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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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1. Relevant Devices
This chapter lists the relevant devices for this document.

1.1 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
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Devices with different Flash memory size typically also have different SRAM.
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2. 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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3. 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:����_����� = ������� + 1����_���_���
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

 TB3236
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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.

b. Select the attached development board and click Apply.

 TB3236
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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.

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

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

 TB3236
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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

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
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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:

• TCD0.CTRLA
• TCD0.CTRLB
• TCD0.CMPASET
• TCD0.CMPACLR
• TCD0.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

To use TCD0 in One Ramp mode, the WGMODE bit field in the TCD0.CTRLB register must be set to 0x0. The
following code snippet configures TCD0 in One Ramp mode:

TCD0.CTRLB |= TCD_WGMODE_ONERAMP_gc;

In One Ramp mode, the TCD0.CMPASET and TCD0.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 TCD0 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:

 TB3236
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��_����_������_��� = 25100 × 4096 = 1024 = 0�400
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).���0.������� = ��_����_�����_��� = 1023 = 0�3�����0.������� = ��_����_�����_��� + ��_����_������_��� = 1023 + 1024 = 2047 = 0�7��
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:��_����_������_��� = 30100 × 4096 = ∼ 1288 = 0�508
This means the difference between the value of TCD0.CMPBCLR and TCD0.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).���0.������� = ��_����_�����_��� = 2457 = 0�999���0.������� = ��_����_�����_��� + ��_����_������_��� = 2457 + 1288 = 3745 = 0���1
The following code snippet initializes TCD0.CMPASET, TCD0.CMPACLR, TCD0.CMPBSET, and
TCD0.CMPBCLR with the corresponding values for generating the PWM signals with 25% and 30% duty
cycles.

#define ON_TIME_START_WOA   0x3FF
#define ON_TIME_CYCLES_WOA  0x400
#define ON_TIME_START_WOB   0x999
#define ON_TIME_CYCLES_WOB  0x508

TCD0.CMPASET = ON_TIME_START_WOA;
TCD0.CMPACLR = ON_TIME_START_WOA + ON_TIME_CYCLES_WOA;
TCD0.CMPBSET = ON_TIME_START_WOB;
TCD0.CMPBCLR = ON_TIME_START_WOB + ON_TIME_CYCLES_WOB;

2. Enable the waveform channels as output.
Figure 3-6. TCD0.FAULTCTRL Register Configuration

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
TCD0.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(TCD0.FAULTCTRL, TCD_CMPAEN_bm | TCD_CMPA_bm 
                               | TCD_CMPBEN_bm | TCD_CMPB_bm);

3. Check if the TCD is ready for enabling.

 TB3236
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Figure 3-7. TCD0.STATUS Register

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 (!(TCD0.STATUS & TCD_ENRDY_bm))
    {
        ;
    }

4. Select the input clock source and enable the TCD.
Figure 3-8. TCD0.CTRLA Register Configuration

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

TCD0.CTRLA |= TCD_CLKSEL_OSCHF_gc | TCD_ENABLE_bm;

Tip:  The full code example is also available in 6.  Appendix.
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4. 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
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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.����_����� = ������� + 1 + ������� + 1����_���_���
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.

 TB3236
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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 PA5 pins as output low.

PORTA.DIRSET |= PIN4_bm | PIN5_bm;
PORTA.OUTSET |= PIN4_bm | PIN5_bm;

Note:  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:

• TCD0.CTRLA
• TCD0.CTRLB
• TCD0.CMPASET
• TCD0.CMPACLR
• TCD0.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 4-2. TCD0.CTRLB Register Configuration

To use TCD0 in One Ramp mode, the WGMODE bit field in the TCD0.CTRLB register must be set to 0x0. The
following code snippet configures TCD0 in Two Ramp mode:

TCD0.CTRLB |= TCD_WGMODE_TWORAMP_gc;
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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
0xFFF. 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:��_����_������_��� = 10100 × 4096 = 409 = 0�199
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).���0.������� = ��_����_�����_��� = 1023 = 0�3�����0.������� = ��_����_�����_��� + ��_����_������_��� = 1023 + 409 = 1423 = 0�598
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:��_����_������_��� = 20100 × 4096 = 819 = 0�333
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).���0.������� = ��_����_�����_��� = 1023 = 0�3�����0.������� = ��_����_�����_��� + ��_����_������_��� = 1023 + 819 = 1842 = 0�732
The following code snippet initializes TCD0.CMPASET, TCD0.CMPACLR, TCD0.CMPBSET, and
TCD0.CMPBCLR with the corresponding values for generating the PWM signals with 10% and 20% duty
cycles.

#define ON_TIME_START_WOA   0x3FF
#define ON_TIME_CYCLES_WOA  0x199
#define ON_TIME_START_WOB   0x3FF
#define ON_TIME_CYCLES_WOB  0x333

TCD0.CMPASET = ON_TIME_START_WOA;
TCD0.CMPACLR = ON_TIME_START_WOA + ON_TIME_CYCLES_WOA;
TCD0.CMPBSET = ON_TIME_START_WOB;
TCD0.CMPBCLR = 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(TCD0.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 (!(TCD0.STATUS & TCD_ENRDY_bm))
    {
        ;
    }

 TB3236
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4. Select the input clock source and enable the TCD.
Figure 4-3. TCD0.CTRLA Register Configuration

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

TCD0.CTRLA |= TCD_CLKSEL_PLL_gc | TCD_ENABLE_bm;

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

 TB3236
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5. References
1. AVR128DA28/32/48/64 Preliminary Data Sheet.
2. AVR128DA48 Curiosity Nano User’s Guide.
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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   0x3FF
#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_gc);
}

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 */
    TCD0.CTRLB |= TCD_WGMODE_ONERAMP_gc;
    
    /* Load the compare and clear registers */
    TCD0.CMPASET = ON_TIME_START_WOA;
    TCD0.CMPACLR = ON_TIME_START_WOA + ON_TIME_CYCLES_WOA;
       
    TCD0.CMPBSET = ON_TIME_START_WOB;
    TCD0.CMPBCLR = ON_TIME_START_WOB + ON_TIME_CYCLES_WOB;
    
    /* Enable the PWM channels */
    _PROTECTED_WRITE(TCD0.FAULTCTRL, TCD_CMPAEN_bm | TCD_CMPA_bm);
    _PROTECTED_WRITE(TCD0.FAULTCTRL, TCD_CMPBEN_bm | TCD_CMPB_bm);
    
    /* Wait for TCD to be ready for enabling */
    while (!(TCD0.STATUS & TCD_ENRDY_bm))
    {
        ;
    }
    

 TB3236
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    /* Select OSCHF as input clock and enable TCD */
    TCD0.CTRLA |= TCD_CLKSEL_OSCHF_gc | TCD_ENABLE_bm;
}

int main(void)
{
    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   0x3FF
#define ON_TIME_CYCLES_WOA  0x199
#define ON_TIME_START_WOB   0x3FF
#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, CLKCTRL_MULFAC_2x_gc);
}

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 */
    TCD0.CTRLB |= TCD_WGMODE_TWORAMP_gc;
    
    /* Load the compare and clear registers */
    TCD0.CMPASET = ON_TIME_START_WOA;
    TCD0.CMPACLR = ON_TIME_START_WOA + ON_TIME_CYCLES_WOA;
    TCD0.CMPBSET = ON_TIME_START_WOB;
    TCD0.CMPBCLR = ON_TIME_START_WOB + ON_TIME_CYCLES_WOB;
    
    /* Enable the PWM channels */
    _PROTECTED_WRITE(TCD0.FAULTCTRL, TCD_CMPAEN_bm | TCD_CMPA_bm);
    _PROTECTED_WRITE(TCD0.FAULTCTRL, TCD_CMPBEN_bm | TCD_CMPB_bm);
    
    /* Wait for TCD to be ready for enabling */
    while (!(TCD0.STATUS & TCD_ENRDY_bm))
    {
        ;
    }
    
    /* Select PLL as input clock and enable TCD */
    TCD0.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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7. Revision History
Doc. Rev. Date Comments

C 05/2020 Fixed code snippets; Updated AVR® MCU DA (AVR-DA) to AVR® DA MCU, and AVR-DA to
AVR DA, per latest trademarking

B 03/2020 Updated repository links.

Updated AVR-DA to AVR® MCU DA (AVR-DA), per latest trademarking.

A 02/2020 Initial document release
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Product Change Notification Service
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Microchip Devices Code Protection Feature
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• Microchip believes that its family of products is one of the most secure families of its kind on the market today,
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• 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
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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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your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER
EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights unless
otherwise stated.

Trademarks
The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox,
KeeLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST,
MOST logo, MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer,
QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon,
TempTrackr, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.
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HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus,
ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider,
Vite, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, BlueSky, BodyCom,
CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM,
dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial Programming, ICSP,
INICnet, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi, MPASM, MPF,
MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM,
PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, SAM-ICE, Serial Quad
I/O, SMART-I.S., SQI, SuperSwitcher, SuperSwitcher II, Total Endurance, TSHARC, USBCheck, VariSense,
ViewSpan, WiperLock, Wireless DNA, and ZENA are trademarks of Microchip Technology Incorporated in the U.S.A.
and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of
Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2020, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
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