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Lecture 11  Cont.  after Lect 10 and back to 9(sar).

18:10-- June 02 2021

OVERSAMPLING DIGITAL TO ANALOG CONVERTERS 

1. Architectures Types – consideration
2. DWA , DEM – calibration architectures.
3.  Examples 

Welcome to

0510.7720.01 Winter semester 2021
Mixed Signal Electronic Circuits 

Instructor:  Dr. M.  Moyal  
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Some over view of lect. 10 and Cascade current source..
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Cascade I-what is the Rout ?  

Lect 09

Remember CMOS Tr. Is nothing but a current source (is sat). – most of the time..
So understanding its basic is key..  Rout=Vx/Ix ( small signal)

Step 1 – inspect the sizes (of who ?  - if the same iref=ix) 

Step 2 – inspect the voltages limits.. Approx..(understanding) 

Step 3 – Build small signal or predict the Rout.. 

Step 3 – ignore my M..
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summary SD basics…from lect, 10
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summary SD basics…from lect, 10
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DAC noise is Thermal Noises from DAC reference and circuit elements – It limits the Dynamic range 

Concept of over sampling DACs
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Over Sampling DACs
Error Feedback – Noise Shapers

DAC Consideration Example

ADDED Lecture.. For 10)
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Noise Shaping: 1st Order
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From Fig. 23a, the output Y(z) is derived. The term T(z) at node (1) is 
given by:

Where: e(z) are the truncated bits and X(z) is the input signal. T(z) can also 
be written as:

By subtracting Eq. (5.14) from (5.15) and combining the e(z) terms, T(z) is 
eliminated

The truncating error is shaped by the function 1-z-1. This function is referred 
to as the Noise Transfer Function (NTF(z)). From Eq. (5.16), it is the 
coefficient of –e(z). hence  

(5.14)

(5.15)

(5.16)

(5.17)
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An Example of 1st Order NS
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Linearity of DACs Dynamic Weighted Averaging methods and DEMs

DAC Calibration Techniques
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DEM (Plassche 76, Galton 95) randomize the DAC bit by rotating 
and filtering the elements/bit much faster then the input signal. 

DEM Method
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Mismatches of Current Source 

No Error  

Gradient  

Random  

Single point 
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DEM – Continue 

(a) No DEM                                      (b) with DEM 

 Noise results from the DEM is less important as long 
as it lies outside the BW of the data. 

 The smoothing filter and the line after the DAC will 
reduce these noise components 

 Power spectral density input is a sign wave 



TAU 0510.7720.01/2021  15 Lect 06

DAC Model with Averaging
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DEM Example 

Error in second unit 
of 50% 
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1st Order DWA Algorithm
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Random Algorithm
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USE A CONSTANT JUMP OF 1 ( 64 units ) 

Modifies Averaging

DAC with Averaging
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DAC – Differential Architecture – An Example
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Source:  M Moyal

DAC Bias
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Source:  M Moyal

LSB Implementation

 64 units

 Sign Input is for Current 
direction

 CK is to Latch the Data

 An Example:
If In = 0    Vout = 0
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DAC Layout
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Measured Results
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DAC CALIBRAION TECHNIQUES
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Method I

 Calibration can be done during normal operation
 Keep the rate slow out of band but not to slow to have the capacitor discharge
 Switches error can be a problem 
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Method II

 Attractive way 
 Routing and layout is important
 Discrete steps 
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Method III

MODIFIES AVERAGING 
USE A CONSTANT JUMP OF 4 ( 64 units ) 
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End of Lecture 06  


