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Abstract

This paper describes a 12b, 50 Msample/s CMOS A/D converter using an acquisition-time
minimization technique for the high-speed sampling rate of 50 MHz level. The proposed ADC is
implemented in a 0.35 gm double-poly five-metal n-well CMOS technology and adopts a typical
multi-step pipelined architecture to optimize sampling rate, resolution, and chip area. The speed
limitation of conventional pipelined ADCs comes from the finite bandwidth and resulting speed of
residue amplifiers. The proposed acquisition-time minimization technique reduces the acquisition
time of residue amplifiers and makes the waveform of amplifier outputs smooth by controlling the
operating current of residue amplifiers. The simulated power consumption of the proposed ADC is
197 mW at 3 V with a 50 MHz sampling rate. The chip size including pads is 3.2 mm X 3.6 mm.

71A1Zo} Fule why] o "3l 12 ¥E
o] A=A 30-40 MHz olAke] e AEs

=

=2

I.ME

12l

Qo il

ST, A

°]

o ] A}

&

2= A/D W3] (analog-to-digital converters
: ADCs)oll Wg 87} =4 ZE 3 ek Pzt

IMT-2000 (International Mobile Telecommuni-
cation—-2000)2] AlAA FF3} zgie] zl3Fl] ule}

*IEEE, WIS BT TSR
(Dept. of Electronics Engineering, Sogang University)
B HFI199F1LA26H, A5 19943A31H

(365)

) olefyt Aleke TESIE 71ES] ADCES
BJTvt BiICMOS F4& AH3le= wlad 2 A
Hrw B4¢ mogkt!! 1) mely, Foig o4
7)7] AHEe] Zrloll wheh 2 7EE AW BA), opd
27 B3} vxjgd £3o] g7 23 (on-chip)3s
+ A EE (mixed-mode) 3E AAE E3F A~

H 4y
o



58
? A% 3 2 e AR oeg §
s CMOS FA4°] AEs+= FAlolr).

F T a7 HER 718 129E ol SEE
712 CMOS ADCS %9} sjAlsE =¥ v
39 13} ze] fopda, 128]E S5 sl A
%, A AFog iEm glE ADCE Xdsl,
FAEE7F 40 MHz ©l31l AS & = gck 2d 1
< 5l B 5 olRe] s & e s

SErb da, AEY S5 22 At s

S T4l

& WAE HAE S AP 5 w4

9 S AR B AT dEE &

et
% Proposed ADC

40 P :nllogbovlcu (AD9224) [18]

‘; 30 1

I

E

2

« IBSCC 98 [11]

e 207 *

£

e

E JSSC 96.12 (8]

] 188CC 98 [12) VLSI 96 [9]

9 15 ) 3
SR sscses 2] ol88CITI2 ]
ciec s 1) JBSC §3.92{14]  18SCC 97 {10]

0 9J8SC 96.2 [5] > * :
10 12 14 16

Resolution (bits)

a2 1. #2 2EY CMOS ADCY si¥=E 2 52

>
Fig. 1. Resolution versus sampling rate of recently

reported CMOS ADCs.

At IMT-2000 53 28 38Fopl R
12 H]E oAk siAbe 9 30-40 MHz olAke] AE
o &xo| AlFE WEsl= ADC AAA, 7Fe’t T

Soll= Z4] (flash) %, jo]=e}al (pipeline)
%, ¥e do)zelel (parallel pipeline) 7% %]
sick ®A, FeA 225 7B ADCH 39, Al 7
2l F&2 F 7P e AE S2F 48 7
12 ¥]E ojAe] AN=EE 7] Hsid "3 g
¥]37] (comparator)®] %Al ¥|IE 2k FA
(offset), & AHAR So] EA7} Fc} sojzelal
T25 7F ADCH 739, ¥lad AL iy g Ay
AR BAE Bolu, o] 3t 3 Y AE-A-
%= ZE7| (sample-and-hold amplifier : SHA)
o Mg B3, 52 L2 A9 ARG T

4 W

A2 Has 7He 24T 24 CMOS A/D HH7] 47

(366)

2

(residue amplifier)®] 21342 427} AA ADCY
22 22 AN g9 Y solxzele 7
x9| A%, Fvkske Ade 4 wE B4 4xF
2704 4 e Aol et 7+ WY o5
4 23t o ZB A7 (skew) B9 ojdde FAP}
sjd=]ofob 3tx, AAl ADCY B % sh=geis}
ke el Ut oleiyt B s P2
o AHd, 87SE AYAR AT, BT 5o
Aloke wele o, selzelel FRul A AYPS
& % 9k

B =RorE Atk 227 AAA7 a8 )
He 23l CMOS 3jo]Zelql ADCol| AHEE 25
A} 2Ey|e] TAETE AT BAlo] ZE)
29 slye] BAMS Hagow Zogx 12 v
E si%, 50 MHz $5¢ 4% $58 7pe
CMOS ADC®] AA 71¥$ =203k}l =9 I &
e MAIEE ADCY RA Fxol thsled i)
Asta, M Aol Adkshs 227 37 &
23t 7]wjel Qejek A4l B2 7 g oAy A
2 =olgith IV Aelal AR M8} /e A
£3 A4 ADC #ze) mouy Asz Exle] 4
e 7353t

O. detsts ADC A #+=x

vlo]iaje] F2F JlROZ
ADC 33 EH=+= ¥
(SHA), 3712] 4b MDAC (multiplying digital-to-
analog converter), 4 78¢] 4b EHA ADC (flash
ADC), tAgt @432 (digital correction logic),
A4 wlo]o]~HF WHA7] (self bias generator), ¥
2] WAl7) (clock generator)® FAEH, 1 7]&
AHal 3L 7189 sjolzell 22| ADCS FY
Spcpl61- (71,

olagt Ho)xelyl FXEF 7l ADCe AAY
ZZ7)2]l DAC (digital-to-analog converter)d] 7}
ol §353 MDACe] obd2x ¥=o] oy A
Hang vehdct 72 of= MDAC Wel AFAst
ZE5171 g9 2 de & WFZ o]5 (closed-loop
gain)elld A8, wE F3E5E 9 %2 DC o5
o] BAE I 7] HsiAM Al £ AHE das
3)7) wEolc} 46

s ¥ 29 AR

AE-I-BE FE7



1994 58 EFITHEHH

* 4BIT
_ MDAC2

”“: :&_I.[: u;:nm

DIGITAL CORRECTION LOGIC

SELF BIAS CLOCK
GENERATOR GENERATOR

T2 2. Aekd 126 ADCY AA Be=
Fig. 2. Block diagram of the proposed ADC.

23 29 A ADColA, $41 Bx2 3= 12
E SEE o17] sire SHA 53 2 MDAC
Hel| AMGE HEG el =28 TAEE
AHow afefo] 583 W ol HZ Z714)
AoZH, 5zl 7k AT FHagsly Axkg
(thermal noise : kKT/C)ell €3k sjAte #]3)2 Hlx]
slofgict. hH, 7t ol H3) AfAE A
50 MHz 5=7<] 454 55

)

H]
p=N
=

t;!,l

e
= #2)3}517] $shA
7} wholld] g H|ES] tix|d &3& glejo} dhe
A& AF3] aEjsiol k. &9 mg slo)mlel
TE2 ADCellM= &3] 2 H|Ee4] 5 H|E Hx9)
O v|EE 7b o AHshs TR7) gy 2e)a
Suet! S A1 1EOL 1T Cog ol 7 wefy] AAHE
HAE BlEZL 2 w|Eely, 7 it Alele] H4l ¥ 5
=A% (feedthrough) 23 5% AAs] 98] 7+
dolzeiel & Alo)e] 1H|E o] g £2-8 34
A7l AdA]l dxd wArge ARstky, A
g Hojolse] HeE e 7 o]zl whe] £z
5 FAdsH shke A% 12 ¥ES FHE oxX" &
He 7] fellde 11 ) Folzale) who] Pas)
o617 o) 2z AFASY 2259 HRm o]
5 2 3 AHARIZTL 2 deld 3 u|E o)atke)
tA" &Y 8|EE A sjolzele) pxEn) 2
7] @l FF7] AR vl folshd, @S o)
Zojel who] Hasinz w9 dH X =]
3ol Ao s EriskAl Sok

a2 Hkd, Zh delld ZAAE s g vEL] 49t 5
oA TR’ A7 HE AMEshe H$ells, 3 719
slolZelql ©o g 12 BlESY HE tAg e
BE e e, 4 delld 2 BES AXss x
o} A B2 £25 Y] ffsire HA4E 8 o

(367)

FH CR BOW 59

el ARE oF Flel whE AFASE FE7|9] o

# oI5 T3 (unity-gain frequency : fu)& 13}
F Ao} 30, ol w} FEr]9) =) 2 ¥3) )

HAR A Zrlsle] APnwrt 34 goiuA =Hok

mata], & =RollMe 3R] Baty 2T A
9] BolA ¥ AHAw F& E3Rom wsle 7
el 4 vlES] U g AAshs TRE o] 83)
of A ADCE AAIRI}. o9} zo] 7t holl4] 4 ]
Eof tiX"t e A 729 79, 50 MHz
T &l 12 vEY HFE oA"Y HHE 7
Halxe F 4 N9 Felzelql o] Besty, 3 )
o] AFAY SF7)7F dasiel AHLw S5 $%
A7 Aol o3t HyA 2o SRelA s F8
T A ARAY FE7) EY4AlEE F 12 v E
A A 4 BES W 8 wERRE, A4
(design margin) 2 H|EE ZFrisle] 10 B|E 43
AYE (accuracy)® 10 ns Well A= (settling) 8}
o ok

B4

7} =

M. M2tst= HEAIZE a3t 7
L A7 2438} 78] 7)1 8 e
571 AAA, 29 3 (a)9} o] <7k 9HAls

o thate] FHASI} HE EFE sh= FHEx o)y

= Eeeled dele AA A7k 23159 A4

7k (acquisition time © tacquisiton)®|EFT. L] ghrhad,

O] tacquisions A ()T} o] A F RHoz J¥f

o1 4 gk

e

oy

tacam'sttion = tslewing + tsetth'ng

A DA toewingS FHAZ7E 137 3 ()9} 7o)
<5 (slew)shedl Ho% AWl tening S EF
ol Fell EHAEA} FoiAl aAm o[R HF Hika}
il £85e AR deith 5718 %A A
Alsttell wet A H2AT B, thewing ™ toetring]
Hlgo] HepA "k a¥ 3 (b9} B FEd) &

DC o5& 7] 93l A¥roz AMgs= 2 22
7] :IL—7“—°ﬂ/q tslewing\%‘ %‘?:I A]Z]:r?} %—%7]0]] %Lg_%ﬂ
T e AR VIl weEsts, Eslel k=

AHAE Ceolliz wldllshe, 4 ()9} e AAE 2
=} [1817[19]‘



60
Lstewing gc_mcl oc VQILD (2)
Al elA Cor BA Al AIEl(compensation

capacitor)®] Z710)3, gm WA FE7[Y Ed
AAFEl A(transconductance)elth  EEr|  AAA
ol & = o e

a1 $jared-f-(phase margin

L @)= Al (3)T} 3be] vyehd 4 gl (9]

Cr
Emz

Em R

o &)

@pM = 90” - tan_l( )

t (M2

(b)

03 3. (@) 2843 938 4 ) 2 & ] s
Fig. 3. (a) Output waveform and (b) block diagram
of a two-stage amplifier.
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Table 1. Acquisition-time minimization technique.
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Table 2. Summary of full-chip simulation
results.
SER 4 28 A= 2oy 23
(V) | OVFUDF, DI2 ~ DO| OVFUDF, Di2 ~ D0
051 1, 0, 11l11aiiaaxg 1, 0, 1111111111111
02502 4 0, 0, 1100000000000 0, 0, 1100000000000
-0.0001 | 0, 0, 1000000000000| 0, 0, 1000000000000
-025041 0, 0, 0100000000000 0, 0, 0100000000000
051 | 0, 1, 0000000000000| O, 1, 0000000000000
-3 3. Alakd ADCY] el AR
Table 3. Estimated specs of the prototype
ADC.
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Fig. 11. Layout of the prototype ADC.
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