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Aims

1. Why DAC?

2. DAC Essentials

3. Converter errors

4. R-2R ladder DAC- weighted resistor DAC- Multiplying DAC

5. I/O typical DAC (DAC0808- DAC0807)



ADC and DAC

Digital-to-Analog Conversion (DAC)

• Converts a Digital values to analog outputs of either Voltage or current

• Current DACs require external OP-AMP  to convert back to voltage. 

DAC
0001
0010
0011
0101
….



DAC: Digital to Analog Conversion

Analog signals

❑ Digital value is stored in a register (latch), then converted.

❑ Duration of conversion is called settling time.  

❑ Output of  the DAC  remains the same until the next value is sent to the register- a zero-order hold. 

Integer equivalent of Binary code



DAC: Digital to Analog Conversion

https://eu.mouser.com/c/semiconductors/data-converter-ics/digital-to-analog-convertersdac/?q=Digital%20to%20analog%20converter

Mouser.com website…



DAC: Digital to Analog Conversion

https://eu.mouser.com/c/semiconductors/data-converter-ics/digital-to-analog-converters  dac/?q=Digital%20to%20analog%20converter

Mouser.com website…





DAC: Digital to Analog Conversion

Fast, but needs large number of Resistors

String DAC

Only one switch closed 

at a time.



R-2R Ladder DAC (4-bit)
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What are the voltages at nodes a - d? 

Develop a general expression for  Vout  



Digital to Analog Converter (DAC)

◼ R-2R Ladder DAC is widely used

❑ It’s a programmable summing amplifier

◼ The smallest change in voltage (the ‘resolution’) that can be output by 

the DAC is determined by the number of bits:

❑ Resolution = Vref / 2N , where N is the number of bits 

▪ Given Vref = 5 V, and a 10-bit DAC, what is the smallest change in voltage 

that the DAC can output?
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DAC: Digital to Analog Conversion

❑PWM (Pulse Width Modulation)
❑ Rectangular Pulse Wave

❑ Duty Cycle controls  average voltage

❑ Very high frequency content

❑ Need a low pass filter to remove the sharp transitions at edges of the 

pulses 

❑ About 90% efficiency 



PWM (Pulse Width Modulation)

Duty Cycle = 𝑡𝑂𝑁/𝑇 ⇒ 0 − 100%

Frequency (rad/sec) = 1/T



PWM (Pulse Width Modulation)

❑ Low pass filtering the PWM signal can produce an analog signal whose 

magnitude is proportional to the pulse width of the PWM signal. 

❑ For Motor/ Motion control, Motor/ Motion system will act as the low pass  

filter

❑ Unipolar output

❑ Best suited when an analog output is needed but does not require a high 

resolution DAC



PWM (Pulse Width Modulation)

8 bit resolution:
100% / 255             0.39% per step
5V/255             19.6 mV per step  

Arduino default PWM 
frequency:
Pin 5,6 : 976 Hz
Pin 3,9,10,11 : 488 Hz



PWM (Pulse Width Modulation)



As PWM frequency increases, capacitor can barely 
charge and discharge fully 

At low PWM frequency, capacitor can fully charge and discharge. 



As PWM frequency increases, capacitor can barely 
charge and discharge fully 



PWM (Pulse Width Modulation)

http://www.youtube.com/watch?v=YaRDbw38x7Q

http://www.youtube.com/watch?v=YaRDbw38x7Q


Thank You For Your Attention!

Any Question?
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