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 Using 10-Bit DAC for Generating Analog Signals

Introduction

Authors: Cristian Sabiuta, Marius Nicolae, Microchip Technology Inc.

The AVR® DA MCU family of microcontrollers is based on the AVR architecture and brings a DAC peripheral
equipped with 10-bit resolution and high-drive capabilities, helping the user to generate precise analog voltages and
use them internally or externally on a physical pin.

This technical brief describes how the 10-bit DAC works on the AVR DA microcontroller family, covering the following
use cases:

• Generating Constant Analog Signal Using 10-Bit DAC:
Initialize the DAC, set the voltage reference, set the DAC to output a specific constant voltage.

• Generating Sine Wave Signal Using 10-Bit DAC:
Initialize the DAC, set the voltage reference, output in a loop the samples of a sine wave.

• Reading the DAC Internally with the ADC:
Initialize the DAC and ADC, set the voltage reference, set the ADC to read the DAC, increment the DAC output
and read it with the ADC for each step.

• Generating Amplitude Modulated Signal Using 10-Bit DAC:
Initialize the DAC with external reference and link the signal that must be modulated to the external reference
pin. The AVR core will continuously change the Data (DACn.DATA) register to create a modulated signal.

Note:  The code examples were developed on AVR128DA48 Curiosity Nano.

© 2020 Microchip Technology Inc.  Technical Brief DS90003235C-page 1



Table of Contents

Introduction.....................................................................................................................................................1

1. Relevant Devices.................................................................................................................................... 3

1.1. AVR® DA Family Overview.......................................................................................................... 3

2. Overview................................................................................................................................................. 4

3. Generating Constant Analog Signal Using 10-Bit DAC...........................................................................5

4. Generating Sine Wave Signal Using 10-Bit DAC....................................................................................8

5. Reading the DAC Internally with the ADC...............................................................................................9

6. Generating Amplitude Modulated Signal Using 10-bit DAC..................................................................13

7. References............................................................................................................................................14

8. Appendix............................................................................................................................................... 15

9. Revision History.................................................................................................................................... 20

The Microchip Website.................................................................................................................................21

Product Change Notification Service............................................................................................................21

Customer Support........................................................................................................................................ 21

Microchip Devices Code Protection Feature................................................................................................ 21

Legal Notice................................................................................................................................................. 21

Trademarks.................................................................................................................................................. 22

Quality Management System....................................................................................................................... 22

Worldwide Sales and Service.......................................................................................................................23

 TB3235

© 2020 Microchip Technology Inc.  Technical Brief DS90003235C-page 2



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 DAC features a 10-bit resolution and has one continuous time output with high-drive capabilities. The DAC
conversion can be started from the application by writing to the Data (DACn.DATA) register pair.

Figure 2-1. DAC Block Diagram
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3. Generating Constant Analog Signal Using 10-Bit DAC
The DAC can be used to generate a constant analog signal. It uses the output of the Voltage Reference (VREF)
peripheral as positive reference.

The DAC output ranges from 0V to 
1023 × ����1024

VREF can be selected from a list of predefined values:

• Internal 1.024V reference
• Internal 2.048V reference
• Internal 4.096V reference
• Internal 2.500V reference
• VDD reference
• External reference from the VREFA pin (PD7)

Figure 3-1. VREF.DAC0REF Register

Bit 7 6 5 4 3 2 1 0 
ALWAYSON REFSEL[2:0] 

Access R/W R/W R/W R/W 
Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the DAC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for DAC0.
Note: 

1. The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference(1)

0x1 2V048 Internal 2.048V reference(1)

0x2 4V096 Internal 4.096V reference(1)

0x3 2V500 Internal 2.500V reference(1)

0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved

Bit 7 6 5 4 3 2 1 0 
ALWAYSON REFSEL[2:0] 

Access R/W R/W R/W R/W 
Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the DAC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for DAC0.
Note: 

1. The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference(1)

0x1 2V048 Internal 2.048V reference(1)

0x2 4V096 Internal 4.096V reference(1)

0x3 2V500 Internal 2.500V reference(1)

0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved

Bit 7 6 5 4 3 2 1 0 
ALWAYSON REFSEL[2:0] 

Access R/W R/W R/W R/W 
Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the DAC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for DAC0.
Note: 

1. The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference(1)

0x1 2V048 Internal 2.048V reference(1)

0x2 4V096 Internal 4.096V reference(1)

0x3 2V500 Internal 2.500V reference(1)

0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved

Bit 7 6 5 4 3 2 1 0 
ALWAYSON REFSEL[2:0] 

Access R/W R/W R/W R/W 
Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the DAC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for DAC0.
Note: 

1. The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference
0x1 2V048 Internal 2.048V reference
0x2 4V096 Internal 4.096V reference
0x3 2V500 Internal 2.500V reference
0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved

For the purpose of this example, the 2.048V reference voltage was selected:
VREF.DAC0REF = VREF_REFSEL_2V048_gc;

A 50 µs delay is recommended after enabling the VREF peripheral.
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Figure 3-2. Internal Voltage Reference (VREF) Characteristics

Symbol Description Min. Typ. Max. Units Conditions

V VREF_1V024 Internal Voltage 
Reference 1.024V 

-4 — +4 % V DD ≥2.5V, -40°C to 
85°C 

V VREF_2V048 Internal Voltage 
Reference 2.048V 

-4 — +4 % V DD ≥2.5V, -40°C to 
85°C 

V VREF_4V096 Internal Voltage 
Reference 4.096V 

-4 — +4 % V DD ≥4.55V, -40°C to 
85°C 

V VREF_2V500 Internal Voltage 
Reference 2.5V 

-4 — +4 % V DD ≥4.55V, -40°C to 
85°C 

T VREF_ST VREF Start-up Time — 50 — μs

_delay_us(50);

The DAC output can be used internally by other peripherals, or it can be linked to an output pin. For the
AVR128DA48, the DAC output is connected to pin PD6 (see the figure below).

Figure 3-3. PORT Function Multiplexing
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The DAC output pin needs to have the digital input buffer and the pull-up resistor disabled in order to reduce its load.

PORTD.PIN6CTRL &= ~PORT_ISC_gm;

PORTD.PIN6CTRL |= PORT_ISC_INPUT_DISABLE_gc;

PORTD.PIN6CTRL &= ~PORT_PULLUPEN_bm;

The DACn.DATA register is used to generate a specific analog output voltage. The value of this output voltage can be
determined using the following equation:���� = ����.���� × ����1024
Writing to the DACn.DATA register at initialization is optional; however, it is useful to make the DAC output a specific
voltage from the beginning. The DAC features a 10-bit resolution, therefore, the DACn.DATAL and DACn.DATAH
register pair represents the 10-bit value DACn.DATA (see Figure 3-4). The two LSbs [1:0] are accessible at the
original offset and the eight MSbs [9:2] can be accessed at offset +1.

The output will be updated after DACn.DATAH is written.
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Figure 3-4. DACn.DATA Register
Bit 15 14 13 12 11 10 9 8 

DATA[9:2] 
Access R/W R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0 
DATA[1:0] 

Access R/W R/W 
Reset 0 0

Bits 15:6 – DATA[9:0]
These bits contain the digital data, which will be converted to an analog voltage.

The desired output for the DAC in this example is 1.2V. To achieve this, the following equation is applied:����.���� = ���� × 1024���� = 1.2� × 10242.048� = 600 = 0x258
In order to enable the DAC, Output Buffer, and Run in Standby mode, use the following code:

DAC0.CTRLA = DAC_ENABLE_bm | DAC_OUTEN_bm | DAC_RUNSTDBY_bm;

Important:  If Run in Standby mode is enabled, the DAC will continue to run when the microcontroller is in
Standby Sleep mode.

Starting a Conversion
When the DAC is enabled (ENABLE = 1 in DACn.CTRLA), a conversion starts as soon as the Data (DACn.DATA)
register is written.

When the DAC is disabled (ENABLE = 0 in DACn.CTRLA), writing to the Data registers does not trigger a
conversion. Instead, the conversion starts on writing a ‘1’ to the ENABLE bit in the DACn.CTRLA register.

DAC0.DATAL = (value & (0x03)) << 6;

DAC0.DATAH = value >> 2;

After a conversion, the output keeps its value of 
����.���� × ����1024  until the next conversion, as long as the DAC is

running. Any change in the VREF selection will immediately change the DAC output (if enabled and running).

Tip:  The full code example is also available in 8.  Appendix.
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4. Generating Sine Wave Signal Using 10-Bit DAC
The DAC can be used to generate a sine wave signal.

To generate this signal, the VREF and the DAC are initialized first, then the output value can be changed by writing a
new value to the DACn.DATA register.

Before the sine wave is generated, the samples corresponding to a period are calculated and stored in a buffer.

for(i = 0; i < SINE_PERIOD_STEPS; i++)
{
    sineWave[i] = SINE_DC_OFFSET + SINE_AMPLITUDE * sin(2 * M_PI * i / SINE_PERIOD_STEPS);
}

The sinusoidal waveform is created using a fixed number of steps (N_SAMPLES). To create a sine wave signal with
a specific frequency (SIGNAL_FREQ), all steps are executed in one period resulting in the following sample rate:������_���� = 1����_�����_���� = ������_���� × �_�������
while (1)
{
    DAC0_setVal(sineWave[sineIndex++]);
    if(sineIndex == SINE_PERIOD_STEPS)
        sineIndex = 0;
    _delay_us(STEP_DELAY_TIME);
} 

Tip:  The full code example is also available in 8.  Appendix.
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5. Reading the DAC Internally with the ADC
The analog output of the DAC can be internally connected to other peripherals when the DAC is enabled (ENABLE =
1 in DACn.CTRLA). When the DAC analog output is only being used internally, it is not necessary to enable the pin
output driver (OUTEN = 0 in DACn.CTRLA is acceptable).

Referring to the ADC block diagram below, the output of the 10-bit DAC can be used as the internal input to the ADC.

Figure 5-1. Analog-to-Digital Converter Block Diagram
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The DAC voltage reference is initialized as mentioned in 3.  Generating Constant Analog Signal Using 10-Bit DAC
and the ADC voltage reference is initialized in the same way from the VREF peripheral.

Figure 5-2. VREF.DAC0REF Register

Bit 7 6 5 4 3 2 1 0 
ALWAYSON REFSEL[2:0] 

Access R/W R/W R/W R/W 
Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the DAC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for DAC0.
Note: 

1. The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference(1)

0x1 2V048 Internal 2.048V reference(1)

0x2 4V096 Internal 4.096V reference(1)

0x3 2V500 Internal 2.500V reference(1)

0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved

Bit 7 6 5 4 3 2 1 0 
ALWAYSON REFSEL[2:0] 

Access R/W R/W R/W R/W 
Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the DAC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for DAC0.
Note: 

1. The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference(1)

0x1 2V048 Internal 2.048V reference(1)

0x2 4V096 Internal 4.096V reference(1)

0x3 2V500 Internal 2.500V reference(1)

0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved

Bit 7 6 5 4 3 2 1 0 
ALWAYSON REFSEL[2:0] 

Access R/W R/W R/W R/W 
Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the DAC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for DAC0.
Note: 

1. The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference(1)

0x1 2V048 Internal 2.048V reference(1)

0x2 4V096 Internal 4.096V reference(1)

0x3 2V500 Internal 2.500V reference(1)

0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved

Bit 7 6 5 4 3 2 1 0 
ALWAYSON REFSEL[2:0] 

Access R/W R/W R/W R/W 
Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the DAC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for DAC0.
Note: 

1. The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference
0x1 2V048 Internal 2.048V reference
0x2 4V096 Internal 4.096V reference
0x3 2V500 Internal 2.500V reference
0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved
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Figure 5-3. VREF.ADC0REF Register
Bit 7 6 5 4 3 2 1 0 

ALWAYSON REFSEL[2:0] 
Access R/W R/W R/W R/W 

Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the ADC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for ADC0.
Note: 

The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference(2)

0x1 2V048 Internal 2.048V reference
0x2 4V096 Internal 4.096V reference
0x3 2V500 Internal 2.500V reference
0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved

(2)

(2)
(2)

Bit 7 6 5 4 3 2 1 0 
ALWAYSON REFSEL[2:0] 

Access R/W R/W R/W R/W 
Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the ADC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for ADC0.
Note: 

The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference(2)

0x1 2V048 Internal 2.048V reference
0x2 4V096 Internal 4.096V reference
0x3 2V500 Internal 2.500V reference
0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved

(2)

(2)
(2)

Bit 7 6 5 4 3 2 1 0 
ALWAYSON REFSEL[2:0] 

Access R/W R/W R/W R/W 
Reset 0 0 0 0

Bit 7 – ALWAYSON Reference Always On 
This bit controls whether the ADC0 reference is always on or not.
Value Description
0 The reference is automatically enabled when needed
1 The reference is always on

Bits 2:0 – REFSEL[2:0] Reference Select 
This bit field controls the reference voltage level for ADC0.
Note: 

The values given for internal references are only typical. Refer to the Electrical Characteristics section for 
further details.

Value Name Description
0x0 1V024 Internal 1.024V reference
0x1 2V048 Internal 2.048V reference
0x2 4V096 Internal 4.096V reference
0x3 2V500 Internal 2.500V reference
0x4 - Reserved
0x5 VDD VDD as reference
0x6 VREFA External reference from the VREFA pin
0x7 - Reserved

The complete VREF initialization is shown below:

VREF.DAC0REF = VREF_REFSEL_2V048_gc /* Select the 2.048V Internal Voltage Reference for DAC */
             | VREF_ALWAYSON_bm; /* Set the Voltage Reference in Always On mode */
VREF.ADC0REF = VREF_REFSEL_2V048_gc /* Select the 2.048V Internal Voltage Reference for ADC */
             | VREF_ALWAYSON_bm; /* Set the Voltage Reference in Always On mode */
/* Wait VREF start-up time */
_delay_us(VREF_STARTUP_TIME);

Then, the ADC must be initialized:

ADC0.CTRLC = ADC_PRESC_DIV2_gc;
ADC0.CTRLA = ADC_ENABLE_bm | ADC_RESSEL_12BIT_gc;

To read the DAC with the ADC, the MUXPOS register of the ADC must be set to 0x48, corresponding to DAC0.

ADC0.MUXPOS = ADC_MUXPOS_DAC0_gc;

 TB3235
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Figure 5-4. MUXPOS DAC Output Selection
Bit 7 6 5 4 3 2 1 0 

MUXPOS[6:0] 
Access R/W R/W R/W R/W R/W R/W R/W 

Reset 0 0 0 0 0 0 0

Bits 6:0 – MUXPOS[6:0] MUX Selection for Positive ADC Input 
This bit field selects which analog input is connected to the positive input of the ADC. If these bits are changed during 
a conversion, the change will not take effect until the conversion is complete.

Value Name Description

0x00-0x0F AIN0-AIN15 ADC input pin 0-15

0x10-0x15 AIN16-AIN21 ADC input pin 16-21

0x16-0x1F - Reserved

0x20-0x3F - Reserved

0x40 GND Ground

0x41 - Reserved

0x42 TEMPSENSE Temperature sensor

0x48 DAC0 DAC0

Other - Reserved

Bit 7 6 5 4 3 2 1 0 
MUXPOS[6:0] 

Access R/W R/W R/W R/W R/W R/W R/W 
Reset 0 0 0 0 0 0 0

Bits 6:0 – MUXPOS[6:0] MUX Selection for Positive ADC Input 
This bit field selects which analog input is connected to the positive input of the ADC. If these bits are changed during 
a conversion, the change will not take effect until the conversion is complete.

Value Name Description

0x00-0x0F AIN0-AIN15 ADC input pin 0-15

0x10-0x15 AIN16-AIN21 ADC input pin 16-21

0x16-0x1F - Reserved

0x20-0x3F - Reserved

0x40 GND Ground

0x41 - Reserved

0x42 TEMPSENSE Temperature sensor

0x48 DAC0 DAC0

Other - Reserved

The ADC conversion is started by writing the corresponding bit to the ADCn.COMMAND register:

ADC0.COMMAND = ADC_STCONV_bm;

When the conversion is done, the RESRDY bit in the ADCn.INTFLAGS register will be set by hardware.

while(!(ADC0.INTFLAGS & ADC_RESRDY_bm))
{
    ;
}

The flag is cleared by either writing a ‘1’ to the RESRDY bit location or by reading the Result (ADCn.RES) register.
Writing a ‘0’ to this bit has no effect.

ADC0.INTFLAGS = ADC_RESRDY_bm;

The ADC data can be read from the Result (ADCn.RES) register.

The DAC output can be set to different values, and read with the ADC in a loop:

while (1) 
{
    adcVal = ADC0_read();
    dacVal++;
    DAC0_setVal(dacVal);
}
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Tip:  The full code example is also available in 8.  Appendix.
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6. Generating Amplitude Modulated Signal Using 10-bit DAC
The DAC can be used to generate amplitude modulated signal. In this case, the DAC uses the voltage reference from
the VREFA pin as modulation waveform (information signal), while it is configured to generate sine wave for the
carrier signal.

VREF.DAC0REF = VREF_REFSEL_VREFA_gc;

���� = �������� × �����1024
Therefore, the amplitude of the carrier signal will vary according to the signal that needs to be modulated.

Important:  The frequency of the carrier signal must be greater than that of the information signal in order
for the resulting signal to be relevant.

Based on the carrier wave frequency (SIGNAL_FREQ), the core will use a fixed number of samples (N_SAMPLES)
to build the signal as described in “Generating Sine Wave Signal Using 10-Bit DAC”. The resulting sample rate will
be:������_���� = �_������� * ������_����
The resulting modulated signal will be available on the DAC output external pin (PD6).

In this example, a 50 Hz sine wave is used as the carrier signal and the modulated signal is a 2 Hz sine wave from a
signal generator.

Figure 6-1. Resulting Signal Visualized on Oscilloscope

Tip:  The full code example is also available in 8.  Appendix.
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7. References
1. AVR128DA28/32/48/64 Preliminary Data Sheet.
2. AVR128DA48 Curiosity Nano User's Guide.
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8. Appendix
Example 8-1. Generating Constant Analog Signal Code

/* 4 MHz (needed for delay function) */
#define F_CPU                    (4000000UL)

#include <avr/io.h>
#include <util/delay.h>

/* DAC Value */
#define DAC_EXAMPLE_VALUE        (0x258)
/* VREF start-up time */
#define VREF_STARTUP_TIME        (50)
/* Mask needed to get the 2 LSb for DAC Data Register */
#define LSB_MASK                 (0x03)

static void VREF_init(void);
static void DAC0_init(void);
static void DAC0_setVal(uint16_t value);

static void VREF_init(void)
{
    VREF.DAC0REF = VREF_REFSEL_2V048_gc /* Select the 2.048V Internal Voltage Reference for DAC */
                 | VREF_ALWAYSON_bm;    /* Set the Voltage Reference in Always On mode */
    /* Wait VREF start-up time */
    _delay_us(VREF_STARTUP_TIME);
}

static void DAC0_init(void)
{
    /* Disable digital input buffer */
    PORTD.PIN6CTRL &= ~PORT_ISC_gm;
    PORTD.PIN6CTRL |= PORT_ISC_INPUT_DISABLE_gc;
    /* Disable pull-up resistor */
    PORTD.PIN6CTRL &= ~PORT_PULLUPEN_bm;   
    DAC0.CTRLA = DAC_ENABLE_bm          /* Enable DAC */
               | DAC_OUTEN_bm           /* Enable output buffer */
               | DAC_RUNSTDBY_bm;       /* Enable Run in Standby mode */
}

static void DAC0_setVal(uint16_t value)
{
    /* Store the two LSbs in DAC0.DATAL */
    DAC0.DATAL = (value & LSB_MASK) << 6;
    /* Store the eight MSbs in DAC0.DATAH */
    DAC0.DATAH = value >> 2;
}

int main(void)
{
    VREF_init();
    DAC0_init();
    
    DAC0_setVal(DAC_EXAMPLE_VALUE);
    
    while (1)
    {
        ;
    }
}
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Example 8-2. Generating Sine Wave Signal Code

/* 4 MHz (needed for delay function) */
#define F_CPU                   (4000000UL)

#include <avr/io.h>
#include <util/delay.h>
#include <math.h>

/* VREF start-up time */
#define VREF_STARTUP_TIME       (50)
/* Mask needed to get the 2 LSb for DAC Data Register */
#define LSB_MASK                (0x03)
/* Number of samples for a sine wave period */
#define SINE_PERIOD_STEPS       (100)
/* Sine wave amplitude */
#define SINE_AMPLITUDE          (511)
/* Sine wave DC offset */
#define SINE_DC_OFFSET          (512)
/* Frequency of the sine wave */
#define SINE_FREQ               (100)
/* Step delay for the loop */
#define STEP_DELAY_TIME         ((1000000 / SINE_FREQ) / SINE_PERIOD_STEPS)

static void sineWaveInit(void);
static void VREF_init(void);
static void DAC0_init(void);
static void DAC0_setVal(uint16_t value);

/* Buffer to store the sine wave samples */
uint16_t sineWave[SINE_PERIOD_STEPS];

static void sineWaveInit(void)
{
    uint8_t i;
    for(i = 0; i < SINE_PERIOD_STEPS; i++)
    {
        sineWave[i] = SINE_DC_OFFSET + SINE_AMPLITUDE * sin(2 * M_PI * i / SINE_PERIOD_STEPS);
    }
}

static void VREF_init(void)
{
    VREF.DAC0REF = VREF_REFSEL_2V048_gc /* Select the 2.048V Internal Voltage Reference for DAC */
                 | VREF_ALWAYSON_bm;    /* Set the Voltage Reference in Always On mode */
    /* Wait VREF start-up time */
    _delay_us(VREF_STARTUP_TIME);
}

static void DAC0_init(void)
{
    /* Disable digital input buffer */
    PORTD.PIN6CTRL &= ~PORT_ISC_gm;
    PORTD.PIN6CTRL |= PORT_ISC_INPUT_DISABLE_gc;
    /* Disable pull-up resistor */
    PORTD.PIN6CTRL &= ~PORT_PULLUPEN_bm;
    DAC0.CTRLA = DAC_ENABLE_bm          /* Enable DAC */
               | DAC_OUTEN_bm           /* Enable output buffer */
               | DAC_RUNSTDBY_bm;       /* Enable Run in Standby mode */
}

static void DAC0_setVal(uint16_t value)
{
    /* Store the two LSbs in DAC0.DATAL */
    DAC0.DATAL = (value & LSB_MASK) << 6;
    /* Store the eight MSbs in DAC0.DATAH */
    DAC0.DATAH = value >> 2;
}

int main(void)
{
    uint8_t sineIndex = 0;
    
    VREF_init();
    DAC0_init();
    
    sineWaveInit();
    
    while (1)
    {
        DAC0_setVal(sineWave[sineIndex++]);
        if(sineIndex == SINE_PERIOD_STEPS)
            sineIndex = 0;
        _delay_us(STEP_DELAY_TIME);
    }
}
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Example 8-3. Reading the DAC Internally with the ADC Code

/* 4 MHz (needed for delay function) */
#define F_CPU                   (4000000UL)

#include <avr/io.h>
#include <util/delay.h>

/* VREF start-up time */
#define VREF_STARTUP_TIME       (50)
/* Mask needed to get the 2 LSb for DAC Data Register */
#define LSB_MASK                (0x03)

static void VREF_init(void);
static void DAC0_init(void);
static void DAC0_setVal(uint16_t val);
static void ADC0_init(void);
static uint16_t ADC0_read(void);

static void VREF_init(void)
{
    VREF.DAC0REF = VREF_REFSEL_2V048_gc /* Select the 2.048V Internal Voltage Reference for DAC */
                 | VREF_ALWAYSON_bm;    /* Set the Voltage Reference in Always On mode */   
    VREF.ADC0REF = VREF_REFSEL_2V048_gc /* Select the 2.048V Internal Voltage Reference for ADC */
                 | VREF_ALWAYSON_bm;    /* Set the Voltage Reference in Always On mode */
    /* Wait VREF start-up time */
    _delay_us(VREF_STARTUP_TIME);
}

static void DAC0_init(void)
{
    /* Enable DAC */
    DAC0.CTRLA = DAC_ENABLE_bm;
}

static void DAC0_setVal(uint16_t value)
{
    /* Store the two LSbs in DAC0.DATAL */
    DAC0.DATAL = (value & LSB_MASK) << 6;
    /* Store the eight MSbs in DAC0.DATAH */
    DAC0.DATAH = value >> 2;
}

static void ADC0_init(void)
{
    /* CLK_PER divided by 2 */
    ADC0.CTRLC = ADC_PRESC_DIV2_gc;
    ADC0.CTRLA = ADC_ENABLE_bm          /* Enable ADC */
               | ADC_RESSEL_12BIT_gc;   /* Use 12-bit resolution */
    /* Select ADC channel */
    ADC0.MUXPOS = ADC_MUXPOS_DAC0_gc
}

static uint16_t ADC0_read(void)
{
    /* Start conversion */
    ADC0.COMMAND = ADC_STCONV_bm;
    /* Wait until ADC conversion is done */
    while(!(ADC0.INTFLAGS & ADC_RESRDY_bm))
    {
        ;
    }
    /* The interrupt flag is cleared when the conversion result is accessed */
    return ADC0.RES;
}

int main(void)
{
    uint16_t dacVal = 0;
    volatile uint16_t adcVal = 0;
    
    VREF_init();
    DAC0_init();
    ADC0_init();
    
    while (1)
    {
        adcVal = ADC0_read();
        
        /* do something with adcVal */
        
        dacVal++;
        DAC0_setVal(dacVal);
    }
}

 TB3235
Appendix

© 2020 Microchip Technology Inc.  Technical Brief DS90003235C-page 17



Example 8-4. Generating Amplitude Modulation Signal Code

/* 4 MHz (needed for delay function) */
#define F_CPU                   (4000000UL)

#include <avr/io.h>
#include <util/delay.h>
#include <math.h>

/* VREF start-up time */
#define VREF_STARTUP_TIME       (50)
/* Mask needed to get the 2 LSb for DAC Data Register */
#define LSB_MASK                (0x03)
/* Number of samples for a sine wave period */
#define SINE_PERIOD_STEPS       (100)
/* Sine wave amplitude */
#define SINE_AMPLITUDE          (511)
/* Sine wave DC offset */
#define SINE_DC_OFFSET          (512)
/* Frequency of the sine wave */
#define SINE_FREQ               (50)
/* Step delay for the loop */
#define STEP_DELAY_TIME         ((1000000 / SINE_FREQ) / SINE_PERIOD_STEPS)

static void PORT_init (void);
static void sineWaveInit(void);
static void VREF_init(void);
static void DAC0_init(void);
static void DAC0_setVal(uint16_t val);

/* Buffer to store the sine wave samples */
uint16_t sineWave[SINE_PERIOD_STEPS];

static void PORT_init (void)
{
    /* Set the VREFA pin (PD7) as input */
    PORTD.DIRCLR |= PIN7_bm;
}

static void sineWaveInit(void)
{
    uint8_t i;
    for(i = 0; i < SINE_PERIOD_STEPS; i++)
    {
        sineWave[i] = SINE_DC_OFFSET + SINE_AMPLITUDE * sin(2 * M_PI * i / SINE_PERIOD_STEPS);
    }
}

static void VREF_init(void)
{
    VREF.DAC0REF = VREF_REFSEL_VREFA_gc /* Select the External Reference from VREFA pin */
                 | VREF_ALWAYSON_bm;    /* Set the Voltage Reference in Always On mode */
    /* Wait VREF start-up time */
    _delay_us(VREF_STARTUP_TIME);
}

static void DAC0_init(void)
{
    /* Disable digital input buffer */
    PORTD.PIN6CTRL &= ~PORT_ISC_gm;
    PORTD.PIN6CTRL |= PORT_ISC_INPUT_DISABLE_gc;
    /* Disable pull-up resistor */
    PORTD.PIN6CTRL &= ~PORT_PULLUPEN_bm;
    DAC0.CTRLA = DAC_ENABLE_bm          /* Enable DAC */
               | DAC_OUTEN_bm           /* Enable output buffer */
               | DAC_RUNSTDBY_bm;       /* Enable Run in Standby mode */
}

static void DAC0_setVal(uint16_t value)
{
    /* Store the two LSbs in DAC0.DATAL */
    DAC0.DATAL = (value & LSB_MASK) << 6;
    /* Store the eight MSbs in DAC0.DATAH */
    DAC0.DATAH = value >> 2;
}

int main(void)
{
    uint8_t sineIndex = 0;
    
    PORT_init();
    VREF_init();
    DAC0_init();
    
    sineWaveInit();
    
    while (1)
    {
        DAC0_setVal(sineWave[sineIndex++]);
        if(sineIndex == SINE_PERIOD_STEPS)
            sineIndex = 0;
        _delay_us(STEP_DELAY_TIME);
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    }
}
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9. Revision History
Doc. Rev. Date Comments

C 05/2020 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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