MICROCHIP TB3236

Generating PWM Signals Using TCD with High-Frequency
Input

Introduction

Author: Marius Nicolae, Microchip Technology Inc.

The AVR® DA MCU family of microcontrollers is equipped with a versatile type of timer/counter, which can be clocked
by four of the frequency channels available to the user. The input frequency for the 12-bit Timer/Counter type D
(TCD) varies from the 32.768 kHz input frequency provided by the Ultra Low-Power (ULP) internal or external
oscillator, up to 48 MHz by using the Phase-Locked Loop (PLL) clock multiplication system. Thus, the TCD can be
used to generate a wide range of Pulse-Width Modulation (PWM) signals.

The scope of this technical brief is to describe some of the TCD operating modes, emphasizing the TCD
particularities and providing initialization code snippets. For a deeper understanding of the functionality, refer to the
AVR DA data sheet.

This technical brief will describe two use cases where the AVR DA high-frequency sources are used as input clock for
the TCD - the Internal High-Frequency Oscillator (OSCHF) and the PLL (clocked from the OSCHF):

* Generate Two PWM Signals in One Ramp Mode:
The purpose of this example is to generate two PWM signals using the TCD configured in One Ramp mode and
with OSCHF as input clock. OSCHF will be configured to run at 24 MHz and the PWM signals will be set as
output to WOA on the PA4 pin and WOB on the PA5 pin. The PWM signal on WOA will have a 25% duty cycle
and the signal on WOB will have a 30% duty cycle.

* Generate Two PWM Signals in Two Ramp Mode:
The scope of this example is to generate two PWM signals using the TCD configured in Two Ramp mode with
PLL as input clock. The PLL will be configured to run at 48 MHz and the PWM signals will be set as output to
WOA on the PA4 pin and WOB on the PA5 pin. The PWM signal on WOA will have a 10% duty cycle and the
signal on WOB will have a 20% duty cycle.

Note: In each example, the PA4 and PA5 pins are used for the PWM signals generation. The code examples were
developed using the AVR128DA48 Curiosity Nano development board.
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Relevant Devices

Relevant Devices

This chapter lists the relevant devices for this document.

AVR® DA Family Overview

The figure below shows the AVR DA devices, laying out pin count variants and memory sizes:

» Vertical migration is possible without code modification, as these devices are fully pin and feature compatible.
» Horizontal migration to the left reduces the pin count and therefore, the available features.

Figure 1-1. AVR DA Family Overview

Flash
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Devices with different Flash memory size typically also have different SRAM.
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Overview

Overview

The 12-bit Timer/Counter type D (TCD) is a high-performance waveform generator that consists of an asynchronous
counter, a prescaler, and compare, capture and control logic. The TCD contains a counter that can run on a clock
which is asynchronous to the peripheral clock. It contains compare logic that can generate two independent outputs
with optional dead time.

Figure 2-1. Timer/Counter Type-B Block Diagram
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Figure 2-2. Clock Selection and Prescalers Overview
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Generating Two PWM Signals in One Ramp Mode

Use case description: The TCD will be initialized and configured to run in One Ramp mode, have the OSCHF as
input clock running at 24 MHz, and generate two PWM signals — WOA on the PA4 pin, and WOB on the PA5 pin. The
PWM signal on WOA will have a 25% duty cycle and the signal on WOB will have a 30% duty cycle.

Result: The TCD will generate one PWM signal with a 25% duty cycle on WOA (PA4 pin) and one PWM signal with a
30% duty cycle on WOB.

The TCD can be configured to run in One Ramp mode, where the counter’s value increments until it reaches the
CMPBCLR value. Then, the TCD cycle is completed and the counter restarts from 0x000, beginning a new TCD
cycle. The TCD cycle period is:

. _ (CMPBCLR + 1)
TCD_cyele = ok Tep CNT

In this configuration example, nonoverlapping outputs will be generated, so the case where CMPASET < CMPACLR
< CMPBSET < CMPBCLR will be used.

Figure 3-1. One Ramp Mode
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Configuring the Main Clock
There are four clock sources for the TCD:
 OSCHF
« PLL
« EXTCLK
+ CLK PER

© 2020 Microchip Technology Inc. Technical Brief DS90003236C-page 6



TB3236

Generating Two PWM Signals in One Ramp Mod...

In this example of the TCD configuration, the OSCHF clock source will be the input to CLK_MAIN and the TCD. The
following configurations must be made to have the CPU and the TCD run at 24 MHz, having OSCHF as input clock.

In the example code available in 6. Appendix, the main clock initialization will be done in the CLK_Init () function.

Setting the Default Clock Source to OSCHF (Optional)
This can be done by using Atmel Studio and following the steps below:

a. Click Tools — Device Programming.

Tool Device Interface Device signature

nEDBG * | AVR128DA4S v UPDl ~ ||apply|l notread Read

nEDEG
MCHP323001 1300000007

nEDBG [Disconnected]
ATMLZ203071200001 541

nEDBG [Disconnected]
MCHP3220011 2300000022

Simulataor

Generating_PWM_signals_using_TCD - AtmelStudio
File  Edit View VAssist{ ASF  Project Build Del::lugl Tools [Window Help
e - | S X 2 - B Command Prompt
1] EI p ¢ Y Hex % Ej Device Pack Manager Dalze
. {# Device Programming Ctrl+Shift+P
- e Programming Center
h = _ﬂ Add target...
16 INCIDENTAL OR CONSEQUENTIAL LOS5, DAMAGE ] ]
17 WHATSOEVER RELATED TO THE SOFTWARE, Howe [ Data Visualizer
18 BEEN ADVISED OF THE POSSIBILITY OR THE [ Select profile
19 FULLEST EXTENT ALLOWED BY LAW, MICROCHIF
28 ANY WAY RELATED TO THIS SOFTWARE WILL n¢ ] Code Snippets Manager... Ctrl+K, Ctrl+B
21 THAT YOU HAWE PAID DIRECTLY TO MICROCHIF .
- . El'] Extensions and Updates...
23 *f External Tools...
24
b. Select the attached development board and click Apply.
Dievice Programming ? =

Select tool, device and interface.

Target Voltage

--- Read @

Close
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c. Select the Fuses tab from the left-hand side and select 1-24 MHz internal oscillator OSCHF for
OSCCFG.CLKSEL, and then click Program.

nEDBG (MCHP3280011800000007) - Device Programming ? x
Tool Device Interface Device signature Target Voltage
nEDBG v | AVR48DA128  ~ |UPDI ~ | [Apply| ox1E97OR 33V %3]
Interface settings Fuse Name Value
Tool information @BODCFGSLEEP BOD dissbled ~
B3l =S () OSCCFG.CLKSEL 1-24MHz internal oscillator ~
Device information (¥ OSCCFG.OSCLOCK 1-24MHz internal oscillator
OSCHF
i (YISYSCFGO.CRCSEL e -
Memones — 32.768kHz internal oscillator |
() SYSCFGO.CRCSRC OSC32K
Lockbits (@) SYSCFGO.EESAVE
Production file @SYSCFGO.RSTPINCFG GPIO mode ~
{@SYSCFG1.SUT GAms
Fuse Register  Value
BODCFG 0x00
BOOTSIZE  |0x02
CODESIZE  |0x00
0SCCFG 0x00
SYSCFGO 0xC1
SYSCFG1 0x07
WELTCFG 0x00
C to clipboard
Auto read opyto ciphoar
Verify after programming | Program | | Verify | | Read |

REJUINY regisiel WUUCILC. UM
Reading register OSCCFG...0K
Reading register SYSCFG0.. 0K
Reading register SYSCFG1...0K
Reading register WOTCFG...OK
Read registers...0K

E Read registers...OK

Close

Changing the clock source to OSCHF and the configuration for running at 24 MHz are described in the following
three steps:

1. Set OSCHEF as clock source for the main clock.
Figure 3-2. CLKCTRL.MCLKCTRLA Register Configuration

Bit 7 6 5 4 3 2 1 0
[ cLkout | | \
Access RW RW RW RW RW
Reset 0 0 0 0 0

Bits 3:0 — CLKSEL[3:0] Clock Select
This bit field selects the source for the Main Clock (CLK_MAIN).

Value Name Description

0xl 0SC32K 32.768 kHz Internal Oscillator

0x2 XOSC32K 32.768 kHz External Crystal Oscillator
0x3 EXTCLK External clock

Other - Reserved
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The Main Clock Control A register is protected by the Configuration Change Protection (CCP) mechanism,
requiring a timed-write procedure for changing the register content. To write to the CCP-protected registers,
the following API must be used:

_PROTECTED WRITE (register, value);

OSCHF must be selected, which means that the CLKSEL bit field must be set to value 0x0. This translates
into the following code:

_PROTECTED WRITE (CLKCTRL.MCLKCTRLA, CLKCTRL CLKSEL_ OSCHF gc);

2. Wait for the clock switch process to complete.
Figure 3-3. CLKCTRL.MCLKSTATUS Register

Bit 7 6 5 4 3 2 1 0
| [ [ PLSs [ EXTS XOSC32KS | OSC32KS oscHrs  ISOSCN

Access R R R R R R

Reset 0 0 0 0 0 0

Bit 0 - SOSC Main Clock Oscillator Changing
Value Description

1 The clock source for CLK_MAIN is undergoing a switch and will change as soon as the new source is

stable

The clock switching process is indicated by the SOSC bit. The program must halt during an undergoing switch
of the clock source, so a wait until the switch is over will be implemented.

while (CLKCTRL.MCLKSTATUS & CLKCTRL_SOSC_bm)
{

’

}

3. Set the OSCHF to run at 24 MHz.
Figure 3-4. CLKCTRL.OSCHFCTRLA Register Configuration

Bit 7 B 5 4 3 2 1 0
Access RW RW R/W RwW RW RwW
Reset 0 0 0 1 1 0

Bits 5:2 — FRQSEL[3:0] Frequency Select
This bit field selects the output frequency of the oscillator.

e hame oo

0x0 1 MHz 1 MHz output

Oxl1 2 MHz 2 MHz output

o0xz2 3 MHz 3 MHz output

0x3 4 MHz 4 MHz output (default)
Ox4 = Reserved

0x5 8 MHz 8 MHz output

0x6 12 MHz 12 MHz output

0x7 16 MHz 16 MHz output

0x8 20 MHz 20 MHz output
o AME AN
Other - Reserved
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The default Reset value of the FRQSEL bit field in the OSCHFCTRLA register is 0x3, which means that the
default frequency value is 4 MHz. To obtain the 24 MHz desired frequency, the content of the FRQSEL bit field
must be changed to 0x9. This bit field uses the CCP mechanism, so a protected write must be performed. The
following code will select 24 MHz output for OSCHF:

_PROTECTED WRITE (CLKCTRL.OSCHFCTRLA, CLKCTRL FREQSEL 24M gc);

Configuring PA4 and PA5 Pins as Output
The PA4 and PA5 pins must be configured as output pins for the WOA and WOB PWM signals. The following code
snippet sets the PA4 and PA5 pins as output low.

PORTA.DIRSET |= PIN4 bm | PIN5 bm;
PORTA.OUTSET |= PIN4 bm | PIN5 bm;

In the example code available in 6. Appendix, the pins initialization will be done in the PORT Init () function.

Configuring the TCD Input Clock and Operation Mode
To generate the two PWM signals using the TCD configured in One Ramp mode and with OSCHF as input clock, the
following registers must be changed:

+ TCDO.CTRLA
+ TCDO.CTRLB
+ TCDO.CMPASET
+ TCDO0.CMPACLR
+ TCDO.CMPBSET
+ TCD0.CMPBCLR

In the example code available in 6. Appendix, the TCD initialization will be done in the TCD Init () function.

1.  Select the Waveform Generation mode and configure the TCD.
Figure 3-5. TCD0.CTRLB Register Configuration

Bit 7 6 5 4 3 2 1 0
| | | [ | WGMODE[:0] |
Access R/W RW
Reset 0 0

Bits 1:0 - WGMODE[1:0] Waveform Generation Mode
These bits select the waveform generation.

Value 'Name Description

0x1 TWORAMP Two Ramp mode
0x2 FOURRAMP Four Ramp mode
0x3 DS Dual Slope mode

To use TCDO in One Ramp mode, the WGMODE bit field in the TCDO.CTRLB register must be set to 0x0. The
following code snippet configures TCDO in One Ramp mode:

TCDO.CTRLB |= TCD WGMODE ONERAMP gc;

In One Ramp mode, the TCD0.CMPASET and TCDO0.CMPACLR registers are used for setting the ‘Dead time
A’ and ‘On time A’ for the WOA signal; in addition, the TCD0.CMPBSET and TCD0.CMPBCLR registers are
used for setting ‘Dead time B’ and ‘On time B’ for the WOB signal.

As the TCDO counter continuously increases and overflows, setting CMPASET < CMPACLR < CMPBSET <
CMPBCLR will result in nonoverlapping outputs during the on time.

Since the TCD is a 12-bit timer/counter, it ranges from 0 to 4095 (4096 steps), corresponding to 0x000 to
0xFFF. For a 25% PWM duty cycle, WOA must have an on time of 1024 clock cycles (defined below by the
ON_TIME CYCLES_ WOA macro), corresponding to 0x400 in hexadecimal format:

© 2020 Microchip Technology Inc. Technical Brief DS90003236C-page 10
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ON_TIME _CYCLES WOA = 1ZTs() X 4096 = 1024 = 0x400

This means that the difference between the value of TCD0.CMPACLR and TCD0.CMPASET must be 1024.
For the purpose of this use case exemplification, the start of the on time for WOA will be 1023 (defined below
by the ON_TIME START WOA macro).

TCDO.CMPASET = ON_TIME_START_WOA = 1023 = 0x3FF
TCDO.CMPACLR = ON_TIME_START WOA + ON_TIME_CYCLES WOA = 1023 + 1024 = 2047 = 0x7FF

For a 30% PWM duty cycle, WOB must have an on time of 1228 clock cycles (defined below by the
ON_TIME CYCLES WOB macro), corresponding to 0x508 in hexadecimal format:

ON_TIME CYCLES WOB = % X 4096 = ~ 1288 = 0x508

This means the difference between the value of TCD0.CMPBCLR and TCDO.CMPBSET must be 1288. For
the purpose of this use case exemplification, the start of the on time for WOB will be 2457 (defined below by
the ON_TIME START WOB macro).

TCDO.CMPBSET = ON_TIME_START_WOB = 2457 = 0x999
TCDO.CMPBCLR = ON_TIME_START WOB + ON_TIME_CYCLES WOB = 2457 + 1288 = 3745 = 0xEA1

The following code snippet initializes TCD0.CMPASET, TCD0.CMPACLR, TCD0.CMPBSET, and
TCDO0.CMPBCLR with the corresponding values for generating the PWM signals with 25% and 30% duty
cycles.

#define ON TIME START WOA  Ox3FF
#define ON_TIME_CYCLES WOA 0x400
#define ON_TIME_START WOB  0x999
#define ON TIME CYCLES WOB 0x508

TCDO.CMPASET
TCDO.CMPACLR
TCDO.CMPBSET
TCDO.CMPBCLR

ON_TIME START WOA;
ON_TIME START WOA + ON_TIME CYCLES WOA;
ON_TIME START WOB;
ON_TIME START WOB + ON TIME CYCLES WOB;

2. Enable the waveform channels as output.
Figure 3-6. TCDO.FAULTCTRL Register Configuration

Bit 7 [ 5 4 3 2 1 0
Access R/W R/W RW R/W RW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 4, 5, 6, 7 — CMPEN Compare x Enable
These bits enable the waveform from compare as output on the pin.

Bits 0, 1, 2, 3— CMP Compare x Value
These bits set the default state of the compare waveform output.

For generating the PWM signals, the two output channels, WOA and WOB, must be enabled. Additionally, to
exemplify this use case, the Default state of the two waveform outputs will be high. Since the
TCDO.FAULTCTRL register is under Configuration Change Protection, the CMPAEN, CMPBEN, CMPB and
CMPA bits must be written using the PROTECTED WRITE API.

The following code snippet enables the output channels and sets the waveform output to high:

_ PROTECTED WRITE (TCDO.FAULTCTRL, TCD CMPAEN bm | TCD CMPA bm
| TCD CMPBEN bm | TCD CMPB bm);

3. Check if the TCD is ready for enabling.

© 2020 Microchip Technology Inc. Technical Brief DS90003236C-page 11
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Figure 3-7. TCD0.STATUS Register

Bit 7 6 5 4 3 2 1 0

[ PWMACTB [ PWMACTA | cvDRDY _ [INENRDYIN|
Access RW R/W R R
Reset 0 0 0 0

Bit 0 - ENRDY Enable Ready
This status bit tells when the ENABLE value in TCDn CTRLA is synced to the TCD domain and is ready to be wrtten
to again.
The following actions clear the ENRDY bit:
1. Writing to the ENABLE bitin TCDn.CTRLA.
2. TCDn CTRLE DISEOC strobe.

3. Going into BREAK in an On-Chip Debugging (OCD) session while the Debug Run (DBGCTRL) bit in
TCDn.DBGCTRL is “0".

To enable the TCD, first, it must be checked if it is ready. The following code snippet implements a wait until
the TCD is ready to be enabled:

while (! (TCDO.STATUS & TCD_ENRDY bm))

’

-

4. Select the input clock source and enable the TCD.
Figure 3-8. TCDO0.CTRLA Register Configuration

Bit 7 3] 5 4 3 2 1 0
[ DNCHSEWRONMNNN  cvreResio | SwceReso  [NENABEEN]
Access R/W RMW RW RW RW R/W R/W
Reset 0 0 0 0 0 0 0

Bits 6:5 — CLKSEL[1:0] Clock Select
The Clock Select bits select the clock source of the TCD clock.

Value L ETy Description
0x1 PLL PLL

0x2 EXTCLK External clock
0x3 CLK_PER Peripheral clock

Bit 0 — ENABLE Enable

When writing to this bit, it will automatically be synchronized to the TCD clock domain.

This bit can be changed as long as the synchronization of this bit is not ongoing See the Enable Ready (ENRDY') bit
in the Status (TCDn . STATUS) reqgister.

This bit is not enable-protected.

Value Name Description
0 NO

The TCD is disabled.

The following code snippet will select OSCHF for the input frequency and will enable the TCD:

TCDO.CTRLA |= TCD CLKSEL_OSCHF gc | TCD_ ENABLE bm;

View Code Example on GitHub

Click to browse repository

Tip: The full code example is also available in 6. Appendix.
*_

© 2020 Microchip Technology Inc. Technical Brief DS90003236C-page 12
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Generating Two PWM Signals in Two Ramp Mode

Use case description: The TCD will be initialized and configured to run in Two Ramp mode, to have the PLL as
input clock running at 48 MHz, and to generate two PWM signals — WOA on the PA4 pin and WOB on the PA5 pin.
The PWM signal on WOA will have a 10% duty cycle and the signal on WOB (PA5 pin) will have a 20% duty cycle.

Result: The TCD will generate one PWM signal with a 10% duty cycle on WOA (the PA4 pin) and one PWM signal
with a 20% duty cycle on WOB.

Figure 4-1. Two Ramp Mode

TCD cycle ‘
Dead time A” On time A R Dead time B o< Ontime B R
Counter
value
___________________ CMPBCLR __ _ _________
CMPACLR} - - - - - == === - = = — -
__________________ CMPBSET
CMPASET[ ~~~~ "~ : |
| -~
l | -7
| | e 3
I ! |
v ¥ v v
WOA
WOB

In Two Ramp mode, the TCD counts up until it reaches the CMPACLR value, then it resets and counts up until it
reaches the CMPBCLR value. Then, the TCD cycle is completed, and the counter restarts from 0x000.

(CMPACLR + 1+ CMPBCLR + 1)

TTcD cycle =
- fCLK TCD_CNT

Configuring the Main Clock

To obtain the maximum input frequency for the TCD from the PLL, the OSCHF will be configured to run at the highest
frequency (24 MHz). The maximum frequency achievable by the PLL is 48 MHz, so a multiplication factor of 2x will
be used for the PLL.

Furthermore, the OSCHF will also serve as clock source for CLK_MAIN.
In the example code available in 6. Appendix, the main clock initialization will be done in the CLK_Init () function.

1. Set OSCHF as clock source for the main clock. The following code snippet will switch the main clock to the
OSCHF oscillator.

_PROTECTED WRITE (CLKCTRL.MCLKCTRLA, CLKCTRL CLKSEL_ OSCHF_ gc);

2. Wait for the clock switch process to complete. The following code snippet will demonstrate how to wait for the
clock source switching process to finish.

© 2020 Microchip Technology Inc. Technical Brief DS90003236C-page 13
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while (CLKCTRL.MCLKSTATUS & CLKCTRL_SOSC_bm)
{

’

}

3. Set the OSCHF to run at 24 MHz. The following code snippet will set the OSCHF frequency to 24 MHz.

_PROTECTED_WRITE (CLKCTRL.OSCHFCTRLA, CLKCTRL_ FREQSEL 24M gc);

4. Configure the PLL settings — a multiplication factor of 2x will be chosen as the maximum PLL frequency is 48
MHz. The PLL system will not yet be active, but will start and generate when requested as a clock source by
the TCD.

_PROTECTED WRITE (CLKCTRL.PLLCTRLA, CLKCTRL MULFAC 2x gc);

Configuring PA4 and PA5 Pins as Output
The PA4 and PA5 pins must be configured as output pins for the WOA and WOB PWM signals. The following code
snippet sets PA4 and PAS5 pins as output low.

PORTA.DIRSET |= PIN4 bm | PIN5 bm;
PORTA.OQOUTSET |= PIN4 bm | PIN5 bm;

Note: Inthe example code available in 6. Appendix, the pins initialization will be done in the PORT Init ()
function.

Configuring the TCD Input Clock and Operation Mode
To Generate the two PWM signals using the TCD configured in One Ramp mode and with OSCHF as input clock, the
following registers must be changed:

+ TCDO.CTRLA

+ TCDO.CTRLB

*+ TCDO.CMPASET

+ TCDO0.CMPACLR

« TCDO.CMPBSET

+ TCDO0.CMPBCLR

In the example code available in 6. Appendix, the TCD initialization will be done in the TCD Init () function.

1.  Select the Waveform Generation Mode and configure the TCD.
Figure 4-2. TCDO0.CTRLB Register Configuration

Bit 7 (] 5 4 3 2 1 0
| | | | [ WGMODE[: |
Access R/W RW
Reset 0 0

Bits 1:0 - WGMODE[1:0] Waveform Generation Mode
These bits select the waveform generation.

Value Name Description

0x0 ONERAMP One Ramp mode
0x2 FOURRAMP Four Ramp mode
0x3 DS Dual Slope mode

To use TCDO in One Ramp mode, the WGMODE bit field in the TCDO.CTRLB register must be set to 0x0. The
following code snippet configures TCDO in Two Ramp mode:

TCDO.CTRLB |= TCD_WGMODE TWORAMP gc;

© 2020 Microchip Technology Inc. Technical Brief DS90003236C-page 14
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Since the TCD is a 12-bit timer/counter, it ranges from 0 to 4095 (4096 steps), corresponding to 0x000 to
OxFFF. For a 10% duty cycle, WOA must have an on time of 409 clock cycles (defined below by the
‘ON_TIME CYCLES WOA’ macro), corresponding to 0x199 in hexadecimal format:

ON_TIME CYCLES WOA = % X 4096 = 409 = 0x199

This means that the difference between the value of TCD0.CMPACLR and TCD0.CMPASET must be 409. In
this use case example, the start of the on time for WOA will be 1023 (defined below by the

ON_TIME START WOA macro).

TCDO.CMPASET = ON_TIME_START WOA = 1023 = 0x3FF
TCDO.CMPACLR = ON_TIME_START WOA + ON_TIME_CYCLES_ WOA = 1023 + 409 = 1423 = 0x598

For a 20% duty cycle, WOB must have an on time of 819 clock cycles (defined below by the

ON_TIME CYCLES WOB macro), corresponding to 0x333 in hexadecimal format:

ON_TIME_CYCLES WOB = % x 4096 = 819 = 0x333

This means that the difference between the value of TCD0.CMPBCLR and TCD0.CMPBSET must be 819. In
this use case example, the start of the on time for WOB will be 1023 (defined below by the

ON_TIME START WOB macro).

TCDO.CMPBSET = ON_TIME_START _WOB = 1023 = 0x3FF
TCDO.CMPBCLR = ON_TIME _START WOB + ON_TIME _CYCLES WOB = 1023 + 819 = 1842 = 0x732

The following code snippet initializes TCD0.CMPASET, TCD0.CMPACLR, TCD0.CMPBSET, and
TCDO0.CMPBCLR with the corresponding values for generating the PWM signals with 10% and 20% duty
cycles.

#define ON_TIME_START WOA  Ox3FF
#define ON TIME CYCLES WOA 0x199
#define ON TIME START WOB  Ox3FF
#define ON_TIME_ CYCLES WOB 0x333

TCDO.CMPASET
TCDO.CMPACLR
TCDO.CMPBSET
TCDO.CMPBCLR

ON TIME START WOA;
ON_TIME_START WOA + ON_TIME CYCLES WOA;
ON_TIME START WOB;

ON TIME START WOB + ON TIME CYCLES WOB;

2. Enable the waveform channels as output.
The following code snippet enables the output channels and sets the waveform output to high:

_PROTECTED_ WRITE (TCDO.FAULTCTRL, TCD CMPAEN bm | TCD CMPA bm
| TCD CMPBEN bm | TCD CMPB bm);

3. Check if the TCD is ready for enabling.
The following code snippet implements a wait until the TCD is ready to be enabled.

while (! (TCDO.STATUS & TCD ENRDY bm))
{

}
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4. Select the input clock source and enable the TCD.
Figure 4-3. TCDO0.CTRLA Register Configuration

Bit 7 6 5 4 3 2 1 0
CNTPRES[1.0] [ SYNCPRES[1.0] [ ENABLE |
Access R/W RW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bits 6:5 — CLKSEL[1:0] Clock Select
The Clock Select bits select the clock source of the TCD clock.

Value L ETy Description

0x0 OSCHF Internal High-Frequency Oscillator
0x2 EXTCLK External clock

0x3 CLK_PER Peripheral clock

Bit 0 — ENABLE Enable
When writing to this bit, it will automatically be synchronized to the TCD clock domain.
This bit can be changed as long as the synchronization of this bit is not ongoing. See the Enable Ready (ENRDY') bit
in the Status (TCDn . STATUS) reqgister.
This bit is not enable-protected.
Value Name Description
0 NO The TCD is disabled.

The following code snippet will select OSCHF for the input frequency and will enable the TCD:

TCDO.CTRLA |= TCD CLKSEL PLL gc | TCD ENABLE bm;

VView Code Example on GitHub

Click to browse repository

Tip: The full code example is also available in 6. Appendix.
._
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6. Appendix

Example 6-1. TCD One Ramp Mode with OSCHF Code Example

#include <avr/io.h>

#define ON_TIME START WOA  Ox3FF
#define ON_TIME_CYCLES_WOA 0x400
#define ON TIME START WOB  0x999
#define ON TIME CYCLES WOB 0x508

void CLK_Init (void);
void PORT_Init (void);
void TCD Init (void);

void CLK Init (void)

{
/* Set OSCHF as main clock source */
_PROTECTED_ WRITE (CLKCTRL.MCLKCTRLA, CLKCTRL CLKSEL OSCHF gc);

/* Wait for main clock oscillator changing to finish */
while (CLKCTRL.MCLKSTATUS & CLKCTRL_SOSC_bm)
{

}

/* Change OSCHF frequency to 24 MHz */
_PROTECTED_WRITE (CLKCTRL.OSCHFCTRLA, CLKCTRL_FREQSEL_24M_9C);
}

void PORT_Init (void)

{
/* Configure PORT A PIN4 and PIN5 as output low */
PORTA.DIRSET |= PIN4 bm | PIN5 bm;
PORTA.OUTSET |= PIN4 bm | PIN5 bm;

}

void TCD_Init(void)

{
/* Select the One Ramp mode */
TCDO.CTRLB |= TCD_WGMODE_ONERAMP_gc;

/* Load the compare and clear registers */
TCDO.CMPASET = ON TIME START WOA;
TCDO.CMPACLR = ON_TIME START WOA + ON TIME CYCLES WOA;

TCDO.CMPBSET = ON_TIME_ START_ WOB;
TCDO.CMPBCLR = ON_TIME START WOB + ON_TIME CYCLES_ WOB;

/* Enable the PWM channels */

_PROTECTED_WRITE (TCDO.FAULTCTRL, TCD CMPAEN bm | TCD_CMPA bm) ;
_PROTECTED_WRITE (TCDO.FAULTCTRL, TCD_ CMPBEN bm | TCD_CMPB_bm) ;

/* Wait for TCD to be ready for enabling */
while (! (TCDO.STATUS & TCD ENRDY bm))
{

}
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/* Select OSCHF as input clock and enable TCD */
TCDO.CTRLA |= TCD CLKSEL OSCHF gc | TCD_ENABLE bm;

int main(void)

7

CLK Init();
PORT Init (
TCD Init();
while (1)

{

}

Example 6-2. TCD Two Ramp Mode with PLL Code Example

#include <avr/io.h>

#define ON TIME START WOA  Ox3FF
#define ON_TIME CYCLES WOA 0x199
#define ON_TIME_START WOB  Ox3FF
#define ON_TIME CYCLES WOB 0x333

void CLK Init (void);
void PORT_Init (void);
void TCD_Init (void);

void CLK Init (void)
{
/* Set OSCHF as main clock source */
_PROTECTED_WRITE (CLKCTRL.MCLKCTRLA, CLKCTRL_CLKSEL_OSCHF gc);

/* Wait for main clock oscillator changing to finish */
while (CLKCTRL.MCLKSTATUS & CLKCTRL_SOSC bm)
{

}

/* Change OSCHF frequency to 24 MHz */
_PROTECTED WRITE (CLKCTRL.OSCHFCTRLA, CLKCTRL_FREQSEL 24M gc);

/* Set the multiplication factor for PLL to 2x */
_PROTECTED_WRITE (CLKCTRL.PLLCTRLA, CLKCTRLiMULFAC72X7gC);
}

void PORT_Init (void)

{
/* Configure PORT A PIN4 and PIN5 as output low */
PORTA.DIRSET |= PIN4 bm | PIN5 bm;
PORTA.OUTSET |= PIN4 bm | PIN5_ bm;

}

void TCD Init (void)

{
/* Select the Two Ramp mode */
TCDO.CTRLB |= TCD_WGMODE_TWORAMP_gc;

/* Load the compare and clear registers */
TCDO.CMPASET = ON_TIME START WOA;

TCDO .CMPACLR ON_TIME START WOA + ON_TIME CYCLES WOA;
TCDO.CMPBSET = ON_TIME START WOB;

TCDO.CMPBCLR = ON_TIME START WOB + ON_TIME CYCLES_ WOB;

/* Enable the PWM channels */
_PROTECTED_WRITE (TCDO.FAULTCTRL, TCD CMPAEN bm | TCD_CMPA bm) ;
_PROTECTED_WRITE (TCDO.FAULTCTRL, TCD_CMPBEN bm | TCD_CMPB_bm) ;

/* Wait for TCD to be ready for enabling */
while (! (TCDO.STATUS & TCD ENRDY bm))
{

}

/* Select PLL as input clock and enable TCD */

TCDO.CTRLA |= TCD CLKSEL PLL gc | TCD ENABLE bm;
}

int main (void)
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CLK Init();
PORT Init();
TCD Init();

while (1)
{

}
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Microchip provides online support via our website at http://www.microchip.com/. This website is used to make files
and information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to http://www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

»  Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

* Microchip products meet the specification contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is one of the most secure families of its kind on the market today,
when used in the intended manner and under normal conditions.

» There are dishonest and possibly illegal methods used to breach the code protection feature. All of these
methods, to our knowledge, require using the Microchip products in a manner outside the operating
specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is engaged in theft of
intellectual property.

» Microchip is willing to work with the customer who is concerned about the integrity of their code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code
protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection
features of our products. Attempts to break Microchip’s code protection feature may be a violation of the Digital
Millennium Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you
may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for your
convenience and may be superseded by updates. It is your responsibility to ensure that your application meets with
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