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Using the CCP Modules

This application note discusses the operation of a
Capture Compare and PWM (CCP) module, and the
interaction of multiple CCP modules with the timer
resources.

The Capture Compare and PWM (CCP) module is
software programmable to operate in one of three modes:

1. A Capture input
2. A Compare output
3. A Pulse Width Modulation (PWM) output

For the CCP module to function, Timer resources must
be used in conjunction with the CCP module. The
desired CCP mode of operation determines which timer
resources are required. Table 1 shows the CCP mode
with the corresponding timer resource required. Both the
Capture and Compare modes require that Timer 1 be
operating in timer mode or synchronized counter mode.

Note: Capture and Compare modes may not oper-
ate if Timerl is operated in asynchronous
counter mode.

TABLE 1: CCP MODE - TIMER RESOURCE

CCP Mode Timer Resource
Capture Timer 1
Compare Timer 1
PWM Timer 2

FIGURE 1: PWM OUTPUT

CCP OPERATION

The following three sections discuss the operation of the
CCP module in each of its modes of operation. There is
a simple example program for each mode of operation.
The software example for the capture mode, also uses
asecond CCP module in compare mode to generate the
signal to capture.

PWM Mode

A Pulse Width Modulation output (shown in Figure 1) is
a signal that has a timebase (period) and a time that the
output stays high (duty cycle). The period is the duration
after which the PWM rising edge repeats itself. The
resolution of the PWM output is the granularity with
which the duty cycle can be varied. The frequency of a
PWM is simply the inverse of the period (1 / period).

FIGURE 2: PWM MODE BLOCK DIAGRAM
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Using the CCP Modules

Each CCP module can support one Pulse Width Modu-
lation (PWM) output signal, with minimal software over-
head. This PWM signal can attain a resolution of up to
10-bits, from the 8-bit Timer 2 module. This gives 1024
steps of variance from an 8-bit overflow counter. This
gives a maximum accuracy of Tosc (50 ns, when the
device is operated at 20 MHz). Figure 2 shows a block
diagram of the CCP module in PWM mode. When the
Timer 2 overflows (timer = Period Register), the value in
the duty cycle registers (CCPRxL:CCPRxCON<5:4>) is
latched into the 10-bit slave latch. A new duty cycle value
can be loaded into the duty cycle register(s) at any time,
but is only latched into the slave latch when Timer 2 =
Timer 2 Period Register (PR2).

The period of Timer 2 (and PWM) is determined by the
frequency of the device, the Timer 2 prescaler value (1,
4 or 16), and the Timer 2 Period Register. Equation 1
shows the calculation of the PWM period, duty cycle,
and the minimum and maximum frequncies.

EQUATION 1: PWM PERIOD, DUTY CYCLE,
AND FREQUNCIES
PWM Period = [(PR2) +1)+ 4T g

« (Timer 2 prescale value)

[CCPRXL:CCPRXCON<5:4>]+4T
« (Timer 2 prescale value)

PWM Duty Cycle

PWM maximum frequency

(High Resolution mode)

41(PR2+T,,)
1/(PR2+T,,)

(Low Resolution mode)

PWM minimum frequency

(High Resolution mode)

41(PR2+16°T,)
1/(PR2+16°T,)

(Low Resolution mode)

Table 2 shows the minimum and maximum PWM fre-
quency for different device frequencies. The Timer2
prescaler will be selected to give either the minimum or
maximum frequencies as shown.

Appendix A is a program which generates up to a 10-bit
PWM output. The PWM period and duty cycle are
updated after the overflow of Timerl. Upon the overflow
of Timerl, ports A, B and D are read. The 10-bit duty
cycle is specified by the value on PORTB:PORTA<1:0>,
while the period is specified by the value on PORTD. By
setting the conditional assemble flag PICMaster to
TRUE these values are read from internal registers
which are dummy registers for the ports (DUMMY_Px).
This allows the software to be verified without the use of
hardware and external stimulus.

Since the PWM duty cycle is double buffered, the duty
cycle registers are only loaded when there is sufficient
time to complete the update the 10-bit value before the
Timer2 = PR2 match occurs. After the duty cycle has
been updated and the Timer2 = PR2 match has oc-
curred, the period (stored inthe PR2 register) is updated.
The operation of the CCP module in PWM mode is
similar to the PIC17C42’s PWM. Additional concepts of
PWNM operation can be found in Application Notes AN564
and AN539.

TABLE 2: PWM FREQUENCY FOR DIFFERENT DEVICE FREQUENCIES

20 MHz 10 MHz 2 MHz

PWM Resolution Min Max Min Max Min Max Units

10-bit 1.22 19.53 0.613 9.77 0.123 1.96 KHz
9-Bit 1.22 39.06 0.613 9.77 0.123 3.92 KHz
10-bit 1.22 19.53 0.613 9.77 0.123 1.96 KHz
9-Bit 1.22 39.06 0.613 9.77 0.123 3.92 KHz
10-bit 1.22 19.53 0.613 9.77 0.123 1.96 KHz
9-Bit 1.22 39.06 0.613 9.77 0.123 3.92 KHz
10-bit 1.22 19.53 0.613 9.77 0.123 1.96 KHz
9-Bit 1.22 39.06 0.613 9.77 0.123 3.92 KHz
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Using the CCP Modules

Compare Mode

In compare mode, the 16-bit value of Timerl is com-
pared to the CCPRxH:CCPRXL registers. When these
registers match, the S/W configured event occurs on the
CCPx pin. The events that can be S/W selected are:

* Clear CCPx pin on match
* Set CCPx pin on match
* Generate S/W interrupt (CCPx pin unchanged)
« Trigger special event (CCPx pin unchanged)
- CCP1 clears Timerl
- CCP2 clears Timerl and sets the A/D’s GO bit

The CCPxM<3:0> control bits, in register CCPxCON,
configures the operation of the CCP module. The com-
pare function must have the data direction of the CCPx
pin configured as an output, if the compare event is to
control the state of the CCPx pin.

FIGURE 3. COMPARE MODE BLOCK
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Mode Select

TRISC<y>
Output Enable

Whenthe CCP module isinthe OFF state (CCPxM<3:0>
= Oh), the CCPx output latch is forced to a low level,
though the level on the CCPx pin will be determined by
the value in the data latch of the port. Figure 3 shows the
block diagram of the CCP module in Compare mode.

Appendix B is a program which uses the CCP module to
transmit a pulse train dependent on the data byte.
Timerl is used as a free running timer, with each “new”
compare value being an offset added to the present CCP
compare latch value. The data is transmitted every 600
us. Each data bit has a sync pulse (High level) of 8.8 ps.
Then the data is transmitted as a low pulse. The time
duration of the low pulse determines the value of the
data bit. A ‘0’ bitis low for 18.8 pus while a ‘1’ bit is low for
37.6 ps. After the last data bit has been transmitted,
another sync pulse is transmitted and the output re-
mains low (idle time) until the 600 ps data period has
completed. An example of the pulse train for the a data
byte of CAh is shown in Figure 4, and has an idle time of
224 ps. These pulse times are based off the device
operational frequency. The program header file,
COMP.H, calculates the values to loaded into the com-
pare registers from the specified Device_freq. The data
to be transmitted is read from PORTB, during the idle
time. By setting the conditional assemble flagPICMaster
to TRUE these values are read from internal registers
which are dummy registers for the ports (DUMMY_Px).
This allows the software to be verified without the use of
hardware and external stimulus.

FIGURE 4. TRANSMIT PULSE TRAIN (DATA = 0X0CA)

corxpn LT L LTI L LI [L1LT1 r

IDLE TIME
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Using the CCP Modules

Capture Mode

In capture mode, the 16-bit value of Timerl is latched
into the CCPRxH:CCPRXxL registers, when the S/W
configured event occurs on the CCPx pin. The events
that can cause a capture are:

* Every falling edge

«  Everyrising edge

«  Every 4th rising edge
«  Every 16th rising edge

The CCPxM<3:0> control bits, in register CCPxCON,
configures the operation of the CCP module. The cap-
ture function works regardless of the data direction of the
CCPx pin (input or output). With the CCPx pin is config-
ured as an output, a write to the CCPx pin (in PORTC)
will cause a capture when the capture requirement is
met.

FIGURE 5: CAPTURE MODE BLOCK

DIAGRAM
Set CCPxIF
Prescaler interrupt
1416 PIR<b>
RCy/CCPx [ CCPRxH CCPRxL
hand ¥ Capture N
Enable

edge detect

[
TMR1H TMRI1L

Q's CCPCONx<3:0>

FIGURE 6: EXAMPLE CAPTURE WAVE FORM

The changing of the capture mode, via the CCPxM<3:0>
bits, may cause the CCPxIF bit to be set. This “false”
interrupt should be cleared (ignored) after changing
between capture modes. The CCP prescaler is only
cleared by configuring the CCP module into the OFF
state (CCPxM<3:0> = 0h). Figure 5 shows the block
diagram of the CCP module in Capture mode. The
utilization of the CCP module in capture mode is similar
to the PIC17C42’s capture. Additional concepts of cap-
ture operation can be found in Application Note AN545.

Appendix C is a program which implements a 16-bit
capture from a free running timer (TMR1). The capture
event is configured as each rising edge. The 16-bit
capture value is the “new” 16-bit capture value minus the
“old” 16-bit capture value. If the time between captures
is greater than 2 *® Timerl increments, an invalid result
will occur. This invalid result is not indicated by the
software. After the capture period result is calculated,
the “new” capture value is loaded into the “old” register.

The waveform that is captured is generated from a
second CCP module in compare mode. The value that
is loaded in to the CCPR2H:CCPR2L is read from the
PORTB and PORTD registers. By setting the condi-
tional assemble flag PICMaster to TRUE these values
are read from internal registers which are dummy regis-
ters for the ports (DUMMY_Px). This allows the software
to be verified without the use of hardware and external
stimulus. Figure 6 shows an inputinto the CCPx pin, and
the capture measurement points.

T T

Capture TMR1 Value Capture TMR1 Value

CCP1

T

Capture TMR1 Value
PIC16CXX
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Using the CCP Modules

INTERACTION OF CCP MODULES

Due to the modularity of the PIC16CXX peripherals,
future devices with two or more CCP modules on a
device are possible. Each CCP module operates inde-
pendently from the others, though their interaction with
the timer resources must be taken into account.

When two or more CCP modules existon a device, there
can be an interaction between the CCP modules. This
interaction is shown in Table 3. These interactions do
NOT include any interaction (S/W) caused by the main
program nor the interrupt service routines of the CCP
sources.

Interaction of Two Capture Modes

When two CCP modules are in a Capture mode, Timerl
is the timebase for both captures. This means that they
will have the same capture resolution, as determined by
the TMR1 prescaler and frequency of the timer/counter
clock. This clock can come from an external source (on
the RCO/T1OSO/T1CKI pin), but must be synchronized
to the device.

Interaction of One Capture Mode and
One Compare Mode

When one CCP module is in a Capture mode and a
second CCP module is in Compare mode, Timer1 is the
timebase for both the captures and the compare. This
means that the capture and the compare will have the
same resolution, as determined by the TMR1 prescaler
and frequency of the timer/counter clock. This clock can
come from an external source (on the RCO/T10SO/
T1CKI pin), but must be synchronized to the processor
clock. Also, care must be taken in that the compare can
be configured to clear TMR1 (when in special Trigger
mode). Care must be taken in system design to ensure
that this clearing of the TMR1 does not have any
negative impact on the capture function.

Interaction of Two Compare Modes

When two CCP modules are in a Compare mode,
Timerl is the timebase for both compares. This means
that they will have the same compare resolution, as
determined by the TMR1 prescaler and frequency of the
timer/counter clock. This clock can come from an exter-
nal source (on the RCO/T10SO/T1CKI pin), but must be
synchronized to the processor clock. Since the compare
modules can be configured to clear TMR1 (when in
special Trigger mode), care must be taken in system
design to ensure that this clearing of the TMR1 does not
have any negative impact on the compare function. If
both compares are configured with a special trigger,
which clears the TMR1, then the compare register that
is closest to (but greater than) the TMR1 value is the
compare value that will reset TMR1. Example 1 shows
a possible case.

TABLE 3: INTERACTION OF TWO CCP MODULES
CCPx Mode | CCPy Mode Interaction
Capture Capture Same TMR1 timebase.
Capture Compare The compare could be configured for trigger special event, which clears TMR1.
Compare Compare The compare(s) could be configured for trigger special event, which clears TMR1.
PWM PWM The PWMs will have the same frequency, and update rate (TMR2 interrupt).
PWM Capture None
PWM Compare None
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Using the CCP Modules

EXAMPLE 1:

ACTION

CCPR1H:CCPRI1L = 0x0465 0x???7?

CCP1CON = 0x?B 0x???7?
0x0232

CCPR2H:CCPR2L = 0x0165 0x0333

CCP2CON = 0x?B 0x0334
0x0465
0x0000
0x0165
0x0000
0x0165
0x0000

Interaction of Two PWM Modes

When two CCP modules are in a PWM mode, Timer2 is
the timebase for both PWM outputs. This means that
they will have the same PWM frequency and update
rates, as determined by the TMR2 prescaler and fre-
quency of the device. The resolution of the two PWMs
may be different, since each CCP module has its own
CCPxX:CCPxY bits for high resolution mode. These bits
are found in the CCPxCON<5:4> register.

TIMER 1 STATE

COMMENT

CCP1 in Compare - Special
Trigger Mode

CCP2 in Compare - Special
Trigger Mode

CCP1 resets TMR1 and CCP1 -
Special Triggerfunctionoccurs

CCP2 resets TMR1 and CCP2 -
Special Triggerfunctionoccurs

CCP2 resets TMR1 and CCP2 -
Special Triggerfunctionoccurs

CONCLUSION

The Capture / Compare / PWM modules offer enormous
flexibility in the use of the device timer resources. As with
all resources, care must be taken to ensure that no
adverse system complications can occur with the inter-
action between multiple CCP modules. The programs
for simple operation of the various CCP modes should
be a good foundation for modifications to suite your
particular needs.

Written by:  Mark Palmer - Sr. Application Engineer
Logic Products Division
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APPENDIX A: PWM_1.LST
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APPENDIX A2: PWM.H

nolist

; This is the custom Header File for the real time clock application note
; PROGRAM: CLOCK.H
; Revision: 7-13-94

; This is used for the ASSEMBLER to recalculate certain frequency
; dependant variables. The value of Dev_Freq must be changed to
; reflect the frequency that the device actually operates at.

i)ev_Freq EQU D’10000000* ; Device Frequency is 4 MHz
PULSE_TIME EQU (( Dev_Freq/D'4000') * D'188' / D'10000" )

DB_HI_BYTE EQU (HIGH ((( Dev_Freq/4)*1/D'1000')/3))+1

LCD_INIT_DELAY EQU (HIGH ((( Dev_Freq /4 )* D'46'/ D'10000') /3)) + 1

INNER_CNTR EQU 40 ; RAM Location
OUTER_CNTR EQU 41 ; RAM Location
T10SO EQU 0 ; The RCO/T10SO / T1CKI
RESET_V EQU 0x0000 ; Address of RESET Vector

ISR_V EQU 0x0004 ; Address of Interrupt Vector
PMEM_END EQU OX07FF ; Last address in Program Memory
TABLE_ADDR EQU 0x0400 ; Address where to start Tables

COUNTER EQU 0x021 :
XMIT_DATA  EQU  0x30
DATA_ CNT  EQU 0x31
ONES_CNT  EQU 0x32
CCP1_INT_CNT EQU 0x33
CCPREG_HI EQU 0x40
CCPREG_LO EQU 0x4l
DUMMY_PA  EQU 0x50
DUMMY_PB  EQU O0x51
DUMMY_PC  EQU 0x52
DUMMY_PD  EQU 0x53
DUMMY_PE  EQU 0x54
DC_HI EQU Ox55
DC_LO EQU 0x56

T2 PERIOD EQU O0xAO

list

DS00594A-page 12 © 1994 Microchip Technology Inc.
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APPENDIX B: COMP_1.LST
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APPENDIX B2: COMP.H
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APPENDIX C2: CAPT.H

nolist

; This is the custom Header File for the real time clock application note
; PROGRAM: CLOCK.H
H Revision: 7-19-94

; This is used for the ASSEMBLER to recalculate certain frequency
; dependant variables. The value of Dev_Freq must be changed to
; reflect the frequency that the device actually operates at.

Dev_Freq EQU D’'4000000' ; Device Frequency is 4 MHz
DB_HI_BYTE EQU (HIGH (((Dev_Freq/4)*1/D'1000')/3))+1
LCD_INIT_DELAY EQU (HIGH ((( Dev_Freq /4 ) *D'46'/ D'10000') /3)) + 1
INNER_CNTR EQU 40 ; RAM Location
OUTER_CNTR EQU 41 ; RAM Location

T10SO EQU 0 ; The RCO/ T10SO / T1CKI
RESET_V EQU 0x0000 ; Address of RESET Vector
ISR_V EQU 0x0004 ; Address of Interrupt Vector
PMEM_END EQU Ox07FF ; Last address in Program Memory
TABLE_ADDR EQU 0x0400 ; Address where to start Tables
COUNTER EQU 0x021 ;

CCP2_INT_CNT EQU 0x33

,

; DUMMY_PD:DUMMY_PB contain the value to be loaded into the CCP2 compare registers
; (CCPR2H:CCPR2L)

DUMMY_PA EQU 0X50
DUMMY_PB EQU 0x51
DUMMY_PC EQU 0x52
DUMMY_PD EQU 0x53
DUMMY_PE EQU 0x54

; CAPT_NEW_H:CAPT_NEW_L stores the NEW captured value and the result of the
; subtraction between this capture and the previous.
; CAPT_NEW_H:CAPT_NEW_L = CAPT_NEW_H:CAPT_NEW_L - CAPT_OLD_H:CAPT_OLD_L

; After all computations the new capture value is moved to the CAPT_OLD_H:CAPT_OLD_L
; in preperation for the next capture value.

CAPT_NEW_H EQU 0x040 ;
CAPT_NEW_L EQU 0x041 ;
CAPT_OLD_H EQU 0x042 ;

CAPT_OLD_L EQU 0x043

list
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