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Abstract

The rapid developments of 1C technology have made it possible to realizea VLS|
system chip with higher operating’speed in a smaller feature size. In a modern
communication system, input =Signal 'is quantized by an anaog-to-digital data
converter for the following complicated signal-processing in the digital domain. In
the current IC design trend, analog to digital-data converters and the sophisticated
digital circuits are integrated on'.a single chip for higher performance. As the
operating voltage is scaled down aong with the shrinkage of device size, a low

voltage ADC is demanding and would play an important role in the future.

The objective goa of this thesis is to realize an 1.8 V, 10-bit, 100M S/s pipelined
analog to digital data converter. An 1.5-bit/stage architecture is adopted for higher
operating speed. Cooperating with digital error correcting technique, it tolerates
higher comparator’s input offset voltage and no preamplifier is needed, thus lowers
the total power dissipation. In addition, a flip-around sample and hold architecture in
the front-stage is utilized for a maximum feedback factor, so as to relax OP's
gain-bandwidth requirement and reduce power dissipation. Furthermore, to operate
under a supply voltage as low as 1.8 V, voltage bootstrapping technique is adopted for
controlling the switches in the front-stage. It can reduce the impacts of linearity

degradation due to the limitation of low supply voltage.




Abstract

The ADC prototype is fabricated in TSMC 0.18um CMOS process, and it occupies
an chip area of 3.2mm?. With an 2.0V differential input signal, the analog-to-digital
converter manifests a SNDR up to 65dB at 100 MHz conversion rate. The DNL and
INL are both less than 0.2LSB. Operating under a 1.8V supply, tota power

consumption is 88mW.
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( 11
Product shipment 1999 | 2001 2003 | 2006 | 2009 | 2012
DRAM bit/chip 107G |1.7G |429G |17.2G | 687G | 275G
(« p transistors/chip | 21M 40M 716M 200M | 520M | 1.4B
DRAM area(mm?) 400 445 560 790 1120 | 1580
MPU area(mm?) 340 385 430 520 620 750
External clock(MHz) | 1200 | 1400 |1600 |2000 |2500 | 3000
Gate length( 2 m) 014 [012 |01 007 005 |0.035
Vdd(V) 15-18[12-15/12-15|09-1.2 | 06-09| 0.5-0.6

1.1SIA




(Reliability)
(Hot Carrier Effect)

(wireless
communication system) Cellar phone) (ligital video
system) figh speed modem) Ethernet system)  (
1.1)

-

Converter

11

1.2




Bit number

3
20 -
Digital
18— Audio
16— High
| Speed
L Modem
12—
10 |—
8 Voice Video
Process N
6 L Wireless Application
Communication
] | | // | |
1k 10k lﬁ)Ok 10M 100M
Sample rate(Hz)
12 vs. ADC
1.3
Resolution
3
16 [~ Delta - Sigma
ADC
14—
12
Pipeline
10
. ADC
s
2- step
6 |- ADC || Flash
ADC
| ] | | ] | ] » Sampling
1k 10k 100k 1M 10M 100M 1G Rate
1.3ADC VS.
1.8V DC 10
100 1.5-bit




250mV

Flip-Around
( bootstrapping
technique)
TSMC  0.18um CMOS 3.2mm?
2.0V  100MHz (conversion rate)
65dB (SNDR) DNL)
(INL) 0.2LSB 1.8V
88mw
1. 2

Flip-around




Image
Voice
Pressure
Etc.

2.1

21

Sensor
Or
Receiver

A/D
Converter

=

Digital
System




[1][2]

(Resolution)

(Sampling Rate)

(H2) Nyquist)

(I'nput Signal’Range)

(Spurious-Free Dynamic Range SFDR)
SFDR

| AL fin] gy

‘ D_MAX[RMS]‘

SFDR = 20log,,(

(Total Harmonic Distortion THD)
THD

|ALTin] |

THD = 20log,,(

2 2 05
}{AHD_Z[RMS] + A—iD_3[RMS] RARTRY + A—iD_N[RMS] }

(Signal-to-Noise Ratio SNR)
SNR ( )
dB

dB




‘ASgnal[RMS]‘

‘ otal _ Noise[ RMS] ‘

SNR = 20log,, =6.02N +1.76

(Signal-to-Noise and Distortion Ratio SNDR)
SNDR
dB SNDR

‘ ASgnaI [RMS] ‘

‘ otal_Noise[RMS] T A’Fotal_HD[RMS]‘

SNDR = 20log,,(

(Effective Number of Bits ENOB)

S\DR,, —1.76
6.02

ENOB =

(Dynamic Range)
SNR=0
SNR

2.2

SNR
(dB)

peak ,i
SNR 2

\ Performance
.« limited by
\ harmonic
. distortion

Performance
limited by noise

input power

(dB)
|-— Dynamic Range ——

22SNRVvs.

0dB




Digital

4

output
) DNL+1LSB
Offset
T Analog input
2.3

(Offset error)

2.3 AB
(Gain error)
2.3 AB ( 1)

(Differential Non-Linearity DNL)
23 (C D)
LSB)

(Integral Non-Linearity [INL)
2.3 AB

(1




Output

Binary

2Mto ¥
Encoder

i T R M S e

-
e e
e

N1

Themmomneter
code

24

R R R R R R

(flash)

24

[3]

N1




2V 10
2mvV bipolar CMQOS
8
2. 2
P;nalog S/H
nput
Vreft —'V\N—T—'VW—T- .....
A A A A
T—'VW—T ----- —’VW—-T—'\Nv— Q
A Y 8 MSB
: : _ : 3
o
T—'VW-T ----- —'W\/-T—'VW—T— ~
Vref: _JW\,_'/ 4 VRV R
ref- T_MN_ ..... —AAA T AAA._Ta
,/4 } T/ L‘ Low\er gain comparator
T 1 1 1 ' (Coarse comparator)

comp \
\/ Higher gain comparator

(Fine comparator)

10



25 (subrange)

(coarse comparator)
2N
MSB
comparator) LSB

2N/2

input —| S/H »@

N bit
ADC

N bit
DAC

N bit

N bit
ADC

M

oNi2_q

MSB

(fine

bit

Combinational Logic

2.6

2.6 (two-step)

(residue)

[4][S][6]

1



input

2. 4
1st-stage Ind-stage M-th-stage
- > 4 > —l
—»{ S/H ?»@— SiH &@ ------- SH
{l
SN NN \
N bit N bit N bit
ADC ADC ADC
| [N bit | [Nbit
DAC DAC
Nbit ¢ N bit Y y Nbit
Digital error correction
2.7
2.7
N
(throughput rate)
[718]

12



S/H

> S/H

Input

S/H

—» S/H

S/H

2.8

2.8

(timing mismatch)

(gain mismatch)
[10][11]

13




- N M <

O MO O M

I N M I W
DU R B B

MmO MO O O M

i
Lo

™

Lo

™

14



(Fully
Differential) (Dynamic Range)
(Charge Injection Effect) (Power Supply
Noise) (Clock Feedthrough Effect)
1.8v 100MHz 10
NVpp
3. 2
Sample
Switch mode
& o
Vin Ch —— Vout
3.1
31

15



(Sample

Mode) (Hold Mode)
Ch
Ch
Ch
3.2
Bufl CK Buf2
o *
input S A output
T Ch
-
3.2
[2][12]
Pedestal
Yoltage v RS
‘ AV ! . [
- E i Droop Rate
- PEE— Time
Tacq Ths
3.3

16



(Acquisition time Tacq)
3.3
(full-scale) ( )
(recovery delay)
S (turn-on resistance) Ch

(Hold Settling Time Ths)
3.3

(Droop Rate)
3.3 Ch

(Pedestal Error)

S Ch
34 Qch
Ch
CK
Cov \<——>/ Covy
>
Qch i
Vin Ch~T Vout
34




(Nonlinearity Error)

INL/DNL
35
S Ch
(charge-injection)
S (turn-on resistance)
(Gain error)
35 AB ( )
Vout 4 Nonlinerity B

’ Gain Error= 1—-tan#

3.5

e
'l

(Hold-mode feedthrough)

S

(Dynamic Range)
(

(Aperture Jitter)
Hold

)
3.6

Vin
(Cgs  Cgd)
Ch
)

(Vt

18



CK

Velock Ideal Sampling

instant

Vin

Velk/2

Actual Sampling

instant
>
Time
3.6
(Signal-to-Noise Ratio SNR)
SNR ( )

SNR

(Spurious-Free Dynamic Range SFDR)
SFDR dB

(Signal-to-Noise and Distortion Ratio SNDR)
SNDR
SNDR
S (charge-injection)

3.7

(Unity-Gain Buffer)
Ch

19



CLK L_

1 Y
Vin | | + out
Ch ——
3.7
3.8
Ch
Ch
|1
1
3 Clk
Vin -— S Vout

3.8

20



out

)
Y

inpu

out
out

Cs +
! I
3.9 (a) Typel (b) (©)
(offset voltage) 3.9
CLK CLKb (9
(Autozero)
Cs (input)
V. ,.[s]= Ov, (Autozero)
VCs = Vinput [S] _Vos
CLK CLKb (h)

(Virtual Short)

21



V.. [h]=V.+V.

_ Vout [h]
(Vos _V—) = A
Vout [h] :Vcs +V_ = (Vinput [S]_Vos) + (Vos - Vo%[h]) :\/input [S]_
(Gain Error)

| L
]

clkb

1 Cs

nput —  Le——1|
l I out

+

clk

.

dk_'[ - clk—lt
Cf
H _l
Cs
Cs
input_l I >h out _El I
T L +
w0 )
3.10 (a) Type 2 (b) (©
3.10 CLK
(s (Autozero)
Cs (input)

V. .[s]= Ov, (Autozero)
VCs = Vinput [S] _Vos
Vg =V,

o]

Voulh]

out

A

out

CLKb

22



CLK CLKb

Vout [h] = VCs + V—
Vou[N]=Ves []-V_[R]
V. [h] — Vos _ Vout [h]
A
AQq
Cf

Vo [h]=Ve,[s]+

Vauln]=Ve ]+ ==

input
f

= S Sy Ve
C, C,” A
(Vinput * Cs) Cs
(Vout)
Cs Cf Vout

(h)

[s]+V_[h]-V,.)+V_[h]

Cs

(offset voltage)
(Gain error)

AQCf = _AQCS = —CS[(O—V_ [h])_ (V

[s]

Cs

-V,

o)

Cs/Cf
Vout

23



=
=
=

i“pm_' Cs
L L
+
clkb
_E_L_L ek —I E _:[ n:lk_| E
Cf
= i
input 1]
I out ‘ﬁ
9 { Jr_ >_ out
3.11 (a) Type 3 (b) (©)
311 CLK
(9 (Autozero)
Cs Cf (input)

V. .[s]= Ov, (Autozero)
Cs [S] = \/I nput [S] - Vos

= VCf

CLKb

24



CLK CLKb (h)

Vou[h]=Vg [h]+V [h]
Vou[h]
V. [h]=V, - A

o AQu=-8Qe=-C[0-V () Vi3]V

Voi [h] =Voi [S]

Vo 0] =Ves ]+ 5 [l )+ 1]

input
f

CS CS VOU h
= (0 Ml (L4 22 %

Vout

Typel Type2 Type3
1

C
1+—=
( Cf)

Vout [ h] % Vout [ h] % Vout [ h]
A 1+ S ) = L+ C, ) A

Cs Cf Cf
(C,+Cy) (C,+C; +Cy) (C,+C, +C,)

& C,C +C,C,+CLC, C,C +C,C,+CLC,
gm gmxC; gmxC,
C.C,+C,C,+CLC |CC +C((C,+C))+C (C,+Cy) |C,C +C((C,+C,)+C (C,+C))
gmxC, gmxC;, gmxC,
KT KT KT
C C, C.+C,

S

S

31
31 gm Cg
CL Typel ( 1)
Typel

Typel Type2

25



Type3
Type3

Bootstrapping
switc

k1l
vil ool

Type2

(Nyquist Sampling Rate)
(Slew Rate)

"_ILCS

kla

Vom -

Yal

Yol

Bootstrapping
switch

3.12 Flip-Around

3.12)

Typel

Flip-Around (

1,.. G
V, =[1-=(1+—2)]xV,
o =114 ( CS)] in

Cs

26



C
&= l(1+ —) xV,,
A C

S

ﬂ = CS ~ 1
C,+ Cip
(SNR)
(Quantization Noise)
Noise)
vQ
volt T Vo ; *
#
—
=== Vin A
’ ,’
7 1/2LSB -
o4
, il
=
. 7
P -12LSB |
’/
/
#
T;me
3.13(a) (b)
3.13(a)
Distributed)
1 172 V
2 = 2dt | = LLsB.
Voims = [T .[—T/ZVQ d'[} 1

(3.1)

(3.2)

(Thermal

3.13(b)
(Uniformly

(3.3)

27



C ——
?2
314 RC
B, =~ x 21 1
2 27RC 4RC
V2 = akTRx— - KT (34)
4RC C
314 RC Bn (Noise
Bandwidth)  (3.4)
(3.3)(34) SNIR
NR =
_I_
Vés Vés
~10log! —2 | =10log 2 (3.5)
Vis 2 (Vs 12V)? KT
S5 +
12 12 C
(35) Ves (Full Swing) N o°’
K T (Boltzmann’s Constant)

(35  Matlab 3.14

28



_12bit

14bit

__._._L-.E_"_'
-

|
1
|
1
]
|
e
}
1
|
|
|
1
|

107"

10bit]|
8bit

10"?

(apr)aNs

SNR

F(farad)
SNRvs.
29

Cs

3.15

3.15
3.15




CL1

Vemi —

— Cs2 CL2 —
Vi2 —AAA~
Ronl
3.16
3.16
(Ca Co)
(Settling Accuracy) 0.5LSB
~1/2f
e ™ <=LSB
2

7, < 1
2f (N+1)In2

T S RC N fS
10
0.65 nsec

(Switch-Capacitance)

Vol

Vo2

RC

RC

100MHz

30



NMOS

PMOS

3.17

gds

NMOS

Vdd

Vi

3.17

3.17

CMOS

PMOS

NMOS

3.18

31



Ron

Vout

- == Vin

Time

3.18

(Charge Injection
Effect)
(Qch)

Qch = VVLCox (VGS _VTH )

Qch

Qch
(Offset)

Qch

[13][14][15]

32



CKb

cx o

I
Vdd

Ml;“ TL 1_L||.

L M8 M5
Vin } _I _I ! Vo
M9
3.19
N Iemimi Ni NN IRV,
al ‘hv }{'
&l " ]
2L ‘! g =1 -
£
! . » =T N
i e
LL “f "‘.‘-
! ] 1
b M i e s
3.20
3.19 3.20 Hspice
3.19 CK CKb M9
M4 M3 Vdd C1
CK CKb M6 M2

33



M1 M9 Vdd

Vdd
M8 M5 Vds
M9  VgsVth
3.4. 3
(@
0.5LSB (Cip) 0.15pF
(3.2 (3.
_ C,
Ve aA+--2)< 1 LSB
A C.,o 2
= A>68.5dB
(b)
(Autozero) Vpp CL

(Non-Overlap Clock)
14

M9

34



1

—V,_,xC,
R=2""
TSIew
1 1 _
Tgewzzxa(non—overlap period)

— SR> 500V / s

(©
(Settling Accuracy) 10
_Tsa
g=e™ < 1 LSB
2
o1
< 27,
= f, > 480MHz
& B
3/4 (Settling)
(d)

(Distortion)

35



()

YDD

bias1 M7 M8

4
h-insz-c*
w7 mis |—i“‘ itlna

bias3 :l

hiﬂs4_|

3.21
3.21
(Folded-Cascode)
Om7 (ro)z ro
M7 M8 (drain)
M3
NMOS
(gain-stage)
2Vpp
Vds 500mv+V dsat

YDD

lo-biasl hi:lsl'C| M7 M3 F-hiasl
0 bias2 “‘““2"1{ M5 M6 k- bias2
out- Ilulﬂ E t-
[~ bias3 bias3_| ]M3 M4E I_Iliﬂss
—bhiasd int+ —| M1 M2 I— in-
M1l7 M18
out+— out-
(non-dominant pole)
M7 M8 RC
d,,(ro)? ro out+ out-
M4 (source)
M3

M4

(source-couple-pair)
(Current-reuse)

v M4 M6 M3 M5

36



Vol B (i)

B0

blzlhl _M
M8 12 MI3

Voutl

+—Vout2

W= rw—{ |

Rzl Cel Rz2 Ced

I Eﬂo : tl\»ll i

CMEB2 —| M9

- Vss

3.22 (Two-Stage)

(Two-Stage)
3.22)[19]

(Stability)

3.23 3.2 !

. 103, de1tadn S
~

N 12
\ £ -120
N,
",

%, £ -140
kY

5
-0.0z16%ea=0 |[ -150

10 100 1k 10k 100k 1% 105 100 1 e
Frequency (og) (HERTZ) He

3.23

37



Vol _l

bias(

MB3

MB7

T FF FS SF SS
IDCGain [g2dB  [71.2dB  [748dB  [83.2dB  [79dB
Pm 77° |83 80° (16 ° 75 °
it 80SMHz [724MHz [758MHz [794MHz [758MHz
Power  [B12mwW [8.01mW [B23mW [808mMW [8.32mW

3.2
4 . 4
(325
vdd
Vet _4 [MB] Ij [ MB2
Vo2

L AR A

MB8

3.24

38




3.24

MB3 MB6 MB7 MB8 Vcmol
MB2 MB1
Vct PMOS
vdd
clk2 a _I MI2 _I i tE clkl clk2
A1 i A1 A1
Vemo _| g5 g Voutl Vout? 52 56 b= Vemo
clk2b -l?;ub i clk;z?—
s | om Jom | B
_| Eno —| I:Mn
Vinl Vin2
dlk2 oIkl . okl clk2
1 L IJ 1 | L
87 $3 | s4 S8
CMFB2 ' |':|j19 CMFB2
< < L < v
clk2b clklb clklb clk2b
3.25
3.25 clkl clk2
S5~S8 CB3 CB4 Vvecmo CMFB2
(Hold-mode) clkl clk2 S1~+A
CB3 CB4 CB1 CB2
Voutl Vout?2 M9

Voutl Vout2
M9

39



clkllb ¢kl delklbh delkl
| | | 1
Buffer Buffer Buffer
ST 1
clkin X |
: |
A e
| :
1 1
| 1
: |
Buffer Buffer !. _____________ |
clklzZb clk2 delk2b  delk2
3.26
3.27
3.28
M1 clkl Ch
M1 C1l
Ch Ch
M1

(Bottom-Plate Sampling)

Ts |
clk2a i Ei' W
clk2 : i-f \
T
3.27

40



(guard-ring)

(Resample)

3.28

MIM

[16]

3.29

DC

41



g:lfgrt;‘ggr —»| BPE [ Balm SHA Probe [ ip;ﬁt;;‘g
Pul | Divia :
Genttl:rse;:tor > 11/1261' —»| Oscilloscope
3.29
Pulse Spectrum | Oscilloscope |  Active Function
Generator | Analyzer Probe Generator
Model Agilent R&S TDS754D | TK P6246 R&S
81110A FSIQ26 SMI1Q06B
MAX Freq | 165MHz 26.5GHz 500MHz 1GHz 6.4GHz
MIN Freq | ---------- 20HZ | s | e 300KHz
AppendiX | --m-mememem | -mmmmeieeeo 2GS/s C<lpF | -----------
3.3

42




( 3.30)
0.18u m ESD
(Bonding Wire) (PCB) ( 331

5 oa 7
= el Y et anae
[ o

NS AL -y

3.30 (1087pm X 910pm)




v SO

A




Tek 1.00GS/s
I.

14 Acqs
.

I T

T it

4

500mMva

M50.0ns Ch3 7
01:14:12

30mMV 19 Sep 2004

3.33

2MHZ

100MHz

UNCAL
Ref Lwvl
10 dBm

500 Hz
500 Hz
10 =

Delta 1 [T1] RBW 10 dB
—46.90 dB VBW

4.00801603 MH=z SWT

RF ALL

Unit dEm
10

-20

1AFP

-40

-50

-50

-%0

Start 0 Hz 2.5 MH=Z/ Stop 25 MH=zZ

Date: 18.SEFP.2004 23:28:36

3.34 2MHz 100MHz

45



UNCATL Delta 1 [T1] REBW 500 H=z RF Attt 40 OB

Ref Lvl —-47.19 dB WEBW 50 H=z
10 dBm 76.05210421 kH= SWT 50 s Unit dBm
10 - .
v Ex
—40 1
_90 Start 20 kH=z 33 kH=z/ Stop 350 kH=z
Date: 21.5EP.2004 le:53:22
3.35 50.038MHz 100MHz
60
20 \
[’
2 30
vra 20
10
D 1 1 1
0 5 10 15 20 25
mnput frequency (MHz)
3.36 SFDR vs. @ 100MHz 1.8V,

46



1996 [20] |2001 JSSC [21]{2003 VLSI [22]| Thiswork
Sample Rate 100 MHz 75 MHz 100 MHz 100 MHz
SFDR at Nyquist 68 dB 85dB 80dB 47.19 dB
Rate
Differential Input| 2Vpp 2Vpp 1.8Vpp 1.8Vpp
Power 140 mwW 100 mwW 33mw 10.8 mwW
Consumption
DC Gain of 76 dB 80dB 63 dB 82dB
Opamp
Opamp Type |Super Cascode|Folded Cascodel Telescopic Two-Stage
Supply Voltage 5V 3V 25V 18V
Technology 1pum CMOS |[0.35um CMOS| 0.25um CMOS|0.18um CMOS
FOM 151 11.23 25.64 17.61
*FOM = (2" x f_)/ Power
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vdd Gnd 2 MHz
100 MHz SFDR 68dB 3.37
46dB 3.34

Volts dB (lin)
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4.2
0
(Conversion Range)

4.2
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4.3
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4.7
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Digital Correction Adder

v v 4 v v v v v v
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15 4.8
[91[19]

(Throughput)
15
2

Clock
Generator
1
¥ v v ¥ v
Anpalog in —s] 5/H -1 crapel -1 crape? | srape3 e weweee. = smpeY
4 Z bits 4 Zhits 4 Zhits 4 Zhits

10bits

<o

Diziml out

—[ sm | -
J +_ Residue
ADC DAC
Zbits

I Error correcton logic

4.8 15
(Scaling)
4.1
SH Stagel~3 Staged~9
DC gain 82 dB 80.1dB 72.7 dB
Bandwidth 805 MHz 1.12 GHz 977 MHz
Power 8.12 mwW 10.5 mw 52mw
41
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|E‘ I Mslj Em
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49
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Vdd Vdd

Comparator |fr— j_T_J
L::ch -
Vdd
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1
'dd
GND
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& 1 i
Latch | |
Y Y
GND
4.10
Thermometer Code
4.10
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00 00

01 01

11 10

4.2
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2 (Vin-DAC)

4. 3. 3
Clk2 "\, < JLlkI
VinP Clk
C
VinN
4.11
4.11
B 0.5
Clk1 Clk2
Cs3 Cs4 Cfl Cf2
Clk1 Clk2 Cs3 Cs4
DAC Vin DAC Cf1
Cf2 Cs=Cf
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TSMC 0.18 1P6M 1.8V
MIM (metal-insulator-metal)
(Mismatch) MDAC
MDAC Cs
Cf
4.12 10
0.1% MIM
—48— SFDE ve Capacitor mismatch
iy
&0
AN
fats
2 60
L]
50 -%
4_[:' 1 1 1 1 1 1 1 1 1
5 4 3 2 1 0 1 2 3 4 5
Capacitor mismatch (%)
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Volt: Volte Volt: Volt: Voltz Volte Volt: Volt: Volts Volt: Volt:

800m

B00M -]

400m -

Voltages (lin)

~400m
-600m ]

-800m ]

-10
-20 ]

-30

Volts dB (lin)

-70
-80 ]
-90
-100 ]

-110

200m -]

-200m ]

-a0 ]

-60 | ___A

Time (lin) (TIME)

4.16 ADC

X1=1.07e+06
¥1=0.00e+00
Current X=2.08e+07
Current ¥=-7.67e+01
Deltax=1.97e+07

| Slope=-3.69e-06
Derivative=1.01e-04

0 ax 10x 13% 20% 2% Jox Jox 40x 5 alx
Frequency (lin) (hertz)

4.17ADC (fin=1MHz Sinusoidal Wave fs=100MHz Vp-p=1.5V)
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Volts dB (lin)
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418 ADC (fin=49MHz SinusoidalWave fs=100MHz Vp-p=1.5V)
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4.19 ADC SFDR vs. Input Frequency @ 75°C
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a0

EO

0

—%— TT mode — 88— FF mpde i 55 mode
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&= : - s :
Z  an ] [
50
=0
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4.20 ADC SNDRws! Input Frequency @ 75°C
4 . 3
Differential Mon-Linearity
Q.15
0.1
- L
0
4005
0.1
4015
0.2
1 8 171 256 341 426 511 596 681 b6 851 936 102]
4.21 ADC DNL (Code Density=20 Input Range=-0.75Vref~0.75Vref)
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Integral Mon-Linearity
0.2
0.15
0.1
0.05
0
.05
0.1
.15
0.2
1 86 171 25 341 426 511 596 681 766 851 9% 102]
4.22 ADC INL (Code Density=20 Input Range=-0.75Vref~0.75Vref)
4.21 4.22
INL DNL 0.2LSB 100
2Vp, 1.8V 88mwW (w/o Buffer)
2517y m*12574 mm 4.3
2001 |SSCC |2003 ISSCC (2003 ISSCC 2004 ISSCC ([Thiswork
[18] [23] [24] [25]
ENOB 10 bit 10 bit 10 bit 8 bit 10 bit
Conversion 100 MHz 80 MHz 150 MHz 150 MHz 100 MHz
rate(MHz)
DNL <066 LSB |<0.25LSB [|<0.69LSB [<0.73LSB [<0.2LSB
INL <0.76 LSB |<0.5LSB <0.68LSB [<0.94LSB [<0.2LSB
Technology 0.18u m 0.18u m 0.18u m 0.18u m 0.18u m
Supply 1.8V 3V 1.8V 1.8V 1.8V
voltage(V)
Power(mWw) 180 mwW 69 mW 123 mwW 71 mW 88 mW
FOM 568 1187 1248 540 1163

*FOM = (2" x f_)/ Power

4.3
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10 100
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8 100
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