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Standard Timer Module (TIM)

Fundamental Timing Concepts
The Standard Timer Module

Input Capture - measure signal parameters
— system description

— register description

— programming

Output Compare - generate precision signals
— system description

— register description

— programming
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Standard Timer Module (TIM)
Fundamental Timing Concepts
 TIM isal16-bit binary stop watch
— contains 8 independent input/output channels

— all channels use the same “stopwatch” -- the free
running counter

— Input -- input capture -- capture key parameters of input
signals
 pulse length, frequency, duty cycle
— output -- output compare -- generate precision digital
signals
 pulses, square waves, pulse width modulated signals
— pulse accumulator -- count events
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Standard Timer Module (TIM)
Fundamental Timing Concepts (cont)

Signal characteristics
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frecquency [Hz] = 1 duty cycle = on time = 100%
perod period
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Standard Timer Module
Fundamental Timing (cont)

Free running counter

Timer Enable (TEN)
MCLK

prescalar

frc- TCNT

timer overflow (TOF)
timer overflow
interrupt (TOI)

frc examples

pg 252

PACLK —fa]
PACLE/256 —e TONT

PACLE/S 536 —W= CHTH TCHTL

Ilodule AU -
Clock —me  prescaler — - free ﬂm;:ﬂg | e TOR
(MCLED LT TCI

tt1 N

COMmpare

PR[Z:1:0] CLE[1:0] reset . I—channel 7
outyat
Fogistur: Timer fyvtom Contmel Bogirtr (IEC K ) Boddroee: $0030
3 5 + 3 1 1 a
ez Jrowar |[roscx [ rmmeafl o ] o [ o [ o |
Eoeut: 0 ] 1] L] ] ] L] L]
Esgirtur: Iime: Intezmupt Flagl (IFLG1) Addzere: FO0EF
T L ] i 3 1 1 1
(oo gL o e Lo ff o o e [[o ]
Eoeot: 0 n n n ] ] n n
Fogistur: Timpr Intermupt M) Eogirfur 2 (IM 2E1) Addzere: $003D
i 3 + 3 1 1 1
| 101 || ] || IFT || IDEE || ICEE || FE 1 || FE1l || FE10 |
Eurut: 0 n 1 1 ] ] n n
Eogirtur: Paoke hocnmulate z B o ntrel Eagistur (PAC IL) Bddmee: $00AD
L 3 t 3 1 1 I
| 1] ” FREN ||P.FLHDD ||PEDGE || CLE1 " CLED || POWI ” PRI |
Eoeat: O ] ] 0 ] ] 0 ]
Fogirfur: Timer C onntur Eepirfur High (ICHIH) Pddreee: $0054
i 3 + 3 1 1 1
| Eitl5 || Eitlt ” Eitl3 || Eitl? ” Eitll | Eitln || Eite ” Eit & |
Eoent: 0 ] ] ] ] ] L] ]
Fogetwrn TimprC euntur Bogistur Low (ICHIL) Fddzeee: FO0ES
1
| Eit T || Eit & ” Eit i || Eit+ || Eit3 ” Eit 2 || Eirl || Eit 0 |
Eurut: 0 L] 0 1 1 n 0 1




Standard Timer Module (TIM)
Input Capture/Output Compare Channel

TCHT

free muring
couter

O O —

o output compate ————

{16 bit comparator edge define |
L4 ¥ o8-
: |

[TCaH ' TCal CoF \(\,mq—-loc i

-]
A 103 =10
| 16 hitlatch | [ edge detect

EDGnd [EDGE|
————  irput captre —04 ——————

Roagister: Tim sr Ipuit Caphmrse/Ohput © om pare Select (TIOH ) Address: EOOS0

| I0E7 ” 04 || 085 || I0E4 || I0ES ” IO 2 ” I0E1L || 1080 |

Roset: 0 a a 0 a a a a




: | it : 3 |
Calculating Elapsed | | : ; |
$0000 $BO00 FE000 $FFFF
Ti me 4] Case 1: Btop time court > Start tim e count, no tim er overflows
TOF:1
$0000 $B000 $E000 $FFFF
b Case 21 Start time cownt > Stop tim e count, one timer overflow
‘-TDF:n
| ' ' I
! ! ! !
$0000 }FFFF
¢l Case 3: Stop time count = Start time courd, n timer overflows
=
| ! ! I
I ! ! |
$0000 $BO000 $E 000 }FFFF

d) Case 4: 3tart titn e count > Stop time count ntim er overfl ows

atatt
stop \
$0000 $E000 $E000 $FFFF

g) Case 5: Start time cowt = Stop tith & count, 0 timer overflows
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Standard Timer Module (TIM)
Input Capture - measure signal parameters

* Input Capture - measure signal parameters
— System description
— register description
— programming

* General concept

— capture value of free running counter when user-specified event
occurs

* rising edge, falling edge, any edge

— calculate elapsed time between key events [ 2250 Eooea Ci};‘fff";::;:d
— EX] pulselength, pg 257-258 z T
11 2ty Edze
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Standard Timer Module (TIM)
Input Capture - measure signal parameters

TCHT

free tunning
coutter

28280 —

- 16

[ TCnH | TCnl | C'eF I0C pinn
[ 16 hitlatch M—C|'edge detect

[EDGnd] [EDG o]

irgut captire

Register: Tim er Control Begister 3 (TCT L3) Address: FO034

|ED GTE ” EDG?R”ED GAE ||EDGISA||EDGSB ||EDI1‘15P. || El'G4E || EDG4A|

Recet: 0 1} a a 0 0 a 0
Regicter: Tim er Control Be gicter 4 (TCT L4) Addrecs: FO03E
7 f 5 4 3 2 1 1]

|EDE‘73B ” EDGEA”EDE‘TEB ||EDGEA||EDE‘TIB ||EDI1‘-rlJ". ||EDI3-IZIB || EDGDA|

Recet: 0 0 1] ] 0 0 1] 0




Programming - Input Capture

EX] Measure the period of aperiodic signal
connected to Input capture channel 2

— Assume MCLK Is8 MHz

— Set prescaler to divide by 4

— Clock freguency to frc is therefore 2 MHz
— Period: 0.5 us
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Programming - Input Capture

Irnpoat © aphare Flow chart

irdtialize tegisters
and masks

- TM3KZ
-TCTL4

- TIOE

- TACE

v

declare wariahles:
-edge 1
- period

L

clear [C2 flag

clear IC2 flag

. 21 edge?

caleulate period

L ]

store period

Y
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; MAI N PROGRAM

;1 nput capture channel

Programming - Input Capture

Thi s program neasures the period of a signal
2 by nmeasuring the count difference between two

, consecutive rising edges.

REG BASE
TVBK1
TVBK2
TCTL4

TI CS
TC2H
TSCR
TFLGL
TCNT
TVBK2_I N
TCTL4_I N
TICS IN
TSCR I N
CLR CH2

$0000
$8C
$8D
$8B
$80
$94
$86
$8E
$84
$02
$10
$00
$80
$04

;addr of register base

; decl are of f set
; decl are of fset
; decl are of f set
; decl are of f set
; decl are of f set
; decl are of f set
; decl are of f set
; decl are of f set

of
of
of
of
of
of
of
of

reg
reg
reg
reg
reg
reg
reg
reg

from base
from base
from base
from base
from base
from base
from base
from base

, di sable TO, prescal e=4
ri sing edge

;config I C2 for
:sel ect ch2 for

enabl e tiner,

| C
nor nmal

;mask to clr ch 2 flag

Revised: Aug 1, 2003
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Programming - Input Capture

main

-initialize
|

| |

TIMERINIT MEAS PER

.area test _1(abs)

.ORG $7000 ; User RAM at $7000
edge 1 FDB ;reserve word for variable
peri od FDB ;reserve word for variable

_main
BSR TIMERINIT ;tinmer initialization subr
BSR MEAS PER ; neasure period

DONE: BSA DONE :Branch to self

Revised: Aug 1, 2003
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Programming - Input Capture

TIMERINIT: CLR TMBK1 ;di sable interrupts
LDX #REG _BASE ;1 oad register base to X
LDAA #TVSK2_| N ;1 oad TMSK2 using i ndex addr
STAA TMBK2, X ; di sabl e ovf, prescal e=4
LDAA #TCTL4 I N ;conf 1C2 for rising edge
STAA TCTL4, X ;
LDAA #TIOCS_IN ;select ch 2 for IC
STAA TI CS, X ;
LDAA #TSCR I N ;conf 1C2 for rising edge
STAA TSCR IN, X ; enable tiner, standard flag clr
RTS ; Return from subroutine

Revised: Aug 1, 2003 14



; Subrouti ne MEAS PER neasures peri od
; between two i nput capture events.

VEAS _PER LDAA

WIFLG

WFLGL:

STAA
BRCLR
LDD
STD
L DAA
STAA
BRCLR
LDD
SUBD
STD
RTS

#CLR CH2
TFLGL, X

TFLGL, X, #$04, WIFLG
TCNT, X

EDGE 1

# CLR CH2

TFLGL, X

TFLGL, X, #$04, WIFLGL
TCNT, X

EDGE 1

PERI OD

Programming - Input Capture

;Cear IC2 flag

;wait for first edge

;1 oad val ue from TCNT reg
;store rising edge 1 count
;Cear IC2 flag

;wait for second edge
;1 oad val ue from TCNT
; cal cul ate period

; store period

Revised: Aug 1, 2003
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Output Compare - generate precision signals

generate precision signals based on key events
— active low or high pulse
— repetitive signal of

— pulse width modulation

—d( |q— 20% on time
desired frequency and duty cycle ’7

—wl

—wl

|q— total period =32 .77 msec

Motor Conatrol Woltage with 20% duty eyele

IC— 20% on bme

—wl

key events
Ohln OLn C orfiguration
on Timer Disconnected
01 Toggle OCh output line
1o OCn outpt live to 0
11 OCn owtput line to 1

P/
woltage
soutce

_J

"— total period = 3277 msec

Mlotor © oeatrol Voltage with 20% duty cycle

)

S (e

Pulse Width Modulation to control DC mootor speed

Revised: Aug 1, 2003
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Standard Timer Module (TIM)
Output Compare - generate precision signals

free numing
coutiter

|
¥
O o output compate —————
O

i calea
16 it oo parator }—t.edge define 'j
[TCnH 'TCnalL | CrF 080 =1 100 pinn

Regicter: Timer Cordrol Regicter 1 (TCTL1) Addreszs: 0038
7 ] 5 4 5 2 1 1]
| oMy || oLy ” OMa || OLa || Ons " aoLs || Onhi4 || OL4 |
Reczet: 0 1] 1] 1] 1] 1] 1] 1]
Regicter: Timer Cordrol Regicter 2 (TCTL2) Address: $0089
| OMz || oLz || On2 || oLz || Onl1 " oLl || Onto || oLo |
Reset: 0 ] I ] I ] a0 1]




Programming - Output Compare

EX] Generate a 1000 Hz square wave with a 50%
duty cycle on output compare channel 2 (OC2).
— Assume MCLK is8 MHz
— Prescaler divide by 4
— frc clock frequency is2 MHz, period 0.5 us

— Therefore:
* 1000 Hz period is 2000 pulses
 High time: 1000 pulses ($3E8)
 Low time: 1000 pulses ($3EB)
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Programming - Output Compare
Chatgpnat C ompatre Flowr chart

iritialize registers
atid masks

- ThISEZ

- TCTLZ

- TIOS

- TECR

v

load TC 2 with
muitial cownt

Y

etiahle tim er

< CIF7_

update TCZH

L4

clear C2F flag
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Programming - Output Compare

; MAI N PROGRAM Thi s program generates a
; 1000 Hz square wave with a 50% duty cycle

; on out put conpare channel

TVBK1
TVBK2
TCTL2

TI S
TC2H
TSCR
TFLGL
TVBK2_ I N
TCTL2_I N
TICS IN
TSCR I N

$008C
$008D
$0089
$0080
$0094
$0086
$008E
$02
$10
$04
$80

2.

;declare | ocati
;declare | ocati
;declare | ocati
;declare | ocati
;declare | ocati
;declare | ocati
;declare | ocati

ons
ons
ons
ons
ons
ons
ons

of
of
of
of
of
of
of

registers
registers
registers
registers
registers
registers
registers

,di sable TA, prescal e=4

cinitialize OC2 toggle
:select ch2 for OC

enabl e tiner,

nor ma

Revised: Aug 1, 2003
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20



Programming - Output Compare

.area test _1(abs)

. ORG $7000 - User RAM at $7000
-mai n:;

BSR TIMERINI T “timer initialization subr
DONE: BSR SQ WAVE ; square wave gen subr

BRA DONE Branch to self

:Subroutine TIMERINIT: Initialize timer for OC2;

TIMERINIT: CLR TMBK1 ; di sabl e interrupts
MOVB #TMBK2 | N, TVBK2 ; di sabl e ovf, prescal e=4
MOVB #TCTL2_I N, TCTL2 ; OC2 toggle on conpare

MOVB #TIOS I N, TI OGS :select ch 2 for OC

MOVW #$03E8, TC2H ;load TC2 with initial conp

MOVB #TSCR_|I N, TSCR ;enable tinmer, standard flag clr4
RTS ; Return from subroutine
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Programming - Output Compare

;Cear CQF flag by reading TFLGL when C2F set and then witing 1 to C2F

CLEARFLG LDAA TFLGL ; To clear OC2 flag, read flag first
ORAA #$04 ;then wite "7 1'' to it
STAA TFLGL
RTS

SQ WAVE: BRCLR TFLGL, #3$04, SQ WAVE ; Pol |l for C2F Fl ag

LDD TC2H ;1 oad value from TC2 reg
ADDD #$03ES8 ; add hex val ue hi gh count
STD TC2H ;set up next transition tine
BRA CLEARFLG ;generate repetitive signal

RTS Revised: Aug 1, 2003 22



Programming - Output Compare

[* File Nanme: outc

onp. ¢

* File Created: 04/20/02

* File Modified:
* Aut hor (s): Abbi
*/

/[* This file will
* frequency of 51
* conpare channe
*/

#i ncl ude <hcl2. h>

void timer_init(v
void half _cycle(u

e Wlls

generate a precision square wave. It will have a

9 Hz and a duty cycle of 77% It wll
two (OC2) to generate the signal.

oi d);
nsigned int tine);

Revised: Aug 1, 2003
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Programming - Output Compare

voi d mai n(voi d){
unsigned int high_time = 2968; // nunber of clock cycles for signal to

/'l be high
unsigned int low tinme = 886; /'l nunmber of clock cycles for signal to
/'l be | ow
timer_init(); /1 initialize timer and registers
hal f _cycle(low tine);
whil e(1)
{
hal f _cycle(high tine); /'l generate high portion of signal
hal f _cycle(low tine); /'l generate | ow portion of signal
}
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Programming - Output Compare

/[* Function: tinmer_init This function will initialize the tiner to use
out put conpare channel two (0OC2) and toggle. */

void timer_init(void){

CLKCTL = 0x02; /1 Set MCLK to 2 MHz

/]| Sets CPU clock ($0047)
TMSK1 = 0x00; /1 Disable interrupts
TMBK2 = 0x00;
TI OS = 0x04; /[l Set Ch 2 to output conp
TSCR = 0x80; /1l Enable the tiner
TCTL2 = 0x10;
TFLGL = 0x04; /I Cear all flags
TC2 = TCNT;
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Programming - Output Compare

/* Function: half_cycle This function wll generate either the high or
| ow portion of the output conpare wave. |t needs to have the
desired tine for the portion of the wave passed to it. */

void half _cycl e(unsigned int tine){

TC2 += tine;
whi |l e(( TFLGL && 0x04) ==0)
{

}
TFLGL = 0x04;

/'l Update tiner register

/'l Cear flag
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