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Outline
•Digital to Analog Converter (DAC)

•Analog to Digital Converter (ADC)
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Digital to Analog Converter (DAC)
•DAC - device that converts a digital number to an analog signal, 

which is proportional to a supplied reference voltage VREF
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DA Techniques

•Weighted resistor 

•Weighted capacitor 

•Voltage-mode R-2R ladder

•Current-mode R-2R ladder

•R-string (potentiometric)

•…
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Weighted Resistor 
•Drawbacks

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

 We can interpolate between any VL and VH 
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Current-mode R-2R Ladder
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R-string (Potentiometric) Architecture

10b1=1  MSBb2=0b3=0

VREF/2
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R-string Architecture
•Advantages

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

•Disadvantages
 2n resistors and 2n switches – high area and power
High settling time for n>10
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STM32L053R8 MCU

•DAC peripherals available 
in STM32 microcontrollers 
are based on the common 
R-2R resistor ladder 
network.

• The DAC peripheral can be 
driven manually or using 
the DMA and a trigger 
source (e.g., a dedicated 
timer).
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Source: MCU Reference Manual
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13Source: MCU Reference Manual

14Source: MCU Datasheet
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Examples
•Example 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.

•Example 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
•Digital to Analog Converter (DAC)

•Analog to Digital Converter (ADC)
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Analog to Digital Converter (ADC)

•ADC: provides 
the inverse 
function of DAC!
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AD Techniques

•Charge redistribution converters
•Subranging converters
•Integrating-type converters
•Flash converters
•DAC 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

21Source: MCU Reference Manual
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Source: MCU Reference Manual
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23
Source: MCU Reference Manual
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