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INTI INTERNATIONAL COLLEGE

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING (DEEI)
EEE2114: INTRODUCTION TO EMBEDDED SYSTEMS
FINAL EXAMINATION: APR2016 SESSION

Instructions: This paper consists of SIX (6) questions. Answer any FOUR (4) questions in the
answer booklet provided. All questions carry equal marks.

Question 1
(a) Provide SIX (6) main differences between microprocessor and microcontroller.
(6 marks)
(b) Discuss the operation of both the Von Neumann and Harvard computer structures using
appropriate diagram to illustrate your answer, Clearly distinguish between them.
{6 marks)
(c) Explain THREE (3) types of memories available in the Peripheral Interface Controller
(PIC) and the role played by each of them.
(6 marks)
(d)  Figure 1{d) below shows the pin configuration of PICI16F628A microcontroller. Explain

how the pin RA# and pin RAS5 of PIC16F628A microcontroller can be used as output
function; otherwise provide the reason why it can’t. Use appropriate diagram to aid
your explanation.

(7 marks)
O N
RA/AN2/VREF 4——] | 1 18 [ |[«—» RA1/ANY
RABIANS/CMP 1 «——] | 2 < 7 |« RAGIAND
RA4/TOﬂ€MP2«—{ 3 ";; 16 | [+—> RA7/OSCH/CLKIN
RAS/MCLRIVPP ——]| 4 g 15 | J#— RAB/OSC2/CLKOUT
Vss —»{| 5 g 14| Je— Voo
RBO/INT «—-»{ | 6 £ 13 [+—RB7/T108I/PGD
RBIRX/DT < |7 G 12||e—m RBETIOSOMICKIPGC
RB2ITX/CK+—=] | 8 o Je—>RBS5
RBI/CCPT< ——»{ |9 10 | |«—» RB4/PGM

Figure 1(d)
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Question 2

(a) Given the Special Function Registers and File Registers as follows:

Update Address | Symbol Hanme Valine
WREG 32
0o% STATUS Ox1D
004 E58 0:r0X0E0%
0a5 BCRTL (B 2418]
006 FORTE Qi
il THR2 ORZS5

QD; OigﬁFi

-— —-= %4 3% 00 -- 00 00

el
)
=]
w]

Address '-3 00 ;

000 -— 02 g0 X3 20 04 09 -—-
0310 00 04 00 - —-— 00 00 00 900 40 90 -= e —-— —— 00
D20 4 12 :D H% 34 18 52 AR kX 33 22 449 =0 o0 g a0
030 4 249 34 45 54 &84 T4 84 24 A4 Be 4 D4 E4 Fg 04
040 21 33 4% 51 82 Ti &L BX 0: 02 03 04 05 06 47 0&
2540 9 0& of O OO0 Eg OFE LF FO 35 36 37 383 3% 40 42
D& 42 4& 47 48 4% 56 &5 57 58 5% 5A BE RC 5D SE BF
o070 &3 65 &6 &7 68 £3 BA 68 ST £ &E B6F T2 3 74 Th
Q8O -- FF 00 13 20 FF FF -- ——- —— 16 %7 70 -- 08 -—-
080 -~ —— FF —— —= —-= —-= - (02 7% 7 7B 3L 00O -- &E
8Xi14] 82 23 B84 8% 885 387 38 B8% &8h EB BC BD A 8F 92 93
DEQ 4 8- 94 Y7 TBE 33 TR 9B BT BD SF SE &0 BT L0 DO
oCo ED FO & mZ AZ 44 AR AS& A7 AS A% KA AR AL AD AR

Figure 2(a)}
Perform the following operations. Indicate the result of the affected register(s) and
Status (Z, DC and C). The operations are independent of each other. Show all workings

of before and after with appropriate diagram illustration..

(@) RLF FSR, W

(i)  XORWF INDF, 1
(iii) coMF INDE, F
(iv)  IORWF 0x53, 3
(v}  SWAPF INDF, 0
(vi)  SUBWF 0x28, 2

{18 marks)

(b) With the aid of a simple diagram, discuss the purpose and operation of the stack, when
a PIC16F628 A microcontroller executes a subroutine.
(7 marks)
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Question 3

(a) Describe FOUR (4) main considerations when selecting microcontroller in embedded
system design. Assuming cost and memory architecture are not the main consideration.
' (4 marks)

(b) Give a definition of embedded system with the aid of a diagram.
(4 marks)

(c) Describe the operation of the following assembly code snippet, and explain what the
program accomplishes.
(5 marks)
COUNT  eqgu h'20"
movlw .10
movwf  COUNT

bsf 5,0
LOOP: dect COUNT, £

btfss 3,2

goto LOOP

bef 5,0

NEXT  -==  ————-

(d) Figure 3(d) shows the PIC to PIC communication via UART. Briefly explain the UART

\ communication between these 2 PIC microcontrollers. Comment on the typical baud rate
used for this communication. Assume the communication protocol used is 8N1. The
figure below shows communication between two PIC16F877A microcontrollers.

b7
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¥oD 2
D8
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Ri R2 []R3 [[ R4 []R5 [iRS {]R7 Ré
e | fvoe | [ floam {Fioe §en ||
uz kST, /11
Ut 3t 13 i 2
N T 13 oseiguay ooy -2
B ssoouon Reat |22 oscaTikour RHI &
HEZEE. RDB2 [—5E D2
2 " -
L aswane Py e P A R
3 A
Ml = el RD it -4 £ Res 22 0
—Z| RABANZVREFCVREF FES S rapanivner REPGE Dl
S RuaansvREE ABSPGT - RreTICHITIOUT rEYPED [~ RS
= RALTOCILCIOUT RitiG0 [ et ] RasanaTEczoUT
L, gy cRvsTR A 2 - ltlsu-mss-'c?ogr 774 'i'F? o3 CRYSTAL c4 __ RCOTIOSOAICK —E =3
COTIOSHTICK f— —_— = -2 ReoarsAD. ROIMOSICCP2 o D8
2pF 29F | - pgosnsi®  Aowmsosicor? s 2F | | RElASYER Aoy [=E Ri6
1) e Rz e 12 Rezamcs RoascKsClL |2 —:’—@—1
i HISCL A RCAEOVEDA 5 G
S L1t iscimppmiv RCESDO S
HETRpaTHY RCSSD0 REETRNCK £
:gg”mmx RECTARGT [
bl ]
ROOPSPY {2
rropspo 2 Rrotwses -2
o ks sesrer O
[-2 ROIPSPY
ADIPEPI -—% "OiPSE [~Z2
:3;;:“ 2 ROSPEPS [~
PS — . RDEPSFPS
ApsPsrs (2 y  ROTPSPT [0
w  ROTESRT -2 S
Y FICIEFETIh
FIGIETETIA m
T |
vss

(7 marks)
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(e) Among these THREE (3} instructions, RETURN, RETLW and RETFIE, which one is the
best instruction to use for returning from Interrupt Service Routine? Why;?
(5 marks)

Question 4

(a) Figure 4(a) shows part of the PIC16F877A microcontroller internal architecture.

13 8
Data Bus
<—Z— Program Counter < - —a
Flash @
Program @
Memory RAM
g-Leve! Stack Fita
(13-bit) Registers
Frogram 14
Bus RAM Addr (1) 9
v Addr MUX
[ instruction Reg—| -
Direct Addr 7 Indirect
//
=
Status Rey <}:¥
Figure 4(a)

(i} What is the purpose of the Stack block?
(2 marks)

(i) ~ What is the size of each memory location in the Program Memory? Explain why
such size is being used?

(2 marks)

(iii)  Explain why the Program Counter is connected to the Data Bus?
(2 marks)

(b) Write a subprogram which enables external interrupt from pin RBO/INT.
[Refer to Appendix for Instruction Set]

(4 marks)

(c) Pin RB4:RB7 of PIC16F877A are normally used in keypad interfacing, explain why?
(3 marks}
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(d) Write a PIC assembly-level program to compare the contents in File Register 42H (to be
named NUML) and File Register 43H (to be named NUM2). If the contents are equal, add
twenty onto the contents of File Register AOH (to be named RESULT), otherwise clear it.
Assume the program is written from PIC16F877A microcontroller.

[Refer to Appendix for Instruction Set]
(12 marks)

Question 5

(a) When the LCD display is not enabled, data lines are tri-state, what is meant by tri-state?
(4 marks)

(b) Refer to Figure 5(b), the LCD requires THREE (3) "Control" lines from the
microcontroller, namely Enable (E), Read/Write (R/W) and Register select (RS).
Describe the function of each of the line.

Li1 M
;
1o oscrictian VPP paomr -2 110K
DSCCLKOUT Ret 22 |
2 RB2 58 |
~3 ] RAD/ANO RB3/PGM il
2 Ratsan B4 |—L
EMIT, -2 RAYANZVREF/CVREF RDS (=23
Tat —2— RAJANSIVREF+ RBSPGC 3L
D -2 RA4TOCKICIOUT RETIPGD [~
1= —L] RASIANAESIG2OUT s
CRYSTAL RCOT10SOTICK [—2
= C2 f: C1 £ REDANSRD  RCUTIOSICCP2 —2
22pF 22pF o REV/ANGAVR RC2icCPY
0 RE2ANTIES RCASCKISCL 12
s RC4/SDISDA |52
MCLRNprTHY RC8/500 2
RCEMUCK f22
RCTIRX/DT
RDOPSPO [—L2
RDVPSPY |52
Ro2PSP2 2L
ROGPSP3 [—22
ROAPSP4 2L
RDS/PSFS 5o
RDEIPSFE (22
Vs RD7IPSP7
PicteraT7a 2o 3
Figure 5(b)

(6 marks)

(c) What is the function of MCLR pin used for PIC16F877A7 Draw a recommended
MCLR circuit where the MCLR pin no longer be tied directly to Vpp.

(7 marks)
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(d) Calculate the time delay taken for Program 5(d) running at 8-MHz oscillator by the
PIC16F628 A microcontroller. Short all workings clearly for each instruction.

(8 marks)
DELAY:
MOVIW 0x63
DLOGP: ADDLW -1
BTESS STATUS, 2
GOTO DLOOP
RETURN '
Program 5(d} Coding
Question 6
(a} Embedded software is directly linked to the electronic hardware. -
(1) Complete Table 6(a) truth table.
(3 marks)

(i)  Draw a schematic diagram showing the interface between PIC16F877A
microcontroller and a common cathode 7-segment display.

(6 marks)

(iii) Write an assembly program to output the display letters continuously
(LnOPqrStUY) one at a time, in sequence of L to Y as shown in Figure 6(a)(ii).
Also, include comments for any instruction used.
[Refer to Appendix for Instruction Set]

(12 marks)

Common Cathode

a f Gnd a &
0.0 o [1
|

% .“9

g 1 U
& HGndc dp

Figure 6(a)(i)
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0 1 1 1 0] 0|0 38 L
011 110 |1 0|0 54 n
0 ' O
0 P
0 g
0 r
0 S
0 t
0 . . . . : . . . U
01 1 {0 |1 1 1370 6E Y

Table 6(a)

What is the main difference between an assembler directive and an assembly instruction?

— THE END —
EEE2114(F)/Apr16/Steven Khoo/02/05/16

(4 marks)




