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INSTRUCTIONS TO CANDIDATES

You should have the following for this examination:

Answer booklet;

Intel 8080/8085 Microprocessor Instruction Set;

Intel 8051 Microprocessor Instruction Set;

Non programmable Scientific calculator.

Drawing instruments.
This paper consists of EIGHT questions in TWO sections; A and B.
Answer any THREE questions from section A and TWO questions from section B in
the answer booklet provided.
All questions carry equal marks.
Maximum marks for each part of a question are as indicated.
Candidates should answer the questions in English.

This paper consists of 9 printed pages.

Candidates should check the question paper to ascertain that all

pages are printed as indicated and that no questions are missing.
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SECTION A: MICROPROCESSOR SYSTEMS
Answer THREE questions from this section.
1 Distinguish between opcode and operand with reference to microprocessors.
(i)  Draw the flag register of Intel 8085 microprocessor.
(7 marks)
With aid of a timing diagram, describe the opcode fetch machine cycle. (6 marks)

Table 1 shows an 8085 microprocessor assembly language program.

Table 1

ORG 4000H

LXI B 4A01H

LXIB 5101 H

MVID 05H
LOOP:-MOVA M

STAX B

INX H

INX B

DCR Dr

JNZ LOQP

HLT

() Hand-code the program into it’s equivalent hexadecimal machine code.
(i)  Determine the length of the program in bytes.

(iii)  Explain what the program accomplishes.

(7 marks)
State three Intel 8085 microprocessor software interrupts. - (3 marks)
Describe each of the following interrupt instructions:
(1) SIM:
(i) RIM. 4 .
(4 marks)
With aid of a flowchart, describe the polling method of interrupt service. (7 marks)
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Write an 8085 microprocessor assembly language program to generate a triangular
wave at port COH. (6 marks)

Describe each of the following addressing modes citing an example of an instruction in
each case:

(1) implicit;
(it)  register indirect;
(iii)  direct.
(6 marks)

With aid of ablock diagram, describe the Direct Memory Access (DMA) method of
data transfer. (8 marks)

Table 2 shows an 8085 microprocessor time delay program. Assuming a clock
frequency of 3 MHZ, determine the hexadecimal value of N to give a time delay of 1

millisecond. (6 marks)
Table 2
Label Mnemonic Operand T-states
MVI A 00H B
MVI CN 7
AGAIN: ADD ¢ 4
DCR - C 4
JNZ AGAIN 10/7
State two demerits if I/O-mapped InputﬁO{ltput technique. (2 marks)

Describe each of the following tools used in assembly language programming:
1) Assembler;

(i)  Compiler.
(4 marks)

With aid of a block diagram, describe the operation of a signature analyzer. (6 marks)

Write a program to test ten RAM memory locations starting at 4000 H. (8 marks)
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State two signals used in Direct Memory Access (DMA). (2 marks)

Draw a flowchart for a program that adds even numbers less than ten and outputs the
results at PORT 1. : (7 marks)

Table 3 shows the instruction listing of a program in hexadecimal machine codes:
1) determine the number of memory locations occupied by the program.
(ii)  Write the equivalent mnemonics for the program.

(11 marks)
Table 3

01 00 10
0B

E3

00

78

Bl
C20018
D3 20
76

SECTION B: MICROCONTROLLER TECHNOLOGY
Answer TWQ guestions from this section.

Explain each of the following Intel 8051 microcontroller special function registers:

(1) TCON;
G IB;
(iiii) PSW.
(6 marks)
Explain each of the following Intel 8051 microcontroller instructions citing the 5

addressing mode in each case:
{ MOV A, #50 H;
(i) MOVCA, @A +DPIR;

(i) DEC@R.. <=
(6 marks)
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An array of 10 numbers is stored in the internal RAM of 8051 microcontroller starting
from location 30 H. Write an assembly language program to move the array to Memory
locations starting from 80H. (8 marks)

With aid of input, output and programmed time waveforms, describe the operation

of a PLC pulse timer. (6 marks)
Figure 1 shows a PLC ladder diagram. Write its equivalent instruction list program.
(6 marks)
A B ¥ |
— 1——{(
C D
[ | |
e |
Fig. 1
With aid of a schematic diagram, describe the operation of a 5/2 single solenoid
pneumatic control valve. (8 marks)
State three;

() merits of using robots in industry;

(i1) sensors used in robotics. - =

) (6. marks)
Describe each of the following robot.programming methods:
1) manual lead-through:
(i)  teach pendant;
(iii)  off-line.

(6 marks)
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(c) Fable 4 shows commands of a robot programming. A robot is to be programmed to
petform spot welding following the pattern shown in figure 2. The welding gun held
by the robot turned ON by an output signal from channel 2.
The spots are welded by pausing the gun for 0.75 seconds at each spot while the
outpiitsignal is ON. The cartesian coordinates for each spot is as shown.

Write a program to perform the welding task.
(8 marks)

{6,10) {20,100

Fig. 2
Table 4
Command Function
Home o Moves robot to home position(0,0)
Mov (x,y) Moves robot to location (X.y)
Pause (K) Stop for K seconds
Signal (N) Send output signal to channel N
End End Program
2521/302 2601/302 6
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AR {11211 7 8095 _

op ap oP ; oF OF aP

CODE | MNEMONIC | CODE | MNEMONIC | COBE | MNEMONIC | CODE | MNEMONIC | CODE | MNEMONIC | CODE | MNEMONIC
I e 28 [pox o B | M2 DM Bt | ADD C AC 1XRA 1 RISERST s
0r fLxy BDWE 2¢ BNR L | 57 | MmOV oA 82 | ADD D AD | XRA L 0B | RC

02 {STAaX 8 20 1BCR L 58 | MOV EB 83 | AbD E AE {XRA M 03 |-~

03 [NX B 2E  {MVE LDB 53 | MOV EC 84 { ADD H AF | XRa A DA | iC Ady
M [INB 8 2F  (CMA  5A | MoV ED 85 | ADD L B0 |cAA B OB | DY
05 {DCA 8 k11 B SB | MOY EE 85 | ADD M 81 jORA © 0T (CC Ade
o6 |[MVI BD8| 3t [tx! sSPD1S| SC | MOV EH 87 | ADD A B2 jORA O [0 i S

L T 32 |STA Adr 5D | mQV EL 68 | ADC B B3 [ ORA E DE 581 D8
o4 - 33 xS BE | MOV EMm B9 | ADT C B4 {CRA W nE {RST 3
0% jpAD B 34 {INa M 5F | MOV EA fa | ADC D 85 [ORA L EG | o

0A ILDAX B "35 |DCR M 60 | MOV H.B8 B8 | ADC E B6 | ORA M E1 {POP R
66 (BCx B 36 [MVYP MDA | 6t ! MOV HT 8C | ADC H B? |ORA A E2 | QA
of lINR C 37 isIC 62 | MQV HD 8 | ADC L BE |CMP B E3 | XTHL

oD jbcA € ;S P 83 | MOV HE 8E | ADC M 88 tgme B4 [ CPO A
OF IMVF CD8} 39 (DAD SP B4 | MOV HH £F ADC A BA I CTMP D ES5 | PUSH H
OF [RAC 34 {LDA  Adr 65 | MOV ML 90 | sue wm B8 | CMP E E6 | ANI DB
10 = 38 |DCX sP BG | MOV HM &1 sug € BC | CcMP W E? | HST 4
1 LX) DD 3C [INR A 67 | MOV HA 82 | sUB b BD jCMP L Eg | APE
12 j3TAX D ] 30 |DCR A 68 | MOV LB 93 | sug £ GE [ CMP M E9 ) PCHL

13 HHX D 3E {MVI ADB 69 | MOY LC o4 | sus w EF [ CMP A EA | IPE Ak
12 [INR D IF  ICMC BA | MDV LD 95 | SUB L €0 | ANZ E8 | XCHG

15 [DcR O 40 MOV BB 68 | MOV LE 96 | Sug M €1 [ POP B EC | CPE Ade
6 VI DDS| 43 |[MOV BC sC | MOV LH 37 | SUB A €2 (w2 Ade | ED | —-

17 {RAL 42 MOV BD 60 § MOV { o8 | SEE & T3 | P Ads EE | ERL DB
18 |- 43 MOV BE 6E | MOV LM 82 | sEB C C4 [CNZ padr | EF (BST 5
18 (DAD D 44 MDDV BY 6F MOV LA 9a | 588 D c FUSH & I Fo |RP.

A [LBAR D a5 MOV B 7 1 MOV MB 98 | §8F E CE | ADI DB Fy §POP.  PSW
tB DCX D 46 [MOV 8M 7t I MOV ML BC | 588 M €7 [ nST @ F2 J o e
t€ DNRE 47 {MOV BA 72 | MOV MD 8D | SBE L ca. | Rz Fa |

10 [BRC F 18 MOV CB 73 | MOV ME SE | SsBE M €9 | RET Ak F4 {CP . Agr
AET MV EP8 | 48 MOV GO 74 | MOV MY BF 588 A CA |32 F5 | FUISH PSW
¥ {8AR 4A MOV CD | 76 | MOV ML A §{ ANA B 8 | — F& (ORI DB
20 {am 48 |mMOV CE 76 | BT 21| ANA C CC [ €2 ade | FI {RST B
21 X1 HDME 4C MOV o | 77 | MOV MA A2 | anNA D €D [ CALL Adr | F8 | AM

22 [sWLD Adr | 4D MOV C.i 78 | MOV AB A3 | anA E cE | At D8 Fo | senL

23 jIX H 4E MOV CM 78 | MOV AC A3 | ANA H CE | AST 31 Fa { M Ade
24 |[INR H 4F MOV CA 7A | MOV AD A5 | ANA L DO ; RNG FE | E1

25 IbCR H 50 MOV DB 78 | MOV AE AG | ANA M ot fPOP B FC I CW  Ad
Z6 MV HDB: 51 MOV BC iC | MOV AH A7 | ARA A D2 [ JNC  Ade FO }w-

7 jDan 52 [MGV DD 70 | MOV A AB | XBA B U3 jOUT DB | FE |CP1 DB
0 | 53 MOV DE | 7% MQ\}-A&&[ 4+ Ag ] XAA C 04 fone Adi | fF lmst 2
29 pAD H | 4 imOv DH 7F VA A AL XFA D ps | PUSH 0

ZA LMD Ad | 55 MOV DL 80 QDD iB- AR | XBA E 06 | st o

m“'wév:;a;t _r;f’.rtj';ggﬂ:lfari!hmatic expression that emlua-:n to sn B-bit ﬁai:quanliw. E;IG = gonsiang, ;:’ag»c;[r:'e;rd\m;m Acu;;ﬂts:;u ;m

valufies to a 168 b dma quentity, Ad = 16041 address,
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Appendix

nMnemonics, Arranged Alphabatically

A: Instruction SetFoi 8651 Microcontrotlier

MNEMONIC DESCRIPTION BYTES | CYCLES | FLAGS
AGALL. addr1l PC + 2 — {5P); addril +PC 2 2
ADD A, direct A« {direct) = A 2 1 C OV AC
ADD A @R A+ (R} ~+A 1 i G OV AC
ADD A, #idata A+ fidola —+ A 2 1 C OV AC
ADD A, Rn AsRn-2A 3 1 C OV AT
ADDC A, direct A (diacl] +C A 2 1 L OV AC
ADDC A. BRI A+ (R)+C—A 1 1 GOV AC
ADDC A, #dsta A+Hdatla*C A 2 t . |COVAC
ADDC A, Rn A+*Rn+C—A 1 1 G OV AC
AIMP a0dr11 Addrit - PC 2 2
ANy A, direct AAND (direct} =+ A 2 1
ANL A @RS AAND (R — A 3 4
ANL A, iidata AAND #dsta —+A 2 1
ANL B fin AAND RN~ A i y

AL oiresh A {direct) AND A~ {direct) 2 1
ANL tfirect. #data chirect) AND #dala - (direct) 3 -2
ANL G0 CANDbit-» € 2 2 C
AbIL C,Bit. CANGEI-C 2z 2 o
CINE A, direct, rel 1A <> {direct)]; PC + 3+ rei » PC 3 P4 ¢

- GINE A, ifdaia, rel ih<=~dam}:?¢+3+@-»?0 3 2 c
CINE @RI, #deta, rel J{FE) <> datal: PC » 3=l > PO .3 2 £
CJINE Rn, #dats, il {Rr <> datsl PC + 3 +r8l + PC 3 z €
CiR & DA 1 1

'CLR Bit 0 = bit = 2 1
CiR € j0-C $ 1 0

{ CPL A AohA 3 1
CFL bit B — bt 2 &}
CPL C Tl 1 2 1 c
DA A Abin -» Adet 1 1 T
REC A- A—12A = 1

DEC .duect {dirext} - 1 — (direcl]) 2 1

] DEC @R {Ri}— 1 —{F) 1 3
DEC Rn fn~1-»Rn 1 oL
DiV* AB 2B - AB 1 AL i R
DJINZ direct, Tel {{directy —1 <> Q0L PC + 3+ 18t 4 PC 3 %*
DINZ Rn, 8! Ry -1<> DAL PC+ 2+ ral 2 PC 2 2

; S A Ari-A 1 1
1N girast {direct) + 1 - {dirext} 2 i
ING DRTR DPTR + 1 DPTR 1 z
ING @R {ﬁ))i 1 -+ {Ri) 1 1
WG An &n+1=+Rn 1 i
JB bit, A =R PC 4 3 78l +PC 3 2
JBC il ret pei PC 3+ rel— PLI0 03 3 2
JG ret [C=1PC+2+miPC 2 2,
VP @A+ IFTR ‘DPFTR+A+PC 1 2
JNB b, el (D=0 PC + 34 el = PC 3 2

JNC rel {C=0} PC* 2+ 2l = PC 2 2
INZ ret (#2005 PC + 2+ el -5 PC 2 2
JZ rel [A=00; PC + 2+ rel -+ PC 2 2
LCALL addrié BC + 3 - (P avdr1E - PC < 2
LIMP addri AdLriG - PC 3 2
MOV A, direct {ditect] — A 2 1
MOV A, GFi {Ri} s A 1 1
MOV A, idara Bdala -> A z 1
MOV A.Rn Ro— A 3 1
MOV direct, A A - fchrect) s 1
SOV diredt, direst {Birecty- igitect) 3 2
MOV dinstl, GRi {7 - = {dire} i %
MOV dirbct, fdala #asla —» (oirect) 3 2
MOV ditect, Rn Rn = {direct) 2 2
MOV biL & C -3 bit o 2 c
pOV C, bt it C 2 1
MOy @A A - (Ri) 1 i
MOV @R, direct {cwrect) —v (R 2. 2
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MNEMONIC DESCRIPTION BYTES | CYCLES | FLAGS
MOV Rn, itdala #dala —+Rn 2 1
MOVC A, @A+DPTR (A+DPTR} = A 1 2
MOVC A, @A+PC {A+PC} 2 A 1 2
MOVX A, @OPTR {OPTR)" — A 1 2
MOYX A, (IR Ry~ A 1 2
MOVY @DPTR, A £ (DPTRY® 1 2
MOVX @RI A A —{Ri}* t 2
NOP PC + 1 PC 3 1
MUL AB AxB—AB 3 4 0D oV
ORL A, direct A QR (diregt) A 2 f
ORL A, GRi ADR(R) - A 1 1
ORL A, #dala AOR &data - A 2 1
QRL A, Rn AOREn <A i 1
ORL direct. & (direct) OR A — [dirgct) 2 1
QRL dirsct, #dats {cirect) OR Rdata - (direc!) 3 Z
ORL G, bit CORbit—=+L 2 2 G
ORL C,bit CORBEI—C 2 2 (o=
POFP dhrect [SF) —» {girect) 2 2
PLISH direct [direct) — (5P) z 2
RET {SP) »PC 1 2
RETL . (3P} — PC. &1 1 &
RLA AlDeAT AB. A1 —AD 1 1
RLC A Ci-A7+-AB . —AD-C 1 1 c
RR A AQ—+AT -AB,. AT/ 1 o
RRC A CaAT2AS.—ADSC 1 1 T
SETB bit 1 - bit s 1
SETB C TG 1 1 1
SJIMP rel PC +2 £ rei2 PC 2 2 b
SUBB A, dires! A —{direet}-C — A 2 1 ¢ OV AC
SUBE A, @RI ARG~ A 1 ] € DV AC
| suB8 A, sdats A = fidala=G ~ A - 1 C OV AC
SUBE A.Rn A-Rn-C A 1 i C GV AC
SEWAP A Alse &2 Amsn 1 i
XCH A, dirsct A +y {direcl) 2 1
XCH A/@R A & {Ri) 1 1
XCH A, Rn DA e Hn 1 i
XCHD A @RI Alsn - {Ridsn 1 i
XRL A, dirsci A XOH (dicect) ~» A 2 1
XRL & @Rt AXCR{R} -+ A 1 1
XRL A figatls AXOF fidata = A 2 1
XRL A.Rn AXQRRa-» A 1 1
XRL direcl, A - {oiraci) XOR A - {dwegh) 2 b
XRL dirgct, #data {girect) XOR #data -+ {direct) 3 2
.F
= ACRONYMS
adarit - Pmaddﬂiss of 11 bits, which is In the same 2K page a3 the address of the fcﬂnmng msb'mhaﬂ.
_ addrG Address for any location in tha 64K memary spave.
bil The addreas of a bit in the intefnsl RAM it address aren or & bitin an SFR.
e The cairy flag.
2oata An B-bil binary pumber from 90 to FFh,
Foat1é A 18-bit biary rumbsar fom 0000 o FFFFh
% felfg Anintsial AN address of an SFR byis addrass.
isn Loast sgnificant mbble.
msn Most sigaificant nibble,
rei Nurnber that is added 1o the address of the next mstruction to form anaddress +127d to - 128d from the
address of the next instauction.
Rn Any of registers RO lo R7 of the current register bank.
Indirect address using the contents of RO or R1,

IF the condition inside the bracksis is bue, THEN the action listad witt occur; ELSE go 1o te nexl |mwcmn.
EXTERMNAL memany iacation
Coments of the location inside the parentheses.

Note that Hags affacler! gach jnsiruction are shown where aporoprate: any operaticas which aﬂw the TSW adgress may
alzo affect the fiags.

THIS IS THE LAST PRINTED PAGE.
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