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PART A

Ql Figure Ql shows a simple application using PIC 16C71 to read two analogs input via RAO
and RAl pins. There are two LEDs connected to RBO and RB1 respectively. RB2 is
connected to another output called output 1. The PIC is clocked at SMHz.

(a) Determine and explain the initialization value of ADCON0 to implement the circuit
in Figure Ql and suggest the best value for ADCON1.

(5 marks)

(b) Write a sequence of instructions to initialize the input, output and ADC.
(4 marks)

(c) Write a simple program to light the LEDI when the analog value of RAO is greater
than RAI and light theLED2 when the analog value of RAl is greater than RAO.

(9 marks)

(d) If the analog value read from RAI is needed to be sent to a computer using RS232
standard and Figure Ql (d) shows the program to send the value.

(i) Calculate the duration of stop bit, f and the transmission speed in bit/s.

(ii) Determine the data rate of the transmission.
(5.5 marks)

(1.5 marks)

Q2 (a) Figure Q2 (a) shows the MC68000's assembly program written in EASY68K
simulation software. Analyze the program and answer the following questions:

(i) After the program is assembled, determine the first address of the program
and the data respectively?

(2 marks)
(iD After the program is executed, write the value of the data in the Table Q2(a)

for the given address.
(6 marks)

(iii) What is content of the CCR (Conditions Code Register) after the
microprocessor executes the ADD. W Numbers* 4, D0?

(2 marks)
(iv) What are the addressing modes for instruction ADD.W Numbers,D0?

(2 marks)

(b) What is the difference between instruction MOVE.B #50,D0 and MOVEQ #50,D0?
Evaluate which instruction to be used if the data is 32-bit and the application has

limited memory location to store the program?
(5 marks)

(c) Write a sequence of MC68000 instruction to compare two unsigned byte value
located in memory. The frrst byte is located in $2000, and the second byte is located
in $2001. Store the bigger value in address location $2002.

(8 marks)
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PART B

Q3 (a) List four (4) intemrpt sources in PIC16F84A.
(4 marks)

(b) Given the clock input for the PIC16F84A is  lvftlz. Determine the value of prescale

value to be used for the TMRO overflow every 1024ps.
(4 marks)

(c) Suggest and explain the value of OPTION and INTCON register if the specifications
are as in Q3 (b).

(8 marks)

(d) If the PIC16F84A is connected to a LED as shown in Figure Q3 (d). Write a simple
program to blink the LED every I0241ts using specifications as in Q3 (b).

(7 marks)

(e) Explain the advantage of using TMR0 overflow intemrpt as compared to the polling
on T0IF flae method.

(2 marks)

Q4 (a) List five (5) Special Function Registers, (SFR) and explain the function of each

register that you have listed.
(5 marks)

(b) Write

(D

(iD

(iii)

(iv)

PICI6F84 assembly language based on the statement below:

Select BANKI
(1 mark)

Initialize the Port if RAI and RA2 are connected to the switches while RB3,
RB4 and RB5 are connected to LEDs.

(2 marks)
Move value 50H to file register 30H.

(l mark)
Move 8-bit of data from file register named REGl to another file register
name REG2.

(1 mark)
(v) Subtract 5 from file register 30H, if the content of 30H not zero, repeat the

subtraction.
(2 marks)

(c) A Microprocessor MC68000 is used as a main processor in a mobile robot as shown
in Figure Q4(c). The robot has two wheels controlled by two DC motors. To move a

robot forward, send $40 to Port B Data Register (PBDR) of PIIT. To move the robot
backrvard, send $80 to Port B Data Register (PBDR) of PVT. To stop the robot, send

$00 to PBDR of PVT. Given the address of the PBDR is at $800012 and a one

second delay subroutine as below.



Delay
DEL

(iD

(iiD

(iv)

MOVE.L
SUBQ.L
BNE
RTS

BEE3233

#551800,D1
D1
DEL

Write a program to move robot forward for five seconds, then stop

seconds and then move backward for five seconds.

Explain the advantage of using microprocessor (as compare to
microcontroller) in developing an application that requires a lot of
calculations.

(3 marks)

Q5 (a) CPU and its memory communicate via the system bus. Estimates the maximum
memory size for MC68000 and determine the address range to access memory.

(3 marks)

(b) The MC68000 microprocessor contains l6-bit data bus which capable of reading and

writing 8-bit and 16-bit of data.

(i) Define the acronym'UDS' and'LDS '' 
(l marks)

Explain how are UDS and LDS associated with reading and writing data in

the processor.
(2 marks)

(iii) Show the states of UDS and LDSwhen MC68000 attempts to perform a

data access to an odd location.
(2 marks)

(c) Figure Q5(c) shows the address decoding circuit for MC68000 microprocessor.

(D Based on Figure Q5(c), generate address decoder table and determine the

range of address line for each RAM and ROM.
(5 marks)

(i)

(iD

for fwo

(10 marks)

Select the suitable size of RAM and EPROM for this system.

Draw the memory map for this system.

(2 marks)

(3 marks)

Simpliff the design of address decoding circuit in Figure Q5(c) by using
partial-address decoder.

(7 marks)

(iD
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MOVF ADRES,W ;Copy value of A1 to W

MO\D|!. TXDATA ; and save to TXDATA
CALL SEND ; Do send routine
GOIO $ ; Program wait here

SEND BCF PORTB,2 ; Start bit
CALL Bitdel-av

Locaf i:0
While i<8 ;do 8 times starting from LSB

BTFSC TXDATA, l
CALI, SEND1 ;if bit i equal 1, cal-l SEND1
BTFSS TXDATA, i-
CALI, SENDO ;if bit i equal 0, call SEND0
i:i+ 1

endw
BSF PORTB,2 ; Stop bit
CAII. Bitdelay
RETURN

SEND1 BSF PORTB,2 ; Set line to 1

CALI, Bitdelay ,'Delay for duration of sending
RETURN ;1 bi-t

SENDO BCF PORTB,2 , Clear line to 0

CAI,L Bitdelay ; Delay for duration of sending
REIURN ;1 bit

Bitdelay NOP
MOVLVI Ox20 ,'VaLue to get a delay of ????
MOVWF COUNTER ;total del-av between 2 biLs

LOOP DECFSZ COUNTER
GOTO LOOP
RETT'RN

Fieure Ol(d)
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Fieure O2(a)

Table O2(a)

CODE

DATA

PROG

EQU

EQU
$1000
$2000

CODE

NUMBERS, DO

NUMBERS+2, DO

NUMBERS+4, D0
DO, SUM

DATA
$0011
$0022
$0033
0

PROG

NUMBERS

SUM

ORG

MOVE.W
ADD. W

ADD. V'I

MOVE. W

ORG
DC.W
DC. W

DC.W
DC. W

END

Address 2000 2002 2004 2006

Content
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a23
A22
A21
A20

RAt'|1

RAM2

A23
A2Z
AZr
A20
Ar9
Ala

Fieure O5(c)

l0
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Special X'unction Register (SfR) File Summary for PIC16F84A

tegend: i=unknsx'n-u =tlnchanged. - =unirnplernented, read cs'0', q= valuedependson condifon

Xote l: The upper byte of the Brogram ccunter b not directly eccessable. PCLATH is a slave regtster for PC<12-S>. The conients

of pCLATH can be tansferred to the upper byte of the program counter, but the contents of PC<1 2:8> are never fans-

fened to PCLATH.
Z: TheTd andffistatus bits in the STATUS register are ftst affected by e MCLR Resel.

3: Offrer {nofi power-up) RESETS include: extemal RESET lhrough MCLR and the Watchdog nmer Reset.

,l: On any device RESET, these pins arc configured as inputs.

5: This is the value that flrill be in the port output latch.

Addr Hame Bit 7 Bit 6 Bit 5 Bir 4 Bit 3 Bil2 Bit t Bir 0
Value on
Pswer-on

RESET

Details
o|t page

Banl 0

00h NOF Uses contents of FSR to address Data Memory {not a physical register} 11

01h rirR0 8-bit Real-Time ClocU0ounter :oo(]{. ro()(x 20

02h rcL Lo{v Orcler I bits of the Program Counter (PC} 0000 0000 11

03h STATUSIZ' IRP RPl RPO TO PD 7 oc O0O1 Lxxx s

04h FSR lfldirect Data Mernory Address Pointer tl rootlc )(focr 11

05h PORTAI"' RA4/TOCKI RA3 RA2 RA1 RAO - -x )ooo( 16

06h PORTBI9I RB7 RB6 RB5 R84 RB3 RB2 RB1 RBOIINT :o{:(]( )ocl(x, 1S

07h Unlnpl4nented bcafion, read as'0'

0sh EEDATA EEPROM Data Regisler xrcKr[ :oclcK 13.14

09h EEADR EEPROM Address Register xto{x teoo( 13,14

0Ah PCLATH Write Bufier For upper 5 bits of the PC{tl -- -0 0000 11

0Bh INTCON GIE EEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 10

Sank

80h IHDF ,Jses Contenb of FSR to address Deta Memory {not a physical regBter} 't'l

81h OFTICIN-REG RBPU INTEDG TOCS TOSE PSA PS2 PSl PSO 1111 lt 11 I
82h FCL Low order8lrib of Program Counter (PC) 0000 0000 11

83h STATUS (ZI lRP RP1 RPO TO PD z DC c OoOL lru{]( s

84h FSR Indtrect dah memory eddress pc{nter 0 :oo(x xlo{>( 11

s5h rR|sA F0RTA Oata Direction Regisler - -1 11r.1 16

86h FRISB PORTB gata Direction Register lL11 1111 18

B7h Uninptsmented kxcilion, read as 1l'

B8h :ECON'l EEIF WRERR WREN WR RB ---0 x000 13

8Sh
=ECON2

EEPROM Control Register 2 {not 3 physlcal reg'Fter) 14

0Ah PCLATH l,Ydte bufier for upper 5 bi$ of the PC{l) -0 0000 11

0Bh INTCON GIE EElE TOIE INTE RBIE TOIF INTF RBIF O000 0O0x 10

ll
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STATUS Register of PIC16F'84A

Rl\At{ FI/\AJ-0 R/\ /-0 R-t R-l RAil/-x RM-x FJ\l/-x

IRP RP1 RPO TO PD z DC C

bit 7 bit 0

bit 7-6 Unimplanrented: Maintain as'0'

bit 5 RP0: Register Bank Select bits {used for ctirect aftlressirg}
or = Bank 1 (80h- FFh)
oo=Banlt0(00h-7Fn)

bit 4 TO-: Tuneout bit

t = Afier power-up, ct RltDT instruclion, or gLEEP ansruction
o = A \A|DT tinre+ut occunecl

bit 3 ffi: Power4onrn bit
1 = Afier power-up or by fE cr,RI*DT insbuction
o = BY execution of the SLEEP instruction

bit 2 Z: Zero bit
I = The result of an afithmetic or logic operation is zero

o = The result of an ariihmetic w logic operation is not zero

bit 1 DC: Digit carryffibit {euosr., ADDr,w, suEr,w, suBItF instuctions} (for boncnrn, the pdarity

is reversecl)

1 = A Carry-out frorn the 4th lolil order bit of the result occuned
o = No carry-out from the 4th low order bit of the result

bit 0 C: CarryEffi bit (ADDHF, .ADELT{, suBr,}r, sttBt{F instructirons} (tor nolrom, tr|e polarity is

reversed)
1 = A cafry-out fiom tte Most Significant bit of the result occuned
o = No carry-out frorn the Most Signilrcant bit of the result occuned

Nete: A subfiaction is exeqrted by aelding tlre two's cornplement of lhe second opel'and.

For rotate (enr', nr,s,) insfuctions- this bit is loaded with either f|e nigh or lov'r order

bitof the source regisbr.

12
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R/W-1

OPTION Register of PIC16F'84A lPIC16C71

R/W-1 RAA/-1 R,fftt-t RAIV-I Ril /-l RA /-1 R/W-1

hit 7 bit 0

bit 7 RBPU: PORTB Pult-up Enable bit

r = PORTB pull-ups are disahletl
o = FORIB pull+p,s are enablecl by imavidual port latch values

INTEDG: lnterrupt Edge Select lrit

r = lnternrpt on rising edge of RBO/|NT pin
o = Intemrpt on fallailg edge of RBO/|NT pin

T0CS: TMRO Cloc* Sowce Select bit

r = Transilion on RAA/T0CK| pin
o = Internalinstruction cyde dock (CLKOUT)

T0SE:TMRO Sosrce Eelge Select lrit

1 = Increff€nt on higrh-telour hansition on M4/T0CK| pin

o = Incrernent on lo$-to-high hansition on Rr'ul/T0CK| pin

PSA: Prescaler Assignment lrit

r = Prescaler is assigned to the WDT
0 = Pre$caler is assignecl to the Tiner0 modute

PS2:PSO: Prescaler Rate Select bits

bit 6

bit 5

bit4

ilit 3

bit 2-0

000
o01
o10
o11
100
101
110
111

_2
.4
:8
:16
:32
:64
:128
-_zffi

1

1

1

1

1

:1
'.2
:4
:8
:16
:32
:64
. 128

RBPU INTEDG TSCS TOSE PSA PS2 PS1 PS0

Bit \6lue TMRO Rate WDT Rate

l3
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INTCON Register of PIC16F84A

RAA/-O R/W4 FI/W-O R/W4

COURSE:3 BEE
SUBJECT CODE :88E3233

R/W-O FUW{ R/W-x

GIE EEIE TOIE INTE RBIE TOIF INTF RBIF

bit 7

GIE: Global Inteffupt Enable hit

r = Enables all unmaslred interupts
o = Disables allinterrupts

EEIE: EE Write ComFete Intenupt Enable hit

r = Enables the EE \Alriie Complete intemlpts
o = Disables the EE Write Compbte interrupt

TOIE: TMR0 Overflor lnterrupt Enable bit
r = Enables the TMRO interupt
o = DisaHes the TMR0 interupt
I}{TE: RBO/INT External Interupt Enable bit

r = Enables the RBOfiNT external intenupt
o = Disables the RB0/INT extemal interrupt

RBIE: RB Poft Charqe Intem.pt Enahb trit

r = Enablesthe RB port charqe interrupt
o = Disables the RB port change interrupl

TOIF: TMRS Overflow Intemlpt Flag bit
r = TMRO register hasoverflowed {must be deared in sofiware}
o = TMR0 register clki not overfloriv

IHTF: RB0llNT External Interupt Flag bit

1 = The RBO/INT extemal intem:pt occuned {inust be dearecl in software)
o = The RB0/|NT extemal interupt did no{ occur

REIF: RB Port Change Interupt Flag bit

t = At leastone of the RB7:RB4 pins changed state {must be cleared in sofiware}
0 = None of the RB7:RB4 pins have changed state

bit 0

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

llit 1

bit 0

t4
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Legend: x=unknown"u=unchanged,q=valuedependson csndition, - =unimplementedreadas'0'.
Shaded locatbns are unimplemented, read as'0'.

Note 1: Other {nofi pever-up} resets include exlernal reset thmugh FieIF and Wetchdq Timer Resat-
?: The upper byte sf the program cGunter is not direc{y eccssilXe. PCLATH is a holding register tur the PC<1]:F whose

contents are transtened to tie upper byte ot fte prograB counler.
3: These registers can be addressed frorn either banlr.
4: The FCON register is not pttysicaFy implemented ln the PlC16C71" reacl as '0'.
5: The IRP and RPl bits are reserved on the P1Cl6C71AftU711. alwals maintain these bib clear.
6: Bits of ADCONo is a General Purpose RyW bit lor $e PlC16C710r/ 11 only. For the P|C16C71, this bit is unimplemented.

read a'0'.

Special Function Register (SX'R) File Summary for PICl6C7l

Addre*s llanp Bit 7 Bft6 Bft5 Bil4 Bir3 EFI 2 Bilt Bit 0
VahForii

POft,
BOR

Valua on dl
other ree€ts

(rt

B€.tk 0

00hFl INDF Add€ssirg thi3 locatkn uses content3 d FSR lo addrs data nrerysy {nd a pheical regi$etr) 0000 0000 oooo 0000

0rh Tl,tRO Tirnert! rrE*Jleb regisler xgx tdg uuuu uuuu

ffifit31 PCL FroEram Comtei'e {PC} LB$t Signifieant Byde 0000 0000 0000 0000

g3hf3l STATUS tRp{sl npr(9 RPO TO- FD- 7 DC 0001 Lr:ac 000q quuu

04h{3} FSR hdirecl &a rnemtry #€ss pdnter xr:oc xxtct lluuu ultulr

tssfi FORTA PORTA Oda [-at& ufienwrittsx PORTA pinBufien reE{t '-2< 0S0Q --u 00OO

u6h PORTE PORTB Data Latch rrf|en*trtten: PAffTB ffins wf|ef} rcad :q:EX ]C:c:E u.luu uuuu

07h i.htinpefi€r{Ed

t8h ADCOFH} AOCSl ADCSO (6t cHSl cr-{so GOISONE ADIF ADON 00-0 0000 00-o 0000

tshtrl qDRES {/D Reult Regisier loc5c tcast lluuu ur,lllll

sAd2$ PCI-ATr-r Wtite Bufbrbrfte upper 5 bits dlhe Program Count€r --o 0000 --0 0000

0Ehm TNTCO{.1 GIE ADIE TOIE INTE ftBIE T0tf INTF REIF 0O0O 0O0x 0000 O0Eu

Bsrt t
g3ht3l INDF Adde*sirg thb iocdion us€ contefits d FSR to addreBs data rn€mary (not a pht€ical regkter) 0000 0600 0000 0000

Irh @nor{ ffi INTEDG TI}CS TOSE PSA F52 P51 PSO 1rtl lttt tlll 1111

Slft$l PCL Prognam C.ow$e/s {PC} L€stsignfiert b^e 0000 0000 s000 00e0

ffifi{3) STATUS tRplsl RPl(q RPO lTt F[t z DC 0001 tx* 000q qnru

84hFl FSR Indirect dsta rnenrry adfre* pointer xrcp,c x:tcx:c t!,lu\l uuuu

8sft TRISA rcRTA Bata Diredhn Reqbts r r11l -l 1111

s6h TRlSA PORTBDdS Directiq| Ctr|Fd Re{Fster 1111 1111 llll 1111

s7h{rl PCON MR EER'

s8ft ADCONl rcFG1 rcFGO

Sgfi{3} ADRES A/D R€srit ReSistet xrF( tcxrcf, uJuu uuuu

ashfacl FCI-ATFI Uftite Bu,ftrforth6 uger 5 bii* cf the Program Cg|rfi€t -o 0000 --o 0000

6Bht3l lNTCOr.r GIE ADIE TOIE INTE REI€ TT}IF INTF REIF 0000 00Ox OOOO OoOu

l5



BEE3233

FINAL EXAMINATION

SEMESTER/SESSION : U20l0/20rr
SUBJECT : MICROPROCESSORAND

MICROCONTROLLER

COURSE:3 BEE
SUBJECT CODE :8EE3233

STATUS Register of PIC16C71

IRP RPl I RPO E m z DC c
bitT bitu

bit 7: IRP: Register Bank Select bit (used tur irdirect aftlressirq)
1 = Bank 2, 3 {100h - lFFn)
0 = Banlt 0, 1 {OOh - FFh}

bit 6-5: tPl:RPO: Register Bank Sebct bits {uecl br direct addressing}

tt=Bank3{180h-lFFh}
ro=Bank2tlmh-17Fh)
or=Banl<1{80h-FFh}
oo=Bank0(0tlh-7Fh)
Each banlt is 128 bYtes

bit 4: T6:Time-out hHt

1 = Afier poe'er-up. cLRI{m anstructon. or STJEBP instruction
0 = AWDT time-out occuned

lrit 3: ffi: Fovrrcr4otvn bit
1 = After pol €r-up or lry the cLRI{Dr inslruction
0 = BY execution of the sr.FEP instruction

bit 2. Z: Zero lrit
'l = Ttle rezult of an arithrnetic or togic operation is zero
0 = The result of an arithnetic or lqic operation is not zero

bit 1: DC: Digit carry,ffibit (.errxyq ADDr.trr,sttBLw,suB?rr instruclionsfforffiw the polarity is ranersed)

I = A cafl'Y-ottt ffom tle 4th lor order bit of the reslllt occuned
0 = No carry+ut fiorn the 4th lout sder bit of the rezult

bit 0. C: Carryffi?ffi bit (amrr: ADDr,t{,sJBLw,suBT{F insfuctionsl
'l = A ci|rU-urt ffom the most signmcant bit of the rezult occured
0 = No carry-out from the most significant hlt of tte result occuned
Note. Forffi trre polarity is r€rvers€cl. A subhactlon is executed blt adding the twol cornplernenl ol
the second operand- For rotate (RRE Rr,F) instructisns, this btt is loacted with eithertte high or low onler

bit of ste source register.

R = Readable bit
W = Writable bit
U = Unimplernented bit,

read as'0'
- n = Value at FOR res€t

l6
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INTCON Register of PIC16C71

Rrl,V-O RyW-0 R/W-0 R/W-O R/'V\l-0 Rlft,,V-0 RJW-0 R/W+
GIE ADIE TOIE INTE RBIE TOIF INTF RSIF

bifi]bitT

hit 7. elE:{r} Glohal Intenupt EnaHe hit
1 = Ena$es all un-maslred internrpts
0 = DisaHes allintenupts

bit 6: ADIE: AJD Converter Intemrpt Enable llit
1 = Enahles AJD interrupt
0 = Disalles A/D intemgt

hit 5: T0lE:TMRS otrerflotr lnterupt Enable bit
1 = Enables the TMRO interupt
0 = DisaHes the TMR0 interupt

b{t 4: INTE: RBO/|NT Extemal Internrpt Enalrle bit
1 = Enahles the RB0/INT external interupt
0 = Disahles the RBO/|NT external intenupt

bit 3: RBIE: RB trort Change Intenupt Enab{e lrit
1 = EnaHes tte RB port change intemrpt
0 = Disalrles the RB prt change interupt

bit 2: T0lF: TMR0 Overflqs lntenupt Flag bit
1 = TMR0 register has cnerllowed (rnust be cleared In software)
0 = TMRO rqister did not cnrerfio,rt

bit 1: ll{TF: RBO/INT External Interrupt flag bit
1 = The RBOflNT exiernal intenupt occuned {must be cleared in sofiware}
0 = The RB0/INT external internrpt clld not occur

bii 0: RBIF: RE Port Gharge lnterrupt Flag bit
1 = At leest one of the RB7:RB4 pins cfianged state (musi be cleared in soft\ are)
0 = Nore of the RB7:RB4 pins have charEed state

R = Readable bit

= Writahle hit
U = Unimplernented bit,

read as'0'
- n = Value al POR reset

t7



BEE3233

FINAL EXAMINATION

SEMESTER/SESSION : V20l020ll COURSE:3 BEE
SUBJECT : MICROPROCESSORAND SUBJECT CODE :8E83233

MICROCONTROLLER

ADCONO Register of PIC16C71

RnfiA0 Rvw{ u-0 Rlw-0 R/11{ R/W-o R/W-o Rft\l{
ADCSl ADCSO _ (tl cHsl CHSO GOIT'OFE ADIF ADON R =Reaclable bit

W =Wrltable bit
U =Unlm$€nlented

bit, read as'0'
- n =Vall€ at POR reset

blt 75: AtrCSl:ADCS0: A/D Conversion Clock Select tits
oo = Fosc/Z
ot = Fosc/8
10 = F0sc/32
11 = FRc {chck derit ed trom an RC oscillation}

bit 5: Unimplemented: Read as €'.

bit 4-3: CHS1:CHS0: Analog Chanrel Select bits
oo = channel0, (RA0/ANo)
01= channel 1, (RA1IANl)
r.o = crlannel2, (RA2fAI{2}
t1 = channel3, (RA:llAN3)

bit 2. GOlDEfiE: A/D Conrlersion Status bit

lf ADofrl ='l'
1 = A/D corT\,ersion in prqress {setting mis bit starts the AID coilversion)
O = AtD corwersion not in progress (This bit is autonratically cleared lry harctware when the AID conver-

sion is complete)

bit t: ADIF: A/D Conversion Corpl€te Intemrpt Flag bit
1 = con\rersion is compbte (rnust be cleared in software)
O = conversion is not corn$ele

bit 0: ADON: A/D On bit
1 = AID converter rnodule is operating
0 = AdD conrrerter rnodute is shutoff and oonsumes no operaUrE cunent

Note 1: BttS of ADCONo is a General Furpose R/W llit for the PlC16C710l71 I oflly, For tfte P|C16C71 , this tlit is

. read as'0'.

bit0bitT
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FINAL EXAMINATION

SEMESTER/SESSION : U2010/2011 COURSE:3 BEE
SUBJECT : MICROPROCESSORAND SUBJECT CODE :88E3233

MICROCONTROLLER

ADCONI Register of PIC16C71

bitT bito

R =Reaclable bit
W =Writab{e bit
U =Unimplmented

bit. read as'0'
- n =Value at POR reset

btt7-z. Unimplememed: Read as'0'

bit 1{- PCFG1:PGFG0:AJD Fort Configuration Control bits

A = Analog input

D = Digital ll0

u-0 u-0 u-o u-o u-0 u-t] R/lA/{ R/w4
PCFG1 I PCFGO

PCFG1:PCFGO RAl & RAO f,A2 RA3 VRrr

oo A A A VDD

01 A A VREF FIAS

10 A D D Voo

11. D D D Voo

t9
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SEMESTER/SESSION : V20l020ll COURSE:3 BEE
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MICROCONTROLLER

PIC16F84A Instruction Set Summary

llnemonic,
Operands

Description Cycles
1rl-Bit Opcode Status

Affected Notes
LSbMSb

BYTE-ORIENTED FILE REGIST-R OPERATIONS

ADDWF I d
ANDWF I d
CLRF f
CLRW
coMF f, d
DECF f. d
DECFSZ f, d
rNcF t d
rNcFsz f, d
toRWF f, d
MOVF t d
MOVWF f
NOP
RLF f, d
RRF f, d
SUBWF f, d
SWAPF I d
xoRWF f, d

Add W and f
AND W wtth f
Clear f
Clear W
Complement f
Decrement f
Decremenl f, Skip if 0
lncrement f
Increment f, Skip if 0
lnclusive OR W with f
Move f
irlove W to f
No Operation
Rotate Left f through Carry
Rotale Right f through Carry
Subtract W from f
Swap nibbles in f
Exclusive OR W witlt f

I
1

1

1

1

1

r i2)
t

r (2)
1

I
1

1

1

I

1

1

1

oo 0111 dff f f.fff.
oo 0101 dfff ffff
oo 0001 rfff ffff
OO 0001 O:o(x xxxx
oo 1001 dfff ffff
oo 0011 dfff ffff
oo 10r.1 dfff ffff
oo 1010 dfff ffff
oo 1111 dfff ffff
00 0100 dfff ffff
oo 1000 dfff ffff
00 0000 lfff ffff
oo 0000 O:or0 0000
oo 1101 afff ffff
oo 1100 dff f tf.ff
oo 0010 dfff tfff
00 1110 dfff ffff
oo 0110 dfff ffff

z
z

c.Dc,z
z
z
z
z
z

z

c
c

c.Dc,z

z

1.2
1.2
a

1.2
1.2

1,2.3
1.?

1,2,3
1,2
1.2

1.2
1.2
1.2
1.2

1.2

BIT-ORIET{TED FILE REGISTER OPERATIOI{S

BCF Ib
BSF Ib
BTFSC f, b
BTFSS f. b

Bit Clear i
Bit Set f
Bit Test f, Skip if Clear
Brt Test f, Skip if Set

1

1

I {2}
1 {2)

01 00bb bfff ffff
01 01bb bfff ffff
01 10bb bfff ffff
01 llbb bfff ffff

1"2
r,2
3
3

LITERAL AND CONTROL OPERATIONS

ADDLW K

ANDLW K

CALL K

CLRWDT
GOTO K

roRLw k
MOVLW K

RETFIE
RETLW K

RETURN
SLEEP
SUBLW K

XORLW K

Add lheral and W
AND literal wtth W
Call subroutine
Clear lA'atchdog Timer
Go to address
lnclusive OR lileral with W
Move literal to W
Retum from interrupt
Retum with literal in W
Relum from Subroutine
Go into standby mode
Subtrad W from lileral
Exclusive OR literal with W

1

1
1
I
I

1

1

1

a

1

I

1

I
1

11 111x kkkk kkkk
11 1001 kkkk kkkk
10 okkk kkkk kkkk
oo 0000 0110 0100
10 lkkk kkkk kkkk
11 1000 kkkk kkkk
11 00xx kkkk kkkk
oo 0000 0000 1001
11 01xx kld<k kkkk
oo 0000 0000 1000
oo 0000 0110 0011
11 1r0x kkkk kkkk
11 1010 kkkk kkkk

c.Dc,z
z

M,FD

z

TO,PD
c,Dc,z

z

20
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MICROCONTROLLER

Data Transfer Instruction MC68000

Nlrrernonic I\Ieaning Twe Operand $ize Operations

MUVE

MOVEM

LEA

EXG

SWAP

CLR

Move

Move multiple

Load efftctive
address

Exchange

SqraF

Clear

MO\rE EAs, EAd
MOVE EACCR
MOVE EASR
MOVE SR, EA
MOVE USP.Att
MOVE ATTUSP
MOVEA EAArr
MOVEQ #rOO(,Dn

MOVEM Reflist,EA
MOVEM iXf,fteg-list

LEA EA,Arr

EXG RxRy

S'lfir/AP Dn

CLR EA

I, 16,32
I
t6
l6
32

32

16,32
8

t6,32
t6,32

32

32

l6

I, 16,32

(EAs) -+ EAd
(EA) + CcR
(EA) + SR

SR+EA
USP +An
An+ USP

(EA) -+ An
#)Q(X+ Dn

Reg-list + EA
(EA) + Reflist

EA +An

Rx<+ Ry

Dn3l:16 <+ Dnl5:0

0-+EA

21
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MICROCONTROLLER

Compare and Test MC68000 Instruction

Logical MC68000 Instruction

blnemonic llleantug Tlre Openurd $ize Operation

CMP

TST

Compare

Test

CMF EADn
CMPA EAAn
CMPI #)AO(,EA
CMPM (Ay).,(AY).

TST EA

8, 16,32
16,32

g, 16,32
8, 16,32

8, 16,3?

N,Z,V,C
N,U,V,C
N,Z,V,C
N,Z,V,C

N,Z,V,C

I\,Inernnnie S,Ieanfuql T)pe Operantl Size Operntion

AND

OR

EOR

NOT

Logical AND

Logical OR

Logical
exclusive-OR

Logical NOT

AND EA,Dn
AND Dn,EA
ANDI #]CIO(,EA
ANDr #IOOLCCR
ANDI #}CIC(,SR

OR EADn
OR Dn,EA
oRr #)ooEEA
ORI #}ilC(,CCR
oRr #locESR

EOR DqEA
EORr #TOOEEA
EORI #IOCECCR
EORr #]TOESR

NOT EA

8,

8,

8,

I, 16,32
g, 16,32
8, 16,32

I
l6

16,32,
16,32
16,32
I
l6

g, 16,32
8, 16,32

I
l6

L6,32

(EA) Dn + Dn
Dn.(EA) + EA
#XXX (EA) + EA
#X)il( . CCR -+ CCR

#Xrc(.SR+SR

(EA) + Dn -+ Dn
Dn+(EA)+EA
#XXX+(EA)+EA
#XXX+ CCR+ CCR

*IXXX + SR -+ SR

Dn@(EA)+EA
#X)O(@(EA)+EA
#X)ffiCICCR+CCR
#XIO(OSR+SR

rffil +EA

22
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Rotate MC68000 Instruction

Bit Manipulation MC68000 Instruction

Iilnemonie Illeaning Tlre Operand Size Operation

ROL

ROR

ROXL

ROXR

Rotate lett

Rotate riglrt

Rotate left
ttrough extend

Rotate nglrt
tluough extend

ROL #)Cil(,Dy
ROL D:t,Dy
ROL EA

ROR #)OO(,Dy
ROR D:+Dy
ROR EA

RoxL #lOa(Dy
ROXL D+DY
ROXL EA

ROXR #)Co(Dy
ROXR DaDy
ROXR EA

I, 16,32
8, 16,32
g, 16,32

8, 16,32
8, L6,32
I, 16,32

8, 16,32
I, 16,32
8, 16,32

8, 16,32
8, 16,32
I, 16,32

EJE

Nlnernnnie I\{eaning Tlre Operiurd Size 0peration

BTST

BSET

BCLR

BCHG

Test a bfi

Test a bit and
set

Test a bit and
clear

Test a bit and
change

BTST #)Oil(EA
BTST Dn EA

BSET *rlOC(EA
BSET DrIEA

BCLR #]OO(EA
BCLR D&EA

BCHG #)OOLEA
BCHG Dn.EA

8, 32

8, 32

8,32
8,32

8, 32

8, 32

8, 32

8, 32

nn bit+Z

EEbit+z
I -+ EAbit

ee bit -+ Z
0+EAbit

ffi bit+ z
m bft+ EAbit

23
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MICROCONTROLLER

Bcc Instruction

Instruction Meaning Arithmetic If the test is true
BEQ lOual to zero U z:l
BNE $ot Equal to zero U z:0
BMI VIinus U N:1
BPL llus U N:0

BCS/LO larry Set/LOwer U c:1
BCC/HS larrv Clear/Hieher or Same U c:0

BVS lVerflow Set S v:1
BVC rVerflow Clear S v:0
BGT SreaTer than S Z+fNOV):0
BLT -ess Than S NOV:l
BGE Sreater than or Equal S N@V:0
BLE -ess than or Equal S Z+(516rv;:g
BHI fisher U C+Z:O
BLS -ower than or Same U C+Z:l
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