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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

< Period :
The single square Signal
wave duration. 1| Pperiod
< Duty: | buty
The proportion of —
active time to the ﬂ H ﬂ —
ime

regular interval
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SAMD21 TCC

@ Timer/Counter for Control, TCC is the TC Enhanced
version.

® TCC provide below feature
< Up to four compare/capture channels
< Waveform (PWM, Frequency generation)
< Input capture (Event, Frequency, PWM Capture)
< Fault protection for safe disabling
< 3 input Event, 3 Event
< Support Interrupt, DMA, Event
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TCC Block Diagram
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TCCx, Channel and WO|[Xx]

@ TCCx : Timer Counter for Control peripheral
< TCCO, TCC1, TCC2

@ Channel : Compare Channel CCx
< TCCO : 4 channel
< TCC1: 2 channel
< TCC2: 2 channel

® WO[x] : Waveform Output Pins
< TCCO : 8 pins =» WO[0] ~ WO[7] = Channel [0, 1, 2, 3,0, 1, 2, 3]
< TCC1: 4 pins =» WO[0] ~ WOI[3] =» Channel [0, 1, 0, 1]
< TCC2 : 2 pins =» WO[0] ~ WO[1] =» Channel [0, 1]
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Normal Pulse-Width Modulation
(NPWM) Mode

® For Normal Pulse-Width Modulation, the period time (T) is

controlled by the PER register. WO[Xx] is set at start and
cleared on compare match.

A TCCx Count
3 R Wty v
(0(0) ¢4 TSI « YN 4 YN
CCx’ |-----
CCx” :
>
WO|x
[x] | i a
) : Clear byi Clearibyi Clear by
TCCx i I—r/user —r/useri —r/user
Overflow IF | , — >

Rule

1.TCCx Counter == CCx -> WO[x] Clear to low
2.TCCx Counter == PER -> WO[x] Set to high
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Add TCC Function using MHC

@ Find TCC component in Available Components window.

@ Double click TCC2 to add to Active Components window.

(] Active Compenents

X TRER4®

=& O

""" CMSIS Pack

..... EVSYS
""" NVMCTRL
""" SERCOMS

----- Device Family Pack (DFP)

Availabl

e Component

(] Avarrapre conponens =

= O

[ Ae 2 £ 5
X | Actlvg Components

----- CMSIS Pack

----- Device Family Pack (DFP)
----- EVSYS

----- NVMCTRL

----- SERCOMS5

== | TCC2

PM
‘RTC
- SERCOM

TC

—
0O
(]

TCC
- TCC2

+ Tools

Double click

[1 Awailable Components = Ff 5

125 ~
- PM

“RTC

- SERCOM

++ Tools
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TCC Configuration Options Example

(] Configuration Options

=l [+
-T2
- Select Prescaler Mo division bt
- Select PWM Type single slope FW b
~PYM Direction - Count Down [
- Period Walue 43,000 %
- AREEE DA Frequency is 999 Hz ¥+
- Enable Period Interrupt |:|
~Enable Period Event Out []
E-Channel Configurations
[i}--ChanneI 0
- Dty Walue o=
- Qutput Polarity Waveform starts at low level

-~Enable Compare Match Interrupt |:|
~Enable Compare Match Event Out [

E-Channel 1
- Dty Walue 9,600 5
~Jutput Polarity Waveform starts at low lewel

-~Enable Compare Match Interrupt |:|
~Enable Compare Match Event Out |:|
F-Fault Configurations

—Run during Standby |:|
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TCC PMUX Configuration Example

m SAMD21G | SAMD21J
® * PAl7

PA1T

VDDIO

@ TCC could output waveform to corresponds pins of
different channel.

® For example: PA17 as TCC2/WOJ[1] (TCC2 Channel 1) or
TCCO/WO[7] (TCCO Channel 3)
R

TCC2/WO[1]

{] Pin Table

olo — o =
Package: | TQFP48 ~ ols | § o | = é é cl|l=|al= é é o ;I ;I é = gl
S BRI E S B B R s SlEEEE
Module Farads e 13| 1415|1617 (181920212223 |24 |25 27281293031
ees TCCZ W31
(] Pin Table
olo o SiEE =
Package: TQFE48 AR § o | = 8 % c|=|a|= é é o § 8| 8| é = 8|
ﬁzgq}&j:}oaagzooghﬁﬁqgh
Module : i 21131415 1718|1920 |21 |22 123 |24 |25 020 |27 |28 | 20| 30| 31
TCCO T Lo L)

TCCO_WOT
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TCC Polling Interface Routines

[/*** TCC Interface Routines***/

void TCC2_PWMInitialize(void);

void TCC2_PWMStart(void);

void TCC2_PWMStop(void);

void TCC2_PWMForceUpdate(void);

void TCC2_PWMPeriodinterruptEnable(void);
void TCC2_PWMPeriodinterruptDisable(void);
uint32_t TCC2_PWMinterruptStatusGet(void);
void TCC2_PWM16bitPeriodSet(uintl6_t period);
uintl6_t TCC2_PWM16bitPeriodGet(void);

void TCC2_PWM16bitCounterSet(uintl6_t count);

__STATIC_INLINE void TCC2_PWM16bitDutySet(TCC2_CHANNEL _NUM channel,
uintl6_t duty);
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TCC Polling Code Example

(1 Configuration Cptions
int main (void) E =
{ E-TCC2
SYS_Initialize ( NULL ); ~Select Prescaler No division
- Select PWM Type Single slope PR b
oo ~PWM Direction - Count Dowrn [
TCC2_PWMSta rt(); ~Period Value 43,0005
TCC2_PWM16bitDutySet( 1, 9600 ); T PWH Frequency is 899 He T
i —Enable Period Interrupt D
) Running time update duty --Enable Period Event Out D
while(1) Channel 1, Duty 9600 7 gf‘:ﬁg’;ﬂg“““ms
{ - DUty Value =
oee - Qutput Polarity Waveform starts at low level
} -Enahle Compare Match Interrupt |:|
~Enahle Compare Match Event Out [
} = Channel 1
--[Dutv value 9,600 5% ]
| E Preset' duty in MHC Waveform starts at low level ~| 7
--Enahle Compare Match Event Out |:|
#-Fault Configurations
- Run during Standby D
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Lab14 TCC NPWM

¢ Add TCC2 NPWM Mode (Single Slope PWM) function to
your project.

® Disable LED3(PA17) GPIO function firstly.
@ Configure TCC2 to output PWM waveform to LED3(PA17).
@ PWM frequency is 1KHz with 20% Duty.

TCCx Coun

®Let’s go '

CCx

WOI[x] —|

— i
20%
"~ 1KHz
(1ms)
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Lab14 TCC NPWM

Q3
talr may EDBG CS W FDN337N
Ei}g o EDBG SCK | 3.3v] LED3 »I Yellow  R16 AL Tﬁ |GND
PALG 25 EDBG MOSI k;
EDBG SCK
CONO9C
Arduino UNO Socket
EDBG GPIO215 DR
EDBG GPIO316 PA17 TCC2_WO[1] (D13)
D9/PWM
EDBG CS 17 —
EDBG MOSI 18 | D10/PWM/SS
5 D11/PWM/MOSI
D12/ MISO
EDBG SCK 2(1) '[ﬁDIB/SCK = A
\\\\\ B LED3 (PA17) K\
P - ] & ;%" B M ‘
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Lab14 TCC NPWM

Step 1

(] Configuration Options
=l System Clock = 48MHz
E-TCC2
P One second counts of system clock :
- Select Prescaler Mo division vl No division | y
- Select PWM Type Single slope PWh Single slope PWM I 48,000,000 counts
- PWM Direction - Count Dawn [ ] One second counts after Prescaler :
~Period Value 48,000/2] Period : 48000 48000000 / 1 48,000,000 counts
o EEE DAWAWM Frequency is 998 Hz *w*E* .
Enable period Interrupt [ 1ms counts for LAB14 period target :
~Enahble Pariod Event Out [] 48000000 / 1000 48,000 counts
E-Channel Configurations 1/5ms counts for LAB14 duty target :
E-Channel O
outy Vsl o= 48000 /5 9,600 counts
- Qutput Polarity Waveform starts at low lewel TCC2 Count
~Enable Compare Match Interrupt [ PER A":’"""" R Dy . e
~Enable famessattsteb Fyant Out ||
E-Channel 1 Channel 1 CCX |- #7544 A ----
- Duty Value 9,600 5 Duty : 9600 p > - -
~Qutput Polarity Waveform starts at low level WO[1] 1 1ms |_| I_i
-~Enable Compare Match Interrupt |:| — 14_ OE L L
~Enable Compare Match Event Out [ 20%

© 2019 Microchip Technology Incorporated. All Rights Reserved. 2019 Summer Elite Slide 14



B ——————————————————————————————————————————————————
Lab14 TCC NPWM

Step 2

¢ Disable LED3(PA17) GPIO function firstly.

(1 Fin Table [
T =
Package: |TQFP48 el lala|=818 || z|ala|]%| =] | LED3 (PA17)
HEIEE B E R E R R E E RS E R E B E
Module Funetion 11z 1zl af1s el 17)1gl 1920|2122 23|24 25 26|27 28 29|30 31
L% LS ) S L
GPIO GPIC I
GPIO = DI Click
(] Pin Table [
=T e
Package: TQFP4S o | || P A IS PA17
SlEE Y A R BB = s
Module Funetion 11213 14 o0 |21 2223 24|25 26 |27 |28 20 30| 31
DL Y S L
ORI P
Lis sl Blue is free
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Lab14 TCC NPWM

Step 3

¢ Enable TCC2 Waveform Output 1 (TCC2_WO1).

[] Fin Table
T ol ot
Package: TOFP4E %:5%Eg:ggg:ﬂﬂﬁﬁgzﬁ|mij7N§
AN HEIEEEEREREEEE EEEE R
Module Function V1213141501617 11819120 |21 122 |23 |24 (20|20 |27 |28 20|30 31
[CCT_Wos
TCC2 WO
ek TOC2 Wl [
TCC2 | Tcc2_wo1 | |
Click
(] Pin Table
T ==
Package: TQFF48 cl=slz2l8l2lz % % olz|a|=|N5]e @I i' Lccg_\ci\loj
dHHEIEREEREERE R EEEERE
Module Function TVI2 130 14151617 181920 |21 |22 23 |24 12526 |27 |28 1203031
[T W3
TCCE W0
ez TCCZ WOl
Usis LA Green is Enable
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Lab14 TCC NPWM

Step 4

@ Click :,E;_.d:- \to Generate Code and save changes to MHC

configure file.

2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

-

Current configuration has been modified. Do you want to save 1t before file generation?

L B [P P | @b [ Click |

Eiate Code'

[] Active Components

X ZTRER 4

2 Modified Configuration X

2 Generate Project X = ]
defanlt A ¥ Ed-
1. Configure Generation Settings
=1 Generate Settings fl -
Merge Strategy USER ALL <2 W perip heral
|| stdio
| * defaultxml
' default.xml |

2 Generating Project..

ed help)

Task Type Remaining

File Markup

Total

File Cop:

Libraries

olololoo

ettings

Seurce Paths

/
/
<
\
\

Project generation complate!

Please Wait...

| Generate |

3. Click Generats
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Lab14 TCC NPWM

Step 5

e Add code segment to your main.c

int main (void)

/[l TODO 14.01
TCC2_PWMStart();

while(1)
{

}

@ Program firmware to target board then observe result.
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Lab14 TCC NPWM

Result

Trig'd M 400us T Pos: 50.00% 29MSls  HIFERE
5112.8595 "i L%Ijl_iﬁ_ﬁ

@:5.5255 -
R i B

L e
R A
CH1 S8

99661 Hz

\A8 pA17 TCC2_WO[1] (D13)
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100% Duty Issue

¢ How to generate 100% duty PWM ?

< Rule Review
1.TCCx Counter = CCx -> Output Set to low
2.TCCx Counter = PER -> Output Set to high

_______
= ~
s S

@ This means CCx = PER must be set for 100% duty output

Which rule be executed ?

< Result :
Glitch !

@ To prevent this issue,
set CCx > PER for 100% duty.

if( DutyvValue >= PER ) /* 100% duty */
TCC2_PWM16bitDutySet( 1, PER + 1 );
else
TCC2_PWM16bitDutySet( 1, DutyValue );
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Lab15 TCC NPWM ADC Duty Control

@ Try use VR1 to adjust PWM duty for LED3 dimming control.
< VR Value =0 -> PWM Duty 0%, VR Value =4095 -> Duty 100%

iIf( ADC_IsCompleted )

{
/[l TODO 15.01
if (ADC_Result[@] >= 4095)
TCC2_PWM16bitDutySet( 1, TCC2_PWMl6bitPeriodGet()+1 );
else
TCC2_PWM16bitDutySet( 1,
(uint32_t)ADC_Result[@] * TCC2_PWMl6bitPeriodGet()/4095 );

-

TCC2_ PWM_Peroid = 48000
ADC Result[0] = 0~ 4095
ADC Result[0] /4095=0.0"~ 1.0

ADC_Result[0] * TCC2_ PWM_Peroid / 4095 = 0 ~ 48000
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Lab16 TCC NPWM Auto Duty Control

@ Use Timer(TC4) to control PWM duty for breathing light effect
on LED3. Duty change interval 50ms with stepping 2% ~ 5%.

(Duty 0% -> Duty 100% -> Duty 0% -> ... repeat)

// TODO 16.01
uint8_t Duty = 560;
int8_t DutyDistance = 2;

int main (void)

9 100

iIf (TC4_IsOverflow)

{ ...

/[ TODO 16.02

Duty += DutyDistance;

if (Duty >= 100 || Duty <= Q)
DutyDistance = -DutyDistance;

if (Duty >= 100)

TCC2_PWM16bitDutySet( 1, TCC2_PWMlebitPeriodGet() + 1 );
else

TCC2_PWM16bitDutySet( 1, ((uint32_t)Duty * TCC2_PWM16bitPeriodGet()) / 100 );
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