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Name:

You mayuseany of theMotoroladatabooksandtwo pagesof notes.No calculatorsallowed. Show all work. Partial
credit will be given. No credit will be given if an answerappearswith no supportingwork. For all the questions
below, assume the 68HC12 has a 16 MHz crystal which results in a 8 MHz E clock. For all the C code you write
assume hc12.h has been included so you can refer to registers by name.

1. For this problemassumeall thearithmeticis donewith aneight-bitprocessor.

(a) Fill in theblanksin this table.

Unsigned Signed
Hex Binary Decimal Decimal

23
10010110

-17

Considerthefollowing HC12instructions.Show theresultin theA accumulator, andindicatethestateof
theN, Z, V andCbits afterexecutingbothinstructions.Theanswershouldbein hexadecimal.

(b) ldaa #$C8
adda #$A9

Answer: N: Z: V: C:

(c) ldaa #$77
adda #$48

Answer: N: Z: V: C:

(d) ldaa #$C8
suba #$A9

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

Addressing Cycles
Address Op Code & Operands Mode

---- CODE: section .text
---- org $0800

ldd #$C217
anda #$82
stab $0955
inc $55
pshx

(a) Fill in theabovetable.In thecolumnlabeledAddress , fill in theaddressof thefirstbyteof theinstruction.
In thecolumnslabeledOp Codes & Operands show theopcodesandoperands(ashex numbers).In
the columnlabeledAddressing Mode indicatethe addressingmodeusedby the instruction. In the
columnlabeledCycles indicatethenumberof cyclesneededto executetheinstruction.

(b) How many bytesof memorydoesthecodefragmentoccupy?

(c) How many microsecondswill it take thefragmentto executeonanHC12with a 8 MHz E-clock?

(d) For thesameinstructionsshow thevaluesof eachof the registersafterexecutionof the instruction.You
do not have to put down a valueif thevaluedid not change.You do not have to indicatethestateof theH
bit of theCCR.

CCR
Inst A:B X Y SP PC S X H I N Z V C

FF:FF FFFF FFFF 0A00 0800 1 1 1 1 1 1 1 1
ldd #$C217 X
anda #$82 X
stab $0955 X
inc $55 X
pshx X
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3. Thefollowing tablesshow thevaluesof anHC12’s registersandsomeof its memory.

Reg - -
S X H I N Z V C

CCR 1 0 0 0 1 0 0 1
A:B A3 92

X 82F2
Y 12F7

SP 208D
PC 31F4

0 1 2 3 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 0F 00 01 02 19 ED 08 8E E0
0820 20 25 F2 7A 09 00 3F CF 0A 00 15 FA 00 01 5F A0
0830 01 3F C6 80 5B 86 C6 03 5B 8D C6 FF 5B 02 4C 80

FFD0 20 20 20 30 20 40 20 50 20 60 20 70 20 80 20 90
FFE0 21 A0 21 B0 30 D0 32 F0 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 theaddressof thefirst instructiontheHC12will executeaftera reset?

(b) Whatis theaddressof theRealTimeInterruptinterruptserviceroutine?

(c) Is theXIRQ interruptenabled?How canyou tell?

(d) Reverseassemblethe first four instructionsstartingat address0x0800. Write down the mnemonicand
operandfor theinstructions.Indicatetheaddressingmodeused.Also indicatetheeffectiveaddress– i.e.,
theaddressin memorywhich theinstructionwill useto fetchor storethenumberit is working on.

Instruction Mnemonic Operand Addressing Effective
Address Mode Address
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4. AssumetheHC12’s registershave thefollowing values:

Reg - -
S X H I N Z V C

CCR 1 0 0 0 1 0 0 1
A:B A3 92

X 82F2
Y 12F7

SP 208D
PC 31F4

(a) Briefly explain thepurposeof thestackon theHC12.

(b) Explain what happensto the stack,stackpointer, andprogramcounterwhenyou executethe following
instruction:

pshx

(c) If the registersstartedwith the valuesshown above, tell what registersandmemorylocationswill have
beenchangedafterexecutingthepshx instruction.Whatwill thenew valuesbe?
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5. Herearesomequestionsaboutvarioussub-systemson theHC12.

(a) Whatis theTCNTregister?

(b) Explainthefunctionof theprescalerin thetimersubsystem.

(c) Briefly explain theconceptof theinputcapturefunction.

(d) Briefly explain theconceptof therealtime interrupt.

(e) Write someC codeto setup theA/D converterto makeconversionsof PortAD Bit 3, continuously.

(f) Assume
�����

= 4 V and
�����

= 0 V. Thevoltageonthepinsof PortAD areshown in thetablebelow. What
will bethevaluein theADR1Hregisterafterthecompletionof theA/D conversionsstartedby part(e)?

AD0 AD1 AD2 AD3 AD4 AD5 AD6 AD7
0.5 V 1.0 V 1.5 V 2.0 V 2.5 V 3.0 V 3.5 V 4.0 V

(g) Whatis a flag in thesenseusedby theHC12hardware?

(h) How do youclearflagsin thetimersubsystem?Giveanexampleby writing someC codeto clearC2F.

(i) How do you clearflagsin theserialperipheralinterfacesubsystem?Give anexampleby writing someC
codeto clearSPIF .

(j) Assumethe HC12’s SPI hasbeenenabled,andthe SPI is operatingin mastermode. Whenyou write a
byte to SP0DR, thenreadthe valueof SP0DRthevalueyou readis usuallydifferentthanthe valueyou
wrote.Why?
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6. Below arethevaluesof sometimer registersin theHC12:

TIOS OC7M OC7D TSCR TCTL1 TCTL2 TCTL3 TCTL4 TMSK1 TMSK2 TFLG1 TFLG2
B5 31 60 80 A4 C2 5F 76 47 03 21 80

(a) Which timer interruptsareenabled?

(b) Which timerflagsareset?

(c) Briefly explainhow a timeroutputcomparefunctionworks.

(d) Which timerchannelsaresetup for outputcompare?

(e) Whichoutputpinswill OC7control?

(f) Whatwill happento thesepinswhenTCNT = TC7?

(g) How long (in seconds)will it take for theTCNT registerto overflow?

(h) Write someC codeto setup timer channel3 to functionasan input capturepin, capturethe time of the
falling edgeonPortT3, andgenerateaninterrupton thefalling edge.

(i) Write someC codeto setup PWM channel3 to operatewith a 100Hz frequency anda20%dutycycle.
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7. Considerthefollowing codefragment:

DDRS = DDRS | 0xE0; /* Instruction 1 */
PORTS = PORTS | 0x80; /* Instruction 2 */
SP0BR = 0x04; /* Instruction 3 */
SP0CR1 = 0x5a; /* Instruction 4 */
PORTS = PORTS & ˜0x80; /* Instruction 5 */
SP0DR = 0x5a; /* Instruction 6 */
while ((SP0SR & 0x80) == 0) ; /* Instruction 7 */
PORTS = PORTS | 0x80; /* Instruction 8 */

(a) Explainthepurposeof eachinstruction:

i. Instruction1:

ii. Instruction2:

iii. Instruction3:

iv. Instruction4:

v. Instruction5:

vi. Instruction6:

vii. Instruction7:

viii. Instruction8:

(b) Draw a timing diagramshowing what happenson the SCK, MOSI, andSS lines of the HC12 when it
executesinstructions4 through7.

(c) For thequestionabove,whatis thespeedof theSCK?
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8. For thisproblem,assumetheHC12is in single-chipmode– i.e.,PortsA andB areusedfor parallelI/O, andno
externalmemoryor peripheralsareattachedto thechip.

(a) List at leastsix thingswhich youneedto do in softwareto beableto useinterruptson theHC12.

i.

ii.

iii.

iv.

v.

vi.

(b) Write a C programwhich will usethe timer overflow interrupt to incrementPort A. The TOF interrupt
shouldbecalledonceevery16.384ms.
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9. Thefollowing figureshowssomeexternalhardwareconnectedto anHC12in expandedmode.

H
C
1
2

E E1

E2

E3

A1

A0

A2

R/W

PA7-0 4

Y7

Y6

Y5

Y4

Y3

Y2

Y1

Y0

A15

A13

A12

74AHC138

7

4
7
3

A

H
C

IC2

IC1

PB7-0

A0

A14

(a) Explainthefunctionof theHC12’sPortA andPortB in wideexpandedmode.

(b) Explainthefunctionof the74HC374chip in theinterface.

(c) Whatrangeof addressesaccessIC1 – i.e., for whatrangeof addresseswill CS_1 below? Is this aninput
or outputdevice?

(d) Whatrangeof addressesaccessIC2 – i.e., for whatrangeof addresseswill CS_2 below? Is this aninput
or outputdevice?

(e) Write a C #define which allows you to usethe nameMY_OUTPUTto accessa 16-bit outputport at
address0x2000.

#define MY_OUTPUT

(f) Usingtheabovedefinewrite a line of C codewhichwill write thevalue0xa55a to the16-bit outputport
at address0x2000.
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10. Thechipwhich is anoutputdevicehasa timing diagramasshown.

IC? WRITE TIMING

t
CSL

t   =

t

t =
DHW

DSW
30 ns Min

CSL
=  100 ns Min

Data Setup Write

Data Hold Write

Chip Select Low, Write

t
DSW

t
DHR

20 ns Min

Data

CS

(a) Onthefigureabove,addtiming signalsfrom theHC12andthe374and138whichgeneratethechipselect
for theoutputchip.
For eachof thetiming values,explain in wordswhat the timing parametermeans.Determineif the time
is compatiblewith the HC12 in thecircuit shown on the previouspage.Assumethe propagationdelays
throughthe74HC138and74HC373are10ns. Indicatewhichcirclednumber(s)from theHC12Electrical
CharacteristicsManualyouusedin determiningwhetherthechip is compatiblewith theHC12. If thetime
is not compatible,determinewhetherit will becompatiblewith theadditionof anE-clockstretch.

(b) �	��

�
Description:

Actual Circled OK with
Time : _____ Number: _____ Compatible? ____ stretch? _____

(c) �	�����
Description:

Actual Circled OK with
Time : _____ Number: _____ Compatible? ____ stretch? _____

(d) ����
��
Description:

Actual Circled OK with
Time : _____ Number: _____ Compatible? ____ stretch? _____
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