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/O Ports A and B

Port A
«+= RAG o
12-Bit - RAS/ANS/SS/LVDIN
Address «+= RA4/TOCK]
= RAZ AN/ EEF+
- RA2/AN2/NVREF-
— < eBitData > [+~ RAANI
Acddress Bus it
Cr
-+ RE7/PGD
MPU PR <> RB6/PCG
-t QES/PGM
Address «l» RB2
-t QB3 /CCP2
< 8BitDataBus > [ gBitData > «1» RB2/INT2
-t BE1/INT1
= HBO/INTO
PORTC
PORTD
PORTE
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Introduction

e The PIC18 has from two (2) to five (5) timers
depending on the family member. They are
referred toas Timer 0, 1, 2, 3 and 4.

e What Timers can do? 1) Generate a time
delay 2) As a Counter to count events
happening outside the microcontroller.

e PIC18F4550 has 4 Timers.

Tmner®  Timerd
Timer2 T1Imer3
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Introduction

e Every timer needs a clock pulse to tick. The
clock source can be internal or external.

 Internal clock: The 1/4% of the frequency of
the crystal oscillator on the OSC1 and OSC2
pins (Fosc/4) is fed into the timer. Therefore,
it is used for time delay generation. This is
called a timer.

e External clock: Fed pulses thru” one of the
PIC18’s pins: This is called a counter.
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Introduction

e Many of the PIC18 timers are 16 bits wide.

e Each 16-bit timer is accessed as two separate
register, low byte (TMRxL) and high byte
(TMRxH)

e Each timer also has the TCON (Timer Control)
register for setting modes of operation.
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TimerO Module

The TimerO module incorporates the following
features:

P Software selectable operation as a timer or counter
in both 8-bit or 16-bit modes

» Dedicated 8-bit, software programmable prescaler
» Selectable clock source (internal or external)

P Edge select for external clock

» Interrupt-on-overflow
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TimerO Registers and Programming

e TimerO can be used as an 8-bit or 16-bit timer

e The 16-bit register of TimerO is accessed as
low byte (TMROL) and high byte (TMROH)

TMROH TMROL

P P
a ' ™y

D15 1014 (D13 D12 (D11 D10 | 08 (Da |07 |De | D5 (D4 (D3 | D2 | D1 | DO

TimerO High and Low Registers

QIP-UC@IITB 8 CADSL




TimerO Control Register (TOCON)

RAW-1 RW-1 R/W-1 RW-1 BAW-1 RW-A BW-1 RAW-1
TMROON TosBIT ToCs ToSE PSA ToPs2 ToPS1 ToPSso
bit 7 hit O
bit 7 TMROON: Timeard On/Off Control bit

1 = Enables Timero
0 = Stops Timero
hit & TOgBIT: Timerd 8-Bit/16-Bit Control bit

1 = Timer0 is configured as an 8-bit timer/counter
o = Timer0 is configured as a 16-bit timer/counter

hit 5 TOoCS: TimerD Clock Source Select hit

1 = Transition on TOCKI pin

o = Internal instruction cycle clock (CLKO)
bit 4 TOSE: Timerd Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
o = Increment on low-to-high transition on TOCKI pin

bit 3 PSA: Timer0 Prescaler Assignment bit

1 = Tlmer0D prescaler is not assigned. TimerD clock input bypasses prescaler.
o = Timer0 prescaler is assigned. Timer® clock input comes from prescaler output.

bit 2-0 TOPS2:TOPS0: TimerQ Prescaler Select bits
111 = 1:256 Prescale value

110 = 1:128 Prescale value
101 = 1:64 Prescale value
100 = 1:32 Prescale value
011 =1:16 Prescale value
010 =1:8 Prescale value
o0l =14 Prescale value
o000 =1:2  Prescale value
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Timer0 Clock Source (TOCS)

e TOCS or bit 5 is used to decide whether the
clock source is internal (Fosc/4) or external

e TOCS=0:; The Fosc/4 is used as clock source

e TOCS =1 ; The clock source is external and
comes from the RA4/TOCKI (pin 6)

Ll

Used as an event counter
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Timer0O Clock Source (TOCS)

External Source

. :
MCLR/VPR/RES 0 1 \_/ 40 [1 =—= RETKBIZPGD
RAQ/AND/CVREF 2z 30 [] =——= RBEKBIZPGC

RA1/ANA 0 2 28 [] =— RBSKBH/PGM
RAZ/ANZVRER/ - = [ 4 97 [] =—= RB4/KEI0/AND
FLARA IR For. e 15 36 [] =—= RBI/CANRX

PALTOCK] e ) 95 [ =——= RBZINTZ/CANTX
Hﬂs.-'ﬂlm'a.'-ﬁﬂ?hmﬂ'—f-t 7 34 [] =—= RB1/INT1/ANE
REO/RD/ANS =—[] & 99 [] =——= RBOINTOFLTO/ANIO
RE1/WR/ANG/CIOUT =—=[] 3 28 a2 [] =——— VDD
RE2TS/ANTIC20UT =—we[]10 o =  31[] ~——Vss
VDD —— [ 11 5 & a0 [1 =—= RO7/PSPT/RID
OSCH/CLKIRAT —— ]2 o= o= og [] =—= RDS/PSPS/P1B
OSC2/CLKORAG po— 514 27 [] «=——a RD4PSPHECCP1/PIA
RCOTA0S0TI3CK] 0 15 ag [] =—= RCT/RXNDT
RCA/TI0S! ] 16 a5 [] «+—a RCETX/CK
RC2/CCP 117 24 [] RCESDO
RCA/SCHISCL 18 29 [] =— RC4SDISDA
RDO/PSPOCT IN+ 1 1o 99 [] =— RADIPSPAC2IN-
RD1/PSP1/C1IN- 20 21 [] =—= RDZPSP2C2IN+

Internal Source
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INTCON (Interrupt Control)

e TMROIF Flag Bit
D7 DO

Timer] interrupt overflow fag bt

TMROIF 0= TimerQ did not overflow
1 = Timet] has overflowed (FFFF to 0000, or FF to 00 in 8-hit mode).

Theimportance of TMEDIF: In 16-hit mode, when TMEOH: TMEOL overflows from
FFFF to 0000 this flagis raised. In &-bit, it 15 raised when the titmer goes from FF to 00,
We monitor this flag bit before we reload the TMEOH. TMEOL registers.

JLr
1AL
ozl ator ——— +d D—Fl TWMEOR | TMRIL —.-l ThWEOIF
T ROIF Joes hich JveHlow
TacT =0 when FETF —# il s
TMROC Y

Tomer0 Overflow Flag
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16-bit Timer Programming

It allows values of 00O00H to FFFFH to be loaded into

the registers TMROH and TMROL

After loaded, the timer must be started
(BSF TOCON, TMROON)

It start to count up until it reaches its limit of FFFFH.
When it rolls over from FFFFH to O000H, it sets HIGH

a flag bit (TMROIF)

Repeat the process:
— 1 Reload the TMROH and TMROL
— 2 TMROIF flag must be reset to O

QIP-UC@IITB
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Step to Program TimerO in 16-bit Mode

1) Load the value into the TOCON register

2) Load register TMROH followed by register
TMROL

3) Start the timer

4) Keep monitoring the timer flag (TMROIF)
5) Stop the timer

6) Clear the TMROIF flag for the next round
7) Go back to the step 2)
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Prescaller and Generating a Large
Time Delay

e The time delay depends on two factors,
— The crystal frequency
— The timer’s 16-bit register

e \We can use the prescaler option in the TOCON
register to increase the delay by reducing the period

e Prescaler option from 2 to 256

XTAL Osc =—> + 4 —> + 64 — TMRX
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8-bit Mode Programming of TimerO

e Set the TOCON value register indicating 8-bit
mode

e Load the TMROL register only!

e Start the timer

e Keep monitoring the timer flag (TMROIF)
e Stop the timer

e Clear the timer flag

e Reload TMROL

Please refer Example 9-16
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Timerl Module

The Timerl timer/counter module incorporates these features:
e Software selectable operation as a 16-bit timer or counter

e Readable and writable 8-bit registers (TMR1H and TMR1L)

e Selectable clock source (internal or external) with device
clock or Timer1 oscillator internal options

* Interrupt-on-overflow
e Module Reset on CCP Special Event Trigger
e Device clock status flag (TIRUN)
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Timerl Programming

e 16-bit wide

e Consists of a low-byte (TMR1L) and a high-

byte (TMR1H) register
e Can be used as 16-bit timer only!

TMRE1H ThRETL
A P

O1a (D14 D13 012 1011 (D0 {09 (D& | OF (D6 (D& (D4 (D3 | D2 | I DD‘

High byte (8-bit) Low byte (8-bit)
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Timerl

Important Registers:
i) TLICON (Timerl Control Register)

ii) TMR1H:TMRLL (for counting purposes)

iii) PIR1 (Peripheral Interrupt Request Register 1)

D7 @H“IIF

Titner]l Intermupt overflow flag hit

TMRILIF 0= Timerl did not overflow
1 = Timer] has owerflowed (FFFF to 00007,

The imp ortance of TMRE1IF: When TMEIHTMEIL overflows from FFFF to 0000,
thiz flag 15 raised. We momntor thiz flag hit before we reload the TMEIH: TMEIL regis-
ters.
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Timerl Control Re

ISter

FAA-0

R0 RN RN -0 R-0 -0

FAA-0

RC16

| TiAUM | Tickps1 | Tickpso | Tioscen | TisYNG | TMRICs | TMRICN

bit 7

kit O

Legemd:

F = Readable bit W = Writakle kit Ll = LInimglementsd bit, read as 9O°

-n = Walue at POR “1' = Bit i=s set i = Bit is clearsd x = Bit iz unknown

bit ¥

bit &

bit &4

bit 2

bit 2

bit 1

bit O

RO16: 16-Bit A=adWrite Mode Enable kit

1 = Enables register readfwrite of Timer! in one &bit opsration
2 = Enables reqgister readfarite of Timer in teo 2-bit opamtions
T1RUN: Timerl System Clock Status kit

1 = Device clock is derived from Timer! oscillator

1 = Devica clozk ia derived from anather aourze
T1CKPS1:T1CKPS50: Timerl Input Clock Prescale Sslect bits
11 = 1:8 Prescalke valus

12 = 1:4 Prescalke valus

21 = 1:2 Prescalke valus

22 = 1:1 Prescalke valus

T1OSCEN: Tirmer! Oscillator Enalsle it

1 = Timerl oscillator iz enabled

0 = Timerl cecillator i shut off

The oscillator invertsr and feecdhack resistor are tumed off to eliminats power drain.
T1SYHE: Timer! Extemal Cleck Input Synchronization Select kit
When TMRICS = 1:

1 = Do not synchronize extemal clock input
2 = Synchronize esternal clock input

Thiz it iz ignored. Timer! usss the imtemal cleck when TMRA1CS = 0.
TMAICS: Timarl Clock Source Select bit

1 Extamal clock from pin RSOMAO=SCGTA 22K {(on the riging edge)
2 = Imtemal clock (FOSCA)

TMR1COM: Tim=rl On bit
1 = Enables Timer

1 = Stops Timerd

QIP-UC@IITB 20
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Example

e Write a program to generate a square wave of
50Hz frequency on pin PORTB.5. Use Timerl
and the maximum pre-scaler allowed

Solution:

#T=1/50Hz = 20mS (Square wave)
# 7 wave = 20mS/2 = 10mS

# 10mS/0.4uS/8 = 3125 or C325H

# Timerl Register = F3CBH

j; QIP-UC@IITB 21 CADSL




Example

BCF TRISB,5
MOVLW 0X30
MOVWEF T1CON
MOVLW 0OXF3
MOVWF TMR1H
MOVLW 0XCB
MOVWF TMR1L
BCF INTCON, TMR1IF
CALL DELAY
BTG PORTB, RB5
BRA HERE
jmmmmmmmm——————e e DELAY USING TIMER 1
DELAY  BSFT1CON,TMR10ON
AGAIN  BTFSS INTCON, TMR1IF
BRA AGAIN
BCF T1CON, TMR1ON
RETURN

QIP-UC@IITB
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TimerO & Timerl as Counter

e Can used as Counters

e CounterO (TimerO counter):
— Count pulses on TOCKI (RA4) pin

e Counterl (Timerl counter):
— Count pulses on T13CKI (RCO) pin
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Timer2 Module

e The Timer2 module timer incorporates the following features:
e 8-Bit Timer and Period registers (TMR2 and PR2, respectively)
e Readable and writable (both registers)

e Software programmable prescaler (1:1, 1:4 and 1:16)

e Software programmable postscaler (1:1 through 1:16)

e Interrupt on TMR2-to-PR2 match

e Optional use as the shift clock for the MSSP module
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Timer2 (cont’d)

Important Registers:
i) T2CON (Timer2 Control Register)

ii) PR2 (to set the counting value)

iii) PIR1 (Peripheral Interrupt Request Register 1)

P

D7 q THEZIF PTI‘u‘IRlIF

TMR2IF Timer? Interrupt overflow flag bit

0=TMEZ value 15 not equal to PE2 register,
1 = TMEZ walue 15 equal to PR2 register,

The location of TMExIF in the PIE register can vary in future products.
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Timer2 (cont’'d)

LJ-0 R/AN-O RAN-0 RAN-0 RAW-0 RAN-O RAW-0 RW-0
— T2OUTPS2 | T20UTPS2 | T2OUTPS1 | T2OUTPSO TMR2ON T2CKPS1 T2CKP'S)
kit 7 kit O
Legend:
R = Readable bit W =Writable bit L) = Unimplementad bit, read as 0"
-n=Valug at POR ‘1" = Bit is st “F = Bitis clearad ¥ = Bit iz unknown
it 7 Unimplemented: Head as "o’
bit 6-3 T20UTPS3:T20UTPS0: Timear2 Output Postscale Select bits
oooo =1:1 Postscale
oool =1:2 Postscale
1111 = 1:16 Postscale
kit 2 TMR20OM: Timer2 On bit
1 =Timear2 is on
o =Timear2 is off
kit 1-0 T2CKPS1:T2CKPS0: Timear2 Clock Prescale Salact bits

oo = Prascaler is 1
ol = Prascaler is 4
1x = Prascaler is 16
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Example

e Assume that XTAL=10MHz, write a program to turn on pin PORTB4 when TMR2 reaches
value 100 (decimal)

BCF TRISB,4
BCF PORTB,4
MOVLW 0X0
MOVWEF T2CON
MOVLW 0X0
MOVWF TMR2
MOVLW D’100’
MOVWEF PR2
BCF PIRI,TMR2IF
BSF T2CON, TMR20ON
AGAIN BTFSS PIRI, TMR2IF
BRA AGAIN
BSF PORTB,4
BCF T2CON,TMR20ON
BRA HERE
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Timer3 Module

e The Timer3 module timer/counter incorporates these
features:

e Software selectable operation as a 16-bit timer or counter
e Readable and writable 8-bit registers (TMR3H and TMR3L)

e Selectable clock source (internal or external) with device clock
or Timer1 oscillator internal options

e |Interrupt-on-overflow
e Module Reset on CCP Special Event Trigger
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Timer3 (cont’d)

Important Registers:
i) T3CON (Timer3 Control Register)

ii) TMR3H:TMR3L (for counting purposes)

iii) PIR2 (Peripheral Interrupt Request Register 2)

TMESIF

TMRE3IF Titner3 interrupt overflow flag hat
0 = Timer3 did not overflow
1 = Timer3 has overflowed (FFFF to 0000},

The imp ortance of THMR3IF: In 16-hat mode, when TMEIH. TMEIL overflows from
FFFF to 0000, this flag 15 rased.

The location of TMExIF in the PIE reqister can vary in future products.
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Timer3 (cont’d)

RAW-0 RAW-0 RAW-0 RAW-0 RAN-0 RAN-0 RAW-0 RAN-0
RD16 | TsECCP1™") | TackPS1 | TackPSo | TaccPi®) | TESYNC | TMR3CS | TMR3ON

bit 7 bit O

Legamd:

R = Readable bit W = Writable bit U = Unimplemanted bit, read as ‘0

-n = Value at POR ‘1" = Bit is sat ‘07" = Bit is cleared ¥ = Bit is unknown

it 7 RD16: 16-Bit ReadWrite Mode Enable bit

1 = Enablks register readfrite of Timers in ona 16-bit operation

o = Enablks register readfrite of Timears in two 2-bit operations
Lit 6,3 T3ECCP1:T3CCP1: Timer3 and Timer to CCP/ECCP Enable bits(1?

1x = Timears is the captura’compara clock source for both CCP and ECCP modules

o1 = Timers is the capture/compare clock source for ECCP,

Timen is the capturascompare clock source for CCP

oo = Timer is the captura’compare clock souma for both CCOP and ECCP modules
kit 54 TACKPS1:TICKPS0: Timers Input Clock Prescale Selkect bits

11 =1:8 Prascak value

17 = 1:4 Prascale valua

ol = 1:2 Prascale valus

o0 =1:1 Prascak value
kit 2 TaSYMNEC: Timear2 BExemal Clock Input Synchronization Control bit

(Mot usable if the device clock comes from Timer1/Timer3.)

When TMRACS =1

1 = Do not synchronize external clock input

o = Synchronize extarnal clock input

When TMR2CS = a:

This bitis ignored. Timer3 uses the internal clock when TMH30S = 0.

kit 1 TMR3CS: Timer3 Clock Source Selact bit
1 = External clock input from Timer oscillator or T12CKI (on the rising edge after the first falling edoe)
o = Intemal clock {Foscig)

kit o TMR3OM: Timerz On bit

1 = Enablks Timar3
o = Stops Timer3
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Summary

e The PIC18 can have up to four or more
timers/counters. Depending on the family
member

e Timers: Generate Time Delays (using Crystal)
e Counters: Event counter (using Pulse outside)

e Timers are accessed as two 8-bit registers,
TMRLx and TMRHx

e Can be used either 8-bit or 16-bit
e Each timer has its own Timer Control register
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Thank You
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