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okl ogk ADCO] Al TR, = Lol AAE ukel o], §1¥ & SHA, 37H¢] MDAC(MDAC1, MDAC2,
MDAC3), 170¢] 3H|E flash ADC(FLASH ADC1), 371¢] 4H|E flash ADC(FLASH ADC2, FLASH ADC3, FLASH ADC4),

uxd w432 (digital correction logic), FF ¥A7|(timing circuit), &-F 7|& AF 2 At FA7
(on—-chip I/V reference)® TA¥t}. oLz & dhgo] 93 ADCE 124 E 50[MS/S] EF AL 3 WA
9 2R AES Haskelr] s A AR SH(FLASH ADC1 8 eh)olA 3uES AAsta U= 3709 wH(FLASH

ADC2 W®] FLASH ADC4 Z&ETh)ollA]l 242t AR EE AAste= 4% To] 2l ¢—§— ==

o17]4, ¥ @ SHASH MDACLS AH7lellA T4 s 37149 F=(clock)o] Aar} =2 F 7o AnAH
A(C-BANK X, C-BANK Y) % F 7He] NMOS 18 w& Zte shube] 2¢ S37]1(A1%) A2)E ARS8t ATiAIE <}
FEZNE B FFFozMN lte B=91 SHADAC(=SHAHMDACL)Z B &3slgitt. ol2e] T WA MDAC(MDAC2)
24 AA MDACMDAC3) S F 7He] NMOS 98 w8 2zt shte] 2vk SE7(B1y B2)E frate] dE 2 o

H

T \Hs FUIE 94
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S 93 AC|E-FEXE Y (gate-boot strapping) 7IHE A&ssem, 71 AF 2 HAY 2R 7] (on-—chip
[/V reference) S -2 FAAslo] A4 oldza EFo 7|& AF 2 ALS kg™ oz I8 F A=sE
&ttt
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AE ddsr] fs A2 AWAE T 7EE At dde] Aldksks ASAY g 7 il
AA g vpep ol F el ATAE A(C-BANK X, C-BANK V)& ARE3LE o] FollA walg AdfAE d& Al
sko] MDAC1S] &7 St 3% Al AFAIE e Hobde detE AATI SAlel F 7he 948 &(INT, IN2)S 2

TH71(ME &ste](Op-amp sharing) WIARE 18 @& 2Alste] S37] 18 o] mimeg g3t AA st

obel s 7)Ee) AMAE T AuT B wgol AYss ANAE FH 718 (PROPOSED) & WliLg molt),
ool g AAY FF 7IHS 7] AAE TR WA s FEF719 g B SR8k AAIE
227F ANl AQAE-ARAIE] ol H|Eke] wFo R FojEvh, mg, ASAH HAlE 9% FHHQ 25
o] AgstA Fomw F2 £ FA4vt glom, FHE FH7|Y] AR Y IS gAlste] Wme] g3y
slolA= Aol Ao
* CSS : Capacitor Sharing Scheme
# of Max. Load #of # of Op amp Memory
Amplifier | Capacitance | Capacitor | Clock Phase Sharing Effect
WITHOUT CS8 2 4C 4 2 NO NO
CSS[11] 1 2C 4 3 YES NO
css[12] 1 2C 6 2 YES YES
PROPOSED 1 2C 6 7 YES NO

e o= o SHASF MDACLe]l F 719 ASHAIE F(C-BANK X, C-BANK V) ¥ F 70 NMOS 9= &
& 2 e FEI)(% 49 MF BHES sho] shbel RESSIAO AT AFsA. ol BAME =
o]

% 58 FxshW, SHADACS 7 Hel AwAIE] A(C-bank X9} C-bank Y)¥ 7 71 NMOS 18 &5 zh= st

2%k SE7](Al, A2)2 FAEReW, mALE ASAE 3 mARS F$E7] ¥ W(IND EE IN2 F o= 3
WS gAste] AAE Al e X7 49 o gAS A% FHER EF50] glol® AFAIH Holle
Aste AAL = A5H Al %7 94 dol Yehve miy 235 AASES dvh. 123, 9y o Al
Z8 29xdE AE-REAEYE 3 2E ALEsle] 2-A 3 (on-resistance)? 3’.715— Foli, 4¥ 459
Hate] SPAQ 2-AF g Z2EF 3o YolFAE Y Fag ot gE ASE T flo] =2 A=
259 T F J=F g

2 o] 9%k SHADACE 4714 &4 REE 7FE & k. & 6a WA & 6dell o]2]g 4714 &4 RE9 I8
il

A ezt 247 AN Qlow, w7 olef@ 47bA FA weol e SHASH MDACL, ATHAE A(C-BANK
C-BANK Y) Z7he] A9l B4 el vl tholojidle AlAekn gtk E Gt Do, E 6bE @

<

of & et @ & 6dE @l 27 fj-gdr).

A, F5 77 QdAMe d8 A7t MEH ANAEC O AZFHE, AMAIE F(C-bank X)& oA
F71e A" d¥ Az} FLASHIY =4 Z=o ddsts Ay ztols FTEst= MDACLY JF AY 5
Z(Amplifying) &2Hs @t} oluf, wAFE ATAIH F(C-bank V) SAMATH = 6a).

5 F7] @AdAE AEYH AGAEHCYAN AZE 48 A5 (V7 AAIE E(C-bank Y)oll HE=o] SHAS]
£d(Holding) &2t 2 MDAC1e] WEH B2 FAlol 39, old F7lo T/ Ad SFol AU AA
B d(C-bank X)& v 322 94l FA AETHE 6b).

= F7] @dAE v 948 Asrt AMEY AGAEH(Cpol A=Y ATAE D (C-bank Y)& MDACIS]
AY ZZ& YA AAeEH, ASAH F(C-bank X)& AE HEES FAFH(E 6¢).

5 F7] @AM+ MDACLY] 7 At FFol| AFEE AWAIE A (C-bank Y)o] v &2 {3 A=A, A
Z3 AGAE(C ol A 4HFNFZ7E AGAE D(C-bank X) 2 AL o] SHAY F9 = MDAC1Y =¥ 537
< WHESHH (= 6d)
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21.6[mV]1e] AHE 2=}, AJAF ADCS S4F DNL 2 INNE F 719 A=A S (C-BANK X, C-BANK Y)23
B OAREES w2z Hdl 0.53LSB, 2.09LSB i, ATAIE A(C-BANK X)uhE ARESIlS W H
0.53LSB, 2.09LSB <&, HSHAIH G(C-BANK Y)¥h& AR83l3S uwl 0.54LSB, 2.34LSB T2 = AN A%
Hlth, o2 Ea) F i AFAAE G(C-BANK X, C-BANK V)& AM&aldA w9 AFHAE Alolo] FA3Fto|
g ol A9l k= RS HHH R A 4 vk, DNL/INLe #e s YEids 74 3 adze
119 AA =] ALt

T 1229 = 12b £ @Ee] ok AFAIE 2 FF7] Ff 7Ho|

AAIRE 2P ot

WA = 122 ADCY) B3 £EE 10[MS/s1olA 60[MS/s]17HA] F7kA1A W, 4[MHz]19) AHs 48 F3(fin) o
/9] Signal-to-Noise-and-Distortion Ratio(SNDR) 2 Spurious-Free Dynamic Range(SFDR)Z z}z} yteldl Ao
o, B2 &xr) 50[MS/s1ZHA E7FE u) ADCel =A™ SNDRT% SFDR2  Z+Z} 60.6[dB], 69.4[dB] ©]%
fFrAE . = 12be 50[MS/s1e] ADCO] &2 HolA, s ¥ Fi+E F7HAZE we] SNDR¥ SFDRS 7+
vERd Aolth. Y Alsrt 60[Miz] 744 S74E o, 54 ® SNDR¥} SFDRS 77+ 55.8[dBl, 66.5[dB] +%<
A gt

iﬂ_w_
1o g 2

i

&€ ADCe] &4 A

olr
tilo

HaES Ave

——

o
f

= =

~ Ox

Z

AA Wl viste] 1 ulgA S AAdE FHow AWugth, ¥ dge] &sh /1% Hollx By
o A4 740 A R owve] B oyl BAF 544 Mol g wsldd waw Fez rdd -
e olAT 5 AS Aol
e AR ANAEe FA4 Biel ohle AW waeld sewolo Btk ® el Wl A
%3 Aol oheh SHRTHAC ekt gom, s FEW W Wl Y BE AP B own] 2
A Ao dAasefo} & ol

=35}
R=2h)
‘—
ON-CHIP I/V | ab
REFERENCE FLASH [ 4P FLASH [y
ADC2 | * ADC4 |,p] 0 ~
TIMING CIRCUIT ) G2
}  MDAC2 0%
=
mpacz [[* ox
AINji L llc-arRay)|IN1 b x =
B1 »| B2 O s
Bd + 5 =R =t E el
MDAC3 [fh it 12b
C-ARRAY| |- o £ |pouT
op
} SHA+MDACT }  MDAC3 -
[=SHADAC] = E
OCw
FLASH 4 FLAsH [31 G 2
! ADC1 £ ADC3
{ INPUT SAMPLING NETWORK l 3b
: : WITH GATE-BOOTSTRAPPED ]
L.l SWITCH it
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EH2
c 2C ¢
£ D,Vie | C | c
| 1 YREF
V . H .
INH' AS = b Vo m P Vos .p
v v N N W
SHA : Sampling MDAC1 : Amplifying SHA : Holding MDAC1 : Sampling
<Phase 1> <Phase 2>
EH3a

E D Veer CH CH
2C 2C CF 2C (_
Vu%j P VofMi j}-_ IP P Vofs

SHA : Sampling. MDAC1 : Amplifying  Feedback Capacitor Reset SHA : Holding, MDAC1 : Sampling
<Phase 1> <Phase 2> <Phase 3>

EW3p

Operation Sequence : 0)—~@2—~@-@

- C
® C-bank Y{Used) C, @ C-bank X(Used)  |/Cx

Vi C-hank X(Sample) e YéResel]l
v
DV
e - P T
Vo_mg - VD_MI
C,=C,=¢C

Nyt C-hank Y(Sample)

LI L1 BV A
¢ T¢ T, CY%;’;
..... VO_M!

Vo_m

MDAC1 : Sampling, MDAC2 : Amplifying MDAC1 : Amplifying, MDAC2 : Sampling
<Phase 1> <Phase 2>
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Er4

Operation Sequence : —~@—@—®

(1) C-bank Y(Reset) C-bank X{Used)

_—

(@ C-bank X(Reset)

Rmo

SHA : Sampling, MDAC1 : Amplifying

C-bank Y{Used)

e
]

C
4{(;— D1 Vier

—i(cY— D Veer
Cy

(@) C-bank X{Reset) C-bank Y({Used)

C-bank X(Used)
11Cx

k
1 Cx
It

vl

SHA : Holding, MDAC1 : Sampling

<Phase 1> <Phase 2>
Ed5
é C’( Om_X o ’:5
0s_X
T
(I:‘x Qm_X
" [
C=C=C m Clcnln_'; c,:
o i i e 1L
! INPUT SABIPLING NETWORK '- “
CudC s
V!N _"'.°" - t = I _VO
i BOOT- éﬂ‘ 02 gy
i STRAPPED -
. SWITCH

Ocom_

S Om_Y

[ ——
of Qeom_Y &
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ED6a

s BOOTSTRAPPED SWITCH C,=C,=C

ch
1\
? I CC
LAY
oyl
g
- SHA : Sampling : ¢ EY ‘f/
- MDAC1 : Amplifying - ¢ C: :
C-bank Y : I¢ i
mreET ¢
EH6b

- SHA : Holding 16 d
- MDACH1 : Sampling ig C:

....................

Reset
- MDAC1 : Amplifying

C-bank X :
- SHA : Sampling E> _|CHX :

_12_
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- SHA : Holding
- MDAC1 : Sampling

v O
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Vs i N2 b
e
g WL 4
e
: G
C-bank Y 3 =X
Reset |:> : EE Cy i
EH7
(O TEEy)
< I N e N Ty G [ N A i A oy T o N ey
o A A G ) R i R ) CEN i I T G [ -
Qeom_X [ | ] L [ 1 I 1
Qecom_Y . | [ F 1 I 1 J 1 I
ex ) Tl I I 1
Qs_Y I3 ] I
om_x —J1 1 T [
am_Y 1 i [ 1 ||
Phase @ (&3] @D @
SHA Sampling Holding Sampling Holding
MADCH Amplifying Sampling Amplifying Sampling
C-bank X O’:g;ﬂn Reset Reset i s
C-bank ¥ Reset o T e Reset
=8
—. Stacked metal lines
C-bank X
1 L ]
c1 C1 c2 C2||| em® C7 C7 (ot} C8

C-bank Y.
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il VDDA

=9,
[AMP1] [AMP2]
ef..— 1 I t .
I Iy, vei I:" le VB4
2B L —

VB2

S : SAMPLING INPUT
H : HOLDING INPUT
A : AMPLIFYING RESIDUE

chomE Xk \ chnt Y

:II E"VB&

\y*

,"‘} OVERLAPPED C-hank x 20 ’I:I CMFB1 ;"cmrsz
S Used & vssa
EH9
[AMP1] [AMP2]
& VDDA
e r—1 ! | ] }—E"Lm
etB L LI s
QeomB_X I_
ot
o r
= - VB3
L - - e
Veon v Veom Vo t}—<

S : SAMPLING INPUT
H : HOLDING INPUT
A : AMPLIFYING RESIDUE

/" OVERLAPPED
'l cLocK

1.

( .ocoms x chumB Y ?/azs

C-bank X
Used

qluj B
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IVREF

C-bank C-bank C-bank g Lo
X&Y X Y @ 0 : . " i
= | I
[E;l;] -0.53/+0.34 | -0.53/+0.41 | -0.54/+0.41 5'12': [ CODE 4095
g / '\ﬂf?r"" ;ﬂ“ A il P i
INL W W Y
[Lspy | 71-93/+2:09 | -2.09/+1.93 | -1.84/42.34 g 5 /ﬂ / e, "’M i’ o ;’"Mﬂ-p}f W
- CODE 4095
< Measured DNL&INL > < Using both of C-bank X and Y >
g 1.0 = 1.0
2 o ol g o . it , -
= ‘ ' Z s
E el o CODE 4095 E =18 [] CODE 4095
T 25 = 2.5
g ! W i s U "
T V’"{ WM/%WVWM#{,”M 2 u/‘"'/‘ﬁ MM;‘”"WW’#* MMM
5'2'5 4095 5'2‘5 4095
< Using only C bank X > < Using only C bank Y >
EH12a
80
10
—
[11]
T 60b
[~
sof |
1 fin = 4MHz . —+—SNDR
0 ] ] ] 1 i ]
10 20 30 40 50 60

Sampling Frequency [ MHz ]
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=912

80

50 i —=—SFDR
fs = 50MS/s —— SNDR

[dB]

11
[43

0 1 1 1 l | | 1 1 |
10 20 30 40 50 60 70 8 90

Input Frequency [ MHz ]
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