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This paper consists of five Questions; Question ONE is compulsory. In addition, attempt any Other TWO
Questions.

Do not write on the question paper.

Question ONE (Compulsory 30 marks)

a)

b)
c)

d)

e)

Differentiate between a laptop computer system and a microcontroller system and state the

architectures for their development [4 marks]
Explain the difference between an assembler directive and an assembly instruction [4 marks]
Assuming that the following code has been executed.

movlw 2f

addlw 55
1) Specify the condition of the following three status flags:

C;DC; Z

ii) The binary content of the working register

[7 marks]
Write assembly instruction to make the I/O port as follows
i) RB4 and RBS as input
i) PORT A as output

Write an assembly language program to add the literal h'64' to the contents of File h'30' and store the result in File
h'40'. State the highest sum from this routine that can be accomplished. [6 marks]
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f) Suppose STATUS — 0x10, determine which bank is selected [2 marks]

Question TWO

a) Write a PIC MCU assembly-level program to check that the byte content of File h’30” (to be named NUMBER1) and
the byte content of File h’31’ (to be called NUMBER?2) are the same, and if they are, the contents of File h’40’ (to be
named EQUAL) are to be made h’FF’ otherwise the contents of File h’40’ are to be h’00".

[12marks]
b) Without writing code, explain how could you extend your approach to (a) to determine if NUMBER2 is higher than
or lower than NUMBERL. [4marks]
c) State any FOUR factors to configure when choosing a microcontroller for use in an application.
[4 marks]
Question THREE
a) Explain the FOUR elements of PIC16F84 assembly language instruction. [8 marks]

b) With the aid of a diagram show how you would set Port A pin RAO as an output and all other Port A and Port B
pins as inputs [9 marks]

¢) Determine the contents of the W and STATUS/Z after the following instruction sequence.

MOVLW 10
SUBLW 10 [3 marks]
Question FOUR
a) A switch is connected to pin RB3. Write a program to check the status of the switch and perform the
following:
i) If switch = 0, turn on LED on RA3
ii) If switch = 1, maintain LED off
[12 marks]
b) Almost any embedded system needs to transfer digital data between its CPU and the outside world. Explain the
categories in which the parallel inputs/outputs are grouped. [8 marks]
Question FIVE
a) State the role of the stack in the process used by the PIC to execute subroutines. [3 marks]

b) The following code has an infinite loop, explain why and provide a remedy.

MOVLW 10
MOVWF PORTB

LOOP: DECFSZ PORTB, W
GOTO LOOP [6 Marks]

c) With the aid of a flow chart, write a PIC assembly-level code to compare the two numbers NUMBERT1 in File
h’30° and NUMBER?2 in File h’31’ and if these are equal add 6 onto DATUM in File h’40°, otherwise decrement
it. [11 Marks]
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REGISTER FILE MAP

Fil= Address File &ddrace
00k | indirect addr *| indirect addr't| 20k
o1k TMRO OPTION | 21k
ozh FCL FCL 22h
o2k STATUS STATUS 23h
ndh EzR £zR 24k
05k FORTA TRISA 25k
ogh FORTE TRIZE 2ch
o7k 27k
oEh EEDATA EECONL | 2sh
05k EEADR ecconz't | sk
ok POLATH FCLAMH | 2ah
ek INTCON INTCON | 2Bk
och o Mapped 2ch

Ganaral (mcomsges)
F'.:T_I:I:EF’E in Bark 0
rEgisiers
aFh [ (SRAME CFh
20h Dok
|
\-«..______‘_‘___h"‘—-—--._._\'
"‘_"'-—-.._\
TFh FFh

O urnimglementas dats memarny location; read 38 T

E=nk D

Bark 1

Mab= 1: Hata physicel register
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l Instruction Mnemonic Uiperation Flags

| Z|cC

| Arithmetic
Add W and File addwf F,d| (d} <=- W + (F) v
Add Literal and W addlw L W - #L + W o )
Bit Clear File bit n bcf Fon| f, =- 0 | o
Bit Set File bit n bsf Fom| fn == 1 (I
Clear File clrf T (fy =- 00 W o
Increment File incf F,d| (d} =- (f) # 1 W .
Decrement File decf F,d| (d} =- (f) - 1 v
Subtract W from File subwf F,d| {d} =- (F) - W v

| Movement
Move File mov F,d| (d} =- (F) e
Move W to File mowvwt T W <- [F) LI
Move Literal to W moviw L W <- #L N

| Logic
AND W and File andwf F,d| {d} =- W - (F) Ve
AND Literal and W andlw L We # -W W w
Complement File comf F (f) =- (F) v
Inclusive OR W and File iorwf F,.d| {d} =- W + (T} W o
Inclusive OR Literal and W | iorlw L W <- #L + W Ve
Skip and Jump
Bit Test File, 5kip if Clear |btfsc f,b|b =07 PC++ : PC " | o
Bit Test File, Skip if Set btfss f,b|b =17 PC++ : PC # | oW
Call (jump to) subroutine | call aaa | (TO5) =- pc, pc <- aaa | = | =
o to address goto aaa | pc <- aaa " | .
Return from subroutine return pc =- [TO5) LI
W : Flag operates normally " 1 Flag not affected
aaa : Address of instruction b 1 Bitb {0-7) in file
C : Carry or Bormow, bitd in F3 Fd : Lferm, bit 2 in F3
d : Destination; 0 =W, 1 = file W : Working register
L 1 B-hit Literal == : Equivalent to
++ : Increment { 3} :Contents of
A?51:52 : IF Ais True THEN D0 51 ELSE DO 52 TOS : Top OF Stack
i : File d : File or W
pc : Program Counter
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PIC1G6F&83 /84 Special-Purpose Register file summary
Fila Namea i (] 5 4 3 2 1 o Power-on All other

address Reset Resets
Bank 0
00k IMDF Uses contents of this to address Data memory (not a physical register)
01k TMRD &-bit real-time clock /counter OO0 XY | UUIUY udua
02h pCL! Lower-order 8 bits of the Program Counter QOO0 000D | 0000 D000
03h STATUS' | IRP | RP1 [ RPO | TO | PD | Z | DC | € [ 0001 10X | 0007 7UUU
04k F5R Indirect Data memory address pointer 0 000K XK | UL U
05h PORTA — — — RA4 | RA3 | RAZ | RA] | RAD | —-X XXX —-uugu
06 PORTE RET RBG RES | RB4 | REZ | RE2 | RE1 | REO | X0O00 00 | UUUU Uuuw
oah EEDATA Data EEPROM Data register OO XN | UL uou
0o EEADR Data EEPROM Address register 00 0000 | LUUU Uuuu
0AR PCLATH — — — Write buffer for top 5 PC hits | ——0 0000 | —0 Q000
0Bh INTCON | GIE | EEIE | TOIE | INTE | RBIE | TOIF | INTF | REIF | 0000 000X | 0000 000U
Bank 1
80 INDF Uses contents of this to address Data memory (not a physical register)
B1h ofTION | RBPU | INTEDG | Tocs [Tose [ psa [ ps2 [ ps1 [ pso [ i [ nin i
82h pCL! Lower-order 8 bits of the Program Counter QOO0 000D | 000D 000
B3h status' | kP | RP1 [ RP0 | TO [ PD | z | DC | € | ooo1 noox | ooo? uuu
B4k F5R Indirect Data memory address pointer O SO0 MK | UUUU Uuug
B5h TRISA — | — | — | PortA Direction Register —111n | —11m
86h TRISE Port B Data Direction Register 11111111 1111 1111
88h EECON1 Data EEPROM Data register OO XN | UUUU udug
89 EECOMN2Z EEFROM Control register {not a physical register)
8Ah PCLATH — — — Write buffer for top 5 PC hits | ——0 0000 | —0 0000
BEh INTCON | GIE | EEIE | TOIE | INTE | RBIE | TOIF | INTF | REIF | 0000 000X | 0000 000U

x Mot known

Unchanged

? Value depends on whether a Watchdog Reset and if in 5leep mode before Reset.

— Unimplemented; reads as 0.

Mote 1: Mext instruction address if PIC in Sleep mode.
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