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INSTRUCTIONS TO CANDIDATES
1. There are FIVE questions in this paper. Answer any FOUR questions only.
2. Each question carries equal marks.
3. Show all your steps clearly in any calculations.
4. State clearly any assumptions made.

5. Start each new question on a fresh page.

DO NOT OPEN THIS PAPER UNTIL PERMISSION HAS BEEN GIVEN BY THE
INVIGILATOR.



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]
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Figure Q1.1. 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 A1.0 of Appendix) based
on the following operations. [6]
Step 1: Set the origin to 0.
Step 2: Set the register R2 with hex data B8.
Step 2: Load the accumulator with decimal data 78
Step 3: Add 2 toR2
Step 4: If the accumulator is not equal to zero, decrease the accumulator value by 1
Step 5: Repeat Step 3 and Step 4 if the accumulator is not equal to zero



Question 3

Design a simple vending machine control system which uses the PIC16F84. The pin block
diagram and instruction set are shown in Figures Q3.1 and A1.0 in the Appendix, respectively.
The machine has the following properties:

e Accepts only E1 and E2 coins.
e Delivers a can of soft drink costing E3
e Provides change where appropriate.

Make the following assumptions in your design:
o The vending machine accepts 1 coin at a time through a coin recognizing interface which
inputs an appropriate code to the system as follows: 00=no coin, 01=E1, and 10=E2.
e Generates a pulse of E1 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]
ii.  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.
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Fig. Q3.1 — Pin Diagram of PIC16F84A

Question 4

The block diagram of the PIC16F877 analogue to digital converter (ADC) is shown in Fig. Q4.1,
and the ADCONQO 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]



(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 of operation which need to be
considered? Describe any precautions which need to be taken, and any timing

considerations. [11]
FIQURE 13-1: AN BLOCK DHAGRAM
...... {1 1 O
E o Py : X
é . 120 ) g REY N
E M. 0L x et
_ é AO0 : X
§ & 201 : X RATGANT
voo } ©60 E
VOGN l-.ﬂﬁ.:
{8
Vonage) ‘. ..m.r.' ml
POFOIPOFON
Mobe 1 Mot Jr—

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

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

RW-0 RW-0 R/W-0 RW-0 RAW-0 WO ug RAW-D
| Ancs1 | aoCcso | chs2 | cHst |
by
bR7-6 ADCS1:ADCSO0: A/D Conversion Clock Select bits
00 = Foacr2
01 = FOsc/8
10 = Foao/2
112 = Fac {clock derived from the imewnal A/D module RC osaillator)
n53 CHS2:CHS0: Anadog Channel Select bits

000 = channal 0, (RAIVANG)
001 = ohannel 1, (RAT/ANT)
010 = channel 2, (RA2Z/ANZ)
011 = channed 3, (RAVANT)
100 = channet 4, (RAS/ANY)
101 = channel 5, (REVANS)ID
110 = channel 8, (RE1/ANE{T
111 = channel 7, (REZANTY(1}

bt 2 GOMDONE: A/D Conversion Siatus bit
1 = AJD conversion In progress {setting this bit starts the A/MD conversion)
0= AD NOL N prog: {thiz bit s automatically cleared by hardwan when the A/D
vonversion ia complate)
bit 4 Unimplemented: Read as 1
bt O ADON: AD On b

1 = AT} converiar module ks operating
0 = AN} converter module la shut-off and consurnes no operating cuarent

Note 1: These channels ara not avallable on PICT6FB7/876 devices.

Lm'd: .
R = Roacdabile bit W = Writabie bit U = Unimplementsd bit, reed as 0’
~ = Vinloer of POR 1’ = Bit is cet U = Bit is aleared x = Bit is unknown

Fig. Q4.2 — PIC16F877 ADCONO Register



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 RA4/TOCK1 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 regﬁlar 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 TMRO0 module. [10]
- T

PS2 P31, PSSO PSA

Neta 1: TOGS, TOSE, PSA, PS2:PS0 (OFTION_REGQ<S:0>).
2: The proscaler i3 shared with Watohdog Timer (refer in Figure 5-2 lor detalied blook diagram).

Fig. Q5.1 — The PIC16F84 TMRO Module
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REQGISTER 2-2: OPTION REQISTER (ADDRESS 81h)

W1 RW-1 AwW-1 wW-1 RYW-1 AUwW-1 w1 R
| mBPU [INTEDQ | Tocs | ToSE | PSA | Ps2 | pPs1 | pPsO |
bit 7 bitD
bit 7 RBPU: PORTE Pull-up Enabie bit

1 = PORTE pull-ups are disabled
0= PORTB pull-ups sre enabled by individual port latch values
bit & INTEDG: Interrupt Edge Select bit
1= Intermupt on rising edge of RBOANT pin
0 = hxterrupt an falling edge of RBO/INT pin
bt S TOoCS: TMRO Clock Source Select bit
1 = Transition on RAWTOCKI pin
0 = Internal Instruction cycle clock (CLICOUT)
bit 4 TOSE: TMRO Source Edge Select bit
1 = Incrememt on high-to-low fransidon on RAATOCK! pin
0 = Increment on low-to-high transition on RAMTOCK] pin
bit 3 PSA: Preacaler Assignment bit
1 = Presacaler ia assigned to the WDT
0 = Prescaler la asasigned o the Timer0 module
bit 2-0 PS2:PS0. Prescaler Rate Select bits
8ht Valw TWMAD Rate WDT Rate

o0o 1:2 1:1

ooy 1:4 1:2

o010 1:8 1:4

011 1:18 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

113 1:256 1:128
Lsgend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as '0r
- n = Value at POR 1" = BR is ast T = Bt ia deared x == Bit ks unknown

Fig. Q5.2 — The PIC16F84 Option Register
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Appendix

TABLE 7-2: PICTIGCXXX INSTRUCTION SET

Mnemnonic, . 14-Bit Opeode Status
p ds Description Cyoles prery 5o | Antected Notes
BYTE-QRIENTED FLE REGISTER OPERATIONS
ADDWF f,d Add W anat 1 oo 0111 dffe ffee| GDCZ 1.2
ANOWF 1.d AND W witthr 1 1 Qo piol dree rffe 4 1.2
CLRF 1 Ciear { 1 00 0001 1fre refe z 2
GLRwW - Glear W 1 00 0001 Oaxx ook z
COMF 1,d Complensent 1 1 B0 1001 Afff f£err z 12
DECF td Deecrement 1 1 0o 0011 drer feer 4 1.2
DECF3Z f.d Deorement f, Skip # O 1{& 00 1011 drfr zfee 123
INCF f,d tnoreswent 1 . 1 00 1010 defr f£fet z 1.2
INCFSZ td Inorement 1, Skip # 0 1(2 | 00 1111 drfL ferce 123
IORWF 1.d nclusive OR W with 1 1 o0  ©lo0 dfff fege z 1.2
MOVF fd Move { 1 a0 1000 4fre free z 12
MOVWF 1 MoveWint 1 g0 ©0o0 1ffr f£rrf .
NoP - Na Operation 1 00 000 Oxx0 0000
ALF {,d |RoWafe Lefttthwough Cany 1 00 1101 affr frer c 12
RAF 1,d | Roiate Right f through Carry 1 DO 1100 Aaffr rere ] 1,2
SUBWF 1d Subtract W from 1 1 oo 0010 drre tere| CDGCZ 1.2
SWAPF fd Swap nibbiles in 1 00 1110 dref reeg 1.2
XORWF f.d Exolusive OR W with 1 1 00 0110 4fff reef r4 1.2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCGF b B Ciwarf{ 1 6t O0bb bfff f£fff 12
85F ib BiSet{ 1 01 ©lkb brfr f£Irf 12
BIFSGC b Bit Test 1, Skip if Clear 1@ 01 10bb bift f£Irrer 3
BTFSS b Bi Test{, Stip f Set 1{2 01 11bb bifg frre 3
LITERAL AND CONTROL OPERATIONS

ADDLW k Add Heral and W 1 21 311lx Xkkkk kkkk| CDGZ
ANDLW ¥ AND Homal with W 1 11 1001 Xkkkk kkkk z
GALL k Call subroutine 2 10 Okkk kkkk Xkkk|
CLARWDT - Giear Watchdog Timer 1 00 oooo 0110 o100 TOPD
GOTO | 4 Go In address 2 10 1kkk Xkkkk kkkk
ORLW k Inclusive OR Heval with W 1 11 1000 Xkkk Xxkkk z
MOVLW k Movae el o W 1 11  O0wx kkkk Xkkkk
RETFIE - Retum frore interrupt 2 GD OG0 0000 1001
RETLW k Retum with tteral in W 2 11  Oixx kkkk Xkkkk
RETURN - Relum from Subrouting 2 00 oo ogos 1000
SLEEP - Go Inlo slandby mode 1 co  opoo o110 goil | TOPD
SuUBLW k Subtract W from Reral 1 11 130x kkkk kkkk | GDCZ
XORLW k Exclusive OR Feral with W 1 11 1010 kkkk Xkkkk z

Note 1: When an VO register is modified as a funciion of itself { e.g., MOVF PORTE, 1), the vaite used will be that value present
on the pins themsetves. For examnple,  the data lalch is '1° for a pin configuned as inpul and is diven low by an extemal
devie, the daia will be written baok with a ‘T
2: U ihis Instruction s exeouted on the TMRO register (and, where applivable, o = 1}, the prescalor wil be olearex if
assignedt 1o the TimerQ Module.
i Progrars Counter (PC) Is reodified or a condiional test is Irue, the Instruction requines two oycles. The second oycle is
exacuind as a NOR

Fig. A1.0 — Instruction Set of PIC16F84A
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