
EE 435

Lecture 33

• String DACs

• Switches

• Current Steering DACs
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Review from Last Lecture



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



Parasitic Capacitance Summary
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Cutoff Ohmic Saturation

CGS CoxWLD CoxWLD + 0.5COXWL CoxWLD+(2/3)COXWL

CGD CoxWLD CoxWLD + 0.5COXWL CoxWLD

CBG CoxWL (or less) 0 0

CBS CBOTAS+CSWPS CBOTAS+CSWPS+0.5WLCBOTCH CBOTAS+CSWPS +(2/3)WLCBOTCH

CBD CBOTAD+CSWPD CBOTAD+CSWPD+0.5WLCBOTCH CBOTAD+CSWPD

Review from Last Lecture



R-String DAC 
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MUX Decoder (Analog MUX)

MUX decoder is comprised of analog AND gates

Logic Synthesis not used to form MUX 

Review from Last Lecture



Uncontacted Row-Column Structure
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Row-Column Structure with Contacts Added

Programmed entirely with the contact mask
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R-String DAC 
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Analog MUX with Tree Decoder

Review from Last Lecture



String 168

R-2R 79

Current Source 52

MDAC 23

Current Sink 17

SAR 9

Pipeline 7

Delta Sigma 4

1-Steering 3

Current Steering 2

What DAC Architectures are Actually Used?

Listing from Texas Instruments  March 1 2023 





What is the INL performance of this DAC?

ENOB (from INL)?

What would be the SNR if only quantization noise is present?

What is the spectral performance?

ENOB (rel to quantization noise)?

The DAC 8560

SNR - = 6n+1.76





What is the INL performance of this DAC?

ENOB (from INL)?                                                 11.5 

What would be the SNR if only quantization noise is present?

What is the spectral performance?

ENOB (rel to quantization noise)?

The DAC 8560

SNR - = 6n+1.76

±12LSB

97.6

SINAD = 77dB

12.6

( )R 2ENOB = n -1-log 



R-String DAC 

R

R

R

R

VRFF
n1

XIN

S1

S2

S3

RF

SN2

n2

n

1 2n = n :n

Sck

Sck

Sc1

R

Sc1

Sc2

Sc2

Sc3

Sc3

ScN1

ScN1

RF

RF

RF

RF

SN2-1

VOUT

(another one)

Note two switches on each node of coarse string

Uses coarse string and fine string



R-String DAC 
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Sometimes termed sub-divider, 

sub-range  or dual-string DAC

(another one)



R-String DAC 
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R-String DAC 
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R-String DAC 
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R-String DAC 

Will now look at a classic paper that discusses several key strategies for 

building string DACs  

Some key background information relating to stastical characterization of data 

converters will be discussed to better understand concepts discussed in this 

paper

Though somewhat dated, results are particularly relevant

Most data converter architectures require good matching of a large number of 

one or more types of components   
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Matching Properties of Circuit Components
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Matching Properties of Circuit Components

• If edge roughness effects are neglected, standard deviation of components 

proportional to reciprocal of the square root of area of component

• INL and DNL of most data converters (at low f)  depends upon matching 

characteristics of basic circuit components

• Often INL and DNL proportional to standard deviation of components

• Each additional bit of ENOB generally requires a factor of 2 reduction in σ

Each additional bit of ENOB generally requires a factor of 4 increase in area 

in matching critical circuits !!
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R-String DAC 
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R-String DAC 
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Note Dual Ladder is used !



Cited by 51 (4/5/10)

Cited by 94 (4/6/14)

Cited by 109 (4/5/16)

Cited by 130 (4/24/19)

Cited by 133 (4/4/21) Cited by 140 (4/6/22)

Cited by 139 (4/5/24)



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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Pelgrom Paper Assessment



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



Stay Safe and Stay Healthy !



End of Lecture 33


