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Final Exam
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Name:

Youmayuseany of theMotoroladatabooks,notesfrom theEE308webpage,andyou labnotebook.Show all work.
Partial creditwill begiven.No creditwill begivenif ananswerappearswith no supportingwork.

For all problemsassumeyou areusinga MC68HC912B32with an16-MHz crystal,resultingin an 8-MHz pro-
cessorclock. Also, for C programming,assumethe file hc12.hhasbeenincluded,so you canrefer to registersby
name.

1. Do thefollowing arithmetic:

A7 ����� �

A7 ����� ��� (assumingA7 ��� is unsigned)

A7 ����� ��� (assumingA7 ��� is signed)

80��� � �

80��� � ��� (assumingA7 ��� is unsigned)

80��� � ��� (assumingA7 ��� is signed)

Do the following operationson eight-bit numbers.Indicatethe eight-bit answer, andwhethera carry and/or
overflow wasgenerated:

75 8C 90 81 7F
+ 9A + 74 + 90 - 7F - 80

Answer
C
V
N
Z
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2. Considerthefollowing programfragment:

.area CODE (ABS)

.org 0x0800
ldaa #$23
staa $23
anda 3,x
ldy $0902
pshx

(a) Hand-assemblethe codefragment. That is, show what hex numberswill be in what memorylocations
afterthis programhasbeenassembled.

Address 0800 0801 0802 0803 0804 0805 0806 0807
Byte

Address 0808 0809 080A 080B 080C 080D 080E 080F
Byte

(b) How many bytesof memorydoesthecodefragmentoccupy?

(c) How many processorclock cycleswill it take to executethefive instructionsof thecodefragment?

(d) How many microsecondswill it takethefragmentto executeonanHC12with an8 MHz processorclock?
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3. An HC12hasthefollowing in its registers:

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 0800

For the instructionsbelow indicatetheaddressingmodeandtheeffective address(i.e., addressin memorythe
HC12usesfor data):

Address of Addressing Effective
Instruction Instruction Mode Address

0x0800 ldaa #$23
staa $23
anda 3,x
ldy $0902
pshx

4. Thefollowing problemconcernsclearingflags.

(a) How do youcleartheRealTime InterruptFlag(RTIF)? Write someC codewhichwill do this.

(b) How do youcleartheTimerChannel3 Flag(C3F)?Write someC codewhich will do this.

(c) How do youcleartheSerialPeripheralInterfaceFlag(SPIF)?Write someC codewhich will do this.

(d) How do youcleartheAD SequenceCompleteFlag(SCF)?Write someC codewhich will do this.
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5. Thefollowing problemconcernsinterrupts.

Herearethecontentsof somememorylocationsof anHC12:

0 1 2 3 4 5 6 7 8 9 A B C D E F
1000 10 23 3B 7C 10 04 86 80 B7 10 25 3B FC 10 18 F3
1010 12 50 FD 10 18 86 40 B7 10 23 3B FC 10 12 DD 02
1020 86 02 B7 10 23 3B 7C 10 03 86 40 B7 10 25 3B 86
FFC0 CC 05 9F CD 99 03 84 9C 01 9B CC 90 66 FC 93 30
FFD0 7E E3 4B 7E E5 38 21 54 05 83 09 34 2A 38 3C 03
FFE0 41 38 66 F2 7C 13 37 0C 25 F2 0C 38 5F 1B 42 1A
FFF0 7A 26 21 13 6A AA 20 1F 4B 38 33 38 45 38 25 1A

(a) Whatis theaddressof thefirst instructiontheHC12will executeaftera reset?

(b) How do you enabletheRealTime Interrupt?Write someC codeto enablea RealTime Interruptwith a
4.096ms.

(c) What is the addressof the RTI interruptserviceroutine? I.e., what is the first instructionthe HC12 will
executeafterreceiving aRealTime Interrupt?

(d) TheHC12hasthefollowing in its registerswhena RealTime Interruptoccurs:

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 09F8
PC 31F4

Explainin detailwhathappenswhentheHC12respondsto theinterrupt.Show whatwill bein theHC12
registerswhenit startsexecutingthe first instructionof the interruptserviceroutine,andshow whathas
happenedto thestack.

Reg - - Stack Contents
S X H I N Z V C

CCR
A:B
X
Y
SP
PC
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(e) Whatassemblylanguageinstructionshouldyouusewhenyouexit aninterruptserviceroutine?Why?

6. Herearesomequestionsaboutvarioussub-systemson theHC12.

(a) How do youenabletheHC12timersubsystem?Write someC codeto do this.

(b) Whatis thebasicfrequency of thetimersubsystemclock?

(c) How do you changethefrequency of thetimer subsystemclock?Write someC codeto setthefrequency
to 1 MHz.

(d) How do you setup thetimer subsystemto capturethetime of therising edgeon PortT3? Write someC
codeto do this.

(e) Below is a timing diagramfor an SPI peripheral.What shouldyou setCPOL, CPHA, andSP0BR to in
orderto usethis SPIperipheralat themaximumpossiblespeed?Explainyouranswers

CPOL = ________ CPHA = _______ SP0BR = __________

MOSI

SCK

SS

MSB 1234567 LSB

4 µ s Min

(f) Assumethat the SPIhasbeenproperlysetup to communicatewith the above peripheral.Write someC
codeto senda 0x55to theperipheral,andwait for thetransferto finish.

(g) How shouldyou setup theA/D control registersto have theHC12do thefollowing: Performeightcon-
versionssequentiallyonpinsPAD0-7, thenstop.Write someC codeto do this.
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(h) An HC12has
�
	�� ���� and

�
	�� ����� . The input on Pin 3 of PortE is 2.4 V. Whatwill be in theA/D
resultregisterADR3H aftertheconversioninitiatedabove?

(i) You wantto useChannel0 of theHC12PWM subsystemto generatea 1 kHz PWM signal.Whatwould
you write to thePWM registersto do this?

(j) TheHC12hasbeensetup to generatea 500Hz PWM signalon Channel3. PWPER3 hasbeensetto 199.
Whatwouldyou do to make thePWM signalhavea30%dutycycle?

(k) To whatpin wouldyouconnectyourmotorcontrollerto usePWM channel3?
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7. Thefollowing questionconcernstheHC12in expandedmode.

(a) How doestheHC12know whatmodeto run in whenit comesout of reset?

(b) How canyou changetheoperatingmodeof theHC12usinginstructions?If theHC12comesout of reset
in NormalSingleChipmode,write aC instructionto put theHC12into NormalExpandedWidemode.

(c) Explainthefunctionsof PortA andB in expandedmode.(Besureto discusstheE clockwhenyouanswer
this question.)

(d) Show what will be on the address/databus andthe control lines whenthe HC12 executesthe following
instructions:

i. Writesa0xccto address0x1001.

E

Port A

Port B

R/W

LSTRB

ii. Writesa0x55aato thetwo bytesat addresses0x1002and0x1003.

E

Port A

Port B

R/W

LSTRB
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8. Thefollowing shows theHC12interfacedto aperipheralchip:

R/W

6
8
H
C
1
2 CS

Y7

Y0
Y1
Y2
Y3
Y4
Y5
Y6

A1
A0

A2 7
4
1
3
8

PA7-0

A14
A13

E3
E2
E1

7
4
3
7
4 A0

A15

E

D7-0

(a) Is theperipheralin inputor outputchip?

(b) Whatrangeof addresseswill selecttheperipheral?

(c) Shouldyou connectthedatalinesfor theperipheralto PortA or PortB?Why?

(d) If the peripheralis an input, write someC codewhich will reada byte from it andsave it in a variable
calleddata. If theperipheralis anoutput,write thebyte0x55 to it.
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