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1 Intr oduction

Theeebot robot is drivenby two 3 volt DC gearmotors.For precisecontrolof eebotsteeringandnavigation, it
is necessaryto beablecontrol thespeedof thesetwo driving motors.To steerthe robot, thegearmotorscanbe
drivenat differentspeedsor even in differentdirections.Therobotcanthenexecutevery tight turns. The front
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sphericalwheel rolls normally whenthe robot is moving straightahead,andskidssidewayswhenthe robot is
executinga turn.

Thecircuitry of eebotwasdesignedwith motorspeedcontrolin mind: thepowerfor eachmotoris controlled
from a timeroutputon the68HC11thatmaybemodulatedin dutycycle, therebycontrollingmotorspeed.

Duty Cycle Modulation is a simpleconcept.Themotor is switchedon andoff at a ratemuchfasterthanthe
motorcanrespond.As a result,themechanicalinertiaof themotoreffectively averagesthepulsewaveform.The
averagevalueof the voltageacrossthe motor, which setsthe motor speed,is proportionalto the duty cycle

�
,

where ���������
�

� ��� is thetime theswitchis closed,applyingthesupplyvoltageto themotor, and � is theperiodof therepetitive
waveform.(Also noticethat

� � � ���
	 � ���
�
where � ���
� is the time themotor is disconnectedfrom thesupplyvoltage.)A duty cycle waveformis shown in
figure4 onpage7.

Becausethe electronicswitchesdriving the motor are either ONor OFF, they dissapatevery little power.
Consequently, themotordrivecircuit is economicalof batterypoweranddoesnot requirea largeheatsink.

If theduty cycleof thetwo motorsis reducedor increasedin unison,themotorswill slow down or speedup.
Therobotwill continueto move in a straightline with varyingspeed.For example,if theguidancesoftwaremay
determinethatthespeedshouldbeslowedsothattherobotcannavigateobstaclesprecisely.

If onemotor is slowedcomparedto theothermotor therobotwill turn towardtheslower motor. This allows
proportional controlof steering.A smallchangein speedwill leadto a gradualchangein heading,so therobot
maybesteeredsmoothlyandprecisely.

2 Speedand SteeringControl

Thereare two commonmechanismsfor steeringa vehicle. We are all usedto the automotive model, which
consistsof asteeringdevice (thesteeringwheel)anda speedcontroldevice (thethrottle,or gaspedal).

An alternativemethodis oftenusedin trackedvehiclessuchasabulldozeror armytank.A throttleis provided
to setbasicenginespeed.Two levers,onefor eachtrack, canbe usedto brake onetrack or the other, thereby
causingthevehicleto changedirection.This takessomepracticeto master1.

Thebasicmechanismof theeebotis thesameasatrackedvehicle.It would thereforeseemnaturalto provide
two throttles,onefor eachmotor. Steeringis accomplishedby settingthethrottlesto differentvalues(differential
steering).Speedcontrol is accomplishedby varyingthe throttlestogether(collective speedcontrol). In practice
however, it is verydifficult to steeravehiclewith this typeof control.We wouldsaythattheoperator interface is
poor.

Softwarecanprovide a betterinterfacefor steeringthe vehicle. The operatoris providedwith two separate
controls,onefor steeringandtheotherfor speed.Thesoftwarethenusestheseinputsignalsto generatethecorrect
collectiveanddifferentialsignalsfor thetwo motors.

For example,thethrottlecontrolgeneratesasignal � whichspecifiesthevelocityof thevehicle.Thesteering
systemthenapportionsthis velocity signalto thetwo motorssothatsteeringtakesplacecorrectly. For example,
the steeringsignal � couldhave a valuebetween� (maximumleft turn) and � (maximumright turn). Thenfor

1And while learningto drive oneof thesethings,it is possibleto domuchdamageto onessurroundings.

2



� � ����� thevehiclewould steerstraightahead.Theport motorspeed��� andthestarboardmotorspeed��� are
givenby

� � � �����
��� � ��� �!�#"$�&%

We now describethe assemblylanguagesoftware necessaryto control the duty cycle of the motor power
waveform.Theobjective is to constructa softwareroutinethatwill accepta valueof duty cyclebetween1% and
99%andadjustthemotorvoltagewaveformdutycycle to this value.

3 Motor SpeedControl

The motorcontrol circuit is a L293D integratedcircuit. Onepin on the L293D controlsmotor voltagepolarity
to control the motor direction. Thereis alsoa motor voltageenable pin on the L293 that enablesanddisables
motorsupplyvoltage.By varyingtheduty cycle of theenablesignal,theaveragemotorvoltagemaybeadjusted
to somethinglessthat3 volts,controllingthespeedof themotor.

Themotor requiresa minimum of 1 volt to operate.With a 3 volt supplyvoltage,the duty cycle rangecan
thereforerangebetween30% (minimum) and99%. The optimumswitchingfrequency for the motor supplyis
25Hz.

Two LED indicatorsareattachedto eachmotor, onefor eachconnectionto the motor, labelledasMOTOR+
andMOTOR-. Theseareusefulfor determiningthatthemotoris receiving powerandprovidea visible indication
of thedutycycle.

Thesimplifiedcircuit for themotorcontrolcircuit is shown in figure1.
Notice:

' The direction is controlledby an electronicDPDT switch which controls the direction of currentflow
throughthe DC motor. The stateof this switch is controlledby bits D0 andD1 of the generalpurpose
outputregister, which is mappedinto themicroprocessormemorylocation$1100.

' Thespeedof eachmotoris controlledby aswitchin serieswith thepowersupply. Varyingthedutycycleof
theswitchsetstheaveragevoltageacrossthemotor, andhenceits speed.Themotorspeedsarecontrolledby
theOutputCapturelinesOC4andOC3,which arepartof thetimersectionof the68HC11microprocessor.

3.1 Design

The motor speedcontrol waveform wasexperimentallyfound to work bestat a frequency of 25Hz,a periodof
40 milliseconds2. Consequently, theduty cycle modulatedwaveformwill consistof anoutputhigh segment ��(
followedby anoutputlow segment��) , suchthat � (*	 �+) � �,� �.-/� seconds.Therearetwo motors,sowerequire
two of theseduty-cyclepulsegenerators.As well, thewaveformsmustbegeneratedcontinuously. Interruptsand
otherdelaysmusthaveno effecton themotorsignals.Theprecisionof thedutycycleshouldbesomethinglike1
partin 100,or 1%.

Which timershouldweuseto generatethis waveform?Therearemany timersavailableon the68HC11:

' softwaredelay

' TOFcounter
2It shouldwork athigherfrequenciesbut, for reasonsunknown, doesnot.
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Figure1: Motor Control,ProgrammingModel

' RealTime Interrupt

' Hardwaretimers

Wecanimmediatelyeliminatethesoftware delay asacandidatebecausethatwouldrequiretying uptheprocessor
in a lengthydelayloop.

TheTOFcounteris not suitablebecausethetime resolutionis not fine enough:it worksin incrementsof 0/1�2
microseconds(0.065seconds).

Similarily, thereal-timeinterruptis intendedfor applicationsin thetensof milliseconds,soit is not suitable.
Fortunately, thehardwaretimersareideal for this applicationbecausetheoutputwaveformis hardwarecon-

trolled. Interruptshavenoeffectontheswitchingtime. They work semi-automatically, andthetimethatthetimer
is servicedcanvary without affecting the outputwaveform. The hardwaretimerswork by comparinga 16 bit
valueto the 16 bit free-runningcounter, so their basicresolutionis 13 secondwith a precisionof ��4�0/1�2 . This
meetsall our requirements,sois themechanismof choicein this application3.

3.2 The 68HC11Output Compare Timer Mechanism

The68HC11timer systemincludes5 output compare timer channels. This machinerymaybeusedto generatea
dutycyclemodulatedwaveformsemi-automatically. We’ll now review how thosetimerchannelswork.

3Thisis notsurprising,sincethe68HC11wasoriginally designedfor automotiveenginecontrolapplications,whichrequireseveralprecise
timing waveforms.
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A blockdiagramof oneof thefiveoutputcomparetimersis shown in figure2.

Output Function

Output Pin OCx

16 bit equality comparator

Timer Output Compare Register TOCx

A=B

Device Flag (OCxF, in TFLG1)

OMx, OLx

(in TCTL1)

Interrupt Mask (OCxI in TMSK1)

Timer Interrupt

Clock, 1uSec 16 bit free-running counter TCNT

Figure2: OutputCompareMechanism

The16 bit free-runningcounterincrementsat a rateof 13 secondpercountandrolls over to zeroat a count
of 0/1�2 . Thecountermaybereadfrom softwarebut cannotbewritten.

For eachof the5 hardwareoutputcomparechannels,thereis a 16 bit equality comparator anda 16 bit timer
output compare register TOC. Thetimer outputcompareregistermaybeloadedfrom softwareby a sequenceof
instructionssuchas:

LDD #COMPARE_VALUE
STD TOC1

which setsthetimeroutputcompareregisterfor timerchannel1.
Whenever thevaluein thefree-runningcounteris equalto thevaluein thetimeroutputcompareregister, two

thingshappen:

' theoutput function causesanoutput action to happenat thetimeroutputpin, and

' thetimerdeviceflagTOFis set.

If theinterruptis enabledfor this particulartimer channel,settingtheTOFflag furthercausesan interruptto
occur.

Theoutputactionthatoccurson a successfulcomparedependson two bits in configurationregisterTCTL1
asshown in figure3 on page6. Continuingwith our considerationof timer channel1, if OM1

� � andOL1
� � ,

thenthevoltageat thetimer1 outputpin wouldalternatefrom +5 volts to zeroandviceversaeachtime thevalue
in TCTNTis equalto thevaluein TOC1.
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OMx OLx Output Action
0 0 No affect
0 1 Toggle(flip) Pin
1 0 Clear
1 1 Set

Figure3: OutputAction

3.3 Example: Square WaveGenerator

A simpleexamplewill illustratehow this mechanismcanbe usedto producea squarewave. As usual,we’ll
assumetheuseof outputcomparechannel1.

First,considerthespecificcasewherethesquarewaveperiodwasto beexactlyequalto thetwicetherepetition
periodof thefreerunningcounter. Thenwecouldputany value into theTimerCompareregisterTOC1. Thevalue
in thefreerunningcounterTCTNTwould beexactly equalto thevaluein thetimer compareregisterTOC1once
every 051!2 counts,or every 6/�.�.7.6.3 seconds.We would setup OM1

� � andOL1
� � , so that the outputvoltage

would flip between+5 volts to zeroandvice versaevery 6/�.�.7.6#3 seconds( 896/� milliseconds).Theresultwould
bea squarewavewith aperiodof 131millisecondsat thetimerchannel1 outputpin4.

This is not likely to be usefulunlessoneneedsa squarewave of exactly 131 milliseconds.However, with
somesoftwareintervention,thesquarewave canbemadeto beany periodup to 131milliseconds.Themethod
requiresthe interventionof softwareto reloadthe timer outputcompareregisterTOC1every time a successful
comparisonoccurs.Thevalueloadedinto TOC1is equalto thehalf-periodof thedesiredwaveform.

Now, in detail:

' Settheinitial alarmtime � 4 � � .
' Supposethedesiredperiodof thesquarewave is � � milliseconds(where� �;: 131milliseconds).

' The timer outputfunction is setup to causethe outputpin voltageto flip with every successfulcompare
event.

' Thetimer is alsosetup to causeaninterrupton everysuccessfulcompareevent.

' On interrupt,theinterruptserviceroutine

– clearsthedeviceflag

– calculates�+�/<>= 4 � ����?A@ 	 � �CB 0 and

– putsthenew time � �.<!= backin thetimercompareregisterTOC1: � ��?A@ 4 � � �.<!=
In otherwords,every timea half-periodeventoccurs,theoutputflips asa resultof thetimer outputhardware

andthetimercompareregisteris reloadedwith thenext comparisontime.
Noticethat thereloadingtake sometime. Theinterruptserviceroutinemustbecalledandexecuted,andthis

takestime. However, theoutputtransitionis causedby hardware,soit occurspreciselyat thecorrectinstant.The
only requirementof theISR is thatit executebeforethefollowing compareeventoccurs.

4The first half-periodwill not necessarilybe 65 millisecondsbecauseit dependson the contentsof the free-runningcounterwhenthe
processis started.
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3.4 Duty Cycle Calculation

From the previousexample,it is only a small stepto controlling the duty cycle of the outputwaveform. If the
duty cycle is somethingotherthan50%thetimer softwarealternatelyloadstwo differentvaluesof time interval
into thetimercompareregisterdependingon therequiredlengthof theoutputinterval.

In ourcase,wewanttheoutputwaveformto havea frequency of 25 Hz, ie, aperiodof 40milliseconds.Then
thewaveformwill consistof a time interval ��( in which theoutputvoltageis high followedby atime interval � )
in which theoutputvoltageis low, andthetotal of ��( plus � ) will be40,000microseconds,asshown in figure
4. (Time ��( correspondsto thepreviouslydiscussed����� . � ) correspondsto �����
� . Thetermshigh andlow refer
to thethemotorvoltageduring ����� and �����
� .)

D E
40000 F Sec

T

D E D E0V

+5V

G5H
(
G.I�J

)

G5K
(
G I�LCL

)

Figure4: Duty CycleWaveform

In settingup the valuesof ��( and � ) , we mustcalculatevaluesthat satisfy the two requirementsof duty
cycle andwaveformperiod. Expressingtheperiodof thewaveformin microseconds(thebasicunit of thetimer
circuits),wehave

� � � (M	 �+)� -/�/�.�/�
As well, theduty cycle

�
(in percent)is givenby

�����+(
� �N�O�/�5P

Puttingthesetwo equationstogetherandsolvingfor � ( and ��) in termsof
�

we have

� ( � -/�.� � (1)

and
� ) � -5�.�Q" ��( (2)

Every time the motor duty cycle is changed,foregroundsoftwareroutinerecalculatesthe valuesof �+( and
� ) . Thetimer outputcompareinterruptserviceroutinethenalternatelyloads �+( and � ) into TOCxto generate
theduty cyclewaveform.

Noticethat this hasto bedonetwice, oncefor eachmotor. Thetimer TOCxis TOC3for thestarboardmotor
andTOC4for theport motor5.

5Wehave recentlymovedthestarboardmotorfrom PA3/OC5to PA5/OC3.
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3.5 Output Compare Interrupt Machinery

Eachoutputcomparetimerchannelusesthemachineryshown in figure5 on page8:

Name Function Register

OutputCompare Containsthe timer value to be comparedto the 16-bit free-
running counter. Loadedwith the correctvalue by the timer
ISR on eachtimer interrupt.

TOC3(Starboard)
TOC4(Port)

OutputAction Specificationof theoutput action, theoutputvoltagelevel that
occurswith every interrupt.Two bitsmustbesetupby thetimer
initialization software.

TCTL1 (See fig-
ure3)

DeviceFlag Setwhena outputcompareoccurs,mustbe clearedby the in-
terruptserviceroutine.

TFLG1

InterruptMask An interrupt enable mask bit, that enablesanddisablesinter-
ruptsfor this outputcomparechannel.Onebit mustbe setby
thetimer initializationsoftware.

TMSK1

InterruptVector A two-byte addressat the top of memorywhich points to a
pseudo-interruptvector.

No setuprequired

Pseudo-InterruptVector Three-bytejumpinstruction,mustbesetupby theinterruptini-
tializationsoftware.

See table, Lab 6
$00D9 (Timer 3)
$00D6(Timer4)

InterruptServiceRoutine InterruptServiceRoutine: Onerequiredfor eachoutputcom-
paretimer.

See following
section

InterruptEnable Initializesthechannelmachineryandturnon its interrupts. See following
section

InterruptDisable (Optional)A subroutineto turn off the interruptson thatchan-
nel.

See following
section

Figure5: OutputCompareMachinery

3.6 The Output Compare Interrupt Service Routine

Now wewill discussthedesignof thetimer interruptsubroutine.Weassumethatthereis oneISRfor eachmotor,
sowe’ll describeonly thestarboardversion.

Theroutinealternatesbetweentwo principal states:OUTPUT_LOWandOUTPUT_HIGH. On eachtimer in-
terrupt,the statechanges.Consequently, the statediagramis very simple: the statemachinesimply transitions
unconditionallyfrom onestateto anothereachtime the interruptsubroutineis called. The pseudocodefor the
InterruptSubroutineshown in figure6 on page9.

Noticethefollowing logic in theISR:
' If thestateis currentlyOUTPUT_HIGHwhenthe interruptoccurred,theoutputswitched(underhardware

control)to theoutputlow state.SoOMx:OLx wasandis currentlysetto 1:0 . (Seefigure3).

' Thepin voltageis currentlyzerovolts (low).

' Obviously, thenext stateshouldbeOUTPUT_LOW.
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Clear the timer flag.
If STATE == OUTPUT_HIGHthen

STATE := OUTPUT_LOW
T := (T + T_LOW) MOD2ˆ16
TOCx := T
OMx:OLx := 1:1 ;Transition on interrupt to output high
Return

If STATE == OUTPUT_LOWthen
STATE := OUTPUT_LOW
T := (T + T_HIGH) MOD2ˆ16
TOCx := T
OMx:OLx := 1:0 ;Transition on interrupt to output low
Return

Else ; Illegal state!
Set error flag in RAM
Loop here forever

Note: := means ’is assigned to’
== means ’is equal to’

Figure6: OutputCompareInterruptServiceRoutine,Pseudocode

' We now want the timer to delay for the interval T_LOW. If the presenttime is T, thenwe wish the next
interruptandoutputtransitionto occurat timeT:=T+T_LOW. Thissumis modulo 0/1�2 , thatis, theresultis
truncatedto 16bits, ignoringany carries.ThetimeT mustbemaintainedsomewhereasa16-bit variable.

' Next, we loadthetruncatedsumT into thetimercompareTOCregister.

' At the endof that interval, we want the output to switch (underhardwarecontrol) to outputhigh, so we
mustload theoutputactionbits OMx:OLx with 1:1 . This will causetheoutputto transitionhigh on the
next timer interrupt.

Err or Checking

Thedesignof routinesto detect,signalandrecover from errorsis a majorchallengein softwaredesign.In this
case,we take theeasyway out: if themachinesomehow getsinto an illegal state,thestatemachinesetsa bit in
a pre-determinedRAM registerandthenloopsforever. The alive indicatorextinguishes,which signalsthat the
programhascrashed.

Themainloopclearsthis locationeachcircuit aroundthemainloop. Consequently, if themachineappearsto
crash,a dumpof the ’error flag register’ would show a non-zeroresultif this werethecause.In otherwords,if
thiserroroccurs,wedeliberatelyhangup theprogram.In therobotoperatingsystem,this is probablyacceptable.
In anaircraftflight controlsystem,it woulddefinitelynot besufficient.
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4 Appendix 1: Duty Cycle Routine

Thecompleteworkingroutinefor dutycyclecontrolof theOC3(eebotstarboardmotor)is shown onthefollowing
pages.

Page Description
11 Programheader, equatesandRAM registerdefinitions.Thesewould be

modified with the addition of registersand equateswhen addingport
motorcontrol.

12 This pageincludestheMain Loop for theprogram,which simply starts
theOC3waveformrunningandthenloopsendlessly. This routinewould
be modifiedto call the initialization for the OC4timer channel. It also
includestheroutineto calculatetimer intervalsbasedonthedesiredduty
cycle. It shouldnot benecessaryto modify this routine. It alsoincludes
the routine to initialize duty cycle modulationon timer channel5. A
secondversionof this is requiredfor theportmotor.

13 Thedutycyclemodulationinterruptserviceroutine.A secondversionof
this is requiredfor theportmotor.

14 A �R6S�T�O6 bit multiplicationroutine.It shouldnotbenecessaryto modify
this routinewhenaddingthesecondtimercontrolchannel.
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*------------------------------------------------- -------- ------- -
* Duty Cycle Demonstration
*
* This program demonstrates the use of the output compare timer channel
* on the 68HC11 microprocessor to produce a waveform of specified duty
* cycle.
* The code shown drives the starboard motor of the eebot robot, which is on
* output compare channel 5. Similar code would be used for the port motor
* on output compare channel 4.
* To operate this test program:
* - load the .s19 file into the HC11 RAM as usual
* - use MM6000 to set the duty cycle to something between 01 and 99
* - run the program with G 6050
* - the waveform at the MPP board pin PA3/OC3 should show the correct
* duty cycle
* - if eebot is connected, the motor speed should be affected.

* Tested: 6 October 2001
* Peter Hiscocks
* Modified to change OC5 to OC3 August 2002. Not tested!
*------------------------------------------------- -------- ------- --
*
* Equates
* See the Pink Book for the bit assignments
TOC3 equ $101A ; Timer compare hardware register (2 bytes)
TCTL1 equ $1020 ; Output action control register
TMSK1 equ $1022 ; Output compare, interrupt mask
TFLG1 equ $1023 ; Output compare, device flag
TOCVEC3equ $00D9 ; Pseudo-interrupt vector location (3 bytes)
*
OUTPUT_LOW equ 0 ; Definition of the Output Compare timer states
OUTPUT_HIGH equ 1 ;
MOTOR_PERIOD equ 40000 ; Period of motor frequency waveform, microsec
TOC3_BADSTATE equ %00000001 ; Error bit
*
* Variables

org $6000

* Starboard duty cycle parameters
ST_DUTY_CYCLE fcb 75 ; Duty cycle in % (1 to 99)
* ; Initialized to 75%
ST_T_LOW rmb 2 ; Time to spend in low state (microsec)
ST_T_HIGH rmb 2 ; Time to spend in high state (microsec)
ST_TIME_TOTAL rmb 2 ; Time total
ST_STATE rmb 1 ; State of the duty cycle state machine

ERROR_REG rmb 1 ; Contains error messages
TEMP rmb 2 ; General purpose working register
*
* Working Register Area for double-precision multiply
OP1_HI rmb 1 ; First operand, high byte
OP1_LO rmb 1 ; First operand, low byte

OP2_HI rmb 1 ; Second operand
OP2_LO rmb 1

RES_HI rmb 1 ; Result registers, high to low.
RES_NSB2 rmb 1
RES_NSB1 rmb 1
RES_LO rmb 1
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* Text (Code)
org $6050

*------------------------------------------------- -------- ------- ----
* Main Loop
*
START CLR ERROR_REG ; No errors yet

LDAA ST_DUTY_CYCLE; Calculate the timer intervals
JSR CALC_TIMER_INT
STX ST_T_LOW
STY ST_T_HIGH

JSR ST_INIT_PWM ; Set up the interrupt machinery for OC3
CLI ; Enable global interrupts, PWMis running

LOOP BRA LOOP ; Loop here forever

*------------------------------------------------- -------- ------- ----
* Calculate Timer Intervals

* Passed: Duty cycle D in ACCA
* Motor waveform period Tm (microsec) in variable ’MOTOR_PERIOD’
* Returns: T_High in Y index register
* T_Low in X index register

* Algorithm: T_High = D * Tm/100
* T_Low = Tm - T_high
*

CALC_TIMER_INT PSHA ; Save the duty cycle to the stack
LDD #MOTOR_PERIOD ; Calculate Tm/100
LDX #100
IDIV ; Quotient Tm/100 is now in X

LDAA #0 ; Get Duty Cycle D into Y
PULB ; by retrieving it from the stack
XGDY

JSR MUL16 ; Find T_High = D * Tm/100
STX TEMP ; Lower 16 bits are in X index register

* ; Upper 16 bits are in Y but can be ignored
* ; since they are known to be zero

LDD #MOTOR_PERIOD ; Now calculate Tm-T_high
SUBD TEMP ;
XGDX ; putting the T_low result in X
LDY TEMP ; and the T_high result in Y
RTS

*------------------------------------------------- -------- ------- ----
* Duty Cycle Modulation: Initialization
*
* Note: PWMis ’Pulse Width Modulation’, the same as ’duty cycle
* modulation’.
ST_INIT_PWM LDAA #$7E ; Set up the pseudo-interrupt jump instruction

STAA TOCVEC3
LDD #TOC3_ISR ; to point at the TOC3 ISR
STD TOCVEC3+1

LDAA #OUTPUT_HIGH; Initialize the state
STAA ST_STATE

LDAA #%00100000 ; Clear the timer compare flag
STAA TFLG1 ; See pink book page 10-14

LDAA TMSK1 ; Enable the TOC3 interrupt
ORAA #%00100000
STAA TMSK1

RTS
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*------------------------------------------------- -------- ------- -----
* Duty Cycle Modulation: Interrupt Service Routine
*
* This routine handles the timer interrupt for Output Compare channel 3.
* In the eebot, this is the starboard motor speed control pin.

* Algorithm:
* Clear the timer flag.
* If STATE == OUTPUT_HIGHthen
* STATE := OUTPUT_LOW
* T := (T + T_LOW) MOD2ˆ16
* TOCx := T
* OMx:OLx := 1:1 ;Transition on interrupt to output high
* Return
* If STATE == OUTPUT_LOWthen
* STATE := OUTPUT_LOW
* T := (T + T_HIGH) MOD2ˆ16
* TOCx := T
* OM3:OL3 := 1:0 ;Transition on interrupt to output low
* Return
* Else ; Illegal state!
* Set error flag in RAM
* Loop here forever

TOC3_ISR LDAA #%00100000 ; Clear the timer compare flag
STAA TFLG1 ; See pink book page 10-14

LDAA ST_STATE ; If the state
CMPA#OUTPUT_HIGH ; is OUTPUT_HIGHthen
BNE TOC3_ISR_1

LDAA #OUTPUT_LOW ; set state to output_low
STAA ST_STATE

LDD ST_TIME_TOTAL ; Calculate the next event time
ADDD ST_T_LOW
STD ST_TIME_TOTAL ; Update the running total
STD TOC3 ; and set up the compare register
LDAA TCTL1 ; Transition on interrupt to high
ORAA #%00110000 ; Set both OM3 and OL3
STAA TCTL1

BRA TOC3_ISR_EXIT ; Exit

TOC3_ISR_1 CMPA#OUTPUT_LOW ; Else if the state is OUTPUT_LOW
BNE TOC3_ISR_2

LDAA #OUTPUT_HIGH ; set the state to output_high
STAA ST_STATE

LDD ST_TIME_TOTAL ; Calculate the next event time
ADDD ST_T_HIGH
STD ST_TIME_TOTAL ; Update the running total
STD TOC3 ; and set up the compare register

LDAA TCTL1 ; Transition on interrupt to low
ORAA #%00010000 ; Set bit OM3
ANDA #%11101111 ; Clear bit OL3
STAA TCTL1

BRA TOC3_ISR_EXIT ; Exit

TOC3_ISR_2 LDAA ERROR_REG ; Else state is in error
ORAA #TOC3_BADSTATE ; so set the bit
STAA ERROR_REG
SWI ; and break to the monitor

TOC3_ISR_EXIT RTI
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*------------------------------------------------- -------- ------- ------
* Double Precision Multiply

* This routine accepts two 16 bit operands and generates a 32 bit result.

* Passed: Multiplier word in X index
* Multiplicand word in Y index
* Returns: Result low word in X
* Result high word in Y

* Algorithm by analogy:
* 27
* * 68
* ----
* 56 Product * multiply low digits
* 16 Product * first cross multiply
* ----
* 216 Partial sum
* 42 Product * second cross multiply
* 12 Product * multiply high digits
* ----
* 1836 Final sum

MUL16 STX OP1_HI ; Set up the multiplier in work area
STY OP2_HI ; Set up the multiplicand in the work area

CLR RES_HI ; Clear the result registers
CLR RES_NSB2
CLR RES_NSB1
CLR RES_LO

LDAA OP1_LO ; Multiply the low bytes
LDAB OP2_LO
MUL ; Result is in D
STD RES_NSB1 ; and save the result in the low 16 bit reg

LDAA OP1_LO ; First cross multiply
LDAB OP2_HI
MUL ; Result is in D
ADDD RES_NSB2 ; Find partial sum
STD RES_NSB2
BCC MUL16_1 ; If the add generated a carry
INC RES_HI ; increment the high byte

MUL16_1 LDAA OP1_HI ; Second cross multiply
LDAB OP2_LO
MUL ; Result is in D
ADDD RES_NSB2 ; Find partial sum
STD RES_NSB2
BCC MUL16_2 ; If the add generated a carry
INC RES_HI ; increment the high byte

MUL16_2 LDAA OP1_HI ; Multiply the high bytes
LDAB OP2_HI
MUL ; Result is in D
ADDD RES_HI ; Add the two upper bytes
STD RES_HI

LDX RES_NSB1 ; Move the low word to X
LDY RES_HI ; Move the high byte to Y

RTS
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