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2 5Gb/ s Mondlithic IC of Clock Recovery,Data Decision,
and 1 4 Demultiplexer
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Abgract : A high integrated monolithic IC ,with functions of clock recovery ,data decison,and 1 4 demultiplexer ,is

implemented in 0. 231 m CMOS process for 2 5Gb/ sfiber-optic communications. The recovered and frequency divid-
ed 625M Hz clock has a phase noiseof - 106. 26dBc/ Hz at 100k Hz off set in response to a2 5Gb/ s PRBSinput data
(2% - 1). The 2 5Gb/ s PRBS data are demultiplexed to four 625Mb/ s data. The 0. 97mm x 0. 97mm IC consumes
550mW under a single 3 3V power supply (not including output buffers) .
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1 Introduction

With the explosive development of telecom-
munication networks, computer networks and in-
ternet ,it istime to build up information highways.
Optic fiber communications have been widely used
in the world because of their many merits,such as
huge capacity ,long distance transmisson ,economi-
zing resource,anti interference and radiation ,etc.
Nowadays, synchronous digital hierarchy (SDH)
and synchronous optical networks (SONET) based
on optical transmission network have been widely
constructed and applied in the world.

The clock and data recovery (CDR) circuit is
the key component in optical digital transmisson
systems. Many papers and textbooks covering CDR

[1.2]

design have been published ™. However ,for com-

mercial application, the optical receiver must be
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high integrated, insendtive to temperature and
component variations and have few external conr
ponents. This paper adopts the charge pump phase-
locked loops (CPPLL) scheme,the phase detector
(PD) in CPPLL ,which can detect the phase to
generate early-late phase logic,and PD’ s special
function ,which is sampling the datato act asa 1

2 demultiplexer. Therefore,three blocks including
clock recovery,data decison,and 1 4 demulti-
plexer of an optical receiver are integrated mono-

lithically.

2 Circuit description

The architecture of a monolithic clock data re-
covery and 1 4 demultiplexer chip is shown in
Fig. 1. In the system,the sampling and early-late
phase logic circuits act as a phase detector. In the

sampling circuit ,samplesof a,b,c,d,and e are gen-
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erated from the input data. These 5 samples carry
the time information between the input data and
the clock generated by the VCO. The early-late
phase logic circuit processes these samples and pro-

vides an early-late sgnal to the charge pump. At
the same time,the sampling circuit actsasal 2
demultiplexer.
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Fig.1 Monolithic clock data recovery and 1 4 demultiplexer chip architecture
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The work scheme of the specially designed
phase detector is as follows:the transitions of the
binary sgnal are measured as early or late events
when compared with the transtions of the clock
sgnal. The sampling diagram is shown in Fig. 2.
The frequency of the clock is half of the bit rate of
the data. The samples are taken by two orthogonal
clocks of CO and C90.L et samplesa and c be taken
close to the mid-points A and C of two adjacent
bits,and the sample b at the changeover times be
tween A and C.

Thus,the samples a,b ,and c are related to the
early-late stuations by the following rules:

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

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

The structure of the sampling circuit (as
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Fig.2 Sampling diagram

shown in Fig. 1) is constructed according to the
sampling diagram . The frequency of CO and C90
being half of the data has two merits: (a) The
phase detector can act asa 1 2 demultiplexer ,s0

the whole system can accomplish 1 4 demulti-



1534

26

plexing after adding the latter 2 4 demultiplexer
and (b) the half-rate scheme makes it possible to
upgrade the speed of the clock recovery circuit to a
higher bit rate level'® .

2 2 Early-late phase logic circuit

Let Erepresentsearly L representslate and X
represents indecison. The eight possble combina
tions of abc and the concluson drawn from the four
rules are shown in Table 1.

Tablel Sampling logic

Concluson
X

[l Ll Ll L [ (e 2 [ 2 (a2 [))
Rk lolo |k |- |o|o|o
R ok |o |k |o |k |o|o
X |m X |™ T X |m

If @ represents the modulo-2 sum, E and L
can be given by

E=b®c, L=a®b

The early-late phase logic circuit of this paper
(in Fig. 1) has smpler logic and less transstor
than previous work!* . It processes these samples
and provides an early-late sgnal to the charge
pump. High operation frequency can be achieved by
the redstively-loaded MOS current mode logic
(MCML) circuit because of its small sgnal swing.
Several basic cells, such as latch, selector, and
XOR ,all adopt MCML structure.

2 3 VCO and charge pump

V CO adopts 6 stages ring oscillators,as it can
offer several advantages over L C oscillators. First ,
the symmetry of this architectrue ensures that pre-
ciseinphase (CO) and quadrature (C90) clocks are
generated. In addition to saving chip area,another
important benefit of this Smple desgn isits huge
tuning range. The control of the VCO is splitinto a
coarse tuning input and a fine tuning input. The
fine control is established by the phase detector

and the coarse control is a provison for the change
of temprature and technology. The logic of delay
cell isimplemented in redstively-loaded MOS cur-
rent mode logicinorder to reduce switchingrelated
supply noise for its relatively constant current
drawn from the power supply (asin Fig.3). The
charge pump also adopts differential structure to
alleviate mismatch and the charge sharing problem
(asin Fig.4)"™.
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Fig.4 Charge pump schematic

The closed loop tranger function H(s) of the
second-order chargepump PLL is

Lt o (R Gs+ 1)

H(9 = m_lf" (1)
g+ pus Kvaps+—°—2TQ3 Kvoo

The natural angular frequency W, can be de-
duced from the closed loop transer function H(s) ,
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_ K.
Wn = Jé‘% (2

S ,the capacitor G of the loop filter can be
decreased to a small value,as to integrated in chip
by reducing the current I, of the charge pump and
the gain Kwo Of the oscillator. The whole CDR-1
ADEMUX chip has no external components and is
highly integrated.

3 Simulation and experiment results

The performance of the proposed charge pump
phase-locked loops is smulated with a 0. 2% m
CMOS process of TSMC. Figure 5 shows the eye

Fig.6 Chip photograph

diagram of one recovered and demultiplexed data at
625M b/ s. The demultiplexed eye is very open and
has very low jitter. A photograph of the 0. 97mm x ;;'E:l-
0 97mm CDR1 4DEMUX chip is shown in *68.26 a8
Fig 6. The pad configuration used is dictated by

the onrwafer probes used for testing. An extensve

bottom metal ground planeisincludedin the layout

to increase the capacitance from substrate to -

ground. The phase noise of the divide-by-2 frequen-
cy spectrum of the recovered clock (in Fig.7) is
- 106. 26dBc/ Hz at 100kHz offset from the Fig.7 Divideby-2 frequency spectrum of the recov-
625M Hz carrier. ered 1 25GHz dock
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Fig.5 Eyediagram of one 625Mb/ s data ‘;

108 Emz

The tuning range of the VCO coarse control .. - |

comes up to 400M Hz. The CDR circuit exhibits a
capture range of 80M Hz. Figure 8 shows the jitter
histogram of the recovered 625M Hz clock is
11 72ps. The waveforms with a2 5Gb/ sinput da-

ta and four 625Mb/ s output data are shown in Fig.8 Jitter histogram of the recovered 625M Hz

Fig 9.1t is shown that the lower speed data have dock

been correctly demultiplexed.
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Fig.9 Waveformsof theinput and 4 output data

4 Conclusion

A complex mixed-sgnal CDR chip with orr
chip VCO, decison circuit , and clock dividers is
succesd ully realized in a standard 0. 294 m CMOS
technology. The half-rate phase detector provides a
bang-bang characteristic while retiming and demul-
tiplexing the data with no systematic phase off set.

2 5Gb/ s
(
0. 2% m CMOS
2 5Gs PRBS -1,
2 5Gb/s PRBS 4  625Mbls
550mW.
; ; ;1
EEACC: 1230B: 7250E
: TN929 DA
* ( :2002A A312230)
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The CDR IC is used as a DEMUX to convert a
2 5Gb/ s data sgnal to four 625Mb/ s signals. The
high integration,low power disspation,and low
cost of the CMOS process holds great promise for
the implementation of optical communication cir-

cuitsin this technology.
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