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Lecture 31

String DACs
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R-String DAC 

b1 b1 b2 b2 b3 b3

R-String

VREF

XIN

n

Decoder

VOUT

Tree Decoder

Review from Last Lecture



R-String DAC 

R

R

R

R

VRFF
n1

XIN

S1

S2

S3

RF

SN2

VOUT

n2

n

1 2n = n :n

Sck

Sc(k-1)

Sc1

R

Sc2

Sc4

Sc3

ScN1

Sc(N1-1)

RF

RF

RF

RF

SN2-1

SN2+1

Sometimes termed sub-divider, 

sub-range  or dual-string DAC

Review from Last Lecture



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   



A

B

W

L

2
2 

R

N

C
C

TOPC

A

A

Top Plate

Bottom Plate

2

2 
 

N

N

R

R

A

WL

G

D

S

W

L

ID

2 2 2 2

02

1 4


 
   

 
D

DN

I VT COX

EBI

A A A
WL V

R1 R2 C1 C2

M1
M2

M1 M2

ID1

ID1
ID2

ID2

VBVB

VXX

Matching Properties of Circuit Components



A

B

W

L

2
2 

R

N

C
C

TOPC

A

A

Top Plate

Bottom Plate

2

2 
 

N

N

R

R

A

WL

G

D

S

W

L

ID

2 2 2 2

02

1 4


 
   

 
D

DN

I VT COX

EBI

A A A
WL V

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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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)
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Resistor Layout

Standard Series Layout of 64 resistors



Resistor Layout

Layout of 64 resistors with reduced gradient sensitivity



Resistor Layout

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



Resistor Layout

Antiparallel Layout of 32 resistors with Common Centroid
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Pelgrom Paper Assessment
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Another key paper for matching-critical circuits:

2401 on Apr 7 2014

3452 on Apr 18 2018

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

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

3528 on Apr 17 2019

3745 on Apr 10 2020

3913  Apr  4  2021
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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
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Stay Safe and Stay Healthy !



End of Lecture 31


