andoccupymorememory

A Another importantreasonis that chips like 8031 or 8032 which doesid
haveanyinternalROM, haveto beinterfacedwith externalROM.

A A maximum of 64KB of ProgramMemory (ROM) and Data Memory
(RAM) eachcanbeinterfacewith the 8051 Microcontroller

A ExternalRAM which is accessedy DPTR may alsobe neededvhen128
bytesof internal datastorageis not sufficient ExternalRAM up to 64KB
may alsobeaddedo themicrocontroller
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A Data (0-7)
PO
RAM
ALE (64K)
P2 =
WR WR
RD LE
8051 Address (0-7)
MICROCONTROLLER
ROM
(64K)
PSEN » | OF

Microprocessors and Microcontrollers
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COUNTERS & TIMERS OF 8051

U Timers are consideredas the basic peripheralsinside any
microcontroller These peripheralsare mainly usedin time
basedapplications

U Thetimer of 8051are16 bit registersandtherearetotally two
timersinside this 8051 The timers are called astimer O and
timer 1.

U Theseimersaremainly usedfor threefunctions
U Calculatingamountof time betweerevents
U Countingtheevents
U Generatingpbaudratesfor theserialport
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THO TLO

015 | D14 | D13 | D12 | D11| D10 | Do | Ds u?‘ DE‘ E:-ﬁ‘ D4 | D3I ‘ D2 ‘ D1 ‘ Bo ‘TI:I

TH TL1

ﬂf/‘_/\ \/—/\

D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7F | D6 | D5 | D4 | D3 | D2 | D1 | DO |TH

U 8051hasTimer Mode Registerand Timer Control Registerfor
selectinga modeof operationandcontrolling purpose

Microprocessors and Microcontrollers
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Timer Mode Register(TMOD):

TMOD is an 8-bit register used 1o set timer mode of timer0 and timer1.

Timer 1 Timer 0
i G 5 4 3 2 1 1]
GATE c1/T1 M1 Mo GATE co/To M1 Mo TMOD

Its lower 4 bits are used for Timer0 and upper 4 bits are used for Timer1

Bit 7,3 - GATE:
1 = Enable Timer/Counter only when the INTO/INT1 pin is high and TRO/TR1 is set.
0 = Enable Timer/Counter when TRO/TR1 is set.

Bit 6,2 - C/7~(Counter/Timer): Timer or Counter select bit
1 =Use as Counter

0 =Use as Timer

Microprocessors and Microcontrollers
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Bit 5:4 & 1:0 - M1:M0O: Timer/Counter mode select bit

These are Timer/Counter mode select bit as per below table

M1 MO Mode Operation
0 | 0 | O0(13-bittimermode) | 13-bit timer/counter, 8-bit of THx & 5-bit of TLx
0 1 1 (16-bit timer mode) 16-bit timer/counter, THx cascaded with TLx
8-bit timer/counter (auto reload mode), TLx
1 | 0 |2(8-bit auto reload mode) reload with value held by THx each time TLx
overflow
Split 16-bit timerx into two 8-bit timer i.e. THx
11 3 (split ti d
(split timer mode) and TLx like two 8-bit timer

Microprocessors and Microcontrollers
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Clock sourcefor timer:

U Every timer needsa clock pulseto tick. The sourceof the
clock pulsefor thetimeris the crystaloscillatorattachedo the
8051

U Thesizeof thecrystaloscillatorwill decidethe speedatwhich
the 8051 timer ticks. The frequencyfor the timer is always
1/12 of the crystalfrequencyof the 8051

U Although the crystalfrequencywill rangefrom 10MHz to 40
MHz, the crystal frequency that will be consideredis
11.0592VIHz.

NOTE: TMOD registens notbit addressable



P
- Accessed as low byte and high byte

» The low byte register is called TLO/TL1
and

» The high byte register is called THO/TH1

» Accessed like any other register
= MOV TLO, #4FH
= MOV R5, THO
THO TLO

Aditya Engineering College (A)

D15 D14 | D13 | D12 ]]ll‘Ill[I" D9 ‘ D8 ‘ D7 ‘ D6 ‘ D5 ‘ D4 | D3I | D2 | DI ‘ Do

D15 | D14 | D13 | D12 Dll‘]]lﬂ-‘ D9 ‘ D8 ‘ D7 ‘ D6 ‘ D35 ‘ D4 (D3 D2 | D1 ‘ Do
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o Both timers O and 1 use the same
register, called TMOD (timer mode), to

set the various timer operation modes

o TMOD is a 8-bit register
» The lower 4 bits are for Timer 0
» The upper 4 bits are for Timer 1

» In each case,
= The lower 2 bits are used to set the timer mode
= The upper 2 bits to specify the operation

(MSB) (LSB)

oate | c1 | |

Timerl Timer0




i MI A S
(MSB) (LSB)
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| imer(

Gating control when set. Timer/counter is enable only while the |NTx pin is high and the

TRx control pinis set
When cleared, the timer is enabled whenever the TRx control bit is set

Timer or counter selected
Cleared for timer operation (input frominternal system clock)
Setfor counter operation (inputfrom Jx input pin)

o3
M1 | mo | Mode | Operating Mode
0 0 0 13-bit timer mode
8-bittimer/counter THx with TLx as 5- bit prescaler
0 1 1 16-bit timer mode

16-bittimer/counter THx and T x are cascaded;

there is noprescaler

1 0 2 8-bit auto reload

8-bitauto reload timer/counter; THx holds a value which s to
be reloaded TLx each time it gverfolws

1 1 3 Split timer mode
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Timer/Counter Control Logic

e

#7731 g N
V- QN
SADTFYAY

C/T=0

N\

oscillator

Tx Pin T -
Pin 3.4 or 3.5 CT=1

-

Gate
INTO0 Pin
Pin 3.2 or 3.3
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o TCON (timer control) register is an 8-
bit register

TCON: Timer/Counter Control Register

T Lo [m [ m |
. AN vy
VT v

The upper four / J

bits are used to The lower 4 bits
are set aside for

store the TF and
TR bits of both
timer 0 and 1

controlling the
interrupt bits
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‘TRI ‘ TFO ‘ TRO ‘ IE1 ‘ IT1 ‘ IEO ‘ ITO

TF1 TCON.7 Timer 1 overflow flag. Set by
hardware when timer/counter
1 overflows. Cleared by hardware as
the processor vectors to the interrupt
service routine

TR1 TCON.6 Timer 1 run control bit. Set/cleared by
software to turn timer/counter 1 on/off

TFO TCON.5 Timer 0 overflow flag. Set by
hardware when timer/counter 0
overflows. Cleared by hardware as the
processor vectors to the interrupt
service routine

TRO TCON.4 Timer O run control bit. Set/cleared by
software to turn timer/counter 0 on/off
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=24 Two Activation levels for External
Hardware Interrupts

Activation of IINTO

Level-tnggered
[

INTO 0 -
o ITO = 0003
Pin 3.2
(Fan 3.2) 1 T IEO
Edge-tniggered l (TCON.1)
Activation of TNT1
Level-triggered -
0 =2
INTI e IT1 = 0013

Pin 3.3
(Pin 3.3) O IE1

Edge-tniggered l (TCON_3)
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IE1

IT1

IEO

ITO

TCON.3

TCON.2

TCON.1

TCON.O

External interrupt 1 edge flag. Set by
CPU when the external interrupt edge
(H-to-L transition) is detected. Cleared
by CPU when the interrupt is processed

Interrupt 1 type control bit. Set/cleared
by software to specify falling edge/low-
level triggered external interrupt

External interrupt 0 edge flag. Set by
CPU when the external interrupt edge
(H-to-L transition) is detected. Cleared
by CPU when the interrupt is processed

Interrupt 0 type control bit. Set/cleared
by software to specify falling edge/low-
level triggered external interrupt
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Programming of TMOD reg

Indicate which mode and which timer are slected for each of the following.
(a) MOV TMOD. #01H (b) MOV TMOD. #20H (¢) MOV TMOD. £12H

Solution:

We convert the value from hex to binary. From Figure 9-3 we have:
(a) TMOD = 00000001, mode 1 of timer 0 15 selected.

(b) TMOD = 00100000, mode 2 of tumer 1 1s selected.

(¢) TMOD = 00010010, mode 2 of timer 0. and mode 1 of tumer 1 are
selected.
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SADTYAY
Mode-0

A The timer is13-bit wide.

A This mode is same for tim@ras well as timer
1.

A When the count over flows , it sets the
overflow flags T and TH for timer0 and
timer 1 respectively.

A To start the timer TRx bit for corresponding bit
should be set.
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A This 13-bit operation is just to have compatible
timer function as that @048family.

A Using the upper byte THx and lowgbits of
TLO it form thel3-bit
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Interrupt

L1 | TH1
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A This 13-bit counter can hold values between
000Ch to 1FFFh

A Therefore when the timer reaches its maximul
of 1IFFFh, when another clock pulse is
received it rollover t®000and TFXx Is raised ,
then act accordingly
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Mode-1

A The timer is16-bit wide
A

Therefore it allows values ®00th to FFFFh

to be loaded into the tim@&rregister TL and
TH.

A When the count overflows it sets the TFx bits
A To start the timers TRXx bit should be set.
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H _ [Fooeshigh ~ Overlow
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Steps to Program In Mode

A Load the TMOD value reg. indicating which
(timer0or1l) is to be used and which timer
mode(Q or 1) is selected

A Load red@s TL and TH with initial count
values

A Start the timer
A Keep monitoring the TF with the

AINB TFx , targaiinstruction to if TF Is raised
or not. Get out of loop If TF Is high
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A Stop the timer
A Clear the TF flag for the next round
A Go back to step to load TH and TL again.
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“ADFUA Y
Generate a square wave Witllo duty cycle on the B5bit.
Timer O must be used to generate the time delay

s

MOV TMOD,#01 : timer0 and model

HERE: MOV TIO#0F2H : TLO=F2h low byte
MOV THO#OFFH ; THO=FFhhigh byte

CPLPL5 ; toggle AL.5
ACALL DELAY
SIJMP HERE Jload TH,TL again

DELAY:
SETBTRD ; start timerO
AGAIN: JINB THO,AGAIN ; monitor TF until it becomes high
CLRTRO , stop timer0
CLR TRO , clear timer flag
RET
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Steps to program in Mode

A Load the TMOD value register

A Load the TH register with the initial value
A Start the timer

A Keep monitoring the TF flag

A Clear the TF flag

A Go back to monitor the TF flag stage since
mode2 Is auto- reload
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Timer Overflow

external | ‘ ‘ ‘ flag
input pin __}

3.4 or 3.5
CT=1 :
Reload L goes high
when FF - (

IR
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Generation of Square wave in mode 2 using
timer 1 on P1.0 bit

s

MOV TMOD,#20H ;timer1 mode2
MOV TH1,# ; TH1=5
SETB TRL ; start timerl

BACK: JNB TFLBACK ; monitor for TF4
CPL PL.O , toggle bit R.0
CLR TFL ; Clear TF
SJMP BACK ; mode is auto reload
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S COUNTER PROGRAMM

Write a program for countdrin mode2 to count the pulse
and display the state of the Tcount on R.

IEI\iinGeering College (A)

)

MOV TMOD,#0110000®
MOV TH1, #0
SETB RBB.5
AGAIN: SETB TRL
BACK: MOVA,TL1
MOV P2,A
JNB TFL,BACK
CLR TRL
CLR THL
SIMP AGAIN
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TCON Register.

Aditya Engineering College (A)

7 6 g 4 3 2 1 ]
TF1 TR1 TFO TRO IE1 IT IED ITO TCON

TCON is 8-bit control register and contains timer and interrupt flags.
Bit 7-TF1: Timer1l Owverflow Flag

1 = Timerl overflow occurred (i.e. Timerl goes to its max and roll over back to zero).
0 =Timerl overflow Nnot occurred.

It is cleared through software. In Timeaerl overflow interrupt service routine, this bit will get
cleared automatically while exiting from ISR.

Bit ©- TR1: Timerl Run Control Bit
1 = Timerl start.
0 =Timerl stop.
It is set and cleared by software.
Bit 5 — TFO: Timer0 Owverflow Flag

1 = Timer0 overflow occurred (i.e. Timer0 goes to its max and roll over back to

Zzero).
0= Timerd overflow not occurred.

It is cleared through software. In Timeard overflow interrupt service routine, this bit will get
cleared automatically while exiting from ISR.

Microprocessors and Microcontrollers
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Bit 4 — TRO: Timerd Run Control Bit

1 Timerd start.
0 =Timerd stop.
It is set and cleared by software.
Bit 2 - 1E1: External Interrupt1 Edge Flag
1 = External interruptl1 occurred.
0 = External interrupt1 Processed.
It is set and cleared by hardware.
Bit 2 - IT1: External Imterrupt1 Trigger Type Select Bit
1 = Interrupt occur on falling edge at INT1 pin.
0 = Interrupt occur on low level at INT1 pin.
Bit 1 — IEO: External Intermuptd Edge Flag
1 = External interruptd occurred.
0 = External interrupt0 Processed.
It is set and cleared by hardware.
Bit 0 — ITO: External Interrupt0 Trigger Type Select Bit
1 = Interrupt occur on falling edge at INTO pin.

0 = Interrupt occur on low level at INTO pin.

Microprocessors and Microcontrollers
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i/\’\ﬂlnr wi%
Mode O of timer:

U ModeO canbeinitialized by giving thevaluesof M1 & MO as
0, 0. ModeOis al3bit timeri.e. thetimerregisterdTH & TL)
will holdthevaluesbetweer000MH to 1FFFH

U Outof theavailablel3bits, Mode O will beoperatedvith 8-bit
timer/counteralong with a 5-bit prescalarlt uses5 bits of
TLO/TL1 andall the8 bitsof THO/TH1.

13-bit timer

o] | ] L[] ] | | e
| M === mmmmmm e e e [ = En-ge ------------------- ? |
. . S
_'_,_,_,-'—'_'_'_._ ) _'_"‘—\—\...\_\_\_‘ ___.'—-"_'_ _‘_‘-—\.H
Load 3-bit in THx Load 5-bit in TLx as prescaler
C <[] o
8-bit THx register 8-bit TLx register

U Higherthreebits of TLx haveto be zerofor programmingin
modeO.

Microprocessors and Microcontrollers
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Mode 1 of timer:

L)

U Modelis al6 bit timer modeusedto generateaadelay It uses
8-bits of THx and8-bits of TLx to form atotal 16 bit register

u It allow the valuesof 0000to FFFFH to be loadedinto the
timerG reqgistersiL andTH.

u After TH and TL are loadedwith a 16-bit initial value, the
timer mustbe started This is doneby SETB TRO for timer O
andSETBTR1 for timer 1.

Microprocessors and Microcontrollers
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U After thetimer is started,it startsto countup. It countstill it
reachesits maximum value i.e. FFFFH Once it reaches
FFFFH,thenit will roll backto 0000andit setsthetimer flag
(TF).

U Whenthe timer flag is raised,one option is to stopthe timer
with the instructionsCLR TRO or CLR TR1 for timerO or
timerl respectively Therewill be timer flag for timer O and
timer 1 separately.e. TFO andTF1.

U The other option is that oncethe timer reachedts limit and
rolls over, if we want to repeatthe processthenTH and TL
mustbe reloadedwith the original valueand TF mustbe reset
to 0.
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Mode 2 of timer:

U Mode?2 is 8-bit autoreloadtimer mode In this modewe have
to loadthe THx-8 bit valueonly.

U When the Timer gets started, THx value gets automatically
lodedinto the TLx andTLx startcountingfrom thatvalue

U After the value of TLx overflows from the OxFF to Ox0, the
TFx flag getsset

U Again valuefrom the THx getsautomaticallyloadedinto the
TLx registerHencethisis calledasautoreloadmode

e

Microprocessors and Microcontrollers
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Mode 3:

0 WhentimerO is usedin mode3
U TLOis usedas8-bit timer/counter
U THOwill beusedonly astimer.
U THOis controlledby timer 1 controlbit TR1.
0 WhenTHO overflowsfrom FFto 00thenTF1 is setto 1.

0 Whentimer1is usedin mode3
U Simply holdsthe countbutdoesnotrun.

NOTE:

U In Mode 3 of TimerO, the 8051 hasthreetimers One 8-bit
timer by THO, anothe8-bit timer/counterby TLO, andone 16-
bit timer/countetby Timerl.



Counter in 8051

U Theonly differencebetweencountingandtiming is the source
of clock pulsesto thecounters

U When usedas a timer the clock pulsesare sent from the
oscillatorthroughthedivide by 12 circuit.

U Whenusedasa counterpin TO (P3.4) supplypulseso counter
0 andpin T1 (P3.5) supplypulsesto counterl.

U TheC/T hasto besetto 1 to enableascounter

Aditya Engineering College (A)

=12d

Oese [l & bor -
Frequensy

Countes

T iri gf

1 CiT = O {TMOD Timer Operation) r_.-"
""'f —————i=— To Timer SLlages

'c.ﬁ = 1 (THOD Counter Qperalion

T 150 impat Pin

TR1M 8itin TCOMN

Gate Brt In THAOD
IMT 10 Enpuk Fin

Microprocessors and Microcontrollers
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EXAMPLE PROGRAMS

Steps to program in mode 1:

1. Load the TMOD value register indicating which timer (Timer O or Timer 1) is to be used and which timer mode (0
or 1) is selected.

2. Load registers TL and TH with initial count values. Start the timer.

3. Keep monitoring the timer flag (TF) with the “INB TFx, target” instruction to see if it is raised. Come out of
the Toop when TF becomes high.

4.stop the timer,
5. Clear the TF flag for the next round.
6.Go back to Step 2 to Toad TH and TL again.

7. To calculate the exact time delay and the square wave frequency generated on pin PI .5, we need to know the
XTAL frequency.

Microprocessors and Microcontrollers
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Steps to load the values of TH and TL:

1. Divide the crystal oscillator freq (11.0592MHz) by 12.

2. The value obtained in the above step will be 1.085 micro sec known as the machine clock.
3. Now divide the time delay by 1.085 us. Let it be some A.

4, For timer in mode 1 programming, the timer value is 16 bit. The value is 65536,

5. Now subtract the values 65536 - A. Let it be some B.

6. Convert the value of B in decimal to hexa in the format YYXX.

7. The value into TH will be YY and the value into XX will be XX,

Microprocessors and Microcontrollers
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U Write an assemblylanguageprogram for generationof a
squarewave with 50% duty cycle on the P1.5 bit of 8051 in
timer0O mode

Calculations:

U Herelet us assumehe frequencyof squarewaveto be 50Hz
because¢hevalueof duty cycleis mentionedas50%.

Thetime periodwill begivenas1/50=20ms
Thehighor low portionof thesquarevavewill be 10 ms
10ms/ 1.085us=9216

655361 9216=56320in decimalandthe valuein Hexwill be
DCOOH

U TLO=00H andTHO = DCH

cC. C. C: C:
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MOV TMOD, #01H: Timer 0 in mode 1 (16-bit mode)
HERE: MOV TLO, #00H; The low byte to be loaded

MOV THO, #0DCH; The high byte to be loaded

CPL PL.5; Toggle PL.5

ACALL DELAY

SIMP HERE; Load TH, TL again

DELAY:
SETB TRO; Start timer 0
AGAIN: INB TFO, AGAIN; Monitor timer 0 flag until it rolls over
CLR TRO; Stop timer (
CLR TFO; Clear timer 0
RET

Microprocessors and Microcontrollers
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Mode 2 programming:

L, Load the THOD register value indicating which tiner (Tiner 0 or Tiner 1) 15 to be used, Select the tiner in
mode 2.

0. Load the TH register with the nitial value,
3, Start the tiner,

4, Veep momitoring the TF flag with the Tine "IN8 TF, target” to see whether it 15 raised. Cone out of the loop

t
When TF goes high,
), Clear the TF flag,

B, G0 to step 4 since it 15 auto reload

Microprocessors and Microcontrollers
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Generate a square vave on pin PL.0 of 8051 microcontroller whose time delay is mentioned as 250 us. The crystal
oscillator frequency is given to be 11,0592 Mz, Assume the timer in mode 2.

Solution
e nged to find out the value to be Toaded in TH register, It can be calculated as follous:

Delay = 250 us,
TH Value = TimerMax - ((De]a%/l.OBSJ % 1006) where timer max will be 256,
From the above calculation tne value to be Toaded will be OxIA,

Progran s per steps:

0D, #04  :Timer 0 in mode 2 and for timer 1in mode 2 will be 20H
MOV THO, #1AH
SETB TR0
BACK: N TFO,BACK
(PL PL.0
CLR TFO
SN BACK

Microprocessors and Microcontrollers
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SERIAL DATA INPUT/OUTPUT

U Serialcommunications the techniguein which the computer
will beableto communicatevith othercomputers

U In this communicationthe data will be sent and received
serially

U Communicationhasbeenclassifiedinto two typesi.e. serial
communicationand parallel communication.

U In parallel communication multiple bits aretransferrecat the
sametime throughthe multiple channels

U In serial communication a single bit is transferredat a time
throughasinglechannel



Serial Transfer Parallel Transfer
DO

Sender Receiver

Sender Receiver

D7

Fig 8.5 Basics of serial communication



Receiver

e
Half Duplex L/
=\

Transmitter Receiver

Full Duplex

Receiver Transmitter

Fig 8.6 Types of serial communication



The 0 (low) is
referred to as space

ASCII character “A” (8-bit binary 0100 0001)

|
|

|
|
|
|
|
Sto
Space P10 1 | 0 Bit
Bit '
| | | | | | |
I o L A | i
‘ D7 DO ‘

Goes out last Goes out fir

The transmission begins ‘with a

Start | Mark

start bit followed by DO, the .
LSB, then the rest of the bits When there is no

until MSB (D7), and finally, transfer, the signal

is 1 (hugh), which 1s

the one stop bit indicating the -
referred to as mark

end of the character

Fig 8.7 Asynchronous frame format



RS232 DB-25 Pins

Piin Description Pin Description

1 Protective ground 14 Secondary transmitted data

2 Transmitted data (TxD) 15 Transmitted signal element timing
3 Received data (RxD) 16 Secondary receive data

4 Request to send (-RTS) i7 Receive signal element ming
5 Clear to send (-CTS) is8 Unassigned

[ Data set ready (-DSR) 19 Secondary receive data

i Signal ground (GMLCY) 20 Data terminal ready (-DTR)

8 Data carrier detect (-DCD) 21 Signal quality detector

9/10 Reserved for data testing 22 Ring indicator (RI)

11 LUnassigned 23 Data signal rate select

12 Secondary data camier detect 24 Transmit signal element timing
13 Secondary clear to send 25 Unassigned

RS232 Connector DB-25

1O

g

—r

e ——
. 3

Fig 8.8 RS232 25-pin standard



RS232 Connector DB-9 RS232 DB-9 Pins

Pin Description

| | Data carrier detect (-DCD)
= mh :
— eVLUL ;.’ — Received data (RxD)
g\ | | /i 7 Transmitted data (TxD)
' ; Data terminal ready (DTR)
FLERT7 - Signal ground (GND)

Data set ready (-DSR)

Request to send (-RTS)

Clear to send (-CTS)

WO 0~ ||| h M=

Ring indicator (RI)

Fig 8.9 RS232 9-pin standard



Vo

1
16 2 _-l
—t MAX232
J 6
r—* T
L 5 3
T1lin . Tlout
I
Rlout 1 Rlin
|
TZin >.= T2out
RZout | RZint
TTL side

ﬁl RS232 side

MAX232 requires

four capacitors

8051
MAX232
P3.1| 11 11 £
TxD 14 3
13

P3.0| 10 12

RxD \_
DB-9

MAX232 has two

sets of line drivers

Fig 8.10 TTL to RS232 Conversions

—



PC Baud Rates

110
150
300
600
1200

2400
4800

9600

19200 Baud rates supported by
486/Pentium IBM PC BIOS

BAUD Rates(Bps)supported by IBM PC



SCON is arB-bit register used to program the start bit, stop bit, and data
bits of data framing, among other things

SMO ‘ SM1 ‘ SM2 ‘ REN ‘ TBS ‘ RB8 ‘ TI ‘ RI
SMO SCON.7 Serial port mode specifier
SM1 SCON.6 Serial port mode specifier
SM2 SCON.5 Used for multiprocessor communication
REN SCON.4 Set/cleared by software to enable/disable reception
TB8 SCON.3 Not widely used
RBS SCON.2 Not widely used
TI SCON.1 Transmut interrupt flag. Set by HW at the

begin of the stop bit mode 1. And cleared by SW

RI SCON.O Receive interrupt flag. Set by HW at the

begin of the stop bit mode 1. And cleared by SW

Note: Make SM2, TBS, and RBS =0
Fig 8.12 SCON Regqister



SBUF Is ar8-bit register used solely for serial communication

AFor a byte data to be transferred viaT®® line, it must be
placed in the SBUF
Register

AThe moment a byte is written into SBUF, it is framed with the
start and stop bits and transferred serially vialtkie line

ASBUF holds the byte of data when it is receive@0§1RxD
line

AWhen the bits are received serially ®a&D, the8051deframes
it by eliminating the stop and start bits, making a byte out of the
data received, and then placing it in SBUF



-- | GF1 | GF0 ‘ PD ‘ IDL

Ttis not 2 bit- ( MOV A,PCON  ;place a copy of BCON in ACC
SETB ACC.7 make D7=1
| MOV PCON,A  ;changing any other bits

e

addressable

reglster

Fig 8.13 PCON Regqister

When8051is powered up, SMOD is zero
AnNe can set it to high by software and thereby double the baud rate
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U The serial communicationin a 8051 microcontrolleruse the
registermamelySBUF, SCON,PCON
U SBUFT SerialBufferto hold data
U SCONT SerialControlRegisterto controldatacommunication
U PCON1 PowerControlRegisterto hold datarates

U The pins RxD (P3.0) and TxD (P3.1) of the 8051
microcontrollerareconnectedo the serialdatanetwork

U SBUF which is usedto hold the datawill be usedfor two
purposes

U Onepurposes to hold the datawhich will be transmittedout of 8051
via TXD knownaswrite only.

U Otherpurposés to hold the datareceivedfrom the externalsourcesvia
RxD knownasreadonly.

U There are four programmable modes for serial data
communication
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Baud rate:

U Baudrate can be definedasthe rate at which information is
transferredn acommunicatiorchannel

U For examplein the serial communicationcontext, i 9600
baudo meansthat the serial port is capableof transferringa
maximumof 9600bits persecond

U Baud rate is dependenbn the selectedmode and oscillator
frequency

U For achieving successfulcommunicationthe receiver and
transmittethasto be setto samebaudrate

U Forthe8051the Timer 1 is usedto generatédhe baudratein
autoreloadmode

U For setting the baud rate the oscillator frequencyhasto be
dividedby 12 andthenby 32
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11.0592Mhz 921.6Khz 28.8Khz

To Timer 1
Crystal Frequen - Mdk sFdk /12 s Tclk = Mcik/32 0D
Felk & / : for baud rate

U The standardoaudratesthat canbe usedin the programming
of 8051 microcontrollerare960Q 480Q 240Q 120Q

U There are four programmable modes for serial data
communicationthat are chosenby setting the SMX bits in
SCONregister

U Baudratesaredeterminedy themodechosen

Microprocessors and Microcontrollers
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Registerformats for SCONand PCON registers

U SCON standsfor Serial Port Control and PCON standsfor
PowerMode Control

U Theregisterformatfor SCONregistens asshownbelow

7 6 5 4 3 2 1 0
SMO | SMI I sM2 LF:EH | 188

U Theregisterformatfor PCONregistens asshownbelow

REB LL RI

7 L] 5 d 3 2 1 ]

SMop | — - — I GFl | GFO | PD DL

Microprocessors and Microcontrollers
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Description of SCON register:

Bit Symbol Function
7 SMO Serial port mode bit 0. Set/cleared by program to select mode.
6 SM1 serial port mode bit 1. Set/cleared by program to select mode.
SMO SM1 Mode Desription
0 0 0 shift register with baud = f/12
0 1 1 8-bit UART with variable baud
1 0 2 9-bit UART with baud = /32 or f/64
1 1 3 9-bit UART with variable baud
5 SM2 Multiprocessor communication bit. Set/cleared by program

to enable multiprocessor communications in modes 2 and 3.
Usually set to 0.

4 REN Receive enable. Set to 1 to enable reception and cleared to 0
disable reception.

3 TBS Transmitted bit 8. Set/cleared by program in modes 2 and 3.

2 RBS Received bit 8. Bit 8 of received data in modes 2 and 3, stop

bit in mode 1 and not used in modeO0.

1 TI Transmit Interrupt f1a2. Set to 1 at the end of bit 7 in mode 0
and at the beginning of stop bit for other modes.

0 RI Receive Interrupt flag. Set to 1 at the end of bit 7 in mode 0 and
halfway through the stop bit for other modes.

Bit addressable as SCON.Q to SCON.7|

Microprocessors and Microcontrollers
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Description of PCON register:

Bit  Symbol  Function

7T SMOD Serial baud rate modify bit. Set to 1 by program to double baud rate using timer 1 for
modes 1, 2, and 3. Cleared to () by program 1o use timer 1 baud rate,

64 — ot implemented,
3 GA General purpose user flag bit 1. Set/cleared by program.

2 GFO General purpase user flag bit 0. Set/cleared by program

1 PD Power down bit. Set to 1 by program o enter power down configuration for CHMOS
PrOCEssors,
0 IDL Idle mode bit. Set to 1 by program to enter idle mode configuration for CHMOS

pracessors. PCON i not bit addressable,

Microprocessors and Microcontrollers
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Serial data interrupts :

U Theserialdataflagsin SCONi.e. TI andRI aresetwheneveia
databyteis transmitted T1) or receivedRlI).

U Theseflags are ORedtogetherto producean interruptto the
program

U Theprogrammustreadtheseflagsto determinewhich caused
theinterruptandthencleartheflag.

U Theseflags are not like the timer flags which are cleared
automatically.e. it is responsibilityof the programmeto clear
theflags

Data transmission

U Transmissionof serial databeginsanytime when the datais
writtento SBUF

U TI is setto 1 whendatais transmittedandsignifiesthat SBUF

isempty

3]

¢
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U Thisindicatesthatanotherdatabyte canbe sent The program
hasto bewritten in suchaway thatTI bit will be continuously
monitoreduntil thelastbit of datais transferred

Data reception:
U Receptionof serial datawill beginif the receive enablebit
(REN)in SCONis setto 1.

U RI bit is setafterthe datais receivedand mustbe clearedby
the programto receivethe nextbyte of data

U The nextbyte of datato be transmittedwill not be transferred
to SBUFuntil thelastdatabit hasbeenreceived
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With XTAL = 11.0592 MHz, find the TH1 value needed to have the
following baud rates. (a) 9600 (b) 2400 (¢) 1200

SERIAL Solution:

COMMUNICA- The machine cycle frequency of 8051 = 11.0592 /12 =921.6 kHz,

an ; Z/ J&a=ab, Z 15 Irequenc to timer 1 to
TION d 921.6 kHz / 32 = 28,800 Hz 1s freq y by UART to t1 1
set baud rate.

JNOICLVIINI W€ | (1) 25800/3=0600  where -3 = FD (hex) is loaded into THI

(cont’) (b) 28.800 /12 =2400  where -12 = F4 (hex) is loaded into TH1
(c) 28.800/24 =1200  where -24 = E8 (hex) 1s loaded mto TH1

Notice that dividing 1/12 of the crystal frequency by 32 1s the default
value upon activation of the 8051 RESET pn.

11.0592 MHz

Machine cycle freq 28800 Hz
=12 3
921.6 kHz To timer 1
To set the
Baud rate

Baud Rate TH1 (Decimal) TH1 (Hex)

: 9600 -3 FD
TF 1s set to 1 every 12 W\\ 6 FA
ticks, so 1t fm:&ctrmnf:'. as 2400 12 F4
a frequency divider 1200 24 ES8

Microprocessors and Microcontrollers
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Write a program for the 8051 to transfer letter “A” serially at 4800 baud, continuously.

Solution:
MOV TMOD,#20H ;Timer 1, mode 2(auto-reload)
MOV  TH1,#-6 4800 baud rate
MOV  5CON,#50H ;8-bit, 1 stop, REN enabled
SETE TR1 ;atart Timer 1
AGAIN: MOV  SBUF,#"A" :letter "A" to be transferred
HERE: JNE TI,HERE :wait for the last bit
CLR TI :clear TI for next char
SJMP AGAIN ;keep sending A

Microprocessors and Microcontrollers
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Serial port programming example

Steps to progran 8051 serially:

L, THOD register is loaded with the value 204 indicating the use of tiner L in node L,

0. THL 15 Toaded with the suitable value depending on the baug rate given,

3, SCON register 15 loaged with S04 indicating serial mode L where an §-bit data s transferred with start and
stop bits,

TRL 15 set to 1 to start Tamer L,

1115 cleared by the CLR TT instruction,

The character to be transnitted is written into SBUF register,

The flag bit 15 monitored with the instruction N8 TL, xx to see whether the character has been transmitted
completely,

b, To transfer the next character go to step 5.

4
)
b
1

Microprocessors and Microcontrollers
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Write a program for the 8051 to transfer letter “A” serially at 4800 baud, continuously.

Solution:
MOV TMOD,#20H ;Timer 1, mode 2(auto-reload)
MOV  TH1,#-6 4800 baud rate
MOV  5CON,#50H ;8-bit, 1 stop, REN enabled
SETE TR1 ;atart Timer 1
AGAIN: MOV  SBUF,#"A" :letter "A" to be transferred
HERE: JNE TI,HERE :wait for the last bit
CLR TI :clear TI for next char
SJMP AGAIN ;keep sending A

Microprocessors and Microcontrollers
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Stepsto receivea character serially using 8051

rogran {51 serally;
register 15 oaded 1
5 0z0ed it the U
Ee gister 1 loaded
15 5

:
it the value W indicating the use
tale value de endmg on e e
th §0 Ly

5 10
0D
il :

b indicating seriz] nore

o of tiner 1in mode 2.
it given

here a1 §-0it data 15 tranferred with start and

o

L

L T

5, 300

Its
start Tiner 1,

set 10 1 10
e by heCRRI instriction,
it 15 nonitored with the Tnstruction JI8 R, X to see whether the character has been received

i
Rl
I s dea
e flag b1

comple e]
when RI1s ryised SBUF has the byte, The contents are moved into safe place

b, To receive the neit caracter got ey |,

P
I
I
30N
it
I
R
I

4
)
b

Microprocessors an d Microcon trollers
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Program the el o racene bytes of data senally, and putthem n P1. Setthe Daud rate at 4600, 6-0t data, and 1 stop bit

Solution:
MOV TMOD, 820K ;Timer 1, mode 2{auto-reload)

MOV THL,#-6 ;4800 baud
MOV SCON, ¥30H ;8-bit, 1 stop, REN enabled
SETB I gtart Timer |
HERE: ~ ONB RI,KERE  ;wait for char to come in
WOV ASBUF  ;ave incoming oyte in A
MOV PLA  ;send to port ]
(LR Rl :qet ready to receive next byte
SINP HERE  ;keep getting data

Microprocessors and Microcontrollers
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Interrupts 018051

A Introduction

A 8051Interrupt organization

A Processing Interrupts

A Program Design Using Interrupts
A Timer Interrupts

A Serial Port Interrupts

A External Interrupts

A Interrupt Timings
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Interrupt

A An interrupt is the occurrence of a conditior-an event--
that cause a temporary suspension of a program while the
event is serviced by another program (Interrupt Service
Routine ISR or Interrupt Handler).

A Interrupt -Driven System- gives the illusion of doing many
things simultaneously, quick response to events, suitable
for real-time control application.



Program execution without intrrupts :

Time

=

Main Program

Program execution with intrrupts :

ISR

Main

Time
L

ISR

ISR

Main

Main

ISE : Intrrupt Service Routin
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8051Interrupt Organization

A 5 interrupt sources: 2 external, 2 timer, a
serial port

A 2 programmable interrupt priority levels
A fixed interrupt polling sequence
A can be enabled or disabled

A IE (A8H), IP (B8H) for controlling
Interrupts
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Enabling and Disabling Interrupts
IE (Interrupt Enable Registergil)

A Bit Symbol Bit Address Description (1=enable,0=disable)
A IE.7 EA AFH Global enable/disable

A IE.6 - AEH Undefined

A IE.5 ET2  ADH Enable timer 2 interrupt ( 8052
A IE.4 ES ACH Enable serial port interrupt

A IE.3 ET1 ABH Enable timer 1 interrupt

A IE.2 EX1 AAH Enable externall interrupt

A IE.1 ETO A9H Enable timer O interrupt

A 1IE.0 EXO A8H Enable externalO interrupt

Two bits must be set to enable any interrupt: the individual enable bit
and global enable bit
SETB ETI1
SETB EA
MOV  IE,#10001000B
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Interrupt Priority (1P, BH)

A Bit Symbol Bit Address Description (1=high, O=low priority)
A IP.7 - - Undefined

A IP.6 - - Undefined

A IP.5 PT2 BDH Priority for timer 2 interrupt ( 8052
A IP.4 PS BCH Priority for serial port interrupt

A IP.3 PT1 BBH Priority for timer 1 interrupt

A IP.2 PX1 BAH Priority for external 1 interrupt

A IP.1 PTO B9H Priority for timer O interrupt

A IP.0 PXO BS8H Priority for external O interrupt

AO= lower priority, 1= higher priority, reset IP=00H
ALower priority ISR can be interrupted by a high priority
interrupt.

AA high priority ISR can not be interrupted.
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Interrupt 'Flag Bits

Interrupt Flag SFR Register & Bit Position
External O IEO TCON.1

External 1 IE1 TCON.3

Timer 1 TF1 TCON.7

Timer O TFO TCON.5

Serial port Tl SCON.1

Serial Port RI SCONQO

Timer 2 TF2 T2CON.7 (8052
Timer 2 EXF2 T2CON.6 (8052

The state of all interrupt sources is available through the respective
flag bits in the SFRs.

If any interrupt is disabled, an interrupt does not occur, but software
can still test the interrupt flag.
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Polling Sequence

A If two interrupts of the same priority occur
simultaneously, a fixed polling sequence
determines which is serviced first.

A The polling sequence is Externad > Timer
0> External 1 > Timer 1> Serial Port >
Timer 2
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Processing Interrupts

A When an interrupt occurs and is accepted by the CPU, the

main program is interrupted. The following actions occur:

i The current instruction completes execution.

I The PC is saved on the stack.

I The current interrupt status is saved internally.

I Interrupts are blocked at the level of the interrupt.

i The PC is loaded with the vector address of the ISR

I The ISR executes.

A The ISR finishes with anRETI instruction, which retrieves
the old value of PC from the stack anaestores the old
Interrupt status. Execution of the main program continues
where it left off.
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Interrupt Vectors

A Interrupt vector = the address of the start of the ISR.

A When vectoring to an interrupt, the flag causing the
Interrupt is automatically cleared by hardware The
exception isRI/TI and TF 2/EXF2 which should be
determined and cleared by software.

Interrupt
System Reset
External O
Timer O
External 1
Timer 1
Serial Port
Timer 2

Flag

RST

IEO

TFO

IE1

TF1

Rl or Tl

TF2 or EXF2

Vector Address
OOO0OH (LJMP 0030H)
0O003H

0O00BH

0013H

001BH

0023H

002BH
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FADITYAY
ADDRESSING MODES OF8051
U In 8051therearesix addressingnodes

U ImmediateAddressingMode
RegistelAddressingMode
DirectAddressingMode
RegistenndirectAddressingMode
ndexedAddressingMode

mplied AddressingMode

cC: C: C: o
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Immediate Addressing Mode:

U In thislmmediateAddressingMode,thedatais providedin the
Instructionitself.

U The datais provided immediately after the opcode The #
symbolis usedfor immediatedata

Examples

MOV A, #0AFH;

MOV RS3, #45H;

MOV DPTR,#FEOOH;
RegisterAddressingMode:

U In theregisteraddressingnodethe sourceor destinationdata
shouldbe presenin aregister(RO to R7).
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Examples
MOV A, R5;
MOV R2, #45H;
MOV RO, A;

U In 8051 thereis no instructionlike MOVR 5, R7. But we can
getthe sameresultby usingtheinstructionsMOV R5, 07H, or
by usingMOV 05H, R7.

U Here 07H/O5H indicate the addresslocations of R7/R5
respectively

U But thesetwo instructionwill work whenthe selectedegister
bankis RBO.
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Direct AddressingMode:

U In the Direct AddressingMode, the source or destination
addresss specifiedby using8-bit datain theinstruction

U Only theinternaldatamemorycanbeusedin thismode
Examples

MOV 80H, RG6;

MOV R2, 45H;

MOV RO, O5H;

U Thefirst instructionwill sendthe contentof registerk to port
PO (Addressof PortO is 80H).

U Thesecondneis for gettingcontentfrom 45H to R2.

U The third oneis usedto get datafrom RegisterR5 (When
registerbankRBO is selected}o registerRb.
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Registerindirect AddressingMode:

U In this mode,the sourceor destinationaddresss givenin the
register

U By using registerindirect addressingmode, the internal or
externaladdressesanbeaccessed

U TheRO andR1 areusedfor 8-bit addressesandDPTRIs used
for 16-bit addresses

U No otherregistersanbeusedfor addressingurposes
Examples

MOV OE5H, @RO;

MOV @R1, 80H
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§ADRUAY

U Intheinstructionsthe @ symbolis usedfor registerindirectaddressing

U In the first instruction, it is showingthat theRD registeris used If the
contentof RO is 40H, then that instruction will take the data which is
locatedat location40H of theinternalRAM.

U In the secondone,if the contentof R1 is 30H, thenit indicatesthat the
contentof port PO will be storedatlocation30H in theinternalRAM.

MOVX A, @RI1;

MOV @DPTRA,;

In thesetwo instructions,the X in MOVX indicatesthe external data
memory

In thefirst instructionif the RO is holding 40H, thenA will getthe content
of externalRAM locatior0H.

In the secondone,the contentof A is overwrittenin thelocationpointedby
DPTR
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Indexed Addressing Mode:

U In the indexedaddressingnode,the sourcememorycanonly
beaccesseffom programmemoryonly.

U Thedestinatioroperands alwaystheregisterA.
Examples

MOVC A, @A+PC

MOVC A, @A+DPTR

U The C in MOVC instructionrefersto codebyte For the first
Instruction,

U Let usconsiderA holds30H. And the PCvalueisl1254. The
contentsof programmemorylocation11554 (30H + 1125H)
aremovedto registerA.
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Implied AddressingMode

U In theimplied addressingnode,therewill bea singleoperand
Thesetypesof instructioncanwork on specificregistersonly.

U Thesetypesof instructionsarealsoknown asregisterspecific
Instructions

Examples
RL A;
SWAP A;

U Thesearel- byteinstruction
U Thefirst oneis usedto rotatetheA registercontentto the Letft.
U Thesecondneis usedto swapthenibblesin A.
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INSTRUCTION SET OF 8051

U Theinstructionsetof 8051is classifiedinto differenttypesas
shownbelow:.
U DataTransferinstructions
U ArithmeticInstructions
U LogicalInstructions
U LogicalInstructionswith bits
U Branchinstructions
U An instructioncan be simply definedasa commandgiven to
the processor/controlleby a computerprogram The set of

Instructionsareknownasinstructions

0 8051microcontrollersupportatotal of 111instructions
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Data Transfer Instructions:

U Theseinstructionsare usedto move the datafrom sourceto
destination

U Also canbe transferredto stackwith the help of PUSH and
POPInstructions

U The mnemonicsassociatedvith datatransferinstructionsare
MOV, MOVC, MOVX, PUSH,POP,XCH, XCHD
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. #Data 2

A, Rn A € Rn Register 1

A, Direct A € (Direct) Direct 2

A, @RI A € @Ri Indirect 1

Rn. #Data Rn € data Immediate 2

Rn. A Rn € A Register 1

Rn, Direct Rn € (Direct) Direct 2

Direct, A (Direct) € A Direct 2

Direct, Rn (Direct) € Rn Direct 2

Directl. Direct2 (Directl) € (Direct2) Direct 3

Direct, @Ri (Direct) €< @Ri Indirect 2

Direct, #Data (Direct) € #Data Direct 3

@R1, A @Ri € A Indirect 1

@Ri, Direct @Ri € Direct Indirect 2

@Ri. #Data @Ri € #Data Indirect 2

DPTR. #Datalé6 DPTR € #Datalé Immediate 3

MOVC A. @A+DPTR A € Code Pointed by A+DPTR Indexed 1
A, @A+PC A € Code Pointed by A+PC Indexed 1

A, @RI A € Code Pointed by Ri (8-bit Address) Indirect 1

MOVX A, @DPTR A € External Data Pointed by DPTR Indirect 1
@Ri, A @Ri € A (External Data 8-bit Addr) Indirect 1

@DPTR, A @DPTR € A (External Data 16-bit Addr) Indirect 1

PUSH Direct Stack Pointer SP € (Direct) Direct 2
POP Direct (Direct) € Stack Pointer SP Direct 2
XCH Rn Exchange ACC with Rn Register 1
Direct Exchange ACC with Direct Byte Direct 2

@RI Exchange ACC with Indirect RAM Indirect 1

XCHD A, @Ri Exchange ACC with Lower Order Indirect RAM Indirect 1

Microprocessors and Microcontrollers




Arithmetic Instructions:

U The mnemonicsassociatedwith arithmetic instructions are
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;:_,
A.Rn A <€ A +Rn Register 1
A. Direct A € A + (Direct) Direct 2
A. @R1 A € A + @R1 Indirect 1
ADDC A #Data A € A + Data + C Immediate 2
A. Rn A € A+Rn+C Register 1
A Direct A €< A + (Direct) + C Direct 2
A @Ri1 A€ A+ @Ri1+C Indirect 1
SUBB A #Data A € A — Data—C Immediate 2
A. Rn A€ A—Rn—C Register 1
A. Direct A € A — (Direct) — C Direct 2
A. @R1 A € A -—@Ri1—-C Indirect 1
Multiply A with B
MUL AB (A € Lower Bytcof A*Band B - 1
< Higher Byie of A*B)
Divide A by B
DIV AB (A € Quotient and B < - 1
Remainder) =
DEC A A< A—1 Register 1
Rn Rn €< Rn— 1 Register 1
Direct (Direct) €< (Direct) — 1 Direct 2
@RI1 @R1 € @Ri1— 1 Indirect 1
INC A A< A +1 Register 1
Rn Rn €< Rn + 1 Register 1
Direct (Direct) €< (Direct) + 1 Direct 2
@R1 @R1 €< @R1 + 1 Indirect 1
DPTR DPTR €< DPTR + 1 Register 1
DA A Decimal Adjust Accumulator - 1

Microprocessors and Microcontrollers
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Logical Instructions:

U Mnemonicsassociatecare ANL,ORL, XRL, CLR, CPL, RL, RLC, RR,

Addres

TImmediate

ANL “A. #Data__ < A AND Data

A. Rn A € A AND Rn Register 1

A. Direct A € A AND (Direct) Direct 2

A. @R1 A € A AND @R1 Indirect 1

Direct. A (Direct) € (Direct) AND A Direct 2

Direct. #Data (Direct) € (Direct) AND #Data Direct 3

ORI A #Data A € A OR Data Immediate 2

A. Rn A < A ORRnN Register 1

A. Direct A € A OR (Direct) Direct 2

A. @Ri1 A €< A OR @Ri1 Indirect 1

Direct. A (Direct) € (Direct) OR A Direct 2

Direct. #Data (Direct) € (Direct) OR #Data Direct 3

XRI A #Data A € A XRI Data Immediate 2

A. Rn A < A XRIL Rn Register 1

A Direct A €< A XRI (Direct) Direct 2

A. @R1 A € A XRIL @R1 Indirect 1

Direct. A (Direct) € (Direct) XRI. A Direct 2

Direct. #Data (Direct) € (Direct) XRI. #Data Direct 3

CLR A A< O0OH - 1

CPL A A €< A -— 1
ER ECT O N

RI A Rotate ACC Left - 1

RI.C A Rotate ACC Left through Carry - 1

RR A Rotate ACC Right - 1

RRC A Rotate ACC Right through Carry -- 1

SWAP A Swap Nibbles within ACC - 1

Microprocessors and Microcontrollers
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Boolean or Bit Manipulation Instructions:

U The Mnemonics corresponding to the Boolean or Bit Manipulation
Instructions ar€LR, SETB, MOV, JC, JNC, JB, JNB, JBC, ANL, ORL,

CLR e C < 0 (C — Carry Bit) 1

Bit Bit € O (Bit — Direct Bit) 2

SET (&= e <1 1

Bit Bit < 1 2

CPL (& CE< C 1

Bit Bit € Bit 2

ANL C. /Bit C € C. Bit (AND) 2

C. Bit C < C . Bit (AND) 2

ORI C. /Bit C € C + Bit (OR) 2

C. Bit C < C + Bit (OR) 2

MOV C. Bit S < Bit 2
Bit, C Bit €< C 2

JC rel Jump i1s Canry (C) 1s Set 2

JINC rel Jump is Carry (C) is Not Set 2

JB Bit, rel Jump is Direct Bit is Set 3

JNB Bit. rel Jump is Direct Bit is Not Set 3

IBC Bit xol Jump is Direct Bit 1s Set and 3

Clear Bit

Microprocessors and Microcontrollers




Description

et s e

te

| Absolu e Call
peaxt 2DDR1 PC + 2 = (SP): ADDRI11 = PC
Long Subroutine Call
Lol SRS PC + 3 - (SP): ADDR16 > PC
Retumn from Subroutine
Lazl 3 (SP) > PC
RETI -- Return from Interrupt
Absolute Jump
BRI S RiBI R ADDRI11 => PC
Long Jump
LIMP ADDRI1G6 ADDRI16 > PC
Short Jump
SIME =1 PC + 2 + rel > PC
JINMP @A + DPTR A + DPTR > PC
JZ rel If A=0. Jump to PC + rel
INZ rel If A # O, Jump to PC + rel
s Compare (Direct) with A. Jump
CINE A Darect xel to PC + rel if not equal
Compare #Data with A. Jump to
&> eDma, el PC + rel if not equal
Compare #Data with Rn. Jump
Ru, #Data, rel to PC + rel if not equal
: Compare #Data with @Ri. Jump
@RI, #Data, rel to PC + rel if not equal
DINZ Rn rel Decrement Rn Jump to PC + rel
if not zero

Microprocessors and Microcontrollers
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Interfacing and Industrial
Applications of 8051
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Interfacing an LED & Array of LEIGS
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LED

Cathode

Anode
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An Led Interfacing

Nicrocontroller
Port Pin

+
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Flashing LED ALGORITHM

A1l Start.

A 2. Turn ON LED.

A 3.  Turn OFF LED.

A4, GOTO2

Modified Flashing LED ALGORITHM
A1l Start.

A 2. Turn ON LED.

A 3.  Wait for some time (delay).
A 4.  Turn OFF LED.

A 5. Wait for some time (delay).
A6. GoTo2
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Flashing LEDProgram

ORGO000M
loop:

CLR P2.0
CALL DELAY
SETB R2.0
CALL DELAY
JMP loop
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Alternative Logic..

ORGO000M
loop:
CPLPR2.0
CALL DELAY
JMP loop
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Delay Generation

delay: mov H,#100
|11 delay:

djnz 17,11 _delay

ret
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Array of Leds

VCC
LED Interface ?
Current
Limiting
Resistors

8051 & & LED's

Microcontroller
(AT89C51ED2)  F%°

P0.2

P0O.1

P0.0
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S ADITYAE

PORT__. P10
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£ADFuA)
Program for Moving Display

Org 000

BACK :MOV P1,#0AAH
CALL DELAY
MOV P1,#55H
CALL DELAY
SIMPBACK
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Switch Interfacing witl8051
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Pushbutton switch
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Interfacing Switch with Poix

=3 =50 +50
L ] L L ]
40
oo

R R2
10K 10K
PO.O 4
Po._1| =5 e 4




Aditya Engineering College (A)

Interfacing Switch with Pott,2,3
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When switch is pressed LED is ON

ORG 00004
SETB P2.0
SETB P2.1
loop1

JB P2.0,loop!
clr P2.1

loop.2

INB P2.0,loop2
SETB P2.1

AIMP lo I."II'J.If
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I\Iicrocontroller‘
Port Pin
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ORG 0000h
SETB P11
SETB P20
loop

MOV C P20
MOVPLLC

AP I!I."I."IU
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CADITUAY
Switch keyBouncing

" a

switch closed switch opened

A

— J0ms (typical) +—
bounce
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Conceptof key debouncing

U The push buttons are used for interfacing switches to
microprocessorsbased systems when pressedfor certain
numberof times

U Theprocessowill wait until the keys(which arepressedill
reach the steady state This mechanismis known as key
debouncing

U It canbe eliminatedby usingsoftwareor hardwaretechnigues
|.e. the processowaitsfor sometime (ms)andcheckswhether
thatis thekey thatis beingpressed

U In softwaretechnigue,known as wait and see method, the
programsimply for 10 ms andreexamineshe samekey again
to seelf it is still pressed



Program with keydebouncing

ORG 0000
SETE P20

SETB P2.1
loopl:

JB P20 loopl
mowv R7 &255
debl_loopl:

JB P20 loopl
dinz R/ debl_loopl
CLR P2.1
loop2:

INB P2.0 loop2
SETB P2.1
AIMP loopl
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/-Segment Display
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¥ Array of LEDS in a seven segment display:

_ollege (A)
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Common Anode
A B C D E F G DP
A A AN AN AN AN A A
N, N7 NS N N N NN,
A N N AN~ Y AW AN AN
N7, INA, N, N NN N, TN,
A B C D E F & DP

Common Cathode
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COMNMION ANODE
7-SEGCODES
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Interfacing/7-Segment Display
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rMain program
ocrg 0000k
ljmp main

oy 30h

main:mov r0, #08h

mov &, #00000001k rteat all segments of diasp
up: Irr &

mov port,a

acall delay

dinz rl,up

again:mov port,#11111100 -'O°
acall delay

mov port, #01100000k b
acall delay
mov port, #11011010k 3N al
acall delay
mov port,#11110010k H b
acall delay
mov port, #01100110k HAE
acall delay
mov port,#10110110k -k
acall delay
mov port,#10111110k A
acall delay
mov port,#11100000k H
acall delawy
mov port,#11111110k HA
acall delay
mov port,#11110110k ;Tart

acall delay
3jmp again



delay:mov rZ2,#0ffh
upd: mov rd,#03fh
upd: mov ra3, #0Ih
upl: 4djnz r3,upl
dinz rd,up’

dinz r2,up3

ret

Aditya Engineering College (A)

rdelay subroutine
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LCD INTERFACING

a LCD is finding widespread use
replacing LEDs
» The declining prices of LCD

» The ability to display humbers, characters,
and graphics

» Incorporation of a refreshing controller
into the LCD, thereby relieving the CPU of
the task of refreshing the LCD

» Ease of programming for characters and
graphics

Microprocessors and Microcontrollers
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Pin Descriptions for LCD

Pin Symbol 1/0 Descriptions

1 VSS -- Ground
INTERFACING T - 45V power supply
: 3 VEE - Power supply to control contrast
LCD Pin 4 RS I RS=0 to select command register,
Descriptions RS=1 to select data register
5 R/W I R/W=0 for write,
R/W=1 for read
used by the
6 E IjO Enable”/_ LCD tg latch
(7 DBO /O  The 8-bit databus [ETN R
- Send displayed 8  DBI /O  The8-bitdatabus [PLEEHEEE
sl o DB /O  The8bitdatabus [
imstruction
B el lendies 1 < 10 DB3 I/O The 8-bit data bus
the LCD 11 DB4 I/O The 8-bit data bus
- Read the contents 12 DB5S I/O The 8-bit data bus
of the LCD’s 13 DB6 1/0 The 8-bit data bus
intcrnal registers _ 14 DB7  1/O  The8-bitdata bus

Microprocessors and Microcontrollers
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Microprocessors and Microcontrollers
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INTERFACING

Sending Data/
Commands to
LCDs w/ Time

Delay

P1.0=—D0

" & 8 & @

ORG
MOV
ACALL
ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL
MOV
ACALL
ACALL

OH

A, #38H
COMNWRT
DELAY
A, #0EH
COMNWRT
DELAY
A, #01
COMNWRT
DELAY
A, #06H
COMNWRT
DELAY
A, #84H
COMNWRT
DELAY

To send any of the commands to the LCD, make pin RS=0. For data,
make RS=1. Then send a high-to-low pulse to the E pin to enable the
internal latch of the LCD. This is shown in the code below.

;calls a time delay before sending next data/command
;P1.0-P1l.7 are connected to LCD data pins DO-D7

;P2.0 is connected to RS pin of LCD
;P2.1 is connected to
;P2.2 1is connected to

R/W pin of LCD
E pin of LCD

;INIT. LCD 2 LINES, 5X7 MATRIX
rcall command subroutine
;give LCD some time
;rdisplay on, cursor on
;rcall command subroutine
;give LCD some time
rclear LCD

;rcall command subroutine
;give LCD some time
;shift cursor right

;call command subroutine
;give LCD some time
scursor at line 1, pos. 4
rcall command subroutine
;give LCD some time

Microprocessors and Microcontrollers




INTERFACING

Sending Data/
Commands to
LCDs w/ Time

Delay
(cont’) sy

v, _.,:;_’ 10k
B TSpor

8051

P1.0=—D0

Aditya Engineering College (A)

MOV
ACALL
ACALL
MOV
ACALL
AGAIN: SJMP
COMNWRT :
MOV
CLR
CLR
SETB
ACALL
CLR
RET
DATAWRT:
MOV
SETB
CLR
SETB
ACALL
CLR
RET
MOV
MOV
DJINZ
DJINZ
RET
END

DELAY:
HERE2Z2:
HERE:

A, #'N'
DATAWRT
DELAY
A, #'0'
DATAWRT
AGAIN

Pl,A
P2.0
P2.1
P2.2
DELAY
P2.Z2

P1,A
P2.0
P2.1
P2.2
DELAY
P2.2

R3, #50
R4, #255
R4, HERE

R3, HEREZ2

;display letter N

rcall display subroutine
;give LCD some time
;display letter O

;call display subroutine
;stay here

;send command to LCD
;copy reg A to port 1
;RS=0 for command

;R/W=0 for write

;E=1 for high pulse
;give LCD some time

;E=0 for H-to-L pulse

;write data to LCD
;copy reg A to port 1
;RS=1 for data

tR/W=0 for write

;E=1 for high pulse
;give LCD some time
+E=0 for H-to-L pulse

50 or higher for fast CPUs
;R4 = 255
;stay until R4 becomes 0

Microprocessors and Microcontrollers
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Interfacing keypad witl8051
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Key O Key 1 Key 2 Key 3

B SR TR A
?

Row 1

Row 2

Row 3
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Human Factors
The keyboard application program must guard against the following possibilities:

More than one key pressed (simultaneously or released in any sequence)

Key pressed and held
Rapid key press and release

Key Switch Factors

The universal key characteristic i the ability to bounce: The key contacts vibrate open
and close for a number of milliseconds when the key is hit and often when it i released.



If all the rows are
grounded and a key

is pressed, one of
the columns will

have 0 since the key
pressed provides the
path to ground

Aditya Engineering College (A)

a2 A 4x4 matrix connected to two ports

» The rows are connected to an output port
and the columns are connected to an
input port

Matrix Keyboard Connection to ports

If no key has
been pressed,
reading the
input port will
yield 1s for all
columns since
they are all
connected to

high (V)
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Example 12-3

From Figure 12-6. identify the row and column of the pressed key for
each of the following.

(a) D3-D0=1110 for the row. D3 —D0 = 1011 for the column

(by D3I-—-D0=1101 for the row. D3 —D0 = 0111 for the column

Solution :

From Figure 13-5 the row and column can be used to identify the key.

(a) The row belongs to DO and the column belongs to D2: therefore.
key number 2 was pressed.

(b) The row belongs to D1 and the column belongs to D3: therefore.
keyv number 7 was pressed.

1 2?;= 1;: [:?’ .
b o3 A
rpl 9wl op]
e Dl O .
Voo
Port 1
(Out) Port 2

(In)
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Flowchart for Program ]

Read all columns

Ground all rows

Read all columns
Wait for debounce

Read all columns
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Ground next row

Find which key

1s pressed

Get scan code
from table

v
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nning and Identification of pressed key'v® =noimeering coliege ()

Kevboard Program

s keyvboard subroutine. This program sends the ASCII

;scode for pressed key to PO.1

;P21 . 0-P1.3 connected to rows, P2Z.0-P2.3 to column

MOV PZ2,#0FFH ;make P2 an

input port

Kl: MOV P11, #0 ;ground all rows at once
MOV A, PZ2 ;read all col
; (ensure keys open)
ANL. A,00001111B ;masked unused bits
CJNE A, #00001111B,E1 ;till all keys release
EZ: ACALIL DELAY rcall 20 msec delay
MOV A,PZ2 ;see 1f any key 1s pressed

ANIL. A,00001111B smask
CJNE A, #00001111B, OVER; key
SJMP EZ ;check till

unused bits
pressed, find row
key pressed

OVER.: ACALL DELAY rwalt 20 msec debounce time

MOV A,
ANL A,
CJNE A

D001111B smask

P2 ;check key closure

unused bits

0
#000011118B, OVER]1; key pressed, find row

SJMP K2 ;1f none, keep polling

- L] - -




OVEER] :

MOV P1l, #11111110B ;ground row O

MOV A, P2

ANL A, #00001111B

CJNE A, #00001111EB,ROW O
MOV P1,#11111101B

MOV A, P2

ANL A, #00001111B

CJNE A, #00001111B,ROW 1
MOV P1,#11111011B

MOV A, P2

ANL A, #00001111B

CJNE A, #00001111B,ROW 2
MOV P1,#11110111B

MOV A, P2

ANL A, #00001111B

CJNE A, #00001111EB,ROW 3

;read all columns
rmask unused bits

skey row 0, find col.

sground row 1
;read all columns

rmask unused bits

skey row 1, find col.

5

srground row 2
;read all columns
rmask unused bits

skey row 2, find col.

rground row 3
;read all columns
rmask unused bits

s key row 3, find col.

LJMEP EZ2 ;1f none, false input,
; repsat
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ROW 0 :
ROW 1:
ROW 2:

ROW 3:
FIND:

MATCH:

FASCIT

KCODEO :
KCODE] :
KCODEZ :
KCODE3:

MOV DPTR, #KCODECQ
SJMP FIND

MOV DPTR, #KCODEL
SJMP FIND

MOV DPTR, #KCODEZ
SJMP FIND

MOV DPTE, #KCODE?3
ERC A

JNC MATCH

INC DPTE

SJMP FIND

CLE A

MOVC A, @A+DPTR
MOV PO,A

LJME K1

LOOK-UP TAEBLE FOR
ORG 300H

DB or,T1r,r2",
DB “4r TS5 Ter,
DE gr,T9r,"Ar,
DE ‘Ccr,'Dr,"E",

END

EACH ROW
*3" ;ROW
7" ROW
"B' ;ROW
"F' ;ROW

rset DPTE=start
;find col.
rset DPTE=start
;find col.
s s5et DPTRE=start

r

r

r

r

r

;point to next col.

-find col.
et DPTE==start

1f zero,

of row
Key belongs
of row
Key belongs
of row
Key belongs
of row

rsee 1f any CY bit low

i
to

get ASCII code

; keep searching

sset A=0

(match is

;get ASCII from table
;display pressed key

T S T S

addr

found)




