Chapter 11

Clocks, Watchdog Timer / Timers

Read Sections 12-16 of
Data Sheet for PIC18F46K20

Updated: 4/19/19



http://ww1.microchip.com/downloads/en/DeviceDoc/41303G.pdf
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Watchdog Timer

O The watchdog timer 1s a device that resets the
microcontroller if 1t 1s allowed to expire.

O The watchdog timer 1s programmable to expire between 4 ms
and 131 seconds.

O The watchdog timer 1s restarted with a ClrWdt() function in
C-Language to reset 1t so 1t does not expire and cause a reset.

C statement Assembly Language Scaling factor Time to Reset

#pragma config WDTPS =1 ~WDTPS 1 2H 1:1 4 ms

#pragma config WDTPS = 32768 _WDTPS 32768 2H 1:32768 131.072 sec




WD Example

O

Example of how WD operates:

Make sure you RELEASE the
program on the DEMO board

As you reset (GND) RBO the
WD will expire and thus the
program keeps resetting =
RD1 blinks.

The time it takes for the WD to
be enabled depends on the value
of CONFIG2H register
(WDTPS) (1024 x 4msec =
5sec) 2 When RBO 9s set for
about 5 seconds later the WD
will be enabled, resetting the
program:

PEOD PORTEbit=. BREO
config WDTPS = 10zZ4

fdefine
fpragma

FFE*E D

fidefine

ECLAPRATTINO

FEO

void main (wvoid)

{

TRISD = 0bOOOOOOOO;
INTCONZbits. EEPU =
WPUEbits WPUEBO =
ANSELH = 0x00;

TRISEbits_ TRISEOQ =

1;

PORTDbits BD1 = 1:
DelaylETCYx (500) ;

while(l)
{
Clelrde () -

PORTDbits BD1 =
PORTDbits BDO =

while (PEO

N

o
b=l

Ea e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

PORTEbits_ BEOD

f PORTD bits 7:0 are all outputs
f enahle PORTE internal pullups

f enable pull up
f ANS-1Z2 are digital inputs

(o)
ornn REOD

(AN1Z on P
PORTE bit 0O is

(comnected to switch)

f£f This indicates that program just reset

== |:|:|
PORTDbits. RDO

-

fFf Clear ED1
~PORTDbits RDO;

PEO;



Automatic Wakeup!

/In this program the LED
blinks for a few seconds and
then the program goes to
sleep for about 10 seconds.
Then, 1t wakes up, following
watchdog trigger.

O Measure the current when the
board is in sleep mode!

O Where does the program start
when it wakes up?

J,"** D E |: L A I!l A T I |:| I,I S '.‘.'***'.‘.'**‘.‘."&'**'.‘.'**‘.‘.".‘.'**'.‘.'**‘).".‘.'**'.‘.".t'**'.‘.‘**‘.‘.".‘.'**'.‘.‘**‘.‘.".‘.‘**.l,l'

fidefine FED PORTEbits. EEOD
ffpracma config WDTPS = Z048 fSF about 10 sec.

unsigned char count = 0;

void main (woid)
i

TRISD = O0bLOOOOOOOO; * PORTD bits 7:0 are all outputs (0)

INTCONZbits. BBPU = 0O 4 enable PORTE internal pullups

WPUEBbits WPUEBO = 1; ff enable pull up on EEOD

ANSELH = 0x00; 4 ANS-1Z are digital inputs (AN1Z on REO)
TREISEbits TRISEOD = 1 fS4 PORTE bit 0 {(connected to switch) is input

fisetting the WD registers
RCON = 0ObOOO10O00;
WDTCON = 1:

PORTDbits . RD1 = 1; /f/ This indicates that program just reset
DelaylETCYx (100) ;

while (1)
{
Cleurde () ;
count = count + 1;

PORTDbits ED1 = O; ff Clear RD1
PORTDbits. EDO = ~PORTDbits. RDO;
DelaylKTCYx(z0); J/ Note that if delay must be within & sec WD time
while (PBO == 0)
PORTDbits_ RDO = PBO;
if (count == Z0)
{
count = 0 £ upon each resent the count is reset
Sleepi);

(1)
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Brownout Reset

O The brownout reset 1s programmed and used to reset the
microcontroller 1f the power supply voltage drops below a
pre-programmed value.

O The brownout reset triggers the microcontroller and waits at
the reset state until the power supply voltage returns to a level
higher then the programmed brownout voltage.

C language Assembly Language Brownout Voltage
#pragma config BORV = 45 ~BORV 45 2L 45V
#pragma config BORV = 42 ~BORV 42 2L 42V
#pragma config BORV = 27 ~BORV 27 2L 2.7V
#pragma config BORV = 20 ~BORV 20 2L 20V
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Clocks

O The PIC18 family allows many different
clocking modes for operation. Some include
internal timing and some external.

O External timing sources are very accurate and
are crystal- or resonator-based. A less
accurate, but less expensive timing source 1S
an RC circuit. An oscillator module or
external timing signal can also be used for the
microcontroller.



Clock Sources

O O0OO0O000O000a00d

O

ow power crystal (I.1") Examples of
rystal or ceramic resonator (<) External XTL or ceramic
igh-speed crystal or ceramic resonator (115) Resonator (OSCI/OSC2)
1gh-speed crystal or ceramic resonator with PLL ( )

5. External resister/capacitor with Fosc/4 output on OSC2 (12.C)

6. External resister/capacitor with I/O on OSC2 ( )

7. *Internal oscillator with Fosc/4 on RA6 and I/O on RA7 ( )

8. *Internal oscillator with I/O on RA6 and RA7 ( )

9. External clock with Fosc/4 (1()

10. External clock with I/O on RA6 ( )

*some versions do not have an internal oscillator and
some versions may have additional modes



MCU Clock Source Diagram :

LP
XT
HS
HSPLL

LN~

w

RC

RCIO

7. INTOSC

Low-Power Crystal
Crystal/Resonator

High-Speed Crystal/Resonator
High-Speed Crystal/Resonator
with PLL enabled

External Resistor/Capacitor with
Fosc/4 output on RAG

External Resistor/Capacitor with I/O
on RAB

Internal Oscillator with Fosc/4
output on RAS and I/O on RA7

8. INTOSCIC Internal Oscillator with /O on RAB

Note

8. EC
10. ECIC
fmm e . PIC18F2XK20/4XK20
:Primary Olscillator M LP, XT, HS, RC, EC
. e > -
: ! o L IDLEN
; f{v— Sleep HSPLL. HFINTOSC/PLL
: N\ : L [ 4xPLL PLL, HFINTOSC/PLL > Siep
e OSCTUNE<5>{"— —\—\5 :
1Secondary Oscillator S T10SC } Main Peripherals
1 1 & \/ =
: . T10SCEN
: , Enable
il R OSCCON<6:4>|(_ Intemal Oscillator >
FOSC<3:0> OSCCON<1:0> 16 MHz_ [~ CPU
e A { =
nterna kel v
Oscillator L4 I

Block 3 a2MHz | Clock

16 MHz _ § prywng ELEE Control

Source 16 MHz 3 011 = m

31 kz | | FFINTOSC)) & S00KHZ |10 FOSC<3:0> OSCCONE10>

Source 250kHz |

I Clock Source Option
31 kHz (LFINTOSC) 02—~ forother Modules

OSCTUNE<T>

WDT, PWRT, FSCM

1: Operates only when HFINTOSC is the primary oscillator.

and Two-Speed Start-up

and RA7
External Clock with Fosc/4 output
External Clock with I/O on RAS



XTL / Ceramic
Clock Source Connection

PLL internal function

Allows multiplying the
External clock by 4;

This 1s used to reduce the EMI
(Electromagnetic Interference)
on the board




RC Oscillator
Clock Source Connection

PIC

External Clock
Input

OSC2 Fosc/4

OSCl1

OExternal resister/capacitor with Fosc/4 output on OSC2 (120 gifggi eczilczgkOssogrlce

2 MHz operation is attained with R = 3.9K
and C = 30 pF, Fosc/4 is 500 KHz with these values

Frequency = 1/[RC(4.2)] ; can vary slightly



Clock Examples

O #pragma config OSC = HS // high speed crystal oscillator
O #pragma config OSC = RC // RC oscillator
O  #pragma config OSC = INTIO1 // internal oscillator
R/IW-0 RIW-0 RIW-1 RW-1 R-q R-0 RW-0 RW-0
mLEN | mrcr2 | rcFr | rero | osts™ | woFs | scst | scso
bit 7 bit 0
< bit 7 IDLEN: Idle Enable bit
OSCCON RegISter 1 = Device enters ldle mode on SLEEP instruction
0 = Device enters Sleep mode on 3LEE? instruction
1. LP Low-Power Crystal bit 64 IRCF<2:0>: Internal Oscillator Frequency Select bits
111 = 18 MHz (HFINTOSC drives clock directly)
2. XT Crystal/Resonator ils Msz &s cloc Y
3. HS High-Speed Crystal/Resonator 101 =4 MHz
100=2M
4. HSPLL  High-Speed Crystal/Resonator T
with PLL enabled 010 = ggg ::z
X X . 001 = z
5. RC External Resistor/Capacitor with 200 =31 kHz (from either HFINTOSC/512 or LFINTOSC directly)?)
Fosc/4 output on RAG bit 3 OSTS: Oscillator Start-up Time-out Status bit{")
; : - 1= Device is running from the clock defined by FOSC<2:0> of the CONFIG1 register
6. RCIO External Resistor/Capacitor with /O = Devieeie ﬁnmng from :h: intemal oscillator (HFINTOSCoor LeFINTOSC) o
on RAB bit 2 IOFS: HFINTOSC Frequency Stable bit
7. INTOSC Internal Oscillator with Fosc/4 1= HFINTOSC frequency is stable
OUtpUt on RAS and /O on RA7 0= HFINTOSC frequency is not stable
8. INTOSCIO Internal Oscillator with /O on RAG ST ORI Sy Clock Smeabs
and RA7 01 = Secondary (Timer1) oscillator
9. EC External Clock with Fosc/4 output 00 = Primary clock (determined by CONFIG 1H[FOSC<3:0>]).

10. ECIO

External Clock with /O on RAS



Programming Example

#pragma config MCLRE = ON Il enable master clear input
#pragma config OSC = HS Il select crystal oscillator
#pragma config WDT = ON Il set watchdog

#pragma config WDTPS = 256 I/l watchdog time is 1 second
#pragma config BORV = 42 Il set brownout reset voltage
#pragma BOR = ON I/l brownout is on

void main(void)
Il initialize system here
while (1) I/l main program loop

{
Cirwdt(); Il reset watchdog

Il system software goes here



Basic Concepts 1n
Counters and Timers

O In digital systems

Counting 1s a fundamental concept.
Clock 1s an essential element.
Count 1s 1n synchronization with the clock.

Count 1s converted in time by multiplying the
count and the clock period.
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Hardware Counters and Timers

O Counter is a register that can be loaded with a binary number
(count) which can be decremented or incremented per clock
cycle.

O Calculating time:
Find the difference between the beginning count and the last count

Multiply the count difference by the clock period

O The register can also be used as a counter by replacing the
clock with a signal from an event.

O When a signal from an event arrives, the count in the register
is incremented (or decremented); thus, the total number of
events can be counted.



Types of Counters

O

Up-counter

» Counter 1s incremented at every clock cycle

»  When count reaches the maximum count, a flag is set
»  Counter can be reset to zero or to the initial value
Down-counter

»  Counter 1s decremented at every clock cycle

»  When count reaches zero, a flag is set

» Counter can be reset to the maximum or the initial value
Free-running counter

»  Counter runs continuously and only readable

»  When it reaches the maximum count, a flag 1s set

What are applications on timers?




Timer Applications

O Time delay

O Pulse wave generation

O Pulse width or frequency measurement

0 Timer as an event counter



Capture, Compare, and s |
PWM (CCP) Modules o

0 CCP modules are commonly found in recent
microcontrollers

m 16-bit (or two 8-bit) registers specially designed to
perform the following functions in conjunction with
timers

o Capture: The CCP pin can be set as an input to record the arrival
time of a pulse.

o Compare: The CCP pin is set as an output, and at a given count,
it can be driven low, high, or toggled.

o Pulse width modulation (PWM): The CCP pin is set as an output
and the duty cycle of a pulse can be varied.

»  The count for the period and the duty cycle are loaded into CCP
registers.

» In this mode, the duty cycle of the output pulse can be varied.

400 us| 600 us

Cycle ‘

|
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PIC18 Timers

O

O

The PIC18 microcontroller have multiple timers, and
all of them are up-counters.

Timers are divided into two groups: 8-bit and 16-bit

Labeled as Timer0O to Timer3 or Timer4 (if
available)

»  Timer0 can be set up as an 8-bit or 16-bit timer.
» Timerl and Timer3 are 16-bit timers.

» Timer2 and Timer4 (if available) are 8-bit timers.

Each timer associated with 1ts Special Function
Register (SFR): TOCON-T3CON or T4CON




Timer0

Note: TMR Flags are set when the counter reg. has reached it max.

B7 B6 BS B4 B3 B2 B1 BO
TMROON | TO8BIT T0CS TOSE PSA | TOPS2 TOPS1 TOPSO ‘

l | Prescaler Select Bits

1 = Enables Timer0 Clock Source 111 = 1:256 011 =1:16
0 = Stops Timer0 1 =TOCK1 110=1:128 010=18
: 0 = Instruction 101 = 1:64 001 =1:4
1 = 8-bit Timer/Counter Cycle 100 = 1:32 000 =12

0 = 16-bit Timer/Counter |
1 = Falling Edge 1 = No Prescaler

0 = Rising Edge - 0 = Prescaler Assigned

Timer0O Control Register (TOCON)

1. Can be set up as an 8-bit or 16-bit timer

Has eight options of pre-scale values (Divides)

3. Can run on internal clock source (instruction

cycle) or external clock connected to pin

RA4/TOCK1

Generates an interrupt or sets a flag when it

overflows from FFH to 00 in the 8-bit mode and

from FFFFH to 0000 in the 16-bit mode

5. Can be set up on either rising edge or falling
edge when an external clock is used

Fosc/4 0

: 1 [ Programmable
HHEEKhpIn Prescaler
TOSE A
TOCS 1
TOPS2:TOPSO
PSA

TimerQ 8- bit

0] |Syncwith Set
Internal »4 TMROL TMROIF
1 Clocks on Overflow
(2 Tcy Delay)
8
8 Internal
Data Bus

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

Instruction cycle = 4 clock cycle

Fosc/4 0)

10

Timer(Q 16-bit

o L. éyl\( v.'i!ﬁ- I TMRO Set
< W M| | reeammramd | [ 'ntemal -{ TMROL | *TMROIF
o : I/} N o < Lo y -
TOCKIpin [/ |/ ogrammabieiv|| clocks el | PIGh BYTe | on Overflow
Prescaler )\ D £ {
TOSE 1 (2 Tcy Delay) N8
TOCS }z IN N/ Read TMROL
TOPS2:TOPSO /\N M
PSA 1|g f' 4~ Write TMROL
\ g « y
A »
TMROH ||
Ne
8, 7 . Internal
N : " DataBus
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max, prescale




Timer0

B7 B6 BS B4 B3 B2 B1 BO

TMROON | TO8BIT TOCS TOSE

1 = Enables TnmorOJ lock Source

1 =TOCK1

0 = Instruction
1 = 8-bit Timer/Counter G /

0 = Stops Timer0
= 16-bit Timer/Counte

‘ \
PSA l TOPS2 | TOPS1 | TOPSO i

Select Bits

111 = 1:256 011=1:16
110=1:128 010=138
101 = 1:64 001 =14
100 = 1:32

1 = Falling Edge
0 = Rising Edge

Timer0O Control Reglster (TOCON)

1. Can be set up as an 8-bit or 16-bit timer

2. Has eight options of pre-scale values (Divides)

3. Can run on internal clock source (instruction
cycle) or external clock connected to pin
RA4/TOCK1

4. Generates an interrupt or sets a flag when it
overflows from FFH to 00 in the 8-bit mode and
from FFFFH to 0000 in the 16-bit mode

5. Can be set up on either rising edge or falling
edge when an external clock is used

TimerQ 8- bit

Fosc/4 0

* O] |Syncwith| | ’
1 [ B e Internal > TMROIF
TOCKI pin 9 1 Clocks on Overflow
Prescaler
TOSE 'y (2 Tcy Delay)
TOCS 1
TOPS2:TOPSO
PSA

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

Instruction cycle = 4 clock cycle

Timer(Q 16-bit

(')‘w

Fosc/4 BN
. 10

A Sync with 0 Set
;/_.‘. 1) i1 Programm 7hh; [ intemal -{ TMROL H h Byt VI
TOCKI pin fA ogrammabieiv|| clocks Al ) €| on Overflow
v Prescaler N SN
TOSE 1 (2 Tcy Delay) ] 11 \ .8
: ; |]
oo, ] 3 IN N/ Read TMROL
."" M
PSA s “FE {1 Write TMROL

A »
TMROH

—
T
8 N/ r_ Internal

N # v Data Bus

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max, prescale




TIMERO Registers

REGISTERS ASSOCIATED WITH TIMERO

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

Name Bit7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0
TMROL __ |Timer0 Register, Low Byte
TMROH  |Timer0 Register, High Byte
INTCON GIE/GIEH |PEIE/GIEL| TMROIE INTOIE RBIE TMROIF INTOIF RBIF
TOCON TMROON TO8BIT | TOCS TOSE [ PSA TOPS2 TOPS1 TOPSO
TRISA RA71) RA6(1) RA5 RA4 RA3 RA2 RA1 RAO
Fosc/4 0
* 0 |Syncwith Set
1 [ P bi Internal TMROIF
TOCKI pin ’°P€;2’|2? h Clocks on Overflow
TOSE = (2 Tcy Delay)
—TOCS — A3
TOPS2:TOPSO 8
PSA
8 Internal
— — G




Timer0

O TMROH buffer between internal data bus and
TMRO high byte

» Read from the TMROL register, the upper half of
TimerO 1s latched 1nto the TMROH register

» Ensures that the PIC18 always reads a 16-bit value that

its upper byte and lower byte belong to the same time
(since only read 8-bits at a time)

Fosc/4— Q)

. {0] [sync with] | Set
| Ll
DRI ™ - Internal + TMROL | e [> TMROIF
g /) 0Q9rs ne gh y f
TOCKIpin & |/ ;j:’e:t;l;" 1| Clocks gh Byte | on Overflow

]Q‘Sl_ U (2 Tcy Delay) = ar NS
TOCS v}.?
TOPS2:TOPSO

PSA

W\ / Read TMROL
\ 4

'l \ v

\|s "+ Write TMROL

N8 N

TMROH

"4,8
N8 N/ n_ Intemal
' Vv~ DataBus
Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max, prescale




Timer0O Control
Register (1 of2)

B7 B6 B5 B4 B3 B2 B1 BO

m| Timer0 as timer

m Bit5 must be cleared to use the internal
clock.

| At each instruction cycle (four clock cycles),
the timer register is incremented.

O TimerO as a counter

m Bit5 must be set 1 to use an external clock.
] In this mode, input signal at PORTA-pin
RA4/TOCK used as a clock.

n When Bit4 = 1, register is incremented on the
falling edge, and when Bit4 = 0, the register
is incremented on the rising edge.

O  Prescaler
] Divides clock frequency by a specified ratio.

m To use prescaler, Bit3 = 0, and three bits
Bit2-Bit0 specify scaler ratio from 1:2 to
1:256

TMROON | TO8BIT T0CS TOSE PSA TOPS2 TOPS1 TOPSO
l | Prescaler Select Bits |
1 = Enables Timer0 Clock Source 111 = 1:256 011=1:16
0 = Stops Timer0 1 =TOCK1 110=1:128 010=18
0 = Instruction 101 = 1:64 001 =14
1 = 8-bit Timer/Counter Cycle 100 = 1:32 000 = 1:2
0 = 16-bit Timer/Counter b
= Falling Edge 1 = No Prescaler
0=RisingEdge ¥ 0= Prescaler Assigned
Fosc/4 0
* 0] |Syncwith Set
1 [ ST Internal TMROIF
TOCKI pin P?escaler 1 Clocks on Overflow
TOSE 7y (2 Tcy Delay)
TOCS )z
TOPS2:TOPSO 8
PSA
8 Internal
—— Data Bus

Note: Upon gset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.

RAQ/ANO

RA1/AN1
RA2/AN2NREF-ICVREF
RA3AN3INREF+
RA4/TOCKI/C10UT

» | RASIANA/SSHLVDINC20UT
»[>| OSC2/CLKOUT)/RAR
OSC1/CLKINBYRA7




TimerO Control
Register (2 of 2)

O Interrupt
»  When Timer0O overflows from FFH to 00 in the 8-bit mode and from FFFFH
to 0000 in thel6-bit mode, it sets TMROIF (TimerO Interrupt Flag) —Bit2 in
the INTCON register.

o  Flag can be used two ways: 1) a software loop can be set up to monitor the flag,
or 2) an interrupt can be generated.

o  Flag must be cleared to start the timer again.

O 16-bit mode
»  When TimerO is set in the 16-bit mode, it uses two 8-bit registers TMROL
and TMROH.

TABLE 12-1: REGISTERS ASSOCIATED WITH TIMERO

Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0

TMROL ) | Timer0 Register, Low Byte
IMROH_ | Timer0 Register, High Byte / N\
INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE | RBIE \| TMROIF |/ INTOIF [ RBIF
TOCON TMROON | T08BIT | TOCS TOSE PSA | ToPSZ | TOPS1 | TOPSD
TRISA RA7(1) RA&(1) RA5 RA4 RA3 RA2 RA1 RAO




Example: Explain the setting

What are the setting 1f
TIMERO Register 1s set to C7?



Control Word to Initialize TimerO

B7 B6 B5 B4 B3 B2 B1 BO

11 |o]ofo|1]1]1 67y

TMROON | TO8BIT T0CS TOSE PSA TOPS2 | TOPS1 | TOPSO

Timer0 On 4—' l | ' l Prescaler Select Bitsj'
it T Rising Prescaler 1:256 1 = Enables Timer0 Clock Source M1=125 011=116
8-bit Timer «——
Edge 0 = Stops Timer0 1 =TOCK1 110=1:128 010=18
0 = Instruction 101 = 1:64 001 =1:4
Internal (‘) = ?'f,bg ﬁpeff'fgk'“‘c‘ Cycle 100=1:32  000=12
< = 16-bit Timer/Counter
v
Clock Prescaler Enabled 1 = Falling Edge 1 = No Prescaler

0=RisingEdge ¥ 0= Prescaler Assigned

Fosc/4 0
* 0| |Syncwith Set
1 [ Programmabl Internal TMROIF
TOCKI pin Prescaler 1 Clocks on Overflow

TOSE 7y (2 Tey Delay)

TOCS A5

TOPS2:TOPSO

PSA
Internal
Data Bus

Note: Upon Reset, Timer0 is enabled in 8-bit mode with clock input from TOCKI max. prescale.




Example - Set TMRO as an 8-bit timer

0 Every instruction cycle the register is updated = 4x(Clock Period)

O  With a pre-scale=1:256 (divide the clock by 256)->
pre scalex4x(Clock Period)

O  8-bit register allows counting 256 values =
m  (2"n)x pre_scalex4x(Clock Period)

O Assuming using a 10MHz internal clock, rising edge clock, how often the flag
1s set if timer O 1s set as 8-bit counter? What should TMRO (TocoN ) setup be?

256x256x4x0.1E-6=Every 26.21 msec

B7 B6 BS B4 B3 B2 B1 BO

TMROON | TO8BIT T0CS LIOS# PSA IOPS?J TOPSY LIOPSO

1/ 1 0 00 111

1 = Enables Timeru Clock >ource 111 = 1:250 ull =110
0 = Stops Timer0 1 =TOCK1 110=1:128 010=18
0 = Instruction 101 = 1:64 001 =14
1 = 8-bit Timer/Counter Cycle 100 = 1:32 000 =12

0 = 16-bit Timer/Counter
1 = Falling Edge 1 = No Prescaler

0 = Rising Edge - 0 = Prescaler Assigned



Example For TMRO (1)

O Using a 16-bit TMRO generate a high priority

interrupt every 1 sec. Assume rising edge, 1:128 pre-

scale, and a 10MHz crystal oscillator (internal
clock).




Example For TMRO (2) | v

O

O

Using a 16-bit TMRO generate a high priority interrupt every 1 sec. Assume rising
edge, 1:128 pre-scale, and a 10MHz crystal oscillator (internal clock).

1sec/0.4usec=2,500,000 € number of counts that must be generated
m 16 bit > Assume pre-scale 1:128
= 2,500,000/128=19531.25 (up counter)€< number of counts

m 2716-1=65535; (65535)-19531=46,004 - B3B4 —load B3B4 into
TMROL/H and count up to FFFF = then a flag is set!

Code:
=  High priority -2 Hioh sriority 5 ORG 0x08
igh priority X
= RCON > RCON > IPEN =1
m INTCON=-> INTCON- Set GIEH/L ; PEIE ; TMROIE ; clear FLAG
m INTCON2-> INTCON2-> set TMROIP (priority)
m INTCON3 9 INTCON39 All zero
PIR1-> clear all flags
= PIRI> TCON-> TMROON=1 ; TOPS=110
u TCON-> Load B3B4 into TMROL/H and count up to FFFF - generate
interrupt

Note: TMR Flags are set when the counter reg. has reached it max.



Example For TMRO (3)

Loo~NOOUESWN =

MAIN:

DELAY_ 1s:

HERE :

TMRO_ISR:

Title "PIC18F452 EX11-2 One Second Delay With Interrupt"”
List p=18F452, f =inhx32
#include <pl8F452.inc>

;This is a header file

oRG 00 When flag is set the MPU
GOTO  MAIN transfer the program to
ORG  ox08 < high priority interrupt
Q10 ie.R vector location 0x08
CLRF INTCON3 ;Disable all INT flags
CLRF PIR1 ;Clear all internal peripheral flags
BSF RCON, IPEN ;Enable priority - RCON <7>
BSF INTCONZ , TMROIP ;Set Timer@ as high-priority
MOVLW B'11100000' ;Set Timer@:global interrupt, high
IORWF  INTCON,1 ;piority, overflow, interrupt flag
MOVLW B'10000110' ;Enable Timer@d: 16-bit, internal clock,
MOVWF  TOCON ; prescaler- 1:128
MOVLW  ©xB3 ;High count of B3B4H
MOVWF  TMROH ;Load high count in Timer@
MOVLW  OxB4 ;Low count of B3B4H
MOWVWF  TMROL ;Load low count in Timer®d
BCF INTCON, TMROIF ;Clear TIMRO overflow flag A Start counter
GOTO HERE ;Wait here for an interrupt
ORC  0x100 Whe.n the Iqtermpt
wov o3 , ‘o service routine 1s
LW xB ;High count of B3B4H .
MOVWF  TMROH ;Load high count in Timerd executed, the TMRO is
MOVLW  ©OxB4 ;Low count of B3B4H :
MOWVWF  TMROL ;Load low count in Timer@ reloaded, 1nterrup ts are
BCF INTCON, TMROIF ;Clear TIMRO overflow flag i Star cleared, back to MAIN
RETFIE FAST ;Return



Timerl — 16-bit (1 of 5)

RC1T10SIICCP2(M
RC2/CCP1

+=X| RCISCKISCL

RC4/SDI/SDA
RCYSDO

‘ ‘ RCOT10SOIM13CKI

O

&
S | Used to synch with

A 16-bit counter/timer with [ . st sy wits
two 8-bit registers (TMR1H e L 8 J’”"“‘”“ externalclock
and TMRI1L); both registers ' wffj T
are readable and writable . C /

Four options of prescale value
(Bit5-Bit4) i

Clock source (Bitl) can be o . } e
internal (instruction cycle) or resmeess
external (pin RCO/T13CK1) T

RD16 T1CKPSI TICKPSO [ TIOSCEN | T1SYNC TMRI1CS IMRION

On riSing edge ' ' % j Prescale.'Select“Timerl ]

1 = Enables Timer1 in 16-bit Bits Oscillator v
—_ J 1 = Enables Timer
Operation v

Sets ﬂag Or generates an 0 = Enables Timer1 in two 8-bit 11=1:8 0 = Disables Timer

T13CKIT10SC

interrupt when 1t overflows el e
(Rising Edge)
from FFFFH to 0000

v
1 = No synchronization of External Clock Input
0 = Synchronization of External Clock Input



REGISTERS ASSOCIATED WITH CAPTURE, COMPARE, TIMER1 AND TIMER3

Reset
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
INTCON GIE/GIEH |[PEIE/GIEL| TMROIE | INTOIE RBIE | TMROIF [ INTOIF RBIF 50
RCON IPEN | SBOREN — RI TO FD POR 58
PIR1 psPIF( | ADIF RCIF ™@F | sseiF | ccriF | TMR2IF | 82
PIE1 psPiel |  ADE RCIE TXIE SSPIE | CCP1IE | TMR2IE 82
IPR1 pspiPl) | ADiP RCIP TXIP SSPIP | ccP1IP | TMR2IP | TMR1IP 82
PIR2 OSCFIF | CI1IF C2IF EEIF BCLIF | HLVDIF | TMR3IF | CCP2IF 82
PIE2 OSCFIE | C1IE C2IE EEIE BCLIE | HLVDIE | TMR3IE | CCP2IE 62
IPR2 OSCFIP | C1IP Cc2IP EEIP BCLIP | HLVDIP | TMR3IP | CCP2IP 62
TRISB PORTB Data Direction Control Register 62
TRISC PORTC Data Direction Control Register 62
TMRI1L Timer1 Register, Low Byte 60
TMR1H Timer1 Register, High Byte 80
T1CON RD18 | TIRUN |T1CKPS1|TICKPS0|T10OSCEN| TISYNC | TMRICS [ TMR1ON 80
TMR3H Timer3 Register, High Byte 61
TMR3L Timer3 Register, Low Byte 61
T3CON RD16 | T3CCP2 |T3CKPS1|T3CKPS0| T3CCP1 | T3SYNC | TMR3CS | TMR3ON 681
CCPRI1L Capture/Compare/PWM Register 1, Low Byte 61
CCPR1H Capture/Compare/PWM Register 1, High Byte 81
CCP1CON P1M1 P1IMO DC1B1 | DC1BD | CCP1M3 | CCPIM2 | CCP1M1 | CCPIMO 81
CCPR2L Capture/Compare/PWM Register 2, Low Byte 61
CCPR2H Capture/Compare/PWM Register 2, High Byte 61
CCP2CON — — DC2B1 | DC2BD | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO 681




Timerl 3 of 5)

O Timerl Operation

1 ~
m  Can operate in three modes: I%“g | o
e TMR1 - 8
O timer, :&?M;LL E‘l || f Synchronized
Tlﬂl TMRIL e
O  synchronous counter, oy —C_I 1
o  asynchronous counter — -l
. . . T13CKIT10SC 1
Bit0 enables or disables the timer - ricscen %x ;, it e RV
. . . T108! : Osciiator  Intemal ™| I
When Bitl = 0, it operates as a ttmer = - L 229 ps
. TICKPS1TICKPSD
and increments count at every
. . B7 B6 B5 B4 B3 B2 B1 BO
lnStruCtlon CyCIG. RD16 T1CKPSI %'IU(VVJ .ll(l‘b(”\' ' TISYNC TMRI1CS TMR1ON ‘
0  WhenBitl = 1,itoperatesasa & [ Pesclselect| Tmed T T
. = knables limerl in 16-bit Its scillator ;
counter and increments count at [ Openton ! l el
. . = Enables Timer1 in two 8-bi 11=1:8
every rising edge of the external  operations 10=1:4 |
01=1:2 1 =Fnabled | 1= External Clock
clock. 00=1:1 0=Disabled|  RCO/T13CK1
. . R . _(Rlsmg Edge)
m  When Bit3 = 1, Timer1 oscillator 1s e

enabled which 1s used for low
frequency operations.

1 = No synchronization of External Clock Input
0 = Synchronization of External Clock Input



TMR1 Example

O Generate 100 usec clock; assuming internal
clock 1s 1I0MHz (See the handout).




Timer2

O Two 8-bit registers (TMR2 and PR2) T sl T SR
O An 8-bit number is loaded in PR2 and the = .coinaeo —22 | Pulse mwzoms
timer 1s turned on, which 1s incremented j R T
every instruction cycle. e [T AL T
O When the count in the timer register and 4
the PR register match, an output pulse is | |
generated and the timer register is set to Master Synchronous Serial Port (M55P)
Zero‘ B7 B6 BS B4 B3 B2 B1 BO
O The output pU.lSG goes through a postscaler { ----- TOUTPS3 [TOUTPS2 [TOUTPS1 [TOUTPSO | TMR20N 1201051 |T2ckPso
that divides the frequency by the scale Postocale Salect s l [
factor and sets the flag TMR2IF- s im T T
= Bitl in the Peripheral Interrupt Registerl L s o
(PIR1) that can be used to generate an - ‘ 5

interrupt. 0000=1:1



TMR2

REGISTERS ASSOCIATED WITH PWM AND TIMER2

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

INTCON | GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF

RCON IPEN | SBOREN — RI TO PD POR BOR

PIRT PSPIF(T | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF
PIE1 PSPIE" | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE
IPR1 PSPIP() |  ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP
TRISB PORTB Data Direction Control Register

TRISC PORTC Data Direction Control Register

TMR2 Timer2 Register

PR2 Timer2 Period Register

T2CON —  |T20UTPS3|T20UTPS2|T20UTPS1|T20UTPS0| TMR20ON | T2CKPS1 | T2CKPS0
CCPRIL _[Caplure/Compare/PWM Register 1, Low Byie

CCPR1H |Capture/Compare/PWM Register 1, High Byte

CCPI1CON | P1M1 P1MO DC1B1 DC1B0 | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO
CCPR2L |Capture/Compare/PWM Register 2, Low Byte

CCPR2H |Capture/Compare/PWM Register 2, High Byte

CCP2CON — — DC2B1 DC2B0 | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO
ECCP1AS |ECCPASE| ECCPAS2 | ECCPAS1 | ECCPASO | PSSAC1 | PSSACO | PSSBD1 | PSSBDO
PWM1CON| PRSEN | PDCS6 PDC5 PDC4 PDC3 PDC2 PDC PDCO




—!

Example for Timer2

O Generate a periodic high-priority interrupt every 8-msec
using Timer2. Assume a 32-MHz crystal oscillator.

Assume post/pre scaled values are 16

Remember, we start

Loaded value in PR2 will be with 0 count = -1 is needed

o  PR2=[Td/[Inst. Clock Cycle(4) x Prescaler x PostScaler x clock period)]] - 1
o  PR2=[ 8msec/[4x16x16x(1/32MHZ)] | -1 =249

RCON: IPEN=1

[PR1: TMR21P=1; TMR2IF=CLR
INTCON=CO; GLOBAL INT 4
T2CON=7E; TMR2 ENABLE AND SCALING SETUP PR2
PIEL: TMR2IE=SET




Example for Timer2 - continue

O Actual code:

moviw D249 . load 249 into PR2 so that TMR2 counts up
movwf PR2.A ; to 249 and reset
bsf RCON.IPEN.A . enable prionty interrupt
bsf IPR1,TMR2IP A : place TMR2 interrupt at high priority
bcf PIR1,TMR2IF A :
moviw 0xCO
movwf INTCON A . enable global interrupt
moviw Ox7E . enable TMR2, set prescaler to 16, set
movwf T2CON A . postscaler to 16
bsf PIE1, TMRZIE A . enable TMR2 overflow interrupt
PR2=249
RCON: IPEN=1

[PR1: TMR21P=1; TMR2IF=CLR

INTCON=CO; GLOBAL INT

T2CON=7E; TMR2 ENABLE AND SCALING SETUP
PIELl: TMR2IE=SET




Timer3

0O Similar to Timerl

B7 B6

B5 B4

B3

T13CKIT10SC

B2 B1 BO

-

RD16 T3CCP2

T3CKPS1 [ T3CKPSO

T3CCP1

T3SYNC | TMR3CS ; TMR3ON

1 =Enables Timer3 in
16-bit Operation

0= Enables Timer3 in
two 8-bit Operations

1X = Compare/Capture for all CCP
TMR Clock Source

01 = Compare/Capture Mode le

TMR3 clock for CCP2
TMR1 clock for CCP

00 = Compare/Capture for all CCP

TMR1 clock source

| Prescaler Select Bits |

1M=18
10=1:4
01=1:2
00=1:1

v
1 = Enables Timer
0 = Disables Timer

v
1 = External Clock from
T1CK1 or TMR1 Oscillator
(On Rising Edge after
First Falling Edge)
0 = Internal Clock

r
1 1 = No synchronization of External Clock Input

0 = Synchronization of External Clock Input

T108I

Data bus <7:0>

Wrie TMR2L
Read TMR3L EJ
-
Set TMRAIF flag Timer3 TR .
on overfiow highbyte | TMRAL <—C

When the TIOSCEN bitis
cleared, the inverter and
feedback resistor are tumed of

. CCP special tngger
T3CCPx
Synchronized
0 clock mput
1
T3SYNC
Prescaler Synchronze
1.24.8 A oet
|
SLEEP input

T3CKPS1:T3CKPSD



Timer4

O O O O O

Only available to the PIC18F8X2X and PIC6X2X devices

The value of TMR4 1s compared to PR4 in each clock cycle
When the value of TMR4 equals that of PR4, TMR4 is reset to 0
The contents of T4CON are identical to those of T2CON
....similar to Timer2 (Two 8-bit registers )

Prescaler
11,14 116

}.

T4CKPS1:TACKPSO

T™MR4 setsflagbt

=]

T40UTPS3:T4OUTPSO




CCP & ECCP




CCP (Capture, Compare, = « o « o o o o

DCxB1 DCxBO | CCPxM3 | CCPxM2 | CCPxMI ’(‘('Px.‘d()

PWM Bit &Bit 0 l Mode Select Bits - See Table 111 [
an O u e S Least Significant Bits 1 and 0

of the 10-bit PWM Duty Cycle

0 PICI18 Device may have 1, 2, or 5 CCP modules

PORTC
m Each CCP module requires the use of a timer resource Eéi{%ﬁ%ff@%ﬂfl
m Capture or compare mode, the CCP module may use either Timerl or Timer3 to ) RESSOKECL
operate. RC5/SDO
RC6/TX/CK
m PWM mode, either Timer2 or Timer4 may be used RCTRXIDT
0  The operations of all CCP modules are identical, with the exception
of the special event trigger mode present on CCP1 and CCP2
0  Each module 1s associated with
I3CON<6,3>=01
m A control register (CCPxCON) ] ]
m A data register (CCPRx) which consists of two 8-bit register:
CCPRxL and CCPRxH L sz
O  The assignment of a particular timer to a module is determined by =23
the bit 6 and bit 3 of the T3CON e i
i_s
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Control
Register
(CCPICON)

REGISTER 16-1: CCP1CON: ENHANCED CAPTURE/COMPARE/PWM CONTROL REGISTER

R/W-0 R/W-0 RW-0 R/W-0 RW-0 RW-0 R/W-0 R/W-0
pimt | pimo | pcier | peieo | cepima | ceceimz | ceeimt | copimo
bit v bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
-n = Value at POR 1'=Bilis set ‘0" = Bit i& cleared x = Bit is unknown
bit 7-6 P1M<1:0>: Enhanced PWM Output Configuration bits

HCCPIM=3:2>=00,01.10:
xx = P1A assigned as Capture/Compare inputioutput; P1B, P1C, P1D assigned as port pins
|[ s;;:E]M<;}2> =11
00 = Single cutpul: P1A, P1B, P1C and P1D controlled by sleering (See Section 16.4.7 "Pulse Steering
Mode").
Full-oridge output forward: P1D modulated; P1A active; P1B, P1C inactive
Half-bridge output: P1A, P1B modulated with dead-band control, P1C, P1D assigned as port ping
; rsa: P1B modulated; P1C active; P1A, P1D inactive

4 DC1B<1:0>: PWM Duty Cycle bit 1 and

Caplure modea:

Unused.

Compare mode:

Unused.

EWM mode:

These bils are the two LSbs of the 10-bi

01
10

cycle. The eight MSbs of the duty cycle are found in

CCP1M<3:0>: Enhanced CCP Mode Select bils

0000 = Capture/Compare/PWM off (resets ECCP module)
0001 = Reserved

0010 = Compare mode, toggle output on match

0011 = Reserved

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 161h rising edge

1000 = Compare mode, initialize CCP1 pin low, set output on compare malch (set CCP1IF)
1001 = Compare mode, initialize CCP1 pin high, clear output on compare malch (set CCP1IF)
1010 = Compare mode, generate software interrupt only, CCP1 pin reverts to 11O state
1011 = Compare mode, trigger special event (ECCP resets TMR1 or TMR3, sets CC1IF
1100 = PWM mode; P1A, P1C active-high; P18, P1D active-high
1101 = PWM mode, P1A, P1C active-high; P18, P1D active-low
1110 = PWM mode; P1A, P1C active-low; P18, P1D active-hi

1111 = PWM mode; P1A, P1C active-low; P




REGISTER 15-1: T3CON: TIMER3 CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
RD16 | T3CCP2 | T3CKPS1 | T3CKPS0 | TaccPt | T3SYNC | TMR3CS | TMR3ON
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 RD16: 16-bit Read/Write Mode Enable bit

1 = Enables register read/write of Timer3 in one 16-bit operation
0 = Enables register read/write of Timer3 in two 8-bit operations
bit 6,3 T3CCP<2:1>: Timer3 and Timer1 to CCPx Enable bits
1x = Timer3 is the capture/compare clock source for CCP1 and CP2
01 = Timer3 is the capture/compare clock source for CCP2 and
Timer1 is the capture/compare clock source for CCP1
00 = Timer1 is the capture/compare clock source for CCP1 and CP2
bit 5-4 T3CKPS<1:0>: Timer3 Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value
00 = 1:1 Prescale value
bit 2 T3SYNC: Timer3 External Clock Input Synchronization Control bit
(Not usable if the device clock comes from Timer1/Timer3.)
When TMR3CS = 1:
1 = Do not synchronize external clock input
0 = Synchronize external clock input
When TMRA3CS = o
This bit is ignored. Timer3 uses the internal clock when TMR3CS = 0.
bit 1 TMR3CS: Timer3 Clock Source Select bit
1 = External clock input from Timer1 oscillator or T13CKI (on the rising edge after the first
falling edge)
0 = Internal clock (Fosc/4)
bit 0 TMR3ON: Timer3 On bit

1 = Enables Timer3
0 = Stops Timer3




Applications of CCP

O

O

Event arrival time recording

u Swimming competition, need to compare different swimmer times

Period measurement

u Capture function configured to capture the timer values corresponding to two consecutive rising or
falling edges

Pulse width measurement

u Capture function configured to capture two adjacent rising and falling edges
Interrupt generation

] All capture inputs can serve as edge-sensitive interrupt sources

Event counting

m Event represented by signal edge

u CCP channel used in conjunction with a timer or another CCP channel to counter number of events
that occur during a timer interval

Time reference

m CCP capture module used with another CCP channel in compare mode

u Detect event, add desired response time, compare mode determine when to activate response
Duty cycle measurement

| Percentage of time signal is high within a period -t -

-+t —



Basic operation

O

Each CCP module is comprised of two 8-bit registers: CCPR1H (high)
and CCPRI1L (low) = Total of 16-bits

m  Called capture and compare register

Can operate as 16-bit Capture register, 16-bit Compare register, or duty-
cycle PWM register

Timerl and Timer3 are used as clock resources for Capture and Compare
registers

Timer2 and Timer4 (if available) are used as clock sources as PWM
modules

T3CON<6,3>=01

set flag bit
— [ ][] > CCPxF

[TMR3H | TMRAL |
Prescaler 4 Tacce2 - T™R2 L
g— 1.4.16 >7 enable A\
e SZ CCPx
iLceer2 |i pn
E E L CCPRxL
[, I
i-ccps ! Fasy — — A
e ] edge detect Tacce2 enable -
i T R

— [ ] [

Q's CCPxCON<2:0>




Capture Mode




CCP 1n the Capture Mode (1 of 2)

When do events arrive?

| Physical time represented by the count value in a counter

m An event is represented by a signal edge

| Main use of CCP is to capture event arrival time by
latching in the count value when the signal arrives

The PIC18 event can be one of the following

] Every falling edge

] Every rising edge

] Every 4th rising edge

] Every 16th rising edge

CCPRI register captures the 16-bit value of Timerl (or

Timer3) when an event occurs on pin RC2/CCP1.

When a capture occurs, the interrupt request flag bit

CCPIIF (Bit2 in PIR1) is set and must be cleared for

the next operation.

set flag bt
CCPxF

DA

Fas

edge detect

b

T

Qs CCPxCON<3:0>

4 Tacce2 >

T3CCP2 f

Different View....

[ ™MR1M

T™RIL | [ ™mRan | TmR3L |

Rogister
{TIECCP1:T3CCP1

Select

cePt =
(RC2)

Prescaler
divide by
1,418

Edge Detect

5t

] 1

Capture

CCPRTH | CCPRIL

Using TMR1 or TMR3



CCP 1n the Capture Mode (2 of 2)

O To capture an event:

Set up pin RC2/CCP1 of PORTC as
the input.

Initialize Timer1 in the timer mode or
synchronized counter mode by writing
to TICON/ T3CON register.

O Asynch mode does not work

Initialize CCP1 by writing to the
CCP1CON register.

Clear the CCPI1IF flag to continue the
next operation when a capture occurs.

o Clear CCP1IE and CCPI1IF to avoid a
false interrupt when capture mode is
changed.

Input

Clear Flag
set flag bit

D3

CCPx
pn

A
Prescaler T3CCP2 ___TMR3 v
1.4.16 enable

Faa I
edge detect T3cce2

7T [T | R

Qs CCPxCON<3:0> Timer mode
Initialize CCP1

Key Registers to Set:
CCPxCON

TMR3 or TMR1
CCPx is Input
CCPRxIL/H




Compare Mode




CCP 1n the Compare Mode (1 of 2)

O

O

CCP compare applications secd cen
= Generation of a single pulse, a train of P [ocomat] corme ]
pulses, periodic waveform with certain [y o s Cupa
duty cycle, specified time delay “Pxp"i_ |
16-bit value loaded by the user in CCPR1 - Ccmimm rccez @
(or CCPRX) 1s constantly compared with mode select Bl H:
the TMR1 (or TMR3) register when the —|
timers are running in either timer mode or [TRTL [ TRt [TWecan | T

synchronized counter mode.

When a match occurs, the pin RC2/CCP1
on PORTC is driven high, low, or toggled T B
based on mode select bits in the CCP1CO

(Bit3-Bit0 in CCP1 control register), and | Yy ¥
the interrupt flag bit CCP1IF 1is set. (T3ECCPT-TICCP1 0_

TMR3H TMRSEJ

CCP1

(RC2) Comparator

|CCPR1H CCPR1EJ




CCP 1n the Compare Mode (2 of 2)

O Tosetup CCPI in the Compare mode: . @@zfl‘acm =
m  Setup pin RC2/CCP1 of PORTC as ’ cePiF

Olltpllt D CC@( pn i_o s: QL:’:’:I‘: &

= Initialize Timer] in the timer mode or the D] === R @
synchronized counter mode by writing to “mdemiat 3] 1
the TICON/ T3CON register.[g it |

» Initialize CCP1 by writing to the (R [ e (e [ ] [
CCPI CON register. B Initialize to Timer mode

m  Clear the flag CCP1IF, which is set when
a compare occurs, and must be cleared to

continue to the next operation. Order of Setup:
m  For a special event trigger, an internal A---E
hardware trigger is generated that can be
used to initiate an action. BIC1aF
m  The special event trigger output resets JUL 4521458 |LED

Timerl. T1CKI (Rcu') |




Example

Measure the period of the input
clock

1- Assume the clock 1s coming
from RC2 - CCPI
3- Use TMRI1

OSCCON = 0x70;
OSCTUNEbits.

CCP1CON 0x05;
T3CON = 0x00;
T1CON = 0x0;
TRISD 0x0;
TRISCbits.

CCPRI1L a;
CCPR1H = 0;
while(1)
{
TMR1H = @;
TMRIL = 0@;
PIR1bits. =0;
PORTDbits. =~PORTDbits.

hile(PIR1lbits. ==0);
T1CONbits. y

PIR1bits.

le(PIR1bits.
T1CONDbits. =" H
PulsePeriod [@]=CCPR1L;
PulsePeriod [1]=CCPR1H;




Pulse Width Modulation




Basic Idea

B4

B3

B2

B1

BO

DCxBO

CPxM3

CCPxM2

CCPxM1

CCPxMO

Mode Select Bits — See Table 11.1

DC1B2
0

0
1
1

B7 ' B6 BS
= ——Q | DCxB1
Reg: CCP1
DCIB1 Decimal points
0 0
1 0.25
0 0.5
1 0.75

25%DCc JL JL L. M n.n

50%DC [ 11 LIty urd
75%0DC 4 U U U U u U

100% DC

For example 75% of COUNT (e.g. Pry=249) = 186.75
- 0.75 is equivalent to DC1B1 & DC1B0 =11




CCP 1n the Pulse Width Modulation
(PWM) Mode (0 of3)

10 bits

0  CCPx pin can output a 10-bit resolution periodic digital Duyoyseregsers /— (TIPS
waveform with programmable duty cycle —

O  Duty cycle to be generated is a 10-bit value %_

m  Upper 8-bits stored in CCPRxH register e
=  Lower 2-bits stored in bit 5 and bit 4 of {} :

O CCPxCON register Duty cycle value compared with TMRy | Al W~
cascaded with 2-bit clock in every instruction cycle 7~ 1
= When values are equal, CCPx pin pulled low ey (ylzL 7] =

O TMRy register compared to PRy register in every clock T 1 ¢
cycle, when equal following events occur on next increment l ‘

CYCIG Clear timer, CCPx pin and latch D.C

»  CCPx pin pulled high
m  TMRy register cleared
»  PWM duty cycle is latched from CCPRxI into CCPRxH

Two values are required

| First CCPRIL, then PR2 |

— CCP1
(RC2)

Comparator
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CCP 1n the Pulse Width _ |
Modulation (PWM) Mode (1 of3) o O MRz = PR2

0 A CCP module in conjunction with Timer2 can be | i L il SR
set up to output a pulse wave form for a given ’
frequency and a duty cycle.

O The CCP module uses a 10-bit number to specify

the duty cycle. R
O The 8-bit number loaded into the PR2 register /@\ 7 coex
specify the PWM period. TR 3 rior- e
N l
Comparator J
0 PWM period and duty cycle can be calculated using Glon e O o o .
the following PRy (2er )

PWM period = J(PRy) + 1] x 4 x Tos x (TMRy prescale factor)
Time unit = nsiruction cycle
(CCPRxL:CCPXCON<54>) x Tose x (TMRYy prescale factor)
or CCPRIL = [PR2+1] *DutyCyCle Time unit = .;r}.';:;' ascilstor cvcie

. al OSCalor CyQle
(in sec)
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CCP 1in the PWM Mode (2 of 3)

0O When TMR2 1s equal to PR2, the following
three events occur in the next increment
cycle:

TMR?2 1s cleared.
Pin RC2/CCP1 of PORTC is set high.

The PWM duty-cycle byte is latched from
CCPRI1L into CCPRIH.

0 When CCPR1H and TMR2 match again for the
specified duty cycle, the CCP1 pin 1s cleared.




—!
CCP 1in the PWM Mode (3 of 3)

O To Initialize CCP1 in the PWM mode:
Set up pin RC2/CCP1 of PORTC as output.
Set up PWM period by writing to the PR2 register.

Set up PWM duty cycle by writing to CCPRIL register
and Bi1t5-Bit4 of CCP1CON register.

Set up TMR2 prescale value and Timer2 in timer mode by
writing to T2CON register.

Enable CCP1 module in the PWM mode.
Set up CCP1 by writing to the CCP1CON register.




Example of Register Setting for PWM

O Configure CCP1 in PWM mode to generate a digital waveform with 40%
duty cycle and 10 KHz frequency assuming that the PIC18 MCU is
running with a 32 MHz crystal oscillator. Assuming prescale=4 for timer

2.

O Timer setting

m  Use Timer2 as the base timer of CCP1 for PWM mode

m  Set Prescaler to Timer2 to 1:4

m  Period register value: PR2 = 32MHz /[4x4x10KHz]-1 =199
| PR2 = Fosc /[4xNxFdesired]-1 ; N is the prescaler value

m  Duty Cycle Value: CCPRIL = [PR2+1]*DutyCycle

= 200x40% = 80.00

CCPxCON<5:4>

Duty cycle registers [_ x=1...5

CCPRAL |

F

CCPRxH (slave) |

TMRy(y=2o0r4) )

il

CCPx

TRISz<k>
z=CorBorG

&—S

Clear tmer, CCPx pin and latch D.C

PRy (y=2 or 4)

H
o g

CCPRL Register= 80d

B7 B6 B5 B4 B3 B2 B1 BO
== = DCxB1 DCxBO |CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO
Mode Select Bits — See Table 11.1

PWM Bit & Bit 0

DCxB0 & B1 =00

PR2 Register = 199d




B7 86 BS B4 B3 B2 B1 B0 B7 "B6 B5S B4 B3 B2 B1 BO

T DCxB1 DCxBO |CCPxM3 | CCPxM2 | CCPxM1 | CCPxMO

RD16 T3CCP2 |T3CKPS1 [T3CKPSO | T3CCPY1 | T3SYNC | TMR3CS IMRSONI —_—

T|3CON | |Prescalerselecttiss| | | CCP1CON "™ Bit & Bit 0 Mode Select Bits — See Table 11.1
> 400 s e
PWM Example 3 o

O Use CCPI1 to generate a periodic waveform with 40% duty cycle and 1 KHz
frequency assuming that the instruction cycle clock - use timer3 as the base timer,
set prescale = 1, assume high priority. Assume 4MHz crystal oscillator.

Setup: ( Start )
High priority int. vector setup |
CCP1 is set to output set CCP1 pin high
T3CON = C9; turn on TMR3 in 16-bit mode, TMR3 as |
base timer for all CCP modules Set toggle on CCP11 match
CCP1CON=09 ; configure CCP1 pin set high initially and pull low [«
on match Clear CCP1IF flag
Remember: Load TMR3H/L = 640 and CCPRIH/L = 640 Start ccp|1 compare
Imsec x 4MHz = 4000 counts wmadejydm"s

40% -> (PRy=4000); 4001*0.40 = 1600 = 640h

60% -> 2400 = 960h "°

Load TMR3H/L =960 and CCPR1H/L = 960 =

Clear CCP1IF fiag

1000 = mhpam mode, initi-.alize cCcP ;-Jin Ic-vw. on compare match force CCP pin high Sart %ﬂ:; &9‘&‘5’5;‘2‘"*"‘ ?
(CCPxIF bitis s=t)

1001 = compare mode, initialze CCP pin high, on compare match foroe CCP pin low
(CCPxIF bitis s=t)

1010 = compare mode, generate software interrupt on compare match (CCP pin
unaffected, CCPxIF bit is set).

-/ﬁm




void main

Programing ECCP (CCPI1)

In PIC18F46K20 - 1

O  Write a program
that measures the
period of the
incoming signal; at
RC2 (CCP1) — This
1s the ECCP in

apintare 46K 2() %
x B8 gig
CofEREE<Ad
REQHUBBAOOE
BELESEEoRE
[SRSIS NaNaNaYaRoRoReNs)
rrrrrrroecxeaxz
IIITIRRER/ER
RC7RX/DT =—=CIH1 O NC
RD4/PSP4 =—=[CIT2 32 =— RCO/T10SOIT13CKI
-1 310 < OSC2/CLKOUT/IRAS
bt ~~Crd.  PIC18F43K20  30fT0 < OSCICLKINRAY
ROTPSPTPIO =—=LIHS  PIC18F44K20 20— xss
—C T ~— voo
v _-Cms  PICIBF45K20 i< meaGEant
RBO/INTOFLTO/ANT2 = ttHa  PIC18F46K20 260 =—= RE1WRI/ANG

250 = REQ/RD/ANS
240 == RAS/AN4/SS/HLVDINIC20UT
230 ~—= RA4TOCKICIOUT

RB1/INT1/ANT0/C12IN3- =—=CI9
RB2/INT2Z/ANS =—=CIT 10
RBI/ANGIC12IN2-/CCP2!) =—~CT 11

P i e el i el o

JRE3 —= 1T

e

=

REB7/KBIZPGD =— C1H

MCLR/VPs
RAWANNG

FA** Clock Selection

(woid)

TEE*

SAOSCCON = 0xd40; ff IBRCFx = 100 ff & MHz clock --&= Zusec
SFAOSCTUNEbit=s. PLLEN = 0; ff x4 PLL disabled
OSCCON = 0x70; S IBCFx = 111 (2 MH=z) or --» 0_.1Z5 usec
OSCTUNEbits PLLEN = 1: ff x4 PLL enabled = ZEMH=z=
£ *F** Initializing the CCPL (ECCP)
CCP1CON = 0Ox05:=
T3ICON = 0x00;
T1CON = 0Ox0;
TRISD = 0=x0;
TRISChbits TRISCZ = 1; /f Set RCZ Y Make sure the input
f7 1s a square signal with no offset.
CCPRIL = 0O;
CCPR1H = 0O;
while (1)
{
TMR1H = 0O;
TMRL1L = 0O;

PIRlbits. CCP1lIF=0;
PORTDbits. BDO=~PORTDbits. BDO;

while (PIRlbits CCPLlIF==0); [/
T1CONbits THMRI1ON=1;
PIRlbits CCP1lIF=0:

WMait for the first rising edge

while (PIRlbits CCPLlIF==0); //f
T1CONbits. TMR1ON=0O;
PulsePericod[0]=CCPR1L: [/
PulsePeriod[1l]=CCPRL1H:

wait for the second rising edge

the number of counts are here!



Programing ECCP (CCP1)
In PIC18F46K20 - 2

90
% Error
80
70
60 Performance of the
50 Period Measurements
40 With 2MHz clock
30
20
10
0 . . * — —— ﬁwo'oo T
10 54,054.05 39,001.56 10,000.00 5,000.00 1,200.48 669.79 20.90,000.00 +
80,000'00 ] / lllpul rlcq.
70,000.00 V = Measured Freq.
It performs well for frequencies less €0.00000 17
. 50,000.00 -
than SKHz when the clock is 4 usec. ’ P
40,000.00 -
30,000.00 +
20,000.00 1~
P
10,000.00 - I
0.00 . —‘. e S




Example of PWM using CCP1(RC2)

/4 main program

void main (wvoid)
{
OSCCON = 0x40; A4 IBCFx = 100 fF 2 MHz clock --= Zusec

OSCTUNEbhits_  PLLEN = 0O0; S5 x4 PLL disabled
Note that we use

OSCTUNE to adjust TRISC = OxFB;

The frequency ceproon - oese.  101%4%4%0.5usec = 808 usec = Period

PRZ=100; Ff Note: refer to section 1ll.4.1 or datasheet.

TZCON=0x01;
CCPRlL sets the OSCTUNE = 0bOO0OO10O011;: J/ this is to adjust the period of the pulses
value of the duty cycle EEEEITYSE

{

£ For CCPRLIL=ZL5; the period is BE2ZZ usec; DC= ZZ3 usec
CCPR1IL = 50; FfCan be Z5 or 50% duty cycle

THMRZ=0x0;

PIRlbits.  TMREIF=0;

TZCONbits TMRZON=1:

SAPORTDhitc=s_ BDO = ~PORTDbits.BDO;

while (PIRlbits. TMREZIF==0) ;

PORTDbits_ BDO = ~PORTDbits. BDO;

CCPRIL . <DCIB2:DC1B1>=PR2*DC%

50.00 =100 * 0.5 = for 50% Duty Cycle



Controlling a DC Motor Using PWM

+12V

This input can change the speed ] .

or used for ON/OFF 5
+5V
47k 1N4004 zs 0.1uF
+5V

ILD74 .

= 330 OPTOISOLATOR ? ‘

! i sk TIP120

PIC18E EZ"'K_ |<
RC2 : ?—|+12v
100k
2 5
IEddl|

11
H




