COEN-4720 Embedded Systems

Lecture 11
DAC, ADC

Cris Ababei
Dept. of Electrical and Computer Engineering
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BE THE DIFFERENCE.

Outline

eDigital to Analog Converter (DAC)
eAnalog to Digital Converter (ADC)
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Digital to Analog Converter (DAC)

e DAC - device that converts a digital number to an analog signal,
which is proportional to a sup
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DA Techniques

e\Weighted resistor
e\Weighted capacitor
e\/oltage-mode R-2R ladder
eCurrent-mode R-2R ladder
eR-string (potentiometric)

Weighted Resistor
e Drawbacks

° Non-zero switch resistance
° Wide spread of resistor values (exponential increase!)
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Voltage-mode R-2R Ladder
e Advantage

° We can interpolate between any V, and V,,
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R-string (Potentiometric) Architecture
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R-string Architecture

eAdvantages
°Simple; needs only identical resistors
° Fast for less than 8-10 bits
° Low-power
° Compatible with purely digital technologies

eDisadvantages
° 2" resistors and 2" switches — high area and power
° High settling time for n>10
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STM32L053R8 MCU

15 Digital-to-analog converter (DAC)

* DAC peripherals available
in STM32 microcontrollers 151 introduction

The DAC module is a 12-bit, voltage output digital-to-analog converter. The DAC can be

a re b a S e d O n t h e CO m m O n configured in 8- or 12-bit mode and may be used in conjunction with the DMA controller. In

12-hit mode, the data could be lefi- or right-aligned. An input reference voltage,

H Vger.(shared with ADC), is available The output can optionally be buffered for higher
R-2R resistor l[adder Hos
network' 15.2 DAC1 main features

The devices integrate two DAC converters, featuring one output channel each: DAC_OUT1

b The DAC peripheral can be and DAC_OUTZ.

DAC1 main features are the following:

driven manually or using - one cta rtang et

= Left or right data alignment in 12-bit mode

the DMA and a trigger - Szt it cpaity

*  Moise-wave generation

Source (e.g., a dedicated «  Triangular-wave generation

+  Dual DAC channels with independent or simultaneous conversions
t i m e r) +  DMA capability (including underrun detection)
* =+  Extemal triggers for conversion
«  Input voltage reference, Viger.
12

Source: MCU Reference Manual
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Figure 58. DAC block diagram
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Figure 30. 12-bit buffered/non-buffered DAC
Buffered/Non-buffered DAC
Buffer!”
.
12-bit |- : A
— — AMA —
digital to || T~ |DAcC_ouTx VvV
analog ! I *
converter : — | " —
| i CL

MSv45341V1

1.

The DAC integrates an output buffer that can be used to reduce the output impedance and to dnive external
loads directly without the use of an external operational amplifier. The buffer can be bypassed by
configuring the BOFFx bit in the DAC_CR register.
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Examples

eExample 1: Driving the DAC Manually
° Adapted from Textbook, Ch.13.
° Used when we do not need conversions at high frequencies.

° The example uses the output of the DAC going to pin PA4, which is connected to
a resistor in series with an LED on the breadboard.

° The program drives PA4 so that to fade ON/OFF the LD2 using the DAC.

° PA4 can be configured from within STM32CubeMX tool when you create the
new project.

eExample 2: Driving the DAC in DMA Mode Using a Timer
° Adapted from Textbook, Ch.13

° A common usage of the DAC peripheral is to generate an analog waveform with
a given frequency (e.g. in audio applications). In this case, then, a better way to
drive the DAC is by using the DMA and a timer to trigger the conversions.

° Start the DAC and perform a transfer in DMA.
° May want to use an oscilloscope to visualize the sine wave.
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Outline
eDigital to Analog Converter (DAC)
eAnalog to Digital Converter (ADC)
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Analog to Digital Conv§rbtbgr (ADC)
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AD Techniques

eCharge redistribution converters
eSubranging converters
e|ntegrating-type converters
eFlash converters

eDAC based AD conversion (successive
approximation register based converters)
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Flash converters
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DAC based AD Conversion
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STM32L053R8 MCU

Analog-to-digital converter (ADC)

141 Introduction
The 12-bit ADC is a successive approximation analog-to-digital converter. It has up to 19
multiplexed channels allowing it to measure signals from 16 external and 3 intemnal sources.
A/D conversion of the various channels can be performed in single, continuous, scan or
discontinuous mode. The result of the ADC is stored in a left-aligned or right-aligned 16-bit
data register.
The analog watchdog feature allows the application to detect if the input voltage goes
outside the user-defined higher or lower thresholds.
An efficient low-power mode is implemented to allow very low consumption at low
frequency.
A built-in hardware oversampler allows analog performances to be improved while off-
loading the related computational burden from the CPU.
Source: MCU Reference Manual 2 1
21
14.2 ADC main features
s  High performance
—  12-bit, 10-bit, 8-bit or 6-bit configurable resolution
—  ADC conversion time: 0.87 ps for 12-bit resolution (1.14 MHz), 0.81 ps conversion
time for 10-bit resolution, faster conversion times can be obtained by lowering
resolution.

—  Self-calibration

—  Programmable sampling time

—  Data alignment with built-in data coherency

—  DMA support

Source: MCU Reference Manual 2
22
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Figure 31. ADC block diagram
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Source: MCU Reference Manual
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