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Proammmaé(e_ timer operations

f\/v\/\/\

Re%;skfs This subsystem has  more registers than The othevs

controd &z% Istevs

N
TC TLA Timeor C.OV\'*YU«Q "eat'sm (
—rCTL l 7 & 14 Q
THsk1 - Mawm timen mitevvpt waaok rcga’:n\%‘/
T Hsk?2 M scellageovs timer terrvpt mask req 2
PACTL pulse accumulater controd vegista
C)Ci” Ackoy wask fcaism
oc D Achon 0Date Vt%"%“ﬂ
Rate Regislero
'\/_\/-\/\-—'
TCNT | Timer Countlr registe
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FIGURE 11-1 Bit assignments for the Timer Control, Mask, and Flag Register

@ Timer Control Register 1
80

7
$1020 Igﬁi lo2 Jom3 Tos . Jome o  Joms [as |

RESET » 0 0 0 0 0 0 0 0

———- v,__.....-—..t q_...-—-—v-——'—’ LT D e W
OMx,OLx = Output Compare Specification,

see Figure 11.4
TCcmn2 Timer Control Register 2
87 . 80

s1020 L | Teoc1e | eociA | €0628 | €0G2A [ e0G38 [eoc3a |
RESET = (1] 0 0 0 0 0 ] 0

EDGxB,EDGXA = Input Capture Specification,

see Figure 11.5
i TMSKI> Main Timer Interrupt Mask Register 1
4 0
$1022 W
resera 0 0 ) o o 3__’_4/_-"————’
—
0Ci1 - OCSl = Output Compare Interrupt enable,
sae Figure 11.4
IC1 - IC31 = Input Capture Interrupt enable,
see Figure 11.5

0 = Interrupt inhibit
1 = interrupt enable

\ -
! I’FLGG Main Timar Interrupt Flag Register )
7 80

$1023 IOCIF ] oc2F | ocae | ocar | ocsk Lic1E [ic2F _Jicar ]
RESET = 0 0 0 0 0 \?—————O\/—L—/
OCIF - OCSF = Output Compare Flag,

see Figure 11.4
ICIF - IC3F = input Capture Fiag,

see Figure 11.5

« Write with bit(s) set to clear corresponding flag(s).
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| T"ﬁ%‘e 0C«
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| | set Ocx
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FIGURE 11-1 (continued) &nd beee cuntiny oo AFFFO0
TMSK2 ﬁis’.cellaneous Timer Interrupt Mask Register 2
B7 e BO
$1024 |100___fRT [PAOWMI [PAu | | [er1 [PrOo |
RESET = 0 0 0 0 0 0 0 0
—

TOl = Timer Overflow enable, —»
RTI = Real Time Interrupt (RTil) enable
PAQVI = Pulse Accumulator Overflow Interrupt enable,

see Figure 11.9
PAIl = Pulse Accumulator Interrupt enable,

see Figure 11.9

0 = Interrupt inhibit

1 = Interrupt enable
PR1, PRO = Timer Prescale select (Time protected), ¢

see Figure 11.2
TFLG2 Miscellaneous Timer Interrupt Flag Register 2

B7 B8O

$1025 [ 10F [ RTIF__| PAOVF [PAIF | | ]
RESET = 0 0 0 0 0 0 0 0
TOF = Timer Overflow Flag,

see Figure 11.2
RTIF = Real Time (periodic) Interrupt Flag
PAOVF = Pulse Accumulator Overflow Flag
PAIF = Pulse Accumulator input edge F_lag

Peter Spasov

* Write with bit(s) set to clear corresponding flag(s).

Microcontroller Technology: The 68HCI1 1,

Fourth Edition
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FIGURE 11-2 Free-Running Counter (TCNT)

Peter Spasov
Microcontroller Technology: The 68HC11,
Fourth Edition

TMSK2
Foctor | PR1 PRO

_r 1 o 0

€ __ﬁ 4 o 1
8 1 0

16 1 1
Divide-by-Prescale

(o) Counter System

TCNT

EBK

TCNT

Before FF FF
TCNT

After 00 00

(b) Overflow Action

High Byte Low Byte

TFLG2

[

Bit TOF sets
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FIGURE 11-7 Input Capture Sequence
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P vise widiM exawe
s Configwe -
wait_for_rise

If flag == 1, then rise_time = capture time
else repeat wait_for_rise

cqphm_ on n‘sh»wls zdae_ ¢ Clear Capuivre ”‘1‘*

Configure: capture on falling edge
Clear capture flag

wait_for_fall
if flag == 1, then fall_time = capture time
else repeat wait_for_fall

pulse_width = fall_time - rise_time

\> There are limitations. If the pulse is too short, the second edge occurs before the soft-
ware can capture it. One way to remedy this is to use two input capture functions. One is con-
figured for a rising edge and the other is configured for a falling edge. If the pulse is longer
than 65,536 TCNT cycles, overflow will give emroneous results. The program will have to
count how many times the timer overflow bit (bit TOF in register TFLG2) has set.

We can write the pseudocode of Listing 11.7 in assembly language (Listing 11.8).

*Listing 11.8
*Measure time between a rising and a falling edge on IC1.

*,

RISETIME EQu $10
PULSEWIDTH EQU $12

ORG $100

LDAA  #$10 ;config. to capture rising edge
STAA TCTL2X

LDAA  #$04 sclear flag IC1TF if set

STAA  TFLG1.X
*wait for rising edge

POLLRISE
BRCLR TFLG1,X $04 POLLRISE
LDD TIC1,X ;store the rise time
STD RISETIME
LDAA  #$20 ;config. to capture falling edge
STAA  TCTL2,X
LDAA  #$04 ;clear flag IC1F
STAA  TFLG1X

*wait for falling edge

POLLFALL
BRCLR TFLG1,X $04 POLLFALL
LDD nc1LX ;read the fall time
SUBD  RISETIME ;width = fall - rise
STD PULSEWIDTH ;store width
BRA b ;stop here for now

442 Chapter 11: Programmable Timer Operators




] EKQW\P(Q

PQV\'oJ ¢ Ffeiumczx) Neasuvemend

- o &
__J l / 000(6{\«\60 E
— lg \'(C 6&
: - oat’ 0
«v“’

OR & o
Iciouv RMB 1 o Flaa«.o-. not dome , 1 = —
ITc1 Moo RMS 1 5 mode Illaa “FF~off ,0~» 138, 1-laof
PER RHA 2 2 pouad 16 b

OR & 4 (g9

X subvouhwe Iwitc!
X con F.'Jweo mput  caplure

& v su'n% intervopls

IC1 to measure lu'dlﬂ PU"SC

INITCt

PsSHA presevie rcal‘si-m
LD AA % 3lo . E0GIB:E0¢IA = o:l For ristny
STAA TCeTLd, ¥
LOAA #5FF m,kﬁh; o ff
STA A I ctMob :
CLR  [ctduv s;'ynuﬁ pued nrot Jone
BClR  TFLGI,x,4F6 ; clean ICIF IF sef
BSET <THskl x,%304_. enadle Ict raterryp!
cLT enalle cutecropts

o gP g-% g resfore rcﬂcjy{ery

-~ J

re ‘urn .



¥ SepVI ce faul!’uc
RTIC1

L Dy

INVG
X

BNE

RTIct v ¢

U ;NVOK(é w"\w

SYs tem C)Qﬂtc.kc)

edge 4~

4 REGBAS pomt to "C#I'Sfcr.r
Ic1HoD $FF—> 0o af Arst cJJe
: o— 1t o 2k edge
EDGEL s if wel ° vhen +hisss 3"

X process Gest uJac

EDGEH
LDD TICI, X , caphre fiest edge tims
5 TD pER , and sevest
L pAA  H Fot clean flag Tc1F
STAA TFLGL x
RT I : ce bvrn
X process second <93C
E0GE2 J
LDp TICL ¢ cqptve # edge tim
s5vBD pER . second Time - first Tim
5TD pER , i Jow 2 dyhes of resvl
Bak TCTLY X, $30 step cecoqnizing dse
LDap # .
STAA Ict1ovv }) ane polse me,aSu*tJ
scLR  TFL, x, 4F8 ; clewn TI4% TeAf

RTIT

retvra from I SR

7




Ty\uﬁ app\icahons
X Ko\‘w’ﬂ'hk Hcckam'cwq &c}uiPmcnt have sensors That
of ro taton-

vilse for ever frachon
P 3

%Cwud‘e @
MCU can use the mput capture

with +his iuput,
f,\aee.o’ , Jﬁ{ccf‘ mohey €&

?uv\d\'«m 10 weasure
— T T

cecord the diskan ce 'hrqvcleJ

p—

A v tomo biles

o Ankiskid  braking systew CABS)

wheed votaham To Jetermine the

ﬁns\{m senses
yre *o QP("A.

bra Kiu3 pre sS

of the a-uw‘omobi\c 'S mea.SUfeJ

L Tr«velin% SPQ(J
rhe wheels

b“& sensors attached To

MCU can USE thes Cax cruisc co'\{wﬂ

[N I&ni’:\’on ’\‘imhg %\‘avxaﬁ) in the mﬁfnc




‘ FIGURE 11-8 Optoelectronic Position/Motion Detection o ij hb pU |seS corres pm\a’

DIn N\m«a carts The

] t0 oue IisK revels heu

Mcy vses input g"““" Opticol so pulse f*e.?uoncz, Vs
isk Center Li )
Cqplure vo mentor (O @t T enier e related é;l(_(_*'\(} £

amd Jor conkod specd:

| /— - SPCC‘) ds: r(leU‘\.O"\
| @ O "““""lnfrored f '—EJ —-‘L\ Phototronsistor ¥ S0 we can C-OK*“L
= A common +ype of D —— Ll eed acgors il
Speed sewsor IS an sP ac \zv “ﬁ}g
. isk
encoder disk mounted (a) E:::fe\;.?:s puw
on o shaft
(b) Slotted Optical Switch
@ Orsk s loca{‘tc} betweeu . Side View
o slothed b‘P""‘J swikeh 45V
@ when encoden sk roka bes )
ch SWI.'}cl' OU}PU"S PU'SC.Y 1800 :285’ to
s
\ ; —_— N tncader Jdisk han holeo t+hait
DL TN T T e e e
Led emibs infrare (R SN S . onl
Ly ghd = = photo transistar switches on k
(c) Schematic whey Jdisk ro Yajes Yo a P 0s) hos
such 4hat a disk hele s
p KQ) To measure forwmd ot J J.'s.\,,[ befwen \ed & Trams.
eter S| ye .
Microcontrolier Technology: The 68HC1, veverse C bidirechanal ) s pced ( Cwyﬁ‘;::sz::& Pearin Bducato,lc.
Fourth Edior vse dJuad sl }Hed o?‘o'cauo s tchl Al ights rserved.




O zego < peed |

use timer owver§low

2
— it time belween pulses 7 65,7

@ ?U‘SQ ?feﬂum(% ‘o0 l'\njkl |

N measvrement of time
bejween pulses becomes

impre crse .

@ Antiskid braK(v& system (1

To Pvevmt Skf&Jiu% s ng,(_mut}

to prevemt m“ﬁ of +he wheels %OW\ lOCKiK% vp-




Rﬁag Time M*ewup{,‘

- Usinz iu,auf Cq‘n{-ure_
Ra= 441
R = 35K
+5 R4 Ra
1 o-1Mf CH

68“ 1KH2
Ao I3 '
P of 2] 0t

o.luf £ Cont J_‘_f“p““f‘

X (R,q « AKX

Pen’oJ of 8655 s 0.¢693 x Ct

L W W N

ocgurs awn eac i
¥

/4
An fn?uf C_qP‘f‘U'C (vd-crw‘:f

o f the S quane wave 36ner¢{~4J

i se
b\a 555 "
/__\/\_/_\__
v.3.2 7 ey

—>» See book sechom
For pulse w i d He aovremens

hoo K sec fi'ov 1§.3.3 p- 4¢3

periad meaoureme ad




Sulse A ccumuylato
/\/\_/_\/\-/

p/\ 's  an %-bit countey thal can coont iKpU’c

ed aen or weaoure polsi wid th J(Penafuak on opexa’n'nak
mode -

Ty el applrcabhons

Q) W\onihﬁk% tape posthon in VCR o avtomaebi le
odowelr

@ WLON""O(‘\.\A% -to(-nﬂ volume of NU"J {:lowimk -\-\nroval\
o flow meter '

X The pulse accumulator has one nput  pin (PAI)
C s.'afced\‘ou())

at pott A pin PAT ,
AcTL) pulsC

Jireckon can be determined b (P

. "4
OLCCwa\ﬁov c_ow{'rd,q fca\sm

b br €
%X PP&C TL kw @ \JU\SC A cC SaSRm Ene (e
(oA EN) which  wust b€ togic 1L

% ?AHOD, PEDGG biks &skb((sh the funchas

OW“H‘}S waode -

x pAcvT  (cowmt rc_al'slm) Can e read or wviten 1o




FIGURE 11-9 Pulse Accumulator in Event Counting Mode
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S Qua. wave CGongaakhion
&xam()\ﬁ, m

*Listing 11.3

*Shpws routines for generating square waves
*using output OC3.

:A main _ap_plication program varies frequency
*by modifying 16-bit data in addresses HPERIOD.
*Frequency = !/(2 * HPERIOD)

*Us:jer requqsgbi!ity to set up vector addresses
*an other initialization as required by application.

ORG  $180

*Subroutine INITOC3

*[nitializes timer output OC3 for
*square-wave output, interrupt driven.
*Calling registers

* IX = register block address

*Return registers

* None, except CCR affected

INITOC3
PSHA ;preserve registers
PSHB
LDAA #$10 :0M3:0L3=0:1
STAA TCTL1.X ;to toggle OC3
LDAA #$20 sclear OC3F if set
STAA TFLG1,X
STAA TMSK1,X ;set OC3I to enable
cu sinterrupt
PULB ;restore registers
PULA v
RTS ;return

*Service routine RTOC3

*Drives OC3 output for square wave by scheduling

*time delay for next edge to be toggled.

*The minimum permissible half-period is the number of clock
*cycles in this routine plus those required to enter

*and exit the routine.

*Static variable (2 bytes)

*Address HPERIOD = OC3 half-period time duration

*This routine executed after TOC3 == TCNT occurs

RTOC3
LDX  #REGBAS ;point to registers
LDD HPERIOD  ;update TOC3
ADDD TOC3,X ;by adding half period
STD TOC3,X ;to latest TOC3 value
* sto schedule the next interrupt
BCLR TFLG1,X $DF
* clear flag OC3F

RTI ;return from service
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*Listing 11.4

*Shows routines for handling PWM using output OC2.

*A main application program varies the duty cycle

*by modifying 16-bit data in addresses OC2HIi and OC2LO.
*Duty cycle = 100% * OC2HI(OC2H! + OC2L0)

*User responsibility to set up vector addresses

*and other initialization as required by application.

ORG $180

*Subroutine INITOC2
*|nitializes timer output OC2 for
*PWM output, interrupt driven.
*Calling registers

. iX = register block address

*Return registers

. None, except CCR affected

INITOC2
PSHA ;preserve registers
PSHB
LoD TONTX ;delay PWM generation
$TD TOC2,X
LDAA  #$C0 ;OM2:0L2=1:1 to set
STAA TCi1 X ;OC2 high first time
LDAA  #340 ;clear OC2F if set

STAA TFRLG1X
STAA  TMSK1X set OC2i to enable

CLl Jnterrupt
PULB ;restore registers
PULA
RTS ;retum
*Service routine RTOC2

*Drives OC2 output for PWM by scheduling

stime delay for next edge. Also reconfigures
*next edge opposite to that of current edge. -
*Note that routine will not work properly with
*duty cycles close to 0% or 100%.

*Static variables (2 bytes each)

=Address OC2HI = OC2 time duration for high pulse
*Address OC2L0 = OC2 time duration for low pulse

*This routine executed after TOC2 == TCNT occurs

oCaHl  EQU $0006

0C2L0 EQU $0008
RTOC2
LDX #REGBAS ;point to registers
. ;if low part of cycle
* . then {oad OC2LO
BRCLR TCTL1,X $40 GETOC2LO
LoD OC2H!1 ; else load OC2HI
BRA NEWTOC2
GETOC2L0
LDO (o ov, Ko
*update TOC2
NEWTOC2
ADDD TOC2,X
DAA TCTL1,X sinvert OL2 to toggle
EORA  #%01000000 :next OC2 edge
STAA  TCTL1,X .by updating control reg.

BCLR  TFLG1,X$BF clear flag OC2F e

;return from service
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