
EE 435

Lecture 33   

  
Switches

Current Steering DACs



R-String DAC
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If all components are ideal, performance of the 

R-string DAC is that of an ideal DAC! 

• One of the simplest DAC architectures

• R-string DAC is inherently monotone 

Key Properties of R-String DAC

Possible Limitations or Challenges

• Binary to Thermometer Decoder (BTTD) gets     

   large for n large

• Logic delays in BTTD may degrade performance

• Matching of the resistors may not be perfect
•  Local random variations 

•  Gradient effects

• How can switches be made ?

• Lots of capacitance on output node

Review from Last Lecture
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R-String DAC 
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Review from Last Lecture
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Review from Last Lecture



Pelgrom Paper Assessment
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Resistor Layout

Standard Series Layout of 64 resistors
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Resistor Layout

Layout of 64 resistors with reduced gradient sensitivity
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Resistor Layout

Antiparallel Layout of 32 resistors with Common Centroid
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(Pelgrom used only 16 resistors)



Pelgrom Paper Assessment
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Another key paper for matching-critical circuits:

Second most cited paper in the IEEE Journal of Solid State Circuits

Most cited basic research paper in IEEE Journal of Solid State Circuits

2401 Apr 7 2014

3452  Apr 18 2018

3528  Apr 17 2019

3745 Apr 10 2020

4062  Apr  6  2022

3913  Apr  4  2021

4355  Apr  5  2024



Basic R-String DAC 
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Basic R-String DAC 

• Another Segmented DAC structure

• Can be viewed as a “dither” DAC

• Often n1 is much smaller than n2

• Dither can be used in other applications as well

R

R

R

R

R

R

R

R/4

R/4

R/4

R/4

1b

2b

R/4

R/4

R/4

1b

2b

VREF

 R
e

s
is

to
rs

n
1
 b

it
s

n
1
 b

it
s

n
2
 b

it
s

2n
2 

-1

VOUT

RL

RU

RU+RL=RFor all  b1 and b2, 



Switch Implementation Issues

n-channel

p-channel

T-gate

Switches used extensively in data converters ! 

Basic Simple Switches



Switch Implementation Issues
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Switch Implementation Issues
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Switch Implementation Issues

VTHn=0.7

VTHp=-0.7

Wp=3Wn

Lp=Ln

VDD=3.5V

Transmission Gate Impedance Can be Reasonably constant
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Switch Implementation Issues
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Switch Implementation Issues
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High Threshold Voltages
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Switch Implementation Issues

VTHn=2.0

VTHp=-2.0
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Tough unlikely, this is what would happen if very high 

threshold devices were used
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Current Steering DACs 
Current will be “steered” to a resistive load (on chip)

Output could be a current (user supplies load)
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Basic Concept of Current Steering DACs



Current Steering DACs 
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What is important is the current generated, not whether it 

comes from a “current source” 
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Many potential current generator blocks, just require that all be ideally identical



Current Steering DACs 
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Inherently Insensitive to Nonlinearities in Switches and Resistors

• Termed “top plate switching”

• Thermometer coding

• Excellent DNL properties 

• INL may be poor, typically near mid range

• INL is a random variable with variance approximately proportional to area

• Area gets large for good yield with large n

• Each additional bit of resolution requires a factor of 2 increase in area if 

same sized resistors are used

• Each additional bit of resolution requires another factor of 4 increase in 

area to maintain the same yield
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Current Steering DACs 
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Inherently Insensitive to Nonlinearities in Switches and Resistors

Smaller ON resistance and less phase-shift from clock edges

• Termed “bottom plate switching”

• Thermometer coded



Current Steering DACs 
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Current Steering DACs 
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Current Steering DACs 
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Current Steering DACs 
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Stay Safe and Stay Healthy !



End of Lecture 33
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