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Data Converter Figure of Merit
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mentals
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amentals
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Nonlinearity Fund
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Binary versus Thermometer

y Code
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✔ Thermometer Code ✔ Binar
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Segmentation (MSB/LSB)

ometer-Binary
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✔ Binary-Thermometer ✔ Therm

● 5 elements (15 units) ● 5 elemen
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Random or Systematic Errors

✔  systematic errors.
 from random σ.
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Device Random Mismatch
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Parasitics Random Mismatch

✔ usually poor.

Rp σ%p⋅ )2

p
-------------------------------
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f: DAC3 (3.6*20.5µm2)
g:TestChips (>300µm2)
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Parasitic matching are not controlled and 
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Mismatch

✔  matching properties.
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Matching within a group

✔ lue of it’s group
✔  ensemble!
✔ bability.
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Random Matching and Yield

✔ r yield?
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Systematic Mismatch

✔ d by a macroscopic
ph  on every circuits
(la rrors or particles).

✔ al to

✔ r design.
D cel the effects.

1 WL⁄
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A systematic mismatch is an error, cause
enomenon which repeats itself identically
yout), on one circuit of the reticle (photo-e

Relative error ∆P/P usually not proportion

Can be corrected when related to layout o
esigner can minimize the causes or can
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Etch Rate Variation

✔ yer opening.
 etchant.

✔ 
nt (~10µm Si)
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ut 2
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Etching rate depends upon geometry of la
Large opening grants more access to the

Use dummy to ensure uniform etching
Minimum dummy size is process dependa

without dummy with 1 fu

Layout 1 Layo

2 1

chematic
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Interconnect Capacitance

✔ ottom plate.
es mask  shift)

C2=2C+Cp1,2,3

C1= C+Cp1

C2=2C+2Cp1

C1= C+Cp1

C2=2C
C1= C
Schematic

Layout 1

Layout 2
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The interconnect  line interacts with the b
Make uniform connection(bottom-top plat

C1C2
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Distributed Parasitics

✔ he array
C o 2nd order.
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Importance of the connection location in t
entering tie transform gradiant from 1st t
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 Design

✔ nd Segmentation.
G rrect convergence
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Data Converter

Iterative method to determine Size, Bias a
ood knowledge of mismatch allows a co

Matching

Linearit

Size, Bias
Segmentation

No, Y

Guess

Compu



PAF - 20/41

Presentation Contents

Pa

Pa

Pa
IEEE, CAS Seminar, October 2001

rt 1: Data Converters
● Nonlinearity.
● Segmentation.

rt 2: Mismatch
● Random.
● Systematic.

rt 3: Measurements
● Resistors String DACs
● Capacitors SAR ADCs



PAF - 21/41

Data Converter Measurements
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What kind of resistors ?

✔ F (RFBC, SiGe)
silicon.

m (MSR).
C

/V2

✔ , ...)
con or Metal.

m/C

d 300 to 7kppm/V2
IEEE, CAS Seminar, October 2001

Analog Baseband (LBC, A21, A12) and R
● Type: High or Medium (ZTC)  Sheet Poly
● Resistivity: 50Ω/❑ to 2kΩ/❑.
● Matching: 2.7%.µm (HSR) up to 13.2%.µ
● Temperature coefficient: 0 to -1400ppm/

● Voltage coefficient: 55ppm/V and 1pmm

Deep-Submicron CMOS (C07, C05, C035
● Type: Silicided N-moat, Silicided Polysili
● Resistivity: 20mΩ/❑ to 5Ω/❑.
● Matching: 6.5%.µm (N-moat).
● Temperature coefficient: 3000 to 4400pp

● Voltage coefficient: 100 to 10k ppm/V an
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R-DAC Block Diagram

✔ .
✔ g up and down.

Vout
IEEE, CAS Seminar, October 2001

Output is tapped from MSB resistor string
LSB resistors are shorted to shift the strin

Vrefp

Vrefm

3 
to

 8
 d

ec
od

er

b2,b1,b0

t7

t6

t5

t4

t3

t2

t1

t0

s0 s1 s2 s3

s0 s1 s2 s3
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10 bits R-DAC Trial: Schematic

✔ plementation “B”

segmentation
ed decode

(A12)
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IEEE, CAS Seminar, October 2001

 Implementation “A” ✔ Im

● 6-4 segmentation ● 8-2 
● Full decode ● Fold

@helga

MSB string

LSB string

(126 unit resistors)

output

@cobba_gjp(A12)
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10 bits R-DAC Trials: Layout

✔ lementation “B”

tors: 110,700µm2

de: 67,420µm2

hes:14,780µm2

 192,900µm2

504µm

530µm

@

A12)
IEEE, CAS Seminar, October 2001

 Implementation “A” ✔ Imp

● Resistors: 67,860µm2
● Resis

● Decode: 98,560µm2
● Deco

● Switches: 36,740µm2
● Switc

● Total: 203,160µm2
● Total:

315µm

1,116µm on Si

cobba_gjp(A12)

@helga(
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10 bits R-DAC Trial:  Linearity

✔ lementation “B”

sys: +/-0.05 LSB
SB  mismatch

eaved LSB

verage DNL

Digital Input Code
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 Implementation “A” ✔ Imp

● DNL sys: +/-0.25 LSB ● DNL 
● no LSB superposition ● LSB/M
● ∆I due to LSB mismatch ● Interl

AAverage DNL
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10 bits R-DAC Trial: Linearity

entation “B”

0.015 LSB
entationσdnl~3σu

HSR σu=0.23%
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1-Sigma DNL
IEEE, CAS Seminar, October 2001

✔ Implementation “A” ✔ Implem

● DNL σ: 0.17 LSB ● DNL σ: 
● 6-4 segmentationσdnl~12σu ● 8-2 segm

● 117µm2 MSR σu=1.2% ● 148µm2 
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R-DAC Trial: Conclusion

lementation “B”

 are oversized

h LSB/MSB units

h interconnects
IEEE, CAS Seminar, October 2001

✔ Implementation “A” ✔ Imp

● Don’t use A12 medium-sheet ● Units

● Interleave your LSB ● Matc

● Keep a safe segmentation ● Matc
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Presentation Contents

Pa

Pa

Pa
IEEE, CAS Seminar, October 2001

rt 1: Data Converters
● Nonlinearity.
● Segmentation.

rt 2: Mismatch
● Random.
● Systematic.

rt 3: Measurements
● Resistors String DACs
● Capacitors SAR ADCs
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Capacitors SAR ADC

ter ADC

fixed at Vmid)

r bits to REFM.

IN0
IN1
IN2
...

128

REFP
REFM

OUT

-

+

IEEE, CAS Seminar, October 2001

✔ 8-bits Succesive Approximation Regis

● Sampling: Charge stored on node N1 (
● Open switch at comparator inputs.
● Connect MSB capacitor to REFP, othe
● Compare MSB downto LSB.

SEL

1 2 4 8 16 32 64

255
REFM

N1

1
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What kind of capacitors ?

✔ F (RFBC, SiGe)
oly-Tinitride.

2

✔ , ...)
(MIM).

V2
IEEE, CAS Seminar, October 2001

Analog Baseband (LBC, A21, A12) and R
● Type: Silicided Poly1-Poly2 or Silicided P
● Density: 0.7fF/µm2 to 2.0fF/µm2.
● Mismatch: 0.37%.µm up to 1.9%.µm.

● Voltage coefficient: 9ppm/V and 9pmm/V

Deep-Submicron CMOS (C07, C05, C035
● Sandwich or Flux Metal-Insulator-Metal 

● Density: 0.1fF/µm2 to 1.2fF/µm2 (max).
● Mismatch: 1.0%.µm up to 2.0%.µm.

● Voltage coefficient: 4 ppm/V and 1pmm/
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8 bits SAR ADC Trial: Schematic

✔ ntation “B”

● 3 ed array
● N pacitor
● P independant

C C6 C7 C8

Cc

MSB array

Cpv

N1

CpvCpl

Cpos

+

-

C5

4 Cc C5 C6 C7 C8

1 1 2 4 8

Cap

Unit
IEEE, CAS Seminar, October 2001

 Implementation “A” ✔ Impleme

-5 coupled array ● 4-4 coupl
on-integer capacitor ● Integer ca
arasitic dependant ● Parasitic 

0 C1 C2 C3 C4 C5 C6 C7 C8

Cc

LSB array MSB array

N2

CpvCpl

N1

AVSS AVSS

CpvCpl CpvCpl

Cpos

+

-

AVSS

C1 C2 C3 C4

LSB array

N2

CplCpvCpl

C1 C2 C3 C

1 2 4 8

C0 C1 C2 C3 C4 C5 Cc C6 C7 C8

s 1/2 1/2 1 2 4 8 16/15 1 2 4
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8 bits SAR ADC Trial: Layout

lementation “B”

8 44

7 23

8 34

4C

8 14

7 43

6 32

8 44
@
5

IEEE, CAS Seminar, October 2001

✔ Implementation “A” ✔ Imp

88 44

77 55

6 2C

88 1O

33

55

44

55

55
8

6

7

8

5

8

7

8
Herta(A21)

2kµm2 on Si

@
In

gr
id

_0
3(

A
21

)
57

kµ
m

2
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8 bits SAR ADC Trial: Linearity

✔ mentation “B”

● S atic<0.075 LSB.
● P tic independant.
● V t to variations.
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verage DNL

output code

LS
B

IEEE, CAS Seminar, October 2001

 Implementation “A” ✔ Imple

ystematic<0.25 LSB. ● System
arasitic dependant. ● Parasi
ary with Fabs and time. ● Robus
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8 bits SAR ADC Trial: Linearity

✔ ntation “B”

● R dnl~0.08 LSB.
● U 16*16µm2 (290fF)
● U hing σu~0.14%.
● M e of 8 units.
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Sigma DNL

output code
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 Implementation “A” ✔ Impleme

andom σdnl~0.09 LSB. ● Random σ
nit size:15.6*18µm2 (319fF). ● Unit size:
nit matching σu~0.13%. ● Unit matc
SB made of 4 units. ● MSB mad
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10 bits SAR ADC Trial: Schematic

✔ ntation “B”

● 5 ed, 4-6 segmented.
● 1 nts, 63 units.

C1

1

Cc

MSB array

Cpv

N1

CpvCpl

Cpos

+

-

C75 C6 C21

C5 Cc C6 C7..21

16 1 1 2

. . .
IEEE, CAS Seminar, October 2001

 Implementation “A” ✔ Impleme

-5 coupled, fully binary. ● 5-5 coupl
1 elements, 63 units. ● 22 eleme

C1 C2 C3 C4 C8 C9

Cc

LSB array MSB array

N2

CpvCpl

N1

CpvCpl CpvCpl

Cpos

+

-

C7C5 C6 C10

C2 C3 C4 C5 Cc C6 C7 C8 C9 C10

2 4 8 16 1 1 2 4 8 16

C1 C2 C3 C4

LSB array

N2

CplCpvCpl

C

C1 C2 C3 C4

1 2 4 8
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10 bits SAR ADC Trial: Layout

✔ ted implementation

● 5 ed, 4-6 segmented.
● 1 nts, 63 units.
● u 0.8*10.8µm2 on Si.

 array shrink.
e load reduction.

@G
IEEE, CAS Seminar, October 2001

 Binary implementation ✔ Segmen

-5 coupled, fully binary. ● 5-5 coupl
1 elements, 63 units. ● 22 eleme
nit size:18*18µm2 on Si. ● unit size:1

● Capacitor
● Capacitiv

CAP3 v0.0 @GCAP3 v1.0
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10 bits SAR ADC Trial: Linearity

✔ plementation “B”

 size: (10.8µm)2

0.18%
~0.07 LSB

* Si
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 Implementation “A” ✔ Im

● unit size: (18µm)2 on Si ● unit
● σu~0.11% ● σu~
● σdnl~0.16 LSB ● σdnl
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SAR ADC Trial: Conclusion

d Implementation

systematic error

gressive in sizing

ometer code
IEEE, CAS Seminar, October 2001

✔ Classical Implementation ✔ Improve

● Take care of parasitics ● Reduced 

● Be cautious with MSB ● Be more a

● Large systematic error ● Use therm
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Conclusion

✔ g data (process),
ea/yield ($).

✔ ight in systematic
ted) mismatches,
 design.

✔ matic and random
a converters used
IEEE, CAS Seminar, October 2001

Segmentation choice is driven by matchin
specifications (customer) and targeted ar

Carefull study of measured DNL gives ins
(layout related) and random (process rela
allowing refinements in the next converter

This method can be used to extract syste
mismatch from the characterization of dat
in production parts.
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