DA-conversion, usually PWM
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A DA converter takes
too much space on the
processor chip. The
most common DA
solution is instead a
pulse width modulator.
Many components
"notice" no difference
between a stable analog
value or the mean value
of fast pulses.
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DA-conversion, usually PWM
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TIMERO

Fosc/4 - -
Data Bus
0
B@
1
Sync 2
D 1 ovdles ™| TMRO

TOCKI

pin r 8-bit r 0
Prescaler
TOSE TOCS

\\ Set Flag bit TOIF

on Overflow
B PSA
a8

PS<2:0=

REGISTER 5-1: OPTION_REG: OPTION REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 RAWV-1 RAN-1 RAN-1 RAW-1

RABPU INTEDG TOCS TOSE PSA PS2 PS1 PSO

bit 7 bit 0
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PWM-program

Problem. If the program is to do
anyting more then it has to be done in

}’O‘d main( void)  patween the TIMERO tick’!

#def i ne| DUTY| 128

TRI SC. 5 = 0; [* PORTC.5 iIs output */
OPTI ON = 0b10000. 111; /* 256 prescale */
while (1) /* forever */

{ VoD —=[11 ~ 20[]=— Vss

. [2 :I'

char 1; do oD

1 f (TMRO <|DUTY|) PORTC. 5 = 1; E-i g 17[]

—_ . - |5 E 1617

el se PORTC.5 = 0; R

} <:| 07 2 14

} [18 13(]

9 12[]

[]10 1]
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CCP-untit

Timerl 16 bit

Caoture
| —omn CCP

CCPRL 240107 bit
- = L CCP-pinne °
CCPRH 240107 bit | Captu re
|
Conoare
~ « Compare
Compargtor 16M0 bit ¥= ':EHJEE
‘:/_F/___,_«- event
} Reset PN  PWM
Tirner! 16 bit aded—tadal
Tirnerz 10bit

There is an obvious need for a stand alone ungdéoerating
PWM. CCP unit can be programmed to this!
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PWM

FIGURE 11-3: SIMPLIFIED PWM BLOCK
DIAGRAM

CCP1CON<5:4>

D UtyCyC| e Duty Cycle Registers F-*“
CCPRIL 8+2 bitar

CCPRI1L

CCPR1H(@ (Slave)
-J\,l;r : CCP1
Comparator R Q@ -
<=
._
—) e O 2
{} TRIS
Frequency Comparator —e——
PR2 P Clear Timer2,
= toggle CCP1 pin and
PR2 latch duty cycle
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Sets Flag

TIMER2

Prescaler Reset
i L - TMR2
FOsG/HA ™11, 1:4.1:16 T
? = Comparator - Postscaler
EQ 1:1to 1:16
T2CKPS<1:0> 4}
PR2 4

TOUTPS<3:0>

TIMERZ2 is a 8-bit counter (up to modulo 256). Ishaprescaler
from the processor clock, and a regifiB®2 that can "shorten”
the count cycle — it will count "'modulo PR2”. Thisgvides many
opportunities to set TIMERZ2 output frequency.

REGISTER 7-1: T2CON: TIMER 2 CONTROL REGISTER

U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 RW-0 R/W-0
— TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO
bit 7 bit 0
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PWM f 1kHz D 50%

Suppose we need to generate a PWM-signaltwitlkHz and
the dutycycléb0% (someone that likes nice numbers).

0 0
e - 490" _ -0 =25000°
4 4 prescalgl|4|16
PR2=249 [0..249 25000° _ 5501
249+1
REGISTER 7-1:  T2CON: TIMER 2 CONTROL REGISTER
_ U;U Tﬂl;oss T:LT:::-“Q T(JRLT'!I\'!:;’H T()R:JVTUI;USO | Tnﬂggm | T;::TI:; | Tchm:%?U
1 0 1
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PWM f 1kHz D 50%

REGISTER 11-1: CCP1CON: ENHANCED CCP1 CONTROL REGISTER

RAN-0 Riv-0 RAW-0 RAW-0 R/W-0 RAW-0 RAW-0 RAW-0
P1M1 P1MO DC1B1 | DC1B0 CCP1IM3 CCP1M2 CCP1M1 CCP1MO
Thit 7 A A bit 0
0 0 1 1 0 0
CCP1-pin PWM-mode
TRI SC. 5=0;

Two extra bits DutyCycle resolution
(least significant bits)

Ten bit resolution when PR2=255. Lower values reduce the

resolution:

. lo
resolution= g

(41 PR2+1))

log(2)

[bits]
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PWM f 1kHz D 50%

REGISTER 11-1: CCP1CON: ENHANCED CCP1 CONTROL REGISTER

RMW-0 RAW-0 RAW-0 RMAW-0 RW-0 RW-0

RW-0 RW-0

PIM1 P1MO DC'IEH\L DC1BD\|\CCP1M3 | CCP1M2 | CCP1M1 | CCP1MOD

bit 7

bit 0

\\

CCPRLL|[4+DC1BlL[2+DC1B0[1

DutyCycle=
=y (PR2+1)[4
500 = CCPRLL[4+0[2+0I[1 . CCPRIL = 0,5[41250
(249+1) 4
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Ex. What DutyCycle?

PR2 = 208;
CCPRIL = 137;  ©)
DC1B1 = 1; .
DC1BO = 1;

CCPRIL[4+DC1BLI2+DC1B0I[1
DutyCycle= =

(PR2+1) (4

_13704+12+10 _ 65 9%

(208+1) (2
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Ex. What DutyCycle?

PR2 = 208;
CCPRIL = 209; 1)
DC1B1 = 1; -
DC1BO = 1;

C1B0[1

+1)[4

209[4+1[2+ Does not work!

CCPR1L can never be
bigger tharPR2!
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PWM f 1kHz D 50%

TRI SC. 5=0; [ * CCPl1l out put */
T2CON = 0B00000101,; [* prescale 1:4 */
CCP1CON = 0BO0O. 00. 1100; /* PWvt node *
PR2 = 2409; [* f_pwm 1000 Hz */
CCPRIL = 125; [* Duty 50% *
CCP-unit is stand alone — all voo I 7 20[<— vss

processortime can be used to s m%

4 o 17

other tasks. ccpt=—=[1s £ 161

< 7 2 uj

[18 13(]

19 12[]

[]10 10
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PWM to StepUp

L 100V
“ CCP1
5V Sos<o JJ e
PIC16F690 (]

At the lab, you will need 100V to light a neon
lamp!

E
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PWM to motors

DC1B<1:0= = O
Duty Cycle Registers ~ — PIM=10: i ;:CPW{B.B
b L |

CCPRIL
CCP1/P1A s E COPUPIA
TRIS
CCPR1H (S|
ZE’E} P1B P1B
Output TRIS

Comparator R Controller

s P1C X pic
TMR2 1 jj
{& ) — 5 TRIS
P1D . ] P10
Comparator
4}‘ Clear Timer2, TRIS
74N

toggle PVWIM pin and

latch duty cycle "
PR2 || PWM1CON ||

Another common use for
PWM Is motor control - we
will return to this. .
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