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Abstract

This work proposes a 1Zb 130MS/s 108mW 18mm’ 0.18um CMOS ADC for high-quality video systems such as
TFT-LCD displays and digital TVs requiring simultaneously high resolution, low power, and small size at high speed.
The proposed ADC optimizes power consumption and chip area at the target resolution and sampling rate based on a
three-step pipeline architecture. The input SHA with gate-bootstrapped sampling switches and a properly controlled
trans-conductance ratio of two amplifier stages achieves a high gain and phase margin for 12b input accuracy at the
Nyquist frequency. A signal-insensitive 3D-fully symmetric layout reduces a capacitor and device mismatch of two
MDACs. The proposed supply- and temperature- insensitive current and voltage references are implemented on chip with
a small number of transistors. The prototype ADC in a 0.18um 1P6M CMOS technology demonstrates a measured DNL
and INL within 0.69LSB and 2.12LSB, respectively. The ADC shows a maximum SNDR of 53dB and 51dB and a
maximum SFDR of 68dB and 66dB at 120MS/s and 130MS/s, respectively. The ADC with an active die area of 1.8mm’
consumes 108mW at 130MS/s and 1.8V.
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recently reported 12b resolution ADCs.

vl AA 3 dAHE 58mm’E AM A" FHs
of ALR3L7] oY) §E, £ =FdA A¢sl= ADC

E 018um CMOS 3422 A=Y H, 124 E 3
o A=A AEY Sxo g HY 425}
0.83mW/MHzZ AlA &1z, 3] dAE 1.8mm’
2 SoCell 8% g A2" FHol ¢ HEgS
& 4 gtk

£ =RdAME 128 EY dTdAM 130MS/s9 &
A £2E UEAT)E ADCE 93] 98 o3
22 2 7HA 244 JEE A8 (D) 87
T HAE 2 AMGA HE A9 WAS A 5E)
A3 3¢ HolzZgel P22 AAsIged (2) dy
sample-and-hold amplifier (SHA)¥E Nyquist $J 2 A
E 128E o] & HEE {X57] YA Alole
-REXEYA (gate-bootstrapping) 3 ZE ALY
o, & DC A o158 dAHAN N3 AR S8
g A AfE 47] A8 EdaAYE A e S HA
3 23 29 FEY] 22 AAEALeH, (3) AA
ADC A= 9 MyAMel ZHAHA AFg& F=
multiplying D/A ®&7] (MDAC)Y AIYAEH LQoe
2z FAGE HAgEEA UFH Az § 94 3
A4 4d gy T2 Holokx JHE Hgsen,
4) Y= FAE A8 Al NEL 7E AF
R AG BT HLe 22 EWX2HE AHEEY
-Ho2 JH3}o FAF o} FEa YRR I)FE

F 2 A%e d9Hes FFHE B, Medez

=2 rlo

SR 7)E AEE AT UAREE AAEgT 2 =

Bel I FIHE AQske ADCY HA FxE A
a5, I o)A Akske ol 74 52 44 7)Y 2



2008 38 MAHE

53]

doloke 71We s 2otk IV FAE Ag
SH= ADC AlAIES) 2% 208 3T F, V g4
2EL BE

II. Meksk= ADC ®A| &
2 =&dA A¢ksl= 128|E 130MS/s ADCE %
Tl A Zk7; 4uE, 4H|E, 6HIEE AA st 3T 1ol
Zel F2E 7AW, ADCY AA 7FxE 19 29
o), ¥ SHA, 2719) 4HME MDAC, 274 4H|E
flash ADC, 17]¢] 6H]E flash ADC, D]XlEé ny 3=
(digital correction logic), &-3 7] AfF € A &
A7], -3 E3F7] (on-chip decunator) 2 25 14
7] (clock generator) $2.2 FA =t}

+ ™ N
AN SHA> MDACT > MDACZ
ON CHIP I/V REF
WIiTH OFF-CHIP FLASH 4-b FLASH a-b FLASH
C FILTERS ADC1 ADC2 ADC3
4 y 4
TIMING CIRCUIT } 4-b 4-b ! 6-b

DIGITAL CORRECTION LOGIC |

Qip

o [y 12-b
a2 kozp [ OPT. DECIMATOR (1/1, 1/2, 1/4 15 ) b 120
a8 2. Hekste 12BIE 130MS/s 0.18um CMOS ADC

Fig. 2. Proposed 120 130MS/s 0.18um CMOS ADC.

9 F-ol A JEEE st
HHA ¥ 25 QL Q28 %
A “”g?f}\_ _x_._*i (offset) 4 28 9
feedthrough) 5¢] B]A¥ i tiXd u¥ 32
dg== MHE FoA Z47F [HEY FHAA 124 E
o 2¥& v A¥HQA UAE uF WHoz uAy
o 23 Ve AR €AY 2A7E LE-Fogs

Tdo] oH e FFstn HAHE VIE AF ¢ Age
U 5ol A “”3*]74 A& T A Y £ Qe &
3] AEg HEst| -‘?‘1?'511 X‘Ziﬂﬁi"”%

4%@@ 584

gat7l A3l *}%51214

=EX M 45 ASDHEA IS

(305)

79

II. AMQtsh= ADC 2 3|ZMA U B|o|orR

1. Hetsts Y HES SHA 32

Arsle ADCS gd SHAYGAE 98 438 12
E 3 HE=2 Ay A oe 1 dF
-AE e Fde %]ﬁ AEY 29719 g2 &%
S 7HEA FAY & DC A o15E Ze &)
7t @54y og a7 Hrh A¢tsHs SHA 2% 19 3
I 2ol 12¥ES 1HEEE FA 5] AA dE A
39| Wigel] #ARlo] 299 AolE-Lx HgE A

ok

=

o gt

4 AY FELE YA FANATE AE-RE
2EHY  /Ee Agsad =g, -‘T“ 7h¢l
folded-cascode 727} €4 oz dZdd 219 T
& AH83to 75dBY &2 DC AY o5& 9&19-‘11

g SE7]9 ERXAAYY A v &S A3 A3

o)
T

SHAY &4 4% vluy & 43& F&= 944 o
g 74° ol VEIEE HAH

Aerale Y SHA 3 2oME 275HE I2HE
AT 2 130MS/s o] MEY £EAA T3
A FA e A WA He A 2RE 9] A4,
2] AHAEE A1E3E flip-around TZE A A8
3L, SHAS o AsAlEe A7) KT/C #& ¥
1.0Vppd 948 A3A 12HE 59 HEZE 1
23t 1.2pF& AHE3ITh

ag 3.

Heotshe 2ol SHA 32
Fig. 3. Proposed wide-band SHA.

2. AR 2 CHE 0[O 71Y Jlgtel HAH
HA 4H|E MDACs
Ygugdoz ADC A A
non-linearity (DNL), INL¥%} Z&
T F8 892 AFGANEH @ e B
AN FAFS BAEG3 oY= 2

>

=]

-—

Ao A differential
AA 5L AA3)

Aoz oy
g4 3

P

O 37
% < ¥

[=]



80

13513

AZ A do e €AY AZATHY 714 AHA
H2Z Q3 4% Fo| An, 53 MDACAAM Y A
AE BA3E ADCY A4l AHAYU JE§E 77
ufioll it Fodtt) oo wel I2HE o4y ¥
L REE a7t ADCY A, AAY BAEE
AAs7) A3 SHF BAVEE AHEE S5 o,
olg] ¢t HA7|HE FriAel dzz A HAHY A
AR 9 HE §& F/HIE B30l e o Al
¢ &8 2 8 AFS FASA ok 1wk,
1E2 AEE golotx & FUH 2A 32 ¢
o] AN E e RATL 4 T8 AHAE & g
2 =&8dAMe MDAC AAH 2A#E Hagsr]
AA B4 BAVHE AMESA] ok 33 ¢4
3 #Hololx W& H&3 AAFE ADCE AtaH
o 28 49 MDAC 7AsiAH 42 &9 ARANEHEY
E71de AT 94 Az ztz}ol 9l A
AEEFH g3 BeEstn = o2 EMA
#olobx-& St =3, A AlE A7R 4zl &
o AdAEET s EYAPoEZN UH AT A
S Ave 259 9 glo] ZE AWAEEY FW
A3 FTUsA FozHN AYAH BEAFS

A
=
—

gojo-x 7IHE HETd 2749 4uE
MDACH = B3 AHNAIE 22914 (merged-capacitor
switching : MCS) 7I"e A1g3te] Hadt w9l #

A 8 w2 £Qo0ZH ZAE AMAH
F 9429 gAY AolE 2 N3He £ 58 =

dete] 23l AgAeag A AT AHREE 9
ARAH 32, MDACIM = kT/C &L 2 dd9a
SHA9 48 AAE 1.2pF#e] A

Bgfhaf /

e o —

_ Bgfighs

A

i ———— —

® Each MDAC unit capacitor isolated from neighboring signal lines for high linearity

O 4 §2 4K ofad HeTE 9t 3XH 2 of
A MDAC HIAlE
Fig. 4. 3-D fully symmetric MDAC capacitors for high

matching accuracy.

4 NAY 288 9F 128/ 130MS/s 108mW 1.8mm? 0.18um CMOS A/D #1§H7|

S o

150fFE AHE3t5 o] MDAC291M = 80fFE AHR§Ho
24 MDAC2eH Aol gt HEx @ AY 5&
BEAFE FAlO AA ADCAAM 2e AHL A3}
£ MDACI19] #3 AHAELE 494 MDACIY A

g ARE FHigegn.

3. 2% ¢ Mo SYHQ XA 2-F CMOS
7l M L M w7

AedtE ADColE 2% 59 o] 130MS/s8 &
53 £TdA AHger T /F AF €AY
328 &-Hoz Ay}

A Agkd CMOS 3AAAM 428 AF 2 A

@ 27 7 W ozE CMOS F4AA & 7}
8 714 vlo]Ee EWRAXE  (lateral bipolar
transistor) 2 WZ 78 (bandgap) ALS AT 2N,
F49 wpol & FALAA 49 WHE adgE o
&3t W3 3718 (enhancement)?] MOS E#X A
Ele} T3 (depletion)e] MOS EWX|~E 9 #¥ A
¢ (threshold voltage)e] ztolg o] &3lo] FH3E= W
ol oy o2F WYPEL CMOS FAAY
AAZE F A7 LAY 27 EEo2 Q3 v}
2374 F7HEAY FHe] BRI wdo] itk
3 7)€Y gd CMOSE Az 712 AF 32s
9 2= AFE VM 3E2Y S LE AFE R
25 FAY AHEEte 22X Wl SYUHQ 3=
FRGFOUH B =RoME 249 EWA2H
AHEEHE 2eE dlEwe® 130MS/sY 1 B%
dNE oz FAse ANAY -3 713 AF
2 At IA2E ANsET. 2Y 62 AdEE AAY

=
=

=
=

VREF DRIVER

OFF-CHP ALTERS

can be employed.
dg 5 Hetste MY 2-F J7|EME Y Meh 4y
7]
Fig. 5. Proposed low-power on-chip current and

voltage references.



20084 38 HxtZEs

T8 6. Hetste MAEH 2-%F J[E ME U4
Fig. 6. Proposed low-power on-chip current reference.
SR Ve AR YRS L}EMD}

HEE Mg CMLXE dF AEE Hasislr] 93
Wike] A% B g2 AR dd EE S8 A
Qo] 0% wEA HABEHE AGE KA €k
ERQR £ MP1# MP27F 59¢ WLE AYz 7]2
sleze Mi HAE A&, VDD T12 =& A}
ojo] M (D3 ol vEbE 4 Utk o] ArjelA

L\/H\Il-‘ﬂ AOlE AYE FEsld N1 w$ 24 v
T Vsglel Vthploll 7 AA] ¥lu Axxoz 123

9¥ ol A Agte] FHHA Wiz ¥Edth ®
&, A% 29 Lxo] g WekE ()T 2o Bak]
slEae] P34 glon, #e ASe &9 eF As
7 EE Qo2 Z@E 7 & HE3] mste
B HHFAL HS 2rd dE 5HHe 32
i TEE Ak
2ng = Rd 5, + ng:a (1)
1
Zé = ﬁ {2K( I/;gl - 17thpl ) +2 I/;Izpl - I/;hp.‘i}
1
1
-~ —R—d_ (2 I/thpl T/;hpB) (2)
1 (&/1)
K=1—=
( 2 \/(W/L)mp'i/( W/L)mpl]
81, oRd
6721 - Rd'z (2 I/thpl I/fhpli)'_aT—I (> O) (3)
1 28V 1 Vs
YR e SO R er 0

| ==X M 45 H SD H

H3z 81

TA7) SR Body A3, MF L2

o exo| Ug WHEL B2ppm/T $EL wolH),
A Ade] Y Wsge A AYo] L6VAIA 20V
7AWk A g nelzn. 7%

)
fo
b
7,
o
g
A,
O
L
(%
.o
2
H
g
&

ERE

5o 2
IVCN HAd #mE=ef 2
o AR % At g WEE
saa™, A4y Fog Aad
ff (=POFF) X3 & A&l ¥
A7 3uW olste HES
external reference (=EXTRF) 2% &
£ wet BoA RN 71%
g & UEF 3%t EXTRF 4%
A lHFelA BR8N 71E ASE ’\}
EXTRF A&7} highd %%, 249 7
7t 8 JuEat HEE St o v
£38kA "t

gt ARbete ADCAA AHEEHE 7)E
MOS &A1& F3te] ADCY 4 §3 59
oA, E5e mtet 247} ON 2 OFF7t
A g Aete eHes 4 2 dds
gt old wAse nFu A4A FoH
22 71F A 29 =9 #Hgbo) 12v|E
e o2 KA oy}
5] &5 3 2o|A HE uig Zol 71FE AY
Eo 0.IuF 79 vloldl A AYAHE 3 i

Asto] Aoz ole J& EAE st
W, g 78] RoAY AujoA HE uieh 2o

R 9&5% 7@
$E& {3 power
& “Eﬂoﬂfﬂ ADC

)4
a
]

—r—' e -lﬂ I'
QL
EZR

Eg_zm
i Yy >,
to l>
o,
_}Lo]o_ﬂ.

ne
h)

15!
B

oo
ol
-
=

r«lN ﬁ
2L
b
n

2 o

wo
pad
>

Jr g oof
R

= )

2 ol
fﬂ me e F ©
lo,

2 e

LU

N

1%
2 olo R ool e ol X B M orlo

i;ﬁc_‘

|

12 my

Gizmv |

TOP REFERENCE

1.57 ns

BOTTOM REFERENCE

! Idesl = GMD -0.25
20 | ]
128

1269 127.8 {rs] 1259 127.8 {ns}

33 7. 2-F J|E e oAy Zat
Fig. 7. Simulated on-chip top and bottom reference .
voltages.



82 A3 o MA

e 2-3 712 AE 2 AY 27 we s ISOMS/S
oA J1E AYol BRI 50% o)) oA+
7HA 3 FE8) AAEgE & 5 Stk

al Af
=

IV. NXIZE ADC |zt

845 59

Aokste 12HE 130MS/s £ 0.18um n-well
1IPBM CMOS 3322 18V A4 A A& 943
018um & A2 Zolg Algdtd ALY At
e AlAE ADCY A ARl 19 8% 21 F& A
o2 FANH FE& -3 PMOS decoupling #AsiA
£ ebdd

ANAE ADCe] 98 4 &9
& 1.8mm’e] ™, 130MS/s] 4
g & 108mWe AZE £33
¥ DNL ¥ INLS 29 994 B

& AA® 3 ¥A
58 Mz 5%
AAE ADCY &7

she} go] 727} 3

e
E

AR T
= =1

\__

-

d8 8 AHE 1241E 130MS/s ADC & AFE (1.37mm
x 1.28mm)
Fig. 8. Die photograph of the prototype 12b 130MS/s
ADC (1.37mm x 1.28mm).
5
@
z
0 CODE 4095
_ 28
z
25
@ CODE 4095
38 9 MHZE ADCY =32 DNL 9 INL

Fig. 9. Measured DNL and INL of the prototype ADC.

o 288 98 128/ 130MS/s 108mW 1.8mm’ 0.18um CMOS A/D %7

(308)

fin = 1MHz
fs = 130MHz
(4096FFT)

-120

0

Frequency [MHZz} 16.25

a2 10, A[ME ADCe EFE FFT AH
)

10. Measured FFT spectrum of the proposed ADC
(1/4fs down sampled).

EH

(1/afs M
Fig.

80

W-—I—.\-

fin = 1MHz —a— SFDR

—o— SNDR

0 — L 1 L 1 L
0 20 40 60 80 100

Sampling Frequency [MHz]

(a)

L
130

fs = 130MHz —8— SFDR

—e— SNDR

0 e, L U | A I 1 1
0 10 20 30 40 50 80 65

Input Frequency [MHz)]

{b)
a7 11, AHE ADCe| £ME B Ms
(a) ME2 ¥ () ¥ oo w2 SFDR ¥
SNDR
Fig. 1. Dynamic performance of the prototype ADC :

Measured SFDR and SNDR versus (@) fs and
{b) fin,

o) 0.69LSB, 2.12LSB &t}

a9 102 AAE ADCYl WA IMHz 8 S35
ot 130MS/s A2 SEdM ST AFHA A3 &
HEH S vehdd. g4 9L 130MS/sE 533t
ADC ¢ -3 E£F718 AMest 130MHz
S 1/4 ¥ AEY 3t A8
a8 11¢& A3t AAF ADCY SAH
5¢ HdZEdh a¥ 1l(a)E ADCY HEY
10MS/sel A 130MS/s7HA] F7kA Y o, 1IMHzS]
dd FHToMY
ratio (SNDR)

=22

=2

53
&%

=
<=
A%

3

signal-to-noise-and—distortion

ot
=

spurious-free dynamic range



2008 38 FAIBEs
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Table 1.

AlME ADC M 29
Performance summary of the prototype ADC.

Resolution 12bits

Conversion Rate 120MS/s(typical) | 130MS/s(max)

Process 0.18um 1P6M CMOS
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Active Die Area 1.8mm® (= 1.37mm x 1.28mm)
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