>
—
=
=)
<
X
=
NuN

E
@ 5|
( joov 1901 )
VLIDIA | DOTVNY
« NId 1VLI91d
NOILYOOT ILYNYILTW IVHIHINAG « (RO

LdNYYILNI ONASY LI ANNOYO
ANMd ~ x ¥3aMOd




31.

311

31.2

31.21

31.2.2

31.23

ATtiny212/214/412/414/416
DAC - Digital-to-Analog Converter

DAC - Digital-to-Analog Converter

Features
» 8-bit Resolution
* Up to 350 ksps Conversion Rate
+ High Drive Capabilities (DACO)
* Functioning as Input to Analog Comparator (AC) or Analog-to-Digital Converter (ADC)

Overview
The Digital-to-Analog Converter (DAC) converts a digital value written to the Data (DAC.DATA) register to an analog
voltage. The conversion range is between GND and the selected reference voltage.

The DAC features an 8-bit resistor-string type DAC, capable of converting 350,000 samples per second (350 ksps).
The DAC uses the internal Voltage Reference (VREF) as the upper limit for conversion and has one continuous time
output with high drive capabilities, which can drive a 5 kQ and/or 30 pF load. The DAC conversion can be started
from the application by writing to the Data Conversion registers.

Block Diagram
Figure 31-1. DAC Block Diagram

ENABLE

OUTEN

Note: Only DACO has an output driver for an external pin.

Signal Description

T

ouT DAC output Analog

System Dependencies
To use this peripheral, other parts of the system must be configured correctly, as described below.

Table 31-1. DAC System Dependencies

Dependency Applicable Peripheral

Clocks Yes CLKCTRL
I/O Lines and Connections Yes PORT
Interrupts No -

Events No =
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31.2.31

31.2.3.2

31.2.3.3

31.2.34

31.2.3.5

31.3

31.31

31.3.2
31.3.21

ATtiny212/214/412/414/416
DAC - Digital-to-Analog Converter

........... continued
Dependency Applicable Peripheral
Debug Yes UPDI
Clocks

This peripheral depends on the peripheral clock.

I/0 Lines and Connections
Using the 1/O lines of the peripheral requires configuration of the I/O pins.

Table 31-2. 1/O Lines

PAG A

DACO ouT

The DACO has one analog output pin (OUT) that must be configured before it can be used.

A DAC is also internally connected to the AC and the ADC. To use this internal OUT as input, both output and input
must be configured in their respective registers.

Events
Not applicable.

Interrupts
Not applicable.

Debug Operation
This peripheral is unaffected by entering Debug mode.

If the peripheral is configured to require periodic service by the CPU through interrupts or similar, improper operation
or data loss may result during halted debugging.

Functional Description

Initialization
To operate the DAC, the following steps are required:
1. Select the DAC reference voltage in the Voltage Reference (VREF) peripheral by writing the DAC and AC
Reference Selection (DACnNREFSEL) bits in the Control x (VREF.CTRLX) register.
2. The conversion range is between GND and the selected reference voltage.
3. Configure the further usage of the DAC output:

3.1. Configure an internal peripheral (e.g., AC, ADC) to use the DAC output. Refer to the according
peripheral’s documentation.

3.2. Enable the output to a pin by writing a ‘1’ to the Output Enable (OUTEN) bit in the Control A
(DAC.CTRLA) register. This requires a configuration of the Port peripheral.

For DACQO, either one or both options are valid. Other instances of the DAC only support internal signaling.
4. Write an initial digital value to the Data (DAC.DATA) register.
5. Enable the DAC by writing a ‘1’ to the ENABLE bit in the DAC.CTRLA register.

Operation

Enabling, Disabling and Resetting

The DAC is enabled by writing a ‘1’ to the ENABLE bit in the Control A (DACn.CTRLA) register and disabled by
writing a ‘0’ to this bit.

The OUT output to a pin is enabled by writing the Output Enable (OUTEN) bit in the DACn.CTRLA register.
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31.3.2.2

31.3.2.3

31.3.3

31.34

ATtiny212/214/412/414/416
DAC - Digital-to-Analog Converter

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 DACn.DATA register does not trigger a
conversion. Instead, the conversion starts on writing a ‘1’ to the ENABLE bit in the DACn.CTRLA register.

DAC as Source For Internal Peripherals

The analog output of the DAC is internally connected to both the AC and the ADC and is available to these
peripherals when the DAC is enabled (ENABLE = ‘1’ in DAC.CTRLA). When the DAC analog output is only being
used internally, it is not necessary to enable the pin output driver (i.e., OUTEN = ‘0’ in DAC.CTRLA is acceptable).

Sleep Mode Operation

If the Run in Standby (RUNSTDBY) bit in the Control A (DAC.CTRLA) register is written to ‘1’ and CLK_PER is
available, the DAC will continue to operate in Standby sleep mode. If the RUNSTDBY bit is ‘0°, the DAC will stop the
conversion in Standby sleep mode.

If the conversion is stopped in Standby sleep mode, the DAC and the output buffer are disabled to reduce power
consumption. When the device is exiting Standby sleep mode, the DAC and the output buffer (if configured by
OUTEN = ‘1’ in DAC.CTRLA) are enabled again. Therefore, certain start-up time is required before a new conversion
is initiated.

In Power-Down sleep mode, the DAC and output buffer are disabled to reduce the power consumption.

Configuration Change Protection
Not applicable.
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31.4 Register Summary

IEZN TN T I I I I N I N O

0x00 CTRLA RUNSTDBY OUTEN ENABLE
0x01 DATA 7.0 DATA[7:0]

31.5 Register Description
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31.5.1 Control A

Name: CTRLA

Offset: 0x00

Reset: 0x00

Property: -

Bit 7 6 5 4 3 2 1 0
RUNSTDBY OUTEN ENABLE
Access R/W R/W R/W

Reset 0 0 0

Bit 7 — RUNSTDBY Run in Standby Mode
If this bit is written to ‘1’, the DAC or output buffer will not automatically be disabled when the device is entering

Standby sleep mode.

Bit 6 — OUTEN Output Buffer Enable
Writing a ‘1’ to this bit enables the output buffer and sends the OUT signal to a pin.

Bit 0 - ENABLE DAC Enable
Writing a ‘1’ to this bit enables the DAC.
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31.5.2 DATA
Name: DATA
Offset: 0x01
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
DATA[7:0]
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

Bits 7:0 — DATA[7:0] Data
This bit field contains the digital data, which will be converted to an analog voltage.
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MICROCHIP TB3210
Getting Started with Digital-to-Analog Converter (DAC)

Introduction

Author: Victor Berzan, Microchip Technology Inc.

The Digital-to-Analog Converter (DAC) converts a digital value written to the Data (DAC.DATA) register to an analog
voltage. The output can be connected to a physical pin or used internally. The conversion range is between GND and
the selected internal voltage reference (Vrgg), provided by the Voltage Reference (VREF) peripheral module.

This technical brief describes how the DAC works on tinyAVR® 1-series and AVR® DA microcontrollers (MCUs). It
covers the following use cases:
* Generating Constant Analog Signal:
lllustrates how to initialize the DAC, set the voltage reference, set the DAC to output a specific constant voltage
* Generating Sine Wave Signal:
Initializes the DAC, sets the voltage reference, updates the DAC output inside the infinite loop to generate sine
wave samples.
* Reading the DAC Internally with the ADC:
Shows how to initialize the DAC and ADC, set the voltage reference, configure the ADC to read the DAC output
values. The DAC output voltage is incremented each step, and then it is read using the ADC.
» Using DAC as Negative Input for AC:
Initializes the DAC and AC, configures the AC to use the negative input provided by the DAC, configures the
DAC output value. The AC will compare the voltage on its positive input pin with the DAC voltage, and set the
output pin to high or low, according to the compare result.

Note: For the first three use cases described in this document, there are two code examples: One bare metal
developed on ATtiny817, and one generated with MPLAB® Code Configurator (MCC) developed on AVR128DA48.
For the last use case, there is one bare metal code example developed on ATtiny817.

View the ATtiny817 Code Examples on GitHub

Click to browse repository

View the AVR128DA48 Code Examples on GitHub

Click to browse repository

© 2021 Microchip Technology Inc. Technical Brief DS90003210B-page 1
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Relevant Devices

Relevant Devices

This section lists the relevant devices for this document. The following figures show the different family devices,
laying out pin count variants and memory sizes:

» Vertical migration upwards is possible without code modification, as these devices are pin-compatible and
provide the same or more features. Downward migration on tinyAVR® 1-series devices may require code
modification due to fewer available instances of some peripherals.

» Horizontal migration to the left reduces the pin count and, therefore, the available features
» Devices with different Flash memory sizes typically also have different SRAM and EEPROM

Figure 1-1. tinyAVR® 1-series Overview

Flash 4
» Pins

8 14 20 24

Figure 1-2. AVR® DA Family Overview

Flash 4
» Pins

28 32 48 64

tinyAVR® 1-series

The following figure shows the tinyAVR 1-series devices, laying out pin count variants and memory sizes:

» Vertical migration upwards is possible without code modification, as these devices are pin-compatible and
provide the same or more features. Downward migration may require code modification due to fewer available
instances of some peripherals.
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Relevant Devices

» Horizontal migration to the left reduces the pin count and, therefore, the available features

Figure 1-3. tinyAVR® 1-series Overview

Flash

32 KB

16 KB

8 KB

4 KB

8 14 20 24

» Pins

Devices with different Flash memory sizes typically also have different SRAM and EEPROM.

1.2 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 1-4. AVR® DA Family Overview

Flash 4

128 KB

64 KB

32 KB

» Pins
28 32 48 64

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

Overview

The DAC converts the digital value written to the Data (DACn.DATA) register into an analog voltage that will be
available on the DAC output. The conversion range is between GND and the selected voltage reference in the
Voltage Reference (VREF) peripheral module. The DAC 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.

Figure 2-1. DAC Block Diagram

b
ouTt

ENABLE

OUTEN
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Generating Constant Analog Signal

Generating Constant Analog Signal

The DAC can be used to generate a constant analog signal. The Voltage Reference (VREF) peripheral module is

. 255 X VRgF
used to provide a voltage reference for the DAC. The DAC output ranges from 0V to —%cg
The voltage reference Vgrgr can be selected from a list of predefined values:
Figure 3-1. CTRLA.DACOREFSEL Values and Associated Vggr Voltages
Bit 7 6 5 4 3 2 1 0
Access R/W R/W RW R/W R/W RIW
Reset 0 0 0 0 0 0

bits 2:0 DACOREFSEL[2:0]: DACO and ACO Reference Select bits
These bits select the reference voltage for the DACO and ACO.

Value Description

0x0 0.55v
0x1 1.1V
0x2 2.5V
0x4 1.5V

other Reserved
The 4.34V was selected, to have the widest variation range:

VREF_CTRLA |= VREF_DACOREFSEL 4V34_gc;
VREF_CTRLB |= VREF_DACOREFEN bm;

A 25 ps delay is recommended after configuring the VREF and enabling the voltage reference output. To implement
this delay, the VREF_STARTUP_MICROS macro definition is used.

Figure 3-2. Internal Voltage Reference Characteristics

2 o |
N e C
1.8

5.5

VDDINTO55V Power supply voltage range for INTO55V - \
VDDINT11V Power supply voltage range for INT11V 1.8 - 55
VDDINT15V Power supply voltage range for INT15V 1.9 - 5.5
VDDpINT25V Power supply voltage range for INT25V 29 - 55
VDDINT43V Power supply voltage range for INT43V 475 - 5.5

_delay us (VREF_STARTUP_ MICROS) ;

The DAC output can be used internally by other peripherals, or it can be linked to an output pin. For the ATtiny817,
the DAC output is connected to pin A6 (see Figure 3-3).

© 2021 Microchip Technology Inc. Technical Brief DS90003210B-page 6
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Generating Constant Analog Signal

Figure 3-3. PORT Function Multiplexing

.g Other/Special ADCO ([PTC USARTO
<
o~
4
w
<]
>
23 PAO AINO
RESET
UPDI
24 PA1 AIN1 TXD
1 PA2 EVOUTO AIN2 RxD
2 PA3 EXTCLK AIN3 XCK
3 |GND
4 VDD
5 PA4 AIN4 X0/YO XDIR
6 PA5 AIN5  X1/Y1 OUT
7 _ AIN6  X2/Y2 AINNO
8 PA7 AIN7  X3/Y3  AINPO
9 |PB7

The DAC output pin needs to have the digital input buffer and the pull-up resistor disabled to reduce its load.

PORTA.PIN6CTRL &= ~PORT_ISC_gm;
PORTA.PIN6CTRL |= PORT_ISC_INPUT DISABLE gc;
PORTA.PIN6CTRL &= ~PORT_PULLUPEN bm;

The desired output for the DAC in this particular example is 0.5425V. To achieve it, the following equation is applied:
DATA =Voyr X 256/VRgr = 0.5425V x 256/4.34V = 32 = 0x20

Writing to the DACO.DATA register at initialization is optional; however, it may be useful to make the DAC output a
specific voltage from the beginning.

DACO .DATA = 0x20;
Enabling DAC, Output Buffer and Run in Standby sleep mode:

DACO.CTRLA = DAC_ENABLE bm | DAC_OUTEN bm | DAC_RUNSTDBY bm;

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

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

register is written.
DACO .DATA = 0x20;

DATA X VREF
256
Any change in Vrgr selection will immediately change the DAC output (if enabled and running).

After conversion, the output keeps its value of until the next conversion, as long as the DAC is running.

© 2021 Microchip Technology Inc. Technical Brief DS90003210B-page 7
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Tip: The full code example is also available in the Appendix section.

View the ATtiny817 Code Example on GitHub

Click to browse repository

An MCC generated code example for AVR128DA48, with the same functionality as the one described in this section,
can be found here:

View the AVR128DA48 Code Example on GitHub

Click to browse repository

© 2021 Microchip Technology Inc. Technical Brief DS90003210B-page 8
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Generating Sine Wave Signal

The DAC can be used to obtain a sine wave signal by generating a defined number of discrete samples of the
desired analog signal. Each sample is characterized by a voltage level and by a time duration. This mechanism
provides an approximation of the desired sine wave signal.

In this application, the number of steps used is 100. To obtain a signal frequency of 50 Hz (translated into a period of
20 ms), the time duration between two signal samples will be (1000000/Desired Frequency)/Number of Steps [us] =
(1000000/50 Hz)/100 (steps) [us] = 200 ps.

To generate the “steps” that approximate the sine wave, the integer values to be written to the DACO.DATA register
will be computed using the formula below:

i ] = Csinf—1-2m
sineWavefi] = DC Of fset + A Sln(Number ofSteps)

,where j is the sample index and takes values from 0 to Number of Steps, A is the signal amplitude (the maximum
possible value is the DAC reference voltage), and the Number of Steps represents the number of samples used to
construct the sine wave signal.

To generate a sine wave signal between 0V and 4.34V, the DAC must convert integers ranged between 0 and 255.
Therefore, because the DAC will only generate positive voltage values, the DC Offset will be 128 (this is also the
mean value of the sine wave signal). To obtain the maximum of 4.34V, the amplitude must be 127. The data to be
written to the DACO.DATA register is presented on the graph below.

Figure 4-1. DAC Input Digital Values

250
200

150

Amplitude [decimal]

50

0 10 20 30 40 50 60 70 80 90
Sample Index [decimal]

= DAC Computed Values

The ideal voltage values that will be available on the DAC output are presented on the graph below.
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Figure 4-2. DAC Output Analog Values

3.5 " "

25

Amplitude [V]

05 . .

0 2 4 6 8 10 12 14 16 18
Time [ms]

= Generated Samples

To avoid spending time inside the infinite loop by computing the signal samples in real-time, the samples are
computed at the beginning of the application and stored in a Look-up Table. The function implementation for this
computation is presented below.

for (uintl6é_t i = 0; i < SINE_WAVE_STEPS; i++

sineWave[i] = SINE _DC OFFSET + SINE AMPLITUDE * sin(i * M 2PI / SINE WAVE_ STEPS

The data is then written to the DACO.DATA register inside the infinite loop using a 200 us delay, as described above.

while (1
DACO .DATA = sineWave[i++

i = i % SINE_WAVE_STEPS
_delay us (STEP_DELAY MICROS

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

View the ATtiny817 Code Example on GitHub

Click to browse repository

An MCC generated code example for AVR128DA48, with the same functionality as the one described in this section,
can be found here:

© 2021 Microchip Technology Inc. Technical Brief DS90003210B-page 10
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View the AVR128DA48 Code Example on GitHub

Click to browse repository

© 2021 Microchip Technology Inc. Technical Brief DS90003210B-page 11
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Reading the DAC Internally with the ADC

As seen in Figure 5-1, the ADC input can be connected to the DAC output. Therefore, the DAC conversion result (a
digital value) can be transmitted directly to the ADC. Then, the ADC will convert the analog result provided by the
DAC again, obtaining a digital result.

Figure 5-1. Analog-to-Digital Converter Block Diagram

AVDD Vrer
VREFA
Internal reference
y
- ADC [ Acc
A
o)
L | ® > WCMP
= 3 E < (Int. Req)
Temp.Sense % ® g
© p= 3]
:qc.) -8 =8
Control logic _ RESRDY
" (Int. Req)
The VREEF is configured to provide the voltage reference for the ADCO and DACO, as presented below.
Figure 5-2. VREF.CTRLA Register
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
bits 6:4 ADCOREFSEL[2:0]: ADCO Reference Select bits
These bits select the reference voltage for the ADCO.
Value Description
0x0 0.55V
0x1 1.1V
0x2 2.5V
0x4 1.5V

other Reserved

bits 2:0 DACOREFSEL[2:0]: DACO and ACO Reference Select bits
These bits select the reference voltage for the DACO and ACO.

Value Description

0x0 0.55Vv
0x1 1.1V
0x2 2.5V
0x4 1.5V

other Reserved
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The VREF peripheral module is initialized as illustrated in the code snippet below.

VREF_CTRLA |= VREF_DACOREFSEL_ 4V34_gc;
VREF_CTRLB |= VREF_DACOREFEN_ bm;
VREF_CTRLA |= VREF_ADCOREFSEL 4V34_gc;
VREF_CTRLB |= VREF_ADCOREFEN bm;
_delay us (VREF_STARTUP_ MICROS) ;

Then, the ADC is initialized as presented below.

ADCO.CTRLC ADC_PRESC DIV4 gc

| ADC_REFSEL_INTREF_gc
| ADC_SAMPCAP bm;

ADCO.CTRLA = ADC_ENABLE bm
| ADC_RESSEL_10BIT_gc;

To read the DAC with the ADC, the MUXPOS register of the ADC must be set to 0x1cC.
Figure 5-3. MUXPOS DAC Output Selection

Bit 7 6 5 4 3 2 1 0
Access R R R R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

bits 4:0 MUXPOS[4:0]: MUXPOS bits
This bit field selects which single-ended analog input is connected to the ADC. If these bits are changed
during a conversion, the change will not take effect until this conversion is complete.

0x0B AIN11 ADC input pin 11

0x1D INTREF Internal reference (from VREF peripheral)
0x1E TEMPSENSE Temperature sensor

0x1F GND 0V (GND)

Other = Reserved

ADCO.MUXPOS = ADC_MUXPOS_DACO_gc;

The ADC conversion is started by writing the corresponding bit to the ADCO.COMMAND.

ADCO.COMMAND = ADC_STCONV_bm;

When the conversion is done, the Result Ready (RESRDY) flag in ADCO.INTFLAGS will be set by the hardware.

while (! (ADCO.INTFLAGS & ADC_RESRDY bm))
{

}

The flag must be cleared by software, as presented below.
ADCO . INTFLAGS = ADC_RESRDY bm;

The ADC conversion result is available in the ADCO.RES register.
The DAC output can be set to different values and read using the ADC inside the infinite loop.

while (1)

{
adcVal = ADCO read() ;
dacVal++;
DACO_setval (dacVal) ;

© 2021 Microchip Technology Inc. Technical Brief DS90003210B-page 13
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Tip: The full code example is also available in the Appendix section.

View the ATtiny817 Code Example on GitHub

Click to browse repository

An MCC generated code example for AVR128DA48, with the same functionality as the one described in this section,
can be found here:

View the AVR128DA48 Code Example on GitHub

Click to browse repository

© 2021 Microchip Technology Inc. Technical Brief DS90003210B-page 14
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Using DAC as Negative Input for AC
As seen in Figure 6-1, the AC can use the DAC output as the negative input. Therefore, the user can generate the
AC negative voltage reference by simply writing the corresponding digital value to the DATA register of the DAC
peripheral module. Then, the DAC will generate the conversion result, a constant voltage, which will be directly
connected to the AC input.

Figure 6-1. Analog Comparator Block Diagram

AINPO XI—
AINPn X

AINNO [—
AINNn X

| VREer

AC Controller

.
0

Hysteresis

ouT
Controller
Logic
Event
"| System

In this code example, the voltage reference for the DAC module is configured at 1.5V.

VREF.CTRLA |= VREF DACOREFSEL_ 1V5_gc;
VREF.CTRLB |= VREF_DACOREFEN_bm;
_delay us (VREF_STARTUP_MICROS) ;

The AC is configured to receive its negative input from DAC and positive input from pin PA7.

ACO .MUXCTRIA =
I

=
7
<
]
4
™
<]
>

N
S

© O N O g bh W N -

“ o
PAO

RESET
UPDI

PA1

PA2 EVOUTO
PA3 EXTCLK
GND

VDD

PA4

PA5

PAG

PB7

AC_MUXNEG_DAC_gc
AC_MUXPOS_PINO_gc;

Pin PA5 is configured as the AC output.

ADCO ([PTC

AINO
AIN1
AIN2
AIN3
AIN4 X0/YO
AINS X1/Y1
AIN6 X2/Y2
AIN7 X3/Y3

ACO DACO |USARTO
TXD
RxD
XCK
XDIR

ouT

AINNO OUT
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.g_ Other/Special ADCO [PTC ACO DACO |USARTO
<
o~
z
[TH
(¢]
>
23 PAO AINO
RESET
UPDI
24 PA1 AIN1 TXD
1  PA2 EVOUTO AIN2 RxD
2 PA3 EXTCLK AIN3 XCK
3 GND
4 VDD
5 PA4 AIN4 X0/YO XDIR
7 PA6 AIN6 X2/Y2 AINNO OUT
8 PA7 AIN7 X3/Y3 AINPO
9 PB7

ACO.CTRLA = AC_ENABLE bm
| AC_OUTEN bm
| AC_RUNSTDBY bm
| AC_LPMODE bm;

After initializing the VREF, DAC, and AC, the DAC output is set to 1.4V.
DACO_setVal (DAC_DATA_1V4) ;

The AC will compare the voltage from PA7 to 1.4V and set its output according to the comparison result.

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

View the ATtiny817 Code Example on GitHub

Click to browse repository

This application can be implemented on AVR128DA48 by using the internal reference voltage generator (DACREF)
feature of the AC. There is no need to configure the DAC to provide a negative input for the AC on this architecture.
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ATtiny817 Xplained Mini board
ATtiny817 product page: www.microchip.com/wwwproducts/en/ATTINY817
AVR128DA48 product page: www.microchip.com/wwwproducts/en/AVR128DA48

AVR128DA48 Curiosity Nano Evaluation Kit product page: https://www.microchip.com/Developmenttools/
ProductDetails/DM164151
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8. Appendix

Example 8-1. Generating Constant Analog Signal Code Example

/* 3.33 MHz (needed for delay) */

#define F CPU (3333333UL)
/* DAC value */

#define DAC_EXAMPLE VALUE (0x20)

/* VREF Startup time */

#define VREF_STARTUP MICROS (25)

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

void VREF_init (void) ;
void DACO_init (void);
void DACO_setVal (uint8_t val) ;

void VREF init(void)

{

}

/* Voltage reference at 4.34V */
VREF.CTRLA |= VREF_DACOREFSEL_4V34_gc;
/* DACO/ACO reference enable: enabled */
VREF.CTRLB |= VREF_DACOREFEN_bm;

/* Wait VREF start-up time */

_delay us (VREF_STARTUP_ MICROS) ;

void DACO_init (void)

{

}

/* Disable digital input buffer */
PORTA . PIN6CTRL &= ~PORT_ISC_gm;
PORTA.PIN6CTRL |= PORT ISC_INPUT DISABLE gc;
/* Disable pull-up resistor */
PORTA . PIN6CTRL &= ~PORT_PULLUPEN_bm;

/* Enable DAC, Output Buffer, Run in Standby */
DACO.CTRLA = DAC_ENABLE bm | DAC_OUTEN bm | DAC_RUNSTDBY bm;

void DACO_setVal (uint8_t val)

{
}

DACO.DATA = val;

int main (void)

{

VREF init();
DACO_init() ;

DACO_setVal (DAC_EXAMPLE VALUE) ;

while (1)
{

}
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Example 8-2. Generating Sine Wave Signal Code Example
/* 3.33 MHz (needed for delay) */
#define F_CPU (3333333UL)
/* VREF Startup time */
#define VREF_STARTUP_MICROS (25)
/* Number of steps for a sine wave period */
#define SINE WAVE_ STEPS (100)
/* Sine wave amplitude */
#define SINE_AMPLITUDE (127)
/* Sine wave DC offset */
#define SINE_DC_OFFSET (128)
/* 2%PI */
#define M 2PI (2 * M_PI)
/* Frequency of the sine wave */
#define OUTPUT FREQ (50)
/* Step delay for the synthesis loop */
#define STEP_DELAY MICROS ((1000000 / OUTPUT_FREQ) /
SINE_WAVE_STEPS)
#include <avr/io.h>
#include <util/delay.h>
#include <math.h>
/* Buffer to store the sine wave samples */
uint8 t sineWave[SINE WAVE_STEPS] ;
void sineWaveInit (void) ;
void VREF init (void);
void DACO_init (void);
void DACO_setVal (uint8_t val) ;
void sineWaveInit (void)
{
for(uintl6é_t i = 0; i < SINE WAVE STEPS; i++)
{
sineWave[i] = SINE_DC OFFSET + SINE AMPLITUDE * sin(i * M_2PI /
SINE_WAVE_STEPS) ;
}
}
void VREF init (void)
{
/* Voltage reference at 4.34V */
VREF.CTRLA |= VREF_DACOREFSEL_4V34_gc;
/* DACO/ACO reference enable: enabled */
VREF.CTRLB |= VREF_DACOREFEN bm;
/* Wait VREF start-up time */
_delay us (VREF_STARTUP_ MICROS) ;
}
void DACO_init (void)
{
/* Disable digital input buffer */
PORTA . PIN6CTRL &= ~PORT_ISC_gm;
PORTA . PIN6CTRL |= PORT ISC_INPUT DISABLE gc;
/* Disable pull-up resistor */
PORTA . PIN6CTRL &= ~PORT_PULLUPEN_bm;
/* default value */
DACO .DATA = SINE DC OFFSET;
/* Enable DAC, Output Buffer, Run in Standby */
DACO.CTRLA = DAC_ENABLE bm | DAC_OUTEN bm | DAC_RUNSTDBY bm;
}
void DACO_setVal (uint8_t val)
DACO.DATA = val;
}
int main (void)
uintl6é_t i = 0;
VREF_init() ;
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DACO_init() ;
sineWavelInit() ;

while (1)

{
DACO_setVal (sineWave[i++]) ;
i = i % SINE _WAVE_STEPS;
_delay us (STEP_DELAY MICROS) ;

Example 8-3. Reading DAC Internally With ADC Code Example

/* 3.33 MHz (needed for delay) */
#define F_CPU

/* VREF Startup time */

#define VREF_STARTUP_ MICROS

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

void VREF_init(void) ;

void DACO_init (void);

void ADCO init(void) ;
uintlé_t ADCO_read (void) ;
void DACO_setVal (uint8_t val) ;

void VREF init (void)

{
/* Voltage reference at 4.34V */
VREF_CTRLA |= VREF_DACOREFSEL 4V34

(3333333UL)

(25)

gc;

/* DACO/ACO reference enable: enabled */

VREF_CTRLB |= VREF_DACOREFEN_bm;
/* Voltage reference at 4.34V */

VREF_CTRLA |= VREF_ADCOREFSEL_4V34_gc;
/* ADCO reference enable: enabled */

VREF CTRLB |= VREF_ADCOREFEN_bm;

/* Wait VREF start-up time */

_delay us (VREF_STARTUP MICROS) ;
}

void DACO_init (void)
{
/* Enable DAC */
DACO.CTRLA = DAC_ENABLE bm;
}

void ADCO_init (void)
{
ADCO.CTRLC = ADC_PRESC_DIV4_gc
| ADC_REFSEL_INTREF gc
| ADC_SAMPCAP bm;
enabled */

ADCO.CTRLA = ADC_ENABLE bm
| ADC_RESSEL 10BIT gc;

/* Select ADC channel */
ADCO .MUXPOS = ADC_MUXPOS_DACO_gc;
}

uintl6_t ADCO_read(void)

{
/* Start ADC conversion */
ADCO .COMMAND = ADC_STCONV_bm;

/*
/*
/*

/*
/*

/* Wait until ADC conversion done */
while ( ! (ADCO.INTFLAGS & ADC_RESRDY bm) )

{
}

CLK_PER divided by 4 */
VDD reference */
Sample Capacitance Selection:

ADC Enable: enabled */
10-bit mode */
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/* Clear the interrupt flag by writing 1: */
ADCO . INTFLAGS = ADC_RESRDY bm;

return ADCO.RES;
}

void DACO_setVal (uint8_t val)
{

}

DACO.DATA = val;

int main (void)
{
uint8 t dacval = 0;
volatile uintl6_t adcvVal = O;

VREF _init();
DACO_init();
ADCO_init();

/* Wait VREF start-up time */
_delay us (VREF_STARTUP MICROS) ;

DACO_setVal (dacVal) ;
while (1)
{ adcVal = ADCO_read() ;
/* do something with the adcVal */

dacVal++;
DACO_setVal (dacVal) ;

Example 8-4. Using DAC as Negative Input for AC Code Example

/* 3.33 MHz (needed for delay) */

#define F_CPU (3333333UL)
/* 1.4V output @ VREF = 1.5V */

#define DAC_DATA 1V4 (239)

/* VREF Startup time */

#define VREF_STARTUP_MICROS (25)

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

void VREF init (void);
void DACO_setVal (uint8_t val) ;
void DACO_init (void);
void ACO_init(void) ;

void VREF init(void)

{
/* Voltage reference at 1.5V */
VREF.CTRLA |= VREF_DACOREFSEL_1V5_gc;
/* DACO/ACO reference enable: enabled */
VREF.CTRLB |= VREF_DACOREFEN_bm;
/* Wait VREF start-up time */
_delay us (VREF_STARTUP MICROS) ;

}

void DACO_setVal (uint8_t val)

DACO.DATA = val;
}

void DACO_init(void)
/* Disable digital input buffer */

PORTA . PIN6CTRL &= ~PORT_ISC_gm;
PORTA.PIN6CTRL |= PORT_ISC_INPUT DISABLE gc;
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/* Disable pull-up resistor */
PORTA . PIN6CTRL &= ~PORT_PULLUPEN bm;

/* Enable DAC, Output Buffer, Run in Standby */
DACO.CTRLA = DAC_ENABLE bm | DAC_OUTEN bm | DAC_RUNSTDBY bm;
}

void ACO_init(void)
{
/* Negative input from DACO */
/* Positive input from pin PA7 */
ACO .MUXCTRLA = AC_MUXNEG_DAC_gc
| AC_MUXPOS_PINO gc;

/* Enable, Output on PA5, Low Power mode */
ACO.CTRLA = AC_ENABLE_bm

| AC_OUTEN bm

| AC_RUNSTDBY bm
| AC_LPMODE bm;

int main (void)
/* Voltage divider -> VDD/2 input on PA7 */
/* AC output on LED on PA5 */
/* LED turns OFF when battery is below 2.8V (PA7 below 1.4V) */
VREF init();
DACO_init () ;
ACO_init();

/* 1.4V output @ VREF = 1.5V */
DACO_setVal (DAC_DATA 1V4) ;

while (1)
{

}
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The Microchip Website

Microchip provides online support via our website at 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 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: 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 specifications contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is secure when used in the intended manner and under normal
conditions.

» There are dishonest and possibly illegal methods being used in attempts to breach the code protection features
of the Microchip devices. We believe that these methods require using the Microchip products in a manner
outside the operating specifications contained in Microchip’s Data Sheets. Attempts to breach these code
protection features, most likely, cannot be accomplished without violating Microchip’s intellectual property rights.

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

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “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.
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Information contained in this publication is provided for the sole purpose of designing with and using Microchip
products. Information 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 your specifications.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. 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 ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL OR
CONSEQUENTIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
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THE INFORMATION. Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,
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property rights unless otherwise stated.
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http://darcy.rsgc.on.ca/ACES/MinskyCircle/Minsky%20circle%20drawing.htm

Fast iterative circles (and ellipses, and other figures).

Here's the entire algorithm to compute points on an elliptical arc, very quickly:

while(true)
{
x +=d
y -=d
}

¥i
x;

Attributed to Marvin Minsky, 1972: HAKMEM, MIT Al Memo 239 (HTML version here). Also on a PDP-1, David Mapes talks about finding it independently. I've been using this to make

circles since | found it by accident in the early 1980s (using a BBC Micro). Nowadays I'm using it to make music synthesizers (running on ARM Cortex M4).
[stop/ | dear|

See Also: Technoblogy: http://www.technoblogy.com/show?22HF

https://www.daycounter.com/Calculators/Sine-Generator-Calculator.phtml

Daycounter - Engineering Resources

Sine Look Up Table Generator Calculator

This calculator generates a single cycle sine wave look up table. It's useful for digital synthesis of sine waves.

Sine Look Up Table Generator Input

Number of points

Max Amplitude

Numbers Per Row

Delimeter (Text Value Separator)

Format

Calculate




