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Q1

Q2
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(a) What is the main difference between the microcontroller and microprocessor ?

(b)  Name the three components of a Central Processor Unit (CPU).

(3 marks)

(3 marks)

(c) Convert the following hexadecimal number, FACAD into a signed integer,
giving the answer in decimal.

(4 marks)

(d)  Draw a flowchart to explain the PIC microcontroller program development
process using MPLAB software.

(6 marks)

(e) In a microcontroller there are 12 data buses and 12 address buses and 4
control busses connected between CPU and memory.

o)
(ii)

(iii)

in decimal.

hexadecimal.

For the given assembly language instructions, with reference to Table Q2,
complete the table below. (Copy the ‘No.’ and ‘After’ column to your answer

What type of bus will determine the data size of the microcontroller.
Calculate the memory size for this microcontroller, giving the answer

Draw the memory map for the microcontroller giving the answer in

(9 marks)

booklet)
No Before INSTRUCTIONS After
1 W=0D OE=FF MOVLW ODH W= 0E=
2 W=0D OE=3C MOVF 0EH, 0 W= 0E=
3 OD=CC OE=3C BCF OD, 03 0D = 0E=
4 |0C=64 W=C3 ADDWF 0C, 1 0C= =
5 [(0C=64 W=27 ADDLW 27H 0C= =
6 |0C=44 W=1C SUBLW 33H 0C= =
7 |0C=44 W=44 SUBWF OC, 1 0C= =
8 |0C=14 W=34 IORWF 0C, 0 0C= =
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9 |0C=12 W=64 XORWF 0C, 1 0C= W=
10 |0D=7B W=34 RRFOD,0 C=0’ |0D= W= C=
11 ([0D=BB W=34 RLFOD,1 C=‘D |0D= W= C=
12 [0C=13 W=1C COMF 0C,0 0C= W=
(25marks)
Q3  For the given assembly language program, single-step the program and fill the
table below to show the step-by-step execution of the program below.
(25 marks)
PORTA EQU 10H
PORTB EQU 20H
COUNT EQU 30H
MOVLW d ‘6’
MOVWF COUNT
MOVLW 11H
LOOP ADDLW 1SH
MOVWF PORTA
DECFSZ COUNT, 1
GOTO LOOP
MOVWF PORTB
INSTRUCTION WREG 30H (COUNT) | 10H(PORTA) 20H (PORTB)

(Draw and fill up the the table above in your answer booklet)

Q4

An assembly language program is shown below such that PORTA (RAQ) becomes an

input and PORTB (RB0) an output port respectively. Next a SWITCH (Switch 5) is
connected to RAO and a LED (Led1) to RB0. The LED flickers (on/off) each time the

switch is pressed.

(a)

Draw a flow chart to define the assembly language program.

(15 marks)




(b)
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For the delay subroutine, as shown in the assembly language program,
calculate the delay if a crystal of 8 MHz is used and one instruction cycle is

equal to four clock cycles. Show your calculations.

;(HEADER) /Assembler Directives/ Assembly Language Program /

LIST P=16F84
RADIX HEX

; (EQUATES)

PORTA EQU 05H

PORTB EQU 06H

COUNT1 EQU OCH

COUNT2 EQU ODH
ORG 00H

; (MAIN PROGRAM)
MOVLW 01H
TRIS PORTA
MOVLW FEH
TRIS PORTB

START CLRF PORTA
CLRF PORTB

BEGIN BTFSS PORTA,0
GOTO BEGIN
BSF PORTB, 0
CALL DELAY
BCF PORTB, 0
CALL DELAY
GOTO START

;( DELAY SUBROUTINE PROGRAM)

DELAY MOVLW FFH
MOVWF COUNT1

LOADC2 MOVLW FFH
MOVWF COUNT2

DECC2 DECFSZ COUNT2,1
GOTO DECC2
DECFSZ COUNT1,1
GOTO LOADC2
RETURN

END

(10 marks)



Q5

Q6

(a)

(b)

(©)

(a)

(b)

(©)
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With reference to the data sheet in FigureQ5(a), describe the operation of the
Hardware Counter/Timer in the PIC16F84A in Timer Mode.
(5 marks)

Calculate the pre-load value required in TMRO to obtain a delay of 10ms
between the load operation and the TOIF going high, if the clock rate is 4 Mhz
and the pre-scale ratio selected is 64:1.

(10 marks)

In a serial communication system using RS232 standard, the charater ‘A’ is to
be sent on the transmit data (TD) line using 7-bit data, 1 start bit, 1 stop bit
and ODD parity.

(start bit = 0, stop bit = 1. ASCII code for A = 41H and RS232 specifies that
LSB (Least Significant Bit) is transmitted first and uses negative logic.)

(i) Write out the logic values for the 10-bit data stream

(i)  Write out the logic values using the RS232 standard.

(iii)  Draw the waveform for the voltage levels in RS232 data transmission.
(10 marks)

Briefly describe the following characteristics of the analog-to-digital converter
(ADC):-
>i) resolution
(i)  conversion time
(111) Vref
(iv)  digital data output
(9 marks)

For an 8-bit ADC, Vs = 2.56 V. Calculate the resolution and the digital data
output (DO — D7) if the analog input is 2.1 V.
(8 marks)

With reference to to Table Q6(c), verify the PIC output for a temperature of
30 degrees Fahrenheit. Find the valuess in the PIC18 A/D registers of
ADRESL and ADRESH.

(8 marks)
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FINAL EXAMINATION
SEMESTER / SESSION :SEM1/2012/2013 PROGRAMME : 3 DAE
COURSE : MICROCONTROLLER COURSE CODE : DAE32203
TABLE Q2
Mnemonic, . 14-8h Opcode Siatus
Operands Description Cycles oy Lsp | Affected Notss
BYTE-ORIENTED FiL.E REGISTER OPERATIONS

ADDWF i.d Add W and £ 1 o0 011l dfff ffff| CDCZ 1.2
ANDWF fd AND W with f 1 60 0101 dEEE FEEf Z 12
CLRF f Clear f 1 00 00901 1FEE fEEF Fa 2
CLRW - Claar W 1 00 0001 Qoo XXMX z
COMF td Complement f 1 00 1401 AfEF fEEf F4 12
DECF id Decrement f 1 Q0 0411 JfEf fEEf Fa 1.2
DECFSZ i.d Dacrement f, Skip il 0 12 00 1411 dAffE fE£ff 1.23
INCF f.d Inerement 1 1 00 1410 JdfEF fEESf Z 1.2
INCFSZ fd Increment 1. Skip if0 1{2) | 06 1111 4afff ffEf 1,23
IORWF 1.d Incluswe DR W with f 1 00 0100 dfff fEff F 4 12
MOVF f.d Move f 1 00 1400 dfff fE£f z 12
MOVNF f Move Wto f 1 00 D00 1EEE fEEE
NOP - No Operation 1 00 0400 Oxx0 CCO0O
RLF f.d Rotate Lefl f through Cany 1 00 1101 Jdiff fEff c 12
RRF f.d | Raotate Rigit f through Camry 1 00 1100 JEEE FEEF c 12
SUBWF f.d Subtract W from 1 00 0010 dfff ffff| GDCZ 12
SWAPF f.d Swap nibbles in f 1 00 1110 dfff fE£f 1.2
XORWF f.d Exchusive OR W with { 1 00 0110 4FEf EEEf Z 12

BIT-ORIENTED FILE REGISTER OPERATIONS

BCF fb Bit Clear § 1 01 Ddbb bEEE fEEF 12

BSF b |DBdSetf 1 o1 olbb bfff fEff 12

BTFSC f.b Bit Test ¥, Skp if Claar 1(2) 01 1dbb biff fEff 3

BTFSS fh Bit Teatf, Skip if Set 1(3) 0L 1ibb bfEf fEEF 3
LITERAL AND CONTROL OPERATIONS

ADDLWY 4 Add literal and W 1 11 111x kkkk kkkk | GDCZ

ANDLW k AND literal with W 1 11 1991 kkkk Xkkkk

CALL k Call aubrouting 2 10 okdk kkkk kkkk

CLRWDT - Clear Watchdag Timer 1 oo Dpada oiip bigo | TOFD

GOTO k Go 0 address 2 10 1lkkk kkkk kkkk

IORLWY h Inclusive OR literal with W 1 11 1400 kkkk kkkk z

MOVLW k Move literal to W 1 11  Ddxx kkkk Xkkkk

RETFIE - Retum from interrupt 2 Q0  D9Y0 QGO0 1001

RETLA h Raium with literal in W z 11  0lxx kkkk kkkk

RETURN - Retum from Subrautine 2 00 0400 000D 1L04O

SLEEP - Go into standby mode 1 oG 0090 oiip oo11| TOPD

suBLw h Subtract W fram Ivaral 1 11 110x kkkk kkkk| GDCZ

XDRLW 4 Exciusive DR kersl with W 1 11 1010 kkkk Xkkk rd

Note 1:  When an O regisier is modified as a funciion of itseif | e.g.. MOVF PORTE, 1), the vahse used will be that
value present on the pins themselves. For example, if the data ladch is *1° for a pin configured as input and is driven
low by an extemal device, the data will be written back with a '0°.
2:  Ifthis instruction is executed on the TMRI repister {and, where applicable, d = 1), the prescaler will be cleered if
assigned ta the Timer0 Module.
3: I Program Counter {PC) is madified or a conditional test is true, the instruction requires two cycles. The second
cycle is executed as a NOP.
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FINAL EXAMINATION
SEMESTER / SESSION  : SEM 1/2012/2013 PROGRAMME : 3DAE
COURSE : MICROCONTROLLER COURSE CODE : DAE32203
RA4  CLKING Tk:’,:: :e':i:fer
J.L
AMIEE RN TMRO
TMRO register averfiow
select |select P seae | INTCOMregister [ :3-3X-X3
(enable ;:::; E Interrupt or poll _V:
} g Tmar inwerropt but ladel and fncron H
2 TOIF 0= Np Overilow
TWRI averfiow InferTup: fiag 1 = Overow
5 TOIE 0 - Disable
TMRI] quarfiow Ir-arrup. enable 1 = Enable
7 GIE - Disabie
Giebal Imerup:; enable 1= Enabiz

[ XXX 20000 | oPTION register ;

i
:
! . =
i Bir 78 3543210 e
H 2 4 8 1 22 E4 123 258
0 PED  Preecaler Rle selesi bl T D1 o 1 1 Tt 1
1 P8i Preccaler rate selast b 1 "I ¢ 1 1 1 1 1 1
2 P32  Prescaler ke seleci br 2 [ o ¢ 1 L B |
1 P3A rescaer assignment tit 1= Salec: pressaler for "WRD
1 = Sesalec: prescaer for TMRI
4 TOSE  TWRIs0uTe 2dge Selec: bit 3 = ncrement on rising Soge of RAY
1 = Incremem on “aling ecge of A4
5 TOCS  TWRL Clock source seiect th € = IrsZrustizn cleek = B Clogk'd
1 = Sglent RA4 Input

FIGURE Q5(a)
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COURSE CODE : DAE32203
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COURSE : MICROCONTROLLER

TABLE Q6(c

Table 13-9: Temperature vs. V. for PIC18 with Vref=2.56 V

(8S=2.5mV)

Temp. (F) Vi, (mV) #ofsteps Binary V,, (b9-b0) Temp. in Binary
0 0 0 00 00000000 00000000
1 10 4 00 00000100 00000100
2 20 g 00 00001000 00000010
3 30 12 00 00001100 00000011
10 100 20 00 00101000 00001010
20 200 80 00 01016000 00010100
30 300 120 00 01111000 00011110
40 400 160 00 10100000 00101000
50 500 200 00 11001000 00110010
60 600 240 00 11110000 00111100
70 700 300 01 00101100 01001011
80 800 320 01 01000000 01010000
90 900 360 01 01101000 01011010
100 1000 400 01 10010000 01100100




