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SECTION A (Total: 60 marks)

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Question 1

(a)

(b)

(c)

Name two (2) microprocessor based applications system and give two (2) examples

for each of them.

(4 marks)
List three (3) types of microprocessor programming language.

(3 marks)
Write the meaning of program in microprocessor system.

(2 marks)

Assume a data, $17 is stored in memory location $0446. Find the final data value that

contained in memory address $5000.

LDAA . 50446
LDAB #315
SBA

STAA $5000
END

(2 marks)
is used to illustrate in diagrammatical form of the steps in the
program.
(1 mark)
State the sequence of source statements in assembly language format.
(3 marks)
List three (3) microprocessor pins that classified as three-state.
(3 marks)
In BPL instruction, it will causes branch if and proceed to next
instruction in program if
(2 marks)
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Question 2

Convert and perform the arithmetic operation below. You are requiréd to show the

conversion procedure algorithmically.

(a)

(b)

(c)

(d)

Convert &679 to hexadecimal form.

(3 marks)
Convert %11010011 to decimal form.

(3 marks)
Convert two unsigned hexadecimal numbers $AB and $13 into binary form and

perform the binary number addition for these two numbers ($AB+$13).

(4 marks)
By using two’s complement, perform the following operation.
Note: Your calculations should be in 8-bit integer numbers.
&70 - $1F
(6 marks)

By referring to Question 2(d), what happens to the status of C-bit and H-bit in CCR

register and justify your answer.

Question 3

(a)

(4 marks)
Explain the function of each register below:
(1) Memory Address Register (MAR)

(2 marks)
(ii) Stack Pointer (SP)

\ (2 marks)

Identify the lowest priority of Interrupt Signal in Microprocessor 6809 and describe
briefly on this.

(4 marks)
What is the purpose of Accumulator?

(2 marks)

Explain briefly the clock signals use in MC6809 microprocessor. Draw the timing
diagram of the clock signals.

(5 marks)
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(e) List down the principle operation for MC6809 under control of ®1 and ®2 clocks.
(1 mark)
(e) Explain briefly about Address/Data bus in MC6809.
(4 marks)

FSD23102 MICROPROCESSOR 3




JANUARY 2011 CONFIDENTIAL

SECTION B (Total: 40 marks)
INSTRUCTION: Answer TWO (2) questions only

Please use the answer booklet provided.

Question 4

(a) Define the meaning of these three arithmetic instructions as stated below,
(i) SUBA
(i) SBA
(iii) SBCA

(6 marks)
(b) Design a flow chart to subtract $53AB from the data of memory location $0500 and
$0501. The data are two bytes and locations $0501 forms the LSB. The result is
saved in two locations starting at $0300 and $0301. Location $0300 saves the MSB
result. '
(4 marks)
(c) Write an assembly language program, complete with comments to “represent your
algorithm written in Question 4 (b). The program code also must be started at
location $0200.
Note: Refer to Instruction Set in Appendices.
(10 marks)
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Question 5

(a) Explain briefly Direct Addressing Mode.
(4 marks)
(b) Write an assembly language and the equivalent machine code to add data in
Accumulator A with data value that is stored in memory location address $O03E by
using Direct Addressing Mode.
Note: Refer to Instruction Set in Appendices.
(4 marks)
(c) By referring Question 5 (b) above, complete the diagram below in Figure 1
(highlighted in grey box) after execution of the instruction. Assume that the op-code
and the operand of program are kept at memory location $4001 to $4002 and

Accumulator A stored the value $56 before execution.

Memory
MC6809 — )
PC
4007 <t:::j> 33 $003D

24 $003E
F7 $003F

>
—

$4000
$4001

Figure 1 : Direct Addressing Mode after execution process.
(6 marksz
(d) How many bytes are required in performing the task?
(2 marks)
(e) Compute the machine cycles needed for the instruction above and calculate the time
in second. Assume the crystal clock is 2 MHz.
(4 marks)
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Question 6

(a) Describe briefly on the Relative Addressing Modes.
(3 marks)
(b) Design a flow chart that squares the numbers from 1 to 9 and the each result is saved
in locations $0301 to $0309. The result for square of 1 is saved in location $0301 and
the last memory location, $0309 holds the result for squaring of 9.
(5 marks)
(c) Write an assembly language program, complete with comments to represent your
algorithm written in Question 6 (a). The program also must be started at location
$0200.
Note: Refer to Instruction Set in Appendices.
(12 marks)

END OF QUESTION
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APPENDICES
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APPENDIX - INSTRUCTION SET

MC8809
PROGRAMMING AID
=
Immediate Inciaced Extanded Inheeet Bl3j2lla
Ingoction{ Forme [Op [~ | fl Op [~ 7] Op] -T F|Op[ ~J #[Op] <] ¢ Owncription HiIN|Z[V]|C
ABX 3a] 3 1]B4+X~X (Unsigned) sfofelufe
ADC ADCA 88 |2 21 ¥4 2| A9]4+| 2+ B3| B] 3 Avrtd+C=A 1{a)e]1]
ADCB Ca|2| 2| 09| 4| 2| es]as|2+|Fa| 6| 3 B+M+C=8 1afsfr]s
aDD ADDA 88 | 2 21498 |4 2| ABj4+]|2+|BB| 51| 3 AesM=A (S ERERREN]
ADDB CB|2| 2|08 |4 2| EBJ4+]|2+]|FB| B | 3 B+M—-B INERERRE N
ADDD C3|4| 3| 03|66 2] E3|6+|2+|FA| 71 3 D+MM+1=D A ERRSRER]
AND ANDA 84 | 2] 2] 8aa] 2| adla«| 2+ Ba] 3] 3 AAM=A L EREIRIE]
ANDB CA |21 2| DA 4| 2| EAlé+|2+|Fa| B 3 BAM-B *(1]1]0]
ANDCC [C |3} 2 CC A IMM—CC 7
ASL ASLA a2 1] A . alafs]i]s
asts sale}D-—ED]]I[D«OBltIx
ASL 8|6 | 2| 63|8+]|2+] 78 3 M7 by 1) gliftf1]:
ASR ASRA a1 2| A 3 EIEE
ASRB 57 2| B} Blu|1{e]:s
ASR o7 |6 | 2] e7|6+flz+e|l ]| 7] 3 ™ 7 8lif1]ef:
BIT BiTA BS | 2 21 9|4 2| AS|4+) 2+ BS] &1 3 Bt Test A M 4 A} *11|{1|D]e
aup Co 2] 2] 0514 ] 2] ES}4+]2+|F5] 51} 3 Ba Test B (M A Bi el1{:[{Q]e
CLR CLRA 4F| 2] 1]0-A elQ|1(0]O
CLRE SF| 2 110-8 «|Gjl1lajo
CLR oF |e | 2| eF|e+|[2+] ]| 7{ 3 0-M olofi1io]o
Cup CHPA Bl 21 219 |a] 2] arjd+|{2+]B1| 5] 3 Comgarg M fiom A Bluejiquf
CMPB Cll2] 21 Dv]4 ] 2] EV]d«|2«|F1 ] &} 3 Compare M iom 8 Bittiju|t
CMPD wis] alw]7] 3| w|7«|3+]10] 81 4 Compare M M« 1 frgm O eltbafu]s
83 a4 A3 B3
CMPS nislaf |73l nfre|3«11] 8] 4 Compare M M + 1 from § slufofeft
8C aC al BC
ChMPU “is) 4) 11 |7 3] M7+ 2«11 8| 4 Compare M M + t frgm U sliji|t]
a3 9 A3 B3
CMPX 8C | 4 31]9Ci6 | 2| AL 6+j2+|BC| 7| 3 Compare MM + | from X LARREARE B
CMPY 10|56 41 107 3] 0]7«]3+] 10718 a Compare M M + 1 from Y ehplringe
B ac acC AC BC
oM COMA 32| 1|a-a sftft]of
comMB 3] 2| 1]|8-8 eftft]ofr
COM le| 2| e3je«|2+]|73)7| 3 M—n4 sleli]oln
3 CWal 3C A 2 CC A MM =CC Wan fgr Interrups 7
DAA 18] 2| 1] Oecimal Adpust A e[ [¢] 0]t
DEC DECA 4Al 2| T1A-1=A el1lt]]e
QECB Sal 2| 1}B-1=6 etifltin]e
0O€C o4 | 6| 2] 6a{6+|2+F7a) 7| 3 M-1-M sli]t{r]|e
EQR EORA BB |2 2| W|s] 2| ABldad+|2«)1B8| S 3 A M A elitilof e
EORB 8| 2| 2] 0814 ]| 2| EBla+|2+1FB] &1 3 By M-8 |1 ({1[0]=
EXG g1, R2 | 1e| 8] 2 [Ty e|elo|e|s
INC INCA 4CF 2| 1A« 1=A LA RS RRES
INCB 5C1 2| t|Bal-g ellaftl=
INC QC |8 | 2] 6C 6+ 2+({?C| 2| 3 M+ 184 ERRERES
JIe Q€ |3 ]| 2| 6E|3+| 2+ 76| 2| 3 eadpC wlafafa]e
JSR 90 | 7| 2] AD|7+|2+jBD] 81 3 Jump 1o Subroute e|alel|e] e
L0 LDa Be |2 21 96| 4 2] A6l4+]| 2+1B6] 8| 3 M=A sl 1]1]0] e
LDB C6E| 21 2(D6| 4| 2] EB|[4+|2+|F6]| 6| 3 M=8 eli1l1]0] e
LDD CC]31 3|]0OC|S| 2|EC|5+|2+|FC| 6] A MMe1D eif|1]|Cle
LDS 10 | 4 4 0|6 3 10 (6] 3+| W0 | 7 4 MM+1=8 al1|i1]lO| e
CE OE EE FE
LOU CE|3| 3| DEJS | 2| EE|5+| 2+ | FE] 6] 2 Mi+1=-0 =i(|1]O]»
Lox BE | 3| 3| 9 |6 | 2| AE|5+| 2+ | BE] 6] 3 MM+ 1=X ei1|1]O]=
LoY Wwla| a| W 6| 3] w0|6+|3+|10] 714 MBI+ 1= slif1]ofe
8t 13 AL 8t
LEA LEAS 324+ 24 EAS—S I P Y Y
LEAU Blas] 2+ EA3—U alolefefe
LEAX 0 |(4+] 2+ gadx ala|i]|e]e
LEAY |4+ 2+ Ead—y aflafi]s]e
LEGEND: B Complement of M t  Test and set if trus. cleared otherwise
OP  Opecation Code {Hexadecmat - Trangfer inta @ Not Affected
~  Number of MPU Cycles H  Halt-carry tirom bit 3} CC Condition Code Register
#  Number of Program Bytes N Negative (sign bil ;. Concatenation
+  Arihmetic Plus Z  Zero result V  Logical o
B « —  Arthmetic Minug V¥ Ovarflow, 2's complament A Logical and
«  Muktpty C  Canry from ALY
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APPENDIX - INSTRUCTION SET
MC6809

PROGRAMMING AID (CONTINUED)

Addreging Modes
Immadiata Diract Indenisd ! Extavded Inherent 6i3]2f1]0
rgtruction| Forms [ Op| ~ [ Op[ ~T FU 0o ~T 7 Co[ -] ¢[Oo] - [ # Descriotion HINTZ]V][C
LSt LSLA @l 2] A b sk S IRIRERE
LSLe 58| 21 3}|;]<{[mm—° IR ERE
LSL 8| 6| 2| &8[6ey2+) 8| 7| 3 MIT 5 T mo e d |
LSR LSRA a4 2| 1 A elof1]al
LSRB saf 20 ,3}0 S{TTITE] [« tols |« ]
LSR 4] 6| 2| 64 |G| 2+] 74| 7 3 by by ¢ RN KRN
MUL 30| 1| 1 [axB=D Wnsgres: o (altlalg
NEG NEGA al 2] 1Th-1=a 8lofr]r]t
NEGB Q| 2| ri@-1—-8 8la 1)1t
NEG 00| 86| 2§ 60)6+| 2+ 20| 7| 3 M f-n elafifi]s
NOP 12| 2 1 Y [No Qogranoe vejefe|e
Of Ofl& 8A| 2 2] 94} 4 2| AA[d44] 2+t BAL 6 3 AV M- LERE IS SN
ORB CAl 2 | 2] 0A| 4| 2| EA|d+| 2+ FA] 5] 3 Bv M—B el edle
ORCC 1Al 3 2 CC VMM =CC p)
PSH PSHS uls+d 2 Push Regisiets on S Stam o v |e]e|e
PSHU 38644 2 Push Registers on I $'ack (NEREN ERE
PUL PULS e+4] 2 Py Reqisters fram S Stack siviefss
PULU 37|54 2 Pt Registers frore L Siack afjnja]e]e
“ROL ROLA 431 2 LA «f{t 1yt
ROLB i 2| B’me:—\ e fifedat
ROL m|6| 2ieler]|2+] 79| "] 2 MOT R R e fitad
ROR RORA w2 1| A t e ],
RORB %120 »?4} L"U—'DIU]IDJ N NERE
ROR 06| 6| 2| 666+ 2+] 76| 7| 3 ¢ o 5] 1 [ufe |
RTI 381619 1 [Retyrr Fram lmteriup:
RTS 3|5 1 [Retatr Srar Sutroutme oo [o[a]s
seC | SBCA 82| 2 |2 92| a| 2| A2|4~j2+| B2] 6] 3 L4-MuCw=n Blaft [ty
|seace Cz| 2 [2| D2 4| 2(€2]a+i2+| F2| 5| 3 B-M-C-B gl o]t
SEX 10027 1 [SgnEsxteng B .oz & BHEEED
S §TA 97| 4 27 A7 [4+| 2| 87 ST 3 Y] DT
STH D?| 4| 2| €7 |a«|2+| FV]| 5} 2 B—M LR NS ERE CX
STD DD| 5] 2| EO|S+|2«| FD| B} 3 DELURN LR b I LH
STS 10,6 3| 0|6+ 3+ 10| 7 4 S ht A1~ . HET L
DF EF FF ! :
STy OF | 5| 2| EF|S+| 2+| FF} 6| 3 U=t At A ER EREERY
STX 9F | 51 2| AF[6+| 2+| BF| 6| 3 X—M 8 slotijo]eg
ST¥ W6 3] W0 Wy 7| 4 Yo MM 15 s "
9F AF 16+| 3+ | BF
sUB SUBA Q| 2 |2 |4 2]|A0(d+|2+[8B0] 5] 3 A-M=4 84t (1111
suBs CO|l 2 |2 | D04 | 2|€E0ja«[2+|FO! 5| 3 B-M~8 Bit ]y 5|1
SUBOD G314 13)193|6 | 2|A36+!12+/83]7] 3 D-MM+1-0 L SLEERINE
Swi SWIP I | 19| 1 [Sottware Inierrupr 1 oo |oia]e
swiB 10 20| ? |Software (nterrupt 7 ola e :. .
3F
swih 111 20| 1 [Sottware laterrup 3 o [l A Ll
3F
SYNC 13 { x4 1 [Syachromze o Interrupt e o |aia s
TFR R1,AZ |1F| 6 |2 R1-AZZ oo fojele
187 TSTA 4D 2 | 1 |Test A LRSI
518 50| 2| 1 ({Test® « 1 1 {0 |e
TST 0D| 64 2|60i{B6+}2¢47D]| 7] 3 Test M « |1 |1 {0 ]"
NOTES:

1. Thes ¢column gives & base Cycle and byte count. To obtain tolal count, add the values abtamned lrom the INDEXED ADDRESSING MOUE tabla,

Table 2.
2. 81 and R2 may be any pai of 8 bit or any pair of 16 bit registers.

® R NON R

The 8 bit registers are: A, 8, CC, OP

The 16 bit registars are: X, Y, U, 5. D. PC

€A 1t the affective address.
The PSH and PUL inslructions require § cycles plus 1 cyde for eech byte pushed of pullad.
5(8) means: 5 cyclas if branch not 1aken, 6 cycies i taken (Branch instructions)
SWi sets | and F tits, SWI2 and SWI3 do not affect | and F.
Conditions Codes set as 8 direct result of the instruction.
Yaue of half-camy flag is undefined.

Special Case — Carry st if b7 s SET.
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APPENDIX - INSTRUCTION SET
MC6809

PROGRAMMING AID (CONTINUED}
Branch mstructions

Adcrepsing Addreaing
| Mode | Mody
| Hewtve | sialz/1lo [_Aalathg | alzl1]e
Inswvuction | Forme | O | - 5| ¢ s ) HINIZIVC Ingtruction | Forms |QP | ~S] Deecription HINJZ[VIC
acc BCC 24| 3 | 2 |Branch C=0 d[efefv]e BLS BLS 23] 3 | Z |8rench Lower elalo]efe
L8Cc 10 | 546t 4 |Long Brench alajele]e . or Sarme
2 24 C=0 LBLS 10 |XBI| 4 jLong Bratch Lower |4 |a)ala e
8cs 8CS 2 3] zleneencad sfanls]e 2 of Sarna
LBCS 10 | B4t 4 |Long Branch slefalele at BLTY 0 3 | 2 [Branch< Zero sisjele|e
iy C=1 eLr 10 |58 4 |Long Branch< Zeo v v |® |« |«
BEG BEQ 27| 4| 2 |BraochZwt I EREIR IR . 0
LBEQ 10| BBI] 4 |long Branch sladelvle BMI amMi 28| 3 | 2 |Beanch Minus vi=jlelels
a7 Z=0 LBMI 10 |518t) & |Long Branch Mmus [¢ (e|e e v
BGE BGE 2C| 3 [ 2 |@ranch=Zero e|lwlelafe pi]
LBGE 1058 4 |Lang Beancha2ary [ o ejnjale BNE BNE 28| 3 | 2 |Bramh Z=0 v|v|eleia
2C LBNE Y0 |5161| 4 |Long Branch wloofe]n
BGT BGT 2E| 3 | 2 |Beanch>Zera o|afafafe % Za{
LBGT 10581 4 |Long Branch>2Zera | eja|af o]« BPL BPL 241 3 | 2 |8ranch Plus sjlelwle|e
2 LBeL 190|561 4 lLoog Branch Pius |e]e{ww e
BH( BHI 221 3 | 2 jAranch Hegher sfalefa]e 25
LeH! 10| 51811 4 [Long Branch Hgher { o el e o e BAA BRA 20| 3 | 2 {Branch Alwers s(sjale|a
22 LBRA 18| 5 | 3 JLong Branch Alweys |» |s|e|e ]|«
BHS BHS 24| 3 { 2 |Branch Hegrex #lale|a|e 8RN BRN 2U] 3 { 2 |Branch Mewar slelels|a
or Samea LBRN 0] 65 {4 fangGranch Negver |v|®|w|=|u
LBHS 10 | 6461 4 |Long Branch Mighar | ¢ | wfe|v|e 21
o or Seme BSR BSR 8D 7 | 2 |Branch 1o Subrouime |« | = L3
BLE BLE 2F| 3 | 2 |BanochsZaro s|wefefn|a LBSR 17| 91 3 |Long Branch w0 wjnlnlala
LBLE 10| 946 4 |Long BranchsZero | »|e|o || % Subrouting
2F ave eve A 3|2 Banch V=0 il el i Rt
BLO BLO 5] 3 | 2 |Branch lowar slalele]a LBVC 10 |6t | 4 lLorg Branch ole|lw]lafa
LBLT 10| 561 4 [Long BrerchLowes |@|alo| s e = =0
A (03 &S 9] 3 | 2 [Brarch V=1 {elafs]*
Levs 10 |51 | 4 |Long Branoch elalufafe
29 Vel
SIMPLE BRANCHES
o - ¥ SIMPLE CONDHTIONAL BRANCHES [Notes 1-4}
BRA 20 3 2 Teoat Trus oP Falea or
LEBR & 5 Nt BMI 28 BPL  2A
BAN a 3 2 Zm i BEQ 7 BNE 6
LBRN o2t 5 4 Ve 8YS 2 BYC ;]
BSR 80 7 2 C=1 BCS pasl BCcC 24
LBSR 17 g 3
SIGNED CONDITIONAL BRANCHES (Notea 1-4) UNSIGNED CONDITIONAL BRANCHES {Notea 1-4}
Test True OF Faise ap Tost True op False ar
1 m BGT 2E BLE 2F I>m BHI z BLS 23
ram B8GE 2C BLT 0 rzm BHS 24 BLO 5
r=m BEQ 27 BNE 26 fum B8EQ 27 BNE P23
r<m BLE 2F BGT 2E rsm aLs 23 BHl 22
f<m LT D BGE 2C r<m 8LO % BHS 24
NQOTES:
1. All conditional branches hava both shart and long vanations. .
2. All short branches are two biytes and requira three cycles.
3. All conditianal Jong branches ace formed by prafixing (he short branch apcode with §10 and using a 16-bit destination affset;
4. All conditianal kong branches requirs four bytes and six cycles if the branch is takan of five cycies if the branch is nat taken,
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