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_ MARKS
Subject i : Theory Practical
th T
code Namg of e sublect ' a C_ Cont. | Final | Coni. | Final | Total
assess | exam. | assess| exam.
6671 | EmbeddedSystems &PLC 1 2] 6 | 4 | 20 | 80 | 50 50 | 200
AlMS '

® To develop knowledge and skill on programming and tnterfaclng to embedded systems
using Micro contraller,

® To develop knowledge and skilt on PLC programming, interfacing and communication.

SHORT DESCRIPTION

‘The microcontrolier features, architecture, instructions, addressing modes, programming,
serial communication, interrupts programming and the real world interfacing. Programmable
logic controller and interfacing; PLC programming; PLC and Industrial control systems.

DETAIL DESCRIPTION
Theory:
1. Understand the basic of microcontroller
1.1 Define embedded system and microcontroligr
1.2 Distinguish between Von Neumann and Harvard Architecture of macrocontroller
1.3 Distinguish microcontroller and microprocessor
1.4 State the Application fiald of Microcontroller
1.5 List different manufacturer of microcontrolier
1.6 State criteria for choosing a microcontroiler
2. Review the memory elements and V/Q Devices
21 Define Microcontroller peripherais.
22  State the structure and function of register, counter, timer, decoder, mu!tlplexer
and digitat comparator -
2.3  State the structure and function of multi blt two state and three state register.
24  State the function of pin and signals of an 8 bit Digita! to analog Converter
2.5  State the function of pin and signals of an 8 bit Analog to Dlgltal Converter
3. Understand the feature of the PIC microcontrolier
341 List the main feature of the PIC microcontrolier
3.2 . Describe the architecture of mid-range PIC microcontrolier _
3.3  Describe the SFR (Special Function Register} of PICt6X84 microcontroller
34  Describe the memory organization of the PIC 16F84A, -
3.5 Describe the pins and signals of PIC16F84A _
3.6 Describe the structure and function of STATUS register .
3.7  Describe the structure and function of ‘OPTION_REG register {specially TMRO

associate register)
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41
4.2

4.3
4.4
45
46
47

5.1
- b2

5.3
5.4
5.5
5.6
5.7
5.8
5.9

6.2

6.4
6.5
6.6

7.1
7.2
7.3
7.4
7.5
76
7.7
7.8
7.9

8.1
‘8.2
8.3
8.4
8.5
8.6

6.3

4. Understand programming in PIC16F84A microcontroller

Mention the types of instruction in mid-range PIC microcontrolier

Describe the syntax, operation and description of each instruction in mid-range
PIC microcentroller

Draw the program structure of PIC microcontroller

Define software development tools and IDE )

List some software development tools and IDE for PIC microcontroller

Mention the steps to create an executable program.

Name the files created in PIC assembly language program.

5. Understand the concept of /O ports and timer modules.

Name the IO ports of PIC16F84A and their corresponding data direction register.
Describe the function of /O ports of PIC16F84A and their correspondmg data
direction register.

Write simple program codes for initializing 1/0 ports.

State the general features of TimerQ module.

Describe the functions and operation of PIC16F84A Timer0 module.

State the function of prescaler.

State the function of each bits of PIC16F84A configuration word.

State the oscillator type/mode uses with PIC16F84A.

State the Hardware configuration of crystal oscillator in PIC16F84A,

6. Understand special control features of PIC16F84A
- 6.1

State the types of Reset used in PIC16F84A
Define Power On Reset(POR}),Power Up Timer(PWRT) and Oscillator Start Up

- Timer (OST})

State the function of Time Out Sequence and Power Down Status bits (TO/PD) of
PIC18F34A.

State the function of each interrupts sources used in PIC16FB4A.

Describe the operation of Watchdog Timer in PIC16F84A.

State the function of Power down Mode (Sleep and Wake up from sleep) in
PIC16F84A.

. Undgrstand the functions of PLC

Define PLC

- State the purpose of PLC

Describe the functional block diagram of a PLC system

State the feature of Input and Outputs of a PLC

Dascribe the AC input connection system of a typical PLC

Describe the operation of a electrically Isolated PLC input and output circuit
Distinguish between fixed PLC and modular PLC

Mention the name and JIC symbol of input and output devices of PLC system,
State the uses of multi bit and single bit memory in PLC system,

8. Understand the addressing and programming technique of PLC

State the technique of input/output addressing of PLC program.

Mention the way of internal relay and data resistor addressing in PLC Program.
State the way of timer-and counter addressing in PLC program.

State the meaning of scan time

.Mention the influencing factors of scan time
- Describe different types of PLC programming with example




9.1
9.2
9.3
9.4
9.5
9.6

Understand PLC instructions and program with ladder diagram.

Define rail and rung.

Mention the name and symbol of Relay type instructions.

Mention the point to be considered for developing PLC program.

Prepare sample program using Relay type instructions.

Develop simple program using timer and couriter instructions.

Develop simple program using ward comparing and arithmetic instructions.

10. Understand PLC system maintenance and troubile shooting.

10.1
10.2
10.3
10.4
10.5
10.6

Practicai:

State the general, input and output specification of a PLC system.,
State the software requirements of a PLC system.

Describe the features of SCADA.

State the rules of PLC instaliation.

State the meaning of commissioning and their stages.

State the general procedure of trouble shooting and repairing PLC.

Microcontroller:

1. Perform the tasks to design -and develop a microcontroller based system for
flashing LEDs. * -

1.1
1.2
1.3
1.4

1.5
1.6
1.7
1.8

Design the schematic and component layout diagram of.the system.

Construct the system according to the designed diagram.

Draw the flow chart of the program. :

Code the program/Project using an appropriate microcontroller based software
(MPLAB IDE). | '

Build the program /project '

. Connect the interface circuit with the microcontroller system.

Simuiate the program to demonstrate the resuit /process in PC
Prepare a report for the job.

Perform the tasks to load/burn jwrite Hex file to the microcontrolier for flashing
LED lights. '
2.1 Run / open the appropriate programming/ burning software(PCKIT2).
2.2 Connect the programmer/ burner with the PC
2.3  Setthe microcontroller to the Socket.
2.4  Importthe Hex file of the previously build project. -
2.5 Perform necessary setting and configuration
26  Load/burn / write the program to the microconiroller. .
2.7  Demonstrate the output of the system by connecting the hardware’ with the
: programmed microcontroiier/ Demonstrate board.
2.8  Prepare a report for the Job. _
3. Perform the tasks to design and develop’ a microcontroller based system for
“running LED lights. - ' .
3.1, Design the schematic and component layout diagram of the system.
- 32  Construct the system according to the des igned diagram,
3.3 Draw the flow chart of the program.
3.4

Code the program/Project using an appropriate microcontroller. based software
(MPLAB IDE). '




i

3.5 Build the program /project

3.6 Connect the interface circuit with the microcontroller system.

37 Simulate the program 10 demonstrate the result /process in PC

3.8 Load/burn /write Hex file to the microcontrolier

3.9 Demonstrate the. output of the system by connecting the hardware with the
programmed microcontroller/ Demonstrate board

3.10 Prepare a report for the Job .

4. Perform the tasks to design and develop a microcontrolier based system for
generasling timing pulses (triangular wave or square wave).
4.1 Design the schematic and component layout diagram of the system.
42  Construct the system according to the designed diagrap.
43  Draw the flow chart of the program.
44 Code the program/Project using an appropriate microcontroller based software
(MPLAB IDE). ' : '
45 Build the program /project
46 Connect the interface circuit with the microcontroller system.
47 Simulate the program to demonsirate the result fprocess in PC
48  Load/bum /write Hex file tothe microcontrolier. '
49 Demonstrate the output of the system by connecting the hardware with the
' programmed Microcontroller and oscilloscops :
4.10 Prepare a report for the Job

5. Perform the tasks to design and develop a microcontroller based system for
displaying hexadecimal digit using a common anode/common cathode seven
segment display. ,

5.4 Design the schematic and componaent layout diagfam of the system.

52  Construct the system according to the designed diagram.

53  Draw the flow chart of the program.

54  Codethe program/Project using an appropriate microcontrolier based software (MPLAB IDE).

5.5 - Build the program /project :

56 Connectthe interface circuit with the microcontroller systemn.

57  Simulate thé program to demenstrate the result fprocess in PC

5.8. Load/burn /write Hex file to the microcontrolier

59 Demonstrate the output of the system by connecting the hardware with the
programmed microcontroller/ Demonstrate board

5.10 . Prepare a report for the Job

6. . Perform the tasks to design and develop a microcontroller based system for
displaying characters ina LED Dot Matrix display.
6.1  Design the schematic and component layout diagram of the system.
6.2  Construct the system according to the designed diagram. '
6.3  Draw the flow chart of the program. S
64  Codethe program/Project using an appropriate microcontroller based software (MPLAB 1DE).
" 85 Buildthe program /project '




6.6
6.7
6.8
69

. 610

71
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9

7.10

8.1
8.2
83
8.4
85
8.6
8.7
8.8
8.9

8.10

9.1

9.2
9.3
9.4.

9.5
96
9.7
9.8
9.9

9.10

Connect the interface circuit with the microcontroller system.

Simulate the program to demonstrate the result /process in PC ’

Load/burn /write Hex file 1o the microcontrolier

Demonstirate the output of the system by connecting the hardware with the
programmed microcontroller/ Demonstrate board

Prepare a report for the Job

7. Perform the tasks 1o design and develop a microcontroller based interface system
to control the speed and direction of a stepper motor.

Design the schematic and component layout diagram of the gystem.

Construct the system according to the designed diagram.

Draw the flow chart of the program.

Code the program/Project using an appropiiate, microcontrolier based software (MPLAB IDE).
Build the program /project

Connect the interface circuit with the macroconfroller systam.

Simulate the program to demonstrate the result /process in PC

Load/bum /write Hex file to the microcontrolier

Demonstrate the output of the system by connecting the hardware with tha
programmed microcontroller/ Demonstrate board

Prepare a report for the Job

8. Perform the tasks to design and develop a mlcrocontroller based -system to
control the rotation speed of a DC motor.

Design the schematic and component layout diagram of the system.

Construct the system according to the designed diagram.

Draw the flow chart of the program.

Code the program/Project using an appropriate nncrocantroller based software (MPLAB IDE).
Build the program /project

Connact the interface circuit with the microcontroller system.

Simulate the program to demonstrate the result /process in PC

Load/burn /write Hex file to the microcontroller

Demonstrate the output of the system by connecting the hardware with the
programmed microcontrolier/ Demonstrate board

Prepare a report for the Job

8. Perform the tasks to design and deveiop a microcontroller based digital to analog
conversion (DAC) interface system.

Design the schematic and component layout diagram of the system.

Construct the system according to the designed diagram.

Draw the flow chart of the program.

Code the programy/Project using an appropriate microcontrolier based software

{MPLAB ICE).

Build the program /project

Connect the interfaca circuit with the microcontroller system.

Simulate the program to demonstrate the result /process in PC

Load/burn /write Hex file to the microcontroller

Demonstrate the output of the system by connecting the hardware with the
programmed microcontroller/ Demonstrate board

Prepare a report for the Job




T

10.1
10.2
1 103
10.4
10.5
10.6
10.7
10.8
10.9

10.10

111
11.2
113
114

1.5
1.6
11.7
11.8
11.9
11.10

12.
13.

14.
15.
16.
i7.
18.
19.

20.

10. Pertorm the tasks to design and develop a microcontroller based analog to digital
' conversion (ADC) interface system. .

Design the schematic’and component layout diagram of the system.

Construct the system according to the designed diagram.

Oraw the tlow chart of the program.

Code the programvProject using an appropriate microconiroller based software (MPLAB IDEY.

Build the program /project '

Connect the interface circuit with the microcontroller systern.

Simulate the program to demonstrate the result /process in PC

Load/burn /write Hex file to the microcontroller

Demonstrate the output of the system by connecting the hardware with the
programmed microcontrolier/ Demonstrate board

Prapare a report for the Job

11. Perform the tasks to design and develop a microcontrolier based traffic light
interface system for controiling the direction and movement of vehicles at a
junction of 4 roads,

Design the schematic and component layout diagram of the system.

Construct the system according to the designed diagram.

Draw the flow chart of the program.

Code the program/Project using an appropriate microcontroiler based software
{MPLAB IDE}.

Build the program /project

Connect the interface circuit with the microcontroller system.

Simulate the program to demonstrate the result /process in PC

Load/burn /write Hex file 1o the microcontroller

Demonstrate the output of the system by connecting the bardware with the
pragrammaead microcontroller/ Demonstrate board '
Prepare a report for the Job '

Prdgrammable Logic Controler

Identify the parts and components of a PLC system
Perform the tasks to develop and Simulate/execute a PLC ladder program

-(diagram) to start and stop a AC light.

Pedorm the tasks to develop and Simulate/execute PLC ladder program
{diagram) using timer instructions to operate a buzzer.

Perform the tasks to develop and Simulate/execute a PLC ladder program
(diagram) 10 operate indicator/ light using counter instructions.

Perform the tasks 1o dovelop and Simulate a PLC ladder logic(diagram} to
operate a DC motor using PLC ladder logic.

Perform the tasks to to operate a relay using PLC ladder logic diagram.

Perform the tasks to demonstrate the operation for controliing a Magnatic Contact
Perform the tasks to develop and Simulate a PLC ladder logic(diagram) to control
a filling control circuit. _ .

Perform the tasks to develop and Simulate a PLC ladder logic (diagram) to control
a Conveyor belt motor control circuit.

" One practical class must be conducted on Microcontrolier and another on PLC per week.
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0.8 PLCWW .......... e reeesseer e nsssenenaen! operne Seo.
30.¢ DRR QTR ST GIPTE . ..o e eee et es e esma e e r e Sto
so.b 3,97 F1 Graeribe «ae fRraafie @ e . 3
‘ﬂm—b.o

P TS LG BTHTEL .o eeeeserae s sassesesnes s ses st saasesesesmsaeaenetr bbb anasanssasnbsbies SEd
P TR THI ...oeveerriseesessseressrsarssesessesesarcenaceneensems b b s s st et e s a R e bbb s 3R
W TERILETE QTR .ooceverseorcercerscorreeriessssrssasssrsbes s s s s msssanssarsss e ris sssssesass o SR
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o2 Ty 8 (A BITBTHR I TR BATT MAITFRN .ccvvvirrniamrss s e yee
AT TRy 3 Tt TorR Al B WER IR AT covecrieresessavecnre e 54
S RS S foraft crerm wier SR et e FETTF ... rernereesenereoseacareonaens N
*3r#t M-8 3 mm@@wwwmmﬁwﬁ B B pYEN
S e 3 e (T TR e ST (B 5% S S Ao svo |
[Fremretiemen Tt |
ARF Y 8 TRTHPTHET FofET GoiZE PIOR BT .o eoncerrrcmsonrecreemssreenensssma e N
T -y 3 WIRTIFIFTRIFR (16 GRS ML FIEBH. vt >
oA 20 ¢ MR (TS THATE T 46 oA (13347 fre FTHRT
e R . eeeveresresssreres s enaebsarnaceneeraes e e s reenes S
oA T8 8 NRCHCRTR (TS CTC8 (TS R TR e N
ﬁmm—e s'wﬁmmﬁm%%aaﬁﬁsﬁaaﬁaaavgﬁﬂﬁsﬁmm.; ................ Svro
B Ty 3 TECIRTEER FORe et § RS serem (4fef) Thmuet Brda .. ShR
ol 74 3 TR PTG 28 RIR BT v o 08
I\ 1E I 3 L OO S PR PR TR R Sra-208
B ARG SR . e a e e b e e 20¢-338




AATFRTRENER o [ NGYRA _ 34

(Understand the Basic of Microc¢ontroller)

fits

3.0 SR (Introduction) 8
NELGFTRAR T G0 s {3 2 g, T WG &eD, WEHeT, WM, W, PR, SRR TenfA
&WW]WWQ@@&W#WIWW&M-MWWGW
mmm.mﬁmﬁmq@memmm%aaammwmwmml
. FAATEE PET AT NEEFRCGIEE JI 91 28| |

3.y TECTE sy G TATHITRINA (Define embedded system and microcontrollers) §

) ¥NETeS Be5A (Embedded System) $ fafen Tmsig Al TCE BBy AT (TATS 12 | TATSE
mwmwmaaawmmmqmm;mﬁﬁmmmm
oy wiar 9 BRI F91 B 99 | 4 o 7 9%l TAwS G (Embedded sysiem) TR,
wafe, BuaTes Hebw z8 Gk ST, (bt 9 a3l aTe oy R | (TH— (Primer) TS 95fh oiE 3, o
%8 (Peing) 230 | Wfle SIB1 &7 FT T (Print) TG, fdm w1 wrst GfS w0 A | SR (Printer) 2 BT
SrEeTT TR | W= I, G st PG fafey et TR A, - e, B AL, CROGHIF
fa, BORCD, CUE AT, (nfig swifer | e RSy €T (Software load) T fafen w0 et new
T | oiE FFAEEE HetN TRCES BHEN W S, SR coifarraem el @A— (Keyboard,
Printer, Mouse, CD-ROM) ¥ ZWCCEE o0 Twizad | FEY, GUERF IS I T IW 4R A(SF
FrORETE WUp WRERTRFIR (Microcontroller) I T, &l g e e @) R pe-cs ey
AR TFHETE (NG (Software Load) F91 T4 A fafeq o 7o ==t I T oy TIFIERETER T
(ROM)-4 TafFe waiba ATTSWR JH (Software burn) I/ T8 7 46 vy a3l 1w 7 IR T T T
firsow oy ffiS 3l FE IS THA, OLF BNAres BIF6 (Embedded system) T | -

_Enclosure

. . 5 2 5.3 Ffrerm tweares Peow «F 9% TR _

0 WEEFFR™A (Microcontroller) af% ol e 57 T 1C, TR MW I &TFER, I, T, CIENCE
(AT 6 BIZA (Processor, RAM;, ROM, 1O Port & Timer) I8 4X® | SiSTERTERIER Tmed we- Bfs fa
0™ (TV remote control), BifFE ITHM $I6E Tonft | MACEFTRER ez o T eids | «a E e
31w, 99, wf3/e (oifF, B (RAM, ROM, VO Port, Timer) 968 1% SAgE- 4TS | oft TRCEFHFEEHITL O
gs @ e Ta TS T | @ AT B GER ST FETH | 7 = N e 5o AETTRTEER WA
TUACTE (Embedded) FEGFTH | | . .
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S At eT WS enfd
ICIA TR NA: T Rt TR - B

e ¢
(%) 45 o < S o B ooy
(¥) WRTHATPR, AR, RWRSGAIEeS  (1/0) _
kil cru | Rnisny [
(1) IFIE BB, 6T I G PP WH AF |
(W) E¥eT.@ FEbemE ForTe il | | Tmer | vomort [
(8) B A0E ST 33 T | Microcontrolier =

(5) FOfBrt 3R6/aMEHF /O 132 T | fo ¢ 5.2 TRIHSHER

$.5.5 TRTHFZRNEE o 79 GIIRITEa 2 (Describe the Basic Building Block of 2 Microcontroller) ¢

TRWHITHR (Microcontroller) § TRIFFHEWR o W&l 6w oo a1 =3 (10), TR Ty w3@
ATFAR (Processor), T (RAM), T (ROM), HZ/8 (8 (VO Port) @R B3WR & 1w | ufb o3f5 mesmsyef
feerzs | fgg e WITFRTREIER (TifFT 32 SRIAN wB @ a3 afefld Iefoe afmsn = ¢

Data bus
cru HAN RO
CPu
General 1o )
purpose RAM| - [ROM [T secial o
- Py or . Seriai
mero Com K¢ Timer Com
pOCEsSOr . P(I,n Part
Address bus
’ {b}y Microconmroller
(a) General purpose microprocessor system
. foE gy oo RGEFRCR MG CfPS FF S
TRTFRTGIEE RSB ¢
(®) (O™ 7R 28T a1 AARE {Central Processing Unit or CPU)
(<) cfd (Memory)
(s71) ZRo5/ABB G (1% (/O pon)

- (9) FAfam® (o (Serial port)
(¢) Bréfue w3z arHm 3BFRB (Timing and control unit)
(5) afef w22 f5aft (ADC and DAC)
- (€) T =& (Interrupt logic)
(W) TR 532 ITSBME (Timer and counter)
(%) THEDR MG (Oscillator. circuit)
(<n) afg=rrer WS | Additional circuit) |
s ewgeid LERborrs a6 #1ad WiFla oreml Tt 3
(F) o e TFRB 1 BHRS (Central Processing Unit) $
(i) e 3 % XBfee Mot Aefre @@
(i) oA O A Gt EAeib TORe™ mom gt I Bt fA3E (CPU) (S afFursr o) @@ 39 Wl
iy FAFRE (CPU) B afFurad Ty grmEAty WSS tefd w1
(v) 4TS e, ARfes F@ qae FChm afem 7o 7w 9w |



TRTHSTHFRAY T ey SR B
(%) &= (Memory) 8 ' )
(h TRTHIRTEEE F5R YnTa (UE IEES T ¢ (UNA 3 4% S (rafd A1 3, TSN W (T
EHEAO srmafemeE arTen Fo WA crwf 1 EPEE (Read Only Memory (ROM), Random
Acvess Memory (RAM E lu,clrn..xlly Programmable Read Only Mcmor\r (EPROM)) 1
(i TR 4T T W T TT (Memory) (8 TRATET A
(ily 9¥TE W (ROM) @R Ty fafie FCHR (IR (Program) FHSTR TR0 (Install) F0 A1CF, T
GAL 4% (Read) I TT
(1) =%/8 (A (O Port)
O NIETHSTGINTER 2 HATR (S @nE, Q3 T TG (o wae woral e wrehep o1 |
Gy ZAD (Iaput) (TR WHTR e ©uf 2R feSRTT QW I T O WL (Ouputy T,
(T TN SBHAFA(TA 47 1 PATHES WEG{S TSR avlw 9 T 5
(%) Tiafie gqe Fh@ B8AB (Timing and Control Unit) § (E
G 9% 3D T TET W TFITHFIY AATTICA AN FIIQ ACTY w4
iy 93 BIAE (CPU) wae ffen (favear feelErR MY @3 ofEd ANY GO &9
AT argm™ GRCH (SignalJm L2 I
(8) TorrS wfEs TBFT (Interrupt Logic Unit) §
() wiEreeraEea fofeR @R (Interrupt) RITF
iy T R SO 916 B I (I TR A I I O 63 3sr mge s
(i) bo@d SIBTEFFTRER (T0) 6 THrb wfes qnuk
(v) «fefr g Baf® (ADC & DAC):
(i) ADC W T Analog to Digital Converter 93 DAC WIT3 T Digital to Analog Converter.
Gy 93 ZBEGOCR WY ISR Analog signal (¥ Digital signal-9 4% Dlgn.ﬂ Signal (% Analog
Signal @ FIEA T4 T
(®) % AEB (Oscillator Circuit) 3
iy =fEem ﬁFfCﬂf;ﬂ {Oscillation frequency) Nﬁ FAre aft I”FTS T
(0 RIRTETECGTEIE [OTEDA feAR M @it et ket IeRe F

3.5.3 VRTEHITRIIA %™ @ iR (History and Development of Microcontrollers) E:

WP ATHENER 3oz o SHus afern U5 SiTeD WA T €@ A 8

A 5051 & B B (8 bir; 9% NATHITHANR I, OF FLTR (CPU) T W 35 (8 bin) ©11 Few @
AAY IS SATS AAMTA |

01 2obe wFTR (Intel Corporation) Ssud TNE #ATR (8 bity 93 WRTHITET LT IR, ITEF 8051
wica wfsfee T

0 w= 3wm @ 3¢ WEE S (Version) 97 TETHFIEAR Aws 5t WO fifeR
s 2fen wawa 9 (Speed) #RAPFs &

) 2 39y @fBE FEBER 5% (System on a chip) M el @t 9@l S 57 feords (Single chp

device} 1 ST 128 byie RAM, 2k byte ROM, 26 38T (Timen), 936 i@t (1T (8 bit wide) @& o%

Interrupt T I0T" |

ogaShrs Zr0e SNTEE a1 3069 @R (Intel Corporation or fntel Company) eIl WIPFITFHR

({Manufacturers) ¢ 805t & TRTGIFTRETR refa war s awe 3@

() =73 fafoy ¥ATR TRHFRTLAR ASTE ANGH (RS JTT GaTE, Y7 8051 93 NIZCFFCEAER A
Compatible 93 WPE TTUIFT FS LA ALF |

(] sfwe 8051-@ AET™ &8 [ere@IRG W 69 (64k bytes on chip ROM) WE, TYS WAF HFSITR
(Manufacturer) %t 8 FaToTRIZE @@ 591 (4k bytes an chip ROM) A% TRTHIFTHFIR toft TR 4TF= 1

CI



O e Breb wits PlyEf

(3 305 (Intel) IR §051-93 sAretonft war 3f6 TRTEFISTDIETR (o FTaTE, WTALE 8051 €A sifqara
(Family) T 20 1 ¥c@enena 36 e 8052 @R 8031. '
O frsa GRe 8051 93 W% €3k 8051+ 43 PRI W@ (Family member) (8032 &3R 8031) &% T3

wEITES (AT $A = O
Feature . Quantity
ROM - 4k bytes -
RAM 128 bytes
Timer 26
VO Port - 32/ 1/O Pins {Every Port is 8- blt wide)
Serial Port 1 %
Interrupt sources 65
C3fam 3 8051 WECHISTRR Cais;
Feature 8051 8052 8031
ROM (On-chip Program space in bytes) 4k bytes 8k bytes Ok bytes
RAM 128 bytes 256 bytes 128 bytes
Timers i % 2
/O Ports 32 /O pins 32 I/O pins 32 I/O pins
Serial port 1% 1% 1%
Interrupt sources 6% g% 6%

(Bt 3 gos1 A FHERERA SOFA 8052 9% 8031 €A FITK FAAETF My

3.8 TREERFTOMIER ©F RSN ¢ T AorifeR o woe (Dlstmgulsh between Von

Neumann and Harvard Architectures) 8

cetians (Twfa @ wiB1 ol amwmwmww%ﬂaﬁéam 3fS wfEswoR =R |

(F) & fFETrA WIfFEHG (Von Neumnann architecture) 932

(/) TrSrE SREGFBIR (Harvard aschitecture) |

s BT WIREBTOR (Von Neumann architecture) : G (91 € ivt (afd tﬁ?if?{ G‘Nﬁ - R FA
(1R WFBIEAD, S S WS (Von Neumann) SEHEGR 704 |

ToHE HFGFOH (Harvard architecture) : (W GHE 9 %) R ST SE G AT G, TS
SIS (Harvard) SIFBIER IO |

Von-Neumann

Harvard
D . | Program
ata Program and
i -
Mermory [* 7 CPU 4= Memory CPU [+~ Data
5 14 8 Memory

B 3.8 TS © T ST WIEGTHIET wort



TRCHFTHENE T {80 oA W

e (RER WG - S TIEIE SFBFOR
(Von Neumann architecture) {(Harvard architecture)
@) % SEHTOA @A € (A G GTo] G | () 6% EDFHA (AR @ S0t CIUA SHert]
&% (IR IR | : e G TR R |
() 9% I AT IR - ()  GINLT IA qIYT A
) w4 A e (XN G Ol G#% | () S A GRRNR S (e © ©% 432
A FS IACE AN 7 AR FeT (08 A | '
(R) o 1 PAARETFeE &% | () FIeR e GBI @ |
(8) “iie~ 72 PR TaRR S A 0 | (®) 12" MW Ao 4K I T |

3.0 TRTHITHWR & TRLCRATFRER 0. 1 (Dlstmgulsh between microcontrollers

and microprocessors) 8

AT amﬂﬁmﬁmmmmﬁﬁwﬂrmmmwwmm
. WIATEMATTE-(P (General purpose microprocessor) AW, =W 8086, 80286, 80386, 50486 €T (AFBT weEl
wGRarE FffE (Motorola’s family) 1

@ TETHLAGFAGEA T (PR W, T (RAM, ROM) @R XZ/€ A (1O Port) wwms W @ T
ST camEE IR TREFAGTIE (General purpose rmcroprocessor) ;Y

Dazta bus
cPu | RAM | ROM
CPU '
General vo T
purpese RAM[ [ROM P; rt | [Seri : Serial
micro © er Com . C
processor - | Port o Timer om
: Port
Address bus
{b) Microcontroiler
- {a) Gieneral purpose mMicrOprocessor system '

azoe ﬂﬁmmﬁrﬁwmammﬁfcﬁmmmmﬂw

e BeeT foezar 39w @il MRererEEReE o TR o1 S FIF, $HT O NETHIATEE AN
SRR I, I, SiR/e NS, BRI (RAM, ROM, VO Port, Timer) TSI Z8HB (Unit)-oT I&F WS T3,
G- @3 SFASEE | e et W wemeRe el WRTRAEER, @ T, ™, widfe il
BIZWE (ROM, RAM, /O Port, Timer) 9IS S8 SioRw T8 (Unio) TG T30S T 1 TA, *[uat Hrobafs wers
7t ¢ TR T 1 Wi, 9 TRCEEEET @30 Frw e A IC, @A TREFRAETIAR A G7A Wi,
Tu, WiB/8 (AT €3¢ BETR (RAM, ROM, /O Ports Timer) & QW | GTF QT TAAOY (Embeded) TRHARE
T T | (A NRCHFEHER T ARG TOHE ZTACEE (Unit embeded) W 93 Froxa o1 faoma
4S; 1% @it TN T, T 99 YTARHTS AR T AW ‘

o BfS fald SR (TV remote control)-a% BHTERY o701 14 1 @3> 56 fTald @™ (TV remote
control)-& (WG e WAL orem (%) ot g oR B ww g IW T, @ v wew
PTG (ermontroller) foa tod |

-

af

§



W BTATes Bty s P
A FaE g O A @ SeRa orai w9 ¢

TR _ HXTFFTHT

(@) NECHATTA TACT LTS BRIt A | (@) 5 @26 Peoe 571 a1 Sam (10). IR W0
TRISHCTE - {General. purpose | *. GIA YTTAR, AW, TW, WL/8 cﬂﬁ, IETE
microprocessor)-CP T zH ) widie 93 M (Processor, RAM, ROM, L/O Port) ¢3¢ BiZa=
IR [, 7N, s (T, BTN (RAM, (Timer) T& AN |

" ROM, I/O Port, Timer) T& YITS 41 |

() TECHATTHI BAMTI 3 8086, 80386, 80486 | (¥) TRAHRITHFNIT T3 plé 16F84A, 8051
C gqmesifenm denfi '- T

(1) TR FACCAN P90 T &7 | () FRCHICRE ez a6 FHery (oA |
A W/, W, WEie fF, BENE (RAM, | 97 e @, 7, wWid/e (o, BEEE (RAM, |

ROM, /O Port, Timer) & F4TS T | ROM, L/O Port, Timer) 430& T& SRE ACF |
(@) wiew (A @@ e 1 ' (T) WA 3% R o |
(%) WG oveoNaa A, Wl TRCHETTE 1| (8) 99 SR 7N o 15 R O SR,
- FTRITE FEHE |

3.8 WIRITHITRIAIER STTFA (State the application feild of microcontroller) 8
foTR NIRCHRTETITER QTHATRQGT! BT 41 2 8

2 IS (Home) 3
(%) fafsy waoma w1 . (%) Tl
(%) CBFmwm . (7) PfesEl Fobs
(8} TSt (U1 ST ' (5) S==fae GAf¥F (Answering machines)
@ wEahR (%) W e
(@) fofe :. (<) Fim S A
(%) fefram © () Fon sugm
(T) fEfos (o (7) CTFIA GFIN
(o) freferer 2o (%) GrIE e
(®) #2foe L= - (W) IR
() (F) G T
Q ST (Office) 3 I
) Gfewem (@) FREEE
(1) BRSS Febn () Ft s
 (8) WBTHSTS (5 3w
(®) fordm ’ o (m) cotfer
Ot (Auto) 3 ' -
(@) G+ of~Eor (d) &fem T
(*1) TRTTA _ (%) Tt Fege

(8) SIS L (5) e T



 MRGFCEENRR 371 Fren owpye 0
. Rfey Wﬂ‘?ﬂm s i wﬁmsmﬁwna (Different manufacturers of microcontrollers) 8

fafeq wm mﬁmﬁa (Manufacturer) @m‘rﬁ TRCSFIICGIER 2 S AT | (Frosifacen 2o 2

(¥F) E0om (Inlel)

(%) T (Atmel)

(°1) fefereisyforsfoenid=n. (Philips/Signelies) .

(%) TR (Infineon). .

(%) Tl A /anfew (Dallas semi/maxim) ZSHW |

1981 N 7 TR v 45 TRFBEE (Hnel Corporation 8-bit microcont oller) @& 8051 = ‘5’
ﬁﬁﬁ'@)mwmﬁﬁmhﬂﬁmﬁmqw _ _ . %

(¥) 8 ET=1ZB T (4k bytes ROM)

(¥) 33 TG 217 (128 bytes RAM)

(51) X5 B2 (2 Timers)

() 03f6 =%/8 oot (32 1/O Pins)

() 115 e o5 (1 Serial port)

{5) Ui TR Gt Wk (6 Interrupt source) .

8051 NRTHFHFAHE elpa At SRR Pt Teher oty Sy SIS 8051 WRTHIFCGR
ST TR el I | e, ﬁﬁwﬁﬁﬁmmﬁﬁmﬁf@ﬁm?mml 9 W AN, 9N,
Poie, sifée, wra TR sk wR)

f#fers= (Philips) PP 8051 Family-&3 MRWFRERER 2FS WS | @ WAFFELAR @+ oy fom
QT qRe I, - 9 § S wAein, ﬁsiamﬂ%‘m AHTTES WiZ/g xR aﬁﬁwwmmb
converter, D to A converter, extended UO 3 OTP and flash.)

©EH G‘Iﬁwﬁ? (C‘Tﬁﬂﬂ) [DBallas Semiconductor {Maxim)], 8051 m@@ﬁm ArSHTd CRUH0E | @A W.
I [IZS TR |

T N IREER ?mm T (IR 8051 WITHIGTHRE (Mlcrocontmller)fﬁ‘ P Sl TR |

s bfeem e ﬁf%i ﬂﬂ?fmafm (Manufacturer) $€% 0ol METHFTRAN (Ml(,roconuollu) a9 Ty
T (AR TR ¢

GRm-y.y 8 Versions of 8051/52 Microcontroller From Dallas Semiconductor (M.mm)

Part Number ROM RAM IO pins Timers Interrupts ‘ Vee
DSB89C420/30 16K (Flash) - 356 32 3 6 5V
.DSS9C440 . 321( (Flash) - 256 32 3 I 6 3V -
DS89C450 | 64K (Fiash) 256 32 3 6 5V
DS5000 8K (NVRAM) 128 32 2 6 3V
DS8OC320 0K - 256 32 3 6 3V
DS87520 16K (UVROM) | = 256 32 "3 6 haY




8-

| TS Bty W Aaaty

R3¢ Versions of 8051 From Atmel (All ROM Fiash)

Part Number | ROM | RAM | VOPins | Timer Interrupt Ve " Packaging
ATSOCS1 | 4K | 128 [ 32 | 2 6 5V " 40
ATS9LVS51 4K | 128 32 2 6 3V 40
AT89C1051 1K 64 15 1 3 v 20
AT89C2051 | 2K | 128 15 2 6 3V 20
AT89C52 s | 128 32 3 8 5V 10
AT89LV52 .| 8K | 128 32 3 8 3V 40

Note : “C” in the part number indicates CMOS
(5f3-3.9 8 Various Speeds of 8051 From Atmel
~ Part Numl_)ef Speed | Pins Packaging Use
AT89CS1- 12PC 12 MHz 40 DIP plastic - Commercial
ATS89C51-16PC 16 MHz 40 DIP plastic Commercial
AT89C51:20PC 20MHz 40 | DIP plastic Commercial

f3Tem ~ACER TRCSFISTRITTICAR CAr#18) AT 1 =1 8

=) T vodd TR (Iniel 5051 Micro‘cnntroller) ]

(i) 4TS 4kb €3 T (ROM) IL |

(ii) 40 P9 % DIP *ITPe IR |

(iii) CPU 913 wew 8 35 wibt foea 1w ¥03 1

(iv) WT5re &= foot WHEABA (On-chip oscillator) 8 clock B @1 |
(v) TS 4% RU67 CPU TR | '

(vi) 4TS 6 Interrupt ﬁﬁf‘ﬂ 4T |

(vii) 8 F4087 4f5 VO ¢ I

(vilii) 9TS 128 byte @7 TN (RAM) Fe7am

tix) @7 i ¢S R

(x) ate 2f6 16 Fba HiRwR 4w | : :

(%) 200N voBY WRWHATHIN (Intel 8048 Microcontroller) $

(i) 4T 26 TTFEL (Maskable) TORIT TR |
(it) aft § RUB7 TR |

(iii) 4TS 64 BT T (RAM) TR

(iv) GTS IKB 4% % (ROM) Rvisi | -

(v aft 40 T3 DIP %y |

(vi) 9T Timer AR |. .

(vii) @fbre 8 e 3 o o1 fRma )




mimrmir-rm ™ fRew et ' | ¢
(") 30N vont NIRRT (Intel 809 Microcontroller) $ ' '
(i) @Ts 10 %3 \ﬂﬁ'iﬁ (Analog to digital converter) 9T |
(i) @B 16 67 TETHTHETR |
(iii) 9T 16 A6 B o6 3w fRwmm |
(iv) aﬁ?%t{tﬁﬁﬁm CofIG fRf%8 |
(v) 4TS sﬁtﬁasﬁiﬂﬂi‘fuﬁﬁ‘cﬁmu
(vi) aTS 16 6= CPU TR |
(%) T 2920 NEFITHAN (Intel 2920 Miérocontrouer) $
(i) 9T Analog femfrasra v
(i) @ 32 bit 97 NIRHTZIMT |
(iii) aﬁt@ D/A converter-8 fawyae |
(iv} u’lm Lo Programmable IC1

G =eHt

(v) 9TS «/fS Wﬁﬂa (A/D converter)-'8 U |

{vi) TS STIFET (Analog) TFBTEAR FRAWII |

(vil) ATS 192 *ITH2 (Word) 2% (EPROM) w7 |

(8) PIC16 F84A TRWFFTH/IR (PIC16 F84A Microcontroller) 3

(i) «fS 73w Bﬁrc%m (RISE Architecture) 48 |

(i) o5 TRz =it tofa § feBa wRrarCReT |

(iii) 9T 2% 1O (o e |

(iv) aT® 35 5 TG fmpam |

(v} 99 136 Vo ¥ IR

(vi) 93 T Il 20 RIS (Clock frequency 20 MHz) 148 1 |

(vii) 93 AR o THRAT | @A MIE |

(viii}artslﬁtme‘m‘mwﬂﬁﬁﬁw _

(5) MSC-51 ‘mtmm (MSC-51 Microcontroller) ¢

(1) CHMOS (Complementary high speed metal oxide Semiconductor) S ¥3g wﬁwrm‘.m AR |

(it) @fb 8 bit 97 IRFFHRFR (Microcontroller) | '

(iii) CHMOS ®1 (version) 47 He-4 TG GIMT (Idle mode) A |

(iv) 4f8 MCS-48 TRISRTHE (microcontroller) G ARY fem (Replace) F71 4 1|

(v) i S HMOS (High speed metal oxide semiconductor) (BaTamfens tofi | .

(vi) CHMOS (version) 7 NIZTRHIFTHIR T (VIR oGS Serr=spiey, zﬁmm EQicTiig (Lower Power
. consumpuon higher noise immunity) 43¢ QX e (high speed) fafi®



SEY =Y

il

IWRTTS Fh s Plaaf

3.4 @3l NTQZWC‘EWH o ‘T@T{{ (Criteria to consider in choosing a microcontroller) 8

SFSTF, B AIMR v IREEER TR, @- 6811, 8051, Zilog'sZ8, PIC 16X | ATEHT
| RGHTEIR ST TR G e S RRPB O AR %k regees g o it o 2o | B
(SR T (B TETHFRINR fary o B 91 TG W1 | WR (T FEH G MICTHFSFTGER (Microcontroller)
VISR, YRR GIR THER T O WELGHITTHIR (Microcontroller) IER F TR, S (IS 77 |
W@Wﬁﬁmm@ﬁvﬁ[ﬁﬂ%wmmmg

(F) T IER TG NASFTHIR IS LA, (572 IT0 THOME TN 8 Y405 R [$1, S 77 AT A |
(¥) IR W ARAFICREN Lo, (TR IR BT TSy, I, SITERs 1 feaeta
(Debugger) TR 671, &1 7% ATS 207 |

(") mﬁmﬁr@ﬁmmmaaﬂ%@wwzm

ﬁrmﬁmﬁmwmrmww:

(F) mw@mﬁamﬁmeam%w (9SSR T TICFHCHIEN o[ 70q, caiwvfm
AR 7R 611, B o7 14T TR 1 ECHHCRITR TR CFG B1 S bit WS 8-bit,, 16-bit 7 32-bit,
B SR (AT AT QA | 1 WS S TR (e TS T 2

S (Speed) $ T RCFIFCRER, 1% AT (Microcontroller, speed support) FCI TP, B 7155 A0 |
*IHf&R (Packaging) § “T@S TAWE (a7 WAR 40-Pin DIP &7 IReM37 A (Deal infine

package) Rif& S IR |

ST FAGTIH (Power consumption) § B ~INeTR (EIFA “MeTA IN@I™NT (Power
consumption) 4B ewgsef fam )

I 8 -9 | AR , )

/9 B4R (10 Pin) 4% BRIR (Timen)-43 R |

2fs TG (Unit) 995 ¢ &ifS TBRT (Unit) 0ofR <26 308, i 77 andes &1 |

() WECERC R St 1 271 T T MRS (Microcontroller) TR c2erd tef vt
T S WY (T IS G TREEFFGER (MicréconuOllerj tofy, (R orem $ogE EoeWR,
TN, WIETHR @2 fSamstm (Software; Compiler, Ass«t;mbler & Debugger) ¥ &1, o 7%
TS T | - .

() TET 8 T WRGFRAGETR v 16 27 7977 ¢ SR TF WIHEERENER Apdel ¢ 7w
_%asrw%m, T gt ] A 913 (Product) (SRR B ONW «@CaR TRLRTG IR e
T 7, m@ﬁﬁwwmmmm ©4 TG TICHECGET o w1 Hew T A ) o, 8-bit
mi‘mm@ﬁmﬁmzwﬁm@mdumwﬁmwwwmm 1E, w@amﬁ’m
memaasmwaﬂwmwn 1
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81
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-1

ﬂﬁmm{ﬁﬁwuaw | N 9

(Z=n ) miawariem s TS CERITA AT TRCFATRRCE TN | S 93 3 ol T,
T, W/ (A5, BIRNR Y& 40 A1 93 TTeaed 2@- 8086, 80386, 80486, iR Sopif |
METEFITHT T 97 [wrﬁrcar 200, 33, (), >s(°|ﬁ1)]
oAl MR i LT [RIfRTat-2083]
e, mwﬁmr - [0, 2058, 1038(71f)]
7] aft el From oo ot iz q0) 71 Wy mma‘m am ™. wﬁ/\e C"TIT':'L‘H‘{W'{@
wte; Wi fBfS e wolim, Qi s Renifis ) :

Embedded ITRWIF IS T2 : _ [W—Qo)o("iﬁ)]

W3, Embedded System I 0?2 : [=Fr=ifETar-20de (7))
we, 3RS Bty |y [0y
weJ, Faraes sy e B @i [arefiral-xoe]

[Bznf) Fromer oot it o5 A RAES (Ermbedded) FEREE | I, ARG
WG (RAM, ROM, VO Port embedded) ¥, 3, WZ/8 (A% TITTT SIEW fem:as }

TR GRS S (Speed) IS H T '

A, TRCEFTHI 5175 e 1 ¢ o T R0 (i)
TIRCFFCHETC *IfS (Speed) T @R mﬁfﬁwwm+ MRCTSERTIR PRI
=T IS (Speed) P wwyAd RFBi (Criteria) | TH® S (Speed) F© @ @fS METFETH AT
T AT (Support) TA Rl ©l, SRR wF NS TR RCH FHE (Speed)-an MICHFTGAR
(Microcontrolier) JT8ILE AST WH, (IFF— 12 MHz, 16 MHz, 20 MHz $o71f# 1 _

TECHITRAGE IR (Packaging) TS A [WAz - R0 3(1R)]
ey cwrim ey sinrefer T (Formate)-@ MRTFREGIR (Microcontroller) HISTG SST! T,
C‘Tﬁ?{* 40 pin DIP (Dual inline package), QFP (Quad flat package) €122 WFUFII (Package) 3T | TR R
“Ifafl 3t S SOTRE, ﬁmﬁﬁai‘wﬁm@m (Packag:mg format)-4R Bo fvda =z | :
mmmm il e § e ) L [eRTE-2083, 03¢ ()]
) witrarecgeTT FRETHY ST G (ROM & RAM)-43 %"H frée ¥ | O (Microcontroller)
T ¢ W HETR oFTE GRS ReTW O ATHIS | 8051 WIZTHECHIETR (Microcontrolier)-4

- ROM Roa 4K bytes €% RAM fZTTF 128 bytes IS T 1 e couf 8052 FiRre ROM- 8K bytes @a

RAM-256 bytes 7999 T |

§



r Wﬁﬁawﬁmaﬁ
q1 mimﬁmmaf% Unit 4205 10 § [am?

(Bawf) o carons waareTEm VS TR, wE G ¥ 7, wmmw@wﬁmraﬁs

Ummﬁwmimmwwwm Product-&% WY L (N SFACE | IR TE A6 TETHFCRER
" aoe w9l |

Von Neumann SB35 308 301 _ . _

8 WfEBINT cefalim ¢ TS 9T (IR AT I ONT OF SR {Von Neumann)
fEBFEIa 70 |

Microcontroller <% TIKT (VN | ' : [l 03]
ﬁf@amﬂﬁmmWW| o 3 Bifes wohm wiss, B e s@m,
mﬁcmmw ferSma, ooy By |

WmW@WWMn [awrﬁm-qms(*rﬁ) 303l
ﬁmwmmﬁmﬂmﬂmmmmqﬁawvﬁmﬁ%rmm

() TREFAGPTE TN ([N, W, WRs i) B3R Tol® 4% AT T 1 o TREEFCSEIEE
ATTAR, N 7, /@ (AifF 93 B 37 4w 4z |

() TETH IO AR Weel oM WIETeriasiom wmimzrcﬁmmwﬁwﬁﬁmwﬁ%u

33| IR oy s one | h [arhat-20 88 (1))
- (35) <o 23 2BoaArhe fFEs q e 5ot (Highly integrated circuit or single chip}

(¥) 93 TG MECEHLEPR @R TR, I, /6 o, Bizww D 5 o |

() «fb (=I5 @ sum T |

(¥) ars fEfEsm vo age g3

(e) «ft T¥ear™ ¢ TeBeaa Torarem fafig |

1 HICEHATTT 8 NIRTEFPTHUTR N A o | [Tfat-2030, 33(71R), 33, yo(#R), 3¢, s ()]
(Boa]) frm ondes e s ore a8 |

| TR - TRTEFG
| (%) TRIFITPR S ARTS R ARAD | (3) afe G900 P B2« 20 (C), 9 TG |
AETTHATA (General purpose OFCE SUTE, AW, IN, WE/e AT Gz
microprocessor)-(F T TW | TR G AR (Processor, RAM, ROM, /O Port) 43 Gi&sa

T I, W, Wid/e o, BRI (RAM, (Timer)‘i@%i
ROM, I/O Port, Timer) & 91T o1 |

(¥) NIRTTATTIE SuZRd ¢ 8086, 80386, 80486 | (%) TR CGIARR %vn*wr PIC 16F84A, 8051
&3¢ (ofBar Renfiy T |

() TIRBTRTE FREEAET IS 7= aF | () TRHIGET | R G3 TAGTR
AR T, AW, WiEfe off, BRI (RAM, fewid €3 sme WE, T, WEfS (A,

ROM, /O Port, Timer) T IS TH | BRI (RAM, ROM, /O Port, Tlmer) G
) TE 9T AT |
(9) WITR i @3 ey | (T) 7T oo G2 T |

(B) MIALFF TR STACH S NRCF TR | (8) @7 W wW P for wRGEATOE
' : ' weT, ZCATTT FTHIAT | '




TZCFFCR R T RE0 SR
Q| WIETEETEE 3 SR W 7 |
(=] fro wigcamiemrr 7 s crent = 3

~ Data bus
CPU
Gieneral .
Purpose RAM| |[ROM II”,O Tim Serial
Micro ort er Com
Processor Port
Address bus
Ueneral purpose microprocessor system

®© 1  Harvard WG 1R

cmemﬁmﬁwmmmﬁmmﬁwmwww%@ﬁm
' [FFfeRl-2053)

81 NRCEFRTGMIE T RN T F 1
' (Bz=]) e TR T SHaT T e 8

CPU RAM ROM
Serial
O Timer Com
Port
Microco_htroilcr

¢ ﬂﬁwmimmc |
(sza f) fies mamerecnTes et © T S w0 @
ITRNBTE (Home)

(i) FfFER% Fress, (if) IS (TIR GTANIH,
(i) FITE G, (iv) (RIN TFEBH,

vy Bfs, (vi) 7= 15 5%,

(vii) Fefore, (viii) TaiG FvGm,

(ix) fof®8 s, (x) CHEHAIR COIA,

(xi) el g, ' (xii) CTIIE Cafaie,

(xiii) #Efoe I, (xiv) FTTEAI,

(xv} (¥, (xvi) TR T |
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SGE S

(a0 ]
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S ety wis Plasf

SRR (Qffice) 3

 Coferc, | () e,

(i) FAFRBRiG Brssy, ' (iv) DI Cuwid,

(v) WIRCTFISTTS, ' (vi) Fferm,

(vii) f&%1R, (viii) A& |

B! (Auto) $ ' _

(i) ot 3o, | : (i) = FTh,

(iif) TGLICHH, (iv) BrRem ITHE,

(v) TGS, (v) SENGT ITTIA |

TRTEFRTRR AT et o 1 , ' [efai-2058, $8(21f)]

Wﬁﬁmmwwﬁ%ﬁ%mw%s

(@) @R O AT o 4, GRS WS T T AT 30 R, O o7 T &

(4) @ FREW T NIRRT (o, o} Iem Ays ATeRT, TBEIRS, STCTAIAS 3L
SR (Debugger) Ity f=tl, 1 &% F14TS 20T | |

(1)  TETHSCHER-GF YS! G AT Ge51 TS A |

Vonr Neumann '8 Harvard architecture &% T 7143y g |

- o ey @ TS WREEFTR (Von Neumann 8 Harvard architecture) 3 T3 sty Tt ¢

Von Neumann architecture Harvard architecture
(%) 9% 0T (BN 6 WE @ B | (9) A2 A[FHIGA (T ¢ G5 GRI W=
L ol @3 i TERR I . ST TR AR LA |
(d) P2 I JIE A | ' _ (/) gtz IH A IR |
(1) @2 M AQET T (AR G BIST W | () W I IR T (AL « oToT 492
At Fe SIS ANA 7 | : AT T ?FW A ‘
805149 71 (M%7 e | - ' - [Frzefezal-2 05 0]
Wﬁ? 8051 FIETEFIFTRIMIGR CAHBRTIE O 1 [arfat-2030)
8051 family-9% &4l § 7 T30 T 8051 | i‘c%‘?r @S 9T mes - 51 NG AT A | AF
33 CARTaTe 2 ¢
ROM — - 4K bytes
RAM ~ 128 bytes
Tims - - * 2 NOS.
I/O Ports — 32 NOS.
Serial Port — 1
Interrupt sources — 6

& Q9IS 8052 AR 8031 WX 16 9% (Members) TR |



ﬁ!i“cmﬁcimmqﬁﬁﬁawﬂm ‘ M)
»1 8051 WATHERAGEE [REF Family-«% 704 a9 cidre | :

SR Table-4% TAITT 8051 family-<9F T4 NPy Rt 2=t ¢

Feature . 8051 8052 8031
ROM (bytes) . 4K 8K 0K
RAM (bytes) 128 256 128
Timers | 2 3 b 2
LG pins 32 .32 32
Serial port i 1 ' i
Interrupt sources 6 -8 - 6
S0 | TRIE TTWIIEOITAR Lo 8051 METTFFCRMIR F0G T 9 |
o e ety fafSy SIgEmIesi (Manufacturer) T el STRWFEEET (Microcontroller)-4%
T PO (T AR 8

BfRM-> ¢ Versions of 8051/52 Microcon{m[ler Frémi Dallas Semiconductor (Maxim)

Part Number ROM : RAM 1/O pins Timers Interrupts Ve
DS89CA20/30 | 16K (Flash) 256 32 3 6 5V
DS89C440 32K (Flash) 356 £y T 3 5V
DS89CA50 64K (Flash) 256 | 32 3 6 5V
DS5000 8K (NVRAM) 128 32 2 6 5V
DS80C320 0K 256 32 3 6 5V
DS87520 16K (UVROM) |~ 256 32 3 6 5V

(BfR1-3 2 Versions of 8051 From Atmel (All ROM Flash)

Part Number ROM RAM 1/0) Pins Timer | Interrupt Ve - | Packaging
ATB9Cs51 4K 128 32 2 6 5V 40
ATBOLVSE 4K 128 32 2 6. 3V ‘ 40.
AT89C1051 IK | 64 15 1 3 k)Y 20
ATB9C2051 2K 128 15 2 6 3V | ' 20
AT80C52 8K 128 32 3 8 5V 40
ATBILVS2 8K 128 32 3 8 v 40

Note : “C" in the part number indicates CMOS

BRW-9 8 Various Speeds of 8051 From Atmel

Part Number Speed Pins Packaging Use
ATB9C51- 12PC 12 MHz 40 . DIP plastic Commercial
ATS9C51-16PC 16 MHz 40 DIP plastic Commercial
AT89C51-20PC 20 MHz 40 DIP plastic + | Conimercial
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(%) WECHEHCI S | (F) 2@ aasfﬂ B % A | (F) EHIEACER Sty

LR o -5

HIYIFTS  General purg;ose
microprocessor-(¥ AT
TALE |

wizfry

C!Z_ﬁh

(¥) WRCHIFCREER  Twigad
8086, 80386 ¥ (AfBwm

TIEETIRR AR
PIC 16F 84A, 8051

()

(¥) MICFRTORIT TRt
PC,- PC/XT, APPLEIL
Power PC

(*) wicw caf @ ik ¢

()

AL T G 7T |

(3) @ R TR |

(V) @8 =97 S Geperal

Purpose microprocessor.

(9) 9% T9" FT Embedded

controtler,

(9) @3 o B AR
TG T8 | |

» B ok |
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| igable) Rlfin iy A8

cagafa Bota 6 o foergn ' BT

@t e 8 /O fosTé

(Memory Elements and I/O Devices)

2.0 W (Introduction) $

@mm@mwwwrmmmmwaﬁv@mmﬁmﬂ%wqﬂmﬁm@mmqﬁm
o) CHCHfETS BeliE T T T ARY AR @I ATARTA S S ST AN U | (@ 7 I A T o
- fTERTE B A e (rem & 37 S 41 AT ARy I TS ek 30 ) IR @ A W |
%@ﬁﬁ@ﬂ]awWWM@mwwww@ﬁqﬂWmﬁmqﬂWQM

F
Ud ﬂﬁc@mﬁmm AR (Define Microcontroller Penpherals) 8 : %

MECHFITRENT 8 LT TR IR IR T (@ FCHTD TR FA T, ONF NRIHFCHER
coifsTarat 2 | (ofIeTeT 9 TTT TGRSR Ko eure Fhmrehk 39 7 ) Tirrge iy
q@ATRA (A AR TR T O s oraw 2o

TRTerIRTG G fRfen W (T IR T TR, O A el T

(3) cafore Pt FiRER oS 30 QA9 (Basic synchronous serial port or SSP)

(?) B FRTeAR Biame ot 31 GaAgH Y (Master synchronous serial port or MSSP)

(+1) TBo7% T WIFIE (USART Or SCI)

(Q) (IR @R (Valtage references)

(®) WTIWM fata (Eiectromechanical relay)

(5) GTSa TGS foote (Seven segment display)

(%) F-1'S (Key pads)

() @ 5183 9 (Real time clock)

() TofEbrE WEEHTnR (Digital 1soiamr1 -

() fop3E faBi weare 2 &ﬁﬂﬁf@ (L:qmd Crystal Diode or LCD)

(B) $=11aB4 (Comparators)

(3) «/f% @73 (A/D Converter)

() FRASIE, FAATR WS FefgBan 3t A (Capture, compare and PWM or CCP)

(v) Frgds febm fooy o1 oS GRS (Liquid crystal display or LCD driver) ¥971 |

R @fErsR, IR, BIRTR, Rrzrew, MtteAR g BRGm F=iEEs a7 4w ¢ T
(State the Structure and Function of Registei', Counter, Timer, Decoder, Multiplexer and
Digital Comparator) 8

@Wﬁ(ke;,aster)aaaﬁﬁfﬁﬁmmﬁ%wawqmmmﬁt@m@m@«m@%ﬁa
IRIR T W, W

() S99 @Af&BR™ (General Purpose Register-GPR)

(*) fo=t f&P519 (Speciat Function Register-SFR) ¢

(¥) Stq@t GERTOR (General Purpose Register-GPR) § L‘ﬁ @ APt SR gwrie oy Gio

199 R A | QYT T PG GIES T A | 47 AT g 067 Whertiay conamy fafFCR s« 8
facha ©i51 e TS AR |



o8

rATEE ety wits (Ra=fy

s MR RREESNRE RS ¢ iedw Baprg 3 w4t 20 8

@ [IFEE & M D-flip-flop-43 7 a3 4-bie @Bz Biwsta cordieat T ) QA TS 29
(Input) TFR W I, I I I, Fiew fofess a1 amace 1 @3fb 79 (Clock) =1i3w sommm a1 wivgew fporgest (Flip-flop)
STEANE ¥ AP (Clock piilse) (ST 76, a9 BER (Clear) MIF TTAR TR TG Bormat (Flip-flop) @IS
T8 (Reset) I 37 432 51 WEBAB (Outpur) 7127 0= 71 A, Al A; A, T fofee =t o | @2 A, - A,
T MY Register (AT NEHD (Output) (6T T | ' :

IRt s

’ .&—‘DR.—D‘*FO

8 . 0

Enable '
5@ 5 3.5 9% D-flip-flop @7 sy

e——— T,

L — D Ay

Iy D [

. Clock Clear
fodi & 2% B 4-bit @b s

@) P 9=l 4-pit GeEBIRR 7 G141 20N 1 SR D-type flip-flop Fex 1 |

(i)

(iii)
(iv)

(v}
(vi)
(vii)

4% wfafbe & T 3@ 4T (Edge common clock pulse) TSI Froigrst (Flip-flop) @ &ATaMT =1
TR T C W =i amwe | '
ST T I, - 1, 56 fFAF (Flip-flop) 97 D-input-9 &t 21 T0we | '
&R 2955 (Clear input)-Bt oty (Flip-flop)- 93 B (Reser) (R) input-<F G0N FA7 ZOWE | UK
a3 37{"1@? T O () T, T FAFe e (Flip-flop) &Ten Wﬁm@‘ﬁﬁﬁ! (Asynchronously) AT
{Reset) X M |

fFar 3398 (Clear input) 93 TN @RFSRLE 7R (Clear) w91 &7 |

TR Clocked operation-@% & R-input-43 ¥ W% Logic-1 03 TR0 T |

Ag — A3 OF THOTH Register-a% W85G (Output) *NeT T

kb-lelwilel Bl Raciel G@IbIed



L-igllatile) Sl ®ak| 2RIBIE

eifa o 6 yo fees Vlrg

&) ﬁ'ﬂ"ﬁ @B (Special Function Register-SFR) § S ICH™ o210 o fore @feedr I5g@ -

T T | (TE— PC (CeaTw :8DH), SP (35713 +AFO1R) TN |

G FEBM (Program counter-PC) 1 (AN TSBRG 16 53 forsr | @S ThGRM aﬁﬁﬁsi:*m
CRIRITEES) 21 I | 8085 WIRTHATINRA WA I 16 [Ba | @F 16 62 wrregy aww waw «f (g
16 ATBT TINGILE S TS 1T | $085 NIEHAEPE 16 B2 SITGT ICR YRR (79ka 16 46 wmiapns
AT B0H | G2 16 RGBT TS @ SV 4R I | 9T (AT IV 16 B @RrtR RonR

A[IGS T4 | HEAA CNIE (AW FEOR s oD IR, oo «f5te (T simbre @M T Program

counter-CF HLHFTH PC T 2 | WG ITHE*TT SUNEH KA FR AT |

B mﬁ {Stack pointer-SP) 8 Stack pointer-CF T SP o1 §H | FJIT AOR TR 410 i6 fawme §,
(Bi) GRPBR, O GWE AR eI TER T T A RY/aEE R Ties AW W1 HE D
HATIOITR o3& (TR 16 (007 OPTS (76 91 78| BINFT B2 S 4199 ITJ Stack pointer (SP) |

FIEDR (Counter) § FTIF T I/ P12 WSV 19 | NIWHSHENA 73 470 BT 200 T M
ST T8 1" 9Fb THRE et gar W «Hr wbiety | w4 BRI MRERE I Tl e W
FOHR FF AR A IE 78 O3 «of IR RO w7031 8 0w 99 FEHR 0-255 1% Ao
TAS A | MEIHIFCGITR FEBIE WA Framet Fama w617 @B Special Function Register T8 %41 24 |

(TWA § PICIGF84A WETTFHCRINA FISBIE SN Frawes T Option (&8 IR T W |

TS IV 3 TETR T 2 2431, ¢

(F) ST 91 e T (Asynchronous or Rlpple counter)

() PrTwET TR {Synchronous coumer) i

TerG! f[3fey 49rAa FITOE WY AW, qA—

(i) SN/ere SISV (Up/down counter)

(1) feras FIO0R (Decade counter)

(iii) e BEHR {Ring counter)

{iv) B4 W@%‘N (Johnson counter)

(v) TIFLFLCS H1SBIF (Cascaded counter)

{vi) TGHTH BEBIT (Modulus counter} |

GG Qe SSETERT fave FEDR GT FRaAnT S0 Tt SgeTsat 2= @

%

Q Wﬁﬂm‘ﬂ'ﬂ 4t o FBBR (Asynchronous or Ripple Counter) § SHIRHIEAA (Asynchronous) 31

- farE (Ripple) TTEHR TOR VA OF AR FTBR @A @I rozeat (Flip-flop) 93 SEG%T (Output) S

fipsraey (Flip-flop) 9% $% ¥ (Clock pulse) AR TS FA | WX QLI (FIH T F2 A1 (Common clock
pulse) ISR T | !

vﬁmﬂasﬁwaf&anwﬁwmmﬁﬂam@ﬁmaﬁwﬁmm,mmlpmpmmm

¥ | OB SR AR Rerm FISBRe o0 T AL | 936 AR FoE FTora Fo-geiewn Bifies Sgs

ez | R aFH g (Flip-flop) €3 BT (Outpur) 1 BT (Flip-flop)-99 FF S#17 (Clock pulse)
&’Wﬁ W =8 Q32 Lraris fpetmet (Fiip- ﬂopj S oS (Output) “IheT! T | WEG=B (Outpui) AB-Aun-1 {n
R 40 o) =m) wil ofes == =1 erer=f® Frow (Flip-flop)-q 9% Common line- 9% ML Loglc I RS
oITF T AT I LW | GTErRD AT (Flip-tlop)-9% B-2755 (T-input)-4 4t Logic-1 @™ 31 7@ | @3
Reset Line-«% Wz f3poigst (Flip-flap) BTAE ﬁ@ﬁ‘ (Reset) 4! T¥ | SHAATIFAA (Async,hronous) T fom
FeBIA JINfEr57 (Ripple Counter Transition)-&R 7 FTe ¢ |



TG e

Oy Acares oY s fHaEf

T Ag
Count —
) .
b
T ——— A,
c

) Reset Logic |
57 3 2.0 4-bit IR SPFEFTE@E/ @ FEHE (Asynchronous/Ripple Counter)

Fifelstin g
() TonEe B Ty BB e (Complementmgs T-type ﬂlp flop) Q¥ TG 9IH 4-bit
2B fase FSDreaw foa wew == <o |

(i} YTeTH0 o (Flip-flop) 49 f5- 2750 (T- input)-4 GF% Common Logic-1 FT® 41 TR EPITQ]%—
_ 2996 (T-input) #AT high A1 | SRZR 4TI |
iy ¥ g7 8RB (C-input)-d Negative transition B ST eveiel BAwA (Flipflop) 93 TN
AT ((‘omplemem} AT #EH qitq | ﬁ-ﬁ’ﬁ {C-input)-<9 bubble faot =3 @, @‘W"l (Flip-
X flop) ST Negative edge-Q 1 BT
(iv) Negative transition 618 ©4], 14q ‘{Cﬁﬂ fErol@ (Flip-flop) 97 T 1 (4TS 0 (% TR, Tl -T9905 (C-
input) NYE Bl FLALE |
(v)  CITES @i 4-bit 97 FIEHR, SIF 9% FEBIF (Counter)-9F VKT 015 *4F AT w47 A4 |
(vi)y af Binary 0 (}TF Count TF FAA 4R &S Input pulse € HARIRT 1 'ﬂ"Cﬂjﬁ? A+ GBR 15 1
ST TR AR FICVR (Counter) TR 0-C3 7 T Q=R LA 74 T I |
C{viil) &f 5B Count pulse inpu(-9q TIITH Least significant 4B Ay TS {Complement) TLI | ATETF TALH
Ag, 1 (UTF 0-(T MK, T A, (& FAUT (Complement) IFA | TR ATSIS AW A,, | (AT 0-(S
TN, T A, (P PIEED (Complement) FICA | WK ATSTS ST (Every time) Ay, 1 (4T 0 (S T A
Ay ¥ FERHTES (Complement) T30 | GOTR WS AT Tt Fowl-a3 A @@ 79 | F T e
FEHR (Ripple Counter) 907 |
[l freamm et (Synchronous Counter) 3 ﬁwm FEBIE (Synchronous Counter) 20 A7 3
YAAS TSR, CRITT e pom (Flip-flop) TS Q3G FIH FF AP (Common clock pulse) &TES It
T 1 4TS Sequential Logic fe@IR0NR LTAIEM €1 1 | «T WA Frvart 1R Febms v za ) Fisrame
TieAfg EoHIE, afe FF N (Clock pulse)-4 Least significant position-43 ) et ol (Flip-flop) 57 Output
FHHTHT (Compiement) TX | fATs T binary FISDITER FI6 43 FRMH =5 ar gen s -



A oMM € /O [Toiz= LY

Fol ¢ e o w3 e IRTAR IHRRT B[O T TE (97 QI 4-bie FRHFEEA
AZAT FTEHR 1 QATA TSI T (Flip-flop)-4 436 FHH FF AP (Common clock pulse) ST T 77 ;
Ag — Ay 93 TYITR WEBOYS (Qutput) *MST TR | ATSIIH WEG#B (Output) €FB AND gate 4% MU ATHA X
ST AND gate-913 TR0 (Input)-« ST TW | @% FSBII fGEi3ew (%68 1-K flip-flop IITR Fq1 TR |

e
Count Enable * t

Dc

E To next stage
CLX

f6a 5 3.8 4-bit Fr=rariE AL TE0E

Fdaaifn g

)

(i)

(i)
(v}

(v)
(vi)

Frmarmm gl S8R, A 39 =1 (Clock pulse)-93 CFTA, Least significant Afeitid (A,)
o (Flip-flop) (A; A; A} 9% W THATD (Complement) T TYH, Y= Lower significant
&7 F.F-93 W | €3 |

TEarEe, ¥ 4-bit FIBTET TETW State Ay Ay Ay Ag =00 1 1, TTZ =T State T2 0 10 0.
TIELA, GURTR A, TG FAUCTH (Complement) BT T A, Least significant sfems |E W22 A,
AU (Complement) T | FRA4 A, A7 TEA State Ag = 1, A, FTIUTTD {Complement) T3 T4,
A Ag 9% TEW State A, Ay = | |, FE A, FPTB (Complement) TR 71, FAA A, A, A, 97 T
State A; A, Ag = 011, W¥1e 578# State 1 70 |

foTast= A% ITETITI Regular pattern ¥F FITBRM enable T count enable 379THT TN

T enable input ¥ T ‘0’ (Zero) TH, S 737 oo (Flip-flop) 99 j 932 k inpui 0" ¥ AN ¥
AP (Clock pulse) FTEBIAY State AfFIEH FICS 4RI 71 :

wen &S Stage, AND pgate 9% TG j @32 k @3 Z9T (Input)-@ ST jogic ATHT IO & |
wfefae fFFemet (Flip-flop) 93 AND gate TIZR IR STAGLH IFSBIRA (Counter) 93 Stage e @
A 1 4-bit FIEBIIA TG 015 #EE e T2 TH |

(vii) Q¥TCR (P99t (Flip-flop) &T#1 Positive edge clock pulse @ trigger 27 |

BT g



oY TRTES FrEw St famf _

W (Timer) 8 BI29Y TRTGHISCGIET Qﬂ’j\‘f e 1 i m@md (Mlcrocontroller) a3 9t
@<lfde BRIR (Timer) 37 391 75 | 12w forera Pifirrs st w12 Bidsmas wre ) 3R 8 9 16 767 1
AZCFFTF AR IO T #1101 93 7ML BRIA 7@ AN | g wikcwriacgeme fifvy cies B @4z
T 78 | DRI (TG fdiRel @ weira Raaes o S0Ge @ientia wega o w2 |

PIC TETHFILFIAA Option (AEEBR A4 a1 = Gzt gt wam o |

B0S1 NETFIFTHIETCR 0 BIZNR IACR, T4 (i) Timer O, (ii) Timer }

SOSIWMWWWWWMWWWtSOSIWWW
- AfEEBRtE A

{i) Timer O Register, (ii) Timer 1 Register.
w5 arwe 3t e = 8

Timer 0 (&P 2

) aft 93l 16 faBa @ 0.9 St few, 7a- @1-a135 (Low Byte) @2 2% %P (High Byte).

(i) CT-AET (Low Byte) CRIFHITT TLO (Timer 0 Low Byte) 43¢ 212 %5 (High Byte) (RPBRTE THO
(Timer 0 High Byte) 911 T4 | |

(i) % RIEFBREENE W= @&0R (T - A, B, Ro. Ry, R TOl W8 Access T A | @wcr'am
@f3 BTG (X~ MOV TLO, # 4FH, S T 20, 4FH (EI*TTR value TLO €8 Move T |

(iv) Timer 0 (IEPBITT b foes CTTC 2T 8

[ THO | l TLO 1

[D15[p14[D13[p12lp11D10[D9 D8]  [D7 D6 | D5 |4 | D3| D2[ D1 ]DO] |

B ¢ 3.¢ B3R O cfEctm

Timer 1 ARCHR
(i) Timer 1 a5 16 fR6a Efersm w tiifB e {49 | 74T § (T-I1ZB (Low Byte) 9% TL ?ﬂ?afv‘ (High
Byte).

(i) CT-TLF (Low Byte) @RFSTE TLI (Timer 1 Low byte) &% 383 3B (High Byte) @RFHRTE THI
(Tlmcr | high byte) ¥ 37 1

(iiiy 1% ERPBHGES Timer 0 @EPOIER 7T @ﬁm‘m (@ A, B, Ry, Ry, R, TSI %11 Access
T4 A1 |

(iv) Timer | GHferdias foa A orawa = ¢

1 — THL | L1 ]

(p1sip14[D13ip12[D11]D10[D9 D8] [D7 D6 DS 4] D3[D2} p1[DO|

B 8 2.0 Timer § (AEBR



TR BemE @ vo foefdst ' O

O Timer Mode (TMOD) ¢IfR55HR ¢ fafes BiRwta Soicz==. (Wers G0 R & T BIRNIA Timer 0 4R
Timer | 993 (FEPHE TR &, S TMOD 0 | o ab 8-RT @%rBm o9 iR 4-bic (F IR TA T
Timer 0 @ &) @3 AR 4-bit (F IR 4 T Timer | €7 & | ATSF (W0 (TR 2 fBBra qema s =0

Wmﬁ%wwammmzﬁﬁ‘mwwwwwsmcﬁymﬁfﬁmamﬁrcsTMOD
@3 fA CreE T 8

(MSB) : : (LSB)
GATE | C<T [ M1 [ Mo GATE | ¢ | ™M1 | Mo
Timer 1 _ Timer 0 '
f6@ 2 2.9 TMOD &
GATE :  Gating control when Set.
Crr : Timer or counter selected cleared for timer operation. Set for count.  .peration.
| M1 : Mode bit ] ‘
MO : Modebit 0
| M1 MO Mode Operating Mode
0 0 0 ~ 13-bit timer mode .
. 8-bit timér/counter TH, with TL, as 5-bit prescaler
0 1 1 16-bit timer mode
16-bit imer/counter TH and TL, are cascaded, there is no prescaler
1 0 2 8-bit auto reload
8-bit auto reload timer/counter
1 1 2 Split timer mode.

Rr=roR (Decoder) $ TSI S0A A5 PATAHAE (Combmanonal) ‘Tﬁ?ﬁ T4 n AT 371"13 {Input} ?Ti?l?f
4t G2 TEH 2" AATE WTHAS 37 41w | fSPIORES n-to-m Line @ &M 370 T7, (I4IH n TR 2950
FIZA (Input ling) RIT @I m TR WBHAT #1124 (Qutput fine) T | e oot “Qrevie @ rfafd adat
FARCA ;. ' .

[RPOTA 8 N0 9B 3-10-8 line decoder-9d forr wrew a1 qwett 1 (o 36 ER9 A (Input line) @R 2° = 2°
= §f6 (@A n = 3) WT@?‘?E =TI8H {Output line) IR | 2rereB TA%5 Line 93 7Y @B Inverter A NOT gate
A AR | OB AND gate AT 86 w@%‘{ﬁ (Output) *TNT T { QA Fexfd iﬂ‘*i%‘ (Tapus) fEtare T 8%
W@?"ﬁ LIETH (Output ling) ofd 93

=] Dy xye

= —Di~xys

e D x

il

6@ ¢ 2. 3-10-8 line decoder

o
LY

g o



80 - TARATET ﬁrﬁi‘w I feram

b s

3-10-8 line decoder TS FAYHF 3 bit code-F forifes Fwa 8T WGP (Ourpur) e T, TR azesals
3Roo7 foa® cofaraa™ (Variable)-93 minterm TAZNT I | x, v, z TR ERo[067 fonll (Sfate@@ (Variable) ¥
T | 3AS0E et gmeitiem mmf:r T (Input) @3 TR (Complement) *NIGH TH | fersreaw
SN TR T 053 §) R (Truth wable) 5 Sepmel vt amm | |

] . Inputs ' Qutputs

x y z Dy D, D; D Ds Ds D, . Ds
0 0 0 1 0 0 0 0 0 o i 0
0 0 1 0 1 | o o | o 0 0 0
0 1 0 0 0 1 0 0 0 o i 0
0 1 1 0 0 0 i 0 0 6 0

! 0 0 0 0 0 0 1 0 0 0
1 0 1 0 0 0 0 0 1 0 0
I 1 0 0 0 0 0 0 _ 1 0
1 1 1 0 0 0 0 |, © 0 0 1

Table : Truth table of a 3-to-8 line decoder
Caﬁ"‘l T (At T, AT AGRY ZRYP Combination-93 & 86 =1THE (Outpu.) G W TS '51'33"‘(3»
' (Output)-4F NF 0 43R VLA a6 WBB=G (Outpur) 1 TR | W@ﬁ"jﬁ@ (SIT] RIS R (ABE minterms TR 296
#1i%et fenfoa MG 1 7 3-10-8 line FELRICHR FTH W1 4-10-16 line decoder T8 T TG T g (=Tt <0 ¢

- x ._ —P_ )
Y e T Do-TO - D7
z —— :

3-TO-8

DECODER l_—. DB- TO - D16

5 3 2.3 4 x 16 Decoder Constructed with two 3 x § decoder
(W Wﬁtm {Multiplexer) $ i ok % s (Combinational) ﬂfﬁ% T AT 3?{‘?13
A (A0 (7 (@F 3G wETE oS T a9 G WEEB (Cutpur)-a #WH FR A (&R FA | SCaesuc il
G 9FifeE 37{9,[3 It O3 STia 3B WGH (Output) AT | ﬂﬁtm TR n FRGS Selection line UL
BRE 2" 71{““?5 iﬂ",{ﬁ “113? (Input line) W I ’



| Gy AR @ 10 fsres ' 8%

TRIFIR ¢ 5 4-t0-1 line TBrorARS Logic diagram, block diagram ¥R {Y G (Truth table) A1 Fomm

@R TN 2| @R TSRS 2% Selection A So, Sy, 51B ZAef (nput) 2T 1y, 1,, T, I (2° = 4),
@3B AREGB ZF (Output fine) Y FCATE, B AND gate @32 99f5 OR gate 70ME | )

L = b
' . >4 N C—
.. ' - - Y
I . . Iy ——
)f v
2 | 8 5,
. {b) Block diagram
Iy ™~ | .
- - 7 s, 8 Y
j ) ' o 0| Iy
_ ot
8, —J T o ' ."_1 0 Ia
" By ' ' 1)y ]
(a) Logic diagram

(¢} Functional table
) ﬁ-e‘aﬁ 8 2.50 4-to-1 lie Multiplexer
R
() SR 5T d-to-1 line Multiplexer-43 Logic SIS, % GRS 428 LA SN Greiizen T |
(i) Selection line ). S, &% T Select 1 T &, PR BB AEHAB (Output)-4 R e ) wdie v
R AR TS 203 B Selection line 93 W4T Breers w3t ww)
(i) T s, So =00 T O T3 |, uqam_m@%‘wﬁmmmmYﬂomiﬁs, So=0 170 W
| SSES Y = 1, 1% §, 5, =0 1 WEIAETPF Y=L 7 S, 5, = 1 1 T 1 S50 1, @3 W
SRS SMew AR e Y = I, %7
(iv) Bare eferrm i Srmgeas T S, So 9T TGTH BB (Input)-97 Gl D AT (@ @ 9o
3‘4*13 (Input) 93 I ATET (Qutput)-q *1eT T1T ) _ '
. Q fefeBm F=tba (Digital Comparator) $ 726 SRR WM (Comparison) T €77 4B WA, T
TR Ffa 31 T € (O I @ et g oHean 9 7, 1 2w RIS 31 W ST T |
&bt Tt T 430 BT FES, 1 9ff Fe=ice (A, B) AR F0F 35 Reviee arzel w7 e
ST A0 R I 3 P R G, @ oI o At B et 2w 7% 9, 7 G ) W ATy
WmmﬁqﬁﬁgﬂnAeB@w%ﬁﬁmwmmw@%ﬁér | '
A>B,A<B,A=B. o

FEfeibm FomeBa0e Central Processing Unit (CPU) % MRGSTGRIE TR W @ Rfeom
TG TIZad g

(1) CMOS 3063, (ii) CMOS 4585, (iit) TTL 7485, (iv) TTL 7482-89.



8 TS T wirs feramfs

RPIFER (Structure) 3 F5 Q3B 4.4 TR Foorbraa Ba o= e | fofesm s raba fag NOT
gate, AND gate, NOR gate, OR gate frow affe | @2 A0 AR AT AT FAWTT 4D AN A 6 B W
2B FICA 4-big U G A 7ra fagEet ¢

AT, Ay - A, TS T A9 A TR A 97 bR
fab @32 B, - B, L qamn T2re e wde B @3 vRG 5 A= Addohihe

B = B,5,5,8

Fiheefn 3 _

(i1 7fG FRAT TR ZTA TR A, = By, Ay = Bo A, = B,
| G A, - B, T2 | (WK 95 AEAM Hewq onms e o B
fefeBera 0 A | R TR #fE (el faba equality

%, faeriais afe@ne cxclusive-OR T TG BT ~E§;‘
1

AT
> (i) A @9 B NI ZGUR B, HEA X, ( CTUH | = 0.
1. 2.3 ) CBRIERA (Vanuble) ©3 YR SN2 | T T7A
(SR A AW B 93 FAM ZEWR AN WIE AND
WAL= TS THEIAA S0 T ¢ B
A=B)=X:X: X| X,

<CATA NG ST (Variable) (A = By 93 TR | o,
3, ogwa I 9t AR ffente /e @weR (Al pairs E{)—’
of digits of the two numbers) T4 T ¥ | "

(iy ¥ A B 97 vi%te IS W@ @0 A e @ _g:)___ng}
Trgeel A R afe g fefersa wig gom vars T '

2 & I i sienific . .
aR Gt oF TI @B RS (Most significant) 52 5 .55 1. bit S5f -
o= 2tz

R |

Yy

L:r}(.a<ul

i

0

(A>B)

(iv) ¥ 730 fofes 7™ @@ @ =S Lower significant C(OTST (Pair)-(3 TOF1 F27T TR % Tewl
continue FITE FA, TEHY {8 w1 WX fSfE6 (Unequal digit) 16T a1 T 1 % 2o =227 A 43 BHeAfse
(Corresponding) fofeB 1 70 a2 fidim 4 B wd TS (Corresponding) f6f&B 0 T8 == w3 f7Te TR A > B.
SR TR A 47 TS (Corresponding) T6fEB 0 70 @ B 93 @393 (Corresponding) FEfe3 | TnT@ A < B
TA 1| A3 PIARE Logically 5 Boolean function 97 T14IT Sogiem =31 777 3

(A>B)=A; By + X3 A; Bs + X, X, A, B, + X3 X2 X, Ag By

Lr\<B)=EB_\+X3:\:B:+X;X;IBl+X3X3X]B_0Bu. .
QYA (A > B) 93 (A < B) "R output binary variables, TRAY WA A | 944 A> B WA A < B I3 |

2.0 1B A% RfEsm-3-wrmmst 717 ( 8 bit Digital to Analog converter) 8 -

fefesm fsmree pmms Hommes Fm%2 T4 DAC (Digital © Anzlog Converter) 93 37 ; 905 a3 &
facBa fefabm-p-wmams 3513 1C AD 7524 97 911 TrRMET 2o z21 -

DIP, 5OIC

' . ouT! [T} Ripipnacs
(91N E Nt
- (:'ND Vo

pe7ivseifa] apnn [Iwk
D6 [3] TOPVILW TS

N’ .' |
] phs &} " @ SN0 5By
12134 [7] D131
ni3 [E] DR2

oo 2 2.5% v f46 paC



@R B 8 o fEer3n 89

AD 7524 1C €% R/2R ladder network *T%fore fefeibrm Simtemeras symmes fisroe seiren w0 23 |

1. QUT,
2. 0UT,
3.GND
4-11. DB7 ~ DB,

12.CS

13. WR
14, Vi

16. Rygrpnack

3

E]
2
-]
-3
L3
(-]

o9

o oa [-1- - T- |

SIEGSG 445 1 B P memw T sram g |

TEGSS form T s W A

8re® B

ET LSRR DB7 - DB, 4% v{b 39 firm | 0% forom e fofetm witt 3ve(® w1 7w |
Chip Select M 1 IC (3 «ffs 3R & 92 Fov aRER =0 T 1 oS (T T 1C s
Write 9 | &% o (o1 T s oF 21

TR (SIS |

CFUTH (ST 3 | 93 o0 (ToI0a (BIovT oo o9 71

freane cfeoym |

3.8 Wb {35 wyttent-B-fEfBr 31517 (8 bit Analog to Digital Converter) 3

i -B-fefebe sastr s b @zl wia fEfabieT woren s WEBAs | s @3l v BB
Te-B-fefabe S7eT IC ADC 0804 @3 {57 TN WeesaT 31 22

Chip Szlevt | VCC

. Resd Clack R
Write § Do
Clock IN DI
Interrupt 5 ADCOB0G TP
Yini+) [H . D3
Vin (+) [E D4
" Analog GND § Ds
Vel /2§ D&
Digital GND B D7

6 3 3.5 = &8 ADC

st 3-fefebm swsti ffey Awfore Spamee Rfesm fomE s I ADC 0804 IC (©
Successive-Approximation %% IR AN ZLACE |

1.CS

far b2

=
~
&
=
Z

INTR

Vi (+)

SV (=)

. Anatog GND
Vr:u’l

10. Digital GND
11-18. DDy
19. Clock R

20. Ve

=1 o tn

o oo

H]

9 oo pa

oQ oo L-1-] ag o0 L-1-] -1 B - L+ ] L-1-]

Chip Select B 1 IC (3 «rre/ feflrae Tam o0 Iaga o1 20| @3 Forw @11 201 1C s ST |

Readﬁmmmmmaiﬁﬂmuﬁmﬁwﬁﬁa@%ﬁmcwmqﬁw;
Write 47 1 93 o= TR e sumRTL--fofaber swomn oF 23 |

AT IC (T TR IR FF TR I &1 935 T o woralB B v |
QO FTR AR N3 9 o

TORNG o | aws ot T @fS @ wm A

WA 370G forw @ o s non-inverting input WA 3J1 T |
SIS 3R25 7 1. 9B R SIS inverting 3995 Wi ¥ 7m |
WIHES GTES oA

ZATBT (TTUIA (SOVE Al A 2X 43 I |

fefaim ards form |

w5 w855 fra | T shewt T |

ERO 3 fora

AR (SIS {947 |



88 ' TATE B Wt Praaf
fAT e -B-fEfEbe FRebrag 7% SN 6 (PI-516 (7l 77 8
TS ST ¢ :

Comparator
Vi =] _
- 7 | D=0

Doul = Dout & (bit) 3
}

| for (bit = Ox800bit,
bit = bit/2) { Dy = Doubit ;

12

Gr-5iB 3

Busy

Done

/ Read Data. /
/ Clear flag /

( Return (data) ]




(TR B '8 VO e | 8¢ .

TTITR-R

uwmmm1

R

9|

81

¢

|

91

¥l

Wmcﬂﬁmmmﬂﬁmr

ﬂwammeﬁﬁeﬁmwwwwwmwﬁwww T
‘Irlitwcﬁim ¢PIRTERE At | (o 3 IRaHeERR, TS, o/ e (USART Comparator AD
Converter) 2917 |
ity B

mw@maﬁ@%ﬂamrﬁmﬂmmwmqmw
BIE TRy

(eaf) sSrrewa 59 g sieet w21 e By~ i

g we

' mﬁﬁr

mﬁﬁwmqm@&ﬁml

sﬂzﬁ%@fﬁﬁawmﬁﬁﬁwmlpﬂem aaﬂmwﬁmm;mﬁﬁm wwﬁ?wm
UBRS B (Store) FACS A |

QF% n-bit @FEDI n TS Frsizat (Flip-flop) frem Eﬁﬁi q n- blt?ﬁ(ﬂ]ﬁ! TIOIH store FACS AT | &G
-3 W R Gate-93 orwgw tofR )

ﬁ@mwmmwﬁ? [rsifRi-2038 (#1f7)]
(Banf) fefesm womate zum @b, SRCTET S, 1 S A (x, y) B T TAB fapimea
TR TR AR WA TG T FR 9k e I @, @ @3 eyt oy i cans @ 1 @ wew
mmmﬁqﬁﬂwnxey@w%ﬁmw@mm@%ﬁm—

x>y, x<y x=y
f@m@mﬁrmww? . [afat-2osel
[BEal)) fwren 2o waft sfonme 7S, T 2D @i i @a T 20w wES g
AT | FETITGRCP n-to-m PR ST 1 T (AT n 0% ZA7B 1T 6 m TR SBo{D #11%H ey
BT F Iw TGS 7 [@riféicat-20se]
‘ e st sfaimm (Combinational) Af¥6, 41 swawarT 371"13 AEF (T (T @R 9B
ﬁﬁﬂwﬁmﬁmwmw@ﬁq@wwmﬁmmmﬁtﬁmamaﬁa%ﬁﬁmum

&S5 WSB!

ML T/ o WS Selection UITF SR 2" FeTS 25 w2 A |
D-BFol-3p7 S )

A5 @3 DFFI-B & W (T 7 ¢

' R
D"—_‘”——D—_DTQ
S ‘:@0

Enable



mﬁﬁnwfﬁaﬁﬁ.

8y
» Eictern |
31 MUTFCHEIR ISPE! AR 93 41 forg |

9|

8|

=, SR qRrEgeE ¢RI S o | [aretfTal-y (i)
G - |
(F) & Parems Sifas of 3 asant (Basic syachronous serial port or SSP)

(}) TrorE Fwoermm Bfime oiff < anamas™ (Master synchronous serial port or MSSP)

(°1) TG A @ABTNZ (USART Or SCI)

) C@Tﬁ'\ﬁ (AR (Voltage references)

(®) IETGTISiaREm e (Electromechanical relay)

(5) ¢TSH (ANAD fETY (Seven segment dlsplay)

Timer- tﬂ'ﬁmﬁ?

(B=al) vzt wiavmEETE sgad Sl | il TR 9% T 4w BRI R
¥4l 7% 1 512 frem FifRme st w218 B w1w ) B13w@ 8 A1 16 059 Tn | WS RGETRR 38
wwaamﬁﬁmwm«ﬁ%wﬁmﬁﬁmmwww1m
(G 18 @ ettt foarads v S0GE @festr IragR == 7y |

Counter-43 1S 7

@snf) s s oo vz RO e VIR GE AT BT (A I A Ao
mlaﬁwmamwwﬁawwmﬁmwmmmmﬁﬁﬁw
T GEHT F AR M TC 27 54 aff FIHR Za o9 F1 1 b ST g3 IEBE 0255
S S IS A | TERFISTRI ST SATT= gt Fa o @3 Special function register
R DAL

freretz S . '

i, uwsziatf@wwmmd?ﬁﬂmn | RIIITaT-205 8 (41f3))
E=]) fowon aofs ofem s = T whe IR R afels FREHER
w@ﬁﬁ%ﬁwmm:m—aﬁmﬁﬁﬁﬂﬁﬂmwiﬁﬁﬁﬁiﬂ@
A P sfRerm @reste- 00, 01, 10, 111 «% gfel o gz IBo90 fifve adie
ﬁswrcswwcmﬁm(zz-@%mﬁmmlWhﬁmﬁwaﬁbmw@%ﬁcenrm
Wﬁi@@tﬁlﬂ?@mﬁ:‘imtl

TS TEHeB
E B A i N2 0¥y Y
A —— 2to04 ¥,

' ‘Decoder | y. 1 ox X i 111
— - y‘ 0 0 0 i o1 o
_ 3 ¢ o i L o 1
0 } 0 ! 0 1 1
P ] R I T T

(%) Bre - (¥) 5o fam

- B 3 wwIREE @3 2 10 4 ferwioRm
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W

q]

b

LA

AR BoimE 8 po e | : 84
Digital Comparator Be

ﬁrﬁmﬁwmawmﬁmﬂﬁﬁmﬁmﬁﬁﬁmmiﬂﬁumw,ﬁm
T 36 TETe Sl oy

A A>B
Digital . A=B
B Comparator
) A<B
74
o 5 fefebrr usmaisy ﬁE,
Multiplexer &% YOIF6F (XS |
aWwiﬂﬁmﬁinﬁﬁm@tmmmw@%ﬁtﬁﬁwawﬁwﬁtmmmtﬁm4
2A+{B wfBraress fow craw zm- *
Ip — S 5, S, | Output
—  4iapu [ 7 . | 0o o0 |z=]
la— Multiplexer ' 0 1 7 =1
=1
I ——]
! B 1 0 |zZ=1
S S 1 1 |Z=1
() o= o : () T ol
HTSH AYS TS 4R 9 Py

BB T 2 a7, T
(F) ST T fao@ F8BIF (Asynchronous or Ripple Counter)
(¥) FretaFt F18BR (Synchronous Counter) |

. Asynchronous Counter FITF T"?

SHFSRLEIRT (Asynchronous) T f91@ (Ripple) ITEBR TR AT 9F WGR w@%m A
@G flip-flop (FFe-391) 93 SBEB (Outpur) TG Tt (Flip-flop) 97 FF 1 (Clock pulse) AN
mw | wfte, QAT (I T $I A (Commﬁn clock pulse)IAFS B 71 |

Synchronous Counter ?‘T@‘ @A ' . s
BT @01 T T % €0 IEBA, (AN RPN (Flip-flop) SIS 3 T
FF AW (Common clock putse) TN 9 TF | GTS Sequential Logic TemiZTma TawE 28 3| T SRR
Pz I TS TN R



8tr _ Tarares B s Hant
so | ADC0804 STSTT rret--foflbm srebieay tfBrern S +4 |

(B f) fe AnCosos FTsEm aF (ADC) a7 fog tafefty Srgw @1 20 8

(=) <% @afs & 45 sAnarermm symEs-§-fefetm
(%) @f5 @3B 20 PR DIP (Dual in Package) P8 IC,
(1) Q& NATES FALE Clock Signal-47 AT 2 |

() 4B @2f Single Channet IC. wefre 4TINS T Brmes (B (Input) TEHMCT &= IR

(8) @7 fefebm Wﬁ‘?ﬁﬁ({f"ﬂ /R () (A0S WA 225 9% WYy Vary 3L
vy 1 oG A @3B D/A converter &3 P ST WwA 3 |

eal:)

DIP, SOIC

“ .
OUTH E ERIIEI'DB\{'K
ouT2[E] 18] Ve e
anbE] 14 Vs,

DB MBI aprss [IWR
D6 3] gml \11‘;\?-' TS
ois ] T B0LSB)

B4 10D
DB 3 9]nB:

for 3 v 145 DAC

EY s et : §
v v {38 /A FEbIR ot I

Q! vﬁi«mwﬁﬁmﬁmam
(5o o ) v 2.0 3 5B

e #El-20¢)

o 3B WTFEEdmE 3F® ADC (Analog-to-Digital conversion) R FRGBTR Component Jayout

diagram W%+ @ &7 TR gR-siE mow )

[graferal-yo38, 38(#f7), 3¢l



PR MECFFTER AFS S 8y

(Understand the Feature of the PIC Microcontroller)

.0 &3t (Introduction) 3

BB e SeleteR Tray FES TRrsm ooy | *FPEEIE Fe FRE, T Sl (o WO
firm @i, GreTea siffew fRegud, giegers Rapmr, frgd, Ffe em o GEmem Seses TEw, 9% ¢
mw@nﬁﬁﬁmﬂmﬁwauvﬁmmnﬁﬁiﬁwmmwnr

O, b 1 wR.F1. TR %87 (Feature of the PIC mlcrocontroller) 3 t%

PIC mimafcﬁmm m&g%@wﬁmmhﬁmm' oS s RIScwﬁmamwm
smge | faw PIC TRCEER IR SN e 1 R G = 8
(F) aft TR ZTSTS SHFBESH (Harvard Architecture)-&9 i we=id
(‘ﬂ) L ‘G‘ﬂTVf | (Long word Instruction) | .
(1) B eTME TPHREM (Single word Instruction) |
(Q) e Az TG (Single cycle Instruction) 1
(8) TTGR 122 (Instruction pipelining) |
(5) FBfEe TFBR=M 16 (Reduce Instruction set) |
(=) Fraflie TRGEH (Symmetric Instruction) 1.
(%) CafePoiR Tiz BT (Register file Architecture) I
(@) 492 Gf&E, T high performance low cost and small size
(«8) 9!%‘3 2 fEB1 (AUe 20 @SS (Parts range DC to 20 MHz).
« e ST et I 8
() B2 (Timer)
(%) e B2 (Watch dog timer)
() TNATTS ADC
- (W) GAGACTT TG [Oi0T cweaf
(u) foifrre wfirShicesm |
(5) A1 B3 AR (PWM) WISo+5
(%) T, 3eI¥ e B2 GAAA (ROM, EPROM and EEPROM memory).



@¢to

mmﬁ{tﬁ:’wwmﬁmﬁ

Bf¥#-9.3 3 PIC parts 16061, 16C71, 16C66, 16C74

PIC device Program No. of Data Timers o Other/additional
MEmery ‘instructions WEmory _ - fe.atum
F0C6E Max. 1024 x 14 1d-bit, 35 36 bytes i+wDT 13 1O ping 3 interrupt sources
with '
speed words instructions User RAM 25 mA
source/20 mA .
20MHz | EPROM ’ sink per /O
16C71 Max. 1024 x 14 35 36 bytes T+WDT | 13 IO pins 4 interrupt sources
instructions with 25
speed words User RAM mA source/20 4 channec of 8- bit
' mA
20 MHz | . EPROM © sink per VO ADC -
16C66 Max. | 8192x 14 | E4-bit, 35 368bytes § 3+WDT | 2210 pins Brown—;Jut-reset
' with 25
speed words instructions User RAM mA Power-on-reset
. source/sink '
20 MHz EPROM per VO 10 Iimermpl sources
. 2 capture/ compare/
WM modules,
2 senal ports,
USART
16C74 Max. | 4096 x 14 14-bit, 35 192bytes | 3+ WDT | 3310 pins 8-channel 8 bit
speed + words . instructions User RAM with 25 ma . analog-to-digital
20 MHz EPROM source/sink converter. Brown-
' per /O
out-reset (BOR),
power-on-reset {PORJ
2 Capture/
. Compare{
PWM modules
2 senal ports and a
parallel slave port.
USART
BfRY-9.% $ Power Consumption and Operating Voltages for 16F87X a
PIC part . Power consumption Operating voltage range
and 16C6X <mA @5 V,4 Mz 30-60V
and 16C7X I5SpA @3V, 32kHz




form X WECHFRCEEE fEpE SeRE . >
©.% fre-cg B3 w2 & S WD (Architecture of mid-range PIC microcontroller) 3

forsz bz L% Too@y PIC UITHF SRS GG 3% T (N 2 ¢

1
EPROM Progran Counter

teemOry
aa?b A Levol Stack
x4 (13-ity

!! I - Powai-
‘nlﬂw

syuchon Osclbator
Decods & St t-up TEmer

Power-01
—— Resd

Walcrk)

= @% e e

8.;(:15:{&&}_ o = a:om-gu!

c2C ler nai i
RO ' Rosel

SRR
g

b b

i

8

§

R
@

Synchonius
Senal Poil

USARTE

\oitags Dalz EEPROM

i

|

|

1 Ganeral Purpose KO
{Note 3}

L e — — — = —

Poripheral Modules (Note 3)

5z ¢ o 3 (%) s e Pl wirgee



B

ax | - AMares b wWis et

=g e

f6@ 3 ©.5(%) firs @u Pz TITERThNE

fire.xg PIC TETFRCREIEE WEGEE off Wt qme-

(F) ‘{ﬁ ql (¥ (Core) WX

(X) CoRTFR (Periphesals) S

(*1) C™A*1® IR ((Special Feature) | _

R wifieam T w9 T @, TR 9 e B 1c, mﬂwﬁmﬁﬁmﬁ‘r@w&r@%ﬁe
T 7 1 SR 9T WRGFTHIEE Wy aﬁaﬁw&@ﬁmmwﬁemmdedmw] QA @
TIETHIATHHY ACF, BIF TGN WRCEFRTRIEET 7w W= fFafsrs =

PIC VEHFCRIMEA (T W MREHATTR ¢ (N TS ors—

() ALU SR

(%) CPU SI=H

() onfE

(9) wPTebe RS (772 i)

(%) RTAG w1fE6

(5) TR STt Teafer |

PIC TEEHRCE IR cﬂﬁmﬁ%ﬁmmww I~

(8) SRR 2™ 1O

(¥) fafey weeva SR

(1) *ie TZOR GLEHA (PWM)

(%) e cAfe

(&) =¢.@3%.9 =I5 (USART)

(5) ConToe (IR

(%) FNEee

(%) ADC fED

(F1L.CD

() STRIHA CFS (T Tenfer )



Pzt TRTHTRRTRS v SR e

PIC WREEFFTRMAR Ress Rsiaetn @1 s '

(ﬁ)m('l;imér}

() o5 w BIRw™ (Watch dog timer)

(=) Rt {6 (1%w)

() foeizn safEiem f2o

(&) ¢ N9TR T

(5) T RC THTEADS

(%) 1¢spimrﬁ?r :

.5 BT (TR SicetoTel SO WRET NI (I QTR | T TR CPTEa b FRTeTiai®s G
e | e .o RS o b TRD e e 1 o v e ‘
RC &iwe5a (73 ) _

AR O (o115 I (71 A (RTF 1 G 21 T o o w1 =eA | BiRwmare farera foes Brafi
FE o I AN | A/D-9F TG S BB o T TR o My wiRrestR e vd
Sy oot feeRer ma Bl shefcem w0 3w oifiersm fre@ert g Jo1 EEPROM, Shatt
register, &3 WESR, A/D converier WI!WWWWWWUSARTWWW[

*@r@zr e

9.9 PIC 16 x 84 TREHICRFNEE SFR (C“"i"ﬂ'l o @fR81) (SFR (Special Function *
Register) of PIC 16 x 84 microcontrolier)s

Plcmxswﬁcaﬂas@mqiwm@fﬁvmﬁ

Pl Ackcrann Fita hidress
Odn rnlramm‘"l Indiegct pacr Y | BOR
m | O1h TMRQ QPTION_REG A1h
: it oL P azh
() oA orETetT @ReSr A R o | s | smrs | e
{General Purpose Register GPR) : :;: ' ,,:::,‘ T::A x
(N oorE TR @SR W AT o | rorte | mss |
(Special Funciicn Register SFR) x E:;::; Eii?u’::«; :x
o Dan BELATH PCLATH 8Ah
lﬁi 1 E:ﬂ i :il HEE mm URE oEh INTCON INTCON #an
IR ICE | GRS I 1 I e -
B39 e SER ¢ 5 its GPR 9ItS | qates Jaerzs
. . ﬁm in Bk O
feeRre [ woe™w fam@eim & SFR Lo
AL A T | SFR (@SOS WA
Boia ff o 42 o o w3t 2w o k o
(F) 4 SFR : : N s
(4) Tz SFR ).
Emnk C Bank 1
M O unwmpiemeniad data memory kecaton, reed as o'
Hota 1: Mot & physios: megieter

f6m £ w3 CoMIE TeE @R



@8 e St wuis fHeatt
Valu
Addr| Name Bit7 Bit 6 BitS Bit & Bitd | Bit2 | Bit1 | Bite Pow:r:r:‘l ::“;“;'
RESET

T 2
Bank §
00k |INDF Uses contents of FSR (o address Data Memary {not a physical register) | -e== ==w- 1"
0th |TMRQ 8-5it Real-Time Clock/Counter XXXK XXXX 20
0zh [PCL Low Order B bits of the Program Counter (PC}) o p0co cogot M
ooh |STATUS® | P | RPY | RPO | 10 | FD [ 2 | DC | C laoos 1mxx| 8
D4h  |FSR _ indiract Data Memory Address Pointer O xxxx wox| H
05h  |PORTAD — - —  |RAMITOCKI| RA3 | RAZ | RA1 | RAD |---x xxxx| 16 .
06t |PORTBY R87 RBE RBS /B4 RB3 RBz | RBY |RBOANT fxxxx xxxx] 18
Oth — Unimplemented focation, read as *0' - -
0Bk IEEDATA EEPROM Data Register xxxx ek [ 13,14
03h [EEADR EEPROM Address Register ooxx xxoot | 13,14
oAl |pCLaTH — - —  ]Write Buffor for upper 5 bits of the PCOY ---¢ gooof i
0Bh [INTCON GIE EEIE TOE INTE | RBIE | TOif | INTF | RBIF Joooo oooz] 10
Bank 1 . ’
80h |INDF Uses Contents of FSR t0 address Data Mamory (not a physical registery | --+- --=- |
B1h |OPTION_REG | RBPU [ INTEDG ] Tocs [ Tose ] PSA ] PS2 [ 51 [ P30 [1111 1211] 9@
8 |PCL . |Low order & bils of Program Counter (PC) Qo0 ¢eoo 1
8sh |sTATUS @ Re | RP1 } RPO | TO l P |z [ o€ | -C  Jooor nox| 8
g4h JFSR Ingirec! data mamory address pointer REAR XK 1%
85n |TRISA — [ — [ _ IPORTADala’ Direction Register --=1 1111] 18
86h |TRISB PORTE Data Direction Registar 111l 1ili 18
87h - Unimplementad location, read as 0 — —
8sh JEECON! — [ = T — T EEF TWRERR|WREN | WR } RO [---0 x000] 13
88h |EECON2 EEPROM Control Register 2 {not a physical register) — {-ceo oo 14
DAN |PCLATH - - — | write buffer for upper 5 bits of the PCY ---0 poge| M
0Bh {INTCON GIE EEIE TUE | INTE | RBIE ] TOF [ INTF [ RBIE [oooo ooox] 10
Legend: x = unknown, d = unchanged, - = unimplemented, read as '0', q = valua depends on condition
Nata

1: Tha upper byte of Ihe program counier is not directly accessible, PCLATH ia a siave register for PC<12:8>. The contents

of PCLATH can ba transfarred 1o the upper byle of e program tointer, but the contants of PC<12:8> are never trans-
ferrad ko PCLATH.

ol S

The TO and PD siatus bils in the STATUS register ara not affected by 8 MCLR Reset.
Other {non power-up) RESETS include: external RESET through MCLR and the Waichdog Timer Resel,
On any device RESET, these pins are configured as inputs.:
This is the vaiue that will ba in the poit oulpul iatch,

Gfe s o0

(aS)@taSFR- ms'm@%ﬁmamﬁowﬁmqm WIE G SFR 0 |

(4) cofirma™ SFR : (% SFR I&0R (Affrea TS (@=— Serial communication module, A/D converter

Tenf (@ e o ATE, IS (oRTEam SFR <09
PIC 16 X 84 TRTHFOTHRTTER (F1F SFR 31 31 T 8

GO5PT BT (Status register) : ALU 43 ARiRATIBE W oo, AT COBM, WS Fraew

4B status register 494 I |

OPTION REGISTER € TMRO @B 8 TMRO >ﬁ:‘ v f&ba %‘ﬁm g3z TMRO fswonag Fmad €6

R4 TR Option @EHHIF |
INTCON REGISTER : 2013155 ffrge 46 4139 3R Incon RMGR |

PCL; PCLATH : PC (C2I $1&0H) ITRIFTT SRR R 09 | PIC 16 x 84 srﬁmsm@?mt PC >0

faeha T8 | @3 Wedf @R b {3 PCL 1 PCL € PCLATH 93 TGN PC CF SOIPET 331 T |

INDF € FSR : WWﬁmamﬁm@ﬁvmﬁww&ﬁmwwwﬁwmw

FSR e TI&a A ¥



foranzfir wr‘%cmv@mrm st wuR= et

PORTA TRISA : PORTA 5 ¢ 253 23-Reraetare ¢ofF | @ (o150 (17 IWF & TRISA @51
[ 9 2 |

PORTB, TRISB : PORTB 37 v ftba % ﬁa'cafmrm mi';‘ | PORTB-(F A7 IA19 T TRISB G@ReoE
IR TN | .

EEADR, EECONI, EEDATA : (VI (Pt (2TF read/write FAR T SIF WTEH 419 909 EEADR |
EEADR Gf¥PBIia 4RIFS (PR (ATF read/write FIR T EECON1 T3 Tt X4 | Read/write 331 Si51
Y9 T4 & EEDATA I9CR 391 T | .

©.8 PIC 16F84A-9% (TR WQCWH (Memory organization of the PIC 16F 84A) 3

© PIC 16F84A TRT@ERTEARA 35 i 3 Wiy, wet-

(F) T TR Program memory)

() BT (TCHMA (Data memory) | .

ZTOTT T O T4 A (bus) TR | T, GFR SRIEDR SNRLFCA ATIF F0F SURTE F41 T3 |

T (AT *RTETS WA 1R S Sf% T T/, (TA-

() (TRt ARCA eI WIN (General purpose Register RAM)

(%) Cie TR @fEP53 T UNATEF (Special Function Register or SFR) |

SFR QG719 M4RY CPU 93 Core FIRMM Control WA | vst XY, SFR (e afea s TR IR
[IGT W |

WwﬁammEEPROMwwi <51 ©i5 (NIRE W i e T A4S A oAw
SR WAC T AT | W EEPROM @R W04 Read/write 9 ) G038 WG SR g s
FACS A | GG 64 bytes ST W4 SATE #{1TR, T T Oh - 3F h,

- ()-caer caeaifR wfiigTer
i PC<t2:0> |
CALL, RETURM - < 13,
RETPIE, RETLW < 7
Stack Lavel 1
Stack Level 8
K3 RESET vecior 00000
Periphormat interrupt Vector muin
E- ¢
:3
=
'6 L]
-]
X SFFh .

"IFFFh

Wwemmwfrﬂm
PIC 16FXX WEHITHEE 13-bit (UM FISHIT 4TF | AYIHA 8k x 14 GENM (VGG OO WIS |
PIC16F84A WIZIZFIFTHFI & First 1k x 14 (0000h — 03FFh) (Tfd TS =W | RESET Vector &3 ]
CHIICE R 0000h 949 THIFIH (SHTIA T (FITER 0004k FRZS T | '



@Y _ AT o wis s
(=) ot crenf wfimigoeee ¢ S
5T (e 9t S Res s -
(F) =PI =M @EOR (Special Function Register), SFR.
(¥) CEHICIE AT (AfSPBM (General Purpose Register), GPR.
SFRWW%WWWIW@N@BMkedWMWI GPR-7 &7 116 bytes (ST
ARAA RAM (TS (A (AIfE bank SPR T €ITF | SFR R bank CAfITERT FIT FTHE FTA 1 bank
sclection-&3 & Control bit IJIES TX | FTLP fHGTE ANEAS STATUS Register-4 STEH 3 |

Fite Address : File Address
00h | indirect addr{ | Indirect adar.!V } 80K
G1h TMRO OPTION_REG | 81h
02h PCL PCL 82h
03h STATUS STATUS - 83h
04h FSR FSR B4h
05h PORTA TRISA 85h
06h PORTB TRISB g6h
07h - — 87h
08h EEDATA EECON1 88h
a9h EEADR EECON2!1 85h
OAh PCLATH RCLATH 8Ah
08h INTCON "~ INTCON 88h

‘oCh 8Ch
68
General ‘Mappead
Purpocse (accesses)
Registers in Bank 0
(SRAM)
4Fh _- CFh
" 50h * Doh -
¥
S~ T
7Fh ‘ﬁ FFh'
Bank 0 Bank 1° :
[ Unimplemented data memory .location.-réad as ‘0"
Note 41: Nota physical register.

i 3 ©.8 BT CTAR Wiz TErA



, Prefzf TG e SR ‘ @9,
TTHE MOVWE @3 MOVF, W (P8I (X738 WINTP (Values) F register-43 (TR (FINETH IS FAITS
MR | @ferta aftans siys ERESRPEES Tt WG T T, Tel- BIEES gkt @3 INeEd
SR | TEEE WNEPR 93 (R @RPUIER Absolute Address TIET XF | ITGIEEE WIEOR €7 W
FSR(File Select Register) (¥ /<% 31 T @3¢ (OO @frbiea w1 [RP R[5 aegs 2w |
GPR (Geneal Purpose Resister) 8 bit wide, Q¥ TIR(AI. IS I | ©! QYl, FSR @7 W«
EGIRATOIA WIS T AT
'ﬁ“"i‘f ot (A e @Res TiEem absolutc W IR IW AAPAE (dlre\,tly) access ¥4 T[T 1
File Select Register (FSR) A TI4ITA ATAFSNA (indirectly) access ¥ T | Indirect THGRR RPO RB T80W
31 (value) VIR A Gib] TR Iee AW (bank area)-(F ST (access) LT | .
it e 7S bank-(F Bt T W TR SR ARAR RROPR (General Purpose Register) €498 (=
T RSP (Special Function Register) 4199 I | RPO B (STATUS<S>) Slear’ I NI4T Bank 0 Fers
T i RPO &% (16 919 WeGTT Bank 1 F1o18 31 20 | TSI Bank TFh(128 bytes) *I4% T2 | &1%7% Bank .
¥ T 12 location Special Function Register 49 &=y 41 ( amifPet@n 2o General Purpose Register | -
CORITI™ Ao CRfSPOR FIRWA (General Purpose Register File) : #T8/® GPR 8 45 @ared a3 qaten
TG 4 FSR 47 THJCH HTRITSIR access F41 TH | GPR Bank-1 4 SOTTET T R Bank 0 (%, LG &)
map T TN | TARRTTRA, Och I 8ch THPR (PNTIHT Q¥8 GPR-(F access FIC |
. T I ATEIBIT (Special Function Register) : Special Function Register (SFR) T! f&SIZ30 Soina==
PUHITET &) CPU QR ¢RI function T3t TS &0 | @3 @REOR TR Static RAM |
SFR 72 (8 151 391 T, ¥— Core ¥4 Peripheral. - :
5w § ©.8.0 (AT 7T TF, SFR ¢ 26 PieeE ow 1 20 2 (i) Bank 0 (if) Bank 1.
59 3 ©.8.8 @ Special function register file Summary (AT &EAL | ET e Addressing €% TR (@ @ersbiar
ZTGIIEE T IR T SR Address (B SER € N4 A0S T 1 (oo e @f@Tﬁ:‘TWWW
(i) TMRO
(ii) PCL & PCLLATH
(i) STATUS
(iv) FSR AND INDF : -
(v) PORT A to PORTG; ‘ '
{vi) TRIS A to TRIS G; :
(vii) EEDATA & EEADR;
(viii) EECON I & EECON 2;
(ix) INTCON;
6 Special Function Register ST 371 (oramt 20 ¢
(i) TMRO : 794 TMRO Rfé518 FFh (4% 00h overflow X(3 ©UF TMRO BB 26 27a |
(iiy PCL & PCLATH : (3 TR «f¥fB=tTa W fetch T 19 Address ¢ Program counter (PC)
17 ¥ | PC TR 13 bit W | @3 13 bit 47 GTIHIN BT 9t W PCL afersra ammﬁmmﬁwwwpm
GfSPER | PCH (RRPBITR 19T W18 PCLATH (RfEPSIER TG0 0 ACE | .
(iii) FSR & INDF : INDF feror ffemme afésBta ) (@ Address Bt FSR @fePR umd wmrg 1%
Address 6% 7T INDF €3 Actual address. 45 @%f% STeigtad symghe )
(iv) PORT A to PORT G : PORTA (4¢%F PORTG Cﬂﬁﬁmmm HHTCR YRTGFTH PORTA (ITE PORTG &
Access 9 919 |
(v) TRIS A to TRIS G : TRISA (4( TRISG (ARPERGTIR TG PORT'A (TS PORTG (F SR 597 20 |
(vi) EEDATA EEADR : Read/Write ¥919 & EEDATA Gf¥51a 8 {35 wibt «rmet 27 | EEADR (3RmER
EEPROM (HI(FTH STEEATE Qa9 7 | - _ _
(vii) EECON 1 EECON 2 : EECON | T*1 @35 It @ReSr, 1 EPROM rafiTs ot SRIA! Program
access FIS IR FS | EECON 2 (FIW Physical (RIGHR 78 @32 AW read 320 5171, ©7 «ff «©° read 3 |
EEPROM, Operation 9@ Gi5} write F919 Y II5E TF |



¢ : ECATTS By wits ek
- cﬂ‘b‘m afEor (STATUS Register) : Status Register ALU-99 arithmetic status, L Cmiﬁ?l RESET Stalus
WZR Bank Select [R5 €A 337 |

REGISTER 2-1 : STATUS REGISTER (ADDRESS 03h, 83h) -

R/W-0 R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x R/W-x

IRP . |RPI RPO To | D Z ‘ DC G

bit 7 : _ ' Bit0

Legend: : _ .

R=Readable bit W = Writable bit U = Unimplemented bit, read as '0'

-n = Value at POR '1"' = Bit is set ‘0" = Bit is cleared- x = Bit is unknown
. ' STATUS REGISTER

@ FRPETER AN (VBT (STATUS) @RPSR (™ W (instruction) €3 TEE 'W T |
GBI (STATUS) (AferBra afi (317 EE=*A (instruction) &% 1YY T O ¥ Z, DC ¥k C G0 gt 7
@3 a® feafs RB Write disable T3 70 | @ fAGeTE f@—\sﬁﬂﬂﬁﬂ‘ AR (B (Set) T FER (Clear) T T
T TO 9 PD fRPawe SR 2B (Write) Bomh «nea 1| 0 OFSTT (destination) WP ot
(STATUS) REoRTR @R 3G (mslrucuon) 99 TG (result) B8 PeNIPE (result) (9F W"'ﬁ W
AT

T @AfeEBR (OPTION Register) 8 OPTION Register ¥R readable 432 Writable Cﬁﬁﬁ?@ﬁ q
TMRO/WDT féit#=a, @ebr=m1e INT T0r1-%, TMRO 3¢ PORTB (S 74d Pull-ups configure ¥4 & fafey
wrgm {25 43 TR | F57@ OPTION Register 3% zrats ¢

REGISTER 2-2: OPTION REGISTER (ADDRESS §1h)

R/W-1 R/W-1 R/W-1 " R/IW-1 R/W-1 R/W-1 R/W-1 R/W-1
[RBPU  |INTEDG |[TOCS | TOSE [ PsA PS2 { PS] [ Pso
bit 7 . ] . : . bitd
Legend: . .
R=Readable bit W = Writable bit U = Unimplemented bit, read as '0"
-n = Value at POR '1' = Bit is set 0" = Bitis cleared x = Bit is unknown
OPTION REGISTER

tﬁ?w Q¥ (INTCON Register) 3 INTCON QGfes51a «afs fTeT (readable) @R AIGI (Writable)
aferBa T 7 TVRB 1 (Source)-3 ) Ri¥y @wie RS 4wt w7

@ INTCON REGISTER @fert1a a3 1w 4féfs goas |

REGISTER 2-3 : INTCON REGIST:R (ADDRESS OBh, 8Bh)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
| GIE {EEIE | TOIE | INTE | RBIE | TOIF INTF RBIF

bit 7 _ bit 0

Legend: S

R=Readable bit W = Writable bit U = Unimplemented bit, vead as '0"

-n = Value at POR '"1' = Bit is set "' = Bit is cleared x = Bit is unknown

INTCON REGISTER



et TR e i e g
©.¢ PIC 16F84A TR RTHmIER Py «3e FoAIT (Pins and sginals of PIC 16F84A) 8

55 93fb PIC 16F84A TiRTweTHEaY o tsmsm @ut e ot awb wﬁm GTRNE T3 38w
(Enhanced FLASH/EEPROM). -G ﬂﬁmm

Pin Diagrams .

PDIP, SOIC _
rRA2—{]1 18— RaAl
RA3~——{] 2 170~——RAD

RA4/TOCKI—[] 3 16— OSC1/CLKIN

MCLR—[] 4 15[ ——0SC2/CLKOUT
Vss—[5 & t4[3=—vpp
RBO/INT—[1 6 3 13[0-— RB7
RBlI——[ 7 - 12 [}—RB6
RB2——[18 > 11[—--RB5
RB3—[ 9 10 [—RB4
SsSopP .
Ra2——{] 1 ~  gglj—Rral
RA3~—{] 2 19{}——RaA0
RA4/TOCK}—-[] 3 18 [1— 0SC1/CLKIN
MCLR——[] 4 9 17| 3—o0sc2/cLkouT |-
Vss——(3 5 9 16— Vpp
Vs —=—[] B8 %} 15_:}"""_‘VDD
RBO/INT=—[]] 7 ® - 14}~ RB?
RBr—[ & 5  130——rss -
RB2——[] g 12 T}——RB5
RB3—[]10 11{}——RB4

: 54 3 97¢ PIC 16F84A MIZERRETSEIRR fore Tt .
OSCI/CLKIN 2 W ST S el R 9 oA 3weE g
OSCZCLKOUT ¥ wisl wme1B f& b1 wieh=3 i |

MCLR Clear/Reset 27%5/cenanfiiy coivve 9B | =18 799 active low TE, BT Reset WHTIH
FIFTA TA _

RAQ - RA3 PORTA &1 &6 IR-frasina 1O ¢ |

RA4/TOCKI TMRO timer/counter select 3 |

RBO/INT - T 9T GO THRG ot e 7 )

RB1-RB3 PORTB 7 AEfE@FHA /O Port.

RB4-RB7  yO (oif5  S1e5-sm-coe Fi ot 459g® 20 |

Vss ' %S (Ground) |

' frafos M2E conbe |



Bff s 0.8

Yo . Earaees et wps e
PIC 16F84A PINOUT DESCRIPTION-(¥ (B3 S0 (TR &#1 8
Pin PIMP S0IC SSOP /O/P Baffer Description
Name No. No. No. Type Type :
OSsCi/ 16 16 18 | ST/ Oscillator  crystal  input/exiernal
CLKIN cMos(3) | clock source input.
QsC2/ 15 i5 19 O -— Oscillator crystal output. Connects
| CLKOUT to crystal or resonator in Crystal
Oscillator mode. In RC mode,
08C2 pin outpws CLKOUT,
which has 1/4 the frequency of
OSC1 and denotes the instruction
cycle rate.
S 4 4 4 I'P ST Master Clear (Reset) | -
MCLR . . .
input/programming voltage input.
This pin is an active low RESET to
| the device.
PORTA is a bi-directional /O port.
RAO 17 17 19 VO TTL
RAI i8 18 20 /o JTTL
RAZ 1 1 1 - vo TTL
RA3 2 2 2 1o TTL
RA4/ 3 3 3 /o ST Can also be selected to be the clock
TOCK] ' input to the TMRO timer/counter.
Output is open drain type.
PORTB is a bi-directional I/O port. |-
PORTB can be  soffware
programmed for internal weak pull-
up on all inputs.
RBO/INT 6 6 7 /o TTL/ | RBY/INT can also be selected as an
sT(L) external interrupt pin,
RB! 7 7 8 Vo TTL
RB2 8 8 9 o TTL
RB3 9 .9 10 Vo TTL
.RB4 10 10 11 (0] TTL Interupt-on-change pin.
RB3 1} 11 12 O TTL Interupi-on-change pin.
RB6 12 12 13 /O TTL/ST(2) | Interupt-on-change pin.
Serial programming colck.
RB7 13 13 14 o TTL/ST(2) | Interupt-on-change pin.
Serial programming data.
Vss - 5 5 5,6 p — Ground reference for logic and /O
’ pins. . -
Vi 14 14 15,16 P — Positive supply for logic and /O
. pins.
Legend : I-input 0O = Cutput /O = Input/Output P = power
- = Not used TTL =TTL input ST = Schmitt Trigger input




Pregfy iR o) swaRe vy
0.¢.5 TR sv 9% v8 @ TRwHFEHEIER F/ABTHT Piosem (Deseribe the

PIC16¥84A Microcontroller clockfoscnllator system) 3

5 9B PICI6F84A wmm%mmm;wmﬁmﬁaﬁmwww 15 932
16 W f3|=¢ TIE TS AN 15 TR AR 16 W 47 IWFW OSCU/CLKOUT 932 OSC1/CLKIN Gk cff

rRaze>l| VY 13D« ral
RAZ <[] 17 [J* RAO
RA4TOCK! <[] 3 16 -4 OSCI/CLKIN
MCLR «»[f4 = |5 <> 0SC2UCLKOUT

Vi ndlE 5 14 0> v,

RBO/INT «»[}6 X 13 [J«> RB7
RBle»07 7 12f<> rBs |
RB2 «»[] 8 i1 []*> RBS
RBI (]9 10 ]=—» RB4

53 3 0.9 PIC16F34A o1 Wiy
OSC1/CLKIN : «f6 PDIP, SOIC *TRIFTT 16 R 1947 1 @R fPifS fimBm wheabraa Input/external clock %
it 90 fEoTs e g | : ' _
OSC2/CLKOUT : aff PDIP, SOIC *IT7aeem 15 . o | 9% B <t Resbimm weo5 e wret e |
53 fora PIC16F84A @R Osciltator configuration system CWYITTT 0Tt ¢

c1)  oscy

i

To
- Internalf
Logic
| {SLEEP
c2(1) PIC16FXX

I XTAL
= oscal

Note 1 : See Table 3.5.2 for recommended
values of AT strip cut crystals.
2: A series resistor (Rs) may be required
for AT strip cut crystals.

Baseq Crystalz‘ce%amjc resonator TR

Oscillator configuration : PIC16F84A TRUSPGRN 5iafb fon whineba ane fa o 2@ | carssmE et ¢
(i} LP (Low Power crystal)

(i1) XT (Crystal Resonator)

(it) HS (High speed crystal/Resonator) |

(iv) RC (Resistor/Capacitor) |

L]
Y

ik



w

5 2 ©.br Extemal clock input operation (HS, XT or LP OSC contiguration)

Barrares ety wiw s .
@Y, XT., LP 5431 HS (ite, a¥fb fabm a1 fraifiies simea®a (Ceramic Resonator) (F OSCUCLKIN
W¥2 OSCZ/CLKOUT g st e s wat avme | I NI Oscillation 7R TS T3, A AT
fote (AN T | XT, LP S99 HS (RITE, OSCI/CLKIN PHTes Gi%S 7 o0 qa81 @@ Clock source
ATAEH T | T fo@ o @ (FA 20 8 |

"Clock from
Ext. System

‘08C1

QSC2

Open +—

PIC16FXX

i fafsy caiven cowm feBi SPRABEA 6 Capacitor I i eTarem <3 w1 fows BRe

CTHTTAY 7Ll 2

Mode Freq 0S5C1/C1 05C2/C2

Lp 32 kHz 68 — 100 pF 68 - (00 pE
200 kHz 15 - 33pF £5 - 33pR

XT 100 kilz 100 - 150 pF 100 — 150 pF
2 MHz 15— 33 pF 15 ~ 33 pF

4 MHz [5 - 33 pF 15 33pF

s 4 MAz T15-33F I5-33pF |

20 MHz 15 - 33 pF 15« 33 pF

oY cﬁ‘ﬁ‘ﬁ @%ﬁm W 8 557 (Structure and function of STATUS register) $
G517 (afersBia weTe Tarse FOBMm-TE 4iRe o ¢

() waTIT (ALU) @7 ifeaioe oo

(¥) a8 (RESET) GH61R

() BB AW (Data memory) LG AT

STATUS REGISTER (ADDRESS 03h, 83h) ¢ _

RW-0  RWH  R/W-0 R-1 R-1 RW-x ° RWsx  RWx
TRP RP1 RPO, s = Z DC ¢
bit 7 ' " bit0

bit 7 (IRP) : Indirect addressing 99 (BT bank select THF T+ TILT I TF |

1 =Bank 0, 1 {oh - FFH)
0 =Bank 2, 3 (100h — 1FF)



- Pz TR B TR Yo
bit 5, 6 (RP1, RPO) : TRIHITHINET CIETTS SGOER (direct addressing) C¥GH bank select-42 &7 45 6 ¢ 5

I TR _
o RP1 RPO Bank
0 0 Bank 0
1] l Bank 1 .
1 )] : Bank 2
1 l Bank 3

bit 4 (TO) : &6 BIZW WIES 135 1. 37 =N WFS (Low active) 35 |
1= After powerup, CLRWDT Instruction, or SLEEP instruction,
0 = A WDT time out occurred.
bit 3 (PD) : *H1eT BB 5 reset staws 9% & AT =T 21 1 4B 4D W affs &5 1 b o i)
FIHITT (Sleep mode function) O 1S I | _
1 =farTs ems wn [BETIES (reset watch dog timer)
0 =ﬁ°‘_"f (A® (sleep mode) @ T |
bit 2 (2) : Z 4% wpifaecaits oo /G
AT ST T R fo Wl e weR w9 TR 99 <
1 = P fa |
0 = ey st s , .
bit 1 (DC) : DC (Dig it carry) ST SR (Auxitiary Carry) 97 ¥& o7& 3 | wdis 3 BCD (473 o
BCD TMeTI¥ 3 (¥ Carry/borrow 0o 2 ©1 DC wa1 &@P 393 27 |
1 = 84 (=1 =iy 4% @ MR/ (4th low order bit-& _carryfbon"ow) T |
0 =8¢ =R 4% @ "ﬂ'lﬁ/ T (4th order bit-4 carry/borrow) HR ‘
Bit 0 (C): CR% ALU 93 ¢ifavrafbs stz SIETHLBR carry GBBIR g™ BT |
1 = Feififes 45 ?ﬂﬁ (Significant bit-9 carry) WITR |
0= ﬁlﬁﬁ%@%ﬁﬁ U SHES (Significant bit-4 carry) 7%

Note A substruction is executed by adding the two's complement of the second operand. For rotate (RRF, RLF)
instructions, this bit is loaded with either the high or low order bit of the source register.

_ Legend : _ .
R = Readable bit W = Writable bit U = Unimplemented bit, read as 0"
4 n=Value at POR 'I"=Bit is set '0" = Bit is ¢leared x = Bit i5 unknown

(R @fEEETas ARY G5 (STATUS)-2for%a araia TG (Instruction) €3 FWd) S AN ¢
STATUS CAE™B1Z A (A Instruction 47 I W, O © Z, DC amgﬁﬁwa‘ﬁsm a3 g feafG s

A5 TR (write disable) 1 70 | @ FBowen Toen ol ST 6 (Ser) W foFmira (clear) TW | @ TG TO

93 PD RPet W™ 2138 (Write) BT <ics = | T, (SIFBER (Destipation) WA HEm (STA’I US)
RAEBIAR (PIAT TTHIF (Instruction) €7 FeaFer (result) AP FET (4r &y S A |

 CHIZETE®, CLRF (05 i 57 3B Clear $T0 €% 2 bit Set R | 000u ¢AF uluu (where u = unchanged)
f&3MT STATUS ®71%t 307 | S¥i@ BCF, BSF, SWAPF and MOVWF ST c55m @férbi (STATUS register)-
& ARATETR T HIGS T | B, Wmﬁmﬁ?(smtmblt)—wwﬁwm AR A |



¥ o THTATSE BB WS ey
1,9 S (OPTION) (RfEF5ITEH FHTH 8 9197 (Structure and function of OPTION REGISTER) ¢
WW (OPTION) (Af&751a 7ot fATe< (readable) (AfeFBE @3 ATHIA (writable) EfESR, T ey svhm™
B 413 I G TR SO TPTIR® AN (Configure) FTH, (@FF 8
(¥) TMRO/WDT Prescaler
(%) External INT interrupt
() TMRO
(2) Weak Pull-ups on PORTB |

STATUS REGISTER (ADDRESS 03h, 83h) 8 - - ‘ .

R/W-1 R/W-1 RW-1 | R/W-1 R/W-1 . R/W-I R/W-1 . R/W-1
[ RBPU [ INTEDG } Tocs | TOSE | PSE | Ps2 | PSI PSO

bit 7 ( bit 0

g e

bit7  RBPU : (% % *=-=1% @=ita=1 95 (PORTB Pull-up Enable bit)

1 = (A6 9 - = fET=# (PORTB puil-ups are disabled)
= (B 9 JF-Wo WF 9 A2 i‘ﬁsﬁmﬁ ¢oiI5 #1631, (PORTB pull- ups are enabled by

individual port latch values)

bit6  INTEDG : T0R% «ers Freerd 5 (Interrupt Edge Select bit)
1= iﬂﬁn% oA ARfER woe wF W@fﬁ‘ﬂ/@ﬁtﬂﬂﬁ 9 (Interrupt on rising edge of RBO/INT pin)

: 0= m’ﬁ T (PIR QTE WF WA/ ABGAG B (Interrupt on falling edge of RBO/INT pin)
Cbits  TOCS : BaTerms F o Frerd 45 (TMRO Clock source select bit)

1 = Grfer= == RA4/TOCKI o (Transtition on RA4/TOCKI pin)

0 = Internal instruction cycle clock {CLKOUT)
« bitd -TOSE : TMRO Source Edge Select bit
} = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit3  PSA : Prescaler Assignment bit
1 = Prescaler is assigned 1o the WDT
0= Prescaler is assigned to the Timer() module

-

Bit Value TMROP Raie WDT Rate
000 1:2 121
001 1:4 1:2
010 1:8 1:4
011 - 1:16 1:8
100 Co1:32 C1:16
110 1:64 1:32
11 1:128 i:64
1:256 1:128
Legend : .
R = Readable bit W = Writable bit U = Unimplemented bit, read as "0’
- n = Value at POR ']' = Bit is set 0 = Bit is cleared x = Bit is unknown
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W1

1
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®|

' (i) coAfcaraer e @

fire-% PIC MRTFRTHIET. Sosem B Ry [IRE-2030, 53]

'%@@Plcwﬁm@ﬁmﬁﬂ%wmms

(iy T AT I e

af

(i) €M oI f%
BB GBI Fe J? [araifHat-00 ()] |
T, COBRT RfeEBITa wie o | [ArefTa-203 3(4f), 3]
ALU 93 InfRieafBs (B5M, RESET (85197 @2 Data memory’d Bite1d <6 fAdad =3 |

G5t CTTRfTE T ©its wit w37 qiwy h _ - [EfETE-200), $3(9f)]

2 st T 3 (3) General Purpose Regisr. (4) Special Function Register.

GPR-7 TR O 1 : [Areifcai-gos3l
(B=af) aft cfebin croif i fowe w8 0@ | | |

41T (14 ¢ EEPROM, INTCON. : | [ArTaL-2 053]

EEPROM = Electrically Erasable Programmable Read Only Me.
INTCON = Inturrpl Cotrol.

_OSCI/CLKIN LiE KT [arefaiar-20 so(41f)]

et OSCI/CLKIN fiee € zamay | |

ot w1 WSS ST Zorefp/ BT o G Ze® AT

INTCON (e Gafecdimr | | [arerfat-2os 0]
) «fB readable €72 Writable register. |

fiG-a# PIC Microcontroller SFBFSIR 330 ety ' S |awefrar-2058]
@ of weet |

o108, 1 TR G SREGoIGRT S Rt Wi i

ST, PIEft TREHFCRMI (I WREGIOI 2R I3 Gar | Rrwi-203e]

(Ezml) wor wiFswm

S0 | PIC TREFRIHMIEE w0 i 35 Wite? , [AefRRI-208 3 (%)

Qfﬁ‘;.mn- (3) @i Gy @ (¥) ©iot TR |



01
M

29|

L1 B

Sl

b 3

=e

LR

R

W

m@ﬁﬁw%fﬁaﬁﬁ
ﬁwﬁﬁmwﬁwﬁmﬁmwmwﬁ?

RISC NRCHETPTR e e
RISC @7 s o §iz

RISC &3 "L‘f o Reduce Instructiou Set Computer.
Cr e @fESR (SFR) 330 @it o

3fB; W= (F) @ @ () et |

fIe-cnew s FIRSRM v Gy

>oﬁ'¢fﬁi

mm@ﬁﬁmw PC (3 S0 o g

| PCL 9% PCLATH mBIaa Wy |
INTCON @Wﬁﬁ ferw w1 wge @ '

@] womrs s s o vrms T
sm@fﬁi»‘ta-«aamﬁ? |

CPU &T Core ¢ Control 3G |

Reset vector ¥ %7 (TR} (W37 87

(Bzaf) awfi eeemoooon.
TP (IET W M

G own

General Purpose Register 3 1537

MCLR-a3 4 = $;

. MCLR9® "ff 5 Master Clear Reset | & @/ ¢ foe |

OSC2/CLKOUT 9t 9 Tatae

OSC2/CLKOUT Tl Sifeaib fesbier Si85+8 garmn
ESE 7t 5 em Gib =we

' Wm’?ﬂ'zfv‘i

=B 1
e

W |

OPTION Register ¥ @ @fébms |
(B2 g]) o6 e (readable) 43¢ FEB GIRESH (writabie. register).

EECON1 & @ Gferbry

W@ﬁﬁ?ﬁ@i

Stack Memory ¥ faibay

seﬁtﬁai



lglab k] Bl kgl 200

Preanzls MAEFTHEER FoR SHHRw : _ v

EY =< eemea s || |

51 Microcontroller-«% 85 ¢af¥8; firg ) : [RiefRTa-2082(4f7), 51
W91, Microcontroller-&3 BTRMTAIST tAfBR FW (¢ | . [Arfrat-2033)
U, PIC WRRFFCHEICR Srgvar tafHsy o | B
WYL, PIC TATHFFTREGR AEBroR e _ [armtfiat-Ro M (41fR)i
WL, PIC pcontroller &R BTHITAT CARTEIA 1T oo1d | L [0 8]

2|

-3

g1

Microcontroller- 93 85 2R TH 3

(F) afb MRS TSR WFBEOM (Harvard Architecture)-a% e @t

- (¥) Fi-8FE FPRA (Long word Instruction)

(1) Freoret oFrE TR (Single word Instruction)

(9) T I TR (Sigle cycle Instruction) |

OPTION Register (¥ (F1H (AEHIETRIT IR IWHIAFHR@-2050, 33, 33(31fF), 33(2fF), do, 38
WA, OPTION Register GRS GHT ERESIPTRE FMPIEEA TE, A F71 [QHat-305)
OPTION (A8 2 readable (RIEPBIT =X writable (RT&9D1, 11 ey vegm RS ¢l =@

9T 059 (RIEPBITTILLS Configure I, (T 3 _
(F) TMRO/WDT Prescaler . (4) External INT interrupt

(*) TMRO (%) Weak Pull-ups on PORTB |

TIHFCRIEE R 9t B | ares? '

RU}, pcontroller-&3 core W4 o [ar@ifat-2005]
Plcwﬁtmwﬁiw (TR WL TELHFATFR 8 (A TeGE qIe—

() ALU SR (%) CPU S——

(1) cTrnfs (%) s ARG (77 A1)

(%) oo =fF5 . (5) TH1TT AT Tonw |

STIFFTRITR ATt wees B QFe [Afta-200), Yo(if)]
PIC WU IR Coifreramet et Fss Rarz Soge -

(F) @RI ARAA YO (¥) oy == BiEar

(%) ~¥TT BB TG (PWM) (9) Bifsme oofF

(%) USART | (F) CETHT (TR

(%) F™a6a (¥) ADC if¥%

@) LCD (8) TR (38 (AT Tonfit |
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91

- BT RN w1 Frgay
PIC 16F84A TRUGRCGVITR F4f> cwoatf? 7 omw '« 9 Sy

© WY1, PIC 16F84A NETHPTRMET el 39 wirg o & &y

PIC |6F84A TREHRTHII X (rafdl 7 g, Tt
() GZI‘W?I cwewifa (lProgram memory)

()} BB IR (Data memory) |

Bt cafebra B GO e Ay

OO RferBia Jers frsa Gomet w37 3

(F) ALU 97 spiRRaafoe o5om

() RESET GB5M1 |

(1) Data memory'3 forers 45

PIC 16F84A -3 AT o oy o3t |

R, PIC 16F84-43 197 SRIgTY o5 39 |
T PIC 16F84-913 PR ety orate! oz 3

T2y s ()]
[T E-2002)

[0, S2(5ifF)]

[ARR-2082, 2038]
[Riwtfat-2083, S8(=if4)]

Pin Diagrams

PDIP, SOIC
Ra2=——[]1 ~  1gh—Rra1
RA3~—{] 2 173—RA0

RA4/TOCKI~—[1 3 16 F-— 0OSC1/CLKIN

MCIR—— 4 & 15—~ 0SC2/CLKOUT,
Vss—[]5 & 14— vpp
RBO/INT——[]6 13{—~ RB7 -
RBr—[]7 g 12 [}—=RBs
RB2—-[] 8 11[}=—=RB5
RB3~—=[]9 10 [l—RB4
SSOP
RA2=—{] 1 20 [J=—RAl
RA3—{] 2 19{ 1 RAO
RA4/TOCK1—[] 3 18 [}— 0SC1/CLKIN
MCIR—[] 4 2 173——08C2/CLKOUT
Vsg—-] 5 9 16— Vpp
Vss—[0 6 g 153~—vpp
RBO/INT——[] 7 0 14 [} RB7
RBI—[OQ 8 g 13{}—RB6
RB2-—[] o 12 [J—-RB6
RB3=—=[ 10 11[—RB4
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5|

o |

| Proi@fr wiReersehrmes fosie wqaran - - by
INTCON GfSFBIRR s T Seesa 90 |

w9y, INTCON register-® TR CIFBITR (i | [arifTal-zo (7))
WAL, INTCON GRIEFBIRE I ST HTwes St 3 |

INTCON o5t @B readable @3 writable GIfSPBR, 1 7¥1 BB Source @7 o1 fafvm
@I 95 49 LR | T4 FHTIG T WG, SUEE By THE Tt 7B o 2w

SFR of PIC 16 x 84 I7CS Jt A2 [RrIfRTar-205]

(Bzaf) piC 16 x 84 WECTTEEIR 12 T ERESE )

(¥) General Purpose Register (GPR)

(%) Special Function Register (FSR)

R TREFRHME @RrDReTIe T S T | off QA e v | Wi Soew fvw
SFR @ 59 ot GPR 41t o |

feerRem fifey weicrm FueeR w0 SFR 987 #71 TW | SFR @REORSTETS Seieer S fofy
F0a 20 et s e T

(¥) (I SFR

(¥) cifewarE SFR

Option GfEEGITRR FIIT ¢ [EvR M2 | | [arefiTat-20 8 (<))

=T @ﬁ#ﬁ (OPTION Register) § OPTION Register TH& readable “RL Writable (IEPBN !
TMRO/WDT {051, aWBRmIE INT 35155, TMRO &% PORTB (S 748 Pull-ups configure T419 &
fafoq =thm 16 wie w2 | e OPTION Register 3% zuawe ¢

REGISTER 2-2: OPTION REGISTER (ADDRESS 81h)

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 RfW-.i R/W-1 R/W-1
RBPU INTEDG | TOCS TOSE PSA PS2 PS1 PSO
bit 7 ' l bit 0
Legend: _

RzReadable bit W = Writable bit U= Unimplemehted bit, read as '0"

-an = Value at POR '1' = Bit is set "0’ = Bit is cleared x = Bitis unknown

OPTION REGISTER



90 TRTEE Fbw wors ek
331 PIC TREGIITHITIA cellis G5 %7 3% |
=P i piC WRTERTRITR e SHReDE T 2 8

PC<12:0>

CALL, RETURN

User Memory
Space

L ]
Frs 13}
RETFIE, RETLM i 7

Stack Level 1

Stack Level 8

RESET Vecior 000Ch

Peripheral Intarrupt Vector | 0004t
A
v
N 3FFh
1FFFh

[Frifaal-2ode]

Wi PIC16Fs4Ammﬂmmewﬁmmmwﬁmww

mm*raﬁW|

[[Rfifiai-20¢}

Oscillator Configuration : PICI6F84A wﬁmarcﬁ‘mm TG ﬁsa WRTEASY (WIS A e w0 |

ST ﬁﬂ'ﬂi’i—
(i} LP (Low Power Crystal)
(ii) XT (Crystal Resonator)

(iif) HS (Bigh Speed Crystal/Resonator)

(iv) RC (Resistor/Capactior) !

@1, XT, LP W1 HS (e @i RS a1 i@ @uaieivn (Ceramic Resonator) &F Oscillation
Uf} TS W | XT, LP WM HS (IS OSCUCLKIN Pt Hi3s 21w o q31 qFoia Clock Source
T @ | T s fora et age ¢

Clock from
Ext. System

_l>,_.

Open 44—

0S8Cl1

PIC16FXX

0sC2 |

5% $ Bxtemal Clock input Opesation (HS, XT or LF OSC Configuration}



_ foreni3fsr wiREw TR o S
-4 FAfe (WREA oFta fHIBTE SIAFBEI W Capacitor PRERN TAW dwyiem &1, 1 oy«

O

CHYTLAT 2T 8
Mode Freq 0SC1/C1 0SC2/C2
LP 32 kHz | 68 ~ 100 pF 68 — 100 pF
200 kHz 15 - 33 pF 15 33pF
XT 100 Kz . 100- 150 pE 100 - 150 pF
2 MHz | 15 - 33 pF * -33pF
4 MHz 15— 33 pF 15 - 33 pF
HS 4 MHz 15 - 33 pF 15 - 33 pF
20 MHz 15 - 33 pF 15 - 33 pF
o1 OSCI/CLKIN € OSC/CLKOUT- R I@ 3t s .
‘ OSCI/CLKIN 3 «ff it Sfron farsomn iﬁﬁ/aﬁw F GI 2155 T |
© OSC2/CLKOUT $ aft wiat wfieita fimsBiet siised g3m
38 | EECON] GBI 3 oo fe | | | |
EECON 1 2o ¢35 s @RebR, T EPROM (Wi ©i5l SRR Program access FICS
, IR A | ‘ '
3¢ | EECON2 GRS o s e | ]
EECON2 (¥ Physical register T8 93 AW read $ICS 1%, 01 46 0’ read FT | EEPROM,
operation-& iGi write IR G P9 T | '
u ACATET s I
31 PIC 16F84A WATHITRMILR 5 3 341 |
W, PIC 16F84A METHSTRIACTS! 3031 RAoToam 3 e [arf-205]
.5 W SHURA B8 | |
-y m-@uwmwmaﬁam [arefRTRT-205 )
e, g fire-cae PIC ﬂmwmwﬁmwmwwqumvﬁl [RARIT-2038]
e, T @a ProEfi WETERCRMIER SEGIN WEHIR WR I [QIE-008, 38(41fR)]
©.% TR WTHRR KB | | | -
©1  PIC 16 x 84 NTFITHMITIA Special Function Register (SFR) I 37 | [RrifEa-20 30 (eif)]

W@, PIC 16F84A MATHSTRICAT Cooi=iM Fieeiet (afdrora B afm oa 1 [@9fa-2038, 38(+)]

e.oﬂiwml
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34

3

20|

AT B e Fesf
PIC 16F84Aﬁmwmwm?ﬁwa :

SR, PIC 16F84A I wimiats www Feq Pmemmig 3t wrs |
Errmel) oo wommnarn

PIC 16F84A wmﬁmiﬁwn

0.8 IR TR §87 |

PIC 16F84A-9% Clock/oscillator ﬁwnmw |

\s.ﬂa?{{‘ﬂwml :

PIC 16F84A Microcontroller €% Data Memory 341 3 |
T, PlC 16F84A mmmm«:

et pcontroller-tﬂ? Data memory organization <% Rlock 473 3931 %7 |

‘ HTRA 0.8 W I |

STATUS Register- &% 10 367 37

W4, PLC Microcontroller-&% Status Register ¥4 21 37 |
SRR 0, b W GET |

INTCON Register-<3 o 2 337 |

W, INTCON Register-43 LIRBPHE S ST 3 |

Col) v o6 mats

OPTION Register- & ¥fea 36 7 |
o, waﬁmwmmwmwmwn
W‘.{Cﬁﬁﬁo QWL BB | .

EEPROM Memory'® GRESE Feww T

(on mzmo ) s 0.8 7 mg

GPR- «WWth
=R, PIC 16FA GPRM‘@:%WWW:

(el v o et
PIC 16F84A mm Register file map wmaﬁ'ﬁ r

| ) v os v

[arefrai-203 2 (21f))
[RFRRaL-2003)

[amﬁm-éon, 33(7fR), 18, d¢ (7))

[RRsif*TRL-2053]

[rtfiTat-2053] |

. [wﬁm—qms]

[[ifiat-20 50, b9

[Rrefal-20 5 0(51f)]

[Siferal-200¢]

[ArFRTAr-30 »o( *{f&)]
(R0 yo(4if7)]

[Arifiat-205¢]



PIC 16F84A NiZTGFPTHONR coias : Q¥

PIC 16F34Aﬂﬁm~‘mstﬁrerm g

{Programming of the PIC 16F84A Microcontroller)

8.0 S (Introduction) 3

awmﬁwmmlmWWwwmlwmam@
TPLRFAR 43F 9T FRER T0H AF 1 P MG ceham F o A i s
wmw|wﬁﬁﬁn@m¥w§zﬁ(mqcﬂiﬁﬁt@ﬁmmmwm@wwﬁwwr

8.5 fie-Gge PIC mmirmm Qﬂﬁm @FRCER (Types of instruction in mid-

range PIC microcontroller) §

Mid-range PIC TRIHISCHANE SFGTR wedn 35(0 1 erors Wmai o \sﬂm‘mitm Ll
4T €% SIS AT 14 Bits I77S | fG-c38 PIC WRLHFFHEATER (AW (Nl Aresald e
14755 03 was SR | €3 AT (A 5B I TTEHr A0 T |

ﬁm-mplcmiww@wi‘ﬂwmo—mmwm -

(®) N wfaare Fi%a @EPSR AR (Byvte oriented file register operation)

(¥) G wfReaete wi3a @ReS™ AT (Bit oriented file register operation)

(1) foiBTarT @ FTHET WATI= (Literal and control operation) |

fae Soare 3 IrhRew GToe 39 (et wgE— - '

0 IRC-=farte i @fed i (Byte-Oriented File Register Operatlons) 3 CIEV AN Ereieny
(Byte-Oriented) ITHAE &5, £ T wiza @F@Tﬁm C@%’Tﬂﬁ? (Designator) €32 ‘d Frow BT -
(Destination) At RrCir| (Designator) fofes = zm |

Fite C2f&@BTR Designator faza w2 w2t 23 @, iﬂﬁmmmmw @%ﬁmﬁwwmt

CRTT (efenitata ity fAfFe Fut 71 @1, SelitetTa Tomem catars e

mwmwmqwmmmemmms

13 8 7 6 0
| OPCODE | d | KFILE#)

aqTE,

d = 0 for Destination W
.d =1 for Destination f
f = 7-bit File Register Address,
f59 ¢ Byte-Oriented file Register Operations W% (SHAIE® Format : '

EI fo-wfitarte #idn @ErbE s (Bit-Oriented File Register Operations) & RB-wREss (B]t
Oriented) SRR & ‘b’ fom 6 o ceferiaba .(Designator) I T, TR TG CHA AT
(Operation) 4% o 70 46 geifes {(Affected) TR 9t i (Select) T TF aR f G VR TIBER
Address (® TITA T XA ROSTA (13D 71 Wi | s RB-wRmacde w159 @erSH WWH (Bit-
Oriented File Register Operation) 4% (& IR T (HITAE Wﬂ'ﬂﬁ CTIE TE 8 '

13 10 9 7 6 . 0

| ~OPCODE [ b (BIT#) | f(FILE#) ]
LR ICR T
b = 3-bit Address.
f = 7-bit File Register Address.
52 1 4B SRicTs A EREBR WA 0% (ST TS




A48 - TIews by wirs ety
0 Forwe @3¢ FTE™ AT (Literal and Control Operation) 8 TBae waz W w'»‘rrc«mﬂ (Literal
and Control Operation) IFHIEHIAA (F¢E, ‘K’ GATS Eight or Eleven bit Constant or Literal Value T3 |
0 Litera! angd Control Operation &9 (%@ izlmﬁ CEHITES Format (AT T0eT—
13 8 7 0
[~ OPCODE | K(Literal) ]
T,
K = 8-bit Immediate Value,
M°WQ11WWWQWWW

MWWWWWWGWWW TR 77 3

HAweS % ELah
f - @SR Srig
w WS e
b RIS 96 ST 0 (AT 7 79 2SR
k ' ferbreet fess
d SRR fidee
TOS 5% &3 Sore )
PC RN BTV ’
PCLATH. | (2N TGO TZ A6
GIE : (IR TBRIG Grae (45
WDT © GTIOYS BIZNA
55 b1y =t 46
55 mmm@f{ﬁﬁ
) PCHHA
- IR §
<> ' @fera {46 frw
€ 3R % 16 =

8} Fe-qe PIC TRIFREAGR e TTGRTR Prbia 8 ol (Syntax,

operation and description of each instruction in mid- range PIC microcentroller) 8

0} 21%5 SRETST 139 Gferbm S ¢
&WWMWWMWWWWQ%WW@W@WWQ?Q
e ettt syl v .
() ADDWF (Add wand f) 3
- S C D) | § ADDWFfd
X GAES $ 0<f<127
De {0, 1]
X S ‘5 (w) + {D) — destination
u cﬂ’mmwm:s s C,DC,Z

= ai‘avmammmm W' amt@fﬁﬁr@amﬁ‘rmﬁm| 'd' 93 W 0 (7 A, ToTen
w' (AEBTE HEfFS 203 e | o7 T P @REBTR Weafrs 2a )



Y

(0

@

(®

PIC 16F84A NIETHFBTHER el a¢

ANDWF {And w with f} 3 2
X FeoNe g ANDWFf, d
H SRS 8 0<f<127

De [0,1]

N OO/ STEIe ¢ z

M w G2 P B W AR AND AN T | 'd- 4 W 0 T, AT v @fersia
AFFe I GR A 9T T 1 @, FT ' (@ARODIE A S TR | -

CLRF (Clear () 3

n e 8 CLRF f

X IATS 3 0=<f=127

I ST S Oh—7Z
1—)2

H cﬂﬁﬂm@ 8
H & TR T f@W@WW@u

CLRW (Clear w) $
o = g CLRW
X SHRAS 2 00h-—w

152
X BB wWEEe 3 z
i aiﬂﬁwmmm'w'mm(wﬁW)mwwl

COMF (Complement f) ¢
=G EC 115 3 COMFf,d
I 9¥ae 3 0<1f<127

de [0,1]
H AT« : H]
o GO IE®S 3
H ammmf@fﬁﬁr@awﬁwmaﬁmﬁwm|

(?) —> destination

J' = 0 TA, TR ' (ARBITEa Ty Teafive T W3]
d' = | 20, TR F (@EPBIER W A K |

®)

®

DECF (Decrement £} §
= T | 3 DECF f,d
H SoRs 3 0=f=<127
de [0,1]
=R Ll i H (f) - 1 — destination

H GO0 W% g yA

1 p eI FCoToR WME uE REES 7 I 9w 0 93 T 1 T, ZPRFS IS F
CAfePSI TRTH T TCT | W 4" 97 WA 0 T, JPFS MR W' @ROSIE AT I |

DECFSZ (Decrement f, Skip if 0) 3 '

2 QI I )5 g DECFSZ f
H SRS 3 0<f<127
de [0.1]
=G (L 2 (f) - | — destination

Skipifresult=0
= 'f@ﬁiﬁmmmwpﬁﬁﬂfm@wmam'd'wmommm W'
ARSI AT T TR | AR ' A A | 0, NS W f @O A we 1 | dgrre
WWW,WWWWWWWWWW@WWW1 -
e cenara ST T X o)



LY - Burares o w faefR

{(®) INCF (Icrement ) ¢

n fAs5TE 8
pa g0 1 8
H W g

I OO WITHES 8

INCFf,d
0<f=127

de 0,1}

(f) +1 — destination
z

R eI TR a3 6 R @ik 'd° SRR Fres RIS 07 |

(@) INCFSZ (Increment f, Skip if 0) 8

1 A=eTE g
H SAEaS g
=G L ic L 3

= QTR R [R1IL 1 g

INCFSZ f, d
0sf<127

de [0.1]

{f) +1 - destination
Skip if result = 0

Z

Rt & foRTE THTea WAt ) H I W WA 93 § TS TN NEEE 2L ¢ 1w
e W AT, $TR (AW FEONTR TR SRR 5 Ifr A o 3 IH R ;e ol
Beopreem frdr = T T AwEe I fade 3w

(@) TORWF (Inclusive OR W with f) 3

H Besug 3
s 2
M SeEee g

o (FHOTH WTECEE H

IORWT {, d

0<f< 127

de [0,1]

(w} or {1) — destination

Z

M 'w O f (AEPDIEE ICOCER WO FEEHA OR SPIEM Z(T O 'd' Sed 0 RGeS 303 |

{5) MOVE (MoveD !

o AR g
H HHANES 3
H HAg=E H

H 50 W3S H

MOVE f d
0£1f<127

de |0,1]

(t) — destination

at ammmrmmdmwmrﬂ%ﬁmmmﬁm|

('3) MOVEWF (Move Wto ) ¢

=GP 2 MOVWI {
H aeEs 3 0<f<127
de [0,1]
=B e LT 3 (wy— f
o O™ WIegT 3 Z
H w44 @ferbinEs uibt o @ierties Tty 3% 7
(%) RLF (Rotate Left '[' through Carry) %
0 o g WLF, f.d
I IS 3 0<f<127
de [0.1] C »| Repister f
W 3
0 GOOM WINEg g y4 a3 8.5 (%)
H & 3R TR f (PR 3103 MK 9% 9 IR AR A ' ST AE0FS NN

w A ¢ afeona Rafwe R



PIC 16F84A WIZTIFPTRING (2™ a4
(%) RRF (Rotate Right 'f" through Carry) ' )

28R C e | 3 RRF f,d -

M SIS s 0<f<127 4 C [ Registerf
de [0,1]

X ST 2 TEERYC)

Q. Wmmm'f@%ﬁmﬂ%w@mwwmmm'd'mwmﬁm
w 3 f QbR AfFs T
(%) SUBWF (Subtract W from'f") $

n 55 g SUBWET, d
H wATTE H 0<f<127
_ de [0,1]
H ST H {f) — (w) — destination

X (5P eI g C,DC,Z
= f@mmﬂcmw@ﬁwﬁmwﬁ%ﬁmwm&mdwﬁmﬂwmﬁsma
(%) SWAPF (Swap Nibble in f) 8

e 3 SWAPFf,d
2 9iEe 3 0<f<127
de [G1]
O A= 3 (f < 3:0 ») — destination <7:4>

(f< 7:4 ») — destination <3:0>
o RiePSIA (A TR a3 Sie fNaE FTRTRA W G WA 7R | I

P AGFS TA |
(%) XORWF (Exclusive OR W with f) $
=GR LIS 3 XORWF f, d
O AT 3 0<f<127
de [0,1]
b G [ 8 (w) XOR (f) — destmauon

X OO SIS g Z
H w8 T @RriEs (AEPBIRR ITorhd W AFFH® W (XOR) WATIR I @4 °d' WA
T NI A |
0 5 wRoree wiEtn GRESH WEE .
& N SRR TG CIEPB1a FEAR (et B wpieer 91 09 |

(¥) BCF (Bit Clear ) 3
=@ EITIE 3 BCFf{,b
hr G ) H] 0<f<127
0<b<7
N ST 2 0—of<b>
= ammmm-f@%ﬁm-bmﬁ%ﬁw%umwzm
() BSF (Bit setf) &
G LD | g BSFf,b
H 9Hea® 3 0<f<127
0<b<7
hud Gl*’{Tﬁ'H H l1of<h>

H ai‘w@mmm ¢+ @RTBIER b # Bl o st @



Q@

AT FHesT e Hiaget
(*) BTFSC (Bit Test, Skip if Clear) ¢ '
H fedE 3 BTFSCT, b
H ST 3 D<f<127
07
H SeTasE 3 Skipif (f<b>)=0

" f @fReoER b BB 1w ww (0) 23, mmwﬁmam:ﬁmmﬁﬁwiﬁm
weie, *7aSf TG T2 T T O SRS She R TR
(%) BTFSS (Bit Test, Skip if Set) 8

=S LT | 8 BTESS f, b
X IS 3 0<f<127
0<b<7
T A== H Sklpti(f(b))—l

X f @ferteR b B0 of 5 (0) zw, 03 e F1SBIeER I 3 3 sAremm AT 2 I oea
WWWW%WWWW@WMWW
O b o ™ S s
& AFF FAGIIR WG e Bt ¢ SfFtYEtre Srhrey Bhn e ¢ [difes womaem
T AW | @ WY CIRCAT HIOEHL-99 AT Jiex WO 331 IR @3 CPU ITHR SRR g

T I |

'(¥) ADDLW (Add Literal and W) 8
N PN g ADDLW k
X NRE 3 0<k255
H A== 3 W +k-ow

H B0 SOEET g C,DC.Z
H IPRA W6 v 95 Fomm eivm e w @%ﬁ‘mw-—i‘mﬂiﬁaamw w' Q@fe5ra

Aeafes T | _
(¥) ANDLW (And Literal with W) §
X fHeor H ANDLW k
o S9iEs H] 0<k<255
o SfiTas ] (w) AND (K} — w
H (M SOEIe g Z
X v B fobram wibr e w @%ﬁmwmmnwwmmow w @B
HRAFS I |
(") CALL (Call Subroutine) 2
X e 8 CALL k
O AT 3 0<k<2047
H e 3 (PC) + ! = TOS

K—=PC<10:0>
(PCLATH < 4:3>) = PC< 12:11>
X & SRR T (I FN4-2BeF 9 (CALL) F31 88 |



PIC 16784A STRRITG™ caarm - B

(%) CLRWDT (Clear Watchdog Timer) 3

H by g CLRWDT

H A=« 3 OUh — WDT
0 -» WDT prescaler cow
1 5TO
1-3PD

X UG WIRge H TO,FD .
X aiﬁfmmmmemam@mm@;

(8) GOTO (Unconditional Branch) §

=G £ CI g GOTO k
X st 8 0<k <2047
H S« H K->PC<10:0>

| (PCLATH<4:35) 5> PC<12:11 >
X 9 Wmmmwwaaﬁwﬁmmmmu
(%) IORLW (Inclusive OR Litera with W) 8

b Qi S 2 IORLW k
. H SeiEs 3 0<k<255
R weaes ‘ 3 (W) ORk — w
X OO SINEi 3 y4 : ) _ :
= muﬁ%mm-w'@%ﬂmmﬁf&wﬁmmwwmamw-w@%ﬁm
A T | -
(%) MOVLW (Move Literal to W) 2
. u fworg: ' g MOVLW k
H Wofas 3 0<k<255
M S 3 Kow
X ammmvﬁmwm'w'@ﬁﬁmﬁﬁwwl
- (®) NOP (No Operation) & ' o '
=G T 3 NOP
H AT 3 No aperation _ . '
X amemmw%waﬂ%@mmawmﬁmmmaﬁwwamm
TR Fq E | ‘
() RETFIE (Return from Interrupt) 8
SR GCITIE | 3 RETFIE
H ey 3 TOS — PC

_ . I - GIE _
_ X @ ZRRITRA TG $BRG (9t RO i wy
(%) RETLW (Return with Literal in W) §

" g 8 RETLW k
H Sy 8 0<k<255
M o= 3 Kow

TOS - PC

X ameammwﬂcwﬁﬁ#wmaawﬁwaﬁuﬁmﬁﬁmmmﬁw'w-
QREBIR (ore 1 %7 ) _ o

.



vo . mﬁﬁwmﬁmﬁ

(%) RETURN (Reéturn from Subroutine) $ :
" BrEbnE 3 RETURN
H WoRI== ' 3 TOS — PC
X« RGN T SR zre 75 w9 7 ¢
() SLEEP (Sleep) § A
=R LI | s SLEEP
=R Bl 3 00h — WDT
' 0 — WDT. prescaler count _
1 5TO )
0 PD

BB S $ TO,PD
H Q TG0 TN S00E 390 (s T |
(%) SUBLW (Subtract W from Literal) 3.

12 B S - 3 SUBLW k
H SIS 8 0<k<255
IR LcE CH 3 k- (w) > w
R TR TS 3 C,DC.Z _
X g BTFHIENET TN &4Wg BRI bt 7re W @RPIER 060 R T e W @ResIE
AT T ' .
(%) XORLW (Excfusive OR Literal with W) 8

. X GEona 8 - XORLW k

' H IqoEs 3 0<k<255
M SATS g (W) XOR k - w .
X GHRPT SITEe 3 Z -
B g TRHTeE MU eve -y 35 GlEm ©ith WY W @RS s0ert AR XOR

AT B G2 TEAIFE "' (AT TR 7w

8.9 PIC WRIeFIHET Aot WBIFoH (Program strueture of PIC microcontroller)

BraEf (PIC) NASTRTERIR TS SRR MRETS IRL T7 T | 93 TETHRET TR (RS
G (RIS WA AR W ST AR TR e | P (PIC) WRRHECGIETE ST e
cmmmwwmmrmcﬂmmﬁmmWWﬁmmwma

Documentation Section
Directive declearation Section
Macro declearation Section ] '
Main function '
. - Bady of function
' End
' 3 8.9 FBRAGIY OF PIC MRUGIFTHIER (T
(F) SITHHT G (Documentation Section) § TIINCH*H (FP*R (Documentation Section) (TR
wﬁwwﬁwimcmmmﬁ*mmmm;wwﬁmmcmmmmmw
& BRI (i FR A, (RIATR M, Version IS 9% Section-< T@< TITS 20, T SRS RIWGH
fomeg it S {Information) 41 €2 CREITR (RN G W, caiaT Zofim AR, et oyaas
Renfi w2y o =3 ' .
() Rraf¥s fEFI=R (Directive Declaration) 8 TERHITEREY FESEE ~TRIRGR IR | FNCRSTE
CArAl 1 7 Direotive G | (= B T ATCEAG 2R 1 208, SATS &9 BIRTR <7 turned up T
27 directive declaration section @ CYEoT 41 &7 | _ .




. PIC 16F84A TIRTEIFTZIAR cel ' : bd

(o) Tcew R e {Micro Declaration Section) ¢ (IR (W W3 (Micro) 9T 91 directive
declaration-9% %9 declare T TH | . L \ ’

(%) T T G (Main Function Section) § (IS T et w8 A Statement, main function body
(S (#1170 1 9% Section- (FITHR TR TR T2 AT | -

(8) ¥ G (End Section) $. (2T CIT7 End command SR1% 1S 203 1 Sie End 918 g (el

Assembly language TN FEIGTE AR Language Instruction #1139 Fw e | gz Assembly
language FPARIN T, (1039, P (Mnemonic) €32 @9 T GoifdE WO ESH e offFs | Wtz s,
TGt SHEERE I A LS sat TR @2 Fenfe @@ ies opy €3 Command (3 AR T @ SBI WIWW gy
3 TS TE OIS RN TF | a3 Assembly Language vRie*ia 5R1% (4) fre faeg w5, 39—

(i) (510991 (Label) ’

(ii) Fronfa (Mnemonic)

(iii) WTTEA (Operands)

{iv) FCNGA (Comments ) 1 _

TS PIC RIRTHIFTHIR WG yietae (i Sareaet st ot 2 |

infc':r::::ﬁon 7 Program for initialization of port 8 and setting pins to status of iogic one
‘oathe S T——1:Varsion 1.0 Date: 10.10.199%, MCU:PIC16F84 Written by: Jahn Smith
pragram : )

; Declaration and configuration of a processor
PROCESSOR 16F84
#include "pi6fB4inc™ ; processor tidle
Directive #—e——t . COMHG CP_OFF & WOY_OFF & PMARTE_ON & _XT_OSC

* ) Start of program

g 0x00 ; Resat vactor
goto  Main i Go to the beginning of Main
1 Interrupt vector
Inclusion of org ax04 3 Interrupt vector
4 maerp goto  Main i Interrupt routine doesn’t exist

Hinclude "hamc.lnc."

Comment & ; beginning of the main pregram
Maln
“Label J BANK1 000 _ ; Select memory bank 1
Instruction &————— mowwf TRISB 3 Port B pins ars output
BANKO : Select mamory bank &
Cperand & —_
tnoviw  OxFF
* mowwf PORTB ; Set all ones to part B
ioop goto Loop : Prqqrarn remains in the loop
and ; Necessary marking the end of a program
fowss.0
Field &THR 31 3

5 | O %% (Label field) s Label field WR1 (W (2T #1I3K AW I | TEPST Character g G2
Field 18 | ST Label field T wears I0a81d @ 2@ =) @ A&y Assembler-4 ffxn waw e o1 |
TSR AW R A7 @1 (¢ ) fare = 1 $omars (AT HERE TR 9%f0 Label-97 7, 13 HERE-43. %%
(P (3) (WS BTACR + SIMP TLo% Short jump instruction, 9 I jump It Jifee 97 F1& JHT |

R 1 AR (Mnemonic) $ i <o10s 31 BRRmTas AW | €3 TTRRATR e Operands % 91T |
AT Program-4 MOV, Add, ORG-4%Tt Tt faesife®s, 7t Opceodes U8 %@ | 9% Opcode (& Machine code
A T ERE 0, 1 9F TYILT A3 340 TH |

-



"2} 3arAres ey wirs franfs
@ | WATASH (Operands) $ Operands-A3 TYITRE oS (AN afAfFBS T8 | Operands 93 W43 ©T51 41T |
Operands 43 T4 B €I 318 TR S K B Define 91 TR A2 | -
Add A, RS
MOV RS;# 25H
GTA, Add, MOV T farfes a@ A, A; T SHICASY | % SOIESEYAR WU & 319 T3 91 ADD
frcifae o Tl 70 1 QAR RE-A7 FAHS 97 MY A-GF Content (I (A | GIFSRE MOV 0% AT
' 8T RS AR # 25H T WANASH | Q¥I, 25H BI6! RS @ Copy T B TG TLHTE ¢
8 | ITTLA fe (Comments Field) 1 TSI A% fign N gam o1 o (naw By =40 @ oowo
Comment Ficld 99 STHESH T | Comments Field GRamm () o o = T W S Program-a® M3FF
T FA T I 9B W Program-9F W W (iattalbe MItmr FW @RIAR N aff WIGE @ ceew
fetzia sn1m @ ARTR T IJFHS (IR ATH TR A | BTG (AW GER (2) e arere mima Im ¥
AR TCACY | T (ST T2 L3 SYR WAV 9% Comments-L3 Ignore ITGE |

8.8 DG (STHTIND PPF1 G IDE (WREL)-7 Fewal (Define Software Development
Tools and IDE) $

(@ 34 FECGWIE TG TRHFEINAT IC-CS Aoy A ooy cong™ oa= F20 70, ofe
TRGEUTE (STSAATHT JF (Software Devetopment Tools) I | 93 ¥3T#2 AWTCATRGTN FOWTHy 39507
AR AR ATHEAT ITHIHH 9% AT APOEWR (Software) &T! 0¥ Software €3 fROWaTe! IC (@ (T
Burn {CFTT8) T TH |

TARAT ¢ (i) MPLAB™® IDE ; (ii) MPLAB®™ €32 Zenift |

W& (IDE) : Integrated Development Environment-43 @ %% &M IDE. 9ft @& yqtaa Single, Unified
(Tefeize), aifFars L& THRUPH (Graphical User Interface) ! MPLABIDE <1 “fafee | @ 93 W=

Third Purty Development Software.
BRI 1 (i) MPLAB™ IDE Software, (11} Programmers.

8.¢ PIC NRTFITHMITER FDSWR (STSMATHD JoT 3R, IDE-F SR (List of some

software development tools and IDE for PIC microcontroller) 8

WA PIC MELFFTLATAT TVGGHRA (STSMTTS foiomm fes oiferet orm = 3

(¥} Dev Tools Forums

() MP LAB'™ IDE

(1) MPLAB ICD

(9) MPLAB C30

{8) MPLAB ® 032

(5) Hi-Tech Compiler

(]} Programmers . ‘
TR PIC TELIFCHPICAR fFE Latest software IWA Release TCHTE | ARG 6 Gt 291 3
(¥) MPLAB IDE Vs-8.43

(¥) MPLAB C for PIC 18 mcu

{(*) MPLAB C for PIC 24 mcu

(9} Hi-Tech C for PIC 10

(8) Hi-Tech C for PIC 32 ¥%71f% 1



PIC 16F84A TEATTHISTHIER (TR o

BATEH Software-9% TG PIC Microcontroller 43 T W€ PIC 16F84A A7 &7 42 9952 Software 0T
MPLAB ®. 8 Software-T8 Windows Operating System 9% I Compatible Y38 User Interfacing. @3 g taf«®;
fags g @ zremi-

i} Drag and Drop Variables from Source w0 Watch Windows.

(1) High Level Source Code Debugging.

(i) A Muluple Project Manager.

(ivy Customize Data Windows With Durect 1idit of Contents.

(v) A Full Featured Editor with Colos-Coded Context.

(v1) Moves Over Variable Inspection.

(vi) A Single Graphacal Interface to al! Debugging Tools,

AR TSR a9 (Explain the Assembler Directives) 3

T

¥4
T TTTEBTA (Assembler Dircctives) 29 4% YITAR SRS Command, Tl Source Code-9 TILF Sd1 B’

U {drectives (F IR Pseudo-Instruction-8 991 T8 9703 | Directives Assembler-¢3 fAred= o7g &, FrsiAa CPU
Tnstruction- S8 afgfess w2z «f Directly Machine Code-9 Translate T8 1+ Assembler-¢& f9ugd g
3] dircctives T9RT T | Directives Input, Output 8 Data Allocation Control 372 1

fAts PIC TRTHTITGIER IRFS FWHOG Dircctives 93 AT 6 QT7F 31 T4 0 70—

(F) EQUI (Equate) Directive

() SET Directive

(*1) ORG (Origin) Directive

() END Directive

(3) LiST Directive

{%) # Include Directive

(%) (-3 Config Directive

(%) Radix Directive.

(¥F) EQU (Equate) f¥f3® 1 3 fora®efl wafb Constant Value worat @3 Fixed Address (& f&#13w Fa
T qAEE T4 A6 Data Item-93 &) Storage ¢F sct $LI 7 S THPR Constant Number 93 Teraeh faraa
[ITT W | 75 EQU-9g 9B Jrrgae AL T 3

COUNTEQU 0x25

MOVLW Count ; WREG=25H

$MFA Program Segment-8 Counter Constan-93 5 EQU WATR @91 TR €2 *FENS WREG
ETHHF Load IR S Constant IHE LN 1 TR TFGIEH “MOVLW COUNT~ afafess TR, T
"WRE' (RfSPBITa 25H 1R (*1T% T¢d |

(%) SET fera¥s ¢ a2 few@sf 93fB Constant Value W91 938 fixed address-CF (0139 T3/ & A5
21 SET 942 QU ferafea Fo® G3% (Identical) | QYR *nda wAl, SET fSm3rsa Mm@ Value-(F “Td
Reassigned 41 I

(*1) ORG (Urigin) f6Ta¥® 3 Address 93 ©F (Beginning of the address)-(® famf a1 33(ETT (Indicate)
IR T ORG SfBS TREe T 1 aff Code @3 ©IBT (Duta) TSI &7 TGS ZLT & | ORG 97 407 ofr
& Number 3107 €278 AfF hex W Decimal @ A9 F0E 701 T Number 8 hexa (H) & 741 =1 7 =@
97 CEHA® (Decimal) €1 T £ Assembler OTF hex-@ Convert 302 | fag f#g Assembler ORG 92 "Iﬁf
fofens () aaEm #7a (@99 ¢ ‘ORG'.

() END Directive : 4% 436 ewgrf form¥s 1 @B Directive-9% TG @15 File O ASM file @3 99
AT X 1 WAIe Assembler-(F (&I A1 Source file 93 (¥ JATAR T END ferafde wese 0 | END Rwfis
TR PIC (HIATAT 5408 ¥R ( END-9F *T3% TMERST Assembler ignore ITCA | ST3 (AR FLAE was
END 747 %73 |

&



8 ITATEE AEST W fHamfsy

(8) List fStaf¥® s «% forafaslb @21 Assembler-Q TF2QR ¥ T 1 PIC Assembler €97 & LIST ForafFsS

T Unique. €39 W2 PIC chip 9% 3 Assembler-(3 fAti™ 308 | ufb fmawsie aegm sar 20
LIST P = 18F458

TS Statement-£3 W T, A% PIC Assembler-(F T (7, WY@ PICISF4S8 NETHIHEER &
fAfe2 (TP Avsermble I S TS BB BoATE TRITAR & List T98S T |

(5) # include forai¥s ¢ 7% 1@ &7 Library ®13orzs Treg@ W@ & 9% @RS (Directive) ITT
T 1 3R LB PIC STTenRTE 79, AW Brom w3 ke aewn 39N T, 1ew conat woNh 1w

(®) (~) 3% Ol {(-) Contig Directive] $ ST fBrora wey 25 sl cwen a3 forzfes wags

£ T (-) Contig feraPren Taxrm 338 o3geyd | IRY 1 forafs QTSR (Incorrect) TIER T & pIC 59
g SRITERAN T8 TE - PIC fFS301 Power-up SR IR RE03 0TS T 992 903 300000 H CITI=TH
AEFT FILT &

(%) @ TS (Radix Directive) 1 Frvifae Fobw Rirsbmm Wt cofmm fa of o 3@ o5
whew fee gags oz . 1 afew feralis aem v 71 o w2 fowd sne amshmm w1 < | 3% SwE)
“Radix Dec™ @7 4374 FAeGT 773%e 3% wiere foes Rnsronds «fiesv ofmm @ 7@ 92 @ W
RTINS SN (AR AT WA A0H WA |

8.% afHFTHTm (e e YI"TYR (Steps to create an executable program) $

fers @B 8051 conam 2efa, SR @ T TAR aftFn oo o 7 | wRE TLEHI, PICIOFR4A '
TLHFRCRETER OFLE 2051 Assembler 93 fRATE PICI6FSIA TR (Assembler) FHATTICE 37ebe
(Install) 9ISTE E@ . PIC 16 FB3A Assembler TS ﬁmﬁww L1214 3

8051 (TS TR R I (Assemble and run an
EDITCR
8051 program) 3 PROGRAM
e 9T 8051 EWTRE T2, WETNE ¢ AW AN myfileasm
fil?ﬂ. ! i$a3=‘-<a*|C§ RITAT &5 ¥
(®) 7Eawrs rem GHS afEBT (Text editor)-93 A:;%??ER
TRAM
AR 4% SRR TGS (Assemble e 1oy ]
myfile.1st
language program type) ¥ i (GFG @f¥BA (Text
editor: & MS word, note pad YOI Rl LA myfileobj o rmhtr oby files
w1 7 - feg sl st Srgta (3, T4 File LINKER
PROGRAM
save I0E ILE ET¥S File name 99 Extension
fRR ASM & TS TWA | ASM extension 1% myfile abs
TR Source File 904 .
(¥) a¥= ASM T& G B34 (Source File)-(F 8051 oM
. PORGRAM
Assembler Wd (WR (TG {Machine code)-&
FATET T W | AFEATHE, QAN Assembler ﬂl \
MyTuC.REX
object file 2 R i TR G File-99 Extension
name AT Obj TS T4 | fPuss.s Steps to create a Program

(*) 4 Step-CF linking step TA i QYT T Obj FIEWR FUSH Absolute object file 1% T | T3 U@
abs file 778 ¢ @3 abs file 8051 GRS T Monitor program fER1a @/ o713 |



PIC 16F84 A NIZITFTTRIEAT (ehiati ve¢
(7) CenaiTas 9% 599 €It abs file-CT hex file @ Convert 39 T | 4TI 9% hex file ROM — @ Burn T4l

W | ©49 @ ROM- aamﬁmmﬁnewceﬁwﬁmuww&%@ﬁﬁsﬂmaﬁkom &3 TG
FIFS Program TIRAT 919 | f918 9B Program 1T 2y ¢

1 0000 ORG oH ; start (origin) at 0

2 Q000 7D25 MOV RS, #25H ; load 25H into RS

3 0002 TF34 MOV R7, # 34H ; load 34H into R7

4 0004 7400 MOV A#0 ; load Ointo A

5 0006 2D ADD AR5 ; add contents of R5 to A
inowA=A+RS

6 0007 2F ADD AR7 - ;add contents of R7 to A

. ;now A=A+R7

7 0008 2412 . ADD A, #12H ; add to A value 12H
inow A= A+ 12H

8 000A 80FE HERE: SIMP HERE ; stay in this loop

9 000C END - ; end of asm source file

8.9 PIC SITAN{eT SHRETIS! (Rt Cefig® FiT (Name the files created in PIC assembl;

language program) 8

PIC NSRBI (2l war oen RSy cenerfiie wpieenrer I9ER I & | (TRA-SITHE AReTE
1 srestas Xoiifa « STl keI @ PIC (e (S TR0 W1 Run 907 It wise ol 1w

AU (THC «feBA (Text editor) 93 AR SHEHE TReTE ety 3% o TE G R ST

RETTT (R 21103 (T8 T2t T T WG AT ASM |

94 PIC assembler W= ASM WWW@W%WW@QWWWWEI xa‘i
TR BT 7 LA obj T W |

Obj file ¥ linking T g™ T3 t6f2 “@ | IE YRGS WAES TIXF (Absolute object file) ILH | AL
ash file |

€F9F abs file (F hex file- FoIEI AN 7 | FINA PIC wﬁt@m ROM 9% hex file burn 331 T |

2R (PIC) NRCFFTHTE ST TTRGTAS (Assembly language) (I TSI (Convert) €R &) (7 7%
ST F_Ee T (Gate ey (el 20 3

{iy MPLAB®™ IDE

(iiy MPLAB ICD3

(iii) MPLAB PM3

(iv) PMASM

(v) Hi-Tech Compiler 3S5if% |

o (T% W Assembler IIFT ¥ 91 (I, PIC Assembly Language Program (¥ Execute 390 fArsa
File @771 (8 T8 | 3¢f1—

{i) Absolute file

(ii) Hex file I Hexadecimal File

(iii) List File

(iv) Source File 91 ASM file

vy OVhisaet Tila



by Ewrarey ety s fraafa
s Borares file-wtoma a0 orew zot ¢
(i) Absolute file £ Object file-CF execute AT T AUTH LT 1L I BTG T | AT Assembler @ A
G object file-O% FRIAEH Absolute file 284 FTA | Absolute file-99 Extension XL ‘abs’ T3 OTF abs file-8
7 A | 4% abs file, PIC16F84A GEAIER TAITX Monitor Program T30 #1¢ ¥ |
(i) Hex {1 Hexadecimal File : 3% (T File ¥ hexadecimal 3 hex code 9ITF, BITF hex file I | 93 file- I
extension T ‘hex’. TAS abs file (FX hex file-9 FNGT I T 1 9% hex file-9? content TR hexadecimal
code-(F NRTHIFTHIIT ROM-4 burn F TR | B & ROM- T (LISl S WETSHTREAG 316 4 |
(iii) List File $ ASM extension T file (¥ Assembler A% WA List file- Convert 991 TW | 43 fle-A2
£ extension AT *Ist’. 9l TS Optional fite, 9B ceiemIR @ b RE] G?F'Q’L‘f file. PRV A% file- 99 WL AFA
B Opcodes, addresses @32 7391 &1 error A1 | Assembler M (3 1 BT BT T ' list file- 47 N0 A1aw
T | A0 (RS HTARCA T file-C3 ALCNGT T30S TH | 4B file B editor 93 TYRH @SS A W 1 ¥R €I
file-A% WYX Syntax error AR 1T error-€ WA T |
(iv) Source File I ASM file ¢ Assembly language Program-(F execute FARA WA A2 editor-9 TS 513+
T OTF save FACS TF | Save IR AT TH file (F ‘asm’ extension P save TS 271 3 ‘asm’ extension
F file (F source file-8 T T | ASM file €Y assembly language Program-(¥ execute 391 A8 Al | AR editor
R Notepad, wordpad ITES TTE “I1TA | SIS MPLAB, PM [A] SM, MPLAB PM3 TR0 emReenTee 512+
313 o fery @fShy A
(v) Object File 3 ASM extension I® (myfile. asm) file-(P PIC MITHIILHRNEE Assembler ¥ Machine
code-4 AT FA1 W | PTS Assembler ASM file-CF object file-9 FYFA FH | Object file 93 extension TN
‘obj’ | THIZET myfile. obj (% obj. extension T& 4H T ATF object file TN |

SHFNeTN-8

uﬂﬁmm : I
Mid-range PIC TRTIFITRMIGR TGS e ity

=B

Qi ﬁ‘m-ca. PIC NRTHFRTHMIRT TG G003 TS0t S I A1F?

=g oo

o e eSS Rt e

R, WL (STSATAD Bt e /@ [arferEl- 203 3 (71f3)]
Er=f) @ von bemT MOW NAHFEE LC-CT @MW @A W, OXE TIOOR
(STSMHTIG GFA A 1

81 IDE ¥ f W $y

IDE @3 *f = T Integrated Development Environment.
@! Source File 7 [arefrza-2038, 38(=1f)]
W, Source File IS & AEr [rifitat-203 0]

Text file-(F T4R Save T T8 Sdfie St (7 OrEMT ettt R, SIS Source file I 1



PIC 16F84A TETHIFTHIMA (2 rq

1 Objfile 7 ' '
Source file-CF (A TRETTE Ho1T3 T BT Obj file ICH |

a1 T R s S @y ([RIIfTal-208 S (4fR)]
W, Assembler directive T9TS ﬁ qHmr . . fartizai-200R, S3(2fF)]
Wﬂm ferafien wiomeR &fs e - suurcé code- ATF fFE machine code~9
W“'.F!TFT A . ,

| ANDWF @R INCF SHIG i3 syntax (14 | ' - {RrifTar-2058].

ANDWF-49 syntax ¥ ADDWF f.d
INCF-93 syntax T INCF f.d -

%1 PIC-&% RS ebemitam wiw (Y | [arsiferal-20b 2]
e, mw PIC STOBGMIET =% (79 | - [amifaaos]
(== ) frmw pic-aa vl b omTm T cre T 8
(¥} Dev Tools Forums

(¥) MPLAB ICD
(s} MPLAB C30
(<) MPLAB IDE Vs — 8.43
Yol Assembly Language instruction I ficlds TR ’113%' e 3 Jz [rrifral-2on9, So(f7)]

4] Assembly Language instruction G2io 5@ fatm sif5s | -
() Wmﬁi‘ 3% (Object ficlds).
(X) IR {3 (abs fields).

» EirEcucH §

- 31 RRe-ce PIC TRTHFBCHITNF Instruction set (T FHSITT Sfst Tt T2
e, BarReey fe-cre Fronidft siReEeclimee TG (b offem e | a0 do)
O, PIC TETEHICHIAT Instruction OF set T 4R SETIA N (MY [areifaiat-2o8 8]
W, PLC o STHIIER Instruction G sot T EPR? QTR 7T O | [Arfear-203 ()]
fi%- (3@ PIC TRTTHRCGIANA TG G © ST S5 Tl TR, Tel-
(=) NEY Wﬁ@‘(‘ﬁ? 137 (RfETBR WAIT (Byte oriented file regisier operation),
(¥) [R5 wRerbe 1Za @fembm Wt ™ (Bit oriented file register operation),
(1) oS ¢ FTHIer ST (Literal and control operation) |

31 IRDETR (SrMATES Ft TS B e [Arifemar-2053)
W, Software development tools TC8 § A2 [aefETa-20 ) (19)]
wwaﬁemmmmﬂmmrﬁmlcwcmww ST FEHGWIN -
mwmrﬂmm QWWBQWQWWWWWWWR QT foe-
Software W¥ fA0 TS IC.(T (@™ Burn ST EH 1

© 1| IDE 31T & W@rr : . [Tl s))]

- |49, IDE $IF 9H?

IDE ¥4 "L‘f wd = Integrated Development Environment. 46 @% RISk ﬁl@ﬁ’l ER e

cHfErrr BRrem B wrh 1ot A T e adfSfees A e

e . S,




btr
8i

¢!

&

91

FTAACES b wis fHusA
PIC WRGFRLMIGT Toremm ife=] S 39|

(Ba]) v piC FREEEEEER TEDSTR (SreATS baeT S oy o o 3

(¥) Dev Tools Forums () MP LAB® IDE

(") MPLAB ICD : (9) MPLAB C30

SR PIC NRGHITHMIET fFE Latest software IAHT Release TR | AN gy (At T ¢

(F) MPLAB IDE \'s-8 43

(¥) MPLAB C for PIC 24 mcu

(1) Hi-Tech C for PIC 32 371w |

PIC Microcontroller-99 directive-oTo Bgd 33 | larefErat-a o yo #fa)]
W, PIC RRTHFFTLMIEE SRES6mT S 34 | . raTETal-20 3 (#if7)]

g directive-978 7T 39 ¢

(F) bss " {¥) data

(%) .memory name, size (nn) [ origin (9) pash section nam [ altri]

(8) .pop section [ ] ' (5} .Section name [, “flags™}

(%) .Section name [, attrl] (T _text.

fe-cw PIC TRWHFFTHMITET ANDWE instruction-a syntax, operation 39 39 [RrFPTRL-3 0 po(*ifa))
W4, ANDWF TRt Fredna ¢ weina«= o B S E R S TON:T 5

ANDWF {And w with ) 8
=@ EIGIE 5§ ANDWF{, 4
I WHES 0st<127

De (0. 1]

H GOOM WTEe : Z )

H 'w a% f @Ee0eg Wy afGHE AND S9ats K d- U9 T 0 TE, TP W (@ferssia
AEMFS T3 A2 ' AT WA | T, TR (AFEPHTRA FafES A

(-1

@-coi 2 Sent At TR O wikeRE-g @ T e | (e ferar-s032]
mmﬂiﬁ‘mﬁnmﬂm@nmﬁaﬁaﬁcamﬁzaﬁmm— '
1 0000 ORG 0OH ; start (origin) at 0
-2 0000 7025 MOV R5.#25H 1 load 253H into RS
3 0002 FR IR MOV R7. #34H :toad 34H into R7
4 0004 7400 MOV A #HD Jdoad 0 1mio A
5 00006 2D ADD A RS ; add contents of R5 to A
. snow A=A+ RS
6 0007 2F ADD A R7 ; udd contenty of R7 10 A
. cnow A=A+ R7
7 0008 2412 ADD AHIZH s add to A value | 2H
inow A=A+ 12H
8 000A SOFL: HIRE: SIMP HERE . stay in this [oop
' 000C END . end of asm source file




b

»1

PIC 16F84A TRISFCGETR c2hiamm ' by

MOVE 92 Call 375G TG 394 [ARFTA-3 0 32)

OMOVEiﬂWs

MOVE (Move ) 8
. feBr
I w9as

AT
GO SIS

L-1-]

-]

-4
-]

g

MOVE{, d
0=f< 127

de {0,1]

(ty - destination

Z

@ TARIPHTTA TR f*@f“@ﬁ?mw%‘%'d SRR 'w J T AfEeitas g ¥ e

® CALL 3Fare 3
CALL (Call Subroutine) 3
ORI
H 9omas
hn W‘TW

*

o o

o8

CALLX
0 <k < 2047
(PC) + | — TOS

K—=PC<10:0>
(PCLATH < 4:3») - PC< 12:1 1>

=t a%@mmmm@mmﬁwww&uwm:

ADDWE, CLRF "Seit=etty Srba o | [arifirat-203, y3(f)]
WA, ADDWF SRERATwR BRDIT € o I@= o7 | | Rl 20s8(AfR))

® ADDWF (Add w and f) 3

x  fBEerx s ADDWFfd .

N oS s 0<f<127

D <0, 1]
huf AT 8 (w) =+ ()} — destination
H  oHwREdE ¢ (,DC,Z

H & BAHITA3 O ‘w' W9 1 @ISR iot aast 203 | I W O (WA T, T
w' ARSI Fafwe QT qa | o7 =@ o @RS AafEs T |

® CLRF3

CLRF {(Clear ) $
b O S E
H ®omIs
H SATT==

M @B WNHET

oo

o
o

CLRF{t
0<f< 127
00h—Z
1 -Z

Z

R ETGIEHTAR WY F CIePBIRE IR e T o



»o . Zates Gietw wiw fHanty

301 Exceutable program tof# QI6TR 7% W9 |
WY, Exceutable program (SR 46T Block Wi [

(Z=af

EIITOR
PROGEAM

mylile.asm
¥

ASSEMBLER
PROGHRAM

m;'ﬁ]!.:. |5t q_l

ther aby fiies
myfiicob & rn her oby filey

LINKER
PROCGRAM

myhleahs

Ol
PORGRAM

e

myliic.hex

f6@ 2 Sieps to create a Program

31 mqwmﬂcﬁmﬂ&ﬁam%tﬂTM|

) TS e tofim wepnR ﬁ;{ﬁﬁ 3
() af%b‘?[ coEiw

() GETETIE coiarTT

(1) TR e

(¥) OH ¢enama

(®) My. file. hex |

B morgere anrafar |
1 fie-(3®@ PIC Microcontroller-9% ZI 03T caﬁﬁvm g |

2 wmﬁﬂmumwﬁimmmwm

Wa.o e 6B
9| wmmmwmwfm:

SRR 8. e 7B |
81 3 SR caitiom yePrg e )
WAL, B Executable program &7 ietet 247 9
WeAl, GG Executable program &% =47 (A9 |
e, G RATPTH (AMITH QietareTt e T |
A, 43t SRR et YieteT T s |
wEl, G0 Executable program-&!ﬁ QI oy sfse 29 e |

@ -

[AfEa-20) 3]
[afat-208 3 (41R)]

[afftat-20d0, 38]

[ArfRTar-205 3 (7f), d2(#f)]
[arficat-2033)

[armfatal-20 yo(5ifd)]
[arstfEa- 03 ()]
[fital-zos s (o))
[ar=ifTar-205e]



wR/e cMBT war B3 wfeBem »

ATE /3 b aq2 BréwTe afesan

(/O ports and timer modules)

R Gy

T

¢.o Gfia (Introduction) 8

q WG WR/S (AT GR BIZAR ACT oA oSy B T QR | PIC 16E84A TR STl Pl
NIRGHFCHETR | &7 ¢ R OTn N 91 T ( N A T A {Be wal ifraeimm ool wae @7 e
Y% 1 REPOR TR TRISA | ¢T5-B ¥k W6 R 4 <RSI (o1iF, TR wid! RferSH TRISB | ¥

I
¢.5 PIC16F84A TRISFFTRMIE /O Ports-4% AW @I TR AN g ©ibt Rz 4
fePBIR (/O ports of PIC16F84A and their corresponding data direction register) 8 ﬁ%
PICI16F84A TR 18pin 93 WATTFRTHPMR | ©F IMewires A s gom ey oS 130 1o
(InpuvOutputy P Rerm= @ 130 B wRR 40 Port-a REw® qm afe 1O pin-ar e ©ift focrem
@RS me | '
PIC 16F84A /O ports 9fb, T ¢

(F) Port A (%) Port B
Port A 4% It} AR 515 47 Rmpem, maw 3
(F) RAQ () RAL
(HRA2 (9) RA3

(8) RA4/ TOCKI, €22 Port A 4% 1Y 161 ¢aféPB TRISA v |
EHASIR, Port B 97 1Y 816 o Rwmam 1 «arda Aoz aos ¢

(%) RBO/INT (¥) RBI
() RB2 ' () RB3
(¥) RB4 (%) RB5
() RB6 () RB7
Port B 3 FY Y& ©iot e @femSitas AW &% TRISB |

I3 Pont RA4 TOCK

=D -
=D

RBO/INT

fases

€.} WIZ/e AP G ORAR MY AYS BiBT GRPBIER B (Function of /O ports of
PIC 16F84A and their corresponding data direction register) $

O Port A G TRISA Register-3 ¥4 3 Port A T0K, 5-bit 97 43D IR-BTZAM Port, TR AN 1S
G5! AferDia 0% TRISA | TRISA GREPSIR TS 1O port @7 Rwrweiw fdind ¥ 1 TRISA GePBTER X5 0
e 2 a1, @ Output port RT3 w #9403 | W TRISA GERFST B 1 fifea = «ft IRYB (oMo
RO S FAA | ST Port A RA4 Pin 9% H0d Timer 0 module 93 %% TOCK 1 multiplexed SEW 9T, T
foert it 30 Timer 0 Module-93 &7 C 3 stert )



n ATy ety wne fHast

{1 Port B &3 TRISB Register-% WIC4 § Port B 2% 8 157 3l 2k -feraemimme (k) CATG, TR ARY FeTH
w31 aferola TRISB, T 61 SR e % fdid #5071 SR Port B 3790 1 WIEBf AoTR I8 33,
Ffraet @ | T4 TRISB @3 98 0 28, ©w «&f W1e=5 o ReH & 3 @R 79 TRISB 9% <G | {45 =q, o4
f 3795 S RBO Pin-9% ¥ multipiexed SEMR Int Pin T36S TH, T 3 THHAGT et AR W |

¢.9 /O ¢onoa RfEmmigfer- @3 (1% (Codes for initializing 1/O ports) 2

PICI6FB4A (3 W €RR (oG TR, (TT=-

(F)PortA () PortB

Port A ST Port B B8 TR-Reraamiiel (o | Wi (o1irEn wrwsfe e eS-weiel e e
I A | IR TS (AT 97 Y S Tt B (i g o (Write) T T WY WE54T TS
TE, 1 @RPOE e R Y AG (Read) | TR (NFIT Read-write NI od SR Mo
initializing A RS 70 | IR o 3R v B (e Rm |

PORT A Initializing Code :

LISTP = 16F84A

STATUS equ 3

PORTA equ 5

RPO equ 3

TRISA equ h* 86

org 0

bef STATUS RPO; Bank 0

clef PORTA Clear PORTA QOutput data latches

bsf STATUS, RPO; Select bank 1

moevliw 0001 0000H ; RAO to RH3 as outputs,

RA4 as an input.

movwf TRISA

end

PORT B Iaitializing Code ¢

LIST P = 16F84A

STATUS equ 3

PORTB equ 6

RPO equ 5

TRIS B equ h *86

org

bef STATUS, RPO; Select bank 0

¢l PORTB ; Clear PORTB Output data latches

bsf STATUS, RPO; Seiect bank 1

moviw 0000 0000 H; All RBO to RB7 are cutputs.

movwf TRISB

end

¢.8 Timer 0 module-&% Wm (General features of Timer 0 module) 3
(%) Timer 0 435 TR FESE () ROMR 318 70 '

(¥) aft @3 8- bit timer

(*1) TR A1 QA= e Freb fawrae

(¥) QIABEAM FS RAA/TOCKI BIH o9 30 1

(®) Timer 0 Module 9% Interrupt-7% &R TOIF 4R TOIE.



WiR/G (BT aFe GiZuin TfHEem »0
¢.¢ PIC16F84A Timer & module-9% I (Functions and operations of PIC16F84A
Timer 0 module) 8

Timer 0. %% 93T (8 Counter, T B Toawm ¢ qAGRe Tou Fo PIGOmE3 oiw @ | (9
RA4/TOCKI P T qwERmor 339 91 (4l & | PIC16F84A BLSHSTGIGER =2 QHBEAm LD
FIA o QU gt Em g

RA#TOCK ] e
7] L6F84A

B ¢ .2 9FBITIM T a7 WA B
Timer 0 module 9% @ fBa fgs iR ]

Fose/4 (Timer 0 Clock)

|

Timer 0 (8 bits)

[nterrupts from other Sources

e

inlermupt

}—p

s

f5at 3 @.© Timer 0 module 93 31 5T -
fom zte et g, ﬁﬁTimerOModu!cﬁWWﬁWﬁmms
(¥) Ex-OR gate
(¥) a6 Multiplexer (Mux)
() 43 Programmable Prescaler
(9) 9B Syne TG
(8) a3 TMRO GfEsSR |
Timer 0 module 2 5 (31T o1 ¥t 10, 191 3
(F) Timer mode
(¥} Counter mode.
s Bon aew g aofw v g 8

3 | Timer CI® 3 Timer (TG WA 5 TG SR W02 431 ZCH-

(¥) TOCS fFaifag fha MU Timer (s T8 T, A Multiplexer €% TETTR H1e1d 200 @it |

(¥) Timer CNITE, Timer 0 TETH ATETF TGN B SAGTS 07 |

(1) I TMRO EfFOI Rg Write 91 T, o3 S 26 Siieist RToCs TRETTR W) i e |
(%) CAR I TIYFHA TMRO RREBIER Value Adjust I SR ATTAT 916t A0 FICT L |



»8 FRTEE BresY WIS HaF

3 t Counter mode ; Counter (ITE3 SATTI STID SR 5 U3 4 T ¢

() TOCS (52 B MaTR FTTHR (W FTT8 28, W Multiplexer 43 TG e @

(%) TTTHR ®@S fom RAA/TOCK ] €3 8T8 Rising 4 Falling edge 93 ¥ Timer 0 TTT XA |

(st) %AfeTaL edge, Timer 0 Source Edge Select bit 43R TOSE 4% sy fAdn s =R

(%) fnfa <5 TOSE, Rising Edge 13 20

47 Timer 0 92 T 935 External Clock Input AR 35920 21 7, 3 «ft w23 f&% Requirements (F Meet
0 | T3 RS A6 ¥@ @, External $% S*1% Internal (98 34 (TOSC) S Synchronize T8 T 1

¢ & Prescaler @ & (Fanction of Prescaler) 8

Timer 0 Module 9@ a%f0 g 45 SIBOH Prescaler TNA AF XA Waichdog Timer 4 8+ a6 Postscaler
Y | Timer (AEHIAE TN qﬁi =AM IT (AR (Prescaler) T A T | Prescaler (F enable/disable
F%1 X Option (RGPOLIR FIWITH | WA @FEPBITEa PSA 30 ser/reset 93 SIGTR Prescaler set/reset T3 ATH |

PSA bit | T WDT {3 BT Prescaler assign Z8 | 14 PSA bit 0 ¥ TMRO module &% &I Prescaler assign && |

CLKOUT (= Foscid) Dotm Bus

RA4TOCKS l;(‘ M SYNC
pin 1 ol ¥ - 2 TMRO reg
- X Cydles

PSA Set Flag bt TOIF
on Overtiow
0 .
M ot  B-bit Prescalar
U
Watchdog | X s ¥
Tiner
T B-to-1MUX  |e— PS2.PSO
I PSA
9
WOT Enable bd 2 l
MUX PSA
WwDT
Time-out

Note: TOCS, TOSE, PSA, PSZPSD are {OPTION_REG<5:0>).
f6@i ¢ ¢.8 Block Diagram of the TimerO/Wdt Prescaler Function

v 4B Prescaler TMRO &% 8 1:2, 1: 4 ... 1 : 256 *1® =14 3w FCS {78 | TS AR e 2L Bt Option
@5 PSO - P, farha st fadre <

*Bit Value TMRO Rate
Q00 1:2
001 1:4
010 1:8
011 1:16
100 1:32
101 D64
110 1:128
111 1:256




wig/e (Afw wae BiEam AfeSam >

Totad fow TS (941 AW Prescaler @ Block Dmgramﬁ'tm@ e farm sfse—

(i) B 2-t0-1 Mux

(i1} AT 8-to-1 Mux

{i1i) Ex-OR gate

(1v) TMRO Register

{v) 8-bit Prescaler

(vi) Watchdog timer

(vii) @F0 Sync G |

Prescaler-93 WG 39591 FATT% (Point) SR T 4 70T 3 '

(%) 8-fa6 FIBVROE Prescaler EMA Timer 0 module & TILY B T | GUH B 9B Presculer TIRT A
AR, T Timer 0 module YRR Watchdog Timer A3 TR Mutually Exclusively Shared 390 0% | HS9R ¥ T (4,
GHNA YT Timer 0 Module 99 9] Prescaler (3 assign 397 ZUATE, Watchdog Timer 99 8] =3 |

(¥} Prescaler Readable €T Writable 5% |

(1) Q¥R PSA @22 PS2 : PSO A8, Prescaler Assignment 998 Prescaler ez fRefy 3= 1 Timer 0 TEScay
BT Prescaler 93 997 f@mfae i psa-o assign ¥4 I ATF |

() 74 Timer 0 %8R & Prescaler Assign TH, B9 Prescale Va]ue 1:3:4... 1:256 Selectable.

(®) Watchdog Timer (WDT) &9 C8Ld Setting a6 PSA-(F Prescaler-93 3] assign ¥ W | T2 Prescaler
WDT 99 B assign 91 T, B4 Prescale Value 1: 1, 1:2 ... 1 ; 128 Selectable _

(%) T Timer 0 AfGTeE assign N T, BT AP ITA[EH (CLRF 1, MOVWE 1, BSE | etc.) STFT TMRO
QR0 Write T, BT Prescaler 917 204 | 749 WDT-(%F Assign 391 ¥¥, W99 @3B CLRWDT 2PE
WDT-4% AATE Prescaler-(3 {9 $08 |

¢.9 PIC 16F84A configuration word-49 w ﬁfb‘i Wﬂaﬁ (Functions of each bit of
PIC1684A configuration word) $
Configuration word (Program Memory address 2007 h}
R/P-u R/P-u RP-u RP-u RP-u RPu RPu RPu RPu RP-u RPu RPu RFu R
cp CpP CP Cp CFP Cp CP CP Cp Cp 'W]WDTE FOSCI{FOSCO

el
Bit13 12 11 10 8 7 6 3 3 3 2 I BitO
QYN R = fwar ﬁﬁ? {Readable bit)

= iR b (Programmable bit)

- n = POR fATAT52 918 (Value at POR reset)
u = WfEEETAA (Unchanged)

3 (1T (ATEIR 6 (Code protection bit)

1 = Code protection off
0 = All memory is code protected
PIC (TR TS AGTS 141 (TR & Code protection AL T
bit 3
Power

Bit 13-4
Cp

% Poser-up Timer Enable bit

1 = Power-up timer iy disabled

0 = Power-up timer is enabled
Power onm % AW 72 ms O [0 o8 qoae T §9 Power up umcr ARG L |
\’?Il)t'I“ZE H Watch -Dog Timer (WDT) Enable bit

I = WDT enabled

0= WDT disabled
Bit 1-0 : Oscillator sclection bits

FOSC} . FOSCO QOscillator mode | Meq

FOSCI 1 1 registor'capacitor ~ <1MH,

FOSCO 1 0 crystal/resonator 4MH; to 20 MH,
0 1 ¢pystal/Resonator <4MHj,




Y FATES R e franfH
¢ PIC 16F84A NRCHFFTHINTR SNY 9GS WHTBA BiZ+t/Gresnz (Oscillator type/
mode uses wnh PIC16F84A) 8

5T BorTy WEBIER NI oS PIC16F84A Fiee 3 stemr o7 Tm, Tet

(¥) QHOIAEA RC.
() D@ RC,
() {5,
(R) AHGITA® T ¢
RC Oscillator 2% &STT PIC16F84A 33 Y Sicge 321 7w, a1 foTam MITs (v 2o 3
’ Vob
RE
. PIC
0OSC1
CT -0SC2
]
EObC]
fasee

¢.» PIC1684A-% AN crystal oscillator-% FAMET (Crystal oscillator configuration of
a PIC 16F84A) 8

&8 S (Crystat oscillator) TS PICI6F84A TBIFBCHMITA 15 (0SC2) € 16 (0SC1 1 SIT"a ANy
qF AT | 9 TSTFA 513 FBraR W (T T 2

Voo
14

1
T




w1Z/8 (ABT G DIRNI AfeTo ' »q
XT, LP ST HS CATEd CF0, SERerm 28 331 & PICL6F84A TRGFFTHIFNER OSCI/CLKIN @R
OSC2CLKOUT Pitam smidt @ 3f5 fisbre wwar Fmifi® aueneiBa (Resonator) (8 I8 A0S oW | fape B
PIC16F84A 93 FITY TR SHGLR Qeenrz safmam= (riiza o= &
fo@ 2te T TW @, PICIGFB4A @3 MY I fardrer wFReBI XTAL-G® OSCl @R OSC2 97 FRY
Paraile]-9 AT A TLATE |

cli)  oscl

CXTAL

* 0SC2

RS2
c2h PICI6FXX

PIC® MCU

OSCUHCLKIN I\ :

1 :

v Tointemal ,

---------

Rei2) T}} Sieep

QSCA/CLKOUT

| S

F
1
|
L

Note 1: A series resistor (RS) may be required for|’
coramic resonators with low drive level.

2. The value of RF varies with the Oscillator mode
selected (typically between 2 MO to 10 MQ).

3: An additional paraliel feedback resistor (RP)
may be required for proper ceramic resonator
operation.

f6@ § .4 Crystal Ceramic Resonator fims e Configuration
T XT, LP or HS (TTT F@ WA $4T OSCI/CLKIN foees st 2t giZs sam o aﬁauﬁmw
T g S o3 ) e 5T o1 oAt wee

Clock from
Ext. System |D 08Cl1

Open «—| 0SC2

PICI6FXX

fo@ & ¢ External clock input operation

wm‘mmﬁsm C, 9% C, aamﬂﬁﬁtﬁmﬁﬁammmﬁﬁﬁiwuﬁtw
frequency CSI% I T |

©8-lellalle] Dllke RAAI AWM
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b BNATeS Pebw WS fraef

n'aﬁ:r ST
PIC 16F84A (& =y
) 355 7~ Port A @ Port B,

R PortA- &% Y IS 65T ARSI T iy

TRISA
o | Ponn.mwwmammmﬂ?

TRISB.

& | Pomeponnﬂmam‘»‘:

?Féj%wmﬂcﬁrﬁ‘n
€| Timer 0 % N RO o 332
w4, TlmerOﬂWC’Nl

mwm@mfﬁﬂmeﬁiﬁﬁmw&mﬁWaﬁl
Y| Tlmerﬂwm Timer?

Ee=p) v
9 ICSP- Xk vﬁ’ o J2

ICSP &9 % i In Circuit Serial Programming.

b Crystal Oscillator Microcontroiler 9% 3% 737 Pitas sy AgYE?
158 16 %R foree 1w |

® | OST-Lﬂ"ﬁ o oy

Oscillator Start Up Timer.

o1 Timer 0 PIC 16F84-G% e o (retls |
T Timer O PIC 16F84-43 siecamt fia qraicat oomt 3

RA4 TOCK | PIC
L 16FR4A

WY eyraT ¢
31 PortA- €% W§ES <= firet |
R, PortA-ad SSE@ Moz« (e |
PortA a3 #1515 o e, arme g
(F) RAD, (A RAL,
() RAZ, (T) RA3,
(%) RA4/ TOCK1 122 Port A @3 104 Bi51 ARESR TRISA Ryt |

| Port B3 WS Prsraea w4 fo )

W31, Port B initializing code (%14 |

)

(¥) RBO/INT (4) RB1
(") RB2 ' (9) RB3
(8) RB4 (5) RBS

(2) RB6 () RB7

[0, yo(if)]
[RrRRt-200 3 (7))

[armiféizat-205 0]
[F=fa-ae o]

(Qefal-g052, S3(AR)]

frtfTar-20 08 (51f)]
[Arifeirat-2058)

[Arifeat-203 5 (1))
[arificat- 3¢ )

R8-igabrle) 2l kacdid] Ha0RIY



Lo 8-ieliatole] Rlfin kacdie] 22IME

b3

81

¢\

Wl

Q|

b

®l

o |

Wig/8 ¢oow W3k BT e ' .%:3
Timer 0 Module-% YR 238y e | [AIfTal-R088, $3(41fA), $2(7fR), 38, se(#ifd)]
Bt Timer 0 Module-4R KRS A% Bretvt S w4 | [ARfRAL- 205, SR(AIR)]
(%) Timer 0 €35 AT JTBT (19%) RTHTA et 37,
() @b B 8- bit timer,
(1) THRAR T QHGIEAE e Frsbn faupsa,
(9) QWD FF RAL/TOCKI P awim a1 o,
(%) Timer 0 Module 99 Interrupt-"4% ¥C® TOIF 932 TOIE.
Timer 0 €% M09 PIC 16F84-a% AT 51 odrg | [fl-20 s 2(#fA)]

T8 Timer 0 @2 5THR PIC |6F 84-47 FRCTis fo@ crareent oo ¢

Radi TOCK 1 PIC
) 1aFE44

PIC 16F84A Microcontroller- O3 Brgrdzasiy 81t om i |

.

(¥) Enhanced Flash Program Memory (% 10,000 erase/write MRt faurais |

(¥) EEPROM Data Memory ¢S 10,0000000 (&8 10 (Pf6) erase/write HZtwa fawmmm |
(1) In-Circuit Serial Programing (ICSP) @3 &=y g6 *1% fawrmm |

(¥) Power-On Reset (POR), Power -Up Timer (PWRT), Oscitlator Stand-Up Time (OST)-9 €2 4301 g
SrgrRegisty (AMEy fdyat

Fi6 BT PIC 16F84A- & 0T 7 “towy oot 2o

(Beaf) o Betren Shwsivom WO T PICI6F84A PIwe 39 st ora =w, w9 8
() SFRTFMRC  (}) THFAARC (M) b (%) @B o= |

Oscillator-G% Y PIC 16F84A-99 Configuration 5@ 5% |

i Oscitlator-& A PIC 16F84A-@7 Configuration 5@ G741 eeT 8

[ve
14

OsCI
16 C

L ¢
5 15 L'Cz
Gwh
OST F=4TE Fwret g

XT, LP a3 HS Oscillator Mode-43 @] Power up delay ©3 293 Oscillator Start Up Time S
TW | Oscillator Start Up Time &8 1024 cycles I ATAGAN 39 MITHAR T (AT | @ Oscillator Start Up
Timer (OST) WPTAOER AT BITER FoTS! Wi 203 AT |

Prescaler % 197 3

AL, @TER 7 ey ' [RrestfeTa-2ose]
Timer 3 T & PN Prescaler & T |

Port A initializing code (1% | [T 200, So(4fd), 8]

Port A Initializing Code-0TMt fFAT (ORI T0 &
LISTP = 16F84A

STATUS equ 3

PORTAequ s

RPOequs

TRISA equ h* 86

org 0

bef STATUS RPO; Bank O

clrf PORTA Clear PORT A Output data latches
bsf STATUS, RPO; Select bank |

moviw 0001 0000H ; RA( to RH3 as outputs,

RA4 as an input.

movwf TRISA

end



oo
351

3

b3

Ttares vt wits PBaaty |
Oscillator-&% 1Y PIC 16F84A 4% configuration-«¥ a1 s 937 [riftar-205), s3(4f)
I, AR RC ST fBapig e ) [Rizfeizat- 2038 (21f7))

fRCH Oscillator-9% Y PIC 16F84A-43 configuration-a% 5@ cTewl 2ot 3

Vo

PIC

OsC1

08072

1
305!

=

Port B initializing code (¥ | [RREfART-20 0]

PORT B Initializing Code-ST0R3 1% et 3
LIST P = 16FR4A

STATUS equ 3

PORTB equ 6

RPOequ$

TRIS B equ h *8a

org 0

bef STATUS, RPO; Select bank 0

¢l PORTB ; Clear PORTB Output data latches
bsf STATUS, RPO: Select bank 1

moviw 0000 0000 H; All RBO to RB7 are outputs.
movwf TRISB

end

In Circuit Serial Programming ICS §t ZaM? [arfema- 203 Af%)]
In Circuit Serial Programming &% %% %4 €1 ICSP |

» EETr ah] |

>

Y

ot

¢\

Y|

91

PIC 16F84A- R I/O Port- <A I, SIWR AR YW GIOT AHRASBITR Aore e |

(Eon s ) s @5 w B
/O ports 932 G5t @ReSIHT iw 3t 3977 |

(57w e ) e ¢ 2 7 w89 |

PortA initializing Code f¥ |

SRR €. W FEAT |
Port B intializing Code fid 1 [Ariferar-2050)

(B3 o ) sk ¢.0 e wBS |

Timer 0 NSO FigR o Brae o3

(3w ras ff) oo ¢.8 5 8397 |

PIC16F84A MRUGHFTHRINTE S BiRsrrr o 37 )

Prescaler 3 1% foarz 3t o9 [Fr=fiat- 2082 (4f%), 58]
R, Prescaler G FEES 37 37 ¢ _ _ [ArefRat-2032, S3(4f4)]

B8-igllble) D1 kgele) 28231



PIC 16F84A CPU-&¥ Bmecaie R+ErmR d0d

PIC 16F84A CPU-4% STHUGTT (Afrge
(Special features of PIC 16F84A CPU)

o s

v.0 G (Introduction) 8

9 ST PIC 16F84A CPU-9% R (v Qaf¥Bpmg amag ©f fon SiTams= 321 Ttk | 9TS POR, PWRT,
OST-93 RFEBPIE M WIS SR IR AR | POR 15 Tn +pr (emms® ¥6 | PWRT for1

- DR OITE0 T AN ( OST BRI HIFIT IO TS @Al 3 AN | News Fpeem R TO we
“heum wrew fab T PD |

.5 PIC 16F84A MZAFITHMIT IS REIBIZ (Types of Reset used in PIC16F84A)
PIC16F84A 97 =it srfamn fog Ream Bo7 e v | (PR wivtwa B ol sios 77 I, o
R Power On Reset (POR), MCLR Reset 29717 | Power On Reset (POR), MCLR Reset WI@HISTHIE

ASfi® QIR TE I® B | Master clear MCLR reset 38 ¥R Sleep Mode-d3 97| ¥ T,
VRIS RPTHIATA 2oz weiterm I [iys 2o Watchdog timer 4G5 71 3731 |
5 @#B On-Chip Reset FFGT Simplified TF ST (AT L0 ¢
E = External Reset

TG =

MCLR —
SLEEP,
WwDT [WDT | ’-
Module| Time-out
Reset
& 2/
v Power-on Reset 5
1n
OSTPWRT

[=)

Chip-Reset
E I_D—blu—bit Ripple Coumerl-"jD R 0 n—-li o
Q8CI/
Enable PWRT

CLKIN R
. PWR1
| bl U-bit Ripple Counter }-
Enable OST

Note-1 : This is a separate Oscillator of the CLKIN pin
_ﬁ"'nﬁ 2 4.5 Simplified Block Diagram of On-Chip RESET Circuit

f5ta MCLR. (Master clear) RS It =B 703 fFB1R SR T Small Pulse ST Ignore ¥R | OfF Active

Low-(% ¥& 38 | MCLR PItRR SqT8 Pulse-s711a Seelierm c=ififisca=im ga o1 | RESET Condition-93
T fog @EFEBIA (F1W &S TG 7 | Power on Reset (POR) (G FBT0M A<~ 70 =1 | Siwwa Wiy fog frg
@feror FERAfR® RESET State-9 @1 &1 1 991

{a) Power on Reset

{(b) MCLR or WDT Reset During Normal Operation

{c) MCLR during SLEEP
©T@ @A WDT Reset During SLEEP, State-4 &®Ifd® 31 41 |



o} TRTES s syre Haafi

.2 Power On Reset (POR), Power Up Timer (PWRT) 4% Oscillator Start Up Timer
(OST)- 9% 4t (Concept of Power On Reset (POR), Power Up Timer (PWRT) and
QOscillator Start Up Timer (OST) 3

Power On Reset (POR) $ PIC16F84A TETGHSTRMTR T8 Power supply TN @ FACAR 7L A, S
‘meﬂsmdw Clear @ s 7w, 1t fel MCLR 9% TR 0 T | T4 V), 93 T

Jmm,wmwer On Reset “[#F3 (GG &X, ¥ MCLR (F fHei &3 (7, TEEFITHIETHCS HATLTR
g agre i e sae wR)
fars w3T AT AT & At A4S www 3 T ¢

> 3w
R,

M, ', —

Voo -
MCLR

PICI6F84A

8

5 3 &3 GG *NeTR WA KT MG
Power Up Timer (PWRT) $§ Power Up Timer (PWRT) YRS Internal RC Oscillator FTHIFR AfGER
@ T I T 1 Internal RC Oscillator-93 8 G0 fAWE T4 (SIT0S Level A7 7RI | WA (S0 Level

faf¥8 e (A B (T Delay Time-A8 FASIA TE, YETE Power Up Timer (PWRT) (i Delay Time (IITRD
TR A |

Oscillator Start Up Timer (OST) § XT, LP @& HS Oscillator Mode-93 &= Power up delay-93 LEED
Oscillator Start Up Time % & | Oscillator Start Up Time &8 1024 cycles Al YTAGAR F& AZLFER (AW
(% | @ Oscillator Start Up Timer (OST) SPTABATE FfeFOA IR foTst amm TR «1TF |

.0 B WITE BrFrm ¢ o ©i% GO WA (TO/PS) FFT (Functions of Time
Out Sequence and Power Down Status bit (TO/PD) of PIC 16¥84A) ¢

TO S

e wiSs Frgmrn 6 Tk TO wde o @3B Active low 88 1 PIC @3 f391 IS TIHF (Sleep Mode

Function) 5918 7% @ {45 #f@ 3131 @ff Status Register- 93 TK® 9F b | @ T Reser 97 MG TTO
PIC Sleep Mode ZT® (afaT ST |

PD$
oenr BT (45 TR PD @ a9 <3 Active low 1 a8 Sleep Mode Function-a 318t e | «fb

Status Register-9% W8S 935 fa5 1 9 45T Reset- 9% WL PIC (¥ Sleep Mode-94 AT TIeW T | WA Sleep
Mode-4Q TR 1= Brw1) TR @B 4T Power Save I3 |



PIC 16F84A CPU-«9 Stgrtaiy 2afBrg 09

4.8 PIC16F84A-CS IRGT 2TTIH TR TR IR (State the Function of Each
interrupts Sources Used in P1C16F844A) ¢

TorEPE AT (Interrupt sources) § ¥ORRG ™% =€ 4| PICI6FR4A AETFRTHENEL & (TR

EORIS5E Fe I, Of TR
(i) Port B change interrupt (it) Data EEPROM Write Complete interrupt

(iii) Timer O interrupt (vi) QHCRRIA BB INT,

A TG THRAGA TR PTS INTCON AferSi ufB I8 0 wwat | ¥7er 3ta | wefie qAGRAE 3016 INT
42 WHFA, Y4~ INTF, INTE. S@¥ Timer O Interrupt AYR "W, TOIF, TOIE “3® Port B change interrupt TR
RBIF, RBIE | '

ST @ IBRIGICRR S AN 31 FAT (Common) THRME e F@ T GIE |

s 1w BBrsBa e wftre MG wea 9 zom 3

TOIF
TOIE

INTF
INTE

™ Interrupt
] / To CPU

RBIF
RBIE

GIFE,

foes arere 3Bt eiefe faafae ol oren Tt ¢

(1) External Interrupt RBO/INT :

Externat interrupt @ 31 Point W03 T <31 T ¢

(i) External interrupt RBO/INT {4772 Tigrza vigm a® | «ft @3f5 edge triggered interrupt B105% |

(i) T INTEDG bit (F Set F1 TF B edge B rising T 932 FW INTEDG bit (F clear 41 2 OF edge
falling FCS WA |

(iti) T 75T edge RBO/INT PIts SitA ©izet INTF 5% Set 202 | 42 TH16ta &1t (Disable) ¥41 28 1
famfae ek 76 INTE @2 M40 < |

(iv) T INTE fa00® Sesl (ATF Set FA1 T SR INT IT9a TG Processor Sleep ((FIG) (T3 SHAT TR
wefie Wake up LI |

(v) Y TS WAFR interrupt vector-d JiWw g B I AL S GIEWWWW YITH |

(2) TMRO Interrupt 3 Timer 0 30710 §

TMRO interrupt 93 A L6 T35 SAITX T 4R 2T 3

(i) TMRO @3B overflow interrupt 1054 |

(ii) TMRO @7 Z5R1<5% L@ TOIF, TOIE.

(iii) TMRO €% Overflow (FFh-00h) flag bit TOIF (¥ set $9C |

(iv) Setting/Clearing 48 TOIE @3 Tt THIAE enable/disable TTE AVCA |

{3) PORT B Change Interrupt :

PORT B Change interrupt €3 34! fit5 *T3% Wit B0 431 o071 3

(i) f39 RB7 (X7 RB4 9% WY (A5 B @3 THRN5 o= 10 & |

(ii} PORT B Change interrupt %71 TCF 8 RBIF, RBIE.

(iii) ¢*11F B 93 ¥ RB7-RB4 (3 Input #f7TEH TAF flag bit RBIF Set T |

(iv) Setting/Clearing enabie bit RBIE 49 T¢I 31316 enable/disable TS LA |

(4) Data EEPROM Write Complete Interrupt :

Data EEPROM interrupt 4% 31 fT5 #1000 S S0 €31 2ven 3

(i) Data EEPROM Interrupt $71 N 8 EEIF, EEIE.

(i) Data EEPROM write cycle 93 ATIGTS Flag bit EEIF Set T | Uf3 EECONI @3 Wo¢® |

(iii) Setting/Clearing bit EEIE &9 T4 IBABTE enable/disable LTS ATA |
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b.¢ PICI6F84A &% Watchdog Timer-43 Operation I (Describe the Operation of
Watchdog Timer in PIC16F84A) 3

Watchdog Timer (WDT) : GTT5% (Watchdog) B1RYR 2o @#f6 Free Running on-chip RC Oscillator, TR
(3 External STITACGA ATHGH T8 11 @8 RC SPTeBaf 1o1® pIC16KF84A 97 OSCI/CLKIN e sie
AYE WG (ATE Jrewil |

fesa foua watchdog Timer (WDT)-93 3% STIATH WHA w41 TN O3 NCTEAAR ] ATHB WA T
-

From TMRO Ciock Source

B

wDT l
Timer

Postscaler

=xcZ

&

WTDT PSA | §-to-1 MUX Iﬂ— PS2 : PSO

Enable Bit

——— To TMRO

Oy i
[MUx fe——psa

wWDT
Time-Out

Note : PSA and PS2 : PSO are bit in the OPTION-REG Register.
foa 1 v.8 aWE wf BiBIEA 39 B
WA 3

(¥) foR 2T o1 AW Warchdog timer block diagram FITe frergm fw sfys, 7 3
(1) WDT Timer— 4% i) 8-to-1 MUX- 1B
(i) 2-10-1 MUX- 2f5 ¢iv) Post scaler— 1B

(4) Watchdog timer 97 3T 9 TR TYF, T4F PIC16F84A fESBGHR OSCI/CLKIN 93t OSC2/CLKOUT
4T3 F% 21 STOP (3 ST TH |

(1) STITA TR B AW WDT Time oul feeEABra B wa o)

() o fEo®HAG Sleep (MTE «itw, TR WDT fEETTBE Wake up T TS 0 TR 9T TINEA
TATTEAA FACS ATAT |

(%) conzifie FafpeE=@ fA6 WDT ¢ *0' set 2 T8 Warchdog Time (WDT) (3 EYSTR Disable %41 T |

(v) WDT @2 FIwwia 513n =it fofaws ool 18ms ) foordrre fafog comBz wremman, v, @3 2o
csfarritas o forda 02 512w w86 Fifrs fog fog oo 1w

(%) CLR WDT 932 SLEEP 373G*Aa THITW WDT, Postscaler (3 [0 #9170 132 Bafue Weh (dre 7t
1 78 G fESIZATE Reset condition & (15 31 58 |

() Status RRTOIFA TO BT WG WDT 92 BiZx wIShees s =91 20



PIC 16F84A CPU-4% STgtal I BrTR yo¢
v.b PIC16F84A-94 ANeHIE B8R (IS (Function of Power Down Mode (Sleep and wake

up from sleep) in PIC16F84A) ¢

PIC 16F84A-93 TSN (G (48] T8 Power down mode. Power down Mode J#1CS TR, Microcontroiler
g AMAT W) BT FIIGFT 5 A G2 (T IRE] (AT 7FRT PG P T | Power Down Mode-43 I%
T T7 OTT (FF (R GOTR G 747 T A | Power down Mode- 4 Eﬁ Gl ACALR, Tl ¢ (F) Sleep Mode,
(%) Wake Up Mode.

(¥) Sleecp Mode : Sleep Mode-93 WG €FF ARANA Power save ¥ TM! TS G Mode- 9
Microcontrolier-9% FIE&FT 3 ATF | & Mode- 4. AF SIZA TIOR FF FS AfYS 7 7| Sleep Mode-4

6T T Status Register PD ‘Power Down) 3515 16 3908 Q0 | 9@ Sleep Mode (A3 (AETH TR & TO
(Time Cur) fRBte fe1B s9ce &4 | _
(%) Wake Up Mode : Wake Up Mode- 4% WITS Microcontroller, Sleep Mode (HT® ¢f¥Ta =131 |

TG e

SAIAT-O

» EERGE T | | |
31  Sleep Mode- 99 ATt 7 : [aretféizgl-2050]
w31, Sleep Mode @9 RUARATS! (% |

&p3 AR Power Save & !
A1 SEe BIRHRA 1 Ry

R, STES BIZAET IR O | [RIfT-2032, $3(4ifR)]
af Microcontrolter (% RAMET 2 (4t (@ APTS LR I3 | |

©| POR 9 PWRT- 3 4 ud Jtz | [Arife-2059] -
B3, POR @ PWRT-QR = w1t oond - - [RfRR-2089, So(Aifd)]

POR - Power On Reset

PWRT — Power Up Timer.
81 PIC16F84A- 47 Power Down Mode 91 7 [AR1RIRT-20)8]

PIC16F84A- 919 Power Down Mode Qfa, 4} 3
(¥) f3% (TS (Sleep Mode)
(4) €= WA (AT (Wake Up Mode).
@1 civenE wiE T @y
.
¥ |  Power Up Timer (FNR I95S TI?
(B=a ) 1nternal RC, Oscillator-a3 wrarm sAfstemm |



Joy
U

b

>

So |

3

M|

9|

31

BWATTE SN s fagafsy
Crystal Oscillator Microcontroller-4% ¥ %93 T Mt Meyoy

15 € 16 ¥4 fra e |
OST- 1 = $y

Oscillator Sart Up Timer.

Time Out sequence B F=G?

E=D
ez o184 35 @ED

E=Dw.
SUTEY BT re Ay -

(Bz=) 9 Microcontroller-& RETNER 97 (e ey Wit o1rar 324
Power Up Timer (N JIGS TA?

| Internal RC, Oscillator-a3 SR (51T |

Time Out sequence 3% @Gy

G=D7 “

ICSP-a3 1 = Fy
ICSP-43 7€ & [n circuit serial programming.

» Gt

31

Y

SHTES! BRI o= 3=t 99

[areEfarat-305¢]

[0 5 ()]

farmferat-205¢)

[referar-20y0, 38)

Watchdog Timer Microcontroller-(% fRAWET 9% (endless loop) (ATH (AT WATS AZTS! 7
WICF 1 TS Warchdog Timer B4 QTG T4 293513+ CLRDWT Dows & o0 /11 3gies

time out bit {TO) (¥ 16 @ | & TO BB “f1eTR Wt AR (PWRT) 13 SAICI"W SFIBE 500G 315

wenemﬂmai%ﬁﬁi‘fﬁwﬁmﬁm|waﬁ‘r%ﬁﬂi‘m,wcmDWTm¢wﬁ

aﬁwmexuummwlm@ﬂmmuw%mmmmtﬁg

Watchdog Timer

p——a—3 Reset PIC if# 1

h 4

Clear time out flag if # 1
Set time out flag if # 2

— S RPO TO PD Z DC

C

Power Up Timer I9TS 91 [H?

[ARfTE-208 3}

Power Up Timer (PWRT) SM4S¥IS Internal RC Oscillator S AfZ5RIIR S SFowig 331 20 | Internal
RC Osciilator 9% & @35 (A8 T (oIt Level @7 7aae | W (SI00@ Leve] T cava e=R 59 (@
Delay Time-93 %9 T, 1S Power Up Timer (PWRT) 513 Delay Time (SWIEG I 4RF |
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81

¢ |

Wi

at

~ PIC 16F84A CPU-93 STl tAMEmgg : soq
SIseT DI 39 ST e 99 | @20 0]

(E=aE) oy wwvwt SRR 39 SR (AT 0 4

Watchdog Timer

—— Reset PICif# 1
Clear time out flag if # 1
Set time out flay if # 2

_ RPO | TO PD Z DC C

TO 38 5ot fe )
=1, Time out sequence bit oo feg | . [r=ifal-2o3e]
WRAL, TO &7 FE I T | . [rfEal-205 (=)

513w wies ﬁ?’tﬂ‘ﬁ 35 = TO @ afb 93 Active low a5 1 pIC-93 Sleep Mode Function

1R R« BB F1w R 1 4t Status Register-a7 99E® @36 A0 | @ 35 Reset-@? MM4a yore PIC
Sieep Mode & G = | '

PD T FTEeet frd 1 |
. WA, Power dewn status bit ¥ Y | ' _ [armifiza-03¢]
RO, PD 7 I I F [FRfERaT-20 5 8(#1FF)

NG IS KB Tk PD &R afbs @FfB Active low 15 | 456 Sleep Mode Function-a F78

3@ | aff Status Register-a3 BEE Q3B {36 | @ f01E Reset-9R MU PIC-(F Sleep Mode- 4 7

S T | AR Sleep Mode-4 TSR L4 ST TR AF7 AN Power Save 41 |

PIC 16F84A Microcontroller- €7 STyeraiey 8 a8y frd |

&

(F) Enhanced Flash Program Memory (& 10,000 erase/write 133 fRWrai |

(%) EEPROM Data Memory-C3 10,0000000 (219 10 (31%) erase/write FECFT fQwra |

(%) In Circuit Serial Programing (ICSP) 93 & 75 o fmm=m

() Power On Reset (POR), Power Up Timer (PWRT), Oscillator Stand Up Time (OST)-4 1% &~3 Fg
Brgrataiesy taf(E; fwr |

PIC16F84A % Reitorgg & $z

PIC16F84 A TETHITHNR FafARe Reehaeg (RESET) 998 20—

(i) Power-On-Reset (POR)

(ii} MCLR During Normal Operation

(iii) MCLR During SLEEP
(iv) WDT (Watchdog Timer) Reset (During Normal Operation)
{(v) WDT Wake-up (During SLEEP),



Mol
b

Tarares ety wire Fasfs
TMRO Intecrupt 3t Timer 0 THRAMS Fo0TE e |

TMRO Inierrupt  Timer 0 5 ¢

TMRO Interrupt @3 A1 #B WFI T 42 T 8

(i) TMRO <35 Overflow Interrupt B%5T |

(i) TMRO €3 3BT T TOIF, TOIE.

(iii) TMRO 93 Overflow (FFh — 00h) flag bit TOIF (& Set ¥ |

~ {iv) Setting/Clearing 5 TOIE 93 T4 FB=16 Enable/Disabie 27 It |

OST =T FTHLA o7 |
Oscillator Start-up Timer (OST) : XT, LP @2t HS Oscillator (8106 ¥} Power-up Delay <

| 178 Oscillator Start-up Timer ¥F T | PWRT Delay (14 TR (IR Oscillator Start-ut; Timer (OST)

pL-3

3

1024 F1Z0 F8T# (Delay) €W 3T | 4% OST, f&6F WPIEHR A1 (IEEIHER HIFera Fem Frbwe!
oA FTA AT | 98 OST 97 BIRN W1¥5 (TOST) OYWE XT, LP &3 HS (WITSA & @32 Power-on Reset
WA Wake up from SLEEP-93 &= 9% <IS | *

PORT B Change Interrupt ¥™it€ (¥1% |

PORT B Change Interrupt :

PORT B Change Interrupt €3 3 f375 Itar s Siwsica PUET 49l A g

(i) P RB7 (4% RB4 43 TG (AT B 3 TOEG WA T 7 |

(i) PORT B Change Interrupt %% 20T ¢ RBIF, RBIE.

(iti) ¢*N1%'B &7 7 RB7-RB4 (% Input *if#9¥7 T2 Flag bit RBIR Set T |

(iv} Setting/Clearing Enable bit RBIE «d TIMITT IBR1G Enable/Disable T[S A |
Data EEPROM Write Complete Interrupt TItE (9 |

Data EEPROM ‘Write Complete Interrupt :

Data EEPROM Interrupt 4% &nfer fis A0S wiwia g <ot <ot ¢

(i} Data EEPROM Interrupt 8% 0¥ § EEIF, EEIE,

(i) Data EEPROM write Cycle &9 @S Flag bit EEIF Set T8 | af6 EECONI €9 S¥¥% |
(iii) Scttmg/Clearmg bit EEIE @a T THMIT Enable/Disable TS 1A |

Wmmﬂ* 1

S

R

i

8|

PIC 16F84A-<F C=={%i% TRroRet! Somis= <11 |

Eom o) o v.s TeaEw

Power On Reset (POR), Power Up Timer (PWRT) 9 Oscillator Start Up Timer (OST) Ao
HITHIBA! |

SRR V.3 W& GEY |
ST BIRUTER wetiee ™ 3 w9 [Arefa-2050, yo(sifE), se(sifA)]
WAL, PLC 16F84A &% Watchdog timer &fF Bapig afat =4 | [ArfiTa-203, $3(%R)]

(soa o ) smmen v.¢ wea

MR TS TSR oAzt It a1 |

(Baw Az ) i w.b 7 B4 |



4«7 H-97 T Sob

Pr.aq . Pr-aq Mg
(Function of PLC)

4.0 g¥F (Introduction) 3

Programable Logic Controller-(F RCHS PLC I T | FHiaafH zwen Mo (3976 I | 972
axond fTwiEa a1 AR oyuE FFHEER (iR ot AR FI0S AT | Planti gaee @ FEE $F
O3 TEEQUA AR 0w @R e e dwe Pranfi-ag SISt TReT 7 @l
FroanaG fafegens fave

q,> f.am.fr (PLC) 8
(T TS IR (Pré)gramable Logic Controller-PLC) T WIRIWILTHT (4778 FPTRER, TS
(TR (AR 4T @3 T cawﬁw Instruction, logic, sequencing, timing, counting, arithmetic gorfa
o Qe 9w cafie ¢ fafey feedw wgm 3wt 1% b qere [GuiEe v T @, WG Computer
programmer Of6 change FATS ARA ) wdfe, PLC-(T 7F (U3 MRS @& [ MWE 1 PLC T
FfEoER To3, feE SO TIFS TN Calculation €2 Display task-87 & | SWfea, PLC 99S TR
Control task @32 Industrial environment-a% B ¢ &6 WITT 7B 92K Control system-9 ] Wore ATHTGAH |

Input PLC Output
— e s e

fo@ s 4. PLC

PLC-(% GFIfdm 990 @2 wiehel uee | 3op fome iy wrm 33p, Gt wiesed e
TIGS TV | (I LA FFEe IR 7 PLC-9¥ SISTHR 9 T |

4%y 3

(&) Q7 AT PRSI |

(¥) Gt AR 2T IS o |

(31) B @R WTGB FrMTRTRRE PLC Z08 SWREITADS 21CE, A0S Xl gdtam PLC 48 71 & |

(¥) T @ WITY A |

(8) Wivs Tt |

9 R . «.f51-92 8 (Purpose of PLC) $

0 TERRAm AERRAGES PLC &3 T SR 70 | Ao a7 Bowelr o am 3

(F) TNYAY ARSI TS Wiring €3 *ATE Program Instruction WILE T & |

(4) PLC TR (FIA Device-(F T JACHS WHEIR AN Control 1 T |

(1) BB, humidity, TG TIHHTS PLC-(F (T G351 4GS FATE 472 1 |

(%) 2B ¢ WTo3 THravelie IR www vy %3

(8) PLC-C3 Program (71 ¢ g1 SSR¥ 7R | TV, QA logic AR Switching Operation i =t o9 74 |

(B) fafSs 4279 Stepper motor, automatic door control, relays, solenoid vaives, lift, conveyor belt Fopifer
FITH PLC FIAFSII TI9E TR |

() (R T TS R v 40, TR AR (@6 (U I (G TOOGIE GTSRRRes Sea A
Lo R P 1) mnﬂnrnmmmm]



S0 TRTes Fetw wits fSlawfi

0 PLC 47 &TNNTRRTR TT-

(®) TgErsifa FEbte ST IR | (X) (IS 54 AFSEAE i |
() FEf T9fE | (%) Br.aw & i 3™ |

() foreB @ Toes Wt | (v) fab ewba @ o wfHm Brssw |
(®) Rerele G s (=) Sifse FTG™ |

() B iR : () =fSTsrm B |

(5) fSaieren g |

(%) F>EwIa, wewe, fRRfel wchm (Temperature, noise, humidity control) Ff¥5 Tonfit |

9.9 1,47 - 9% ST 7F S (Functional block diagram of a PLC system) &
P15 PLC Fi063 ¢ft e 30 i s | amizmr ¢

(F) oo™ 386, () G,
(51) =hewR M, (%) T/ WEGT BT,
(&) conarfae foeiga |
fress fora o @izt o) vt 21 3
Programming
device
‘l‘
Memory
A
¥
— E - W
—>| _Input . Processor ) Output  }——s.
—3| interface P ; | interface |
—_— h " e
A T A
Power supply

: {6 3 4.9 PLC system
(F) AerE TG A G aeihr TVMWE (CPU), T NRTERATFR 4129 03 | of6 3795 Brimyens 9z 93
Fgee A e e aw (Control action) | @t @FEH TS e a3 STATAITE
Output w17 Display ¥t | _
() ~MeuR 2R THE (PSU), &Y (main) AC CSITBITH T4 T DC voltage (5V)-4 TS IR @
grare Su P Sy Wit Power supply ¥ |
(1) ceanenfiie fEeiZ (Programming device) ATRISAH (AT 49 F0H | @ ST T04y Celiattm Developed
¥ T R PLC-4F (TN Unit-4 ST 73 |



far am fr-a7 T MY
() CORRA (PN AT ACH, SE QAT EBFB (memory unit) T | MELHATTR WA TE WHFS (AWM
fafeg BTG (instruction) UM AREH T & |
(8) TTR ARA (AT TTFATM (information) HRY FR AR (NHIATS F0Y 4R TRGRA (Instruction)
Sl © HOTH WA Q9% NS AN | SR AOPR WM (rF ERERerE Pt (Information
receive) TR, BT TG @R w0 HTPTT SWIFE TN BTA fGBRLA (Output device) A
o 37'!"13 %ET?M fara Switch, lever, Roller, Encoders Wﬂﬁf TS T 1 Output fowigs fi‘t‘-ﬂﬁ
Motor, Solenoid 3% TGS T | AFSHTE PLC-CS logic TIGS BN | logic TS 4F HATHA Switch 1 9
Switch On/Off-G3 WYTTNT (WA A Device Control F7 TF | AL TA45 Iowe ey e
Switching operation (ON/OFF), T Programmer-43 TR Control 71 T8 43R B Qutput, (FFH- Motor,
Lift, Automatic Door 3STITS #ta= a4t &8 | #0@, Output {5 cenamy st a9 IR 1 @ibE wore
PLC ™I |

4.8 PLC 9% 35/ =i88[(5% (331 (State the feature of Input and outputs of a PLC) 8

PLC 3790 / STHIR6a MOTT AR SITSA AT (INTIS G F0R | PLC 97 FATR M0 (et Grot
TINA &R | OB MG SATS=TA T ANGq IR 1 PLC 97 ERD-WEGRB7 et 3y aoae |
KRG

(%) PLC @3 ZAG-8B55 Irefiai® WECHNEE (Electrically Isolated) | (F17 F1 e AfEs

FA QIR PLC 97 3A9B-=185¢(E fRetwrmet (e | @R isolation *PH¥TE Optoisolation T |
(%) PLC 93 Z7°5 wIEe+e Frmrm ZFfG=fae B (signal conditioning function) 4TS | TA A ffsy
e Femne SIS (available) ¥TCE

9,¢ PLC-3% AI? AC 349053 128 %S (AC input connection System of a typical PLC) 8

PLC
o o +V
Optoisolator ¢ internal PLC Voltage
1/} -[- Signal to
rLC cru
Input
to PLC T
"‘-_L—
Signal
indicator
Neutal O——b
fodt 3 a.¢ AC T MR Frbw

PLC SRR STHIeR ovea fafoy e T9+B I9ER 33 T, (18 PLC (3 RSy «ataR Bl awiw aa
W1 PLC (5 AC 8 DC Be% 3990 &%/ 331 T4 1 PLC 93 39940 AC ov F31 T 1 930 effers s
T XL PLC 47 CPU ¢ (At |

PLC 9% 379 SIAen Mai3gs AC @ebermn Bw (e was @R w1 9 @efwR &
AC, DC Fmiier #9re? T | ¥4 DC Bretgm =125 2ffi simts a1 @39 Infrared Radiation Pulse t3fa
T4 | Phototransistor & Pulse (3 & ITE 32 NS @Tﬁ:‘ﬁﬁ TR | GOl BAYD HCIFS AC fFstasie

PIC @2 CPTI-CS (TS 1



R Bares ety wis framf
9% PLC 9% W/ﬂm@ W SHENSS WA (Operation of a electrically

isolated PL.C input and out put circuit) ¢

PLC ¢ fafen €3t 3a+5 ¢ WEH+( i3 9ees 991 €0 | PLC (3 &A% SN0~ waqwifer afit siecam ¢raa
X TR WS ANY WS (SO TS PR PLC W8 T (WS AR | 13 PLC @ TG WD electrically
isolalated 1 TW | TA IR W ITFRHIE AEE QIR 3795 WEGAG T3 PLC (3 Fomgm qeme Fws
#1041 Electrically isolated ¥ 8] Oproisolation S T T |

PLC Opod supler
Inpoe | - —ee=-l.0nd =1
1o PLC Signal to Optocoupler Fuse ; urrent
| st CPU _ oW
; Output
rlecuon _:l_
diode =
Viottage ) — e
. divider circuil PLC
ok ¢ 2. (F) Electrically isoiated input 51 ¢ 9. (¥) Electrically isolated output

Optoisolation %S ¥ T digital pulse #1R% i wrwmTes WU MCT TW THF infrared radiation pulse
tef4 B3 | Phototransistor pulse (¥ FAIF T AR HED (Sove ﬂﬁ T4 | TEG 2fufbL TRATS 8 Phototransistor
&3 TR A et RTEhTE WREACEr T 0o T |

%790 BT (AP Optoisolation 93 TN signal PLC 93 CPU ¢S ¢TRW | 9RR PLC 99 CPU (W&
Optoisolation 43 FIYFTH signal SSHE BT e |

4.9 e BL.en. B gk TR Lan.Bi- a3 w0 AT (Difference between fixed PLC
and modular PLC)

3. wa 7 et 43 e afaane fews aees o, aw-
(#) fews fraaf  (2) wgme fH.aa b

fors iR NI (W T4 ¢
fras L™ PR a9
(F) 46 4% €= Single box type, T AR | (¥) {afoq w@T7R TP QI €% PLC 167 Sl 2,
FITOA S YIZF FA T | 7] wiow Foe YW I T | '
(¥) Power supply. processor, memory 92 input- | (¥) Power supply, processor, memory < input- output unit-
output unit- TR QT AF | YT I (S TG AR A |
() ofa @ M SI6H% Input/Output  ZGD | () STSI® 50/INCO D R8s FaLa Al 1
FTHI FN FIAY | Y |
(9) Expand ¥ TW A1 (%) Expand &1 T1 |
(&) wita 7 | (&) W @
®) ®)
Socked for cable fopul madules
from program console 1 \
o QG| GOl OD| 00| SO
a 00| o0| 9Q| Lo} 0O
a oo| a0l o0} 00| OO
00| 00 09| 00| GO
m Qda) 66| oo] aO| O
f o0] 00] 00| 00| GO0
O\UI]JthS p&%}nwbmtm Eulput b bes
umt prugram um?ol.t .




.97 5193 o= R
q.b f3,.qn B BB rR i IS T8 a) WEhD feiRrm am 8 Z3F (Name and
symbol of input and output devices used with PLC system) 2 | |
form PLC B0mam a1d I9gs 2o foeidemm am ¢ andie orat 2o 3
0 W feoits (Input Device) §

(F) I FZB (Mechanical switct.,
Suppty Supply
voltage vokage
PLC PLC
Input _:c/ +0 input
channet - thannel
(a) (b)
4’ Rolier pushed down '
‘ Lever z;;l::;dm by by contact .
\\L\Eu?}on to
Button Lo . Eutan o ’ operate
~operale operale Rotating tam switch
swilch swilch
: (e}
(©) (d)
(4) &fXRS JRE (Proximity switch)
N A Senaar
arernstng e | At hagd —
current Metal abject stips 3
} - b Chyect
T~ Egdy current EJI:V "
Anermating °P¢  Contacts The w3 plates
magnetic fieid of the capacitor

(+1) FHERTIFRT G« FBG (Photoelectric sensor and switch)

Light-emitting dicde

I

N
(a) Photodetector

o

Light-emitling diode

4
> Object
Photod | \\“- 2]
Glo eteclt:;’ OutpUl )
& of pulses

Light seurce 100 pF

| mvererrees {
il B B

for . " Fhotedetector
elecrical

conpection

=)




38 ARG B Wit framfs
(%) ¥TISR (Encoder)
LED =] r'::lLighI sensor
4
+15 v
£0 k) 100 nF 0k
Brass
A SRS L Supply votiage P
~Contacts LM3S— Voltage out To/ sor Pins S1c &
not used
Etectrical circuit T i Ground lemperature —
(a) (h) (c)
-4 v Metal Copper
RTD A
Hot
Q Fi Output junction / A
12v utput xed Metal Sianal
% resistor B Py rSc ssin
RTD Cold  copper PrOCEssINg
L i junction
(f)
(d) (e)
(%) feeee® e (Displacement sensor)
Secondary 1

Output
voltage

Displacement

Constant
ac voltage




{51, aer 593 wIA e

®) C@?ﬁ' O (Strain gauge) .
Strain
SEOR oww | MAARA
voltage
d.c?
voltage
it

Cantilever . voltage

4 strain gauge

upper surface extended 4

and increase in rksistance

lower surface compressed

and decrease 1n resistance de .

voltage Strain

@ | gauge

1 3 Force 1 > ) .
i Output
24

Output
voltage

4 strain gauges, 2 for radial
strain, 2 fot circumferential strain

1 273 4

1 Applied pressure . D.C
A it
(b) voltage voitage
(|) AR G (Pressure sensor)
. Applied
D‘-aphfﬁgl‘ﬂfre:ssure pressure
Ground - Supply
Crystal + Output + Supply
(a) | )
{ ]  Switch ( | Switch
F button : -button
ﬁ Diaphragm _ Z g Bellows
1 ]
Input prassure Input pressure
(©} : (d)



RV TNETET Sew wis faunfs

() Zs orom fSp IR (Liquid level detector)

Diaphragm
pressure gauge

a
o

Tiouid
() BIE (Keyboard) B 5
— U= offe)o

"1 1 7}
bt % % URORO
° ONORD!

iz 1 {
'Y 6 b d
137234 5678
O wie+ fe=iz ¢ o3 &S |
(¥ FOI (Contactor)
From PLC
/| \. \.
Solenotd Switched
symbuol outputs

(¥) Reraaimm sthym ©I¥S (Directional control valve)

Prton in cyfinder Psicn in cylinde:
“+ >
Cattert o soien. |
Vaice A a I l Solenaig Valve A 8 * *
| S— — | Se—
a——
: — - —
Sonrg IPI+ |p 4
Fuidin Fiuid in
! lrh A cutrent through the [“
T * solengid pulis to the T v
Flod ot ngrt with no current Fivid out
I the spring pulls back
f3} Pestan with na current 1o the ‘et {b} Positon with corrent




13 oy Fa3 Fem

109

é,vent, bol [

2 Presaure

»ource 3ymbal é é

A

v

7] \ VA 7]
EX o ;
Cylinger in relracted poaiich @ é
Currant to sotenoid Solanoid currenl switchad off
{c) cylinder sxtends cylinder ratracts
Solenoid B energised, cylinder retracts (d) (e}
() it (Motor)
Pole Pole
Rotor conductors Stator Rotar
End rings cannecting the
ends of all conductors
{a) (b}
Brush " —
— K Armature
0C. \ s
input )
= = —Armature coif
/ in stat

f——

% ——— Stator

Commutalor
Field coil petes FiEj cail
(X) B%AR B (Stepper Motors)
Stator

Rotor

This pair of poles
energised by curient
being switched to them




W | AT HRER st e
1.5 P Probom TR g Fraw B T I981T (User of multibit and single

bit memory of PLC system) 8

_ Multibit memery-4% QA ¢ ISAW FCn HanfH HiosBram e Ty ﬁﬁi HAirR, et Pt
WWWWWWW@ foraeG S et @t cafm fme | FEINA PLC Network module-
47 M feaafocs S THEH I coen ToaR ) SRR (R PLC System 97 TR & TR e
> Multibit memory system 93 ¥RA% | THRE oUMfA Fews W o I TR AfF, T fem goifis
TG4 fEeidst (aam- fieet 512 WSheBorz, Brferta B12e WIEOGTR) MR G ANY Signal passing (ac
A de)-43 By RBILL® AT IR AMF | 43 IR TR~
(%) fors Bl
(%) fremfss b ew 2f6Te
Single bit memory & YR 2 Single bit memory IS 13 WIHE T AfF [ & 7 gafb wig LI (7

fESIE Signal passing 43 575 <3 St {5 (0 werdt 1) (F TG ST 1 T AT | 97 JIRIATR TR
(%) iifers agim Prosry '

(¥) TSR @ o
(1) WOHABE (O (FFE)-(S |
51 PLC-Tws & @me [arfral-203 5 (21R), se(#fR)]
Rt PLC BAr (AT 208 3]
W2, PLC 09 7! W16 | [Ffa-3050, 33)

PLC 23 Programmable logic controller 46 Ti¥teetmR 7o T[N, TS CRNI T oA
U G B WRTS Instruction, logic, Sequencing, Counting, timing XTI 1R A=, 7 W i
@ R¥fey fosiRe Fwhim == am )

) PLC-R FIERFD Input RSidmm 1w e | [Fifat-2050, 3]
(m=af) aefrmm s, ﬁfﬁﬁfﬁais TORERGT ¢, PN, G o, «n fo
(LVDT), (37 (7%t |

©|  TMRWESTHITER S PLC-«F (s ey o | {wﬁm-ao»(wﬁ)l
(Beal) wawmmem @ AR W PLC T ARTE WA, e 3sT Bt exe we
TRTFFCRER W TeEre o et w@ PLC )



IGRCL e LR "wh
§1 PLC-4% Input/Output Unit-ot &= F1e 7 [wrmfaral-2o5¢]
PLC-4T Input/Output-&3 41 3% TR TRTHH TSR 0K PLC System -7 T 5Tg (T |
¢ TFrmBre TIQS Multibit CICURR aTum o) [Rrerfeat-20 58]
F1a7f1C® S Multibit (VOTRR eTans! g 3
(%) fira% FTBTa @ () Panf EBoar =S |
w1 THaMPTS single-hit CTRIAT st fnd [AreifTal-2038 (7))
Single bit memory % TIER & Single bit memory TS 1 qrafaee o ofe 1 fe A 93 f
T WIEBYS FEEEH Signal passing 93 T ¥ Wa G (0 WA 1) (3 AW WIS AFHA 37
qIEF | 7 HTTTRD B 3
(%) Bifrs ITE™ BB, () FACEUR @6 P, (1) WOTRDF (e (F7e)-4 |
q1  FanBr PEdT Multibit G s I @R [aretfiar.20¢]
(B=a ) mFRE oty wics Wt o7F (AR T wife, T e aefice wrese foen (o
facs 5137 SEBeerr, BreferBa 5139 WISESBIR) YR WPZ Y Signal passing (ac I du)-43 &
fARTs ATE B A
b1 PLC <3 T B 3| [Fr=sifeia-200¢]

Q PLC <R STIMTHpTE T

(®) SrrETEsifa et whte stgeE |

(X) (RTSPATS {3 LFSTIRS 2 |

(=) frsfae Tsifg |

(%) fA.97.for cafer= acgen

() oS & Gr SR |
®1 PLC-(3 Information 39T Passing TN?

PLC-CS Information Digital Signal ¥ &31f&® €0 1
o | Arithimetic Logic Unit-o1% ¥iet $t7

Arithmetic Logic Unit-a% $T8 TR 738 AT sfifefes ¢ wfemme s TG 3 )
331 Control Unit-43 ¥ &

Contral Unit 73¥# ¥R Operation Control FLT |

3% | Sourcing ¥

T Current Output Module 0¥ Input Module-4 GF 318, 912 Output Module-(¥F Sourcing I |
30| Sinking #?

(Bwa B 76 91 Output Module (X7 OQutward-8 (3 ITI, ST SIS Sinking <07 |



3o TS HiEew Surs BleE
38 | PLC 306 @@ STt fey sifder

PLC ¢ft cafsie wemsiicrs v tf¥s |
3¢ 1 oS HfEE atbew fbeigom 7w fird |
Opiosolator A2 Fuse |
31 Relay Type Output ¥ @R J&foe-a7 B Sorcaiiie
AC 8 DC H3fbe 1
39| Transistor type output @R ‘-ﬁfﬁ-dﬁ o Soiraite
DC 7ZfR !
St | Triac Type output B 5T AR~ By BTty
AC 7&ft2-97 & |
S PLC 93 inputoutput &7 I35 fing |
PLC @R inpu/output &3 L8 2= 3
(¥) PLC 99 input/output electrically isolated.
{4) PLC 49 input/output 4 signal conditioning function U |
3¢ 1 Opto coupler 917 ' [araat-205e)

Opioisclator (F Opta coupler #1 Z¥ | T Optocoupler @ T inpuv/output PLC &3 CPU (IS

electrically isolated 9= |

3% 1 PLC-C® fWIIA Memory-74g $t 7 [Freift-205 3 (1f3)]
ROM, RAM, EPROM Zi&yifir |

B e arcama : |

31 Teffam Bietw PLC- g% TR fr | [@efera-2050]
W9A, PLC 49 ST O (1 | ' [areiféTat-2053]
WY, PLC 3 IRQTTER Y | - [RifRTar-208 3]
W, PLC O3 IR S0 34 | [arifital-203 8]

(B=a]) ofgmm arsmars pLe-ax T S T | o o o 7 8

(F) TR ARSI NS Wiring-a3 *FICE Program instruction TIZA 91 T |

(d) PLC YA (TN Device-(F 9 Y9G, WHSA TN Control T T |

(%) S, humidity, S 30 PLOC- (3 (SAF AF5! LIS A0S AT 1 4

(9) T que BHof TR BeGEmaR o il =

(8) PLC-CS Program (19 R WORE W | S99, QA logic YR switching operation 7R 15 391 28 |



x|

8|

.95 F-aq wem _ M
PLC System-&% Memory Unit 7T Jerwta e | ' [arefirai-2eal

PLC system-4 3% 450938 memory (741 1% 3

(¥) ROM (Read Only Memory) 3 &f5 @B Permanent memory, T CPU ¥R Operating system and fixed
data GB1% IR |

() Random Access Memory (RAM) 3 «fS @3 wd coowfd | canars @ ot SgRiiemT adm &
RAM TaQ9 &1 T

(%) Erasable and Porgrammable Read Only Memory (EPROM) 8 PLC-(S O3B! extra module ROM‘
TS, TS Program A W AL erase FA TH | Program 3¢ B6] RAM-—4 Change 1 T user ¥R |
TE PLC RAM-93 &+) fog emasn <@iw Ai®, T User 9191 developed 91 T8 1 RAM-4 Program
developed T #14 AFISCS EPROM-9 Permanent St Load & |

TG BT PC-93 T e ) [ArfeiEat-2038]

BWIHAT SO PC (Personal Computer)-&3 1o BIfEwT wwae—

(F) TG 8 T &7, '

(/) TPHIHT @ BiGT FRIAH,

() fonees ¢ w1 AfFaas,

() fEER T A,

(v) fafey fewizams Zonte,

(v) R Az, fafafae 1%w, e cvm pC aaanwsﬁmm

PLC System-@3 Block Diagram %7 % | _ [arpifatzat-2o e (AfR))
wet, PLC 9% (IS ST SHw 99 | [arifitar-a038]

(B==]) fiar PLC a7 G FwemIET S8R TR (I 01 3

Programmiing

device
¥
Memory
A
¥
e N . —pe
3| Input " D Outpul i
. ‘pr_ ) Processor : {.’
— | inuerface b | interface Ly
 — =
A ry
Power supply

The PLC System



3R
i

W |

91

i

AT Heb oy faafH

PR ¢ il Tme § w@me

[AfeTAl-2038, $8(#fF)]

O e P 592 2 et PLC-09 d.c fooi2et s1ege 2, w1 B9 1 Input module 281 source of
current | TW FIH ‘511@5’13 G ZS 20 SEE Gl IE, TR output module-F Sourcing €1 T |

b ——
Imput
wiedule

Input
madule

.

Inpmi

i '\ N .
deiee (n ih

Sourcing

Input
module

Input
mudule

.+{ }——-—— +
Ourpul
lad

7] b}

Sinking

Input module (3 I Sink T | AW FIED output module (AT output word GF R, BT SIS Sinking AT |

Fixed PLC 4 Medular PLC-S3 ST 4 (e | - [ARefTRI-20 3 0]
e, frars Plaay & g Plamt aa T e By RRsT-203¢]
Wewﬁaaﬁaam stidfee fergnoi—
e . . B g LBy
(¥) a6 93 @ Single box type, A AR | (¥) ey warm Tga 9Fw@ 9T PLC 107 o1 &3,
NG & I N G | 1 wiver Bie W< T4 T |

(%) Power supply, processor, memory €42 input-
output unit- FZ dETE I |

(¥) Power supply, processor, memory R input- output
unit- FYX GG 7 (&AF TEAR TTRT 40 |

(°) Tofd ™WE %A WEREE Input/Output  RBIMG
HLTIN TA FBIAMG

() wisfae 395/0o4G TTf0 e @it wat
9 |

(9) Expand T TA A

(Y) Expand ¥91T@ |

PLC System-¢€% CPU Unit-<% 3991 F080 499 97 |

CPU-97 TBTT reo1a Y87 3 Microprocessor-a% $ 1 AT 61 oo 2
(¥)  Arithmetic Logic Unit (ALU)-93 ¥R %1 data manipulation 9% SHRYEAGE ez cqma-
addition, Substraction € Logic operation AND, OR, NOT, EX-OR To7IW ®ig=ia Frwyef =

(%)
(*)
PLC System-4% (3% IroAsborama 4w fre |

Memory, register, information store-93 B¥) AT T |
Conirol unit 7% Y049 Operation control $H |

(Bsaf) 7 pic febw ofs @ s f offs | an s

(¥) &T7R LM,

(}) G,

() ~femR AT,

(%) 278/ =S5 TorRws:,
(&) ceanfie fEeiza



o 9= F-a97 Temm | p 1)
® 1 oI 3L A ACHTH 3T ]|

(Beaf) avf crfier 335 wa-w Hrormm oy Favs o |

iR forar @3B {Ip o I T ¢ Supply
Supply Voltage

stees B0 (2)-93 afes @ == - '

a Voltage PLC PLC
QTR (Workpiece) S ¥E ¢ :

Input _L—O/ Input
ST (Workpiece) Bo11%® | channel = - channel
5@ 2 (b) -47 AfEe T - @ (b)
ST (Workpiece) ST | Switch sensors
SAFPA (Workpiece) BofES 0
fafIB FI6 (Limit switch) 430 IS +5-wg ToAfFfs e Tare qee @ |
yo | T e fowidr Gafadprg v | [aifegat-203¢)

(zzaf) Temafis et o cbem fositn sageyd it o w0 | fafen Twghe MRESs
¥ ey s omnA oo 795 €1 | » o (AT oot fag «f fars ora &= ¢
(3F) (@G fTorgmrer SN (WHEHSH e &,
(*) T T TR e T 1l FB o™ I O AeTH 9w e,
() RS FXB, TvT ¢ S (UTF P AEGLE T TS 0w,
() WWWW,WG@WWWW,
33| Optoisolation F?

infrared radiation

=
T L

Light emilting Photo-
diode transistor

(3= ) fofm «tort v on%6 2ffbe wTATeR W0 TR W 4R Infrared radiation A (O FTA |
Phototransistor Pulse-GF detect (A 132 D on%hw 9% wTR | 713D fwfle BIRMS 8 Photo transistor €43
TR B S IS HEITE MIEE (SR IR | 9% AHREE Opio isolation oTwRE I |



38 ERTes ST s Franfy

B et anyrafr o )

51  PLC System-a% WfEBER afar #14 | [@rifeTa-2030, Se(eif)]
W, PLC Pebs wnf¥Gesn wes o1& 3t e | ' [RIfME-R030, 2038]
T, PLC 9% 73 W& 53 A1 vds | [arfil-203 3]
e, 93 Ry Biebor 73 TR W T gt e 3t ¥ [ArifeiTa-205¢]
9.9 WX TR JF] |

31 PLC System-4® Operation 3471 39 | [ArFIfITat-20) s, 33
WY, I GRRTPR PLC B3 Operation 3 37 | (arIfeizar-30 )]

(el o e s
o1 REFGM WO PLC-F TIRE 1 99

Q.Qﬂtmﬁml
81 W ¢t T ReiErm afa e o

4.9 TR SRS 5397 |
¢ PLC 9% AC B0 ot v af=r = |

q.¢ 2 VoA BT |
Y1 PLC @ @30/l emlimm widenmbe o o 34
(sl e wevows v

9]  PLC-9% 3% SN WS w77 401 38R0 o Wi | [arerfiTat-2053)

(el o mwrom v

v 1  PLC System-«i@ WG (multibit) = Broww @B (single sit) oy TragR bz 31 T [A151at-3053)]
w2 e g

1 PLC-9% ¥iee 73 o ot =1 | [FFIFRRT-2038, S8(*1f7)]

(el o )




&, a7 B1-q3 e 9 cnanfie G »e

Pr. aar. Pr-aa sy 3 et dofas

(Addressing and programming technique of PLC)

b.0 V{ﬁ?ﬂ (Introduction) 8

fotgafn W G i G e @ ST st I TR | TR Afes FTheE @
a3 Y AW FWTH TR 3798 aee Wrehsb 1Tftre Ahwere il w=) @ T mawm WEE A

¥
TIGoBTE Adwera ffes FTS oHa e WiR/e SHEOR I 1 WIEHR W owra R wEw fdifre

fraras I 9 |

vy Premf it eB/oEoed SmtR MW (Techniques of input/output
addressing of PLC program) $

PLC (Programmable Logic Controller) programming (cananifag) ag @) SN MURA TR IAG/IEO0
ZEMT (Inpuvoutput unit) &P ASFEIH WER T ) W ZAYB/ATHE WIEhi TS /W, (@ AFS SRR
0 WA IFLB/AETE B0 (Input A Output unit) & Heaena e sars «fa, a7 T7B/=reoeb a0
(Input/Output unit)-TLE3 FiHB wE™ M =4, ©RaZ Jo1e Ta9G/To45 ST R A0 |

udle, 4 IR @M TW, 1.9 5 R o EAe/ el R8GR WigH (um wwted RNel/ el
SRER AT |

“ramfa BFE5T (PLC system ) a3 2R=B/TE0 Wefi 1ore fog famm $o4x fase w02 Baeeeres, ¥4
ftaaf® (Small PLC) FO0tR wm@fi Gafie «3 @ g3 gorer Paaf (Larger PLC) FiesBias g
(Gl SRS (AT | WAR WEPR Gafaa o ovn (e g fdifes e sate zu

- Premf3y Freby w2/e =iwEhr (Small PLC System /O Addressing) 93 (6373 7ize w91 agfon
A0/ NToE B0 RGO MR (SN NIE Y9 I gm 1 AR 1G/AeeeE Bies e
T 3RfE 2 (Letter) TRTR T2 T

THTEZITE™ I A, Mitsubishi PLC ¥ Input Address- 9% T X 400, X 401, X 402 TehW: (T4~ X
s 3@ 3995 Unit-(3 | SR Output Address-FR TR Y 430, Y 431, Y 432; (F¥T= Y foie 33 wige+
I |

Input Output
Addressing \ /Addressing
X401 Y430
-y T~
| ~
Basv.s

e (Toshiba) (Fifie Baares Bty oW 3@ WIEHR 1@ 7=y ¥ 9@ R Hanf
(Larger PLC) 0502 w7 3R°(5/T0<{5 SIT+t93 I Rack (FF) fawmate |

}



RY ' Tares b St Paufh
Allen Bradley PLC-5 4% Addressing (3f379(5 2t

Module
Number

X: XX x|xx

Input=1i Rack Terminal
Output=0  Number Nutnber
30 Rt et TRed wx
13012/04
A9, 1= Input addressing
01 = Rack number
2 = Module number
04 = Terminal number
WA WD WiEh GIRTeR TR -

03012/03
A¥ITH, 0 = Output addressing
01 = Rack number
2 = Module number
03 = Terminal number :
SAIATH Siemens SIMATIC S5 BTG Fala -

X XX x-

Input=1 Byte Bit number

Or number
Qutput = Q

T WIEhR- % TR
10. 1
YA, I =input

0=0byte

1 =1 bit .
eGP - % Sarga ¢
Q2.0
¥, Q = Quiput

2 =12 byte

0 = 0 bit.
GEM-80 PLC addressing (53feas zim-

Terminal
X X, X—» Number

Input=A  Module
Output=B  Number

{0 - R Ttea
A3.02
GYTE, A =Input
3 = Module number
02 = Terminal number

OB R a3 At 3
B 2.01
aQ9td, B = Output
2 = Module number
01 = Terminal number



.97 F-an wgF e it Gafve nA
v.2 f.am, B caniaticee orersditet fivet e BBt caferbraa Wi #1%f® (Ways of internal

relay & data resistor addressing in PLC program) 8

PLC programming €9 C¥LH Output PR Relay type output J3&R FAT & | O3 PLC program- 9 IIES
Relay 72 49074, 91 ¢

(¥F) TBA® T (Internal Relay)

() 9FoRART & (External Relay).

External Relay Z05 Final output | SIF Internal Relay 9% @& 309 Output, T =1 (haita *Ita Wi
%490 f&ite #1% IW 4 Internal Relay (WX 9F TR Output, CTRY < SHIERR Gofee SLaed! Output’
Addressing (BHfATEA WO BT Exiernal Relay Addressing Gafrea Ay «3 f3gh “ide fomam
(PAINTS Internal Relay Addressing (B&fa< fog T8 an oz A |

fFfM (Mitsubishi) (FT"R Addressing (G5 Z0% M 100, M101, M102 &7 |

Siemens, Addressing (B3Rt & Flag 932 Notation IJIER ITR | THIZATTARA F0.0, FO.1 F0.2 Tefir |

Sprechertschub LR WA Coil 4R Notation | BHTEIIHA—

€001, C002, €003 T |

Telemecanique LR BLF bit 92 notation; (TFA— BO, B1 To7if7 |

Toshiba JRTIF FTF Internal Relay €I Notation; (THH- ROO0, ROO1 To7if |

Allen Bradly TR S0 Bit storage 99 Notation; (¥#-B31001, B 31002 71 |

/‘;'f;;';* ne g FO.1 0.0 BO 0.0

_x|-m X4 __{ ' I____O_ _‘} M O

- — —+

/ M100 X403 FO.1 0.1 Q20 1.1 BO
I___| |_( }_ | | | ) | M
i [ — O ml P
fom s .2 M:tsublshz Notation 5 2 .0 Siemens Notation : ffasv.s Telemecanique technigues

b0 PrLam P e Bikai ¢ IV imhi A% (Ways of timer & counter
addressing in PL.C program) 3

O BIENER SHIEPR 60 (Timer Addressing way) 8 Timer Z0% PLC 97 &+ fa%- 3w fSeiE=, a1 faa1 cpu
(Central Processing Unit) 49 Clock FEIIEAR SFI A9 FI& I AT | BIANEE Addressing GFfaee

rfirenr fog oy wetes T At | ot S Bebt TR R W @ el @ifag Biiwr ivs war
T T Letter IR L Q1CF |

Mitsubishi compay FIKIRe TR Fobs Gagh 3w, @aa-
T450, T 451 ZS7% | -
' X 400 T 450
_I )
S

T450 Y 430

H—0

fFasv.e

Siemens Company 9% addressing (BB 208 TO, T1 To1fH |
16.0 TO

el 8]

—_—

RS
Telemecanique company 9% addressing (G T8 TO, T1, T2 TofF |
Toshiba Company 9¥ addressing Gl TR TO01, TOO2 Borfi |



N  EATes Fby wite e
Alien Bradley Technique Zi5%-

TON
Timer ON
Timer T40
Timer 10
PRESET §
_ foarsv.q

mE ot gt GefAw (Counter Addressing Technigue) $ Counter Addressing Gafe9 qo3 o, q0
FR TS feg fog 2w @1 o Counter fofFe am wy Addressing SR C Letter 5 feeg )
SARRTRA § C450, CO, COO1 THifr |

TS SEfie Gh ai ot e g

Mitsubishi addressing way 2R

C450, C451 wnifet |
X400

RESET
X401 le(4[00
Out
C450 Y430
LT E R

Siemens company 9d addressing way TR C0, C1 Zo7ifv |
Toshiba company 99 addressi ng way R CO01, CO02 Ewife ¢
Allen Bradly way f6 &t® C4.2, 5.1 Toifer |

b.8 1 BIZF (Scan time) 3

P RUNG |

= RUNG 2

e RUNG 3

RUNG 4

L [E951 END
I ﬂ_[li RUNG

52 ¢ b.» Scan Time for Ladder program




1.2 Fi-97 weEhR ¢ cenaifiz Gl 3R>
b.¢ &I BI8W (Scan Time)-47 OFF BIT3A BA (Influencing factors of scan time) &

Ladder diagram €9 Scan Time FS%IA o Tam W -

(¥) &5 Ladder program 9% &+ Scan Time ¥ 7T |

(%) TG (ALTTF G Scan Time R AT |

() W e« wafigs Zasgha e @& T Scan Time & mTst |

(7) AMe-& BRYD ey TN A 31 A2 (Rung) Scanning-« TN T AT | wo, ALEIH FAfe BiZme 3w #es

(8) CHSe 8 Foraifee e FS T=g T Scanning- & FS TS T 43R C&e @ forifee e e
fARfea T scanning wrers fRymfors =g x|

(5) =it caamm W T @ g3k TR cenata e I

(%) wﬁawwawm—mmwmmmwm—aawmu wmﬁ@ume Q T 4
FFonfETs oy | ,

v.b Biehr Rty aiem Fenfy it 3t (Describe Different Types of PLC

Programming with Examples) §

PLC (Rianas wiyia ey w@rm o I arpns Fead 331 3w s PLC (eieitam It Swiead
AT 20 8

% | Signal Lamp Task : 76 Signal Lamp Task-93 Ladder SHISTE, FIWR SEN, (FC 8 FATTW I
T B0 3 ' :

Pump Pressure Lamp

X400 X401 Y430 - _Pump
I 1T N\ 7 Pressure; &
Test |
X402 ' Test | > [—Output
Pump
END ! Pressure
Test Output
(a) Ladder Diagram of Signal Lamp (b) Function Diagram of Signal Lamp
LD X400 ~ ; Load first Input
;i.e Load the Value of Pump
AND X401 : AND Operation between first input
; Second Input.
LD X402 ; Load Third Input
ORB : OR Operation
Out Y430 ; Show the Output
END ; End of the Program.
{c) PLC Code of Signal Lamp
117 £ Y

AT 3

(F) QA TAYTA &7 AT QIR (AW WA AND T (S a1 T AR Test Switch-(F &3 AN OR
wiere TR Botgr== 3 T T FIHFA Diagram-9 LT Z01 |

(%) @49 Lampf® ON Z0¥ ®9%, 147 Pumpl 71 (Running) U3 @3 ATHIGAT (AR ¢FTI WA Test
Switch 0 T 9t Closed €T |

(N LampﬁWOwamrﬁ?@T@@mﬁmml

£-igabig, Sl helld a0



9. a7 Fr-qn SoEhR @ el Bt Ny
b.@ HII BIRA (Scan Time)-7 & &SI TAFAY (Influencing factors of scan time) 3

Ladder diagram @9 Scan Time FEGT fraom Bom W6n B ta-

(¥) (B Ladder program 92 @] Scan Time ¥ #ITY |

(%) G (AUTTE G Scan Time A0 #TH |

() @R I-a S TAH Seur @ T Scan Time A Aot |

() A2-a ER9G YT T WM (7 A (Rung) Scanning-&@ T X AL | FH, A6 whfwe Bigne o AR (

(8) cfoe ¢ forafee Fre e 77 I Scanning- ¢ FS Te T a3 C¥fe 6 forafse e s
fAgsIfe T scanning F1Ere FEAfoTS 9o &30 1 '

(5) Wb cenam wifae 7w M 3R TEw @it iR ot

(%) FNfee oF T AW -7 INA (XTF G (W LW M-T T ATH | TOoA fodiw A @ w7
wFerfers wigreiiden | ' i

v SurEaeE ity e Mamfy et 364 (Describe Different Types of PLC

Programming with Examples) $

PLC (ensieae WieRw 3 wom fTeidn 9t s fanes o0 o) fs PLC cehgmm 3t Swad
CAYITA ZO 8

o | Signal Lamp Task : fos Signal Lamp Task-9? Ladder BRI, WIRAET SN, (18 8 RALTH e

9 T 3
Pump Pressure Lamp
X400 X401 Y430 Pump
{ = : : ( ) Pressure} &
Test —L_
),(102 Test 3> [ Output
il
END
Output
(a) Ladder Diagram of Signal Lamp (b) Function Diagram of Signal Lamp
LD X400 ; Load first Input
; 1.e Load the Value of Pump
AND X401 ; AND Operation between first input
: Second Input.
LD X402 : Load Third Input
ORB ; OR Operation
Cut Y430 i Show the Qutput
END ; End of the Program.

(c) PLC Code of Signal Lamp
foa s v.do

wfers o Bergrem 3R T T FENTW Diagram-9 T 20T |
(%) 9% Lamp® ON T@ =7, 745 PumpB 1R (Running) KM Qe HTHAT (2T LIFTI WA Test
P Switch 8 7% A Closed 41w 1
3 (%) Lamp 57 ON =92 o7 eicsmerdi (ts B=ita (vt 2oom |

WG ¢
g (F) QI ERT0 W) =T G3L (&7 CTRTE AND #ORE (ofA 3471 % €3e Test Switch-(F &3 M4 OR
Y
3



1,q71,5r-a7 SogiR @ cenafic Gl | Ny
.¢ F1 BI&W (Scan Time)-9% O] ASFIA o2 (Influencing factors of scan time) 8

Ladder diagram €3 Scan Time 9677 REtiR Bo@ 767 =3

(¥) ®T Ladder program 9% S+ Scan Time ¥ &TH |

(V) TG (AT G Scan Time ¢ #11Tst |

() A - SRAFS TG FAR @M A Scan Time @A =Tt |

() W@ ZA%5 FLF T A (7 AL (Rung) Scanning-4 FTA I A | T, IA® Fhk BiEwe =% =0 |

(8) mﬁae%ﬁawwmmscanmng-ewwﬁwmmamf%w%@rﬁszww
ﬁ'ﬁ‘mmscannmg Frers fagafers m g

(5) wiBer catiamm AR oTrm @M Gk e el wTfae T P

(® =g wzﬂawm—aamﬂmcﬂwmmmmmwm.wmﬁ-%mo q IW R
Froifers Sreriffen |

v SHigehr [t deiem fanb cigics i‘ﬁl (Describe Different Types of PLC

Programming with Examples) $

PLC (2TtTR TMagex RSy waem Tz a1 aorns rsd w1 o B PLC ceidices a0aafs Swizgd
it T 8

> | Signal Lamp Task : fRt5 Signal Lamp Task-93 Ladder GIRI, TE TR, (FIG @ WARTAF 61
-0 T g

Pump  Pressure Lamp

XWX g0 | Pume
i b N S Pressure{ &
Test . I__
X402 ' Test . } — Qutput
Pump
END . Pressure
Test Quiput
(a) Ladder Diagram of Signal Lamp (b Function Diagram of Signal Lamp
LD X400  ; Load first Input
; i.e Load the Value of Pump
AND X401 3 AND Operation between first input
: ; Second Input. o
LD X402 " ; Load Third Input
ORB ; OR Operation
Out Y430 ; Show the Qutput
END ; End of the Program.
{(c) PLC Code of Signal Lamp
@ s .30

(F) G9ITA ZNEBR T AT Q3 (AR GTAAE AND Afes 2ofd +a1 T 93 Test Switch-C €3 32 OR
e T Torgrer I AT T TG Diagram-9Q (FATE T |
(%) Q99 Lampf® ON =03 ©%7, 247 Pumpf® 71 (Running) QTW AR ATHSNT (2P AIFTT T Test
D Switch 0 7% A1 Closed 41 |
2 (1) Lamp f5T% ON 3313 & Sty (16 oz (eiest weant |

|
g AT 3
g
:



3o INEATS 76T wiw HraEf

X1 Valve Operation CIM1Y $ f75 vaive (S91) Operation Program-4% &7 Ladder Diagram, ®IC™ Block
T Q3 STAGAT (BTG (AT T ¢

Lit  Pump Valve

X400 X410 Y430 Lift Switch
—] —< o Not lifted | 2!
Not lift - Swilch 1
Xz Puiip on & [ Valve
-. Lifl Switch
Not lificd ' >
Swiich Vahe
Pump on
(a) Ladder Diagram of Valve Operation (b) Functionat Block Diagram of Valve Operation
LD X400 : Load first Input
OR X302 ; OR Operation between
» First Input and Second Input
AND X40] ; AND Operation
ouT Y430 s Display Qutpur
END ; End of Program.

B 3 7,35 (c) Code of Valve Operation
T 2 :
(F) 9T Valve 97 3BT 91 Lift 9 Not Lifted Swirch & OR Logic-4 &3¢ ¥1HF Quiput 4% Y
Pump-&% ZFYBLF AND Logic-9 Mg 21 A%, TN HILHF Block Diagram-& (R{AT 087 ¢
(%) 9N Valvefd ON 2@ 31 93 1.02d & Lifi 972 wam Pump B ON 23 9= Lift Switch ON T e
Not Lifted Switch ON T3 Il Closed T(9 )
(") Valve % ON =2m & graredin Programming Code B3 (W11 &7 |

© | GG MO HTHD YISTF W0 T ¢ GO MW A5H A3 G o awe i
Ladder Diagram, FIR=H{e1 3 SIHRIT Q92 (IS frs (FA1La] 2797 3

Input  Input  Jnput  Input Output
X400 X401 X402 X403 Y430 Sensor 1
>__ o
Sensor 2 .
1 2 3 4 Sensor 3 —— Output
——()
Sensors Sensor 4
—_—
END
Sensor |

Sensor 3

Output
Sensor 4 Hpd

(1} Ladder Diagram of switch ON and OFF (i) Functionzl Block Diagram Switch ON and OFF

LD X400
ANI X401
ANI X402
ouT Y403
END

8 £ .33 (c) Code of Switch ON and OFF

R D-icjlotle] Rl acdle] GAIBIY



1 d-igllatvle) Sfin Rgelie] HAMIY -

5. qe Fr-az st ¢ afie Gsfe 39
AT 8
(F) RO - TR LTASNY (TG oA R T |
(V) QR ATTG FEHTE o I &T AR G BTG Sensor (F IR IR TR |
(") CPROTETY SEGHHLTITE AND Logic 99 Tt BogeM $a1 TR T FIRNW 73 SR T
TR | _
() NI M T WBHE A QA T, T A GRGTR WS enewt TR | B wE I v,
T (7 (3 Q3 (TR TGS ~iewm IR ¥ Ifeerwm wreheb *new T =t

b5 AT e PLC caimiifile #5ieeTet (Different types of PLC Programming language) 8

PLC @3 4 %¢ T Programmable Logic Controller, Sidfte fafeg cenianfie snieetser ay<te 30 PLC-c= Frammet -
a1 T | fefem @R, @ IEC (1131 - 3), Mitsubishi, OMRON, Siemens, Telemecanique, Sprecher + Schuh
oIT% e GRYReR B fOfE R PLC-9F W) (RN IR ITA LI ( ATR W4 [EC A @A British |
standard BSEN 6113113-93 9t Fruepisd | PLC caianfe #rieTaer Standard fAdine see, o f& [EC 1131
Port 3 (1993) standard #1ts +ifefos |

IEC-4a9 Standard SFATA PLC ¢enatfEie Language 4% cifets frew | 79l

(%) ORI AFIRQLTG (Textural language),

() N7 FIRGTIE Graphical language).

Textural language § Text-fofGe CeianfiR ATIRGTHGE Textural language 30 | &fS M2 €A W AT, T 3

(¥F) TR P98 (Instruction list)

(]) GBS 3% (Structured list)

Graphical language 8 Symbol a1 Graphical Imagc-ﬁ‘i@? genaifiie MTRGTRGF Graphical language 0 | <6
HE 4ATE, 791 8

(%) ¥oTe G (Ladder diagram).

(¥) TR FF AR (Function block diagram).

@ WG4 Sequential Function Chart (SFC) cefitifiie MITReTI® T2d 321 T PLC (il 41 & |

QN TS Instruction list '8 Ladder diagram-9% B @M 63y SIA® I T | (@A PLC-4F cenanifie-
47 T TS @ G ceniaifie Arikaet 98 AR T NTE |

WET BT (Ladder diagrams) $ PLC-C3 (2 FF &0 M IRQS 3B PR (Symbolic) At
@™ (Graphical) (2R AIEGTRG (Language) T (TER BRI (Ladder diagram). (TOR TN (Ladder
diagram) o U‘W 39 (Vertical line) FTq sffs, G fFR 4% ofewm @RY (Power rails)-(® e
(Represent) I AN | @ G Vertical Line- 3 147 &% Symbol T Graphical image-97 TOW 93 ¥ 36
St za 1 B 3Bet Rung () rew #ifafos | :

Ladder 9 T8 @3 Rung WY TE-47 417 | TS PTG BT (AATS W @ 3fd 7R-47 7S |

WIS GO (Ladder diagram) WHGR PR s

() TSR BHaTR 7S St kA A, 1 N newr @Rn Rem Ruffe @)

(4) *NaTa 2w HBrE Rf¥E Symbol A Graphical image-G7 MKLR SIS FA ATFAG G2 A o S QW |

(o) e A A EELs FoTF 9 ZAl q 9 WTHAD W | :

(3) erere® M A o5 ol Baefb firw o w3k o3l wI%S+P fAmw e wR

(%) -7 TBHBA B TS 70 A TAFTR TR ASLBA TR TS |

(5) BoB, WBBe War cweparer Bl wey AR e aes, 1 frew averef A 2t ¢B SRS 7w
2 TS W | '

QU RSy T T U o, FAS NS PLC-CS Key pressing-97 TG Ladder diagram S ¥
TR | qRIE Computer-&F WYL THISH ST BT I PLC-97 IR TORCEOR F PLC-CT (A1 v
TR A | ' '



AR

s P s

Tarares T WS ARyafi

R B

meR PR A=

Normally open input contacts

Normally closed input contacts

A special instruction

U Or, A po— Output device
—t NN p—— The end rung,.
foar s v
fAzs Ladder diagram \13 TIGTH G0 AT (LITH AT & 3
fnput | input 2 Uutpul A Output A occurs when nput | and Input 2 occurs
l I Ty Output B occurs when Input 3 occurs,
| ~
Input 3 Oupul B3
{ N
N/
foa 2 .08

TG PP (Instruction lists) 3 Text-fofa® wge 2aes ceianfie wILSTIR T Instruction list, 4l T g
Mnemonic code (ﬁwﬁ?‘ Code)} W9 Represent 31 T | B Mnemonic code, Ladder clement 9% MY
'HTE@’TI"i‘f | 9B Instruction-A3 &7 fafeg R f:\‘."?i ﬁﬁ Mnemonic code TR FLA YT | (04—

Step Instruction
0 LD X 400
] AND X 401
2 OUT Y 430
(G .8 ¢ Instruciton code miemonics
[IEC Mitsubishi | OMRON | Siemens | Telemee | Sprechert
1131-3 -unique | Schuh
1D L1 i.D A L STR Start 4 rung with an open contact
LDN LDI LDNOT | AN LN STR NOT | Start a rung with a closed contact
AND AND AND A A AND « | A series element with an open contact
ANDN | ANI AND AN AN AND NOT | A series element with a clused contact
NOT
|' o OR OR 0 O OR A paraliel element with an open contagt
ORN ORI ORNOT | ON ON OR NOT A paralle] element with a closed contact
ST OUT oyT = = ouUT An output

BO-lelleble) Bl RGelle) HAILINE



.97.5-a97 wighe ¢ @i Gafa | P
Ladder diagram @ Instruction list-«% WY PLC ¢HINIS 3
Mww-aammammﬁmmms

X 400 X 400 M 100
— | F——0O-
X 402 M 101
— - —O-
X 403
M 100 M 101 Y 430
— — —0
—L_END IL
LR RY
Mitsubishi Notation- <3 THITY IEC Notation- <3 NTR
Step Instruction Step Instruction
0 LDX 400 0 LD X 400
1 ANDX 401 1 ANDX 40]
z OUT M100 2 ST M100
3 LD X402 3 LD X 402
4 ORX 403 4 0 X403
5 OUT M101 5 STMIL01
6 LD MI00 6 LD MI100
7 AND M101 7 AND M101
8 OUT Y430 8 ST Y430
9 END 9 END

Function Block Diagrams § PLC-C® IR&S 1979 Function. CRa7— AND, OR, XOR R®NWIF Represent
FR B TS Function Block Diagrams TGS g | ) ‘

A Q

A—-—-
B >=1 | 2

B

f5 2 ¥, 3% Ladder diagram and equivalent functional block diagram for OR function.

A B 0
I [ N T
0O+

s r3q Ladﬁer Diagram and equivalent functiona! block diagram for AND function

TG g



do8 TRTS HeoT Wi Srgmfy
R | Structured Text c2TNz SRt

/# PLC confi guration
CONFIGURATION defaultefg
VAR _GLOBAL
b. Start _ Stop : BOOL ; /1 | Global variable to represent a boolean;
b_ON _OFF :'BOOL H - Global variable to represent a boolean,

Start . Stop AT #1X0.0 : BOOL . 4/ of the PLC (Address 0.0)

ON_OFF AT# QX0.0: BOOL; # ‘Digital output of the PIC (Address 0.0), (Coily

{/ Schedule the main program to be executed every 20 ms
TASK Tick (INTERVAL : = t#20ms) :

PROGRAM Main WiTH Tick : Monitor _ Start Stop ;
END _ CONFIGURATION

PROGRAM Monitor _ Start _ Stop /1 Actual Program

VAR - EXTERNAL '
Start_Stop  : BOOL ;
ON - OFF : BOOL ;

END_ VAR

VAR /" Temporary variables for logic handling
ONS_Trig : BOOL ;
Rising_ONS : BOOL :

END _ VAR

# Start of Logic
# Catch the Rising Edge one Shot of the start _ Stop input
ONS _ Trig : = Start _ Stop AND NOT Rising _ ONS ;

// Main Logic for Run _ Contact - - Toggle ON / Togle off - - .
ON OFF: = (ONS - Trig AND NOT ON _ OFF) OR (ON _ OFF AND NOT ONs _ Trig);

!/ Rising One shot Logic
Rising _ONS : = Start _ Stop;
END _ PROGRAM



Jo8 AT Y Wit franfs;
R | Structured Text ¢2iizag TR

/1 PLC configuration
CONFIGURATION defaultefg
VAR _GLOBAL
b_ Start _ Stop : BOOL ; | Global variable] to represent 2 boolean;
b_ON_OFF - -BOOL ; /1 Gilobal variable g represent a boolean,

Start _ Stop AT # IX0.0 : BOOL - 7 of the PLC (Address 0.0)

ON_OFF AT# QX0.0: BOOL: Dipgital output of the PLC (Address 0.0), (Coil)
END _ VAR

// Schedule the main Program to be executed every 20 ms
TASK Tick (INTERVAL : = t#20ms) ;

PROGRAM Main WITH Tick : Monitor - Start _ Stop ;
END _ CONFIGURATION

PROGRAM Monitor _ Start _ Stop /I Actual Program

VAR ~ EXTERNAL
Sant_Stop  : BOOL H
ON - OFF : BOOL;

END _ vaAR

VAR /1 Temporary variables for logic handling
ONS _Trig  : BOOL ;
Rising -ONS : BOOL:

END _ VAR

/ Start of Logic
/ Catch the Rising Edge one Shot of the start _ stop tnput
ONS _ Trig : = Start _ Stop AND NOT Rising _ ONS ;

// Main Logic for Run _ Contact - - Toggle ON / Togle off - - .
ON OFF : = (ONS - Trig AND NOT ON _ OFF) OR (ON . OFF AND NOT ONS _ Trig) ;

// Rising One shot Logic
Rising _ ONS : = Stan _ Stop;
END _ PROGRAM



o o1 Fr-02 SHRERR ¢ (i G ' .

N -

s} PLC Ceifie vReTie T J [e | | [0 ¢ ()]
Programmable logic controler-43¥ CEIEIN (7 YATTR EYRGTAE qREE R T T, Wi PLC
cenielfiie FURGTI® 0 | _

31 PLC cemtifie viieerae e 4 ot Rew? [RrsfTat-2080] %
wegl, PLC (iR FIROTITST APRTSH (4 |
(oal) 72 s few, v &
{1) COHORAI FREGTAS (Textural tanguage),

(ii) SFFTE FRETEE (Graphical language).

@w| Textural lahguage-‘-ﬁ‘]}iﬁ LH

| STGERIRES @ B S |

8| Graphical language-ﬁ‘]:iff #?

oI TN @ T FH BRI | :
¢\ Ladder diagram ¥9C® A2 [AfEi-205 8, R030(#fR)]
- PLC.C® (S I T 9T GG Symbolic 31 Graphical (e 7Rt T Ladder diagram.

©1  Scan time TS F CANA? [Arfal-2008, 3, (i)
W, Praet <7 cga o7 BRT R | [afR-203e)

W%mmwﬁﬁuwmw vgﬁPLcwammiﬂﬂBW%m.W
T T | AR TACS (X NG AL, BWF Scan time I |
q| PLC-4% Control function-‘ﬂ‘{i‘?f Ry
AND function, OR function, NOT function, X-OR function, NAND function €38 NOR function i
¥ | Textural language TS N R

Text-fofa% (eiaifiie ANFTEETP Textural language I |
%1 Graphical Language 3908 ¥ 337

Symbol T Graphical Image-fof%% (aanfaie TIHTESRCE Graphical language 071 |
‘o1 Ladder Diagram (W4(® (17
Ladder Diagram (4TS W01 ¥Z-43 TS |
3% | Ladder Diagram-&3% Vertical Line g @ fvgres @y
Ladder Diagram-&3 Vertical Line 6 Power a3 fRraner® FW |
s3! Ladder Diagram-«# 26 o5+ & =ra #ffver
Ladder Diagram-99 #fef® B4 Rung (FR) AR AR |
yo| Ladder Diagram-9% Power Rails ¥ Vertical Line wioee ferm N SgS 390 /e

Symbol F Graphical Image-94 W |

18 | 2R GBret TATE TS [nput R Output TS I
Boafl) wcs o6 2B @ 3 BB TS T




k4

%

M9
s |

MW

211

Xurares oty us Panfy
Input Ladder Symbol =%H ¥9 |

'f' T

A Special Instruction Symbol W% 37 |

)

H

Output- g3 P n =wa 34 |

O] -

H

S’

N

S | Ladder Diagram (%8 3™ Symbol W% 3 |

G o

31 Instruction List TS & LAy
Text-f5f& T RS enanfie WIATIE TA Instruction lise, M At ﬁl’i Mnemonic code 99t
Represent 37 €F |

R0 | Function Block Diagram I70® & qai?
Function Block Diagram ¥® PLC-93 Q3 43077 (inifag Language, § &= TS AND, OR, X-
OR ¥%7f% Logic Function-a&l@ Represent 4 &) AIGS N | :

35 | Mitsubishi (F™if, Operation Mode-& ¥t Wit B1%® w2
Mitsubishi ¢®T™{1f%, Operation Mode-(® Monitor Mode 9091 9GS |

XX | Operation Mode & 4 I BRyw w21 gy
Monitor Mode, Test Mode, Debug Mode, Read Mode Z93if# |

W | PLC-(¥ Control FI% W] Logic function-’l‘[{ﬁﬁ? }
PLC-C® Control 1% ¥ Logic function-F9% T AND, OR, NOT, X-OR 29517 |

um ATATSY 3 I

31 PLC camiifie viraraw e § e
W, PLC cenmatifle vimrcoe 310 amy :
PLC 49 "I\‘f ey T Programmable Logic Controller. Wéfie fafEq cananfie syestze arqara a2
PLC- frmEd = ww) ffeg @i amm- IEC (1131 - 3). Mitsubishi, OMRON, Siemens.
Telemecanique, Sprecher + Schubh SR fRert Gtz Bor fefs =@ PLC.97 &0 (i 3571 =R
AMFA | AR [y IEC, T {1 British standard BSEN 6113113-43 504 Amappee | pLC cenafie
FIRSTCEA Standard Pt PR, T 41 IEC 1131 Port 3 (1993) standard 7w #fifos )

1 PLC cnefifie vomamner- a3 cff¥em faon wioesst 3 ) [ArRefeEat- 203 3 (41fF)]
W, PLC caitatifie wompmmes eereest o | [ArfETal-2058
WL, PLC 2t vomyrmes oiftfdsm o) [RtifeTal-205 3]

IEC-93 Standard S8 PLC cenafire sniceras 93 offees o, A

(F) (GHDFUT #IRGTIS (Textural language),
() e TS TS (Graphical language).



2|

81

¢\

1

31,2 fi-am wiEhe @ cantifie G o9
Textural language 3 Text-SfG (e Fie e Textural janguage T | aft %% ¥ TTa AP, T 3
(F) 2G4 795 (Instruction list)
(¥) Lreo1es 798 (Structured ist.)
Graphical language ¢ Symbol A Graphical Image-f@@? ettt STTRGTAWHS Graphical language T
4fb 92 «FwE, T ¢
(¥) TSI T (Ladder diagram).
() TE 3 TIFA (Function biock diagram). :
Ladder diagram Sae fmsri [AReTa-2053, 58, e (ARl

Ladder diagram “SL-d i ¢

) TR BT B et Aiga A, T R Areum @ Rona feafe 2

(d) ~reR (7%= 7fors ST Symbol A Graphical image-3 AL FTE Pl QTS B I Wi S
| ' '

() *TEFR A T (VT FAATE 9B TP 93 9FB EHH AR |

(|)  arers AR QA OB B TRed fin o T @Rk @b IeBefS e e =

() -7 WOHTER 7 TIES 2efB I RSB SRR EGGT WL T |

®) ﬁﬁ,w@ﬁﬁamwﬁmwﬁ%ﬁwm,mﬁwa&xﬁmmﬁ&m@

SEH W

Qi 36 TS T | _
TR BrereE 19 ¢ oSS i | o [rifiiar-2ode(#Af))
et e 3
s Brm - ISR PR A
Normally open input contacts -
/ " Normally closed input contacts
— — ' A special instruction
-—Q—— Or,—( - Output device
END The end rung.

Ladder diagram-< ST G0 T (@R Tazad 71 |

(=]
Input 1 Input 2 Ouiput A Output A occurs when input 1 and Input 2
| l N occurs. Output B occurs when Input 3 occurs.

Tnput 3 Cutput B

£
./

Instruction List-3 TR 3B ARe ca2iia® ey

AFE Instruction-93 S fafey @it % %8 Mnemonic code TR A 4GS | (YSH—
Step  Instruction

0 LD X 400
1 AND X401
2 ouT Y 430



sy Brares Frbs WS Hant
4|  Function Block Diagram 37 9 T SHITRHR ATwT 80 371 |
PLC(® 3% fafey Function, (F¥- AND, OR, XOR ¥THI# Represent ¥4 &+ TS
Function Block Diagrams 1988 T
A

Q
() |
—/

A Q

£ Jpe——

Ladder diagram and equivalent functional block diagram for OR function.
A i3 Q

A —]
| | ] O—| & =
| 3 B~

Ladder Diagram and equivalent functional block diagram for AND function
¥ | AND Centrol Function-R1 Truth tabie-&® Ladder diagram %= 3% |

PLC-43 AND Control function, AND logic gate-9% Y F{Tﬂm’l‘fi FRAL AND logic gate-49
Truth table, function BT AT HTHET |

lnput Input Output

A 2 5 o— o
0 ] 0

3 1 0

! 0 0 0 j
! : I Apphicd Voltage

Truth Table
AND Circuit

Inputs
A —» Logic gate Output
B — Control >

Input A Input B Output
i

L 1 1 " |
LI 1 T \_/ 1

Ladder diagram of AND Logic
wie, THFT Input A = § 92 Input B = | T, T¥FE Output  1ET WA ¢
¥ Input A-CS X400 9 Input B-CT X 401 &0 33 &, ST Qutput 16T ITL Y 430 | W‘ﬁ&

X 400 X401 Y 430
l ] | | I i
| 1 1 1 1 AN/ L
Ladder diagram
| OR Control Function-<¥ Ladder Diagram %« 3 | [ﬁmﬁm-b\obo, 3y, 88]
X 400 Y 403
[ N
L ./
X 401
| §
||




for.97.F-a7 SHIEPR 8 cefie GafE | - S0
so| NOT Control Function-<¥ Ladder Diagram ™% ¥4 { '
(Z==l

X 400 Y 430

—/t—0—

Ladder diagram of NOT function
381 X-OR Control Function-&¥ Ladder Diagram W& ¥4 |

El)

X 400 X 401 Y 403 |
[ |1 I N

1 1 /l_ J

X 400 X 40 ‘
| 11

N | |

- Ladder diagram of X-OR control function
531 NAND Control Funétion-9% Ladder Diagram W& ¥ |

Zsng

InputA Output

__I/l I l

J /

Input B l
i i

Ladder diagram of NAND Contrel Function
39 i NOR Conirol Function-&% Ladder Diagram W& 9 |

Gl

|X400 X 401 |
A A——0

Ladder diagram of NOR control function

38 | SRR & Prreimm v FrbeE Wg 1dw P

E==l)
Combination system _ Sequential logic system

(¥) (@ ¥ Digital system-9¥ Output (FIFIL (¥) (¥ 7 Digital system-99 Output TR
v Bl SR fdm wm, o® T8 ¢ cuafdm B e ww, W)
Combination system 31 | Sequential logic system TCF1 | :

(4) Combination system-a P RETRG® 4e | (¥) Sequential logic system-9 4B TR |
{(Memory) ¥TF T "‘Eﬁﬁ (Memory) 410 |

(1) CRAR W AR S FTHLHA (FF TAFE () I WA TS (S (IR MES YOS
MEA AEES FRCS A |

)] Combination system WOTSA (W "oAT WG | (T) Sequential system-43 TR QTS e |
AICS AR | WG AT IR AT |




380
3¢ |

BIRTTS 5w s fiaafs _
¥ DRANEE WU 4RI Sraacterm o [RIFfRTR-2050, 38, se(41f7))
Ladder diagram &% Scan Time 0% fdataq Bsta e 72
(F) (&G Ladder program A% 84 Scan Time & ®T |
(¥) TP LT B Scan Time Q0T A0 ¢
(%) A A0 RS TR A At A Scan Time @R #rest |
(7). 3R- @ TR0 A7 3 A 1 W (Rung) Scanning-4 FNE I AT | 0w, FLASS T Bidwe o3 ooy
(®)  Cwioe @ forafee 1w B 71 T Scanning- 8 FS TS g1 e (B @ foraife oo v
g zm scanning T8 RSITETS s7vig 431 |
PLC program-di¥ Timer @ Counter addressing-<% #%f% H [Fwifial-zos2]

O Timer Addressing way ¢ Timer TR PLC 47 o= fak. 87 fesrgs, T @1 CpU (Central
Processing Unit) €3 Clock HRIHPR T SR IR A QTS | BIINEA Addressing (Gafrmg
ErtaTeLd g fog Te0m Tm e | o SRR FeBT 1% e 71 @ Al @R Bikum v
TR S T Letter IR L7 4ILST |

Mitsubishi company T4 AN Bebw IegR @, (qwa-

T450, T 451 7 |

0 Counter Addressing Technique 3 Counter Addressing (BFa9 a8 3o%, T fam (v ifarem fog
o 739 = 1 02 Counter fof%® +1% & Addressing TR C Letter 5 419573 | 5ttea a8 C450, CO,
CO01 EreyTfis |

Mitsubishi addressing way QU5

C450, C451 71 |

» BT T |

1

Q|

9|

81

@t

W

9o, B e 2o/l sy el b ' [arefea-200y, 3¢}

(zon o ) v.s e owen @ |
4, e, B camaraa wergdin R o B GRESa Ui el frd )

(3w3 s B} v 72 wopomew 53 |
9,um B ettt BIRA @ BB SOITER ref

[frat-so, 33(7R), s3(+1f7), so(9f2), 38, >, se(=f)]
(e eeg) v o oo v
71 DIRTTR O euRal Sezaterm e )

br.@ T SEURA BB |
PLC-a% ¢ wyiomamer ofifdsmt ong [aratferrat- 205 8]

Timer € Counter instruction YIF F& PLC Program WITER SN WA 9 | [Frfial-208]

e s B v.o v e gt




‘
Pramr IRGIF=M SERE G ACH G TS (T Tow] 38

FramPr Yrfjreree SR 4T FTOTH STARIH FRROR IR 541 |

(PLC instructions & program with ladder diagram)

Toe | fHaaf TR it MINETITE (e T 7w O aifre Ruatem WY (8 (59 e 2, O ate
I | BRI s zeen Gamhfeies aw wems cenanfi wyms | | E;,
5.5 (%A G AR (Rail & rung) § C%

0 @& (Rail) § PLC (S (2™ ]I &+ g7 J9g°¢ U3 Graphical ceiarifaie Language &1 Ladder
diagram, T ft 76 St «izn fon ofve | @ Sibwr amqurmed @3 = @

0 7R (Rung) 3 Ladder ¢ ¥% @3 Rung & %303 419 | Ladder diagram-Q 6 Vartical lines 9% T4 fafdy
Symbol 1 Graphical Image 97 MY UF «3fB GBo Sia! 27 ) AfSl G569 qig (Rung) FITH Afafes

N

—Il | N

Rung

HF—N—0
fozsn.y

.2 T 512t TGt 71 @ &4 8% (Name and symbol of Relay type instructions) $

'I‘cxt--fﬁﬁiﬂ_‘ IG5 AGS (AL TGS T Instruction tist, f famt ﬁfﬁ Mnemonic code €T Represent 41
=¥ | &S Mnemonic code Ladder element 9a A wragArd ) wefle, Instruction 93 SIR SEM] SETT Ladder
symbol [T | 4F% Instruction 93 & ey el 5 %5 Mnemonic code IR IR 4TH, U Table

TSR (AT 2 g

AEC Mitsubishi OMRON Siemens | Telem ecanique Sprechert schuh
LD LD LD AL _ L STR
LDN LDI LD NQOT LN LN STR NOT
AND AND AND A A AND
ANDN ANI ANDNOT AN AN AND NOT
0 OR OR 0O 0 OR
ORN ORI ORNOT ON ON ORNOT
5T ouT ouT QouT




TG et

383 | BarTes Bty WS P

Instructlon Symbol
X400 Y430
LD = Load
— 00—
X400 Y430
LDI1 = Not Load

X400 X40! Y430
AND = AND Logic Function . HH

X400  Yaig

ANI = NAND Logic Function

X401

XA00 Y430
OR = OR Logic Function

X401

X400 X401 Y430
ORI = NOR Logic Function

Input  Quiput

Out = Qutput
Relay (Ladder) Symbol
Normally open input contacts
VI Normally closed input contacts
ll IL A special instruction
+ on ~{ }— output
ll Il The End rung

5.9 PLC Program ®§itm HATHIR (Point to be considered for developing PLC program) ¢

PLC Program (T&P 4% R (gierifie »meerms (CT9A- Ladder diagram, Instuction list) AR IR IR
¥, CRE S (AWIAR T8 13 ¥ (developing)-a PR 4191 TR, T WPRS @ S Sgrwd 4@ PLC
CRIEIR A I 9K | QYA PLC Program developing qronR SN A T g

(%) TP- w8576 WRHET ¢ PLC program BATH &R *WTwe SEPIAR WINHR WS o & qam

(CTTW- LED flashing, Traffic Signal control Tonfw) @3 W PLC program LA FACS WA !
woor R FA0E TR @, @ Output implementation 97 ) B MR Input ST A TS 44 |

(V) OPRAR B ¢ wesm 3o/ TSl fefire wimvfive fown e T WmRWY T

W, (T T AN (RIRE R oz afimn | sgmeifmom S 8 3@ Pseudocode
(Tret-3Te) e, fen c2isIR 35 TS <@, M 3 BEGIN, DO, END, IF-THEN- Else, WHILE-DO
BT Word T9%I8 I3 T671 31 TR |



forqmfs TTRBIEH WHHTER Q9 TR SN AN (W 75 389
(1) YOI TR 8 SfTet-caTS P ety @ i Bera ol wTaR oD efil TS T |
(%) mmﬂm:cﬁmﬁamw@fmmw-mem%ﬁﬁﬁmmﬁﬁm
BB HOIUR 3, T {4 PLC € Input &G & &1 T3 |
(®) BFBe e fBafie 3 cananfiz- o @ EER g TR e, o fada R ool xom Bty W
G IR B AN BAHE ZUR e
@)W:Wmﬂﬁaaaﬁ&mﬁwﬁemmmmmwm,mm
AR (D FAHG TS KA | WA & AWCHASE THTHA WA AT |

5.8 R Bize EPRRTTR VIR ¥R T @R (Prepare Sample program using

relay type instructions) 3
LFRIF*W FIQR I Internal Relay- O7 TR (N 3

Program
LD X 400 Load First input
OR X 402 OR operation between X 400 & X 402
AND X 401 AND operation between X 401 & OR operation output
ouT Mi00 Get Internal Relay output
LD M100 I.oad Internal Relay output
AND X403 ~ AND operation between M100 & X 403
ouT Y430 Get Final output
X400 X401 Mioo
i3
MIG0 X403 Y430
l ]t '
| i1 S
: formes.a
Siemens Notation T3%14 TR Ladder Diagram @ fa751 51&4 IR I T AT 3
. r——'lmumal relay
ml.‘t,lu[‘i 1 lnlpuu: 2 F.1
i)
Inpwi 3
(0.2
]
Output
Inlcr;%lf:clay lnll:l".l;j Q0
—p—t— )
forr s .0 Siemens notation % Ladder diagram
Program :
A 10.0 : Load first input
O 10.2 ; OR operation betweer 10.0 & 10.2
A 10.3 ; AND operation between 10.1 & OR
= F0.1 ; Operation output
A FO.1 : Ger internal Reiay output
A 10.3 ) : Load internal relay output
= Q23 : AN operation between FO.1 & 10.3
; Get final output or display final
; Output




388 Barares ety s Paaf
».¢ Timer W Counter TGP IR IR MYRY 2N oAt (To develop simple

program using timer & counter instructions)

Timer Cascade Program

LD | X 400 Load First input
ouT T450 | Close Timer 1
K 999 Delay 9995
LD T450 Load Timer 1
ouTt T451 Close Timer 2
K 10000 Delay 1005
LD T451 Load Timer 2
ouT . Y 430 Get Final output
X420 T450 K999
|
T456 T451 K140

?

T451 Y430

!

fox 3 5.8 B%um cansrm
Counter Program 2 X400
LD X 400 RESET
OR C 461 C461
RST C460 C480 LD X400
K 6 K8 OR  C461
. X401 RST C480
LD "X 40] K 6
. C4B0 Y430 QUT C480
LD C 460 7N\ LD C460
ouT Y 430 \_/ 03” Y430
400
LD X 4000 X400 lE)R 2481
OR C 461 RESET ~ RST  C461
K 12
+ RST C 461 Cagy LD X401
K 12 €461 AND C46D
LD X 401 K12 OUT C461
AND C 460 L |
_ f-— ouT
OUT C46] |




fHgmfs TR SEE QR FHGIE S FRIASH (@M I y8¢

%% Word Comparing €3 Arithmetic Instructions TG IE AR (i 7A
(Develop Simple Program Using Word Comparing and Arithmetic Instructions) 8

Word Comparing TIQ3 Alarm program § PLC bt @ PLC i @ aft wib! erege g
(Compare) ¥4I &«] Comparison TR IR | PLC Pt 2aqf feids s wiie fefeprm syes
RRPOTR FaFe o5l |7 AR T A T | SHIATTRA I AR (T, 43 ST GPR LS WIS VL i
b s 7 (U PLC 43 AfSPBIa Set T3 SRR ALY 91 PR W, a6 TS fATae S/ Tw

PLC 75T A1 PLC ¢ehieifie-« fTI® Comparison TFRH 35S &, A1 §

R TTGIEATT AT It
1. LTorLESor« Less than
2. =or ==or EQ or EQU Equal to-
3, <or<=orLE or LEQ Less than or equal to
4, > or GT or GRT Greater than
5. > or » = or GE or GEQ Greater than or equal to
6. # or < > or NE or NEQ Not equal to
fAT5 Word or Data Comparison 3R -7 I 3B Alarm Program 49 Ladder Diagram (TG 28411 8
K 100
>ls | o s {vem
Y430
{F
K90
lsio R | van

6@ 3 5.9 Alaem C2IETY
COETT § Comparison BTG JTLA IS (HialwlG FEFot ¢
AGRT B
Source A T4.0 ACC
Source B400.

TATAIT (AT S 2% Source Address @7 D &R Destination Address | 991G § TR Source X T &S
WSS Data (F store T UAe d TW Destination (T & (ATF value PR § & FY FoT T 5 |

BoraTE (leaS zren Sund % TR (s | ¢ Source TR I temperature sensory T temperature (F
Sense @ AR (CHHTNA @3B AR value T TR T (RSN TR | 4R 4f ¥ Temperature sensor
e B0 (¥, SN 100°C 97 TAE TEA e cacet BHR, WA TW temperature. sensor Bfe=t o
(4, ST 90°C &7 fRTS 5T (siTR, STErTe S caeet Bt | -

Arithmetic 3¥GR $ PLC (enifiie- Comparison TG A4 Arithmetic Operation #faprmi
TR O Arithmetic TR TGS T | Arithmetic ZREFETN FREA 8

TR TR W Ffat
1. ADD Addition
2. SUB Subtraction
3. DIV Divide
4, MUL ' Multiplication
5. SQR Square root
CENRITT § Arithmetic TPRIFH TR I]A (L fAgsst 3
LD
Source AN7.1
Source BN7.3 \
Nest N7.5

SGE



SE =T

BRTeT by wis Haefy

8%
S EA-»
St @& dn @030, 38, se(=f)]]
Ladder diagram 4 Vertical Line W5t3% % 700 |
1w Rrftzar-20v0(41f), se(eif)]

9|

81

¢\

G|

q1

Ladder diagram 3 Vertical Line JCAF Horizontal line, COYTTA ':'(“?{"IB-WT@B“I’B fevram 9T,
ST e o

Text- & cefianfie meevre iy

Instruction List,

Ladder diagram- &3 W—W’ﬂ? Symboi fr¢ |

(Fz=g)

Input Output
L~ {

I i W/

G0 Jhy

Ladder dlagrdm programrnmg -4 (PN GE ey B, @ e waiz TR, (56 |
m *31? |

wﬁ:r'nmwﬁzﬁﬁ‘ﬁﬁ&ml
L deian ok o)
Eraf) madis cenarfie AT WA cofta™y Aearwe: ARGNSR SFRTH <0 |

Wﬁfs e :

R

CRRM-F HS A | , (RIBIEHAT-205 2 (41fR))
S, @2 R f e [rfATa-2052, S¢l

Eeal)) a1 pLe o cenam v W v TEE 99 Graphical ceraifie Language % Ladder

' diagram, m&m@mwmmldmmwmm?@l

AR- &3 IR WG | , [Afitai-203), 33(fR)]
UL, A ITTS F Q@ ' - [ifia-20by, sel
MR ¢ Ladder o T3 @ Rung W SZGR 411 | Ladder diagram- 9 9% Vertical lines 43 5745
fafeg Symbol M Graphical Image Q3 45T @ a5 oot S xw ) ofefs B AR (Rung) LY «f4fo® |



LB

Bramfi TAEgIE WHYRE 932 AT SR HEASMH (™ 957

Relay Type Instruction-&% 19 ot |
W43l Relay type Instruction-4% FRnetm o |

&

5819

[T al-203 3]

Instruction Symbel
X400 Y430
LD - Lo — —O—
X400 Y430
LDI = Not Load

X400 X401 Y430

SET T

AND = AND Logic Function —
X400 Y430
ANI = NAND Logic Function
X401
X400 Y430
OR = OR Logic Function I : l
- X401

ORI = NOR Logic Function

X400 X401 Y430

Out = OQutput

Input Output

— O

Relay Type Instruction. 9% Symbol-&Tmt fire |
w9T!, PLC ¢ TIXT Relay symbol 9T WHA F)

Relay (Ladder) Symbol

[Arsifaar-205 S ()]

[arpiftal-203a]

Normally open input contacts

I

Normally closed input contacts

.l ll A special instruction
+ on —{ )}— output
i ] The End rung




I W

S8 Tarss b Wi sy

& BRI BT W Tuternal relay-<d <3 YRS caAMIT (N | [arefezar-305 8]
IWE’ Program
'r LD : X 400 Load First input
+ OR X 402 OR operation between X 400 & X 402
| AND X 401 AND operation between X 401 & OR operation output
ou M100 Get Internal Relay output
i LD MI100 Load Internal Retay output
i AND X 303 AND operation between M100 & X 403
E_OU T Y430 Get Final output
X4[[‘O X'40[] ?]_({0
— | 11—
_z:l‘mz
M0 X403 Y430
L | L. ()
_1 ! 11 N/
fom s .3
%1 PLC program development- @ §I4&T#T 7 (¢ | [T Ta-208 8]
PLC program development- 49 q1oTR st
(F) B0 WIH90 HHERe (%) sr@sifars Bpm
(31 @it tefa (9) TG FoAreR
() BT w13 foafi () TFETHH |
9 mm)wmmmwwmmﬁwm [areiferai-20ye]
X4 T450) K999
T456 T451 K160
T451 Y430
31 PLC 2 SFara qrorrgg e | _ :
R, PLC GRRITR BTaR qivteren 3t 27 [@ratfEal-z0s8]
R | Relay Type Instruction-4% «3f8 Program Y |
.8 T TTHRE {3 |
© 1 Timer Instruction TIRW I TN fre |
».¢ W TORA §B9 |
81  Counier Type Instruction IITT TR el frd | (e @-205), se ()]

(sl se R RN RE

¢!  Word comparing- 9% Ladder diagram program foe |

®



PLC frtsbara cBagbene «ar Breerfe : 8

PLC PICEoIT GrSauBas s fraerssthe,

(PLC system maintenance and troubleshooting)

50,0 G¥F (Introduction) §

& W Fant Frettr IRgem 3 Gt oo W I ok | Hanf Srbare wifed
TS WIR TTH TR g AW (T 5s &0 | Pigas Prsbra oft o % el T, ote w fifge
FTR FRTAIGR IR AT 20 23 FiRerefbe | Fraemorfbe-«3 ca g o amme |

-
4
0.5 PLC Fobom sy 1oB/omessl cPfa*A (General input and outputt%
specification of a PLC System) ¢

PLC Frosbsa snarae BaeB/=ieteS o e e, Eefb/anted Prsbmm w1 & am
TS grarem | 75 T+ Cwifiere - o g s

MT-ESS/UL
Integrated output 4
Output type :  Soure Transistor
Maximum cutput current :  Peroutput0.5 A
: Perouput0.8 A
Maximum Switching Load : - inductive load 12w lamp load 0.9 w
Response time o <02ms
Personal computer with software.
MR-ES/UL
Integrated output 4
Qutput type ¢ Relay
Minimum ouiput current -+ Per output 2A per outputs 8A
Minimum switching Load 1 inductive load sovA
¢ Lamp load 100 w
Response time : : 10ms

persenal computer with PLC software. ’

0.3 PLC P00 w0 4Tieie b s iR (Software requirements of a PLC system) §

A5 Software-a |7 7wl 2= 3
() PLCcom5S7 () LogixPro
100% pure .Net (8) RS Logix
(#) PLC Com S7 (®) PLC Trainer
100% pure Java (¥) PLC Troubleshooter workshop
() PLC com 7 (®)  PLC Ladder Logic
{.Net + Java)

System requirement 3
{¥) Microsoft. Net Frame work 2.0
- {¥) Linux/mono Frame work 2.4

&N Taoon OV ITOITN S
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)

ha

s¢o TIaTee Gty wis anfy
30,9 SCADA-43 (387 (Features of SCADA) 3

SCADA 47 ‘1‘f wd @ Supervisory control and data acquisition | 95 TERGTM Sthew Wy AT T
93 TR 93 IHTR T IPBHR FBEER 1w Qe | «ft fFirga Bomon RS T 3
(¥) TWOHRA QT (Industrial process)-TETRIGIRE, (R, (RTETPIR, HIGTR BN, (PR a3
frergfae |
(¥) TErGEsE {Infrastructure)-S¥BR GEwG, sy MRAMEN, BrRliarm  Aienm B]T"iﬁ"lﬂ |
FrSfATEN Tonn |
9% off generation SCADA TR~
() &UT (@FTF (First generation) : monolithic
Q4TS mainframe computer I% {871 |
(¥) TS CHITTH (Second generation) : Distributed
QT Network system T |
(51) AT (BT (Third generation) : Nclworked
QAT WAN Network System QTS |

0.8 PLC meﬁwﬁﬁs (Rules of PLC installation) $

PLC System (& R w08, SR Installation €3 Py fmem® (UM 5% =1 PLC BB
hﬁﬁmeWamW%me&@aW«mmmn Q4 PLC
Installation 9 fFfs B T2t s

(F) PLC system plant @3 31 forcy 7y,

(4) TG 97 G TGS ToraRetTTE S e A,

(1) PLC system-43 381 forret a1,

(%) Electrical installation 9% SRR oE,

(8) TN AFR TN/ MEG45R Flerefaa iforat Frod 7y,

() e caiareriz,

(®) TEHGUR o,

(@) wefeafe Ty foree e,

() Start Up 93 Shut down &8s fa a1 )

yo.¢ Fhpifae wee wigaw YR (Commissioning and their stages) 8

(¥) PLC System 932 RS Plant 47 5 IRFFHZ (6F 71 A O FRIATSIR 918 330 T |
() ety iR STy Rt @ w1 et ST cRT ot Rt

() elfzrestaers feezong fifiR wrmsit oy w41 |

(W) ZmeeitE 5ot 2w e 30 e, ©f oo

(3) 191 A/ ATT(5 fewiZoz Fbwona o 5w (oiRkF wivg B, ©f o5 @4t |

(®) N STt a1 e Ry e ez (355 =1 |



PLC Bt (REsm™ @ e Grergfbe 3D
Yo.u fan W a¥e fenfe e (General procedure of trouble-shooting

and repairing PLC) 8

PLC System- @ T (31 9% newlbe aw, vra o fifes A TG B Afrad Gremgfte gag

farsmmfae = T 1| a2 Gty wae faeemfae @3 meime afesrgy S s @ s

(%) Timing Checks : @ ¥ TS PLC System 43 W% Watchdog timer TR I &8 | < m'm
et Fiae ey o fave o W e A % 1w IR, TTR B ARY AR Watchdog timer
fF® T3 93t 7 TR B 794 IR |

(4) Last Qutput Set : T4 W55 16 T fom (= 1 7w ot fefw =t i | (oot TBBAHR o}
11 29 e e 30 9 | '

(*) Replication : Replication-43 ¢ duplicting. WHE @ GIFTE GF2 @I 4T W TIA GF 0 & |
AR T @I @D W, T (R TS TR @R @R P G2 | TR 1 93 @Es |\ Wi, S|
RITS TR (7 TR RN 1 TR, WA (F CHLo Y ([{os fiiemg =1, vy O AR sare wa

(9} Expected value check : Software Error Check TR S@jew G5B %fS T Expected Value Check.

Y =R s arcea : ||

-

R

-3

8|

¢

2R75 8 WEBAD C=BRTER FF TN

PLCﬁﬁmmmﬂiﬂﬁWﬁwﬁﬁmﬂmmiwﬁmmqﬁﬁmm&
T TS &THee |

FRFT PLC Software-d 7 Y | [arifeizal-205])
1, FEEFH PLC S/W-&3 1% (7Y | [arfeTal-20 59
Gt |
{(F)PLC com S7 (%) Logix Pro () RS Logix (¥) PLC Trainer.

SCADA 2 [Trefaal-3050, $3(AfR), 33(%1fF), se(7f)]

SCADA 93 %% = &1 Supervisory control and data acquisition. «f6 Zsiffam stHer ww)
IS T | :

Sraerepite By [@r=ifeirar-20se!
(Bew]) pLc Brobu i cam w5 wufbe 7, vt i i w0 Aeet v 6ReTe Greryfiy 7w |

SCADD-«% *f we o | [aretféTat-2050]
w43, SCADD-GF 4o e | [Frifeizat-205 8]

|"..Gﬂr¢r!‘ Cuumamrioney Mamtent And Tiatn A ~micitinm

E
4

%



3R BNCATST BT TS Pla
X =y o s

31 PLC EastremiTa s e [FrmfeTa-2o0), 32(2fR), se(sfA)]

: U3, PLC Instullution-9% Rules 251 (94 | fareifiTat-gos )
WY1, PCC Instaflation-a3 fRRmatan gy [arefeiTa-200%)
PLC Irstallation O fRaaaife S o1 2= ¢ '
() PLC system plant- 43 9097 oy gy, (%) FE 93 v qame ERET SRR SR RE R i)
(1) PLC system- 43 31 forcy ana, (%) Electrical installation 43 G E,
(18) ¥ 4T B73/S 3300 IR T oy (%) SUifonawa ez,
(%) FWCEW A1wS0AH, (%) wetTafBe, wrmme forcy T,

{(¥) Start Up 38 Shut-down @fafass fomd T
3! SCADA-92 off generation o |
YATS ¢ yeneration SCADA FHTE-
(%) First gencration : monolithic
GUTH ainframea computer & o
(¥)  Second peneretion @ Distributed
AR Netwark system ol
(1Y Thicd neneration : Neiworked
EHITH W AN Notwork system 970 5 .
o) FR- GF QeteTE T (rEifTar.- 203 ¢ (4R)]
(Baw k) =fisfie gz arearm gna o
(%) PLC Sysicin 1T 73 Plant @ N4 SRR (59 941 (W O oo PG FAS A
(¥ ST CGAEen Wy fewr Qe @ EeE BTt Ra BT ‘?:ﬁﬂ 1
@) w“?wm FReETTE (NHE SEeNY R o9 |
(%) Titemi= w05 wion e 2 fow, of 5wt |
() 6 2aGrareiYb eReme sfoesits 43 75e cw‘ﬁs‘w fas, ot (oo a1 |
(5) % voety T G Ty wre B smts (555 @91 |
81 SCDDA-ME@‘E’; il R0 0, 58, el

BIAL) SCAD. ‘1 uE ‘j“r e Q‘*r Supuv:mry control and data anulsuu,n v af QTTﬁﬁmﬁ Wﬁa ey

{a‘.‘) Industial Prsilas- Yj[ﬁ‘&‘.“ !a 5‘!%\ C‘W CWW RlcEine| CWTC??‘W CWJ UL W\ |
(4} Infrostructire-SEHT GOWES, TR 3T, WWG‘I Arew I, 95 siisfweaw T
» e |
31 PLC TATBI9a Mo SRofB/omh B o=@ afm o

@%‘;u R I BET | '
! SCADA-9Y ford FAFERar-20 so(4if3))

mm@a—gg Yo EL WHLET qeed |

1 PLC Sty A a0 39

S8 AZIT L | 50,8 N WEH HEG |
81 g m; h%wﬁk a3 faeeifie Gefas frg |
W, % aw B oag Troubic-shooting € Repairing *&fS 3¢ 7

&
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IS ety Wi fHawty

=)

v WV Vv V¥V V¥

v V V O

vV VWV V V¥V

Qo AR

Pranfraz v

faraats Brsbras W a3 VAW =HTEaad

Fra=fy e afers B TR 97w T

Praetfit et wifere wrmaT e TRRR S

RoTTITES ST & T oricae fragel e

e (o IR ST TSR R W9 TG D e
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Microcontroller based LED flashing system.
Microcontroller based LED running system.

Microcontroller based interface system to control the speed and direction

of a stepper motor.

Microcontroller based analog to digi tal conversion {(ADC) interface system.
Microcontroller'based traffic light interface system.

Microcontroller based 7-Segment display controlling system,

Microcontroller based system to control the rotation speed of a DC motor.




Proaflag eaRe see

Praabr-ag Wlf‘mf

(Practical of PLC)

R 1 § Pt FeD0R STt @ BRI IR (Indentify the parts and components of a PLC systemn) $

G (Introduction) $ (TN S FLHEARET FTHA PLC 391 T | PLC o1 MZHATIER
ﬁm,mcmmﬁmuwmm,m,wk?ﬁﬁ&mw
Tyl i QCe, W WA i @ iy foekst athm w wm ) wEm $F a ISfEum TR
Fraaf wme o | Tt vt o g7 TG Brebe R W e |
SR (Objective) § |

() PeaBi-qg s1om T waos e |

(V) Plafi-03 2gW 1 wiw e |

() Pramfi-aa fafSy Bottwm it wmors em | :

&Y (Theory) $ a1 Bt gure <I16fs fire B few iy 1 | Prawfi.ga TemderE -

(%) STPR TG, () (T, (<) “Htemm Mz, (1) TRe{5/WToo5 Thiwes, (6) ciaifie ot

PLC - System Screw terminals
Overview For input lines
B CEEEEEEEYE)
5 |
) e b 3 _
§ Power Input Eri?cc&‘ssmg
© sypply _ I
L&)
& 3
Commu | [ § chU
nication [ | | =
Expansion| :
Connection ™| Qutput Processing
l.___.J Circuit J
\ . __[ccooceces
PC for PLC Screw terminals .
programming for output lines

fom & Prawfs Sty



3y BTACws Froda s frany _

(¥) 4TrR B8R0 1 T ETHETER 4R I ) oS BB P w1 9 IEReAR waalt it
#fire 17 | off @fertae s A g3k awes Sad WesHS e aweE o

(V) G § T b= A AT, BhE A LG 00 ¢ MraretTR WAt ¥ sy cenamw fafey
TG T IO A G

(M) *euRr MAR ¢ dur «fF cERNUTE v TR &6 (et w (5v) @ AfRdT I g aveE el
BT fafey sere “newm TwRAE 30 )

(%) TiB/sIEo ThrTew 1 et TfER Qe B A7 FH T (CAACS AN 422 TR weE o
YDA | QIR AIRTT FTY | YW (T4 (UL BT R e, wie o o 390 oreE ) 4o w9
TFS PN AR GO AT @) TRefb feeit® owa iRy, em, aFrete ot aRER 9 T )
wEBv fwiRa fipe 757, A=l Tage o)

(8) conetfiee R 3 (0 Fow1dw emurardty cafiars wind a7 oRE (e [ooidst 31 | @ feeliom o
(AN (THMA T T a3 Hawmfi-az cronfd Xefe ere 2w

ARYFS (Precaution) 3

(F) TFTIF ANY “MNGAY FHAIFE FACTS LA |

(%) TUTGYSIT ATSTC T TG 54 &l |

BHAER (Conclusion) ¢ @ ACawaa Ttagmn s Hanfh Bedtm a3 BewE wieaad S @ e
TATS TFY 48 | '

m Glfes erred
31 PLC-@R %€ =17 o |

PLC = Programmabie Logic Controiler.
Q1 carafives & F wow <y

TS 1 et st o

(%) TG, (%) wfers, (1) Frgram, (9) Bizfe, (8) F18f5e
0 Frmfraa It 3l e H dy

franfa-g3 FToiees e ) T

(¥) enrra BERG, (W) ceatiz, (1) stemm e, (X) BReG/ 8BS ThrTew, (8) cenanfie oot |
81 &Ll Oororrs 389 @

W|

¢ R Ry

[Ba ) coinm cattrra oo e, wICE cacay BT <o 2N ¢
vl T e A

Eaaf) evrm am w wer i ¥, i BB o T |
q| caifae fomida $

mﬁwmmmqm,wmﬁ:ﬁsWaml
| @




fPramfii-un wagfae 3¢9

E_ ’(?TW =7 8 ﬁtﬂﬂﬁ e wens RF W 7w W (A PLC ladder logic (diagram) to operate a
DC motor using PLC Ladder logic)

W(lntroduﬂioa)sﬁﬁmmﬁﬁvm AT SIfeTE FaEd o D ¢ AT
WGBS PR (@9 T DC |

TRy (Objective) 3

(=) fef1 Whran GaeR A= wW =l |

() Prasf erer #fite fBH TBrER IR F=RE SIS 26T |

®g (Theory) § ol W52 «F e oWy (r2fAe 753, @7 ffam TGRS @ e 43 S )  rs
IS« Ffm Byt e eeteisens sR—ge 4 |

OVR1 START
wal | —C*)
sw2 N7
| | x50

e EN END (8 )

1 1SYB 1 — spEeD

PUMP1 ENABLE %Q100

P [ L PR

| | | L J

fom ¢ Prawf ererm afeis B

o5 ZTeffire eae oW | (T WY, WHIKbs, Wigaw=E, (e 93 TERENs SemrsE
2PRACG | @fS Brerellis F67 smew, T R FBrE i T 4w | @7 (Ao Wee FeUa (ATer AUaeg |

oy o1 TBER SRS AR o zo 8 [}]l
orRA Trapezoidal (354) 5
T0q CAToR L.1HP B
e ] 310 VDC '
a7 AR (A , 4.00
e R 4600 rpm
R GE DIRN ITUING 7.01ms
THIAE WL 1.8/14 kg
Torque TAFBIIG ki 0.49 NmiA
WATHR RIEPBIR Ra 2.18 ohm
La 15.3 mH




eq 2 Aty Atw wis faafs
ARYTS! (Precaution) §

-_(aS)ﬁmftmmﬂmmem}
. () ARSI @3 IR TS T |

(o) <RI T AT ST FAC T |

BT (Conelusion) $ & *IFFCR WGw wAE1 FHaafh crer afes B B waw 7= = 1o
FACS AHFWEE |

B GART aujen s

> R Bum s A

Wmﬁmmﬂmﬂﬁwﬁﬁqm1
R B e yaew WAy

aﬁs‘mﬁmaﬂiﬁwﬁm
©1  DC TER I TReR oy

DC TR 52 2 gt
(ﬂi)wmﬁﬂmﬁ
(4) BT |

8 &P Wur Bz cibe w02
%ﬁﬁmm@fﬂu.lm.




franfr-9z Iagfrs 3

8 AW 1 PP orer e B BT T HEIW (Operate a relay using PLC ladder logic diagram) 3

gt (Introduction) $ a3 e #fers ermaira WG+ ferwa MyRTs e TR wa T8, Faais
(& e FI00E R qaga s

BT%T (Objective) §

(3) Feafa-ce farem TR T=IE wasts zowt

(%) farer Tfarn oo wasTe Tem |

(1) T FawR sronce @ o

Ty (Theory) 3 Ftamf canatifie-aa cwen wIEB=% Roita fen 5%+ wiBH(B avem w1 an | Paaf cenamm
T3 4ats o v s -

(%) To=am R

() wHECR= 7@

Typical PLC ladder logic diagram
Motor
start PB Motor

| stop PB
——0C O QLD £

Motor start
AUX contact 1

Motor start ‘
AUX contact 2 Motor Overload

. refay
| O ates

5@ 3 Pramfs e wfe wimam R



PRt rares by Wi Hlasf |
s e w Preaf orerm et T wEhel | Wi TR e 0% ane 9% 4T WE5%5,

1 fEA1 AR R AR W RO aw | (g ToIAm R a3 WReR Wieses, onryg aft
WLZAR G W WBHoG TRt G W | TR awREE R wiEPr G M aa
TE i ) T0AR ( TE FRfEETem e Gefren Friow oy oy T A |

FIYTE! (Precaution) ¢

() TAULSNA AT AT FAS A |

(X)) I AR NG AIIA1Z FATS 204 |

() TS AR AN RSN ARGTS! SR IS T2 |

BARER (Conclusion) 3 @ FHPFAR TyE WAt Praafs orem wfes st ez TegR 7=
SIRTS SATEE | |

B GRS aiea 8

1 fon @ wm s @
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31 Frguy et 3% aeR R s @ s R dy
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() 9o fara
o GFBE=E o e

(B8 ]} foramfr croma cenatronm s SHoE TR qBEAM fw )




Yo TRCATTs ety wits fHuanf
AT et 2o et (Tem (T TEIE SETSE | W YRR A T aTR O3 YA WIEheD,

T e (eticr M R 390 o I ey $ORem A s wem wieheS, oneg «f
g Gafae wrAEs wiEhyp wgfi SRR Wt o wABrmm faem gt GIface e W3
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AIIYITS! ( Precaution) $

(¥) IRLTII o= IR TA08 I

(4) FTESA ANY ANGTR FIAAR IATS &A |

(1) 318 IAG FAW RTAFOTR ARYS WA FACS TA |

BoPieR (Conclusion) 3 & ¥R NG SRt a3 erers afes srmaws fiem w37 T0E
STHTE AR |

B Gf3T avgiea s

31 fan @ e g wwy

(Ezaf) g ot v STaiE SE5B fecs fren TR F A
U et canaro v g Ron 1R T e § $hr

(Baa ) fraefs conam 52 2em R wams 70 w9 3

(¥) 3B=E fam "

() @HORwm
o1 qROEEm fem Fhy
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FHanfr-ag el PV
w08 | T

At = . QAT O WS SO fEe Siftam e (Demonstrate the operation for

controlling a Magnetic contact) &

% (Introduction) 3 @ AW MG WELADE FVMI TR <1 RN ¢ I 9w @3
N S Tl | |

BT (Objective) 3

(F) WIS FTHE fFrge e s zenl |

(}) REEITRE WATTAA WG ST IEFH TS o1 Qedt |

() NACE ICHTR IR FF W W |

B9 (Theory) ¢

To Sapbam
POWer SoUICe

F1

't
i—m -
e —— : F2

7

M1

I F —

o1 § IR TRBF Contact
G W eis [y g gons Febm I9ge o1 uft @B (e, B2we, Patio (S @R .
@R 2T FARTGR R TR T | @ S TOIIE SRF AT Ay FaCS FCHIR WrWAGE
Wﬁﬁmw%wﬁfwﬁﬁwnmﬁwmaawﬁmﬂs
(as)EMPséo '
(X) EMPS 75/W

(51) EMPS 85/W |
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F4ITSt (Precaution) 8

() FHEFTR MY ANGH TR FATS T |

(¥) TSR WA FBIIT UIQT FACS T |

BRI (Conclusion) $ @ FEIWTR TOTH W FEAAITES WAEMER o) WD F0mda T
W #IS FATE T 33 |

B IR degea s

31 weliifir W T RN TGS Ty

(B=af) wcarfin morfos w5118 ffey e aew Brobe 39w @ |
QI WIS T 7 e e |

SR WD FBIP-97 ewmeren Hgwel-

(¥) EMPS50

(%) EMPS 75/W

(1) EMPS 85/W

o1 FHIER TOETE-Q FO1Y @ 3 TR e |

(B f) wrarfe sefss wors-an < e fgat 3

(%) Patio (TIF

(¥) T wetieafte b
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Pranfi.ga Ixgfae b
AT JW 1 Flanty oreR WA FET IS (@0 108 IR MRS At (PLC ladder logic

(diagram) to control a conveyor belt motor control circuit) ¢

TR (Introduction) § TP AINIATE AABF 1 Q3 F64 FTGW PIOOGE GIRIER 5 GRS
@ AfEEER o TBa Irhm R crer wfee Fofen o aee | oft TS ot w3 a, T
TfEFE TS AF |

BRI (Objective) 8

() TSI (9 BT ICGR AT THE TINT R |

(a)m@%ﬁmwammm;

(+1) Pramf ot afeirs Farem (% W6 Y T i At w4y

TF (Theory) 8
sar Sep cm1 oL
 — ala s

CR1 ' ' ™

b O
o

M1

"ol ~

Py \_/
5@ ¢ TSR (I WoA FUGA

Boiraa ¢u four 2w 2 TATR, B! AFFSR (I BEIH0T IJAWER O T | Qi FEQ ST I COS A |
fary @ MEB7 992G (Worth) (FeT 70 3

® T FrTape A5 TERlT BTG BRSRISDT T, TUR Noq FACSIR (I G T I LW |
Beoiam ot warw fafaste s (HfTe (Prote Sy s 91 TR |

99 S SgE FREm B @3 B ST e @S |

ATS (FTFW SBIT AR 3BA 7 AGA GIAIATS SR FACS 2R |

Borem o T BT, B9, CR, TD AR Siren- O R (FIT TEAE |
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HAYTAS] (Precaution) 3
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(4) IYALSNT FASIR (T WoR-97 IRG FIS A |
() FRYITS] TIARA IS A TRAY S 3409 2 |
BORYZ (Conclusion) $ 9 THIFA TYGIW Sl iR Tor afere Frme +rem (@6 B 5™
B srwmf @ HIS TS FHA &3 | |
u cﬁlﬁasatmm 3
31 CBMCC.a% 7 = and
CBMCC = Conveyor Belt Motor Control Circuit.
1 CBMCC-a7 v2f6 edar o |
CBMCC-9% 93f6 seraat fergemt 3
(F) TGS IS ZAIWIAGE T CBMCC IIGS 3T |

(}) aft @@ BT ¢ =1 7 NRTs WRET TS N |
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TRIGPG RS YIS

NIRRT THTEAT TISTaT

(Practical of microcontrollers)

ot w2 TRFFGHIR e om2fS b Sty (Microcontroller based LED flashing system).

QObjectives :

(1) TECHRITGRIA (I8 Heoy foanza {(Microprocessor based system design)
(2) TR fEfer «mEfe i sgm H5T fwiza (Microcontroller based LED flashing control

system design).

Equipments :

(1) IC-PIC 16F84A-Number in one

(2) Oscillator (Crystal) 4dMHz -Number in one
(3) Resistor-1kQ2 Number in ten.

(4) Resistor-Ok$ Number in one

(5) LED-Number in eight

{6) DC Power Supply (5v)

Hardware design :

T
VDD
14
i 4 MCLR 1kQ2x8
(l\\ 6 PA~—DHRBO
7 AN~ RB
g 8§ A~ RB 2
€ 9 pPwvwW—DH{rp;
osci| 2 10 DRy
—L ] 11 W~ R s
4MHz C:: 12 FAA—DI Rp 6
—T—__|, .
5 13 B
0SC2 —=AA—{H4H RB 7
5
s

f6at § Microcontroller based LED flashing system.



QL

; Date

;5 Program for LED flashing
. PIC 16F84A (4 MHz)
; Expt-1of Cmt - 861

Tres Frebn s fPenfs

Ak ko

wkekxxxuser define name for assembler
tmrQ equ Olh
status equ 03h
portb equ 06h
opt_reg equ 81h
trisb equ 86h
#define r_bank - status,5
count equ Och
5o 3 K o ok Program start e e 3 e ook o
arg 00
goto init
RxrEk delay subroutine **kk*
delay
moviw .26
movwf count
tl clef tmr0
btfss tmr0, 7
golo $-1
decfsz count, ]
goto tl
retlw Ox00
; *HEEX initialization part of the program ****
init
bsf r_bank
clrf trisb
moviw b'1000011 1
movwf opt_reg
bef r_bank

*xdxx end the initialization ** ¥k
*kE* start the main subroutine *%*%*

main
clrf
movlw
movwf
call
movlw
movwf
call

goto
end

portb
pItiLInr
portb
delay
b'00000000"
poith
delay

main




TAEGCRPNIR IREE L]
B 8 oo,
FAFR AN § WREFIEIR TG w2fe 71 & Frodx (Microcontroller based LED running system).
Objectives :
(1) ML fofge Freba feenZa (Microprocessor based system design.)
(2) THFRFGER e M3 H v wmm Fosy fowizm (Microcontroller based LED running

control system design}

Equipments ;

(1) IC-PIC16F84A - Number in one
(2) Oscillator (Crystal} 4MHz - Number in one
{3) Resistor- 1k Number in ten.
{4) Resistor - 10k Number in one.
(5} LED-Number in eight.

(6) DC Power Supply (5V).

(7) IC Burn Machine - 2500 r (Microprocessor base system)

Hardware Design :

5V

14
. 4 MCLR
« 6
.
3 8
_ & 9
L
0sCl = 10
I sunaey LN
It
(UL — 12
g m——
15 13
0SsC2
5
VS S\

6= 8 Microcontroller based LED running system.

RBO
RB 1
RB2
RB3
RB 4
RB 5
RB 6
RB 7
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ponb
trisb
opt_reg
status
tmr(}
count

defay

init

main

equ
equ
equ
equ
equ
equ

org
EOto

movlw
movwf
clref
btfss
Boto
dectsz
BoOto
retlw
bsf
clif
mov|w
movwf
bef

movlw
movwf
movlw
movwf
movlw
movwf
movlw
muvwt
mov|w
movwf
movlw
movwf
moviw
movwf
mov]w
movwf
ycall
;lref

; catl
Bolo
end

JWITT Bty wirs Prans
06h
86h
81h
03h
Olh
Och

init

|

count
tmrQ
tmrQ,7
$-1
count, ]
il

0x00
status, 5
trisb

b" 10000111
opt_reg
status, §

b’ 00000001
portb
b’ 00000010
portb
b’ 00000 1 00
purtb
b" 0000 1000
portb
b’ 00010000
porth
b’ 00100000
portb
b" 01000000
portb
b’ 10000000
portb
delay
portb
delay
main



MBCHFRTRANR I E YU

TR (16 LORTER DGO G0 GOl (ioa @ e Fem qx forams

(Microcontroller based interface system to control the speed and direction of a stepper motor).

Objective : 9FH GO/ (niows 1S @ < (Speed @ direction) g 41

Equipments : 1. 16F84A microcontroller — |
2. 4.0 MHz crystal - 1
3, 22 pF capacitors - |
4. 5V stepper motor - 1
5. 115V/5V stepdown wall transformer - |
6. IN914 diodes - 6
7. TIP120 NPN transistors — 1
8. 7805 voltage regulator — |
9. Rectifier (50-V, 1-A)-1
10. 150 pF capacitor — 1
11. 4050 hex buffer clip - 1
12. PIC Basic compiler
13. EPIC programmer

14, Cable.
-
+av
i
]
Yulors
Yie o1
0 [____E L/

e = 4
® L SEIE.I“ ' Stepper =
3
PIC 16F T4 it % Hotar

fot 8 4 Microcontroller based interface system to control the speed of stepper motor.
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Stepper motor controller

Symbol TRISB = 134 \Initialize TRISB 10 134
Svmbpl TRISA = 133 \Initialize TRISA to 133
Symbol poriB = 6 \Initialize variable portB to &
Symbol portA =3 \[nitialize variable portA to 5
Symbol ti = b6 \Initial ti delay

ti= 100 \Set delay to 100 ms

Poke TRISB, O \Set port B lines output

start : ~ \Forward stepper motor rolation sequence
Sequence

Poke portB, | \ Step 1

Pause ti \ Delay

Poke portB, 2 \ Step 2

Pause ti \ Delay

Poke portB, 4 \Step 3

Pause ti \ Delay

Poke port B, 8 A\ Step 4

Pause ti \ Delay

Goto check \ Jump to check switch status
Start 2 : \ Reverse motor rotation seguence
Poke portB, 8 \Step 1

Pause ti \Delay

Poke portB., 4 \Step 2

Pause ti \Delay

Poke portB, 2 \Step 3

Pause ti \Delay

Poke portB. 1 \Step 4

Pause it \Delay

Goto Check \Jump to check switch status
Check : \Switch status

Peek porta, BO \Peek the switches

If BitQ = 0 Then Loop! If swi 18 closed, increase ti

If Biti = 0 Then Loop2 If sw2 is closed, decrease ti



If Bit2 = 0 Then hold3
IfBit3=0 Then start
Goto start2

Loopl :

Poke poriB, 0
ti=ti+3

Pause 50

If ti > 250 Then hold!
Peck portA, b0

If bit0 = OThen loopl
Goto check

loop2 :

Poke port B, 0
ti=ti-35

Pause 50

If ti < 20 Then hold2
Peck portA, b0

If bitl = 0 Then loop2
Goto check

hold] :

ti =245

Goto loopl

hold 2 :

ti =25

goto leop2

hold 3 :

Poke portB, 0

Peek portA, b0

If bit2 = 0 Then hold3

Goto check

TGN e

\Stop motor
\Go forward
\reverse

Increase delay

. VTurn off transistors

\Increase delay by 5 ms
\ Delay

\ Limit delay to 250 ms

A Check switch status

\ Still increasing delay?

\If not, jump to main switch status check.
\ Dccrefase delay

\ Turn off transistors

\ Decrease delay by 5 ms

\ Pause |

\ Limit delay to 20 ms

\ Check switch status

\ 5till decreasing delay?

\If not, jﬁmp to main switch status check
\ Limit upper delay

\To 245 ms

\ Go back

\ Limit lower delay

\To 25 ms

\ Go back

\ Stop stepper motor

\ Turn off transister

\ Check switches

\ Keep motor off?

\If not, jump to main switch status check

®

092
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o 3
controlling system),

NRTFFCRIR (TG (TS CWITAT o FCHIR (Microcontroller based 7-Segment display

Objectives :

(1) MEFIATTY @7 Bsb ez (Microprocessor based system design)

(2) TEHFICHNR RAAT TS GIHTS oo TG 6T (Microcontroller based °

Segment display controlling system).

Equipments :

(1) IC-PIC16F84A ~ Number in one

(2} Oscillator (Crystal) 4MHz — Number in one

(3) Resistor — 1k£2 Number in ten

(4) Resistor — 10kQ Number it one

(5} -segment display-Number in one

(6) DC Power Supply (5V).
Hardware Design :
__ 5V
VDD
14
- 4 a —_—3_
MCLR | RB. 6 -’w-b
RB:7 W b
3 RB:g -’\A%-
= RB,9 A~ p
0SCI | S RBs10 -»w:—
16 & gy taal c
4MHz [T RB. 12 &
R s d
0sC2
5
VSS <\ GND

f5a 8 Microcontroller based 7-Segment display controlling system.
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confrolling system).

Objectives :

(1) ML @18 Biesn farss (Microprocessor based system design)

(2) TDRTEER T (TS GRS oMy g By (Microcontroller based 7-
Segment display controlling system).
Equipments :
(1) IC-PIC16F84A — Number in one
(2) Oscillator (Crystal) 4MHz — Number in one
(3) Resistor - 1kQ2 Number in ten -
(4} Resistor — 10k Number in one
(5) -segment display-Number in one

(6) DC Power Supply (5V).

Hardware Design :

-1
vDD
12
4 a 2
MCLR RB. 6 “’Wg
RB:7 W f b
$ RB:3 -M?d-
% RB.:9 -’\Ne— 2
0sCI | 5 RB.10 =
1% &= g1 A © ¢
4MHz T RB. 12 B
I 15 d
0O8C2
5
VSS <\ GND

]

o ¢ Microcontroller based 7-Segment display controlling system.



porth
trisb
opr_reg
status
tineD
count

deluy

I

main

equ
equ
equ
equ
equ
equ
org
goto

moviw
movwf
clef
btfss
goto
decfsz
goto
retlw

bsf
clrf
movlw
moywt
bef

moviw
movwf
call
cirf
call
moviw
movw]
cail
clrf
call
moviw
movwl
call.
elrf
call
moviw
movwf
call
clrf
cail
movlw
movwf
call
clrf
call

06h
86h
8lh
03h
Olh
Och

nit

7
count
tr(
0,7
$-1
count, ]
tl

0x 00

status, 5
trisb

b' 10000111
opt_reg
status, 5

G BURNENES
portb
delay
portb
delay
b i
portb
delay
portb
delay
b ULy
porth
delay
partb
delay
b Ity
portb
delay
portb
delay
b LIL1ELLT
purtb
delay
portb
delay

TATETHNERR TS

moviw
movwf
call
muvliw
movwf
call
moviw
movwi
call
movlw
movwf
call
moviw
movwf
call
moviw
movwf
call
moviw
movwf
call
movlw
movwl
call
moviw

movwf

call
moviw
movwf
call
movlw
movwf
call
movlw
movwif
call
movlw
movwf
call
moviw
movwif
call
movlw
movwf
call
moviw
movwi
call ~

b' 10101010
portb
delay
b 01010101
portb
delay
b' 10101010
portb
delay
b ¢101010Y
portb
delay
b' 10101010
portb
deiay
b' 01010101
porth
delay
b' 10101010
portb
delay
b' 0l010t01"
portb
delay
b’ 10101010°
porib
delay
b 01010101"
portb
delay
b 00000001
portb
delay
b' 0000001
portb
delay
b' Q000010
portb
delay
b' 00001000
portb
delay
b' 000 10000
portb
delay
b' 00160000
portb
delay

yq9
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movlw
movwf
call
movlw
movwf
call
moviw
movwi
call
movlw
movwf
‘call
movlw
movwl
call
moviw
movwf{
call
moviw
movwf
call
movlw
movwi
call
movlw
movwf
call
moviw
movwf
call
movlw
movwf
cail
movlw
movwi
call
moviw
movwf
call
moviw
movwf
call
mov|w
movwfl
call
movlw
movwf
call

b' 01000000
portb
delay
b’ 10000000
portb
detay
b’ 00000001
portb
delay
b’ 00000010
portb
delay
b' 00000100
portb
delay
b' 00001000
portb
delay
b' 060010000
portb
delay
b' 00100000
portb
delay
b 01000000"
portb
delay
b’ 10000000
portb
delay
b' 00000001"
portb
delay
b' 00000010
porth
delay
b 00000100
portb
delay
b’ 00001000
porth
delay
b* 00010000
portb
delay
b’ 00100000
porth
delay

Tararee oty wie Paab

moviw
movw{
call
movlw
movwf
call
moviw
movwi
call
movlw
movw{
call
movlw
movwf
call
moviw
movwf
call
movlw
movwf
call
moviw
movwf
cali
movlw
movwt
call
moviw
movwi
call
movliw
movwf
call
moviw
movwf
call
movlw
movwf
call
moviw
movwf
call
moviw
movwf
call
movlw
movwt
call

b’ 01000000
portb
delay
b" 10000000
portb
delay
b* 60000001
portb
delay
b' 00000010
portb
delay
b' 000000
portb
deiay
b 00001000
porth
delay
b’ 00010000
portb
delay
b" 00100000
portb
delay
b (1 G00000"
porth
delay
b' 10000000
portb
delay
b’ 00000001
portb

.delay

b' 00000010
portb
delay
b* 00000100
portb
delay
b' 0000 1000
portb
delay
b 00010000
porth
delay
b 00100000
porth
delay



moviw
movw{
call
movlw
movwi
call
movlw
movwf
_c'all
moviw
movwf
call
movilw
movwf
call
moviw
movwf
call
movlw
movwf
call
movlw
movwf
call
movlw
movwi
call
moviw
movwf
call
movlw
movwf
call
moviw
movwf
call
movlw
movwf
call
moviw
movwf
call
movlw
movwf
call
movlw
movwf
call

b’ 01000000
portb
delay
b' 10000000
portb
delay
b 11111110
portb
delay
b 1111101
portb
delay
b 11111011’
portb
delay
b* 11110111
portb
delay
bliloinyr
portb
delay
b' 11011H11"
portb
delay
b* 1011111V
portb
delay
b OoliLlinir
portb
delay
b I
portb
delay
b LLL1110L
porlb
delay
b 11101y
portb
delay
b 110101
porth
delay
b 1110111Y)
poitb
delay
b 11013111
portb
delay

WRLFRPLLEIER IJITHE

movlw
movwf
cali
movlw
movwf
eall
movlw
movwf
call
moviw
movwf
call
mavliw
movwf
call
moviw
movwf
call
movlw
movwf
call
movlw
movwt
call
movlw
movw{
call
movlw
movwf
call
movlw
movwf
call
movlw
movwf
call
moviw
movw{
call
movlw
movwf
call
movlw
movwf
call
moviw
movwfl
call

b 10111111
portb
delay
b'OlLILLE)
portb
delay
b 11111114y
portb
delay
b I1E11101°
porth
delay
b 111y
portb
defay
b 11150111
portb
delay
b Loy
portb
delay
b 1101111V
portb
delay
b IOLILILY
portb
delay
b'O11i1i11
portb
delay
b L1111
portb
delay
b' 11111101
portb
delay
b i11110t
portb
delay
b oi1110111’
portb
delay
b 1110111
portb
delay
b 11011111

portb
delay

>a¢
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moviw

movwf
call

moviw

movwf{
call
movlw
movwf
call

movlw -

movwl
call
movilw
movwi
cali
movlw
movwf
call
movlw
movwf
call
movlw
movwf
call
movlw
movwf
call
moviw
movwf
call
moviw
movwl
call
movlw
movwf
call
moviw
movwf
call
movlw
movwf
call
movlw
movwf
call

b 10111111
portb
delay
b Ol1i111T
portb
delay
b 1111111¢
portb
delay
b L1Enoy
portb
delay
b' 11111011
portb
delay
b 11110111
portb
delay
b' 11101111
portb

“delay

b 11011811

portb
delay

b 1011101

portb
delay
b’ orL1ir

~ portb

delay
b’ 00011000
portb
delay
b’ 00100100
portb
delay
b' 01000010
portb
delay
b' 10000001"
portb
delay
b’ 01000010
portb
delay

SRS e wie e

maviw
movwf
call
movlw
movwf
call
movlw
movwfl
call
moviw
movwf
call
movlw
movwi
cail
movlw
movwf
call
moviw
movwf
call
moviw
movwf
call
moviw
movwf
call
movlw
movwf
call

. movlw

movwf
call
moviw
movwf
call
movlw
movwf
cail
movlw
movwf
call
movlw
movwf
call

b 00100100
porth
delay
b' 0001 1000
portb
delay
b' 00100100
portb
delay
b' 00011000
portb
delay
b' 00100100°

" porlb

delay

b’ 01000010
portb

delay

b' 10000001
portb

delay

b' 106000001
portb

delay

b' 010000010
portb

delay

b 00100100
portb

delay

b' 00100100
portb

delay

b' 01000100
portb

delay

b’ 10000001
portb

delay

b' 01000010
portb

delay

b' 00100106
portb

delay



movlw
movwi
call
movlw
movwf
call
movlw
movw{
call
movlw
movwf
call
movlw
movwit
call
movlw
movw{
call
moviw
movwf
¢all
movlw
movw{
calt -~
moviw
movwf
call
movlw
movw{
cail

movlw
movwf
call
maovlw
movwf
call
moviw
movwf
call
moviw
movwi
call
movlw
movwf
call

b' 00001100
portb
delay
b 00011000
porth
delay
b' 0001 1000
portb
delay
b' 01000010
portb
delay
b' 10000001
portb
delay
b 01000010
portb
delay
b' 00100100
portb
delay
b* 00011000
portb
delay
b* 00011000
portb
delay
b’ 00100100
portb
delay

b' 01000010
portb
detay
b' 10000001
porth
delay
b' 01001010
purib
delay
b' 00100000
portb
delay
b’ 0001 1000
portb
delay

movlw
movwf
call
movlw
movwi
call
moviw
movwf
call
movlw
movwf
call
moviw
movwf
call
movlw
movwi
call
movlw
movw{
call
movlw
movwf
call
movlw
movwf
call
movlw
movwf
call
maov]w
movwl
call
movlw
movwf
call
moviw
movwf
call
movlw
movwf
call
moviw
movwf
call

b 00000001
portb
delay
b' 00000010
portb
delay
b' 00000100
portb
delay
b' 00001000
porth
delay
b’ 00010000
portb
delay
b' 00100000
portb
delay
b’ 01000000
porthb
delay
b' 10000000°
portb
delay
b’ 01000000
porth
delay
b' 0000 1000
portb
delay
b' 00010000
portb
delay
b’ 00001000
portb
delay
b’ 00000 100
portb
delay
b’ 00000010
portb
delay
b' DO0O0OO1"
portb
delay

349



°abk

moviw
movwt
call
movlw
movwf
call
movlw
movwf
call
movlw
movwf
call
moviw
movwf
call
movlw
movwf
call
moviw
movwf
call
movlw
movwf
cail
moviw
movwf
call
moviw
movwt
call
movlw
movwf
call
mov|w
movwf
call
movlw
movwf
call
movlw
movwf
calt
moviw
movwf
cail

b 00000001
portb
delay
b' 00000010
portb
delay
b’ G00UO100
portbh
delay
b’ 00031000
portb
delay
b' 00010000
portb
delay
b' 00100000'
portb
delay
b 0100000¢
portb
delay
b 10000000
portb
delay

b’ 01000000

portb
delay
b* 060100000
portb
delay
b 0000100¢
portb
delay
b’ 00001000
portb
delay
b* 00000100
portb
delay
b* 00000010
portb
delay

b’ 00000001

portb
delay

INCares Fietw Wi Praafy

movlw
movwf
call
moviw
movwl
call
movlw
movwf
call
movlw
movwf
cail
moviw
movwf
call
movlw
movwf
call
mov]w
movwf
call
movlw
movwf
call
moviw
movwE
call
maviw.
movwf
call
movlw
movwf
call
moviw
movwf
call
movlw
movwf
call
movlw
movwf
call
movlw
movwf
call

b' 00000001
portb
delay
b' 00000010
portb
delay
b’ 00000100
portb
delay
b' 00001 000"
portb
delay
b' 06010000
portb
delay
b' 0010000¢
porth
delay
b' 0100000
porth
delay
b' 10000000
portb
delay
b* 01000000
portb
delay
b' 06010000¢
portb
delay
b' 00010000
portb
delay
b’ 00001000
portb
delay
b" QOG0G 100"
portb
delay
b’ 00000010’
portb
delay
b' 0001000
portb
delay



moviw
movwt
call
movlw
movwi
call
movlw
movwl
call
movlw
movwf
call
movlw
movwf
cail
movlw
movwf
call
movlw
movwf
call
movlw
movwf
call
moviw
movwf
call
moviw
movwi
call
moviw
movw{
call
movlw
movwf
call
movlw
movwf
call
moviw
movw!
call
maoviw
movwf
call

b 00000001
porth
delay
b 0000001
portb
delay
b' 00000010
porth
delay
b 0000 O
portb
delay
b" 000 10000
purtb
deluy
b 00 LOOUO0"
pottb
delay
h' ¢1000000°
porth
delay
b’ Gi000000"
portb
delay
b’ 01000000
porth
delay
b’ 04100000
portb
delay
b' 00010004
parth
delay
b* G000 1000
purtb
delay
b’ 00000100
portb
delay
b 00000010
porth
delay
b' 00000001
parth
delay

WBTHICR LTI

movlw

end

°4d
movlw b 10000001
movwf  portb ‘
call delay
moviw  b'00000010°
movwf  portb
call delay
movlw  b'0000100
movwf  portb
call delay
moviw  b00001000"
movwf  portb
call delay
moviw  b'00100001
movwl  portb
call delay
movlw  b'00100000°
movwf  portb
call delay
moviw  b' 01060000’
movwf  portb
calt delay
movlw  b'10000000°
movwf  portb
call delay
moviw b’ Q1000000
movwf  porth
call delay
movlw b’ 00100000
movwf  portb
call delay
moviw b’ GO0 1000007
movwf  portb
call delay
movlw b’ 00001000
movwf  portb
call delay
movlw b’ 00000010
movwl  portb
call delay
b' 00000001
movwf  portb
goto main
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“AF AN ¢ MRoFIGE e @ /B an W7 a7 ft e P R (Microcontroller based

system to control the rotation speed of a DC motor).

Objective : f&f5 04 (DC motor)-43 {‘fﬂ 5% eyt (rotation speed control) 3 |

Equipments: (i) 16F84A microcontroller — 1
(i) 4.0MHz crystal -1
(ii)) 22 pF Capacitor — 1
(iv) DC motor ~ 1
() TIP 120 NPN Darlington transistors; -4
(vi} 10— k& reststors — 2
(vii) IN914 signai diodes — 4
(viii) PIC Basic compiler
(ix) EPIC programmer
{x) Cable

o t
T I T
oK
?Vcc
T 7
S©F T T henge
| {@— Electricat Schematic
cew ! @w—— B e |
33 T4 |




Low0
Low |
Start :
Pause 500
High 1

Pause 1000
Low i
Pause 500
High 0
Pause 1000
Low 0

Goto start

RY . It

WRCHRTH PR IR e

\Pause for 0.5 s

\ Rotate motor in one direction

vce
?

1N 1Y

oo

Lo

D6 LaLe

5@ 3 5 Microcontrolier based system to control the rotation speed of a DC motor.

\waitls

\ Stop motor

\ Pause for 0.5 s

\ Rotate in opposite direction
\Waitfor L s

\ Stop motor

\ Do it again.
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based analog to digital conversion (ADC) interface system).

Objective : Microcontroller-48 gty Analog (o Digital conversion interface system.

Equipments : (i}  16F84A microcontroller — |
(i) 4.0 MHz crystal - 1
(iii) 22 pF capacitor — 1
{v) TLC 548 serial AD - |
(v)  Toxic gas sensor - |
(vi} 6 pin socket
(vii} PIC Basic compiler
(vii) EPIC programmer

 (ix) Cable.

Serat

Lane

; xi
_ _ Mz
R R ¢
yREZ  UsC2

w5k PIC 16F8Y

T

Fint 2 & 9 bedter
Pig 1 & 3 mtaractly Conpected
Piag ¥ & € internaly conmceten

fase Microcontroller based'analog to digital conversion (ADC) interface system.
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\Serial A/D converter program

Low

Start :

\ Bring IO clock low

Gosub serial _in

\LCD routine

Serout 3. N2400, (254, 1)

Pause 1

Serout 3, N2400 (#b0)

Pause 100

Goto start

\Let me see display

\ Serial in routine

serial _in:
Low 2

bit 7 = pin 0
Pulsout 1.1
bit6=pin
Pulscut 1,1
bit5=pin0
Pulsout 1,1
bitd4d =pin 0
Pulsout 1,1
bit 3 = pin 0

Pulsout 1.1

bit2=pin0
Pulsout 1,1
bit 1 = pin 0
Pulsout 1,1
bit 0 = pin 0
Pulsout 1.1
High 2

Return

\ Bring CS down low

\Load bit 7 into BO

\Bring CLK pin high. then low
\Load bit 6 into BO

\Bring CLK pin high. then Jow
\Load bit 5 iato BO

\Bring CLK pin high, then low
\Load bit 4 into BO

\Bring CLK pin high, then low
\Load bit 3 1nto BO

Bring CLK pin high, then low

\Load bit 2 into B0
\Bring CLK pin high, then low
Voud bit 1 into BO
\Bring CLX pin high, then low
\Load bit 0 into BO

\ Bring CS high

S



/* Traftic Lights Simulator */

/* (c) Perry Andrews Sept. 2004 */
f* 1st Revision ¥/ '

Void wait {int t}

{

unsigned int i ;
“unsigned int J ;

for (j=0;j<tj=j+1)

for (i=0;1<35200;i=1+1);
}

Void change ToGreen (chas 1ght)
{

Hf wait 1 second

wait (1)

if (1ght =="A")

{

output_high_port_b(1);

wait (2 ;

outpul_iow_port_b(0);
output_low_port_b(1);
output_high_port_b(2);

}

if (1ght=="B")

{ .
output_high_port_a(i};
wait (2) ;

output_low _portua(Oj;
output_low_port_a(1);
output_ high _port_a(2);

}

if { lght =="C")

{
output_high_port_b(5);
wait (2) ;

output_low_port_b(4);
output_low_port_b(5);
output_ high _port_b(6};
}

if ( lght=="D")

{
outpw_high_port_a(1);
cutput_high_port_b(1);
wait (2) ;
output_low_port_a(0);
output_low_port_a(l);
output_ highk _port_a(2);
output_low_port_b(0);
output_low_port_b(1);
output__ high _port_b(2);
}

}

MRS THNRR IS
void change ToRed (char 1ght}

{

/ wait 1 second
wait (1);

if {1 ght=="A")
{

output_ low _port_b(2);
outp.t_high_pot_b(l);
wait (2} ;

output_ low _port_b(1);
output_high_port_b(0);
}

if ( 1ght=="B')

{

output_ low _port_a(3);
output_ low _port_a(2);
output_high_port_a(l);
wait (2) ;

output__ low _port_a(1);
output_high_port_a(0),
}

if (1ght=="C")

{

output_ low _port_b(6);
output_high_port_b{5);
wait (2) ; _
output__ low _port_b(5);
output_high_port_b{4);
| .

if ( lght=="D")

{
output_low_port_a(2);
output_high_port_a(l);
output_low_port_b(2);
output_high_port_b(1);
waic (2} ; '
output_low_port_a(l);
output_high_port_a(0);
output_ low _port_b(1);
output_high_port_b{0);
}

}
void filter {void){

it wait 2 seconds

wait (2) ;
output_high_port_a(3);
}



/* Traffic Lights Simulator */

/* (c) Perry Andrews Sept. 2004 */
f* 1st Revision ¥/

Void wait (iat t)
{
unsigned int i ;

“unsigned int j ;
for(j=0:j<tj=j+1)
for(i=0;i<35200;i=i+1);
}

Void change ToGreen (chas 1ght)
{

# wait | second

wait (1) ;

if (lght=="A")

{
output._high_por_b(l);
wait (2) ;
outpul_iow_port_b(0);
output_low_port_b(1);
output_high_port_b(2};
}

if ( 1ght =="B")

{ .
output_high_port_a(1);
wait (2) ;

output_low_pon_a(O);
output_low_port_a(l);
output_ high _port_a(2);

}

if (1ght=="C")

{
output_high_port_b(5);
wait (2) ;

output_low_pori_b(4);
output_low_port_b(5);
output_ high _port_b(6);
}

if (1ght=="D")

{
output_high_port_a(1),
output_high_port_b(1);
wait (2) ;
output_low_port_a(0),
output_low_port_a(l},
output_ high _port_a(2);
output_low_port_b(0);
output_low_port_b(1);
cutput_ high _port_b(2);
1.

1

W TFREG AT IR ' S

void change ToRed (char 1ght)

{

/f wait 1 second
wait (1};

if { 1 ght =="A")
{

autput_ low _port_b(2);
outpat_high_ port_b(1);
wait (2);

output_ low _port_b(1};
output_high_port_b(0);
}

if (lght=="'B')

{

output_ low _port_a(3);
output_ low _port_a(2);
output_high_port_a(l);
wait '(2) H

output_ low _port_a(l);
output_high_port_a(0);
}

if ( 1ght=="C")

{ .

output_ low _port_b(6);
output_high_port_b(5);
wait {2) ; _
output_ low _port_b{3);
output_high_port_b(4);
}

if{ lght=="D")

{
output_low_port_a(2);
output_high_port_a(l);
output_low_port_b(2);
output_high_port_b(1);
waii (2) ; '
output_low_port_a([);
coutput_high_port_a(0);
output_ low _port_b(1};
output_high_port_b(0);
}

}
void filter (void){

}f wait 2 seconds
wait (2) ;

output_high_port_a(3);
1
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