
Delta‐Sigma Modulation 
Theory and Practical Setup

In the ADA Master Course



A/D‐ and D/A Converter Most Simple Models



A/D and D/A –Converter in Series, 1



A/D and D/A –Converter in Series, 2



Principle of Noise Reduction in PWM



PWM corresponds to a Delta‐Sigma 
Modulator of Order 0:



Lineare Feedback Loops



Shaping Quantization Noise out of the Baseband



Power of Noise Shaping: 
Reduction of Eq2 in the Baseband 0…fB as a 

Function of Oversampling Ratio OSR = fS /(2fB)  

Consider: The total noise power remains constant. Reduction of Eq2 in the baseband is achieved by pushing
noise power to higher frequencies. To get the quality figures shown in the table above, we have to assume
(i) an infinitely good filter with cut‐off frequency fB, and (ii) there are no other noise sources.



Delta‐Sigma Modulator in the Practical Training
R = order



Building Delta‐Sigma in the Practical Training

See also simulation plot next page



A/D and D/A Delta‐Sigma Simulation using ModelSim



A/D and D/A Delta‐Sigma Simulation Measured



A/D and D/A Delta‐Sigma Simulator on DA2 Board



Integrator on DA2 Board
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