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Section 11
Output Compare PWM



What's PWM

® The Pulse-width modulation (PWM) Waveform is a
modulation technique used to encode a message into a
pulsing signal.

@ Its main use is to allow the control of the power supplied
to electrical devices, ex. motor control, ballast, LED, H-
bridge, power converters, and other types of power
control applications.

@ There have two important terms
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PIC24F Output Compare

¢ PIC24FJGB provide below modes for Output Compare Module

(OCM<2:0):

Simple Compare Match Mode: o T
1.Normal Low, High on Match -
2.Normal High, Low on Match el —e 1
3. Toggle on Match co [ 2 Jimg oo "l

Dual Compare Mode: i i el I
1.Single Pulse

2.Continuous pulse

Simple PWM Mode:
1.Edge-Alighed PWM Mode
2.Center-Aligned PWM Mode
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Edge-Alighed PWM Mode

¢ For Edge-Alignhed PWM Mode, the period time (T) is

controlled by the OCxRS register. OCx pin change stats on
each OCx counter = OCxRS and OCxR condition.

A OCx Count
OCXRS S B G I ——— ;__L _____
OCxR’”’ - oS

OCxR’ '

OCxR”

OC Pin
; : . - >
E i Clear byi Clear Ebyi Clear by
OCx i '—r/user —r/user i —r/user
Overflow IF | , — >
Rule
1.0Cx Counter = OCxR -> Output Set to low
o 2.0Cx Counter = OCxRS -> Output Set to high
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Lab14 Edge-Alighed PWM




Lab14 Edge-Alignhed PWM

@ Try to initial OC1 module to Edge-Alighed PWM Mode,
than use PWM to control LED brightness.

¢ OC1 module clock source set to F (F,../2),
Sync Self, Frequency is 1KHz, Duty cycle 10%.

¢ Please connect RG6(0OC1) to LED(D6) to observe LED
brightness.

®Let’s go!
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Lab14 Edge-Aligned PWM Hits

¢ *Primary Compare (OCxR, Duty)
*Secondary Compare (OCxRS, Period)

¥4 OC1 - Editor — O X
oct x| LEO
Mode s slie
&Easy Setup | = Registers /i CIock So ce
Haware Setting / —
N\ /
Mode ‘ Edge-Aligned PWM mode / | - |
D Enable OC Interrupt ||
D Enable Inverted Qutput 3 i n
o — / 7 Trigger/Sync Source

1.4
Source FOSC/2 | - |
Clock Frequency 16 MHz
=

v

¥ Trigger/Sync Setting / /

D

JCxR, Duty

Mode Trigger (@ SW(
| 4

e / PWMp,, = (2R
e N\ 7 buty =\ ocxRS

¥ < OXFFFF

Primary Compare Count OXON 1600
Secondary Compare Count 0x0000 <3 16000 < OxFFFF

— : r PWMfreq. = (

Clock Source
OCxRS +1
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Lab14 Edge-Alighed PWM

MicrROCHIP
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Lab14 Edge-Aligned PWM
MCC’s Setting & Code Example

1] X 4 OC1 - Editor — 0 %
Resource Management [MCC] * QCl o= R
Project Resources | Generate | Import.. | Export oct -
¥ System -
Interrupt Module | % Easy Setup| = Registers
Pin Module Hardware Setting
System Module
. Mode‘ Edge-Aligned PWM mode | > |
¥ Peripherals
M: LY LA T A Pt VIV R ¥ T RPN W T b u Enable OC Interrupt
0] D Enable Inverted Output
AT IPIC 22 7 GaPTC T2 7 PIC S 2N WIC s By MIcroenip Tec ¥ Clock Setting
©TMR Source FOSC/2 | - |
® TMR1
v Clock Frequency 16 MHz
3 >
Device Resources | @ | 7 ¥ Trigger/Sync Setting
Mode Trigger (®) Sync
Source ‘ Self | - |
—
Trigger Source Mcde‘ Only Software | - |
¥ Compare Inputs
Primary Compare Count | 0x0000 < 1600 < OxFFFF
Secondary Compare Coun] 0x0000 < 16000 < OxFFFF

Duty Cycle : -%

¥ Fault Mode Configuration

l:‘ Fault O Enable

Fault Mode Select

Qutput State on Faul
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Lab14 Edge-Aligned PWM
MCC’s Setting & Code Example

B3 Pin Manager: Grid View - Editor - O X
Pin Manager: Grid Wiew "| LYEg
PortD ¥ PortE ¥ PortF ¥ PortG ¥ i
Module Function |Direction 0|12 |3|4|5/6|7|8|9|10(11|/0|1|2|3|4|5 6(7|0|1/3|4|5|2/3|6|/7|8|9
D ¥ PGCx !nput
PoE et
oct v | €€ output BB B |\ |8 B RN B ] RN
falal= HaaTn g Bl bk Bl .k .k b bk
pin Module v |5P1° input RN R R R R N R R R R R A R R I R R A R
GPIO Loty VL B A T I A O A O A A O O O O T A B B
TMRI1 T1CK input
TMR2  |T2CK input GG RN U RN CHCRICEN
TMR3  |T3CK input B'w s B8 s RN KB RGN
U1CTS input GGG RICRNC] CRCREC N CRECRKC] R
UarT1 v |UIRTS output Bl BB |8 B RN KB RGN
U1RX input GGG CRCREC O] -GN RGN RNC]
U1TX output |l BB |8 B CRCENC ] RG] IR
< >
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MCC’s O.C.PWM Function

@ MCC Provide below common functions:
void OC1_Initialize(void)
// Initial OC.
void OC1_Start(void); void OC1_Stop(void);
// OC Enable & Disable.
void OC1_SingleCompareValueSet(value)
// Single Compare Mode Setting ( OC1R <- value)
void OC1_DualCompareValueSet(priVal, secVal)
// Dual Compare Mode Setting ( OC1R <- priVal, OC1RS <- secVal)
void OC1_CentreAlignedPWMConfig(priVal, secVal)
// Centre Alighed Mode Setting ( OC1R <- priVal, OC1RS <- secVal)
void OC1_EdgeAlignedPWMConfig(priVal, secVal)
void OC1_PrimaryValueSet( uintl6_t priVal)
void OC1_SecondaryValueSet( uintl6_tsecVal)
// Edge Aligned PWM Mode Setting ( OC1R <- priVal, OC1RS <- secVal)
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100% Duty Issue

¢ How to generate 100% duty PWM ?

< Rule Review
1.0Cx Counter = OCxR -> Output Set to low
2.0Cx Counter = OCxRS -> Output Set to high

® 100% is means OCxR = OCxRS must be set for 100% duty output.

Which rule be executed ?

< Result :
Glitch !

@ To prevent this issue
< set OCxR > OCxRS for 100% duty.

if( DutyVlaue >= OCxRS ) /* 100% duty */
OC1_PrimaryValueSet(OCxRS+ 1);

else
OC1_PrimaryValueSet(DutyVlaue);

2018-01-24 18:26:50
184V
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Lab15 PWM ADC Duty Adj




Lab15 PWM ADC Duty Adj

® Try to use Potentiometer(VR1) to control LED(D6)
brightness.

@ VR Value(0 ~1023) <-> PWM Duty (0% ~ 100%)
® OC1 Setting same as lab14.

®Let’s go!
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Lab15 PWM ADC Duty Adj

Result
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Lab15 PWM ADC Duty Adj

MCC’s Setting & Code Example

int main(void)

{
while (1)
if (AD1Flag)
{

AD1Flag = 0;

else

}
}
}

if (ADCResult[0] >= 1023)
OC1_PrimaryValueSet(OC1RS + 1);

OC1_PrimaryValueSet(((long) ADCResult[0] * OC1RS) / 1023);

\

MicrROCHIP

\

.if( DutyVlaue >= OCxRS ) /* 100% duty */
OC1_PrimaryValueSet(OCxRS+ 1);

else
OC1_PrimaryValueSet(DutyVlaue);
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OC’s Duty & Period update

¢® OC’s duty (OCxR) can update at any time, hardware wiill
auto reload the new value at new PWM cycle moment.

® OC’s period (OCxRS) only allow update at new PWM cycle
moment.

@ Enable OC interrupt more easy to update PWM period.
® For example:
void OC2_CallBack(void)

{
OC2_SecondaryValueSet(NewPeriodValue);

OC2_PrimaryValueSet(OC2RS >> 1); /* 50% Duty */

II.’
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Lab16 PWM Buzzer Tone




Lab16 PWM Buzzer Tone

® Try to initial OC2 to export special frequency (Tone) to
Buzzer, change the tone every second.

< Tone[] = {262,294, 330, 349, 392, 440, 494}; /*Do, Re, Mi, etc.. */

¢ Enable OC2 interrupt, priority set to 7 (highest).
Tyr to change OC2 frequency at OC2 callback function.

® Please connect RG9(0OC2) to Buzzer(SPK).

®Let’s go!
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Lab16 PWM Buzzer Tone

Result
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Lab16 PWM Buzzer Tone

MCC’s Setting & Code Example

¥4 OC2 - Editor — a X
ocz =
ocz2 Qe
| % Easy Setup| = Registers
Hardware Setting 3 Pin Manager: Grid View - Editor — ] b4
- & maine *| Pin Manager: Grid View "I LB
L = o | hd | PortD ¥ PortE ¥ PortF ¥ PortG ¥
EnableOCInterrupt Module Function Dlirectianl} 1/2|3|4|5|6 8[(9/(10/11 1|2 5 1/3[4|5|2|3|6|7|8|9
Dtnm S O oc1 output | |m BB B RG] RG] RG]
¥ Clock Setting == e iy Sy i i
aczy ocz output B m|Bm BB B GG CRICHNC] CRICHCEE:]
Source FOSC/2 | - | a7 e T 1% (% (g 1y % 1% [ (3 S 1% (3 e - »
lock PinModuIe'GPlo input CRCRCRC RCCRCC I BN I AR RG] -
Clock Frequency | 16 MHz GPIO loutput b W[t |m BB b BB |E e B || ule hha s EEE Lee
TMR1 T1CK input elle
¥ Trigger/Sync Setting TMR2  |T2CK input BB |B|E|E B A RGN NG -
Mode Trigger () Sync TMR3 T3CK input CRICRICRICRIC I RG] RG] RGN RN
U1CTS input RN B RO NN ] CHCRCIE: T
Source | self | -] Uy (UIRTS  Joutout b m|@|m|B @ e b B|h|B|E
Trigger Source Mode | Only Software = U1RX input CRICRICRIC RG] RG] CRICEKC] n | |8 % habled | Priority
U1TX output | n|m BB B RG] RG] RGN 1
< S =
A Comparelnputs ADCT ADT ADCT =AD TOnverte... TS i 5
Primary Compare Count | 0x0000= 1600 < OXFFFF UARTI UERI UI1E - UARTI Error 5 % 6
UART1 UTXI U1TX - UART1 Trans... |12 6
Secondary Compare Coun] 0x0000 < 16000 < OxFFFF UART1 URXI UTRX - UART1 Receiver |11 7 6
Duty Cycle: - % oc1 ocl OC1 - Qutput Compa... |2 ; 1
TMR3 Tl T3 - Timer3 8 L 1
¥ Fault Mode Configuration TMR2 Tl T2 - Timer2 7 v 3
l:‘ Fault 0 Enable TMR2 TNI T3 -Timer3 8 ; 1
Eault Mode Select - i o o < o
ocz Qcl 0C2 - Qutput Compa... |6 v 7
Qutput State on Fault —
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Lab16 PWM Buzzer Tone

MCC’s Setting & Code Example

MicrROCHIP

const unsigned int Tone[] = {262, 294, 330, 349, 392, 440, 494};
volatile unsigned char T2Flag = 0;
int main(void)

while (1)
{

)
} PWMreq
void TMR2_CallBack(void)

K

Clock Source

OCxRS + 1

)

{
'.I.'.ZFIag =1;

}

void OC2_CallBack(void)

{
static unsigned char i =0;
if (T2Flag)
{

T2Flag = 0;

0C2_SecondaryValueSet(16000000 / Tone[i]);
OC2_PrimaryValueSet(OC2RS >> 1);
if (++i > 6)

i=0;
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Labl7 PWM Auto Duty Adj




Labl7 PWM Auto Duty Adj

@ Try to use timer to control OC1’s PWM duty,
automatically.

@ Duty 0% -> Duty 100% -> Duty 0% -> ...

@ Change duty one time per 50ms.
(2% - 5% duty change every time suggest)
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Lab1l7 PWM Auto Duty Adj

Result
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Lab1l7 PWM Auto Duty Adj

MCC’s Setting & Code Example

B4 TMR4 - Editor

TME4 =

TMR4

8% Easy Setup | = Registers
Y p g

MicrROCHIP

¥ Hardware Settings
Enable TMR D Enable Gate
Timer Clock Bit Mode 32 Bit ® 16Bit
Clock Source ‘ FOSC/2 | ~ ‘ Timer Period |
¥4 Interrupt Module - Editor - O X
Input Frequ... 16 MHz Period Count 0x0 = 0Ox30D4 = OxFFFF Interrupt Module® [IEOE)
] i Interrupt Module @
Prescaler ‘ 1:64 | - ‘ Timer Period 4us = 50ms = 262.14ms
|{§} Easy Setup‘
Calculated Period 50 ms Interrupt Manager
Module Interrupt Description IRQ Nu...| Enabled | Priority
Enable Timer Interrupt Pin Module |CNI CN - Change Notifica... |19 [ ]
ADC1 ADI ADCT - A/D Converte... |13 v s
¥ Software Settings UART1 UERI UTE - UARTI Error 65 V| s
UART1 UTXI U1TX - UART1 Trans... |12 v |6
Callback Function Rate:  Ox1 xTimer Period = 50 ms UART1 URXI U1RX - UART1 Receiver |11 vl |6
T T f L UUIPUI LU"]’B... [ ] T
TMR4 Tl T4 - Timer4 27 v
VIR TINT 1o =TImers o [ ] 1
TMR3 Tl T3 - Timer3 8 L] |
TMR2 Tl T2 - Timer2 7 C4NE
TMR2 TNI T3 - Timer3 8 L] |
TMR1 Tl T1 - Timert 3 v |4
oc2 ocl 0OC2 - Qutput Compa... |6 4 7
£ 2
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Lab1l7 PWM Auto Duty Adj
MCC’s Setting & Code Example

volatile unsigned char T4Flag = 0;
unsigned int Duty = 50;
char DutyDistance = 2;
int main(void)
{
while (1)
if (T4Flag)
{
T4Flag = 0;
Duty += DutyDistance;
if (Duty >= 100 | | Duty <= 0)
DutyDistance = -DutyDistance;
if (Duty >= 100)
OC1_PrimaryValueSet(OC1RS + 1);
else
OC1_PrimaryValueSet(((long) Duty * OC1RS) / 100);
}
}
}
void TMR4_CallBack(void)
{
T4Flag = 1;
MicroOCHIP i
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