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PART A

BEE3233

(a) Figure Q1 shows the data logger system that uses PIC16C71 as aa interface
between the sensor and the computer. The PIC will read the analog signal
from the sensor, convert the analog signal to digital signal before send it to
the computer via the RS232 cable.

(t Determine and explain the initialization value of ADCONO and
ADCON1 in special function register if the PIC is clocked at 4MHz.

(6 marks)

(iD Write a sequence of instructions to read the converted value (in
ADRES) to the RAM of the PIC.

Ql

(iii) For the data transmission, calculate the duration of the
the speed ofthe transmission is 9600 baud.

Write a sequence of instructions
PIC16F84A. The intemrpt must be
sienal on RB0.

(2 marks)

stop bit, 7 if

(l mark)

(8 marks)

to enable the intemrpt on RBO of
detected on every rising edge of the

(4 marks)

(iv) Write a delay subroutine to obtain a speed of 9600 baud and show
how to use that delay routine to send logic low for duration ofone (1)
bit.

(8 marks)

(v) Design an algorithm to send the data fiom the PIC to the computer by
using a flowchart. Given the transmission speed is 9600 baud, start bit: '0' and stoD bit = 'I'.

(b)
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(a) Status Register (SR) of MC68000 microprocessor can be divided into two
sections which are system b]'te and user b1.te.

(i) Determine the value of flaq bit C afi Z if the SR contains $ 150A.

(2 marks)

Write an instruction that will set bit X of CCR by using a logic
instruction (AND/OR/EOR).

(3 marks)

(b) Explain the error for each of the following MC 68000 instructions:

(i) MovE.w #$28E00, D5
(iD ANDT.B D3,#7
(iii) EOR.L Dl, A1

(6 marks)

(c) Write a routine that will perform the control program as per algorithm
specified as follows:

WHILE M >N
DON+

(5 marks)

(d) Figure Q2(d) shows the MC 68000 assembly program writren in EASY6SK
simulation software.

(r) After the program is assembled, what is the first address of the
program and the data respectively?

(2 marks)

the value of the 16 bits data in

(5 marks)

(iiD After the program is executed, what is the value of data for D0 and
DI?

(2 marks)

(ii)

(il) After the program is executed, write
Table 2(d) for the given address.
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PART B

Q3 (a) Interrupt is one of the impofiant features in all modem computers. Explain
the execution of the intemrpt in PIC16F84A and list all the intemrpt sources
for the PICl6F84A.

(6 marks)
(b) Write a sequence of instructions to enable the intemrpt on RBO of

PIC16F84A. The intemrpt must be detected on every rising edge of the
signal on RB0.

(4 marks)

(c) Figure Q3(c) shows the schematic of the PIC application that will count
every eight (8) pulses that applied to RA4 to determine a number of full
axis tum of the motor. When the number of fulI axis tum reach 255, the PIC
will save the value of TMR0 in RAM location 1CH. Write a full program to
implement the application as per specified.

(10 marks)

(d) Calculate the pre-load value required in TMR0 to obtain a delay of lms
when the timer is overflow. Given the clock rate is 4MHz and the ore-scale
ratio selected is 8:1.

(5 marks)

(a) Explain the differences between subroutine and macro.

(b) Design a flowchart base on the subroutine as follows:

MyRoutine
MOVLW d'100'
MOVWF TEMP

Loop
MOVLW d'5'
SUBWI TEMP
MOVLW d'10'
SUBWF TEMP,W
BTFSS STATUS,Z
GOTO Loop
RETURN

(6 marks)

(8 marks)

(c) Figure Q4(c) shows a simple set of traffic lights. Write a program to light
the R (R1 and R2), Y (YI and Y2) and G (G1 and G2) LEDs based on the
truth table in Table Q4(c).

Q4

(1 1 marks)
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Q5 (a) (i) Design a memory address decoder for the MC 68000 with a ROM of 16k
word (32 blte) starts from $000000, RAM consist 64k word (128 blte) starts
from $400000 and I/O which range from $800000 to $80001F.

( 17 marks)

(b) Write a 68000 assembly progftlm to divide a 16-bit signed number in the
high word of Dl by an 8-bit signed number in the lowest blte of D1.

(8 marks)
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Figure 02(d)

Table 02(d)

CODE EQU
DATA EQU

sr-000
$2000

CODE

NI]MBERS, DO

NUMBERS+4, D1

#1, D0
DO, SUM

AGAIN
#15

ORG
MOVE . L
MOVE . L

SUBQ . W

MOVE . W

BNE
TRAP

ORG DATA
NUMBERS DC. L $4

DC. L 1200
SIJIVI DC . i{ 0

END PROG

Address 2000 2002 2004 2006 2008
Content
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Fieure 04(c)

a
83

Ptcl6F8aA

Time 87 B6 B5 B4 B3 B2 B1 BO
R1 YI GI R:I Y2 G2

3sec 0 0 I 0 0 I 0 0
3sec 0 0 I I 0 I 0 0
6sec 0 0 0 0 I 1 0 0
3sec 0 0 0 I 0 I 0 0
3sec 0 0 I 0 0 I 0 0
3 sec 0 0 I 0 0 I I 0
5 sec 0 0 I 0 0 0 0 I
3 sec 0 0 0 0 0 I 0

REPEAT

Table O4(c)
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Special Function Register (SFR) File Summary for PICl6F84A

Legend: x=unknown,u=unchanged_-=unimplemenled,readas,0',q=vg[lg6epeRdssncondition
NoG 1; The upper byle ot the progmm ctuflter ts not directly eccessible. PC LATH is a sla?e regist€r for PC<12:8> The aontents

of PCLAIH can be trafislerred ts the upper llyle ot tne prcqraru counter, but lhe contents of PC<12.8> arc nsye. irans-

2:
3:
4:

fered to PCLATH
Tfle TO and PD status bits in lhe STATUS register ar€ not atrecled by a*eLa neset.
Other {noo power-up) RESETS tnclude: exlernal RESET through MCLR and tte Watchdog Timer Rese{.
On any device RESEI tiese pins are mnigured as inputs.
This is th€ value that v,/i[ t]e in the Fod output latch.

Addr Nome Btt 7 Bit 6 Bir 5 Bir { Bir 3 Bit 2 gil I Bit 0
Value qn
Possr-ott

RESEI

oetails
on page

Baok 0

00h INDF Uses conlenls ot FSR lo address Dala Memory {not a phys,cal regtster} 11

01h Tl'lR0 8-bit Real-Time Clock/Counter xxxx )o(Joa 20
0?h PCL Low Order 8 birs ol the Frogram Counter (PC) 0000 0000 11

03h STATUS{2) IRP RF1 RPO Tal PD DC 0001 Ix)o( 8

04h FSR Indire€t Dat! Merxary Add,ess Pointer 0 xto(,c xx,:l(f( 11

05h PORTA{{, RA4/TBCKI RA2 RA.' RA() - - -x xxxx 10

0€h PORTg{51 RB7 Rts5 RB5 RS4 RB3 RB2 RB1 RBOIINT xjo(x lc{xx 1E

07h UnimpFlnenl€d loc: on, read as '0'

06h EEPROM Data Register xJtxx ic{xl( 13,14

09h EEPROM Address flegisler xJo<iK :otto( 13.14
0Ah PCLATH W,ile Bufer tor u00er 5 biis of the PC(tl - -0 0000 11

0Bh INTCON GIE EEIE TOIE INTE REIE TO'F INTF RBIF 0000 0O0x 10
gaflk

80h INDF Uses Conlents of FSR to address Data Memory (not a piysical register) 11

81tl DPTION_REG RBPU INTEOG T0cs TOSE PSA FS2 PSI PS0 1111 1111 I
8?h PCL Low order 8,rits ot Program Counter (PC) 008c 0608 1l
83h STATUS {2I IRP RF1 RPO TO PD I DC O0O1 lxxx B

84h FSR lndtrect datr memort address pointer 0 xxxx xxx)a 11

q5h TRISA PORTA Dala Directan Regbter - 1 1111 16

86h TRISB PORTB Data Direction Regisler 1111 1111
87h Uninpbmeried bc"lier, rea{t as '0'

8Sn EECONl WRERR idREN WR RD ---0 xOoO t3
5Sh EECON2 EEPROM Contro, Regisler 2 (not a physical regbler)

0Afl PCLATH Write trutrer ior uppe.5 bib o! lhe PC{!) -0 0000 11

0Bh INTCON GIE EEIE TOIE INTE RBIE TOTF INTF RBIF 0000 0o0x 10

l0
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STATUS Register of PICl6F8{A

RlvV-O RIW.O Rlw-O R.l R.1 R,/|/V_x RJW-X Rffv-X
IRP RP1 RPS TO PD z DC

lrit 7 bit 0

bit 7-6 Uniinplemeried: Maintain as 'o'

bit 5 RPg. Register Bank Select bits (used for rrirect addressir€)
0r=Eank1{8Ch-FFhl
oo= Bank0(00h-7Fh)

bit 4 TO_ Time-out ttft
1 = Afier power-up, crrRwDT instruclion. or sLEEp instruction
o = A WDT time-out occunffl

lrit 3 F6. power-down trn
I = After power-up or try the cLEwDT instruction
o = By execution of the sLEEp instruction

bit 2 Z'. Zdo btt
1 = The result ot an arithmetic or logic operation is zero
o = The result of an arithmetic or logic ogerution is not zero

lrrt 1 oc. oigit carry,lroE bit (ADDr'IF, aDDLw, suBl,w, suBwp instruclons) 6orEoffow, tne potaflty
ts reversed)
1 = A carry-out trom th€ 4ft lslv order bil d lhe result occured
o = No carry-oul from the 4th low order bit of trhe result

bit 0 c: Carryli:onow bit (ADDI.IF, .ADDLN. suarr,r r suEfiF inslruclions) (for l:onow-, the p,()tanty is
revefsed)
1 = A carry-out trom tie Most Significant bit af the resull occured
o = No carry-aut from the Most Significar* bit of the result occured

f{ote; A subtraction is executed by a{tdinE lhe lwo s complem€nt of lhe second op€rand.
For lotate (RRF, Ri,F) instuctions, thjs bit is loaded wilh either the high or low order
trit of the source register.

ll
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OPTION Register of PIC16F84A / PIC16C71

RrVV-1 Rr1 /-1 RW-1 RA[t-l RiW-l F.rlrv-l RA,V-1 RryV-l

bit 7 bit 0

bit 7

bit 6

RBPU: PORTB Pull-.up Enalrl€ bit
1 = PORTB pull-ups are disabled
0 = POR'TB pull-up6 are enabt€rl by individual port iatch values

INTE9€: lntenupt Edge Select bit
1 = lntenupt on rising edge of RB0llNT pin
0 = lfitefrupt on faliifig edge of RB0/|NT Fin
T0CS: T[,f R0 Clock Source Select bit
r = TransnDn on M4fT0CKl pin

0 = lfttefnal instrucEon cycle clocK {cLKOuT}
T0SE. TMR0 Source Edge Seted bit
1 = Increment on fligh-to-low tran$ition ofl RA4/T0CK| pin
0 = lficrerHent on lolv-to-high transnlofl on FIIIUT0CK| Fin

PSA: Frcscaler A$sigrnment bit

1 = Prescaler is asslgned to th€ WDT
0 = Prescaler is ass.igned to the lirnerO rMule
PS2:P30: Prescater Rat€ Sebct bits

bit 5

bit 4

bit 3

btt 2-0

000
o0t
010
ott
100
101
110
111

:15
' .t)

:64
:128
'.258

1:1
1.2
1:.1
1:8
1.16
1 :32
1:M
1 128

REFU INTEDG TOCS TOSE PSA PS2 PS1 PSO

Bit Value TMRo Rate WDT Rate

t2
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INTCON Register of PICI6F84A

FLryV-O RryV-O

PROGRAM ; 3 BEE
COURSE CODE : BEE 3233

RryV4 R/w-XR ff-t)Rrw-oR/W-0RIIId.B

GIE TOIE INTE RBIE TOIF INTF RBIF

bit 7

GIE: GlolEl Intenupt Eftatlle bil
r. = Enables all unmasked intenupts
o = DisaHes ail interrupts

EEIE: EE Wrile Connplete Intenupt Enabl€ bit
r = Enables tfle EE lldlite Comptete interrupts
o = Disables the EE Write Complete interupl
TolE. TMRU Ov€rtlow hbrrupt Enable bit

1 = Enables the TMRo intenuDt
o = Disa$es the TMR0 inlerrupl

INTE_ REt{}lNT Externat lnterrupt Enabte bit
1 = Enai)i€s the RBOflNT external interrupt
o = Disables the RBoflNT extemal interupt
RBIE: RB Pori Change lnterTupi Enabte bil
1 = Enabies the RE porl change interrupt
o = Disatries the RB porl charEe interrupt

TolF: TtdR0 Serflow Intenupt Flag bit
1 = TMR0 registef has overflowed (must be cleared in softlvarel
o = TMRS registBr did not overflow

INTF: RBOIINT Exlemai lnterrupt Flag bit
1 = The RE0liNT external interrupt occ{rrred {musl be d€ared in soffware)
o = The RBOIINT external interrupt did not occur

RBIF: RB Pod Cnange InterrLpt Flag bit

1 = At least one ofthe RB7:RB4 pins changed slate (rnust be deared in soflware)
o = None of the R87-RB4 pins have changed state

bit 0

lrit 7

bn6

bit 5

Dn4

bit 3

bit 2

bit 1

bit 0

l3
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Special Function Register (SFR) File Summary for PICl6C7l

Legend: x = $nknowft. u = unciaflged, q = value degends on conditj0n, - = Unimpiemented read as !'.
Shaded loca$ons are unimplemented, read as,0,.

Note 1: Other (non p{*}er-uFJ resets jnclude exlernat reset firo$gi FieLR and Watctldog Timer Rset.2: Tie lpper byte ot the grogram Eounter is *ot directly accessihle. PCLATN is a holding regicler for ihe pC<12:g> whose
contents are transferre{t lo the upper byle of tl}e prog€m agunter

3: Tiese regisels can be addressed trom eith€r bant(.
4: The PCON regbter ts flot physaca y imdemented in the pte.l6c71, read as '0,
5: The IRP and RP1 bits are resefv€d on tie plct}cT $n 711, atways maintain these bits ciear.6: Bits ot ADcoN0 isa General Putpose RIW bit tor the Plc16c710a11 only. For tie ptci6c71, this bit is unErstemented.

read as '0 .

Addree3 llonre Bn7 Bit 6 8ft5 Ait ,t Bir 3 Bir 2 Brt t Bir 0
Value on:

POR.
BOR

Value on rll
oltrer aesgt!

{r,
B6t* 0

Oohl3l INDF Ad&essng this Loc6ti.*r u3es contents of FSR !o add.€ss data nenrcry ino{ 6 ptry,sicat reEiEter) 0000 0s[0 0000 0000

0th TlvlR0 Timerc nrodule s aegal€''

02hf3) PCL Program C-ol'rt€/s iPC r Le€st SqniftcEnt Byre 0000 0000 a00n 0000

03ht3! STA1US 1pptsl Rp1{51 RPO TO FD Z oc c 000q quuu

04hF} lndi.Ect data .nenr*y sdctre3s painlea

05h PORTA PORTA Daia L ebn when wrdter PORTA pins $/hen re3d ---x OO00 - -u 0000
06h PORTB PORTB Dsta Lstch o*ien \dfifleln: pORm },n3 wr€f} reao

07h Ltnimple$€rEd

08h ADCONB ADCSl ADCS* {6} cHsl cHso col'oFE ADIF ADON 00-0 0600 00-0 0000

09h{3} ADRES A.rt Resuli Regbter

oAhf43) PCLATIJ ninte 3u6er btr the up0e. 5 bits otlf|e Progr8m Cdn*e. --0 0000 ---! 0000

0Bhl3} I TCAN GIE A'IE TOIE IN:E RBIE TOIF IMTF FSIF 0400 000n 0000 orl0u

Bank I

e'0ht3l tf:oF Ad&€a8rng Sris hc€tion U3es cmter{s of FSR to addr€s dota ltEmory lnot s phydeal regisier} 0000 0B0o 0000 0000

Ith OPTISd RBPU_ INTEDG TOCS PSA PSI PS8 IIII II1I II11 llII
82ht{ RBgram Codd€.'e iPC) Le$t Srgnmcsr{ B}ie 0000 000c 0000 0000

83hf, SIATUS trur(sl RPl(? RP8 Td m z c 0001 lxxr OOgg quuu

84h{3} andiiect dala ry€rtdy sddre$ poinler

85h TRISA PORTA Dsta Oirec{oo Reg ster -1 1111 -r rtll
s5h PORTB D€ra Oire.lis.r Coitrot Register 1111 lll 1111 l11r
87h{41 PCOti EE- FR- --qq
88h AOCONl PCFG I PCFGO __00

BghC3l ADRES A,D Re6ult Regi3ler

8AhG3l PCLATH W.ite 3{tter far ll€ $FFer 5 bit$ ot the proglrara Corrdet --0 0600 - -o 0000

88h{9 INTCON ADIE mtE IN;E TBIF tllTF RAIF otl00 00ox 0000 toou

t4
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STATUS Register of PIC16C71

bito

R = R€dable bit
W = Wriixble bit
U = t inimplernsnled bit,

r€ad as 0'
- fl = \blue at POR reset

bit 7: IRF: Regisler Bank Select bit {us€d br indirect aditressing}
1 = Bank 2, 3 (100h - lFFh)
0 = Bank 0. 1 (00n - FFh)

bit S5: FPl:RPtl: Register Bank Setect bits (used tur direct addressing)
rr=Bank3(180h-1FFh)
10=Bank2(100h-17Fh)
or=Sank1(80n-FFh)
oo = Eank 0 (00h - 7Fh)
Each bank is 128 bytes

bit 4i TO: -I].rie-out tlit
'I -- After pever-up, cr,RNDT instruction. or sLEBp instructon
0 = A WDT time-out occufiec

bit 3. F6: Fbwer-dcn n bit
1 = After pswe.-up or lry the c[,Rrwf instruction
0 = By execution ot the sT,EEp instruction

bit 2. Z: Zer6 bil
'l = The resull ot an arithr€tic or logic operation is zero
0 = The result ot an adthmetic ar logic operation is not zero

Dit 1: oc: ciEt carryrooE bit (ADD'{F, ADDrr{, suBl,w, suFrF insfuctions)(for ffi the polarity ts reversed]
! = A carry-out from the 4th lo,v order bit ol the result occureo
0 = No carry-out from the 4th ls.v ofiler bit ot tne result

bit 0: C: CanyrO-ffi Uit (AIBHF, ,ADDL}{" suEr,w, snBHF lnslructions|
1 = A carry-out trom the rnosl $igfiiticant blt of the result occurreo
0 = No carry-out fro,m the most signiticant bit of the result occufrec
Note: For 5om $e pola.ity is rer€rsed. A sublraclion is executed by adding the twD's cornplem€nl oi
the second operand. For rotate {RR4 R!F) inslructions, lhis bit is load& with e-ithe. fte hioh or tow order
bit of the source register

PROGRAM : 3 BEE
COURSE CODE : BEE 3233

b 7

IRP RP.I RPO T6 PD z

l5
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INTCON Register of PIC16C7I

R.#{ F!W-O R,r!V-0 RfW-O RfVV-0 R1&.0 R/W-O RIW-x

bitT bi8

bit 7: elE:{11 Gtouat Intenupl Enalre bit
"l = Enables all un-mask€d interrupts
0 = DisalXes all intenuDls

Ilit 6. AO[E: AJD Convert€r Intenupt Enat e bit
1 = Enables A/D inlemrpt
0 = Disables AdD interruot

bit 5. TolE: TMRO Overtksdr hterrupt Enable bjt
1 = Enaues the TMRO inlenupt
0 = Dis€bles the TMR0 interupt

bit 4- INTE: RBO{NT Exl€rna| tnlenupt Enabte bit
1 = Enaltes the RBBIINT external interrupt
0 = Disattes the RB0/|NT elrternal interrupt

bit 3: RBIE: RB Port Change Intenupt Enable bil
1 = Enables the RB port change inlerrupt
0 = Disat)les the RB port change interrupt

bit 2. T0lF: TMR0 Overflow tnterupt Flag bit

= Reada$e bit
= Writabb brt

= Unimplemented t'it,
read as '0'

-n = vblue at POR reset

1 = TMR0 register has o\€rflo/vEd {must be cleared in software)
O = TMR0 regist€r did not o\remo^/

bit l- II;TF: RB0/INT Extsffit Intenupt Flag bit
1 = The RB0/|NT exte.nal intenupt occured (must be cleared in software)
0 = The R80/|NT exlernal inlenupt did not occur

bit 0. RBIF: RB Port Change lnterrupt Ftag tlit
1 = At least one ot the RB7:RB4 pins changBd state (must b€ clearcd in sofrrrare)
0 = None of lhe RB7:RB4 pifis have charqed state

GIE ADIE TOIE ]NTE RBIE T6IF INTF RSIF

16
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ADCON0 Register of PICl6C7l

bitT

R/W-o R/w{ U-0 RA t-0 R A/-0 FyW-0 R/v1r-0 R rlt-O

ADCSl ADCSO CHSl cHs0 GO/DONE AD'F ADON

bm

bil 7€" ADCS1:ADCSo; AID Conversion Clock Setect bits
00 -- Fcsc/2
01 = Fosc/8
l-0 = FcsclS2
11 = FRc {clock derived from an RC oscillation)

bit 5. Unimplem€nt€d: Read as'0'_

iiit 4-3. CHS1:CHSo: Analog Channel Select bits
o0 = channet 0, (RAcllANo)
o1 = channel 1, {RA1tAN1)
10 = channel 2, {RA2IAN2)
11 = channet 3, {RA3IAN3}

bit 2. GO/DONE-: A/D Corwersion Slatus bit

lf ADCIN = 1-

1 = A,/D conversitrr in progress (setting this bit starts the AJD conversion)
0 = A/D conveFion oot in ptogress finis bil ls aulomatically cleared lry hanlware wften tne AJD conver-
sion as cornFlete)

bit 1: ADIF: AJD ConversioB Complele lnterrupt Flag bit
1 = conversion is cc{*plete {nrust be cleared in software)
0 = conve|sicn is nd cor*plele

bit 0: ADoN: FJD on bit
1 = AID converter filodule is operating
0 = A/D converler rnodute is shulofl and co{lsumes no op€firtit€ cunent

Note 1: Bfts of ADCOf"lg is a General Purpose FI/w bit for me Ptc16c71tr171 1 onty. For the plC16C71, this b'l is
read as !'.

R = Readable bit
W = Writable bn
U = Unimdemented

bil, read as'0'
- n =Value at POR resel
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MICROCONTROLLER

ADCONI Register of PICl6C7l

bitT bito

R = Readable bit
w = wrilabte bit
U = Unimptemented

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

bit 7-2: Utrimplemented; Read as ,S'

bit 1-0: PCFGI:PCFGO: AJD Fbrt Configuraiion controt bits

A = Analog input

D = Digital l/O

u{ u-0 u-0 u's u-0 u{ Rrur_0 Rn/v_o

PCFGO

PCFG,I:PCFGO RA1 & RAO RA2 RAg VRrF

00 A A VDD
o1 A A VREF RA3
.10 n VDD

11 D n VDD

t8
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FINAL EXAMINATION

SEMESTER./SESSION : Ili20l0l2011 PROGRAM:3BEE
COURSE : MICROPROCESSOR AND COURSE CODE : BEE 3233

MICROCONTROLLER

PIC16F84A Instruction Set Summarv

Mnemonic,
Operands

Desc.iption Cycles
14-Bir Opcode Slrtus

Aff€cted
No1e9

MSb LSb

BYTEORIENTED FILE RFGISTFR OPERATIONS

ADDWF f, d
ANDWF f, d
CLRF 

'CLRW
coMF f. d
oEcF f. d
DECFSZ I d
tNcF f. d
tNcFsz f, d
roRWF f, d
MOVF f. d
MOWVF t
NOP
RLF f. d
RRF f. d
suEwF I d
SWAPF f, d
XORWF f, d

Add W and f
AND W wilh f
Clear f
Clear W
Complemeni f
Decrement f
Dec.ement t, Skip it 0
lnc,sment f
hcrement f, Skip il0
I.clusive OR W with t

Move W io I
No Operatioo
Rotate Left f through Cany
Rotate R€ht f through Ca.,y
Subtract W from f
Swap nibbles in f
Exclusive OR W wilh t

1

1

1

1

1

1

1 12)
1

I (2.l

1

1

1

I
1

I
'|

1

'I

00 011.I dfff ffff
o0 0101 d{ff ffff
o0 00 01 lfff ffff
OO 00 0l Q)o(x xxr(x
oo 1001 dffE ffff
00 0011 dfff ffff
00 1011 dfff ffff
00 1010 dfff ffff
oo 1111 dfff ffff
o0 0100 dfff ffff
o0 10 00 dfff ffff
oo 00 00 lfft tf.ff
0O 0000 Oraro 0000
00 1r01 dfff ffff
oo 110 0 dftf tftt
00 0010 dfff ffff
oo 11lo dfff ffff
o0 0 rlo dfff ffff

c,oc,z

7

z
z

z

c
c

c,oc.z

z

1''

2

1.2.3
l)

1,2.3

1.2

BIT-ORIENTED FILE REGISTER OPERATIOI'IS

8CF f, b
8SF ib
BTFSC f, b
BTFSS f. b

Bit Clear f
Bl Set f
Bii Test f. Skip if Cleat
Bil Test f, Skip il Sel

1

1

1 {2)
1 {2}

01 00bb bfff ffff
01 01bb bfff ffff
of 10bb bfff ffff
0l 1r.bb bfft fttf

't)

3
3

LITERAL AND CONTROL OPERATIONS

k
k
k

;
k

k

ADDLW
ANDLW
CALL
CLRWDT
GOIO
IORLW
MOVLW
RfTFIE
RETLW
RETURN
SLEEP
SUBLW
XORLW

Add literal and W
AND literal with W
Call subroutine
ClearWatchdog Time.
Go to address
lnclusive OR literal with V{
Move lileral to W
Relum lrorr interrupl
Retlm wdh litei"al in W
Relurn from Subaoutine
Go into standby mode
Subtract W lrom literal
Ex.lusive OR liieralwith W

1

1

2
1

z
1

1

2
2
2
1

1

1

11 tllx kkkk kkki(
1r. 1001 kkkk kkkk
10 okkk kkkk kkkk
o0 0000 0ltc 0100
r0 lkkk kkkk kkkk
11 1000 kkkk kkkk
ll 00xx kkkk kkkk
o0 0000 0000 1001
11 01xx kkkk kkkk
o0 0000 0000 1000
o0 00 00 0110 0011
-11 110x kkkk kkkk
11 1010 kkkk kkkk

c.Dc,z

TO,PD

TO,PD
c,Dc,z

z

l9
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MICROCONTROLLER

Data Transfer Instruction MC68000

l!{nemonic IVIea rE Twe Opeland $ize Operatioru
MOVE

MOVEM

LEA

EXC

SWAP

CLR

Move multiple

Load efftctive
address

Excha.nge

Swap

Lleaf

MOVE EAs, EAd
MOVE EACCR
MOVE EASR
MOVE SR EA
MOVE USP,An
MOVE A4USP
MOVEA EAA.n
MOVEQ #)OO(,Dn

MOVEM ReLlist,EA
MOVEM EARes list

LEA EAAI

F4Ry

EA

16, 32

lo
l6

16,

8

16,

I0,

32

?)
32

l6

10, 32

(EAt -r EAd
(EA) -+ ccR

SR -+ EA
USP -+ An
An -t USP

#>C{X -+ Dn

Reg_list -+ EA
(EA) --+ tug_list

EA -+ An

Rx +: Ry

Dn3l:16 +) Dnl J:0

0-+EA

20
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Compare and Test MC68000 Instruction

Logical MC68000 Instruction

[.Inenronic l\,Ieanirg Tlre Opernnd Size Operation

CMF

TST

C omp are

Test

CMP EA,Dn
CMPA EAAjI
CMPI #)OO(EA
CMPM (Ay).,(A!.

TST EA

8, t6,32
t6,32

8, t6,32
I. 16, 32

8, t6,32

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

N,Z,V,C

I\,Inemonic Mennirg True Gperand Size Operation

OR

AND

EOR

NOT

Logrcal AND

Logrcal OR

r ^-:^^lrruBrLcr
exclus we-OR

Logrcal NOT

AND EA,Dn
AND DqEA
ANDI #)CO(,EA
ANDI #]CO(,CCR
ANDI #)OO(,SR

OR EADn
OR Dr\EA
oRr #)cctEA
ORI #)CCI,CCR
oRI #)CCISR

EOR DIEA
EORI #)COEEA
EORI #)COECCR
EORr #)CO(SR

NOT EA

8, 16, 32

8, 16,32
8, 16, 32

8

ln

8, t6,32
8, 16,32
8, 16,32

8

t6

8, 16, 32

8, 16, 32

8

ID

8, 16,32

(EA) Dn -+ Dn
Dn (EA) -+ EA
#XXX (EA) -+ EA
.++vvv rlrrE r rrflD

#XXX . SR -+ SR

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

#XXX+ SR-+ SR

Dn@(EA) --+ EA
#XXX O (EA) -+ EA
.ravl/\/ /ar ar/lE , l,a^D

#XXXO SR--+ SR

f EA I -+na

2l
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MICROCONTROLLER

Rotate MC68000 Instruction

Bit Manipulation MC68000 Instruction

Itlnemonic l\Ieanirg Tlre Operand fiize Operation

ROL

ROR

ROXL

ROXR

left

Rotate nght

Rotate 1eft
through e:rtend

Rotate nght
through extend

RoL #)CO(Dy
ROL DaDy
ROL EA

ROR #)oo(Dy
ROR DaDy
ROR EA

ROXL #)OO(Dy
ROXL DaDy
ROXL EA

ROXR #)OO(,Dy
ROXR DaDy
ROXR EA

8, t6.32
8, 16,32
8, 16,32

8, 16,32
8, 16,32
8. 16.32

8, 16,32
8, 16.32
8, t6.32

8, 16,32
8, 16,32
8, t6,32

Mnemonic I\terurirg Tlre Operantl Size Operation

BTST

BSET

BCLR

BCHG

Test a brt

Test a bit and
set

Test a bit and
clear

Test a bit arid

BTST #)COqEA
BTST D+EA

BSET #)CO(EA
BSET Df\EA

BCLR #]OOI,EA
BCLR DrlEA

BCHG #]OOI,EA
BCHG DrrEA

8,32
8,32

8.32
8,32

8,32

8,32
8.32

t-A Dlr -+ ./-

l-4, 01[ -+ 1-

I -+ EAbrt

l-A oll -+ L
0 -+ EA brt

_E-q 0rr -+ 4
t-A 01tr -+ .LA 0t[

22
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Bcc Instruction

Instruction Meaninq Arithmetic If the test is true
BEQ EQual to zero U Z:1
BNE Not Equal to zero U Z=0

BMI Minus U N:I
BPL Plus U N:O

BCS/LO Cany SeVLOwer U

BCC/HS Carry Clear/Higher or Same U c=0
BVS cVerflow Set S

BVC oVerflow Clear S V:O
BGT SreaTer than S z+(N@v):0
BLT Less Than S N@V:I
BGE Greater than or Eoual S NOV:O
BLE Less than or Equal S z+(N@v)=0

BHI Higher U C+Z=0

BLS Lower than or Same U C+Z:1



Ql a Comprehension
Analysis

b Synthesize

c Comprehension

d Analysis

Synthesize

e Analysis

Synthesize

I otal

q3 a Knowledge

Comprehension

b Analyisis

Synthesize

c Analyisis

Synthesize

d Analyisis

SYnthesize

Total

q5 a Comprehension

Analysis

Knowledge

b comprehension
Synthesize

toral

Q4 a Knowledge

b Analysis

Synthesize

c ComPrehensaon

total

Summary

Knowledge

Comprehension

Analysis

Synthesize

Evaluation

Total

Summary
Knowledge

Comprehension

Analysis

Synthesize

Evaluation

Total

Summary
Knowledge

comprehension
Analysis

Synthesize

Evaluataon

Total

Sumtnary
Knowledge

Comprehension

Analysas

Synthesi2e

Evaluation

Total

SummaJy

Knowledge

Comprehension

Analysis

Synthesize

Evaluation

Total

MaJks

Marks

Ma.ks

Marks

Marks

0

0

84

0

100

8

28

48
0

100

2

1

2

6

12

t2
8

8

24

8

60

0

0

0

0

25

8

4

t2

24

8

t2

0

36

48
0

100

Q2 a Analysis

Analysis

Synthesize

b Analysis

c Analyisis

Synthesize

d Analyisis

Synthesize

I ota I

2

0

0

0

0

2

4

1

3

6

2

3

25

6

3

5

11

25

24

12

20

44

100

24

24

20

20

t2
100

24

44

t2
20

0

100

20

44

24

0

100

6

6

5

5

3

25




