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Question 1 


a) 	 Discuss the instruction execution cycle in a microprocessor. [6] 

b) 	 Fig. Q1.1 below shows the basic architecture of a microcontroller. Explain in detail the function of 
each of the following modules: CPU, Watch Dog Timer, and ADC. [7] 

1/0 

Timer PortA 
ADC 

WatchDog 
Timer 

Seri,' Port "'" ' '---__________~·I~·--) 
VO Port C 

Figure Qi.i. Basic architecture of a microcontroller 

c) 	 With the aid of appropriate illustrations, explain the Von Neuman and the Harvard architectures. 
Which architecture is used in PIC microcontrollers? [3] 

d) 	 Explain the differences between the three groups/types of instructions available on PIC16F84 and 
PIC16F877 microcontroller instruction sets. [9] 

Question 2 

(a) 	Discuss common addressing modes used in microprocessors. [9] 

(b) Identify and explain control unit architectures. 	 [4] 

(c) Identify and explain the main components of the CPU. 	 [5] 

(d) Write the assembly code for PIC16F84A (instruction set in Figure Al.O of Appendix) based 
on the following operations. [6] 

Step 1: Set the origin to O. 
Step 2: Set the register R2 with hex data B8. 
Step 2: Load the accumulator with decimal data 78 
Step 3: Add 2 to R2 
Step 4: If the accumulator is not equal to zero, decrease the accumulator value by 1 
Step 5: Repeat Step 3 and Step 4 ifthe accumulator is not equal to zero 
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Question 3 


Design a simple vending machine control system which uses the PIC 16F84. The pin block 
diagram and instruction set are shown in Figures Q3.1 and Al.O in the Appendix, respectively. 
The machine has the following properties: 

• 	 Accepts only Eland E2 coins. 
• Delivers a can of soft drink costing E3 

• • Provides change where appropriate . 

Make the following assumptions in your design: 
• 	 The vending machine accepts 1 coin at a time through a coin recognizing interface which 

inputs an appropriate code to the system as follows: OO=no coin, OI=EI, and 1O=E2. 
• 	 Generates a pulse ofE 1 or E2 when a coin is inserted. 

The solution should be limited to the following: 

i. 	 Draw a labelled block diagram showing which pins of the PIC will be used for inputs 
and outputs. [3] 

11. 	 An FSM chart showing the operation of the vending machine. [8] 
iii. An assembly language program for the vending machine controller. [14] 

State any assumptions made. 

RA2....-.. -AAl 
AM ......... -RAO 

-OSCt.a..KIN 
Ma..R

RMlTOCKI
- OSC2.Q..KOUT 

Vss ""'--'Voo 
-VOl)V&&

----R87 

A81
RBIlIINT --

-R86 
_RB5RB2_..... 
-R&I 

Fig. Q3.1 - Pin Diagram of PIC16F84A 

Question 4 

The block diagram of the PICI6F877 analogue to digital converter (ADC) is shown in Fig. Q4.l, 
and the ADCONO register which controls it in Fig. Q4.2. 

(a) What is the setting of the ADCONO register if an external voltage reference is required, 
input channel 2 is selected, with clock source being FOSC divided by 2, and the ADC is 
switched on but not running? [6] 
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(b) Why are different clock sources available for use with the ADC? 	 [6] 

(c) What are the relative advantages in using an external or an internal (VDD) reference? 
[2] 

(d) When using the ADC, what are the main phases ofoperation which need to be 
considered? Describe any precautions which need to be taken, and any timing 
considerations. [11] 

AID BLOCK DlAGRA.. 

--
'>:>-"""-+-++-IXI """"""'" 

Fig. Q4.2 - Block Diagram of PIC16F877 Analogue to Digital Converter 

REGISTER 11-1: ADCONO REOISTER (ADDRESS: 1 Fh) 

RIW-O RIW-D RIW-D RIW-O 

I AOC:S1 I AOClSl I CH.S2 I CI-IS1 

bit 1 bltD 

bit7-6 	 ADCS1:ADCSO: AID Gom.etaIon CIcd: Select blls 

00 = F09CI2 

01"'FoscIB 

1 0 .. FoecI'32. 

11- FRO (clock _ fn::m .... _ IVO module RC cscil""""'" 

bit 5-3 	 CHS2:CHSO: Analog Channel SeIec:1I_ 

000'" Cihannel D. (RAQlANO) 

001 - Cihannel1. (RA1/AN1) 

010 c Cihannel2. (RA2IAN2) 

011 - Cihannel 3. (RA3lAN3) 

100 '" Cihannel 4. (RA5lAN4) 

1 OJ. - Cihannel 5. (AEIJIAN5)I1) 

110 =Cihannel a. (AE1fAN6)(l) 

11J. .. Cihannel 7. (AE2lAN7)(1) 


bit 2 	 aoiiiONE: AID CorMiorsion SIa_ bit 

IfADQN-1' 

1 AID I:lDf'IVBnSIon n __{EIItng this bit starts the AID """""""'l 

o .. AID conversion nolln ~ (this bit is automatically cleared by _ when the AID 

conversion Is~) 


bit 1 Unlmp!ememed: Reed .... '0' 

bit 0 ADON: AID On bit 


1 IVO~ module IS _tlng 
o - AID oan_ module III shuI-df and CJCJnMJnKiIS no operallng current 

Nole 1: ..... not QnPIC16F873/816_~chan""", __ 

w .. WIlt.llblebH: U = Unimplemented bit. I'fIOiOd .... "D' 

T=8!tillGGt '0'= Bit is aI--' x = Bit is unknown 

Fig. Q4.2 - PIC16F877 ADCONO Register 
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Question 5 

(i) A machine counts envelopes which are being packaged in packs of 150. The machine is 
controlled by a PIC 16F84. A sensor connected to the RA41T0CKI pin produces a logic pulse 
every time an envelope passes it. A block diagram of the Timer 0 module is shown in Fig. 
Q5.1, and the Option register in Fig Q5.2. 

a. 	 Describe how you would configure the TMRO to count the envelopes. Indicate what 
value you would set in the Option register. [8] 

b. 	 Explain what strategy could be used to allow the microcontroller program to detect 
when the number 150 had been reached. [7] 

(ii) In another application also using the 16F84, a regular timed interrupt is required. The clock 
oscillator frequency is 4MHz, and an interrupt frequency in the region of every 2ms is 
required. Describe how you would now configure the TMRO module. [10] 

PS2. PS1. PSO PSA 
TOCS 

_ 	 ,: TOIClS."TDSE. PSA, PS2:PSO (OPT1DI'LREG<5:D». 
2:: 'TlJa ............ is sI'wInId wt81 walCh:llog r __ (..... ID FIgu.. 6-2 IDr dIIIaIIad bkxJk c:IIagAI.rw). 

Fig. Q5.1 - The PIC16F84 TMRO Module 

2.3.2 OPTION REGISTER 

The 0PTl0N regIaIBr Is a .- and writable 
~rwhich.,.,..,....,.. vatIoua conIrDII bits In conllguno 
the "RllROfWOT .,.--:al.... the _rnal INT In-.upl. 
TMRD. and the _k p.JU-ups on PORTB. 

RECIISTER 2-2: OPTION REGISTER (ADDRESS S1h) 

I 
R/W-1 

RBPU 

RIW-1

I INTEDG I 
AIW-1 

TOCS I 
AIW-1 

TDSE 

AIW-1 
PSA 

RIW-1 
PS2 

R/W-1 
PS1 

AlW-1 

PSO 
bit 7 bit 0 

bit 7 FIBPU: PORTB PuII~ Enable bit 
1_ PORTB ~upsant__ 
D_ PORTB ~ ant __ .", Individual port Iatch_ 

bit 6 INTEDO: InI.....-upt Edge SMs:t bit 

1 = 1.-nupI on rising edged RBOIINT pin 
o = 1nIenupt .... failing edge uI RBOIINT pin 

bit 5 TOeS: TMFIO Clock Source SeIBct bit 

1 - T"""--' on RA4ITtx::KI '*' 
o  l.-.nalinetruclion cycle <*>cIt (ClJ<OUT) 

bit 4 TaSE:: TMRO Soun:e Edge SeIecr bit 
1- I............. II on hlgh-__ baRohIon on RA4ITOCKI pin 
o _ IncnomenI on Iow-ID-hIgh Ir.a.naIIIon on RA4ITOCKJ pin 

bit 3 PSA:_AssIgt.... -.tblt
1 __1s~1D_WDT 

0= PrescaIar Is ~ II> _ T ....rO module 

bit 2-0 PS2:PSO: P.-:aIer RaIle Select bIIa 

BII Value "RllFIO RaIle WDT Rate 

R __bIt1~: 	 u = UnJn,.-,__ bit. ROad as'rrw = wrtIabIe ba 

- n .. vat... at PCJR '1'-BltIs_ V - BIllscI-..d x - BIlls unI<nown 

~OD 
001 
010 
ol.l. 
l.oo 
l.01 
1l.o 
l.l.1 

... :2 
1 :4 
... :8 
1: 16 
1 :32 
1 :64 
1: 128 
1 :256 

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

Fig. Q5.2 - The PIC16F84 Option Register 
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Appendix 

TABLE 7·2: PIC16CXXX INSTRUCTION SET 

r.an..0IIie, 
Opetands 

Description CyoIes 
'.-111t Opoode 

USb LSb 
SI;dus 

AffHWd Nat. 

BYTE-oRlENrED FLE REGISTER OPERATIONS 

fItDOWF I,d AddWandf 1 DO 0111 dtU UU G,OO.z 1..2 
I.HOWF I,d ANOWWllhf 1 00 0101 dtu UU Z 1..2 
CLRF f ClIeDr f 1 00 0001 Uu tfff Z 2 
ClRW .. ClailrW 1 DO 0001 IbccI: """"'" Z 
COMF r.d Qnplllrfl8l1l I 1 110 1001 dtn :tnt: Z 1..2 
DECF f,d DIIonImenI I 1 00 0011 dtU UU Z 1..2 
DECFSZ f, d Deon!mlll1tr, Skip H 0 1(2) DO 1011 dltr :tur 1..2.3 
INCF f, d 1nDrIIntan. I . 1 DO 1010 dtu Utt Z 1..2 
INCFSZ I,d JmramBIII I, SkIp II D 1 (2) DO 1111 dtrt tur 1..2,3 
IORWF f,d InlIidw OR W wI1h f 1 DO OXOO dtu :tur z 1..2 
MOVF f,d 
MOVWF f 

IIot:MI f 
t.bJeWlDf 

1 
1 

DO 1000 dtu :t:t:t:t 
DO DODD 1Uf :t:t:tt.- Z 1..2 

HOP .. No 0peraIiDn 1 DO OODD DODO 
RLF I,d RoIaIa lefI f II1ItIugh cany 1 DO 11111. dtu UU C 1..2 
RRF I,d ADlilIa RIghI I 1hrcIugh cany 1 00 1100 dtu :t:t:tt C 1,2 
SUBWF f,d SI.IbIriD W fIUIII f 1 00 0010 dtu :tt:tt a.oo.z 1..2 
SWN'F f,d swap flIItlIID In I 1 00 1110 dttt :f:t:tt 1.2 
)IOAWF f.d ElcDuSIV8 OR W will f 1 00 0110 dtrr :f:t:tt Z 1,2 

Srr-ORJEHrED FILE REGISTER OPeRATIONS 

BGF f.b 
BSF f,b 
BTFSO f.b 
BI'FSS I.b 

BlClailrI 
BlSelI 
BI Test f. _If CIaiIr 

BI Test f. _II Sel 

1 
1 

1(2) 
1(2) 

01 oDbb btU rut. 
01 Olhb bttt. :ttf:t 
01 10bb but fur 
01 llhb btu :ftrl: 

1,2 
1,2 
3 
3 

lITERAL AND OONTROI.. OPERATIONS 

ADDLW It Add IIIInI and W 1 11 lUx I<l:ltIt ltldck C,OO,Z 
ANOlJN It AND IiIInI with W 1 1.1 1001 I<l:ltIt ltldck Z 
CALl. It 
GLRWDT .. 

CiII :;mmuline 
ClIeDr WilIOOdog lheI" 

2 
1 

10 Okltk I<l:ltIt ltldck 
00 0000 0110 010D m,PD 

GOrO Ie Go 10 address 2 10 1kltk I<l:ltIt ltkkk 
IORL.W It IrdusIve OR IIIatiII wIIh W 1 11 1000 I<l:ltIt ltldck Z 
MOVlW It t.bI8 IIIBRIIID W 1 11 OChee I<l:ltIt ltldck 
RETFE .. Rslum irai'll Inlen'upt 2 00 DODO 0000 1001 
REnW It AllIUm with IIIBnIIIn W 2 11 olxx I<l:ltIt ltldck 
RETURN .. 
SLEEP .. RIIlum irai'll SubItluIIn!I 

Go InID $IiIndby I'IIOde 
2 
1 

DO 0000 0000 1000 
00 0000 0110 0011 ro.fiD 

SUBI.W It SubIr.IDtW fIUIII IIBfal 1 11 110x ltldck ):kltk a.oo.z 
XOfIlW It ElacIusive OR IiEraI wiIh W 1 11 11110 l::klc:k ):kltk Z 
Nor. 1: 	 When an I/O regtsler IS mcdlllad asa fUnction or II:seI' { e.g~ HDVP 1'ORTB, 1'.118 va/I.e used WIll be1NI value present 

on IIle pInS IhentsaIWIs. For _pia, Hille da:IiI. IIIDh IS '1'!DI' a pin llDI'lIIgutlld as inpUt and Is mIVBn bW by an extemIIf 
d8v1c8, U. da:IiI. wtI be WIllIan baot WIh a V. 

2: 	 If !his InsIndIon IS 8II&CUIad on IIlello1lRlllagllder (and. vmere~, d .,1" 118..--WI! be '*'«InId' 
assIgnadto the TInIIlIO MDduIa. 

:II: 	 It ProgrlIIII Q:IIrier (PC) Is modllad Of" a tIIIIlIIIOnIlIlast Is 1rUe. thelnsln.ll:lllc:!n requires NiO ~ The aKXlIId I7fde Is 
I!IIISCl.IIaCI as a l!lOl!. 

Fig. A1.0 -Instruction Set of PIC16F84A 

END OF PAPER 
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