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ABSTRACT

In this paper, Pipelined A/D converter with multi SHA structure is proposed for high speed operation. The
proposed structure incorporates a multi SHA block that consists of multiple SHAs of identical characteristics in
parallel to improve the conversion speed. The designed multi SHA is operated by non-overlapping clocks and
the sampling speed can be improved by increasing the number of multiplexed SHAs. Pipelined A/D converter,
applying the proposed structure, is designed to satisfy requirement of analog front-end of VDSL modem. The
measured INL and DNL of designed A/D converter are 0.52LSB~-0.50LSB and 0.80LSB~-0.76LSB, respectively.
It satisfies the design specifications for VDSL modems. The simulated SNR is about 66dB which corresponds to

a 10.7 bit resolution. The power consumption is 24.32nW.

I.ME 2ol T2 4o o7 HI dom HlE Hysh
35 TS 918t opdEast vxE E4RE

A2 FEEYel B SN AT FET DA yisiz wAsE FAolt o)y Alzwe] de
A AsAe Ve AEAdY SH AdY AR AR ORE AEAE] 7)o uigy gio

* s WAEsst, o g Tshn AR AR
=EWE : KICS2004-08-133, 5=} : 2004 8¢ 4
HE AT 20049% AFhSta ww] A|9le) ojs) 3y

114

Copyright (C) 2005 NuriMedia Co., Ltd.
www.dbpia.co.kr



=8 /Mulit SHA T-22] 3}o|3

=29l oldzTAE WE] A

27 UAg Wl zadel Z7ket
ARG A=
A Aol Bt 2
S oPdE HAE wEl

Erot AR EE 4 ; =
7} Bol AMgEe FAoltfP 712 mlo)zEl])
A/D W37]9] Ae, &) & FoplA ElolH
[TE ¢5HA7)7] S8 g Te] AHS-SR=SHAS]
Aol el HA A=l s E B T4 e
Aghs A =™ SC(switched capacltor) 3 =2l

SHA®] 57 $E& it FE7]9 jo%e] o3
AR Wit debd me 57 SE9) naE
o B4 Q) e A B9 4% 34
o] BastAw, ol Azdel AP A FF

719] AAE 4R gtk

mEy B =RoMe 71EY o=l AD
HE7|e] &5 AT)7] ISt ghol=ERjl
AD WR7IS] S5 5 Sdmel 9 A vl

© SHA®S] A5S /N3] $$hmuld SHA
¢«1 vto]lzelel A/D WHE7|e] A #ale =9
gty 2 =79 OAe At %1 Tz oA
AR & oA AlQlst 725 ©]8-3le] VDSL
AAAG] S 32 A 0‘1.401] ax A
1:]113]’[14] Iv;(]-oﬂ}\i‘_—_ /\474]5] ﬂig] ]%Eﬂ ]1_ A
HE B4 F VAAA B =7 488 9=t

O. Mokl ofd27 CIX[H k|

L, N©o 2 FAE Fo|zZeik]l A/D W
719] FE= "1 2ok a4 Bl AXH
wpAEE @8 A €Jg 7} @2 SHA, sub flash A/D

37, sub D/A ¥, WAy 2 o]5row
A= ag1dlx] ¥H o= FAE SHA, D/A W3
o)FHE U Jes FIs=

MDACMultiplying Digital-to-Analog Converter) 3]

7], W) 8l

Copyright (C) 2005 NuriMedia Co., Ltd.

2E olgdly FAT £ UM slejzalel
ADHE7|9] T2 WA SHAMA AZH = o
olEI7} A WA Te] Yoz ytEth dEH 4l
3% sub flash A/D W37 A nHIERZ x5}t =
% oAl sub D/A HEIIA o2 A5 E W
T} WH3lE oldEa AT E WA AZY

rﬂ

3k

H Az ete] A5 73 & 9l FFEt T
dHog A7t o9 FAlM e AR ¢
g A E AEY 3l Y S A #
o}l glo]=Zel] A/D WI|E ZddelA] AFE st
ol Thee] fEo= AREE7| wie] A &)
AEE HEE A W oy e 9o e A
s 7 SEEA =Y o]FHA ¥wEE fAd
FEEL gAY o8 g IJEE o]&3dl o7

o
o

U
1 1‘;_]__& TAE mlo]ZEl A/D WS
 Zighe pAEE HEZT)
o)

%
==
s
of
e

H ek

é
)
O
=|=.
oz,
H

MIDAC

| Digital Eror Correction Logic
28 1. sojzeil AD WEv|e] BE=

a8 13 22 7189 ghol=el AD HE7]Y
3%, SHA 32+ ylo|=Zgll A/D W] 713
A o] Yx|sl] YJHEL MZHF & F 28
Fehs BRo® ko] AlsAelA WAk
AT AE AAo=Z A AqHES Fole 9T

3t webd el 7S 954417)7] 93|
AHE3R= SHA®] sl o8 HAl A" sl
T g 54 £57F Algks W EHSHA S5
A BAE dlele aAo] Brbed 5AS et

=
o]#&fg SC 3|29l SHAQ & &£ ik ==

7ol veiFe] SJal AT Wl wE wE F4
2o MFE EHL A7) AAE AN FE
719l A% @e] weEA Basy ngse @

B 3E7) A A4 9 olee BAE as
7] 9AaiA %) 29} go] 719 sfelxeel AD

MEolE JUR ddse] $4 HE% P W

@729 solzeel AD W7 xﬂwmq

115

www.dbpia.co.kr



S 52183 =74 °05-2 Vol.30 No2A

Input —=

(™ o
3 m
Y

O 2. B3 go|ZEld] AD W3V E5%

WHTFZY A5 o|8Fo=E HHEE sk A
ge] st Hlﬂﬂaﬂ- HE £ 8 ds & AT
A 3)Zel 7 Al Ad ol vl FR=o]
7= 8l HA H Wy ¢ dg AE7F FUVe
A =9, 2+ Adzre] wiA EAVE RS Algst

BRe et

uebr] B =R olHgk 71E9] Fholzedl
A/D t&%‘rﬂg} He o] vlo|=Elel A/D HHEY)
7F Zte BARE sldsl 98l oY 3y 2
multi SHAE Zte dho]=eiQl A/D WEIE At
itk AlQtE FERE o9y 79 SHAS Al4-3lo
247k v 3P o] SHAY} A= S SHAA
< AAEAT: olg8A & E= SHAE 49| F
A o= AEYY 299 A5E EH3A =
ok ol#fdt 125 H8T Aol 9 ?%]i—l:é
A7) sl N7 SHAS ¥E AT 3% 7‘74«1
SHA 3=2+&

Stage 1 Stage 2 Stage N-1 Stage N

DOUT [o:N] CZ‘ Synchronization and Error correction logic

J% 3. Multi SHAE Zte dholzgRRl AD W3] E5%

116

Copyright (C) 2005 NuriMedia Co., Ltd.

. Multi SHAS Zi= mo|=2fRl A/D HiEP|
A

31 ®A = o SE A=
Ak 720 2 545 ERIs] A vDSL
A z=Eo] & £ J=EEMulti SHA 7F2 &
g3ty dAE AD EFr|e AAAGS E 17

2t
FE 1. o]zl AD W7 HAAE
Item Specification
Supply voltage 3.3V (single)
Resolution > 10 bit
Input range [ Vppl 1V (differential)
Sampling rate [MS/s] > 20 MS/s
DNL [LSB] <+0.5
INL [LSB] <+l

a9 4% Akd TEE 2
20MS/s ¥}o]Za}el A/D W3

Dout {190

T

=
Symcwonization end Error Comection logic

3hid shid Lk T Fht T 1kt 1'

o] [ma] [we] [wa] [wo]

(o] [me] [we] [ue]

] ] =

2l 4, AAR 11H1E 20MS/s THo]Zz}el A/D tﬂ%ﬂ

A solze}el A/D WEY)E 20MS/s2] 2
£ 2 A7) 9] 10MS/sE F2 6= SHAS ¥
g2 Adste] 351tk At H WA g A4
a3t 3HES] sid=

o AA Y= 1IHES
A AMEEE4HES %f&
A= STHs AZslo 325 +
2}l A/D HIY)= Zhdtol A A g
o] §jgos AMgEHERE mRxd 91 tlole] W
gho] o]FolR F HA WFEE BS F Ju ot
A 8 ® 7} @9 HolEE F7] AlA HE

www.dbpia.co.kr



= Mulit SHA 729 sho]Ze}el ofdz1tjd wWaks] A4

ol ol E€E W 71X AA HEE XIS
o]g-3toq E‘rOl“o ZAI2E FASIY FFHe
Holg7l &89 3 AA 593 EHE 158 E Q)
HolEE ol&3ld txd wAS 3 F HF 1
H|E9] HolE7} EHHES 313tk

32 3|2 4A

32.1 SHA

MEEE 2= go|zeRl opda tAd W
3719 g Wolsole FiEoF molxzel of
920 b w3 s A4 HE=
F A3l aqEt dubros 2 9x)9k A
AE|Z SHA 32E 74T 4F =2 =8 &
S & jlenz FHVE olgsly IEE 73
A foh 2 —tLToﬂHL a3 591 o] 2709 FAT)

EM 29X 5 AHEShE TERE ©]&3lYSHAS

@&
|

e’

Fe s

Vi

—fa
» L
Jrom o=
AW
& S 3
!{

Lf
A
2 5. SHA

AAE F2= F Y HSH 298 AMES
Nzl 4EY 2 BT 0] olFoIAT v o,
2] *high’7} =9, AAIE ] bottom- plateol]
]i ]— AZ3 FHH top-plated]= AR ZZ7]

A Aol vehbl Bk 4B mEolA
‘:i.,] 2= uf ASAIE Q] top-plate ]
2QAE HA off A1A I =2Ffeedthrough)
=9 F Jr} e =z o, o] *high’
A E1 9] bottom- plateoﬂ ZdEde dZ4x
EHE 98 A E Eoe 2= 2] o
AAA Bk W FEse G Fol)

L2 WA off A7) 0,7 U oft7} o
2eg 2AAR SHAS] AHEE 23]
Fu} 3-8 A3 3Holded cascode fﬂﬂ]«]
7NE ol&3tdtt AAIE SHAE 2719 AAE
olgae 7% OBz VY s 4EIT 2

oy [
to r>
il rkﬂ l"ﬂ IH

ﬂ%’:é

Ol
-e

W*”

M e b Hu 2 e fo R e o _IE
O

Copyright (C) 2005 NuriMedia Co., Ltd.

T, YT 3% E= o] WakA @4 wEt
A 2FE Fcomplementary) 722 JHHS ZAEE
AABIY, 2 A AYdM= 48 I35 2= A

o] wistel] PFs < WUEE ST nHIE9
A/D W3IVE T3] YIME SHAS =¥e
AFE Pt n+l HIE FFO FIAEE hxiof
s, 20Mpe] 29 FuleE AREE A9l & 7]
Q1 50ns29] ¥EQI 25nsoll A E89] g3 s Azt
2 293 A 58 1 sk 15ns¢tell FAEE
£ AAlEojof gt} wEbx FE|e] Al dQ
& f, T AT 2o AN 5= gl

If=T'n'ln(2) (1)
=12 - @ - 1= 5B =15

A (DEFE 5 a88MHzs B T
Aol 5= meste] 70dBol e o]
I AEE I}t 18 6 AAE folded cascode
SE718 o&3sled SHA A TS & =AUt
Vel Mz ARARE Vst AlEdloldEs al%h
23S Hola Yot

12

ov
o o

=2 ==

o X

& 7

10 —_——
-
< TN

054/ N
= N | K
& oo o LN oo

| \ | ps
15 o M | rd
5, /
S |
1.0 e
-15 T T T T
0 200n 400n B00n B00n u
Time [sec]
(a) SHA1
15
104 A=
/ I I |

L R o h:
T / \,\
— 1 ‘/

YT T I . U
E 1 N | ., _/
05 AN | /.

1S | |
. N
15 T T g T T T T T d 1
o 200n 400n BO0n 200n '
Timi [ sec]
(b) SHA2

12l 6. SHAY =813

117

www.dbpia.co.kr



541818 =FA] 052 Vol.30 No2A

I3 7S SHA1¥ SHA2E 749 SHA Aej digh
AA &9 AsE AEFA ¢ ZAFE Holu it
SHAL v]ZH F8of| 54 s= SHA17} SHA29]
A% E CMOS Z=9AE ol&3sle F & gto] H3
ALE J25 FAIG

a0
=
-

i 2000 4000 600 ) 1u

D2l 7. SHA A9 ¥y

322 d|w7|

F AYR HEL AN BRow @ Rl
£ & AMEY 54 Q) AN 297 SHS
287 Y 83t e B AR aoNE A
Bsick

Vdd

T

MPO MP1 Mp2 MP3 MP7 MP6 MP5 MP4
il Ths Ths s

A

Outo
R Outn

el || | e

Vinp @
N2, }— —{ NG —{ MNG MN7
c

|
5, mne

[ —

T2l 8 vlwy) I

AAE ¥lwr]lE CMOS |9} RS Hdog
TAEM, CMOS YX|= o B]5precharge) S
3k MPO9} MP32 zZt= wxl 23 QI E MPI,
MP2, MN2, MN32.2 TAslgon A=A ARE
214 ¢ Qe MNSE FAHET: 71EZ 1 T3
A A ZHol low ¥ A, FH A9 BE
Vo2 SHEH NMOS E#HA2E] MN§O| off =

of AH AR/ 24 @l =W A5 AFu

118

Copyright (C) 2005 NuriMedia Co., Ltd.

MNO} MN1¢] 48 zste] =7]] webx] A<t B
o] A7t etk PR Fo| highvt =H 1}
A%E AWHEC s A<t B Axe] A7t
Voot AAE wWEA e =, o] g2 RS
2 2o oA o ;X SHE F-o] 1A
Aok 18 8 AAE cMOS Blarld didk 2t
&E 4 =S dolR 7] 9 3loverdrive recovery
JEolAs s A7E Kol Utk AlEdo]
Azt el et ZAE Hd s0Mze] 2
el A 9HIES] S =E UehlITH

>

AN e

Voltage [V]

T T T T
&0n 100n 150n 200n 250n

Time [sec]

“oltage [v]

0.0 Jo—ed -

T T T T
Aon 1oon 1500 2000 260n

Time [sec]

121 9. H]w719] Overdrive recovery AlE#o]A A3}

V. Al=2jo|d

Aore Fxo] FAS HSsty AAE dho)zet
¢l A/D W39 Aes A3 Y8 0.25mm
CMOS % TeHEE o]&3le] A Byo|de &
gtk 17 102 YA 1A 32E A Fho]
zERl AD W] HT 11HIES] EAS AE

dolist 21 noln 9tk ramp A5E GO
2 Abgslel A W9 IV AF AEE

AlEdolds Ao A dHojeel &9
557] ®b o] FgHow wad 11H]|ES] H
g SEUS 4 7 M

oo ot
[t

www.dbpia.co.kr



=& [Mulit SHA 729] sto]Zel]] opdZI-TjAd w&7] 47

sjol Hojg ohdzaIsh Y W57t RejEEs
slglom, ohdmaist U R AYNS 2o
Sk ER 4 ALAe) AZY AWAEE F7}

RO St W wstl Wi 9 ALs @ T S
""" 2 3199tk A/D WSS FAshRs opdEa BE
By 2 A F2E ZEE uiXste 3G 2
LI LI L e e 237} Hast H= s
[ R | e 0
| .
7 e R o o I 20|
J2!10. AA1E A/D ¥R tRE &Y €
2% 1S AAE AD W71 2048 pointo
3 DNLZ INLS 243 Zd7tg nel 3 9o
=% Z3 DNLE 0.52LSB~-0.50LSBE JER|SL 5 o |
om, INLS 0.80LSB~-0.76LSBY 548 UEeh) 0]
ok ” . ! .
™M M &M 0 10
Frequency [Hz ]

[Lse)

DL

/N

I /N

1

- 1 i ’;\ A .'.'ﬁ"ill n *{’ \ j ﬂﬁw %’* 08 \
001 J fl ! l‘“’ f l\;l L] ﬂ‘l‘ ﬁ I| V'a E’I i 05
05 ﬂ l'fl V‘f ]Hf.‘l'j“"‘l \pﬁv.uw ‘,M" Mﬁ B

T T T
0 512 1024 153 2048 15

INL [LS

Cutput code

2l 11, A48 A/D Wgr)e] DNLI} INL

1% 12%F 2048 pointol] i FFTE 33 2
g Hola QJty AolA] Hole RAAH w9}
Al AR mzg JES ¥ (SNR)7F ¢F 66dBE
1079 EQ] eSS 4S5 den AAE vo]
=zl A/D WYY AA] B AL 24.32m0¢] ]
Age] 52 548 YEIY 28 132 Al
EAHS B YsiA k] RS Q713 '
AAE ADHET|Y A" & FkS HSPICE
TEI o] dF A D/A HEV|E THAIZ ofd=
I 23S Bola gtk I¥ 4= AAE Fo|x :
g2l A/D WHF7|e] HAA AL #ojol-g Holx ) O 14, A9 A/
o} A" 32e opdEast fxE It g

fU ot o X

A 0] FES] dgo] Y wolzs opgm T 1 AU TR AV seleil AD
7 2208 dojox] 952 B E3guard ring)S HE7|o] AA F2d tig Hss 2okY
119

Copyright (C) 2005 NuriMedia Co., Ltd.

www.dbpia.co.kr



521838 =54] °05-2 Vol.30 No2A

¥ 1. A" AD WYY A EHolA A}

Parameter Performance
Supply Voltage 3.3V (single)
Resolution 10.7 bit
Sampling Rate 20MS/s
Input Range 1V (differential)
SNR 66dB
INL 0.80LSB ~ -0.76LSB
DNL 0.52LSB ~ -0.50LSB
Power dissipation 24.32mW
Technology 0.25/m CMOS

= AE D}%@ 2 g 314 djolE] W
ofo| Al 87EE AD ¥ FAEE 9 S
£ A7) A iimulti SHA %9
o|xzzll A/D Wk 7IE Atetgom, Atd T
= 83} VDSL 2¥l9] oPdE 71 front-endHHo
LFAES BESkE AD BIEVIE AAlsoE A
AE A/D H37]E 10MS/sE T2sl= SHAIEE
ARE3le] 20MS/se] MEH £EE 4GS U
SHA A& 74 A w1 ZAE ¥ & e &
FE-E CMOS JRE 29A5 ol&3te] AASA
o} A" A/D HE7|9] SHAC AMEHE OSJ
TE7e FES ol5S 47] Yl ARl #2415 3
27} Z7F4 folded cascode T-ZFE *]—%OI-MOUﬂ
@9o|5 FuE 360M, Y ©]5-S 102dBe} 65
T 9 ofr A4S YUERIIY WA F=29 &

o
0|
M

I

o PN

];‘49—42 HaxF717] YA g 7)1 AA A

= AT 5 e YAF Har|E AT
] 2= 0.25im CMOSEH F=HIEE ©]8-3d
ATk AAE A/D H3)o] tht 2048 point ]
& DNL7} INL®] 2427} DNLS 0.52LSB~-0.50LSB
JeR o™ INLLS 0.80LSB~-0.76LSB] 4]
YeR)ITE FFTE =33 23 SNRo| <F 66dB
10.7HE 9] a7t Qs gl stgon A
ARE 243202 ZA =0k
B E=RA Aotd FxE ost A5 Aol

S 1 é?: ruL r>4 :1ru

Copyright (C) 2005 NuriMedia Co., Ltd.

ik

to

Ao
rok

[

—

] Stephen H. Lewis and Paul R. Gray, “A
pipelined 5-M Sample/s 9-bit Analog-to-
Digital Converter,” IEEE journal of Solid-
State Circuits, vol 22, no. 6, Dec. 1987.

[2] M. Ishkiawa and T. Tsukahara, “An 8-bit
50-Mz CMOS subranging A/D converter
with pipelined wide-band S/H,” IEEE 1.
Solid-State Circuits, vol. 24, pp. 1485-1491,
Dec. 1992.

[3] Michio Yotsuyanagi, Toshiyuki Etoh, and
Kazumi Hirata, “A 10-b 50-MHz pipelined
CMOS A/D Converter with S/H,” IEEE J.
Solid-State Circuits vol. 28 no.3 pp. 292-
300, Mar. 1990.

[4] Y. Lin, B. Kim, and P. Gray, “A 13-bit
2.5-Miz self-calibrated pipelined A/D converter
in 3-ym CMOS,” IEEE J. Solid-State
Circuits, vol. 26, no. 4, pp. 628-636, Apr.
1991.

[5] C. Conroy, D. Cline, and P. Gray, “An 8-b
85-MS/s parallel pipelined A/D converter in
1-gm CMOS.” IEEE J. Solid-State Circuits,
vol. 28, pp. 447-454, Apr. 1993.

[6] W. Collern and A. Abidi, “A 10-bit 75-Mi
two-stage pipelined bipolar A/D converter,”
IEEE J. Solid-State Circuits, vol. SC-28,
pp. 1187-1199, Dec. 1993.

[7] T. Cho and P. Gray, “A 10-bit, 20-Ms, 35
mW  pipelined A/D converter,” Custom
integrated Circuits Conference, pp. 499-502,
May 1994.

[8] H. Fiedler, B. Hoefflinger, W. Demmer and
P. Draheim, “A 5-bit building block for 20
Mz A/D converters,” IEEE J. Solid-State
Circuits, vol. SC-16, no. 3, pp. 151-155,
Sep. 1981.

[9] Rudy van de Plassche, Integrated Analog-
to-Digital and Digital-to-Analog Converters,
Kluwer Academic Publishers, 1994.

[10] D. G. Naim, “A 10-bit, 3V, 100MS/s

pipelined ADC,” in proc, IEEE Custom

Integrated Circuits Conf., pp. 257-260, May

2000.

www.dbpia.co.kr



=& /Mulit SHA 729 to]zelql o2 a-tjA e W] 47

[11] David W. Cline and Paul R. Gray, “A
Power Optimized 13-b SMsamples/s
Pipelined Analog- to-Digital converter in 1.2
mm CMOS,” IEEE J. Solid-State Circuits,
vol. 31, pp. 2030-2035, Dec. 1996.

[12] H3JH, Fx, olsd A olss, AW
A, “10-bit 20-Mz CMOS A/D W3], oish
AAFEE =EA vol. 33-A, nod, pp.
718-728, 1996.

[13] 544 42 4% Al

A, B4, s, A
S, 34 DSL EHA, thGAL 2004.

[14] Bingham, John A. C, ADSL, VDSL, and
Multicarrier Moddulation, John Wiley&Sons
Inc, 2000.

[15] S. H. Lee and B. S. Song, “Digital-Domain
Calibration of Multistep Analog-to-Digital
Converter,” IEEE J. Solid-State Circuits,
vol. 27, pp. 1679-1688, Dec. 1992.

[16] S. Lee and B. Song, “A direct code error
calibration technique for two-step flash A/D
converters,” IEEE Trans. Circuits syst., vol.

36, no. 6, pp. 919-922, Jun. 1989.
0| & X(Seung-Woo Lee) A3
Sk5A18ks] =A] A 28 4A% F=x

Lt § %ZKYoo-Chan Ra) skl
A=At =A Al 289 4AS FE

& TKHong-Kyu Shin) A3
EAEE] =A Al 287 4AT FE

o >

121

Copyright (C) 2005 NuriMedia Co., Ltd.
www.dbpia.co.kr



	Multi SHA 구조의 파이프라인 아날로그-디지털 변환기 설계
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 제안된 아날로그 디지털 변환기
	Ⅲ. Multi SHA를 갖는 파이프라인 A/D 변환기 설계
	Ⅳ. 시뮬레이션
	Ⅴ. 결론
	참고문헌
	저자소개


