PIC Timer
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The WDT is cleared by SLEEP and
CLRWDT instructions.

Bits 2-o0 of the OPTION register
define the prescaler value and hence

the WDT time-out period.

Bit 3 is the prescaler assignment.
When this bit is set the prescaler is
assigned to the WDT. When it is
clear the prescaler is assigned to
TMRo, the timer counter.

The /TO bit in the STATUS
register is cleared by a WDT
time-out.

232 OPTION REGISTER

The OPTION register is a readable and writable
register which contains various control bits to configure

Note: When the prescaler is assigned to
the WDT (PSA = '1'), TMRO has a 1:1
prescaler assignment.

the TMROMDT prescaler, the extemal INT intarrupt,
TWMRO, and the weak pull-ups on PORTE

REGISTER 2-2:  OPTION REGISTER (ADDRESS 81h)

RIW-1 RAW-1 RIW-1 RAN-1 RAW-1 RIW-1 RW-1 RW-1

| RBPU | INTEDG | T0CS | TOSE | PSA PS2 PS1 PS0

bit 7 bit 0

RBPU: PORTB Pull-up Enable bit

1= PORTB pull-ups are disabled

0= PORTB pull-ups are enabled by individual port latch values
INTEDG: Interrupt Edge Select bit

1= Interrupt on rising edge of RBO/INT pin

0= Interrupt on falling edge of RBOANT pin

TOCS: TMRO =Ge j

1 s~Transition on RA4/TOCKI pin

0= Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RA4TOCKI pin
0= Increment on low-to-high transition on RA4/TOCKI pin
PSA: Prescaler Assignment bit

1= Prescaler is assigned to the WDT

0= Prescaler is assigned to the Timer0 module
PS2:PS0: Prescaler Rate Select bits

Bit Value TMRO Rate WDT Rate
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General Timer Operation
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A binary counter is used as a timer when driven from the clock




Timer Modules :

PIC 16C74A has three modules, viz., Timer-0, Timer-1
and Timer-2.

Timer-0 and Timer-2 are 8-bit timers.

Timer-1 1s a 16-bit timer.

Each timer module can generate an interrupt on timer
overflow.




‘Timer-0 Overview:

*The timer-0 module is a simple 8-bit UP counter.

*The clock source can be either the internal clock (f... /4) or an external clock.

* When the clock source is external, the Timer-O module can be programmed
to increment on either the rising or falling clock edge.

» Timer-0 module has a programmable pre-scaler option. This pre-scaler can
be assigned either to Timer-0 or the Watch dog timer, but not to both.

*The Timer-O Counter sets a flag TOIF (Timer-O Interrupt Flag) when it
overflows and can cause an interrupt at that time if that interrupt source has
been enabled, (TOIE = 1), i.e., timer-0 interrupt enable bit = 1.




OPTION Register Configuration :

Option Register (Addr: 81H) Controls the prescaler and Timer -0 clock
source. The following OPTION register configuration is for clock source =
fosc /4 and no Watchdog timer.

INTED(G Pall

- 1:Ptescalet 15 asagned to Watch dog timer.

PaA {
{_ 0:Ptescaler 15 assigned to Timer-0

{' I: Timet-0 clock source is RALTUOCK]
TOCHE: -

0: Timet-0 clock soutce 13 foe /4.
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Timer-0 use without pre-scalar(As Interrupt)

Internal clock source of f /4. (External clock source, if selected, can be applied at
RA4/TOCKI input at PORTA).

The following diagram shows the timer use without the prescaler.

TMERO Reg

—l -t coumter d{ 2-cycles delay 47 £ 74
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INTCORN Reg

T 2 2 TOIF
GIE TOIE Tarmer-0
Flobal Timm er-0 Crrer o
Interrapt Enable it Overflow Interrupt Flag

ITrternapt enable it

Timer - 0 operation without prescaler




Timer-0 use with pre-scalar:

The pre-scalar can be used either with the Timer-O module or with the Watchdog
timer. The pre-scalar is available for Timer-0 if the pre-scalar assignment bit PSA in
the OPTION register is O.

Pre-scalar is a programmable divide by n counter that divides the available clock by
a pre-specified number before applying to the Timer-0 counter.

| [ [ O] BEEAGEREER

PEA=0:FPrescaler is assigned to Timer-[

TOZSE = 0: Timer-0 clock source 15 foecfd

THR0 Reg
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Timer - O with prescaler
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Timer - 1 Module

Timer 1 module I1s a 16-bit timer/counter
consisting of two 8-bit registers (TMR1H and
MR1L) which are readable and writable.

The TMR1 register parr (TMR1H:TMRI1L)
iIncrements from 0O000H to FFFFH and rolls
over to O0O00H.




The operating and control modes of Timerl are determined
by the special purpose register TLCON.

Bil 7 Bil 0

TICKPS1 | TICKPS0 | T10SCEN | T18YNC TMR1ON

TMR1 ON: Timerl ON bit
O = stops Timer 1, 1 = Enables Timer 1

TMR1CS : Timer 1 Clock source Select Bit
1 = External Clock (RCO/T10SO/T1CKIl)
O = Internal Clock () ¢ /4




. Timer 1 External Clock Input Synchronization Bit
TISENT  (valid if TMRICS = 1)
1 - Do not synchronize
0 - Synchronize

T10OSCEN: Oscillator enable control bit
1 = Oscillator is enabled
O = Oscillator is shut off

Select bits Prescaler Value
T1CKPS1 T1CKPSO

1 1 1:8
1 0 1:4
0 1 1:2
0 o) 1:1
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Timer 1 can operate in one of the two modes

As a timer (TMR1CS = 0). In the timer mode, Timer 1
Increments in every instruction cycle. The timer 1 clock source
IS /4

Since the internal clock is selected, the timer is always

synchronized and there is no further need of synchronization.

As a counter (TMR1CS = 1). In the counter mode, external
clock input from the pin RCO/T1CKI is selected.
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Timer 2:Scalarlization

Timer 2 is an 8 - bit timer with a pre-scaler and a post-scaler. It can be used
as the PWM time base for PWM mode of capture compare PWM (CCP)
modules.

The TMR2 register is readable and writable and is cleared on device reset.

The inputclock — fe/4  pas a pre-scaler option of 1:1, 1:4 or 1:16 which is selected

by bit 0 and bit 1 of T2CON register respectively.

The Timer 2 module has an 8bit period register (PR2).

Timer-2 increments from O0OH untill it is equal to PR2 and then resets to OOH on the
next clock cycle.

PR2 is a readable and writable register. PR2 is initailised to FFH on reset.

The output of TMR2 goes through a 4bit post-scaler (1:1, 1:2, to 1:16) to generate a
TMR2 interrupt by setting TMR2IF.
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The T2CON Register
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Capture / Compare /PWM (CCP) Modules:

FPIC16CT4A has two CCP Modules. Each CCP module contains a 16 bit register (two 8-bit registers) and
can operate in one of the three modes, viz., 16-bit capture, 16-bit compare, or up to 10-bit Pulse Width
Modulation (PWM). The details of the two modules (CCP1 and CCF2) are given as follows.

CCP1 Module:

CCP1 Module consists of two 8-bit registers, viz., CCPRIL (low byte) and CCPR1H (high byte). The
CCP1CON register controls the operation of CCP1 Module.

CCP2 Module:

CCPZ Module consists of two 8 bit registers, viz., CCPRZL (Low byte) and CCPRZH (high byte). The
CCP1CON register controls the operation of CCP2 Module.

Both CCP1 and CCF2 modules are identical in operation with the exception of the operation of special event
trigger.

The following table shows the timer resources for the CCF Mode.

CCF Mode Timer Usad
Capturs Timer 1
Compare Timer 1

FW Timer 2



CCP1CON Register (Address 17H)

CCP2CON Register is exactly similar to CCP1CON reqister.

CCP2CON Register address is 1DH.

CCP1CON controls CCP modulel where as CCP2CON controls CCP Module2.

Bit 7 bit 0

— COPILG | COPIMZ | COPIMLICCPIMD

Bit 5-4.
CCP1X CCP1Y: PWM least significant bits.

These bits are of no use in Capture mode.
In PWM Mode, these bits are the two Lsbs of the PWM duty cycle.

The eight Msbs are found in CCPR1L. Thus the PWM mode operates in 10-bit mode.




Bit 3-0:
CCP1M3:CCP1MO (CCP1 Mode select bits)

0000=Capture/Compare/PWM Mode off
0100=Capture mode, every falling edge
0101=Capture mode, every rising edge
0110=Capture mode, every 4 th rising edge
0111=Capture mode, every 16 th rising edge

1000=Compare mode, set output on match (CCP1IF bit is set)

1001=Compare mode, clear output on match (CCP1IF bit is set)

1010=Compare mode, generate software interrupt on match (CCP1IF bit is set,
CCP1 pin unaffected)

1011=Compare mode, trigger special event (CCP1IF bit is set;CCP1 resets Tmr1;
CCP2 resets TMR1 and starts A/D conversion if A/D module is Enabled)

11XX=PWM mode.
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Capture Mode (CCP1):

Capture Mode captures the 16-bit value of TMR1 into CCPR1H:CCPRIL register pair in response to an
event occurring on RC2/CCP1 pin. Capture Mode for CCP2 is exactly similar to that of CCP1.

An event on RC2/CCP1 pin is defined as follows:
Every falling edge

EVery rising edge.

Every 4 th rising edge.

Every 16 th rising edge.

As mentioned earlier, this event is decided by bit 3-0 of CCP1CON register.
Schematic diagram for capture mode of operation
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Set CCPAIF
in PIR1reg

CCPRIL +1.4,16
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Caplure
Enable fﬂ?ﬂ

—||>Tuﬁ1|-| TMRIL 4 ¥
Clock CCP1CON <3:0>

(Timer mode or
synchronized
counter mode)

Fig20: Capture operation

Required condition for capture mode:

1. RC2/CCP1 pin should be configured as an input by setting TRISC (bit 2).
2. Timer 1 should be operated from the internal clock (fosc/4), i.e., timer mode or in
synchronized counter mode
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Compare Mode (CCP1)

Compare mode for CCP2 s similar to that of CCP1, except that in special event trigger mode,
CCP1 resats TMR1 only, whereas CCP2 resets TMR1 and starts A/D conversion if AID module Is
enabled.

In compare mode, the 16-pit CCPR1 register value is compared against TMRT register pair
(TMR1H and TMR1L) value. When a match occurs, the RC2ICCP1 pin is driven high or driven low
0r remains unchanged as decided by CCP1CON<3:0> bits.




PWM mode (CCP1)

Both CCP1 and CCP2 have similar operation in PWM mode.

In PWM mode, the CCP1 pin produces up to a 10-bit resolution Pulse
Width Modulation (PWM) output. .

RC2/CCP1 pin should be configured in the output mode by clearing
TRISC<2> bhit.

The schematic block diagram of CCP1 module in PWM mode is shown in
the figure.
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PR2 (Period Register, 8 bit) decides the PWM period
where CCPRI1L (8-bits) and CCP1CON <5:4> (2-
bits) decide the PWM duty cycle.

When TMR2 equals PR2, the SR latch is set and
RC2/CCP1 pin is pulled high.

In the same time, TMR2 is cleared and the duty cycle
value available in CCPRI1L is latched to CCPR1H.

CCPR1H, CCP1CON <5:4> decide the duty cycle and
when this 10-bit equals the TMR2+2 prescaler or Q-bits,
the SR latch is reset and RC2/CCP1 pin is driven low
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The time for which the output stays high is called duty cycle.




PWM Period

The PWM period is specified by writing to PR2 register. The PWM period can be calculated using
the following formula:

PWM period = [( PR 2) + 1] x4 x T osc x (TMR2 prescale value)

PWM frequency = 1/ PWM period

When TMR2 is equal to PR2, the following events occur on the next increment cycle.
. TMR2is cleared

. the CCP1 pin is set (if PWM duty cycle is 0

. The PWM duty cycle is latched from CCPR1L into CCPR1H

PWM duty cycle

The PWM duty cycle is specified by writing to the CCPRL1L register and to CCP1CON <5 : 4 >
bits.

Up to 10-bit resolution is available where CCPR1L contains the eight MSBs and CCP1CON <5 : 4
> contains the two LSB's. The 10-bit value is represented by CCPR1L : CCP1CON<5:4 >,

PWM duty cycle = (CCPR1L : CCP1CON<5:4>). Tosc.(TMR2 prescale value)




