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INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEET)
EEE2114: INTRODUCTION TO EMBEDDED SYSTEMS
FINAL EXAMINATION: APR2017 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) Figure 1(a) below shows the Port A Functions of PIC16F628A microcontroller. Explain

how the pin RA4 and pin RAS of PIC16F628A microcontroller can be used as output
function; otherwise provide the reason why it can’t. Use appropriate circuit diagram to aid

your explanation.
(7 marks)
MName Function [?5{:;2 D%tggt Cescription
RAGIAND RAD 513 CMOS | Bidirectionat 11O port
AND AN — Analog comparstor input
FATANT RAG 87 CWOS | Bidirectional VG port
AR AN — Araleg comparator inptt
RAZIANZIVREF RAZ 5T CWMOS | Bidirectionat ¥O port
AMNZ AN — Anaiey comparalor input
VREF — AN VReF oulput
RARANIICMP1 RA3Z 8T CMDS | Bidirections! 1O port
AN AN — Analog comparstal Input
CuaP1 — CWOS | Comparator 1 output
RAYTOCKICWMEP2 RA4 ST i) Bidirectional [/ porl. Cutpul is open drain bypa,
TOCKI 5T — External clock input for THMRO or comparalor ouiput
CipP2 - oD Comparator 2 output
RASIMCLRAEP RAS 5T —  |Impul poit
WCER aT — Master clear, When conflgured as MCLR, this pinis an
actfive Iow Resat 1o the device. Voltage on MCLRAER must
not sxceed Voo during normal devics aperation.
VPP HY — | Programming voltage inmd.
RAGROSC2ICLKOUT RAB 8T GMOS | Bidrectional UG pori
032 — XTAL 1Dacillator erystal ouput. Connects to erystal resonatorin
Crystat Osclilator mode.
CLKOUT —_ CHMOS |In RC of INTOSC made. OST2Z pirccan ouiput CLKOUT,
which has 144 the fraquency of OBC1
RAFFOSCICLKIN RAY BT CHO5 | Bidirectional O port
oSt XTAL — Oselliator eryetal inpul Connecls to erystal resonator in
Crystal Gacillalor mode.
CLKIN ST — Extemnal clock souwrce inpul. RC hiasing pin.
fegemd: O = CQutpul CMOE = CWOS Quiput P = Power
— = Notusad f = [hpi 571 = Schmilt Trigger lnput
TIL = Tl Input (&L = {3pen Drain Output AN = Analog

Figure 1(a)
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(b)  Discuss the operation of both the Von Neumann and Harvard computer structures using
appropriate diagram to illustrate your answer. Clearly distinguish between them.
(4 marks)

(¢)  Provide FOUR (4) main differences between RISC and CISC processors.
(4 marks)

(d)  Explain THREE (3) types of memories available in the Peripheral Interface Controller
(PIC) and the role played by each of them.
(6 marks)
(e) Define embedded system with an aid of the diagram. Label! the diagram clearly.
: (4 marks)
Question 2

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

Table 2(a)(1) Special Function Registers

‘Updatea:’ | Addres [ ‘Symboli Name iilﬁ;Value

WREG 32
003 STATUS 00011001
004 FSR 176
006 PORTB 0%X00
0CF TMR1L 0x0000
011 TMRZ 0x20
086 TRISB 11111111

Table 2(a)(ii) File Registers

TAddress | o001 Jo2o3[oa]05]06} 07[ oeﬁ:D%J%UAﬁLQB;LogwhonﬁhoEq;oF'
000 -~ 00 00 1% BO 00 00 -- ~-- =-- 16 77 00 =-- 00 00
010 10 20 00 -- -- 00 55 33 60 0C 00 =- -— =-= == 00
020 61 12 10 56 34 18 52 AA 11 33 22 44 50 60 78 80
030 14 24 34 45 54 64 74 84 94 A4 B4 C4 D4 EL F4 04
040 21 31 41 51 62 71 81 91 01 02 03 04 05 06 07 08
050 09 CA 0B OC 0D EQO OE OF FO 35 36 37 38 39 40 42
060 42 46 47 48 49 56 85 57 58 59 5A 5B 5C 5D S5E 5F
070 63 65 66 67 68 63 6A 6B 6C 6D 6 6F 72 73 74 75
080 - FF 00 19 BO FF FF -- -- -- 16 77 70 -- 08 --
090 —— = FF ~-= == =-= == =-— 02 7% 7J7A 7B 0C 00 -- 6k
0RO @2 83 84 B85 86 87 88 89 8BA 8B BC 8D 8E BF 92 93
0BO 94 95 96 97 98 589 9A OB 9C 9D OF O9E AD BO CO DO
0Co 0 FO A1 A2 A3 A4 A5 A6 A7 A8 A% AA AB AC AD AR
0DO 00 OA 44 00 €O 00 00 ©C 00 00 00 00 00 00 00 0O
0EO oc 1c €0 €O ©O 00 00 CO 00 00 00 00 00 00 OC 00
0FQ 60 00 00 00 35 00 00 G0 00 00 00 00 00 00 00 00

Perform the following short programs and comment on the outcome. 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.
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()  COMF 41H
COMF 40H
MOVF 40H, W
ANDWE 41H, F
COMF 41H
(6 marks)
(ii)  COMF 51H
MOVE 50H, W
ANDWE 51H, W
ICRWE S5CH, W
(5 marks)
(iii) MOVF 60H, W
ADDWE 60H, F
(4 marks)
(b) Design a 4-bit binary counter using PIC16F628A microcontroller. The 4-bit (RB0-RB3)
output pin should be connected to four LEDs via 470Q resistors for each pin. Assume that
the 1-second subroutine delay program is available. Write a program that will produce a
binary sequence counting from 0000 to 1111 and repeat. Also, provide the complete circuit
and include comments for all instructions used.
(10 marks)
Question 3
(a)  Write an assembly program using PIC microcontroller to carry out the following function.

Assume that the initialization part has been configured already.

(i) Purpose: Place the smaller of the content of file registers 30H and 31H in file
register 32H. Assume that the content of file registers 30H and 31H are unsigned

binary numbers.
Sample Function:
[30H] = 28H
[31H] = 3°9H
Result: [32H] = 28H

(5 marks)

(i)  Divide the contents of file register 40H into two 4-bit sections and store them in
file register 41H and 42H. Clear the four most significant bit positions of file

register 41H and 421.
Sample Function:

[40H] = 3FH
Result: {41H} = 0O3H

[42H] = OFH
(5 marks)




(b)
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Figure 3(b) below shows the Port B Functions of PIC16F877A microcontroller. Pin
RB4:RB7 of PIC16F877A are normally used in keypad interfacing, explain why? Sketch
the circuit diagram connection of Port B of PIC16F877A microcontroller and the 4 x 4
matrix keypad.

(7 marks)
Name Bit# Buffer Function )

RBOJANT bit 0 TTUSTM | Inputioutput pin or externalinterrupt input, Internal software programmable
weak puil-up.

RB1 bit 1 TTL Inputioutput pin. Internal software programmable weak puli-up.

RB2 bit 2 TTL Inputfoutput pin. Internal software programmable weak pull-up.

RB3/PGME) | bit3 TTL Inputioutput pin or programming pin in LVP mode. Internal software
programmable weak puli-up.

RB4 bit 4 TTL inpuboutpat pin {with interrupt-on-change). Internal software programmable
weak pull-up.

RB5 bits | - TTL Inputfoutput pin (with interrupt-cn-change). Internal software programmable
weak puli-up.

RBS/PGC bit TT/ST | Inputiolitput pin {with interrupt-on-change) or in-circuit debugger pin.
internal software programmable weak pull-up. Setfal programming clock.

RBT/PGD bit 7 TTL/ST@ | inpulioutput pin (with Infercupt-on-change) o in-circuit debugger pin.
internal software programimable weak pull-up, Serial programming data.

Legend: TTL=TTLinput, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2« This buffer is a Schmi# Trigger inpul when used in Serial Programming mode or in-circuit debugger.

3 Low-Voltage ICSP Programming (LVP} is enabled hy defaull which disables the RB3 1O function. LVP
st be disabled to enable RB3 as an ¥O pin and allow maximum compatibility fo the other 28-pin and
40-pin mid-range devices.

Figure 3(b)

The block diagram of the PIC16F877A analogue to digital converter (ADC) is shown in
Figure 3(c)(i). The ADCONO and ADCON1 registers are shown in Figure 3(c)(ii) and
Figure 3(c)(iii) respectively. In this desigp, an internal voltage reference is selected, input
channel 3 is selected, and the ADC is switched on but not running. Assume that channel
0, channel 1, channel 2 and channel 4 are configured as analogue input only. Also,
assume that the conversion clock used is Fosc/8 with right justification on the result.

(1) What is the setting of the ADCONO register?
(2 marks)

(i)  What is the sefting of the ADCONI registet?
(2 marks)

(iii)  Give one advantage of using an internal voltage reference or an external voltage

reference.
(4 marks)
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Figure 3(c)(1)
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ADCONO: A/D CONTROL REGISTER 0

RW-0 RAW-0

RW-0 R/W-0 RIW-0 RAW-0 U-0 R/W-0

[ ADCS1 | ADCSO

CHS2 | CHS1 | CHSO |GO/DONE

bit 7

bit 0

hit 7-6 ADCS1:ADCS0: A/D Conversion Clock Select bits (ADCONO bits in bold)

bit 5-3

bit 2

bit 1
bit0

D o :
SADCSZ | <ADCST-ADCSO> Clock Conversion

0 0o Fosc/2

0 o1 Fosc/s

0 10 Foscf32

0 1t Fre {clock derived from the internal A/D RC oscillator)
1 00 Fosc/4

i 01 Fosc/16

i i0 Fosciéd

1 i1 FRre (clock derived from the internal A/D RC oscillator)

CHS2:CHS0: Analog Channel Select bits
000 = Channel 0 (AND)

001 = Channel 1

(AN1)

010 = Channel 2 (AN2)
011 = Channel 3 (AN3)
100 = Channel 4 (AN4)
101 = Channel 5 (AN5)
110 = Channel 8 {ANG)
111 = Channel 7 (ANT)

Note: The PIC16F873A/876A devices only implement A/D channels 0 through 4; the
unimplemented selections are reserved. Do not select any unimplemented
channels with these devices.

GO/DONE: A/D Conversion Staius bit

When ADON=1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)

6 = A/D conversion not in progress

Unimplemented: Read as ‘0"

ADON: A/D On bit

1 = A/D converter module is powered up
0 = A/D converter module is shut-off and consumes no operating current

Legend:
R = Readable bit

-n=Valueat POR

W = Writable bit U = Unimplemented bit, read as ‘0’
‘4" = Bitis set ‘0" = Bit is cleared X = Bit is unknown

Figure 3(c)(i1)




EEE 2114 (F)/ Page 7 of 12

ADCON1: AID CONTROL REGISTER 1

RW-0  RM-0 U-0 U-0 RW-0  RWO  RWO  RMWO
[ ADFM | ADGS2 | PCFG3 | PCFG2 | PCFG1 | PCFGO
bit 7 bit 0

bit7  ADFM: A/D Resuit Format Select bit
1 = Right justified. Six (6) Most Significant bits of ADRESH are read as ‘0",
0 = Left justified. Six (6) Least Significant bits of ADRESL are read as ‘0",

bit 6 ADCS2: A/D Conversion Clock Select bit (ADCONT bits in shaded area andin bold)

ADCONt ADCONO Clock Conversion
<ADCS2> |<ADCST:ADCS0>
' ' 00 Fosc/2
o1 Fosc/s
ic Fosc/32
11 FRC {clock derived from the internal A/D RC oscillator)
00 Foscl4
01 Fosc/16
10 Fosc/64
11 FRrc (clock derived from the internal AD RC oscillator)

hit 54 Unimplemented: Read as ‘0’
bit 3.0 PCFG3:PCFGO: A/D Port Gonfiguration Conirol bits

PCPG | An7 | ANG | ANS [ ANa | AN3 | AN2 | ANT | ANO | VRER+ | VRer- | CIR
0000 A A A A A A A A VoD Vss 8/0
oco01 A A A A ! VREF+ A A A AN3 \ss 7M1
celo D D D A A A A A VDo Vss 5/0
0011 0 D D A | VREF+ A A A AN3 Vss 4/
0100 D D b D A b A A VDD Vss 30
0101 D D D D | VREF+ D A A AN3 Vss 21
011x b D D D D D D D — — 0/
1000 A A A A | VREF+ | VREF- | A A AN3 | ANZ | 672
ic01l D ) A A A A A A Voo, | Vss 8/0
1010 D D A A | VREF+ A A A AN3 Vas 51
1011 D D A A | VREF+ | VREF- | A A AN3 [ AN2 | 4/2
1100 ] D b A ] VREF+ | VREF- | A A AN3 | AN2 3/2
1101 D D D D | VREF+ | VREF- | A A AN3 | ANZ | 212
1110 D D D D D D D A VDD Vss 110
1111 D 3] D D | VREF+ | VREF- D A AN3 AN2 112

A= Analog input D = Digital O

C/R = # of analog input channels/# of A/D voltage references

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- = Value at POR ‘' = Bil is set ‘0’ = Bitis cleared X = Bit is unknown

B F1gu1e 3(c)(ii1)
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Question 4

(a) A Timer 2 block diagram is shown in Figure 4(a). Timer 2 is used to generate a delay of
50us.

(i) Determine the value of the PR2 if the TMR2 is 0, the prescaler and postscaler of
1:1 are selected. Assume that the crystal clock is running at the frequency of
20MHz. Ignore the overhead due to instructions in the calculation.

(6 marks)

(i)  Explain how the microcontroller knows the delay of 50ps has reached.
(4 marks)

3
Sets Flag TMR2

bit TMR2IF | gutputth

Prescaler
?MRReg 1:1,1:4,1:1BWFOSC!4
Postscaler 2
L $ C t
1tio 1:16 | EQ omparator /I/

4 T2CKPS1:
T20UTPS3:

T20UTPS0

Note 1: TMR2 register output can be software selected by the
S8P module as a baud clock.

Figure 4(a)

(b) Study and analyze the Assembly Language Codes given below written using PIC16F628A
microcontroller and answer the following questions.

Table 4(b) PIC Assembly Coding

Line 1 INCLUDE <PICl6F628A.inc>
Line 2 ___CONFIG 3F38H

Line 3 ORG 10H

Line 4 BSF STATUS, 5
Line 5 BCF STATUS, 6
Line 6 MOVLW 07 360"
Line 7 MOVEW 86H

Line 8 BCF 3, PRO
Line 9 LOOP1 MOVLW D’ 157

Line 10 MOVWE B/ 0000001107
Line 11 GOTO LOOP1

Line 12 END
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(1) Identify TWO (2) significant errors in the above instructions. Briefly explain why
it is incorrect and the correct codes according to the Assembly Language.
(4 marks)

(i)  What is the meaning of the instruction at Line 4 and 57 Can these instructions be
reduced?
(2 marks)

(iii)  Based on the assumption that all lines of codes are corrected, what is the final
outcome of the above program?
(2 marks)

(¢)  Figure 4(c) 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.

Voo
4 5V
R1 R2 R3 R4 R& Reé ;| R7 Ra
e [faon [0 {0 JLae [ Qe {foe e
uz !‘1 nI R4
Ut B 1l Il 35
PR} D x 2 pewy 13
T CARCFTLKIY ARDIHT i FE R/A =1
G8CZKALT RBf —— 2 T D2
REa | 2 ragarn REXPGH R10
2 nepmia Raarou 2 = RAANI RB4 l—(:l—@ﬂ
ALtz 2 rariam RES MR =] RES e
[Tl =] nezasmmerreumes RBS el £ paannvmers REIPGC o1
D = ResPaC fi2 D £ RAITICHATIOUT RraTRah R8
|1%]] ] e mGGEIT REFRGD i o rasAEECROUT N
CRYSTAL L] RASMNESEC20UT Ealabs CRYSTAL ROOTIOSOTICK | =3
== Ct i- G2 & RCET I —::- b G2 ~-C4 2 peounsTE RGITIOSHEP? s D8
22pF wpr | Edmzonnnan  Rowmiosecorz |2 fen 2pr e ﬁ RELANSWR Rozzor ML RS
= rEvibNERE BC2TCPI ﬁ o REZAITICS Rovsensel, o
REEAMISE ROMSCKSGL [~ - REasREIN =
5 RCASDIS0A (53 — vy REEODO =
L3} iy Reasno 2 - REBTICK [~
RACATHCK [ rezmior 2
ACTRKOT k]
2 Reepsee 12
RDIPSFY F— RDUPEPY =52
roipen) R L
RUZPUPZ ROLPEPS 2
Roarse 2 RDePses 2L
apspaed L I e
Rospses [ RoGPSPD 2L
kel e vy ROREPT R
A5 - I PIGIGFSTIA
R T |
I—I—I i
vss
Figure 4(c)

(7 marks)
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Question 5

(a) Calculate the time delay taken for Program 5(a) running at 4-MHz oscillator by the
PIC16F628A microcontroller. Short all workings clearly for each instruction.
(7 marks)

DELAY:

MOVILW  0x63
DLOOP: ADDLW ~1
BTESS STATUS, 2
GOTO DLOCP
RETURN
Program 5(a) Coding

(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.

(6 marks)

LEDEBL

VoA
Ll ai wd L3 £ Tl I 1o e Y20 It o
100K
i
T—
131 oscircLin REOANT =33
Bt oscaoikour RB! {25
2 RB2 {22
2! ragang RBAFGM {22
=1 Ratian i 2L
A RADBUIVREFSCVRER RBS |32
5 RANANIAMREF+ RESPGC "0
5] RAATOTIICT OUT RBTPED |+
L] RasAnIBECIOUT 5
N . ROUTIOSOMACK —12 e
<&~ meomnsHD.  ROWTIOSUGGRR (35 B
o REHANEWR REZECPT =
e RCIISCKISCL [—2
i e RCASDISDA, (2
WELRNpTHY RCSISDO [-5¢
ROSRCK |
ROFRXIOT ==
ROOPSPG 12
RD1{PSPT 29
RD2PEPS
Bl e e NE—
ROAPSPA
ROSIPSPS |
RDAPSPE
ROVIPSPT

PIC1BFET7A

Figure 5(b)
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(c) When the LCD display is not enabled, data lines are fri-state, what is meant by tri-state?
(3 marks}

(d)  Using the LEDOO8 Alphanumeric LCD Display (16 x 2) datasheet provided in Appendix
D, clearly differentiate between CGROM, CGRAM and DDRAM with the aid of

-appropriate diagrams.
(9 marks)
Question 6
(a) Embedded software is directly linked to the electronic hardware.
(i) Complete Table 6(a) truth table,
(3 marks)

(i) Draw a schematic diagram showing the interface between PICI16F877A
microconfroller and a common cathode 7-segment display.
(6 marks)

(iii) Write an assembly program to output the display letters continuously
(1A2b3CA4d5E) one at a time, in sequence of 1 to E 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 D
FE_ 11 10 1

i

ol
(]
Gnd ,;h'a-

Figure 6(a)(i)

T[]
R
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ire 6(a)(i

(ol (TS TN F Y [N [N 1= 3 FNCR Y P

SOOI |Q|D(O OISO

1|11 |1y1 10190t 79H
Table 6(a)

(b) What is the main difference between an assembler directive and an assembly instruction?
(4 marks)

—THE END -
EEE2114(F)/Aprl7/Steven Khoo/28/04/17







