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A Novel Equalizer Circuit for High—Speed Interface Circuit

ZHOU Zhen-yu, WANG Yi-wen

(State Key Laboratory of Electronic Thin Films and Integrated Device,
Universty of Electronic Science and Technology of China, Chendu 610054, China)

Abstract; This paper presents a new type of high— speed equalization circuit. On the basis of the traditional source
degeneration equalization filter, a new equalization circuit structure is proposed. The circuit performance is greatly
improved with the advantages of active inductor and symmetric load structure. Without using on— chip inductors,
the new structure optimizes the circuit, saves chip area, while alleviates the speed bottleneck of the traditional
equalization circuit. Judging by simulation results, the high frequency compensation gain of the equalizer circuit is up
to 17. 2dB, meanwhile, the ratio of high frequency to low frequency is 5. 24. The circuit operates functionally when
signal speed rates up to 5Gbit/s. The circuit topology is simple, and applicable to a variety of high—speed interface
circuit. This chip is realized in 0. 13sm CMOS process.

Key words: equalizer; active inductor; symmetry— resistance; source degeneration

1 8|8

eI S EN ] PCB B AR #HFE A MR 5
EEEREENFEERD. £lESERIE D, &
FRZCRLFN A e RN {55 T 9 4 B O B2 i I L T
H. F6 55 MR MR T R 2R T
(ISD, ¥ JE 4% B P R4 B S8 I 7 X2, S BUE
RHIRBR. N TR EE SRR, B ERENMES
R RGR RIS R, & F BEXE S B P #HAT 4
2, Hob S R 75 B BUINE A S 60R.

A EHRE: 2012—06—22; {EEIHHE: 2012—07—25
EESWMB : PRELEEFEFES (A03007023301022)

A SCHR Hy — Fohg RU K4 R O EEL PR G54, TR 8L
BRI A 3% Rt 32 FA TR BRI FR f
BEAR it s BRI SUR.

2 BEFEAR

MBS AR, BB RARA R
S Lkt , B B IR T, AR
BESHEREL. XHMESHAERTREESR, HE™

ERYBE T, 8 R ARG R R, FHk, T
RENRENRBE, FERAYEEANES#



32 B T2 ST EL

frEsiaMz.

Xt R R E AR KL B AR, 7T L4 AT R
&5 FE. IRHEEARNRAETMERLA, A
NHANE RID RSB A R E S R0 &
GBI RAERA RN E S H AT IR, M R RBE
SHEER LR EHOR IREEARER b
BEIERSY , oS BIRS R AN 1 BTRYE. BiinE
oA E i R S AR B R B A UR
ME 1) R LAt Be it 5 5 S8 B 2 B A o ok
B9 5 TE RO B B A R X R U A S AT
K FEEFEREBIESHBIETREMR, B 1(b)Fr
i Ziiﬁﬂﬁ%ﬁfﬁ%*%ﬁi%ﬂ@%%jw:ﬂﬂ]ﬁ

15
10

L

Gain/dB
=)

10 05 1 15 2 25
fiGHz
(b) 3975 25 18 5 My

B 1 GRS R E
3 fRgtiRMR S RIRIERR

e R A A 2(2) FRD, K M; , M
A MOS A, My TAEERLE R 5 RuFFEK. 4
A—A-u YR R, S R AR R, AR E T
P, AT AR B 34 BE. 23 %5 808 3% (1 2(b))
ST » R R A i R RO -

H(S) — 1+(RM/2)C15 .
(14 gn.(Ru/2)1+ (Ru/2)Cs

— g0
1+R,C;s W

MASETLAE ) A5 s P &8 B MR
AL EPERSATEDHIAMLT — 2+
2g,.Rm)/2C Ry F1 — 2/C Ry . F S FER R Z 01 8
T RuFES MOS BBER/DN, AT AT EF RS
FHoAt AR AR LB 38 13 T R AR X 8 UM 5 it
AR (5 FiL B 8 A3 A1 ) R 7 1 S BR B — B
BRI, X F X R R 3, B B Ry KSR
BB, T A G R S0E B R X — S5 TR
i v R AT B SR A o B SE B R B8 AN 2 R B IR
S R TR S SR T RGeS 1 T R
RA—MHMET S A R, WEHRA R F
o, {6 PR L BEL S R T2 S B rp R BRI 2, X
X e B PR RE R ROR A R E A FIRE.

-30
0 05 1 15 2 25
fiGHz

(a) T AN EE M A3 0 B2

2013 4
vdd Vdd Vdd
R,
Out R Out R,
m M, YA | E
gmetrl ‘I
p <
o Lo i ] :"M*_]_ . 1 e
ih )EI Vbtas Iaﬂ IJ;—/;L TH:E <> C‘T
() AT S R M RGN (b) F SR

E 2 (MR EM R
4 BUREBIRAR $i R IR SR

N T AL G IR SR I A S BOR AN E AR B
0L, — R A A LR =, I I R H
REBHERRMAGH RS HH LE R,
R o BRI A AR, AME TR H T RlefR
75 5 F R 7 O A M S G O B, A e BR TR B
1B T X R FNA IR A R, 18 BB T IRAR
RGBS B AR S50, A0 3(a) BT,

@ Mﬁﬁﬁf&ﬁ&ﬁ!
Rt 2 )

FFLE HFRBNMIE
HRRE

B3 BB EHR T
4.1 WL

SRR IR B i Maneatis 425, Z54 40
B 3(b)Fw , o My 2 AR A ey PMOS, M #ifik
B Corl sl My, My RE RV 24 Curl e
et , B B R RN s SR V. h—EfE,
TEZHRET , My IS AR, Wbt Mo BRI S
BB AR R AR, X Vo KE Mk ALt
X, LN, 2 VoINS, M B BT 7T g B~ SR
g/, R BEE AN T B SR R, FE LR AL
PR R BB ZEME S IR, XK 2R
BREPIRMERE AR BEMRE.
4.2 BIRBEH

AR M XM SERERINE 3(o
(DI Kb Ni ISR TAEEREGE X, /T —[E
EHM R, . P TAEERMX , h/Ms 55RO R



3w JBRE, % . —FE BT 5 O R R A0 37 RIS A e BT 33
S8, B RE RN St B B M T IE 5 BT, R R P R R 2
7 1+CuR, oy EBRESERE BARSARERAES S
Gn+ L ARG A 58, J5 B A BRI L e as

MARTUE S, REREREEFSHE—1
F BT R, BI Ny B SR L, AT 57 5 45
SRARAG 1Y 23 0 MEL, VAT IR R/ T IR B 1L 3
RS A RUR I B .

X%?E 3 (a)Z—l:#éﬂl Eﬁ%’ M, My, )%M’E%Xﬁ/’ﬁ
FBHFE, K R S, TR ST P i ik
B SEAAAR. M, AE KA P TREEX R
REE. BT MR M B MWk, B 7ESE PR
T My B RAR/D, 6 M, IR 4 TAEE IR
IX. MR4EA TR AR S B SR A, /W R, R REAE RS
F G, RN ETTIA R TR SAENAE, 7S
BRI R, PR R, W SR ER
E,RE M MFEK AR M F1 My 5 1/10. %A
XFE IR RS R T A LR S A
R BRI B S S 1A .

XFF AR , Bk BRI FUR B a8 1 %%
BB

Hes — 1+ (Ry/2)Cis

[1+ g, (Ru/2) ]+ (Ru/2)Cys

1+RCys (3)
gm +C +Cs(1+R,Cps)

BIRRE 3K (D PR BT A BIR B SO A TR R
BRI, Kb R AFHERBERERE,C, K
O MR EA, gn A M, BR. FIARGLE
RBMFERN —1/RC, AT QA E, HMEF
Pt e B BTHR.

5 {AHIIERME

FL B P RS A PR R S B ROCR . SR R
RXREENERRER BRI A 4 57
R IR BURfE 2R R AR Az 28 18 2] 17. 2dB.

20

—a—Single level
~o— Cascode

o1 1 10
fIGHz
4 BBV IRAR 0 I 9 S M AR R ST 1% i &%

W E MG S8 Bim{E 5. (FER A Hspice, {5
B34 # 5Gbit/s, LA EF 1. 25V, Z o5 5 IR
600mV, L+ T BEIERT & 50ps.

Comparator Buffer F:’

BS (TRERSAM
FEE MBI TG HEA RS TES
RANE 6 Fin. B 6(a) ARMEREEBEES, (b)
HEIWEIERERLES, (ONSEREHLE
MRIGECR ARS8 R 5. BT AT LU % i B 7
fE5HRIX B 5Gbit/s B RER & R BT »
FH BRI B B EROR. HAu i BRI 1.

41n 42n 43n 44n 45n
(o) PR LA s
M6 HHEER
*1 (TEHE
RS
T 0. 13um CMOS
b E # (Gbit/s) 5
HEREW 3.3
i B ZhFE (mW) 34,7
HATEIEREFE(p)/bit) 6.94
O H E A (mm?) 0. 26

Pyt AR B AR (mm? )

B RS 0. 13um CMOS T8, &
RTETRY A 0. 26mm?® , A, PEAUHE P R R B 19 39 15
% XX B AR E N RIB R8s RS 3R 3h
LSS0 B ThEE N 34, TmW, 08 B i B A A S 1R
7 B

0. 068




34 PR TS TEL

2013 £

B7 SHEE

6 HRiE

SCH A 0. 13um CMOS SZBE T — 3K AT LARME
BFE SEmA R BN REN. (FEER
KRS 3, % H B AT DA BROH 2R 1 ik 5Gbit/s 1%
155, HIHMERLIAEE R =P R M T AR
BIRME. ZER T @ T XRR BRI TR RS
AR BT e R oF R e A R 1 R 3
MERED T HE R 805 B A Hspice, 3
FEUTEL R RRITER.

S XMk

[1] Yoshiharu Kudoh, Muneo Fukaishi, Masayuki Mizu-
no. A 0. 13pm CMOS 5—Gb/s 10 —m 28AWG cable
transceiver with no - feedback — loop continuous —
time post - equalizer[J]. IEEE Journal of Solid —
State Circuit,2003,38(5) ;741—746.

[2] Jin Liu, Xiaofeng Lin. Equalization in high — speed

communication systems[ J]. IEEE Circuits And Sys-
tems Magazine, 2004,4(2).4—17.

(31 Jri Lee. A 20—Gb/s a adaptive equalizer in 0. 13— pm
CMOS technology[J]. IEEE Journal of Solid — State
Circuit, 2006,41(9);2058—2066.

[4] Yasumoto Tomita, Masaya Kibune, Junji Ogawa, et
al. A 10—Gb/s receiver with series equalizer and on—
chip ISI monitor in 0. 11— pm CMOS[J]. IEEE Jour-
nal of Solid— State Circuit, 2005,40(4):986—993.

[5] Jong — Sang Choi, Moon — Sang Hwang, Deog —
Kyoon Jeong. A 0. 18— pum CMOS 3. 5—Gb/s continu-
ous— time adaptive cable equalizer using enhanced low
—frequency gain control method[J]. IEEE Journal of
Solid— State Circuit, 2004,39(3):419—425.

[6] John G Maneatis, Mark A Horowitz. Precise delay
generation using coupled oscillators[J]. IEEE Journal
of Solid— State Circuit, 1993,28(12):1273—1282.

[7] Zhenyu Zhao, Jianjun Wang, Shaoqing Li, etal. A 2.5
—Gb/s 0. 13pm CMOS current mode logic transceiver
with preemphasis and equalization[ C]// ASIC, 2007.
ASICON - 07. 7th International Conference. China.
Guilin, 2007.

EEE -

REF 5,087 ). Bt IR NEBBTRERES
BB

Fiz3x 5,966, HR. BRI R KHRE AR S
RE.

(B3 30 7O

[3] FengP ]J,Ge L D. Adaptive DBSCAN — based algo-
rithm for constellation reconstruction and modulation
identification[ C] // Proceedings of Radio Science Con-
ference 2004. Beijing: Pub House of Electronics In-
dustry, 2004. 177—180.

[4] YueSH, Li P,Guo ] D,et al. A statistical informa-
tion— based clustering approach in distance space[J].
Journal of Zhejiang University Science, 2005, 6A(1):
71—78.

(5] WRHE.FTHEM —BRHENETEENRERERE
(1], e F 5315841, 2012,29(2) : 44 —47.

(6] He&T k. SA—DBSCAN: —Ff BE M & THE
FAB 0] P EB BT A BT R, 2009, 26 (4)

530—537.
[7] #EE. 5% GRERE. SEEHEK DBSCAN MH#HE
011, HEHLRI,2008,28(3) : 745—748,

EE/N:

B Bl 19770, 8L, YEUE. BEE DT A A EIZ I AT
B

XEW (1970, WL, BB IR FT AN ARERL
B ALEHE

R & #0965, WL BHE BATRNERES
Ab¥E AT RE.



