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Abstract : A high integrated monolithic IC ,with functions of clock recovery ,data decision ,and 1∶4 demultiplexer ,is

implemented in 0125μm CMOS process for 215 Gb/ s fiber2optic communications. The recovered and f requency divid2
ed 625M Hz clock has a phase noise of - 106126dBc/ Hz at 100k Hz off set in response to a 215 Gb/ s PRBS input data

(231 - 1) . The 215 Gb/ s PRBS data are demultiplexed to four 625Mb/ s data. The 0197mm ×0197mm IC consumes

550mW under a single 313V power supply (not including output buffers) .
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1　Introduction

Wit h t he explosive develop ment of telecom2
munication networks , comp uter networks and in2
ternet ,it is time to build up information highways.

Optic fiber communications have been widely used

in t he world because of t heir many merit s , such as

huge capacity ,long distance t ransmission ,economi2
zing resource , anti interference and radiation , etc.

Nowadays , synchronous digital hierarchy ( SD H )

and synchronous optical networks (SON ET) based

on optical t ransmission network have been widely

const ructed and applied in the world.

The clock and data recovery ( CDR) circuit is

t he key component in optical digital t ransmission

systems. Many papers and textbooks covering CDR

design have been p ublished[1 ,2 ] . However ,for com2
mercial application , t he optical receiver must be

high integrated , insensitive to temperat ure and

component variations and have few external com2
ponent s. This paper adopt s t he charge p ump p hase2
locked loop s ( CPPLL ) scheme , the p hase detector

( PD) in CPPLL , which can detect t he p hase to

generate early2late p hase logic , and PD’s special

f unction ,which is sampling t he data to act as a 1∶

2 demultiplexer . Therefore , t hree blocks including

clock recovery , data decision , and 1 ∶4 demulti2
plexer of an optical receiver are integrated mono2
lit hically.

2　Circuit description

The architect ure of a monolit hic clock data re2
covery and 1 ∶4 demultiplexer chip is shown in

Fig. 1. In t he system , t he sampling and early2late

p hase logic circuit s act as a p hase detector . In t he

sampling circuit ,samples of a ,b ,c ,d ,and e are gen2
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erated f rom the inp ut data. These 5 samples carry

t he time information between t he inp ut data and

t he clock generated by t he VCO. The early2late

p hase logic circuit p rocesses these samples and pro2

vides an early2late signal to t he charge p ump . At

t he same time , t he sampling circuit act s as a 1 ∶2

demultiplexer .

Fig. 1　Monolithic clock data recovery and 1∶4 demultiplexer chip architecture

211　PD

The work scheme of t he specially designed

p hase detector is as follows : t he t ransitions of the

binary signal are measured as early or late event s

when compared wit h t he t ransitions of t he clock

signal . The sampling diagram is shown in Fig. 2.

The f requency of t he clock is half of the bit rate of

t he data. The samples are taken by two ort hogonal

clocks of C0 and C90. Let samples a and c be taken

close to the mid2point s A and C of two adjacent

bit s ,and t he sample b at t he changeover times be2
tween A and C.

Thus ,t he samples a ,b ,and c are related to the

early2late sit uations by t he following rules :

(1) if abc = 110 ,t he clock is early.

(2) if abc = 100 ,t he clock is late.

The st ruct ure of t he sampling circuit ( as

Fig. 2　Sampling diagram

shown in Fig. 1) is const ructed according to t he

sampling diagram . The f requency of C0 and C90

being half of t he data has two merit s : ( a ) The

p hase detector can act as a 1 ∶2 demultiplexer , so

t he whole system can accomplish 1 ∶4 demulti2
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plexing after adding t he lat ter 2 ∶4 demultiplexer

and (b) t he half2rate scheme makes it possible to

upgrade t he speed of t he clock recovery circuit to a

higher bit rate level [ 3 ] .

212　Early2late phase logic circuit

Let E rep resent s early ,L rep resent s late and X

represent s indecision. The eight possible combina2
tions of abc and t he conclusion drawn f rom t he four

rules are shown in Table 1.

Table 1　Sampling logic

a　　b　　c Conclusion

0　　0　　0 X

0　　0　　1 E

0　　1　　0 X

0　　1　　1 L

1　　0　　0 L

1　　0　　1 X

1　　1　　0 E

1　　1　　1 X

If Ý rep resent s t he modulo22 sum , E and L

can be given by

E = b Ý c ,　L = a Ý b

The early2late p hase logic circuit of t his paper

(in Fig. 1 ) has simpler logic and less t ransistor

t han previous work[4 ] . It p rocesses t hese samples

and provides an early2late signal to the charge

p ump . High operation f requency can be achieved by

t he resistively2loaded MOS current mode logic

(MCML) circuit because of it s small signal swing.

Several basic cells , such as latch , selector , and

XOR ,all adopt MCML st ruct ure.

213　VCO and charge pump

VCO adopt s 6 stages ring oscillators ,as it can

offer several advantages over L C oscillators. First ,

t he symmet ry of t his architect rue ensures that p re2
cise in2p hase (C0) and quadrat ure (C90) clocks are

generated. In addition to saving chip area ,anot her

important benefit of this simple design is it s huge

t uning range. The cont rol of t he VCO is split into a

coarse t uning inp ut and a fine tuning inp ut . The

fine cont rol is established by t he p hase detector

and t he coarse cont rol is a p rovision for t he change

of temprat ure and technology. The logic of delay

cell is implemented in resistively2loaded MOS cur2
rent mode logic in order to reduce switching2related

supply noise for it s relatively constant current

drawn f rom the power supply (as in Fig. 3) . The

charge p ump also adopt s differential st ruct ure to

alleviate mismatch and the charge2sharing problem

(as in Fig. 4) [2 ] .

Fig. 3　Delay cell of the VCO

Fig. 4　Charge pump schematic

The closed loop t ransfer f unction H ( s) of t he

second2order charge2p ump PLL is

H ( s) =

Ip Kvco

2πCp
×( Rp Cp s + 1)

s2 +
Ip

2π
Kvco Rp s +

Ip

2πCp
Kvco

(1)

　　The nat ural angular f requencyωn can be de2
duced f rom the closed loop t ransfer f unction H ( s) ,
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ωn =
Ip Kvco

2πCp
(2)

　　So , the capacitor Cp of the loop filter can be

decreased to a small value ,as to integrated in chip

by reducing the current Ip of the charge p ump and

t he gain Kvco of t he oscillator . The whole CDR21∶

4D EMU X chip has no external component s and is

highly integrated.

3　Simulation and experiment results

　　The performance of t he p roposed charge p ump

p hase2locked loop s is simulated with a 0125μm

CMOS process of TSMC. Figure 5 shows the eye2
diagram of one recovered and demultiplexed data at

625Mb/ s. The demultiplexed eye is very open and

has very low jit ter . A p hotograp h of t he 0197mm×

0197mm CDR21 ∶4DEMU X chip is shown in

Fig16. The pad configuration used is dictated by

t he on2wafer p robes used for testing. An extensive

bottom metal ground plane is included in t he layout

to increase t he capacitance f rom subst rate to

ground. The p hase noise of t he divide2by22 f requen2
cy spect rum of the recovered clock (in Fig. 7) is

- 106126dBc/ Hz at 100k Hz off set f rom the

625M Hz carrier .

Fig. 5　Eyediagram of one 625Mb/ s data

The tuning range of t he VCO coarse cont rol

comes up to 400M Hz. The CDR circuit exhibit s a

capt ure range of 80M Hz. Figure 8 shows the jit ter

histogram of t he recovered 625M Hz clock is

11172p s. The waveforms with a 215 Gb/ s inp ut da2
ta and four 625Mb/ s outp ut data are shown in

Fig19. It is shown t hat t he lower speed data have

been correctly demultiplexed.

Fig. 6　Chip photograph

Fig. 7 　Divide2by22 frequency spect rum of the recov2
ered 1125 GHz clock

Input data　Di : 1110 0101 0001 1010 0111 0100 1101 0010

Output data　D2 : 1 0 0 1 0 0 1 0

D3 : 0 1 1 0 1 0 1 0

D1 : 1 1 0 0 1 1 1 0

D0 : 1 0 0 1 1 0 0 1

Fig. 8　Jitter histogram of the recovered 625M Hz

clock
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Fig. 9　Waveforms of the input and 4 output data

4　Conclusion

A complex mixed2signal CDR chip wit h on2
chip VCO , decision circuit , and clock dividers is

successf ully realized in a standard 0125μm CMOS

technology. The half2rate p hase detector p rovides a

bang2bang characteristic while retiming and demul2
tiplexing t he data wit h no systematic p hase off set .

The CDR IC is used as a DEMU X to convert a

215 Gb/ s data signal to four 625Mb/ s signals. The

high integration , low power dissipation , and low

cost of the CMOS process holds great p romise for

t he implementation of optical communication cir2
cuit s in t his technology.

References

[ 1 ] 　Yang Fenglin , Zhang Zhaofeng , Li Baoqi , et al . A 41 8 GHz

CMOS fully integrated LC balanced oscillator wit h symmet ri2

cal noise filter technique and large tuning range. Chinese Jour2

nal of Semiconductors ,2001 ,22 (5) :529

[ 2 ] 　Behzad Razavi. Design of high2speed circuit s for optical com2

munication systems. IEEE Conference on Custom Integrated

Circuit s ,2001 :315

[ 3 ] 　Jügen Hauenschild ,et al . A 10 Gb/ s BiCMOS clock and data

recovering 1 ∶42demultiplexer in a standard plastic package

wit h external VCO. ISSCC ,1996 : FP1215

[ 4 ] 　Jonat han E Rogers ,John R Long. A 10 Gb/ s CDR/ DEMUX

wit h L C delay line VCO in 01 18μm CMOS. IEEE J Solid2

State Circuit s ,2002 ,37 (12) :1781

21 5 Gb/ s单片时钟恢复数据判决与 1∶4分接集成电路的设计 3

陈莹梅　王志功　熊明珍　章　丽

(东南大学射频与光电集成电路研究所 , 南京　210096)

摘要 : 用 0125μm CMOS工艺实现一个复杂的高集成度的 215 Gb/ s单片时钟数据恢复与 1 ∶4分接集成电路.对

应于 215 Gb/ s的 PRBS数据 (231 - 1) ,恢复并分频后的 625M Hz时钟的相位噪声为 - 106126dBc/ Hz @100k Hz ,同

时 215 Gb/ s的 PRBS数据分接出 4路 625Mb/ s数据.芯片面积仅为 0197mm×0197mm ,电源电压 313V时核心功

耗为 550mW.
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