Program de masterat ,Calculatoare”

Sisteme de calcul dedicate

Lucrarea de laborator Nr. 3.
Proiectarea, programareasi simularea sistemelor
pentru generarea semnalelor de control con¢ionate si
temporizate in baz de dispozitive Microcontroler

Scopul lucrarii: Proiectarea, programaraa simularea sistemelor pentru
generarea semnalelor de control c@ndatesi temporizate in bazde dispozitive
Microcontroler PIC16F877 destinate pentru sincrareéa proceselor discrete in
timp real.

Sursesi medii pentru proiectare si simulare:

a) Mediul de proiectargi simulare a circuitelor electronid8IS Proteus

b) Mediul de programare a dispozitivelor MicrocontrolBE microC for
PIC;

c) Mediul de simulare funmnak a produselor prograrRIC Simulator
IDE.

Descriereasi argumentarea dispozitivului Microcontroler:
a) Repartizareai destinaia pinilor:

U 40 [] =—= RB7/PGD
39 ] =—= RBB/PGC
38 ] =—= RBS

37 [] =—= RB4

36 [ =-—= RBIPGM
35| =+—= RBZ2

34 [ ] =+—= RB1

33 [] -—m= RBO/JINT
32 [] =—— Voo

31 [ =»+— Wss

30 [ «—= RDT/IPSPT
20 [] =—== RD&PSPE
28 [] =—= RDS/PSPS
37 [] a—w= ROD4PSP4
26 [] =+—== RCT/RX/IDT
95 [] w—w= RCEHTX/CK
24 [] =—= RCHSDO
23 [] =—w RCHSOISDA
22 [] #+—= RD3/PSP3
21 [] =—= RD2ZIPSF2

WCLRAPRITHY ——= [
RADAND -—m []
RAT/ANT —= []

RAZ2IANZ/VREF- wa— [

RAJANIVREF+ a—n [

RA4TOCK! —ae []
RAG/AN4SE -—= [
REOADIANG -4—w [
REAMWR/ANG =—= []
RE2TTSIANT —a—= [

VoD — [

VS — e [

DSC1CLKING ——= []
O3C2/CLEKOUT  wt—— [
RCHTIOSOITICK! a—n [
RCUTIOSHCCPZ at— [
RC2/CCP1 w—a [
RC3/SCK/ISCL ~a—= [
RDOPSPD — [
RD1/PSP1 —= [

e - T s s S

- ok omk ok
W e = o
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b) Date caracteristice:

c) Echipamente

High performance RISC CPLU
Only 35 single word instructions to learn

All single cycle instructions except for program
branches which are two cycle

Operating speed: DC - 20 MHz clock input
D - 200 ns instruction cycle

Up to 8K x 14 words of FLASH Program Memary,
Upto 368 % 8 bytes of Data Memoary (RAM)
Upto 256 % 8 bytes of EEPROM Data Memory

Finout campatible to the PIC1BCY3IBF 4 BT BT
Interrupt capability (up to 14 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes
Fower-on Reset (POR)

Power-up Timer (PWRET) and
Oscillator Start-up Timer (05T

Wiatchdog Tirner (WDOT) with its own on-chip RC
oscillator for reliable operation

Programmable code protection
Fower saving SLEEP mode
Selectable oscillator options

Low power, high speed CMOS FLASH/EEPR Ok
technology

Fully static design

In-Circuit Serial Pragramming™ (ICSP) via two
pins

Single 8% In-Circuit Serial Programming capability
In-Circuit Debugging via two pins

Processor readfwrite access to program memory
Wide operating voltage range: 2.0% to 55V

High SinkiSource Current: 25 mA,

Cormmercial, Industrial and Extended temperature
ranges

Lowe-power consumption:

periferice:
Timer: 8-hit time rfcounter with 3-bit prescaler

Timer1: 16-hit timer/counter with pre scaler,
can be incremented during SLEEP via external
crystalclock

TirnerZ: 8-hit timer/counter with 3-bit period
register, prescaler and postscaler

Two Capture, Campare, PV modules

- Capture is 16-hit, max. resalution is 125 ns

- Compare is 16-hit, max. resolution s 200 ns
- PV mazx. resolution is 10-bit

10-bit mukti-channel Analog-to-Digital converter

Synchronous Serial Port (S5P) with SPI (Master
maode) and 12C™ (Master/Slave)

Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 3-bit address
detection

Parallel Slave Port (FSP) 8-bits wide, with
external RD, WR and CS contrals (40/44-pin anly)



d) Structura interna a dispozitivului:
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Bus 14’.’; Rand addr™ 7 g FORTE REOANT
| Instruction reg | AddrdUx T :g;
£ . - =
Direct oddr 7 || RE 2P Gid
& ' ~% RB4
-. =[] RBS
REEF GC
2 e STATUS reg < — +—+[x] RETFGD
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W7 h RCO/TI 0 5061 CK
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Cortrol ", . RC&/S00
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. imin A, fatchdo
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05 C1ACLEIN Biro wn- oLt | «[%] ROD/PEPD
DSCHCLEOUT Resat 5 ROUPSR1
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[<] rEZIESNTICSE
Timerd Timer1 Timer2 10-bit A0
1L 1L 1] il
Il | I
Synchronous
Data EEF Rhd CCP1.2 aarial Port USART

e) Descrierea funtconak a pinilor:



OIF | FLCC | GQFF | VOUF Biuffer -
Fin Name Pind | Pin# | Pind | Twpe Type Description
OIS0 AT LKIN 13 14 a0 I STCMO S | Cscillator crystal inputfesternal clock source input.
asc2cU-0ouT 14 15 o | a — O willator crystal output. Conne ds to crystal or res onator
in crystal escillator mode. In RC mode, OSCZ2 pin outputs
CLHOUT which has 1/4the frequency of O5C1, and
denotes the instucion cpcle rate.
i LR P 1 2 12 P 5T lazter Clear (Resef) input or programming wolta ge input.
Thiz pin 5 an active low RESET to the dewice.
FORTA i a bi-diredional 112 port.
FA0s AN z2 3 19 o TTL FA0 can ako be analog inputd.
RAd i A 3 4 ) [Eiu] TTL RA1 can ako be analog inputd.
RAZIANZMNRE F- 4 5 21 [Eiu] TTL RAZ can ako be analog input2 or negative
analog reference woltage.
FLAGSAMINRE F+ 5 a] a TTL FA3 can ako be analog input3 or positive
analog reference wolage.
RAfTOC k] =] T a 5T F&4 can ako be the clod input to the TimerD time !
counter. Output s open drain type.
RAG/S SN T g a TTL FAS can akko be analog inputd or the slave s elect for
the synchronous serial port.
PORTH iz a birdirectional A0 port. PORTHE can be soft
vuare progr ammed for intermal weeak pulbup on all inputs.
REOQANT a3 = g 1401 TTLE T RED can ako be the sdernal interrupt pin.
RB1 =4 a7 o] 10 TTL
REZ 25 = 10 10 TTL
R B Pkl =5 jc=1 1 [Eiu] TTL REZ zan ako be the low woltage programming input
RB3 a3 <K 14 a TTL Interrupt-or- change pin.
RES = < 15 a TTL Interrupt-or- change pin.
RBGPGE he.x| 42 15 (N} TTLSTE) Interrupt-an- change pin or Ire Circut Debugger pin.
Serial programming clock.
REFIPGD a0 L) 17 1401 TTLE T Interrupt ore chang e pin or Ire Cireuit e bug ger pin.
Serial programming data.
Legend: |=input 0= output 110 = inputfoutput F = pomer
— = Mot used TTL=TTL input 5T= Schmitt Trigger input




. ][ FLCC | GFF | IAWP Eurffer -
Fin Name Pird | Fin# | Pin# | Tupe Type Deseripticn
PORTC i= a bi-dire ctional 10 port.
RCOTIO%UTICK] | 145 16 32 1 5T RCO can also bethe Timer! oscillator output or a
Timer! clodk input.
RCITIO5 CCP2 16 12 345 1ma 5T RC1 can also bethe Timer! oscillatorinpt or
Capture? input/Compare? autput/FUUhiZ outpt.
RECICEP 17 19 36 1 5T FCZ can also be the Capture 1 input!Compare 1
outputS Pl 1 autput.
REISCESCL 18 20 kr 1 5T RC3 can also be the synchronous seral dock inputs
autput ®or both $Pland PC modes.
RC45 0055 Dua 123 125 L 1 5T RC4canalso bethe 5P 1 Oata In (5Pl mode) or
da@ 1o PC mode).
RC&/500 14 25 43 110 5T RCS can also bethe 5P 1 Oata Ot (5P mode].
R CHTHICK 15 7 d 110 ) RCH can also bethe USART Asynchronou s Transmit
or Synchronous Cloch.
RCTSRHAOT 26 249 1 1 5T RET can also ke the USART Asynchronous Receivw
or Synchronous Oata.
PORTDOi= a bi-dire i onal 140 part or paralel slawe port
when interfacing to 8 microprocessor bus .
ROO/PSPO 19 ] 3% E1] STATL®
ROLPSP 20 23 309 E1] STATL®
ROZPSP2 1 3 40 10 STTTL®
RO/PSPS 22 24 41 10 STTL™
RO4/PS5P4 27 a0 2 110 STATLE
ROS/PSPS 23 H 3 110 STATL®
ROG/PSPG 29 3z 4 (] STITTL
ROF/PSFT 0 33 ] 10 STATL®
PORTEi=s a bi-directional 10 port.
F DR DV AN g g 5 Ira STITTLR! FEl can also be read control forthe parallel slaw
port, or analog inputh.
R E1 AR M a 10 i ) STITTL™ RE1 can also be write cortrol forthe paralel slaw
port, or analog inputf.
R SM0NT 10 1 a7 10 STTTL™ REZ can also be sskect control for the parallel dawe
port, or analog inputy.
W 12,31 13,34 6,29 P — Ground reference for logic and KO pins.
oo 1,32 | 12,25 7,28 P — Pozitive supply for logic and 1A pins.
MHC — |1 A7 28, [ 1213, — These ping are not intemally connected. These pins
40 33734 should be left unconneced.

f) Descrierea setului de insttumi:




Mnemonic - 14-Bit Opcode Status
op ermds’ Description Cycles sh Lsh Affected MNotes
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDYWWE f,d Add vy and f 1 00 0111 dfff f£fff| CDCZ 2
AMNDWYE f,d AMD W with 1 00 010l dfff f£E£ff Z 2
CLRF T Clearf 1 oo 000l 1fff fEf£f £
CLRAMN - Clear Wy 1 00 0001 Oxex  =xxx il
COMF fd Complerment £ 1 00 100l dfff £E£££ il 12
DECF fd Decrement f 1 00 001l dfff f£f£f il 12
DECFSZ f,d Decrement f, Skipif 0 1020 00 1011 dfff £fff 1,23
IMCF fd Increment £ 1 0o 1olo dfff f£f£f £ 12
INCF3Z f,d Increment T, Skipif 0 12 00 1111 dfff £fff 1,23
[QRWE f,d Inclusive QR W with T 1 00  0lo0 dfff f££ff Z 1,2
MOV E fd Mo 1 oo looo dfff fffEfF s 12
Il OYYE f Moveior 1 oo oooo 1fff fffEfF
MOP - o Operation 1 o0 0000 Oxx0 0000
FLF fd Rotate Left fthrough Carry 1 o0 110l dfff f£f£f C 12
FRF fd Raotate Right f through Carry 1 o0 1100 dfff £E£££ C 12
SLIBWYF f,d Subtract ¥ from f 1 00 0010 dfff f£fff| CDCZ 12
ShwaPF f,d Swap nibbles inf 1 00 1110 dfff £fff 12
HORWE f,d Exclusive OR W with f 1 00 0110 dfff f£fff Z 12
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF b Bit Clear f 1 01 00bb bEfEf f£E£fF 12
BSF fh Bit Set T 1 01 0lbh WEff fEFff 12
BTFSC f h Bit Test f, Skip if Clear 1( 01 10bb hfff f£fff 3
BTFSS f h Bit Test f, Skip if Set 1( 01 1lbb hfff £fff 3
LITERALAMD COMNTROL OPERATIONS

ADDLYY k Add literal and W 1 11 11lx kkkk kkkk| CDCZ
AMDLYY k AMD literal with W 1 11 1001 kkkk kkkk Z
CALL k Call subroutine Z 10 0Okkk kkkk kkkk|
CLRWDT - ClearWatchdog Timer 1 00 Q000 0110 0loo | ToORD
GOTO k Goto address 2 10  1lkkk kkkk kkkk
2R Ly k Inclusive OF literal with W 1 11 1000 kkkk kkkk il
Pt O L4 k o e literal to Yy 1 11 00xx kkkk kkkk
RETFIE - Return fram interrupt 2 Q0 0Q0oQ o000 1001
RETLY k Return with literal in W 2 11  0lxx kkkk kkkk
RETURM - Return from Subroutine 2 o0 0000 0000 lo0o|
SLEEP - o into standby mode 1 00 0000 Ollo o0all | ToPD
SLBLA k Subtract Wy from literal 1 11 1l0x kkkk Ekkkk | CDCE
HORLY k Exclusive OR literal with W 1 11 1010 kkkk kkkk il

Descrierea fungionala a sistemului de control:

Este definit sistemul de control implementat TredbaViCU PIC16F877 (Figura 1).
Sistemul include semnalele discrete de intrare RB[) care determina condh de generare a
semnalelor de contro$i semnalele discrete desiee RC[0...7], RD[0...7] care preziat
semnalele de control pentru sincronizarea procesutump real.

RBIO0...7]

PIC16F877

RCI0...7],RD[0...7]

Figura 1.

a) Si se elaboreze schema bloc a algoritmului de reeladundei de controfF.
b) Si se elaboreze programul in mediDIE microC for PIC care realizeazfundia

de controlF:



[RC.0=1At=100ns RC .= {f RB .&RB ],

RC.1=0At= 200ns RC .= ORC .= [LRB 2RB 8RB .4 |1,
F={RC.2=1At=50s RC .2= ([ RB 4RB 5 },

RC.4=0At = 40ns RC .5= 1At= 6Ms RC .4 RC 5 [DRB #RB .2)]!
|RC.6=1,RC .7= i RB .0+RB .7F {.

unde: At este timpul de intarziere a semnalului de comtuph indeplinirea condiei mertionate

in[..]

Simularea fungionala a programului:
a) Rezultatul compifii programului ce realized@zfunaia de control F se verificin

mediul de simular®IC Simulator IDE.
b) Rezultatul compikii programului ce realize@zfungia de control F se verificin

mediul de proiectarkS|S Proteus.



