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EE 308

Final Exam
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Name:

You may useary of the Motoroladatabooksandtwo pagesof notes.No calculatorsallowed. Show all work. Partial
creditwill be given. No creditwill be givenif ananswerappearsvith no supportingwork. For all the questions
below, assumethe 68HC12 hasa 16 MHz crystal which resultsin a8 MHz E clock. For all the C codeyou write
assumehcl2.h hasbeen included so you can refer to registersby name.

1. For this problemassumaall the arithmeticis donewith aneight-bitprocessar

(a) Fill in theblanksin thistable.

Unsigned| Signed
Hex Binary | Decimal | Decimal
23
10010110
-17

Considerthefollowing HC12instructions.Show the resultin the A accumulatorandindicatethe stateof
theN, Z, V andC bits afterexecutingbothinstructions. Theanswershouldbein hexadecimal.

(b) [daa #$C8
adda #$A9

Answer: N: Z: V: C:

(c) Idaa #$77
adda #$48

Answer: N: Z: V: C:

(d) Idaa #$C8
suba #$A9

Answer: N: Z: V: C:
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2. Considetthefollowing programfragment:

Addressing Cycles

Address Op Code & Operands Mode
-—-- CODE: section text
org $0800

Idd #$C217

anda #$82

stab $0955

inc $55

pshx

(a) Fill intheabovetable.InthecolumnlabeledAddress | fill intheaddres®f thefirst byteof theinstruction.
In thecolumnslabeledOp Codes & Operands show theop codesandoperandgashex numbers)lin
the columnlabeledAddressing  Mode indicatethe addressingnodeusedby the instruction. In the
columnlabeledCycles indicatethe numberof cyclesneededo executetheinstruction.

(b) How mary bytesof memorydoesthe codefragmentoccupy?

(c) How mary microsecondsvill it take thefragmentto executeonanHC12with a8 MHz E-clock?

(d) For the sameinstructionsshow the valuesof eachof the registersafter executionof the instruction. You
do not have to put down a valueif thevaluedid not change.You do not have to indicatethe stateof the H

bit of the CCR
CCR
Inst AB X Y SP PC SXHI NZVC
FF-FF | FFFF | FFFF | OAOO | 0800 |1 1 111111
ldd #$C217 X
anda #$82 X
stab $0955 X
inc $55 X
pshx X
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3. Thefollowing tablesshow the valuesof anHC12's registersandsomeof its memory

Reg - | -
SXHI NzVC

CCR| 10001001

AB A3 | 9

X 82F2

Y 12F7

SP 208D

PC 31F4

I [ of 1] 2] 8[ 4] 5[ 6[ 7] 8] 9] A[ B] C|] D] E| F|
0800 || C6] 05 | CE| 09 | 00 | DD|5A | 33 | 6A ] 05 | 08 | 53 | 26 | F7 | 3F | CE
0810 | E0 | 00 | CD| 00 | 00 | E6 | 00 | OF | 00 | 01 | 02 | 19 | ED| 08 | 8E | EO
0820 | 20 | 25 | F2 | 7A | 09 | 00 | 3F | CF | OA | 00 | 15 | FA | 00 | 01 | 5F | AO
0830 || 01 | 3F | C6 | 80 | 5B | 86 | C6 | 03 | 5B | 8D | C6 | FF | 5B | 02 | 4C | 80
FFDO || 20 | 20 | 20 | 30 | 20 | 40 | 20 | 50 | 20 | 60 | 20 | 70 | 20 | 80 | 20 | 90
FFEO || 21 | A0 | 21 | B0 | 30 | DO | 32 | FO | 21 | 00 | 21 | 10 | 21 | 20 | 21 | 30
FFF0 || 20 | A0 | 21 |50 | 21 | 60 | 21 | 70 | 21 | 80 | 21 | 90 | 21 | A0 | C5 | A3

(a) Whatis theaddres®of thefirstinstructiontheHC12will executeafterareset?

(b) Whatistheaddres®f theRealTime Interruptinterruptserviceroutine?

(c) IstheXIRQ interruptenabled™ow canyoutell?

(d) Reverseassemblehe first four instructionsstartingat addresx0800. Write down the mnemonicand
operandor theinstructions.Indicatethe addressingnodeused.Also indicatethe effective address-i.e.,
theaddressn memorywhich theinstructionwill useto fetchor storethe numberit is working on.

Instruction | Mnemonic | Operand| Addressing| Effective
Address Mode Address
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4. AssumetheHC12'sregistershave thefollowing values:

Reg - | -
SXHI NzVC

CCR| 10001001

AB A3 92

X 82F2

Y 12F7

SP 208D

PC 31F4

(a) Briefly explainthe purposeof the stackonthe HC12.

(b) Explainwhathappensgo the stack,stackpointer and programcounterwhenyou executethe following
instruction:

pshx

(c) If theregistersstartedwith the valuesshowvn above, tell what registersand memorylocationswill have

beenchangedfterexecutingthe pshx instruction.Whatwill the nen valuesbe?
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5. Herearesomequestionsaiboutvarioussub-systemsnthe HC12.

(a) Whatisthe TCNTregister?

(b) Explainthefunctionof theprescalein thetimer subsystem.

(c) Briefly explainthe conceptbf theinput capturefunction.

(d) Briefly explaintheconceptof therealtime interrupt.

(e) Write someC codeto setupthe A/D corverterto make cornversionsof PortAD Bit 3, continuously

(f) AssumeVry =4V andVgr =0V. Thevoltageonthepinsof PortAD areshawvn in thetablebelon. What
will bethevaluein the ADR1Hregisterafterthe completionof the A/D corversionsstartecby part(e)?
ADO AD1 AD2 AD3 AD4 AD5 AD6 AD7
05 V|10 V|15 V|20 V|25 V|30 V|35 V|40 V

() Whatis aflagin thesensaisedby theHC12hardware?

(h) How doyou clearflagsin thetimer subsystem®ive anexampleby writing someC codeto clearC2F.

(i) How doyouclearflagsin the serialperipheralinterfacesubsystem®ive an exampleby writing someC
codeto clearSPIF.

() Assumethe HC12's SPIhasbeenenabledandthe SPIis operatingin mastermode. Whenyou write a
byte to SPODR thenreadthe value of SPODRthe valueyou readis usuallydifferentthanthe valueyou
wrote. Why?
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6. Below arethevaluesof sometimer registersin the HC12:
TIOS | OC7M| OC7D| TSCR| TCTL1 | TCTL2 | TCTL3 | TCTL4 | TMSK1| TMSK2| TFLG1 | TFLG2
B5 31 60 80 A4 Cc2 5F 76 47 03 21 80

(a) Whichtimerinterruptsareenabled?

(b) Whichtimerflagsareset?

(c) Briefly explain how atimeroutputcompareunctionworks.

(d) Whichtimer channelsaresetup for outputcompare?

(e) Which outputpinswill OC7 control?

(H Whatwill happerto thesepinswhenTCNT = TC7?

(g) How long (in secondsvill it take for the TCNT registerto overflon?

(h) Write someC codeto setup timer channel3 to functionasaninput capturepin, capturethe time of the
falling edgeon PortT3, andgenerataninterrupton thefalling edge.

(i) Write someC codeto setup PWM channel3 to operatewith a100Hz frequeng anda 20%duty cycle.
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7. Considetthefollowing codefragment:

DDRS= DDRS|
PORTS= PORTS]|
SPOBR = 0x04;

SPOCR1 = 0x5a;
PORTS= PORTS & "0x80;
SPODR = 0xb5a;

((SPOSR & 0x80)
PORTS= PORTS]|

while

(a) Explainthe purposeof eachinstruction:
i.

Vi.

Vii.

viii.

Instructionl:

. Instruction2:

Instruction3:

Instruction4:

Instruction5:

Instruction6:

Instruction7:

Instruction8:

/*
/*
/*
/*
/*
/*
/*
/*

Instruction
Instruction
Instruction
Instruction
Instruction
Instruction
Instruction
Instruction

O~NOOUTPA,WN PP

*/
*/
*/
*/
*/
*/
*/
*/

(b) Draw a timing diagramshaving what happenson the SCK MOSI|, and SS lines of the HC12 wheniit

executednstructions4 through?.

(c) For thequestionabove, whatis the speeddf the SCK?
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8. For this problem,assuméhe HC12is in single-chipmode—i.e., PortsA andB areusedfor parallell/O, andno
externalmemoryor peripheralsareattachedo thechip.

(a) List atleastsix thingswhich you needto do in softwareto be ableto useinterruptsonthe HC12.

vi.
(b) Write a C programwhich will usethe timer overflow interruptto incrementPort A. The TOF interrupt
shouldbe calledonceevery 16.384ms.
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9. Thefollowing figure shavs someexternalhardwareconnectedo anHC12in expandedmnode.

R'W
: I C1
. Ao A0 Y7 D
PA7-0 4 s Al Y6 D
A A2 Y5 O
H Ya O—
pB7-0 £ ?C, Al4 3
'("; — 7 AL5 D@—o E3 Y2 O
4 B2 YLD
AO -
% E EL YO O
T 74AHC138
i B

(a) Explainthefunctionof theHC12's PortA andPortB in wide expandedmode.

(b) Explainthefunctionof the74HC374chipin theinterface.

(c) Whatrangeof addresseaccessC1l —i.e.,for whatrangeof addressewill CS_1 below? Is thisaninput
or outputdevice?

(d) Whatrangeof addresseaccesdC2 —i.e., for whatrangeof addressewill CS_2 below? Is this aninput
or outputdevice?

(e) Write a C #define  which allows you to usethe nameMY_OUTPUTo accessa 16-bit outputport at
addres®x2000.

#define MY_OUTPUT

(H Usingtheabove definewrite aline of C codewhich will write thevalueOxa55a to the 16-bit outputport
ataddres9x2000.
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10. Thechipwhichis anoutputdevice hasatiming diagramasshown.

IC? WRITE TIMING

DSW

Data

t

DSW

t

DHW

t

CSL

30 ns Min

20 ns Min

= 100 ns Min

t CSL

Data Setup Write

Data Hold Write

DHR

Chip Select Low, Write

(a) Onthefigureabove,addtiming signalsfrom theHC12andthe374and138which generatehechip select

for the outputchip.

For eachof thetiming values,explain in wordswhatthe timing parametemeans.Determineif thetime
is compatiblewith the HC12in the circuit showvn on the previous page. Assumethe propagatiordelays
throughthe 74HC138and74HC373are10ns. Indicatewhich circlednumber(sfrom theHC12Electrical
Characteristicsanualyou usedin determiningvhetherthechipis compatiblewith theHC12. If thetime
is notcompatible determinewvhetherit will be compatiblewith theadditionof an E-clockstretch.

(b) tosw

Description:

Actual Circled

Time Number:
(c) tomy

Description:

Actual Circled

Time Number:
(d) tese

Description:

Actual Circled

Time Number:

Compatible?

Compatible?

Compatible?

10

OK with
stretch?

OK with
stretch?

OK with
stretch?



