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You should have the following for this examination:

Answer booklet;

8080/85 microprocessor instruction set;

8051 microcontroller instruction set;
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This paper consists of EIGHT questions in TWO sections; A and B.
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SECTION A: MICROPROCESSOR SYSTEMS
Answer THREE questions from this section.
State two defining features of each of the following input/output (I/O) techniques:

6)) memory mapped;
(i1) I/O mapped. (4 marks)

Table I shows part of a microprocessor instruction set.

Table 1
Instruction Meaning
ADDA,D A<€<— A+D
MUL D A <— AxD
MUL A A €<— AxA
MOV DA B i . ¥
MOV A,DATA |A <— DATA
END Halt program

Use the given instructions to write an assembly language program to perform each of
the following:

(1) y=z'+71’
(i) z2=8z (8 marks)

Write Intel 8085 microprocessor assembly language program segments to perform each
of the following:

6] 2789 + 3273
(i)  y=(11010011),NAND(11101100),
(i)  (00000110), x(1100), (8 -marks)

Describe each of the following microprocessor addressing modes, using an example in
each case:

@) immediate;
(ii) stack;
(i) register indirect. ' (6 marks)

With aid of an example, distinguish between an opcode and an operand with respect
to a microprocessor instruction. (3 marks)
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Write an assembly language program, using stack operations, to exchange data between
register pairs BC and DE.

(4 marks)

With aid of a flowchart, write an assembly language program to search for a byte
‘BTEY’ from a block of consecutive memory locations, which is 256 bytes long and
report the number of occurrences of the byte. The starting address of the memory block

is 2000H. (7 marks)
Figure 1 shows a pin diagram of a microprocessor system device.
TS ET—\'/f 28 [ Ve
WR [ 2 27 g A0
RD 3 26 CJINTA
D7 (¢ 25 [ 1IR?
06 15 24 [11R6
DS ; 6 23 M IRS
A e 22 [J1IRL
03 18 21 [ 1R3
D2 [19 20 O IR2
01 - £330 18 O1RY
00 LINn 18 (3 IRO
CASO ]2 17 CJINT
CAS1 13 16 [ SP/EN
GND [1¢ 15 CAS?2
1) Identify the device. :
(i)  Explain the purpose of the device.
(1)  For signals INTA , INT, IRO-IR7:
L State the function of each;
II. List a device each signal would typically be connected to in a system.
(9 marks)
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(b)  Figure 2 shows a block diagram of a printer connected via a parallel interface to a
microprocessor using two 8-bit ports. Port A address is 40 H, port B address is 41H and

port C address is 42H.
PA 4 g
C PU = Bus s Port A PA6| Printer
e, (e RE
. PAtIJ ey
Memory
PBy
Port B} PBg
°
L1 H )
PCy
PortC J . :
t2H4 | PCy BUSY
PCo [
Fig.2

With aid of a flowchart, write an assembly language program to transfer five ASCII
characters from the CPU memory to the printer. The characters are stored in
consecutive memory locations, starting from 4000H. (11 marks)

4. (a) State two tests that can be carried out on a microprocessor system using each of the
following equipment:

(1) multimeter;
(i1) oscilloscope;

(i)  logic analyser. (6 marks)
(b) 1 Outline the checksum method of testing a microcomputer random access
memory (ROM).
(i) Explain the shortcoming of the method in (b)(i). (6 marks)
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(c) Table 2 shows an 8085 assembly language program listing. Draw a trace table of the
program execution. (8 marks)

Table 2

LX1 SP, FOOOH
LX1 H, 8040H
MVIA, 35H
ADI 18H
MOV M, A
ADDM

LXI B, 8050H
STAX B
XRAA

INX B

STAX B

ADD B

MOV C,A
HLT

5. (a) With aid of a diagram, explain the use of in-circuit emulator (ICE) in development
of a microprocessor-based system. (6 marks)

(b) Explain the activities in each of the following microprocessor-system development
stages:

@) schematic capture;

(i) simulation and timing verification;

(ili) components libraries and packages;

(iv)  printed circuit board (PCB) layout. (8 marks)

(c).. Describe typical features of each of the following types of operating systems:

@) real time;
(ii) network;
(iii))  batch. (6 marks)
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SECTION B: MICROCONTROLLER TECHNOLOGY
Answer TWO questions from this section.

State three advantages of programmable logic controllers (PLCs) over relays in
industrial control. (3 marks)

Draw circuit diagrams for each of the following PLC interfaces:

6))
(1)
(iii)

opto-isolator input;
darlington output;

TRIAC output. (6 marks)

Figure 3 shows a ladder diagram for controlling a drilling machine using a PLC.

X001

e

Operation start .
‘button '

e
Self hold
X PZ

Y003

ﬁ( )——— Orill rotation

X000

1A
{4 P
Stop button

X?S YO
1 4 /T\Y 001

Fall end Intertock
limit switch

Yj)f?
A
Drill rotation
in progress

Drill fall

butten
Y001

st

Self hold
x0i0: ;
4] \t

Fall end limit switch

10

)__‘

K30

X004

14

Y001 YO0QO
$in

Rise end
Vimit switch

Drill rise
Interlock

Fig.3
(1) Write down the program li
(ii)

1 inputs;
II. outputs.
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sting for the control.

Identify two physical contacts for each for the following:

(11 marks)



7 (a) Define each of the following with respect to process control:

@) transient response;
(i) offset;
(iii)  measured variable. (3 marks)

(b) @) State two merits of hydraulic actuators.
(if) ~ Figure 4 shows a diagram of a hydraulic gear motor. Describe its operation.
(5 marks)

Housing

Fig.4

(c) A spring-loaded spring-acting cylinder has a diameter of 4 cm and a stroke of
5 cm. The return spring has a spring constant of 6 kg/cm. The available pressure is
2 X 10°N/m*. Determine the:

1) piston surface area;
(ii) force on the piston;
(iii)  force from the cylinder. (8 marks)

(d)  Explain the Ziegler-Nichols closed-loop method of tuning a PID controller.

(4 marks)
8. Lo a) With aid of a diagram, describe each of the following robot-arm motions:
@H  yaw;
(i1) roll;
(ii1)  pitch. (6 marks)
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Describe each of the following elements of a robotic system:

@
(ii)
(iii)

actuator;
SEeNsor;
drive.

Table 3(a) shows the commands of a robot programming language while table 3(b) is
a program to control the movement of the robot. Sketch a trace of the robot path under

the program control, indicating the distances. (8 marks)
Table 3(a)
No. | Command | Description
1. |Open Opens the Robot Gripper Jaws
2. |Close Closes the Robot Gripper Jaws
3. |Move (x,y) | Robot moves x-metres eastwards, y-meters northwards
Note:
-X= move westwards
-y=move southwards
4. |End End of program
5. |Stop Robot stops moving
6. |Start Robot starts to move
Table 3(b)
» Open
* Close
e Start
e Move (30,0)
e Stop
e Start
e Move (0,-15
* Stop
e Start
e  Move (-25,-10)
* Stop
e Start
* Move (8,-6)
* Stop
e Open
e End
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Appendix A: Instruction Set of 8051 Microcontrofler

Mnemonics, Arranged Alphabetically

LCALL 2ddr1G
LIMP addrib
MOV A, direct
MOV A, @Ri
MOV A, kdara
MOV A.Rn

MOV direct. A
MOV direct, direct
MOV dusct @Ri
MOV direcl, #data
MOV direct. Rn
MOV bit, C
MOV C, bit

MOV @R, A
MOV @Ri, direct

MNEMONIC DESCRIPTION BYTES { CYCLES | FLAGS
ACALL addr1] PC + 2 - (SP); addril —» PC 2 2
ADD A, direct A+ (direct) » A 2 1 C OV AC
ADD A, @Ri A+{Ri) > A 1 1 C OV AC
ADD A, #idata A+ #data 5 A 2 ] C OV AC
ADD A, Rn A+Rn— A 1 1 C OV AC
ADDC A, direct A + (diract) + C - A 2 1 C oV AC
ADDC A. @Ri A+(R)+C A 1 1 .C OV AC
ADDC A, #data A+fdata+C 2 A 2 C OV AC
ADDC A, Rn A+Rn+C oA 1 1 C OV AC
AJMP addril Addr{1 - PC 2 2
ANL A, direct A AND (direct) — A 2 1
ANL A, @RI AAND (R)) — A 1 1
ANL A, #dzta AAND #data —+ A 2 1
ANL A Rn AANDRn - A 1 1
ANL oirect, A (direct) AND A -» {direct) 2 1 h
ANL direct. #data (direct} AND #daia — (direct) 3 2
ANL C. bit C AND bit - C 2 2 C
ANL C.Bit. CANDBIT— ¢ 2 2 G
CINE A, direct. rel [A <> {direct)): PC + 3 + raf —» PC 3 2 c
CJINE A, #data, rel {A <> data): PC + 3 + rel - PC 3 2 c
CINE @Ri. #data, rel {(Ri} <> data}: PC + 3+ .21 -5 PC $33 2 c
CJNE Rn, #data. rsl [Rn <> data}: PC + 3 + re} - PC 3 2 &
CLR A 0—=A 1 1
CLR bit 0 - bit 2 1
ClR C 0->C 1 1 ]
CPL A A-A 1 1
CPL bit Bit - bit 2 1
CPLC T-»C 1 1 c
DA A Abin ~ Adec 1 1 c
DEC A- A-19A i 1
DEC direct {direct) — 1 — (direct) 2 1
DEC @Ri (Ri) = 1 —=(Ri) 1 1
DEC Rn Rn-1-sRn 1- et
DIV- AB AiB 5 AB 3 . I\
DJINZ direct, rel f{direct) — 1 <> 00}: PC + 3 + rel - PC 3 7
DJNZ Rn, ret [Rn~1<>00: PC+2+rel 5 PC 2 2
ey A+ 1A } i
INGS direet (direct) + 1 -+ (direct) 2 1
INC DPTR DPTR + 1 - DPTR 1 z
INC &Ri {Ri) + 1 — (Ri) 1 1
(NC R&n Rn+1-»Rn 1 1
JB bit, ei b=1:PC+ 3 + rel -+ PC 3 &)
JBC bil. rel [b=1}: PC » 3 + rel » PC: 0 — bit 3 2
JC ral [C=1:PC s+ 2+ re! = PC 2 Z
JMP @A + JFTR ‘DPTR+A - PC 1 2
JNB b, rel [b=D): PC + 3 + rel — PC 3 2
JNC re! [C=0): PC + 2 + rel —» PC 2 2
INZ ret {A>001:PC 2 +rel-5 PC 2 2
JZ rel [A=00}: PC + 2 + rel = PC 2 2
a 2
3 2
2 ]
- | 1
2 1
1 1
2 1
3 2
2
2
2
2
1
2

PC + 3 - (SP): Addr 8 -, PC
Addri6 -2 PC
{ditect) — A

(Ri} —» A

Hdata -» A

Rn = A

A - {direct)
(direct)-» {direct)
iR s {diren i}
#oala — {virect)
Rn - (direct)

C -3 bit

bit = C

A - (Ri)

(dwrect) — (Ri)

N o= NN oW

(9]
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MNEMONIC. DESCRIPTION BYTES | CYCLES | FLAGS
MOV Rn, #dala #data — Rn 2 1
MOVC A, @A+DPTR {A+DPTR) - A 1 2
MOVC A, @A+PC (A+PC) > A 1 2
MOVX A, @DPTR (OPTR)* —» A 1 2
MOVX A. @Ri {Ri)* — A ! 2
MOVYX @DPTR, A A - (DPTR}* 1 2
MOVX @Ri, A A =(Ri)* 1 2
NOP PC +1-PC 1 1
MUL AB AxB - AB 1 4 0 oV
ORL A, direcl AOR (dircct) — A 2 it
ORL A, @Ri AOR{Ri) - A 1 1
ORL A, #dala AOR #data -+ A 2 1
ORL A, Rn ADORRn - A 1 1
ORL direct, A {direct) OR A — (direct) 2 1
ORL direct, #data {direct) OR #data -» (direcl) 3 2
ORL C, bit C OR bit —+ C 2 2 &
ORL C.Dit CORBI—»C 2 2 c
POP direct (SP) — {girect) 2 2
PUSH direct (direct) — (SP) - 7 52
RET (SP) —» PC 1 2
RETI (SP)-» PC; El i 2
RL A AD—AT AB..~A1AD § f
RLC A Ce-A7AB..«~AD+-C 1 1 ¢}
KRR A AQ—AT -2AB..4ATAD 1 4
RRC A C—oA7—-AB. Al C 1 - <
SET8 bil 1 — bit 9 1
SETB C 1-C 1 1 1
SIMP rel PC +2 ¢ rel» PC 9 2
SUBB A, direct A - [direct}-C —» A 2 1 C OV AC
SUBB A. @Ri A~ (Ri}-C—A 1 1 C OV AC
SUBB A, #data A - Hdata~C — A 2 1 C OV AC
SUBB A, Rn A-Rn-C - A 1 1 C QV AC
SWAP A Alsn ¢ Amsn 1 1
XCH A, direct A « (direct) 2 1
XCH A, @RI A e (Ri) 1 1
XCH A, Rn © Aes Rn 1 1
XCHD A, @it Alsn «» IRi)lsn 1 1
XRL A, direct A XOR (direct) - A 2 1
XRL A, @Ri AXCR (Ri) —» A 1 1
XRL A f#gals A XOF figata » A 2 1
XRL A, Rn AXORRn-+A 1 1
XRL direct, A {direct) XOR A — (direct) 2 :
3 2

XRL direcl, #data

(direct) XOR #data -~ {direct)

ACRONYMS

addr11 Page address of 11 bils, which is in the same 2K page as tha address of the fcliowing instruction.

addr16 Address for any localion in the 64K memery space.

bil The address of a bit in the intefnal RAM tit address area or 3 bit in an SFR.

c The carry flag.

#data An 8-bit binary number from 00 o FFh.

#0alai6 A 16-bit binary number from 0000 to FFFFh.

direct An internal RAM address or an SFR byle address.

Isn Least significaal nibble.

msn Most significant nibble.

rel Number that is added to the eddress of the nex! instruction to form an address +127d to ~128d from the
addrass of the next instruction.

Rn Any of registers RO lo R7 of the current register bank.

@Ri Indirect address using the conlents of R0 or R1.

i) IF the condilion inside the brackets is trire, THEN the aclion listed will occur; FLSE go lo the next instruction

g E X TERMAL mamaory (acation :

(¥ Contents of the [ocation inside the parentheses.

HNote that flags affectes each insiclion are shown where appropriale; any operations which offect the *SW adcress may
also affect the fiags. :
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opP OP.- or or oP aP
COCE | MNEMONIC | CODE | MNEMONIC | CODE | MNEMONIC | COCE | MNEMONIC | CODE | MNEMONIC | CODE | MNEMONIC
00 |NOP 28" - IDCX- " H 56 MOV DM 81 ADD C AC | XRA N n? RSE- 2
(0}] LX1 BDi16 2C !INR L 57 MOV DA 82 ADD D AD | XRA L D8 RC
02 STAX B 20 |DCR L 58 MOV EB 83 ADD E AE | XRA M Da -
03 INX B 2E MVI L,D8 59 MOV EC 84 ADD H AF XRA A es I0 s
04 INR 8 2F  ICMA 5A | MOV ED 85 ADD L 80 ORA B OB H o8
05 [DCR B 30 |[SIM 58 MOV EE 86 ADD ™ Bi OrRA C DG f CG Adr
06 (MVI B,DB 34 LX! SPDlg| 5C MOV EH 87 ADD A B2 ORA D DD | -
07 RLC 32 |STA Adr 50 | MOV EL 88 ADC 8 B3 ORA E DE | S8t D8
08 - 33 INX 5P 5E MOV EM 89 ADC C R4 ORA H DF RST 3
02 IDAD B 34 INR M 5F MOV EA BA, ADC D B5 ORA L EOQ RPO
0A (LDAX B 35 |[DCR M 60 MOV H,B 88 ADC E B6 ORA M E1l POR=—H
08 |BCX 8 36 Mvi M.D8 61 MOV H.C 8C ADC H 87 0ORA A E2 PO Adr
0C |INR C 37 |sTC 52 MOV HD 80 ADC 1 28 EMDiB E2 ok
o0 (bchR C 38 - 63 MOV H,E 8E ADC M 85 cuir C €4 PG Ade
CE [MV]I C,08 39 DAD SP 64 MOV H,H 8r ADT A BA | CMP D =5 PUSH i
OF RAC 3A |LDA Adr 65 MOV H,L 90 SUB B 88 CMP E EG ANI  DH i
10 {— 38 1DCX - -SP 66 MOV KM 91 SUg-CC BC cme il E7 RST -4 i
11 Lt DDIsE 3C |INR A 67 MOV HA 92 sud D BN jCMP L E8 RPE
12 STAX D 30 |DCR A 68 MOV LB 93 sus E BE cCMP M EQ PCHL
13 INX O 3E IMVI ADS 69 MOV L,C 94 sue BF cMP A EA | JPE  Adr
14 INR D 3F iCMC 6A | MOV LD 95 suB | Cco ANZ EB XCHG
15 |DCR O 40 |MOV BR 6B MOV I F 96 sug ™ €1 PQpP a EC CPE  Adr
16 MVI D08 41 MOV B.C 6C MOV L H 97 SUR=x e INZ A D
17 RAL 42 MOV BD 80 MOV L,L 98 588 B €5 e Adi e ERt D5
18 —— 43 MOV B.E 6E MOV LM 98 sgg C Cad CNZ  Adr EF RSt -5
19 |DAD D 44 MOV BH 6F MOV LA 9A sBB D CS PUSH B FO RP
1A |LDAX D 45 MOV B,L 70 MOV M.B 98 SBB E Cce ADI D3 F1 POP  PSW
i8 |[DCX D 46 MOV 8 M 71 MOV MC 9C SBB H Cc7 RS540 F2 Jpr Adr
1€ HINR E 47 MOV BA 72 MOV M,D 9D SBB. L ca nz 3 B
1D AFURE 48 |MOV CB 73 MOV M.E 9€E S8B M Cc9 RET =Ade F4q c€p Adr |
1€ |MVI EDS8 49 MOV CC 74 MOV M. H 9F SBB A CA= 7 £S5 PUSH PSW |
iF  |RAR 4A MOV CpD 75 1 MOV M) AD ANA B e e £5 Lo ne !
20 |RIM 48 MOV CE 76 HLT Al ANA C £e £Z Ay e asT & i
21 LX1 HDig 4C MOV CH 77 MOV M.A A2 ANA O CU | CALL Ad 8 A !
22 |SHLD Adr 4D MOV C.L 78 MOV AB A3 ANA E CE ACH DB Fo SPrit !
23 INX H 4E MOV CM 75 MOV AC A4 ANA H CH RST 1 FA UM Acis i
24 INR H 4F |MOV CA 7A | MOV AD A5 ANA L bo ]NC FB El i
25 |[DCR H 33 MOV DB 78 MOV AE AB ANA M D1 POP 6 £C (@] Adr i
26 |MVI HDS8 51 MOV D.C ic MOV AH AT ANA A D2 JNC  Adr FD 1 -~ :
27 DAA 52 MOV D.D 70 MOV AL AB XRA B8 D3 OuT D8 FE ! cPi N3 ‘
28 - 53 MOV D,E 7E MOV AM A9 XRA C B4 CNC  Adr FF RST 7
29 DAD H 54 MOV DH 7F MOV A A AL XRA D D5 PUSH D '
2A [LHLD Adr 55 iMOV O,L 80 ADD B AB XRA E 28 B¢ D8 '
DB = constant, or logical/arithmetic expression that evaluates to an 8- b:t-:!;(; };E;rﬂai:ywr)xe = ccnsrant or lhglréil-at:tl:';\_e—;;r._r-x;):t‘<§mn Hiat

evaluates to a 16 bit data quantity. Adr = 16 hit address,
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