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HC12 Built-In Hardware

e TheHC12hasanumberof usefulpiecesof hardwarebuilt into the chip.
¢ Differentversionsof the HC12have slightly differentpiecesof hardware.

e We areusingthe MC68HC912B32chip (oftenreferredto asthe HC12B32
chip).

o Hereis someof thehardwareavailableontheHC12B32:

— General Purposelnput/Output (GPIO) Pins. Thesepinscanbe used
to readthelogic level onanHC12 pin (input) or write alogic level to an
HC12pin (output). We have alreadyseenexamplesof this— PORTAand
PORTBEachGPIO pin hasanassociatedit in a datadirectionregister
which you useto tell theHC12if you wantto usethe GPIOpin asinput
or output. (For example,DDRAis the datadirectionregisterfor PORTA)

— Timer-Counter Pins. The HC12is often usedto time or countevents.
For example,to usetheHC12in aspeedometetircuit you needto deter
minethetime it takesfor awheelto make onerevolution. To keeptrack
of thenumberof peoplepassinghroughaturnstileyou needto countthe
numberof timestheturnstileis used.To controltheignition systemof an
automobileyou needto make a particularsparkplug fire at a particular
time. TheHC12hashardwarebuilt in to do thesetasks.

— PulseWidth Modulation (PWM) Pins. To make a motorturn ata par
ticular speedyou needto sendit a pulsewidth modulatedsignal. This
is a signalat a particularfrequeny (which differsfor differentmotors),
whichis high for partof the periodandlow for therestof the period. To
have the motorturn slowly, the signalmight be high for 10% of thetime
andlow for 90%of thetime. To have themotorturnfast,thesignalmight
be high for 90% of thetime andlow for 10%of thetime.

— Serial Interfaces:. It is often corvenientto talk to otherdigital devices
(suchas anothercomputer)over a serialinterface. Whenyou connect
your HC12to the PCin thelab, the HC12talks to the PC over a serial
interface. The HC12 hastwo serialinterfaces: an asynchronouserial
interface(calledthe SerialCommunication$nterface,or SCI) andasyn-
chronousserialinterface(calledthe SerialPeripheralnterface,or SPI).



EE 308 Feb. 18,2002

— Analog-to-Digital Converter (ADC): Sometimest is usefulto corvert
avoltageto a digital numberfor useby the HC12. For example,a tem-
peraturesensormay put out a voltage proportionalto the temperature.
By converting the voltageto a digital number you canusethe HC12to
determinghetemperature.

e Mostof the HC12pinssene dual purposesFor example,PORTTis usedfor
thetimer/countefunctions.If youdonotneedo usePORT Tfor timer/counter
functions,you canusethepinsof PORTTior GPIO.Thereareregisterswhich
allow youto setupthe PORT Tpinsto useasGPIO,or to useastimer/counter
functions.(Thesearecalledthe Timer Control Registers).
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Intr oduction to the HC12 Timer Subsystem

e TheHC12hasa 16-bit clock the normallyrunswith an8 MHz clock.
e WhenyouresettheHC12,theclockis initially turnedoff.

— To turn on the clock you needto write a 1 to Bit 7 of register TSCR
(Timer SystemControl Register)ataddres©x0086 .

e Theclock startsat0x0000 , countsup (0x0001 , 0x0002 , etc.) until it gets
to OXFFFF. It rolls over from OXFFFF to 0x0000 , andcontinuescounting
forever (until you turn the counteroff or resetthe HC12).

e It takes 8.192 ms (65,536 counts/8,000,00@ounts/sec)or the counterto
countfrom 0x0000 to OxFFFF androll overto 0x0000 .

e To determinethe time aneventhappensyou canreadthe value of the clock
(by readingthe 16-bit TCNT(Timer CountReajister)ataddres©x0084 .

Timer inside the 68HC12:
When you enable timer (by writing a 1 to bit 7 of TSCR),

you connect an 8—MHz oscillator to a 16—bit counter.

You can read the counter at address TCNT.
The counter will start at 0, will count to OXFFFF, then

roll over to 0x0000. It will take 8.192 ms for this to happen.

16-Bit Counter
TCNT (addr 0x84)

8 MHz

TEN
(Bit 7 of TSCR, addr 0x86)

To enable timer on HC12, set Bit 7 of register TCSR:

bset TSCR.#3$80 TSCR = TSCR | 0x80:
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e To putin adelayof 8.192ms, you could wait from onereadingof 0x0000
to the next readingof 0x0000 .

e Problem: You cannotreadthe TCNTregisterquickly enoughto make sure
youwill seethe0x0000 .

To put in a delay for 8.192 ms, could watch timer until

TCNT == 0x0000:

bset TSCR,#$80 TSCR = TSCR | 0x80;
[1: Idd TCNT while (TCNT != 0x0000) ;
bne 11

Problem: You might see OxFFFF and 0x0001, and miss 0x0000

16-Bit Counter
TCNT (addr 0x84)

8 MHz

TEN
(Bit 7 of TSCR, addr 0x86)
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e Solution: TheHC12hashuilt-in hardwarewith will setaflip-flop everytime
the counterrolls over from OxFFFF to 0x0000 .

e Towaitfor 8.192ms,justwait until theflip-flop is set,thencleartheflip-flop,
andwait until the next time theflip-flop is set.

¢ You canfind the stateof theflip-flop by looking at bit 7 (the Timer Overflov

Flag (TOPR bit) of the Timer Flag Register 2 (TFLG2) register at address
Ox008F .

¢ You cancleartheflip-flop by writing a1 to the TOFbit of TFLG2.

Solution: When timer overflows, latch a 1 into a flip—flop.
Now when timer overflows (goes from OxFFFF to 0x0000),
Bit 7 of TFLG2 register is set to one. Can clear

register by writting a 1 to Bit 7 of TFLG register. TIMER OVERFLOW INTERRUPT

(Note: Bit 7 of TFLG2 for a read is different than
Bit 7 of TFLG2 for a write)

vcc
\; TOF
b Q Read
(Bit 7 of TFLG2, addr 0x8F)
— 16-Bit Counter Overflow
8 MHz TCNT (addr 0x84)
TEN (addr 0x84) R
(Bit 7 of TSCR, addr 0x86)
TOF
Write
(Bit 7 of TFLG2, addr 0x8F)
bset TSCR,#$80 ; Enable timer
11: brelr TFLG2,#$80,I11 ; Wait until Bit 7 of TFLG2 is set TSCR = TSCR | 0x80; /[Enable timer
Idaa #$80 while ((TFLG2 & 0x80) == 0) ; // Wait for TOF
staa TFGL2 ; Clear TOF flag TFLG2 = 0x80; / Clear TOF
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e Anotherproblem: Sometimes/ou may wantto delaylongerthan8.192ms,
or time an eventwhich takeslongerthan8.192ms. Thisis hardto doif the
counterrolls over every 8.192ms.

e Solution: The HC12 allows you to slow down the clock which drives the
counter

¢ You canslow down the clock by dividing the8 MHz clock by 2, 4, 8, 16, or
32.

¢ You do this by writing to the prescalebits (PR2:0) of the Timer Interrupt
Mask2 (TMSK3J Registerataddres©x008D .

8.192 ms will be too short if you want to see lights flash.
You can slow down clock by dividing it before you send it to
the 16-bit counter. By setting prescaler bits PR2,PR1,PRO of TMSK2 you can

slow down the clock:

PR2:0 Divide Freq Overflow Rate

000 1 8 MHz 8.192ms
001 2 4 MHz 16.384ms
010 4 2 MHz 32768 ms
011 8 1 MHz 65.536ms
100 16 0.5 MHz 131.072ms
101 32 0.25MHz 262.144 ms
110 -- Undefined

111 --  Undefined

To set up timer so it will overflow every 32.768 ms:

bset TSCR,#$80 TSCR = TSCR | 0x80;
ldaa #$02 TMSK2 = 0x02;
staa TMSK2 TIMER OVERFLOW INTERRUPT
VCC
\; TOF
b Q Read
(Bit 7 of TFLG2, addr 0x8F)
~ 16-Bit Counter Overflow
8 MHz — Prescaler TCNT (addr 0x84
TEN (addr 0x84) R
(Bit 7 of TSCR, addr 0x86)
PR[2..0]
(Bits 2-0 of TMSK2, addr 0x8D) TOF

Write
(Bit 7 of TFLG2, addr Ox8F)
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Settingand Clearing Bits in C

¢ To putaspecificnumberinto amemorylocationor register(e.g.,to put 0x55
into PORTA):

movb  #$55,PORTA PORTA= 0x55;

e To seta particularbit of a register(e.g.,setBit 3 of PORTA) while leaving
the otherbits unchangedlo a bitwise OR of the registeranda maskwhich
hasal in thebit(s) youwantto set,andaO in the otherbits:

bset PORTA,#$10 PORTA= PORTA| 0x10;

e Toclearaparticularbit of aregister(e.g.,clearBit 4 of PORTA) while leaving
the otherbits unchangedio a bitwise AND of the registeranda maskwhich
hasa 0 in the bit(s) you want to cleatr anda 1 in the otherbits. You can
constructhis maskby complementinga maskwhich hasa 1 in thebit(s) you
wantto set,anda0 in the otherbits:

bclr PORTA,#$20 PORTA= PORTA& OxDF;

PORTA= PORTA& "0x20;

¢ Write to all bits of aregisterwhenyou know whatall bits shouldbe, suchas
whenyou initialize it. Setor clearbits whenyou wantto changeonly oneor
afew bits andleave the othersunchanged.

e To clearabit in atimer flag register (TFLG1 and TFLG2) write a 1 to the
bit(s) you want to clearand a zeroto all otherbits. Do not do a bitwise
OR of the registerand a mask. To clearthe Timer Overflow flag (Bit 7 of
TFLG2):

movb #$80, TFLG2 TFGL2 = 0x80:;



