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Ql (a) Figure Ql(a) illustrates pin diagram of 40-pin DIP package for PIC18F4420
and PIC I 8F4520 microcontrollers.

(i) How many PORTs available for VO operations. List all of them.
(2 marks)

(ii) How many pins are designated as VO port pins.
(2 marks)

(iii) Explain the role of TRISx and PORTx in VO operations.
(4 marks)

(b) In Figure Ql(b), assume the switch connected to RB7 is an emergency switch.
Write a program to read RB7, and if it is on (grounded), flash the LED
connected to RB6 at every l00ms interval (assume that DELAY_l00ms
subroutine is available).

(12 marks)

Q2 (a) A free-running l6-bit timer has a clock frequency 5MHz. The counter register
in the timer is incremented every clock cycle. When the counter reaches

FFFFH, it rolls over to 0000 and continues to count.

(i) Find the frequency and period used by the timer.
(4 marks)

(ii) If the timer reading at the beginning of the event is IFFBH and at the end

of the event is 3380H. calculate the time delav between the two events.
(4 marks)

(b) Figure Q2(b) shows Timer3 block diagram.

(D Give the highest size of prescaler supported by Timer3.
(2 marks)

(ii) Justify whether the Timer3 supports event counter. 
(3 marks)

(iii) Specify operation modes available in Timer3.
(2 marks)

(iv) Explain when event rollover occurs in Timer3 and how it is indicated.
(3 marks)

(v) Explain the role of TMR3ON in Timer3.
(2 marks)
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Q3 (a) Explain TWO (2) differences between asynchronous and synchronous data
transmission.

(4 marks)

(b) State two serial communication modules in PIC18.
(2 marks)

(c) Given specification to transmit an 8-bit data using PICIS EUSART with one

Start and Stop bits in asynchronous mode. The data transmission speed is 9600
baud and the operating frequency for the PICl8 is 16MHz.

(i) Calculate the value to be loaded in the SPBRG register if the BRGH bit is
cleared in the TXSTA register.

(4 marks)

(ii) Determine the byte value to be loaded in the TXSTA register.
(4 marks)

(iii) Write a C program to transmit a character "A" continuously.
(6 marks)

Q4 Devices can receive service from microcontroller through intemrpt and polling
methods.

(a) List THREE (3) types of intemrpts available in PICl8 microcontroller.
(3 marks)

(b) Describe what intemrpt priority is and why it is necessary.
(3 marks)

(c) With a single instruction, show how to disable all the intemrpts.
(2 marks)

(d) Write instructions to setup INTI with low priority and positive edge-triggered,

Timerl with high priority.
(7 marks)

(e) Create an ISR for Timerl in Qa(d) to generate square waves on pin RCl'
(5 marks)
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Q5 Answer the following questions by referring to the progam in Figure Q5.

(a) Discuss FOUR (4) registers associated with EEPROM
(4 marks)

(b) State THREE (3) main functions of the program.
(6 marks)

(c) Determine the data size and baud rate of asynchronous mode serial
transmission if the crystal frequency is 10MHz.

(3 marks)

(d) Explain the function for instruction ch:EE READ( );
(2 marks)

(e) List all bits of the EECONI that are used by the write operation of the
EEPROM.

(3 marks)

(f) Explain the consequence when the instruction RCSTAbits.SPEN : I is
changed to RCSTAbits.SPEN : 0.

(2 marks)

- END OF QUESTTONS -
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FINAL EXAMINATION

SEMESTER/ SESSION : SEM II 12015/2016 PROGRAMME CODE:
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BEJ
: BEC 4l103
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COURSE NAME : ADVANCED MICROCONTROLLER COURSE CODE : BEC 4I IO3

llProgram Figure Q5
#include <p I 8fi+5 20 .h>
void EE_WRT(void);
unsigned char EE_READ(void) ;

void SerTx(unsigned char);

void main ( )
t

rom far char* RomPointer"MOVE ME";
char RamString[7];
unsigned char x, ch, k-sizeof(RomPointer);
TXSTA-Ox20;
SPBRG-I5;
TXSTAbitS.TXEN_1;
RCSTAbiIS.SPEN-I;

for (x-0; x<7;x++) {
Ram String [x] -RomP ointer [x] ;

)

for (x:0;x<7;x++) {
EEADR-x;
EEDATA:RamString[x];
EE_wRrO;
)

EECONIbitS.WREN-O;

for (x-0;x<7;x++) {
EEADR-x;
ch-EE_READ ( );
SerTx(ch);

)
while(l)

)

Figure Q5
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void EE_WRT( )
{

EECONIbiIS.EEPGD-O;
EECONIbitS.CFGS-O;
EECONIbiIS.WREN_1;
INTCONbits.GIE-0;
EECON2:0x55;
EECON2:0xAA;
EECONIbitS.WR-1;
INTCONbitS.GIE-1;
while(!Prubits.EEIF);
PIR2bitS.EEIF:O'

)

unsigned char EE_READ ( )
t

EECONIbitS.EEPGD-O;
EECONIbitS.CFGS:O;
EECONIbitS.RD-1;
return(EEDATA);

)

void SerTx(unsigned char c)

t
while (PIR 1 bits.TXIF:0) ;

TXREG-c;
)

Figure Q5 (continued)

&
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COURSE NAME : ADVANCED MICROCONTROLLER COURSE CODE : BEC 41103

RTfI'-O RJlv{ R/\tv-O RIW{ RAR.|I.O R/\'\f{ R-l R/W{
CSRC TXg TXEN SYHC SENDB BRGH TRMT TXgD

blt 7

CSRG: Clock Source Sdect L{t

Asrrnchrorlous tnode:
Dwrt care.

Syncfirmils m0de:
1 = Mster mode (clock generated int'emally frorn BRG)
s = Slaye nnde (dock from extematrsaure)

TX9: $bit Trarsrnit EnaHe trit

r = Selects g-bit fffisrnissaon
o = Sdecis 8$it Fansrnisskrn

TXEf{: Tnansrnit Enable bit
r = Transnit enabled
o = Transrnlt dis$led

Hote: SREN/CREN ovenides TXEN in Svne mode.

SYNC: EUSART Mode Sdect bit

r = Synchronoug npde
.r = Asynchrorpus mode

SEHDB: Send Break Character hit
AsyficfirorHrs rnode.
r = Send Sync Break on nexl h;n$nbsion {deared ry haftlware rscn ffirpletlon)
o = Sync Br€ak ber$srnision mrn$eted
$yndtranous rnsde:
Don't care.

BRGH: High Baud Rate Select bit

AsyncfmnflJs Ende.
r = HHh speed
o = Low speed

$ynchronuJs mode:
Unused in this nrcde.

TRMT Transmit 6frifi Register$atus bit

r = TSR empty
o = TSFI tull

TX9D: gth tlit of Transrnit Data

Can lrc ddres$tlata tit or a pari$ bit-

bit 0

Figure 6: TXSTA (Transmit Status and Control Register)
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RryY-0 RryU-o Rnff{} RIW{ RAil/-0 R-0 R-0 R-x

SPEFI RX$ SREN C'REF{ ADDEN FERR OERR RX$D

il]lt 7 tlit il

SPEN: Serial Port Enahle bit
:. = Serial port enabled {contrgures R)(/DT and ilOCK pins as serial port pins)
c = Serial pofi disabled {helcl in Reset}

RX9:9-lrrt Receive Enable bit

r = SelecG 9-lrit reception
o = SeEcA 8+it reception

SRE$.|: Sir€le Receive Enatrle bit

Asynchronous mcde:
Don't care.

Svnchronous rnode - Master:
I = Enab'les gngle receive
o = Sisables sirgle receive
This hA is deard afier reception is cornphte,

Synchronous mode - Slave-
DoE't care.

GREH: Cantinuous Receive EnalIe bit

Asynchronous rnotle:
:. = Enables receiver
o = Disalrles receiver

Svnchronous mode.
l = Enalr,les continuous receirre unlil enaile b{t CREN is deared {CREN ovemdes SREN}
o = DisaNes continuous receive

ADDEI.I: Address DetiBct Eilable tlit
As\flchronous nmd€ 3-bit (RXS = 1):
r = Enables a{mress detection, enables lntenupt and loads the rece}ve hufer r#ftsn R$R,<8>

is sel
o = Oisables addr€ss Gtectisn, all hytes are recefired and ninth bit can be us€d as parity bit
Asynchromus nnde g+it fRX9 = ol:
Don't care.

FERR: Frarning Enor bil
:. = Framing effor {can be updated by reading RCREG register and receiving next valid tryte)
fl = No framing enor

OERR: Overrun Ens bit
:. = Ovenun enor {can lre cleared lry clearing hit CREN}
G = No oveffun enor

RX9D: 3ft bit of Received Data

This can he address/data irit or a pafity tlit and nH.rst be calculated by user lirmware.

Figure 7: RCSTA (Receive Status and Control Register)
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Figure 8: PIRI (Peripheral Interrupt Request (Flag) Register I

trw-{t R/w-0 R-0 R-0 Rlt{l-0 RIurrs RIw-o R/lltt-{]
pgp1,p{t} ADIF ffiCIF TXIF SSFfF CCF1 ]F TMRzIF TMRlIF

bn7

PSPIF: Paatlelsfave Port Read/wrlte lntefiupt Flag Up{l}

r = A reacl or a write operatlm has taNren place (must be cleared ]n softmare]
o = No red or wrile has o€flJFred

Note 1: This bit is unimplefiHrted on 28-pin devicesand wlll read as'e'-

ADIF: A/D Conrerts lntenupt Flag bit
I = An AdD convesion con$eted {rnmfl be deared in sftffate)
o = The AJD csnversion is not conplete
RCIF: EUSART Receive Interilpt Flag bft

:. = The EUSART Ecgve tufier, RCREq isfuill {cleaf$when R,6FIEG is reacl}
0 = The Ei"ISART receive buffer b erpily
TXIF: EUSARTTrarsmit InterruS Flq bit
L = The EUSARTtransrnit hrffer, TXREG is empty {desed wtnn TXREG is writHt}
o = The EUSARTfansmitbufreristu$

SSPIF: il,laster Synehrunorc Serial Fort lrfi,errupt Fhg ttit
r = The tmns#ssb#rccept*rn is con$ete {rnust be detred in Sunre}
q = \Ithiting lo tsansrniureceive

CCPIIF: CCPI lnlenupt Flag bit
Caplwe mode:
:. = A TMFt'l register ca$ure occuned {nrust be cleared h softtvare)
o = No TMR1 register capture ocanned

Corilpare ffFde:
r = A TMRI register ctrnpare rnatch ocsured (mud be clear€d in soft$rete)
0 = No TtrdRtr r€glster coffFare rilat$r oocuffed
PWM nmde-
l"-hused in this nnde-

TtlFlillF: Ttffi2 to PR2 Matefi lntsn.pt Flag bit

r = TlvlFl2 to PR2 rnatdl occilned (nflst be deaEd [n sofhffare]
o = No TM*2 to PFl2 match occlcred

THRIIF: TMR1 Sernourt Intmrupt Flag hit
r = TMRI register overflowed {rrus€ be dearccl in sofii,vare}
o = TiltlRl register dd not owrfuu

bit 0
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SEMESTER / SESSION : SEM II / 2015/2016 PROGRAMME CODE : BEJ
COURSE NAME : ADVANCED MICROCONTROLLER COURSE CODE : BEC 41103

Figure 9: EECONI (EEPROM Control Register)

R/W-x R/llrf-x tJ-G R/W4 ruW-x R/W-0 RJ$.0 Fy90
EEPGD CFGS FREE T'VRERR WREN t'VR RD

bit 7 tlit fi

EEPGDT Flash Prograrn or Dala EEPROM Memory S€tect bit
1 = Access Flash program rnernory
o = Access data EEPRSM memory

CF€S: Flash Prograrn/Dak EEPROM or Confquration Sekct bit
1 = Access Configuration registens
fl = Access Flash program ordata EEPROM mernory

Unimplemented: Ftead as 'o'

FREE: Flash Row Erase EnaHe lrft
l- = Etrase the program rTlemry fo$r affiressed hy TBLFfR on the next WR corrtrrEmd

{cleareil lry cornpletion of e|ase operatisn}
o = Perfonn write only

WRERR: Flash PrograrnlData EEPROrd Enor Ftag hit
r = A write operaUon is prematurely tenninated {any Reset tluring self-timecl progmmmirE inr

nonnal operation, or an improper lwite afiempt)
fl = The nrrfie operatbn compleled

Note: \iVhen a WRERR occufs, the EEFGD and CfGS bits are not cleared.
This allouis tnacing of the error condiilm.

WREH: Flash PrograrniData EEPROM Write Enahte bit
t = Albws write cycles to Flash prograrn/data EEFROM
r = trnhibits write cycles to Flasfi pfogram/data EEPROM

IUR: V*rrite Conlrol bit

r = lniliates a rlata EEPROM erasdt'irite ryde w a prqrzrn rilemory eruse f,ycle or write cycle.
{The cpe.ation is self-tirned and the bn is cle€red by hardware once write ,s mrnplete-
The WR lrit can only be $et {nsl cteared} in softuare.i

o = Write cycl€ to th€ EEPROM is comptete

RD: Read Contr0lbit
r = lnitiates an EEPROiI red (Read tdes one ryclle. RD is deared in hardware. Ttle RD bit cari

ordy lre set {not deared} in sofir*are. RD bit cannot lre sel when EEPGD = r or OFGS = r-i
o = Does not iniliate an EEPROM read
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SEMESTER / SESSION : SEM II / 2015/2016 PROGRAMME CODE : BEJ
COURSENAME :ADVANCEDMICROCONTROLLER COURSECODE :BEC4ll03

GlE,'GIEH PEIIBGIEL Tfir,lR0,lE INTO[E R8[E Th,IROIF INTO[F RBfF

R/1ll-,0 R&n/-0 RW.S R&ft/'-O R'1ff-0 R\4f-0 tulV-x

hit 7

GIEIGIEH: GlCIbal Intenupt Enable bit
flrdhen IFEN = e-
l = Enables all unrnsked intenupts
o = Dis$les all interrupb
When IPEN = l-
1 = Enables allhlgh pnority intemrpts
o = Disalrles allintenupts

PEIE/GfEI-: Penpheral Interupt Enable hit
When IPEN = o.
i. = Erables all unmskd peripheralintenupts
s = Disables aNl peripheral intenupts
When IPEN = r:
r = Enables all lwr priority perFf|€ret inteffupts
0 = DisabNes all lw,, pdonq/ periplerat interrupts

TMR0IE: TMR0 Overfiow Interrupt Enatrle bit
:. = Enahles the TMR0 overfiew intem*S
s = Disables the TltlRo overflow interupt
lllT0lE: INTO External lnterrupt Enable bit
r = Enables lhe ;NT0 external intemrpt
n = Disables the lNT0 external interrupt

RBIE: RB pon Cnange Intemlpt En#e bit
r = Enables the RB port charqe inbnupt
s = DisaHes the Rts port change intefiupt
TMRoIF: TMR0 Overflow htenupt Flag bit
: = TMRo register has oyerfiowed {must he cleared in sofiware}
o = TMR0 register did not overflow

lNT0lF: 1NT0 Extemal tntemrpt Flag hit
.:" = The ll{T0 extemalinterrupt ocfiJned (rnust be deared in soEwarel
G = The lNT0 external intemrpt did nst occur

RBIF: Rts Port Change lnterrupt Flag Mt

r = At least one of the RB7:RM pins changed statE (rnust tre cleared in sofiw8re)
0 = None of the RB7-R&I fins have chenged state

l{ote: A mismatch condition will conlrnue ts s€t $}is lrit. Reding PORTB will end ihe
mismalch cofflition and all$/vthe bitto he deered.

btt I

Figure 10: INTCON Register
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Figure 1l: INTCON2 Register

Rtlv-t R/w^l RnrFl Rlr$l r.f,O Rwlt-l r,r4 R/t/Y-l

RBPtJ $.lTEDGO ]HTEDGl IHTED@ Irl TI'R$IP ffitP
bfrt 7

REPU: PORTB R$up Eneble bit
1- A[FoRTBFtt{psileffiffi
0 = FORTB prll-rry$ te gffi by hdiviild poft fdch v*tes
IIITEDCO: Exbrnarl !fihrn$ 0 Edge $ffi bilt

I = frtenr$on d$ngedgF
o - InterruSon*a[iltgqe
lilTEDel: Erhrnal frHn$ 1 EdgB Sclect bfi

1 = rltenupt on fisng edge
{r = hfiernrytonfeniuqe
$rrEDez: ffhrnail Inbfns 2 EdgF serett blt
I = InturuptonrisrgqB
o = ltrtffirstonfaillrqsdge
Unlmflemented: R'ed tH'o'
TSRflF: Tililffi Snrfbtr rrErn$ Frf$ry ffi
1 = HUh prltrfty
o = LowFiollty
ttnimpleflHtled: Red rxs'o'

RBF: ffi mtffiange Ft*rn$ Hiffiy Ht
r = HEnmfiry
o = LwF0dty

hrt 0
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FINAL EXAMINATION

SEMESTER/ SESSION : SEM II 1201512016 PROGRAMME CODE : BEJ
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Figure 12: INTCON3 Register

INT2IP SrfTllP INT2IE F.fTllE F{T2IF IHTIIF
Flnfrf^l R w^l R/W{t Rfw{} R lJlro R/W{

hit 7

lHTtlP: lNTl Externd lnhm$ Priorfry blt
1= H*T'NffilY
o= lffffffity
F{TllP: lNTl Externd lnErn$ Riffiy bil
I = Hign rifflty
o = Low priflity
UnilffiRedas'o'
FIfillE: lNTl Externd Inhrn{n Enem hft

I = EnffiffElNIzeneflEl lnEfnpt
o = DbilksfrB lHTz exhrnal lrilefrisft

IHTilE: lNTt Erfi€fnal lnttrn$EnaHebn
I = Enaf,*es &e lHTl external lnbmpt
0 = Dhffifesme NTl exbrnal lnteffts
Uni@Readffi'o'
[I|TzIF: lNT2 Etffimal lntffir$ Fq bit
1 = The fNT2 exFrnal iilernst ocnrr$ (nru$t be dsetl ln Suffe)
0 = The lFfI2 exErnd nternst ffi rtot occrr
FlTllF: lNTl Extefff lntern$ Fbg Uf
I = The lHTl flEfnal lnterns omured tnru$ be deared h sdurae)
o = ThelNTl sErndlntgnstdklrffioonr

b.lr o
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