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Design of a 10Gbps CMOS Clock and Data Recovery Circuit

C. H. Cha, H. C. Shim, S. H. Jeon, C. G. Yu
Dept. of Electronic Engineering University of Incheon

Abstract - In this paper, a 10Gbps Clock and Data Recovery circuit is
designed in 0.18um CMOS Technology. The circuit incorporates a
multiphase LC oscillator, a quarter-rate Bang-Bang phase detector, a
Charge Pump and a second order loop filter. The simulation results show
that the designed circuit has a peak-to-peak clock jitter of 4.1ps and a
peak-to-peak recovered data jitter of 8ps while consuming about 44mW
from a 1.8V supply.

1. B

HZ A Al2d 7 H|°lEi AEFo| FAHA ForEd wey, FA
AN 2d 7t dHlolE HE @Al HA, E‘;} 149 B4 Alade g
848 o7 At 9 °ﬂ optical communication, backplane routmg,
chip-to-chip interconnect 5% Z& FA&LTsl Ghit'sE Holte 1%
A ag EWAAY ALgo] dnksiE o)

A &£E7 Ghit/s§ LJ°17|"‘ A8 EdA WA= dole] A4E g
o sedo BERAR A48 AR 2, /M4 9 olf =, %%% 19 o
off] AEthe FATLE BUlE FAo] AL G £ GhisE AF
HolA & ﬂ]"]EMW 2Z N3E F38= FZ/d0H B4 E(Clock &
data Recovery, CDR)x A3 EWAM Y F8% 3jZot} CDRE A4 A
d& AU 4348 doldE A& Edatr] A8 HolgHd Fr8 £
& 24AN7 3, CDRAA 2449 %"%3 FAG AAe g F9de
394 stevlgn 9o

10Gbps CDR2 24 FZo] 2757 f&e F2 GaAs%}t SiGe HBT
TAHLE ¥ HAW & Ayawe yu g Tegln 2 3 "o ¥s
stk ©de] gl olo) wale, CMOSTFAH ¢ Anl&, A AY, A3
59 A scaling downe2 1% F39| 7% sﬂ Aoz, CMOS ¥4
£ o]8% CDRIZ A77} Bo o|Rojxz gup?

& dFdAe 018um CMOS 3322 10Gbps CDR 28 dA® ¥,
329 ¥24% Spectre RF AN EHIME B AZ3Qc

2.8 B

2.1 CDR §29| 74

a# 1& HA¥E CDRY AA E&5ZE Jedg. CDR 3=2d:e
multxphaqe LC oscillator®t quarter-rate $4 A&7, AdP=, 2ex 23
AGEHUEE A3 quarter-rate F20|t}. Quarter-rate F3%E 10Ghps
o 9l dlolel & 4/l 25Ghps HolH & demultiplexing® retiming %
Ao} aigt 44dE71E W S0psutt o1 HolHE HEdd, 949
g ASPE wuA Ak
Quarter-rate +%& £-& multi- r’:t
olaiAt}. Flip-Flop4 /*° 3 &5 E 2
7@—4 current-steering flip- ﬂop°1 7§T 2 2AZ9 Ee‘

= ¢} 12Gbps7}t Flip-Flop®) 53 @A Helth =3
W& £ der clockd fanoutds %9 4 ok

full- ratc FxE A7 &
. 0.18um CMOS &
% AHggd ghele

09} FAFHSE

<JP“J.1

DeMUXed
Data

<a@ 1> 4% CDR2 E8E

E =RS HRENE ZHF 02 ETRIL SoCHITEME A 88 IT
SoC #AdAAAYYAAGY drdzols, IDEC gl daiyE 9%

197

2.1.1 V€O

VCOE jitter 4ol HPHoz AL vA= F2F EEoj LC
oscillator 27} jitter S4o] €7@ ol A%, tuning range’t A7 o],
dAg VCogt TEE VCOY T3 Fabael] apo|sp wa gt )

2 A A$d VCOE 2@ 2% 2& LC-ring oscillatoro}et.
LC-ring oscillator®} @9 oscillator 7%+ NP-core® only N-coret} only
P-coreo]l uls] HHLE ZdoA felsln, &9 A% 339 gyl
S5ge 2 %9 clockd duty ratio?t FUE Adol ok EE Yo
tuning-range® 2t7] 913 3bit MM EE T capacitor bankE T
et

LC-ring oscillatore qﬂ oscillator£% 9434 ex @7—16}@ T4 gt
NAS 28] oscillator£® F4® LC-ring ()sc1llat(>r. N9 ¢ *“ K}"]
zbe=t}. LC-ring oscillatorfq BAFREE )Y ge 3’“4]"’°ﬂ BN
A48

BLG,/V1+@F + /(BLG, )}/ (1 +F) +4LC

wy = CY78] (§Y)

7)ol A Gupe MI1-49] transconductance®l 2, B 1/tan(90-180°/N)E N

of B 847t @tk whek Noj 19 ASdE wA S5 1/VIC Bg
A4 (D& B8 A £ U

‘uxi{%

Ve bé Vo+ Mi+ Vot Vi+ Vot Vir Vor

Vi- Vo- Vi- Vo~ Vi Vo~ Vi- Vo~

Oscilfator 1 Osciliator 2 Oscillator 3 Osciflator 4

<&l 2> LC-ring oscillator?] 32T

A (208 B closed-loop jitterd] ;'71’ AN £ i, olF £
\CO—J A4FEe Hx 271G ANY & ok B o 1011/‘1 WA CDI
9] close-loop jitter®] 2717} Ips B} FA drislaie d4Ese =
71 IMHz offsete]lA]  -108dBc/Hzuth  Zpolok &}, ofq)
cycle-to-cycle jitter®] 27} A(3)E of &8l ANE £ Y, 2 ﬁk—?:
156ps7t 9tk 29 3 AA% VOO A4FAEE4E vehddh ¢33
& 54& IMHz offset oA -121dB/Hz2 58 54% Lmtlt} 4
(2),(3)04 f,& loop band\wdthc’] 3, Vit on® modulation® VCO #jof
Nz 111-4 ’}-rﬂ}-r"l‘—]'

e e o

i

~,o ol

J~

Jg.\e.l

2%

2, I

T

<:I.E. 3> vCo9| Phase Noise 54

1 Aw
AT, , = e
PLL o 7

S, (Aw) o (2
o



VuKyvooWn

AT =
V2§

cc

2.1.2 Phase Detector

1% A& 719l & bang-bang EFSIS] 143 FE719 linear phase detector
g o] &3 A4 E/I2 FEE 4 it} bang-bang EFIS Y48 oA}
gl AodE Aol Aol TEA H high-frequency jitterE T4 A]
Ak ol# o]fE linear phase detector WAol MT  Ho]xxgl,
multi-rate architecture] A& 1 F&7} B3z i

184+ quarter-rate bang-bang phase detector™e]t}. Alexander PD'
o} vl 23 EAS BolA gl Alexander PD9HE 2, 93 dolEH
transitionsol §1-% Wl 4 doles}t FE9 fgo] wE AFoE o}
29 295 YA gk ol & ©E bang-bang typedl PD9} #¢13

$50j3)
O Dho Bnd Dug Dho Dhg Dag Dan Do
= [ = = = = b4 Q
R TR TN SR O 2 SN I
o Q [+] [«] [w] (=} o =}
L S S S S It S S £
o [] o] o] 0 [»] o] =]
I T I 1 1 I
i 3 i 3 1 i‘L
LI L Ll R 85 PR £ v O P i
- 4+ - 4 i 4 L4
To Loop
Filter

<1# 4> Quarter-rate Bang-Bang Phase Detector

279 PDY 8749 flip-flopE Z7 50pse] #EE F2 doleE A3
gk 948 &7 XORd 98 ddolgst 229 H4E& vl
Charge Pumpdll 4132 & A2l 9Ae] locking IUE dofE retiming
= o}jx| 3 demultiplexing ¥ dlolEi7} 3 #ch

VOU[

To Loop
filter

A
Di
& =
B
<28l 5> Exclusive~-OR #|2EX2} Charge Pump 3 2%
29 5% 1% 49 #4HE719 A1$E Exclusive-OR3 2% 9} Charge

Pump®] #ZZojrt HAE Charge Pumpt UP/DN A%9 AHE 5
3 28 golx g 3o gl

2.2 2o AE AN

2492 018um CMOS 34 #etvlE 9} Spectre RFE AME 89T
zoAdd A3 VCO9 tuning range: 23~3.1GHzol®, 25GHz #3 F3
FolAq g4 FEE -121dBc/Hz@1-MHzol ¥ Kyeos 110MHz/Volt}.

2.2 _

&

O T S G S 1 " )

<a# 6> SHE OolE s

18 6~8E £ A7 A dA% 10Gbps CDR 3129 24ye Z3)
F48 253 doje9 Z3 #Fojth. 19 6210Gbpse] PRBS 943 %
o] & CDRY eye-diagram £330l 2% 73 82 2dg 28 4
39} jitter HAolth BQ8 39 jitter £ 4lpspp o1z, ELH dol
o jittere 8psppolth F lolw £ GFoA HAH 32 EA7 71&9
10Gbps CMOS 329 & iR g o ggck. A" JBE AE HR

°
o=
of ud He WAL S5 jier EHE BT

4
o
i

198

—12&m
2.1

P J
982p

278

Twe)

@l 8> 289 jitter 84

<E 1> 45 Hld

Input Data Rate 10Gb/s 10Gb/s iOGb/s

QOutput Data Rate| 2X5Gb/s 2X5Gb/s 4x2.5Gb/s
1.4ps,

Clock Jitter 1.2ps,rms ps,rms 4.1ps,pp
/7ps,pp

Power Diss. 360mW 86mW 44mW

Supply Voltage 1.8V 1.5 1.8

Technology 0.18m CMOS|0.13ym CMOS| 0.18m CMOS
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