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Figure 9.25 (a) Hogge PD waveforms, (b) resulting triwave produced by a charge pump.

B. Razavi, Design of Integrated Circuits for Optical Communications,
McGraw-Hill, 2003.
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Figure 9.27 CDR circuit using Hogge PD.

B. Razavi, Design of Integrated Circuits for Optical Communications
McGraw-Hill, 2003.
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Figure 9.28 (a) Three-point sampling of data by clock, (b) Alexander phase detector, and (c) its
waveforms.

B. Razavi, Design of Integrated Circuits for Optical Communications,
McGraw-Hill, 2003.
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Figure 9.29 Alexander PD waveforms for (a) late and (b) early clock.
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Figure 9.31 CDR circuit using Alexander PD.

B. Razavi, Design of Integrated Circuits for Optical Communications,
McGraw-Hill, 2003.
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Sec. 9.3 Frequency Detectors for Random Data
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Figure 9.43 FD waveforms for fast and slow clocks.

the result is high and for fyco < Rb, it is low. Hlustrated in Fig. 9.44 [12], the overall
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CK |
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r fout = Rb
— - > D Q A
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FF2

Figure 9.44 Complete frequency detector.

B. Razavi, Design of Integrated Circuits for Optical Communications,
McGraw-Hill, 2003.



To. e o2 T heo conhast A>oos wmus Y
e Cdloane an S a o Ony D fr ‘7\9»5,
Ao wnst E‘W A ach o

Frs. 4.4,
. Vo &S eonfrgurtd ~h cDrse ad
e  eonhois
v S Kvee W\a,a_bqvva 1N JoR
Q’*/)g“@w\g W‘b\ Loy \/DD/ VCO?C.L .
bt MNCLA )73 ug(-\‘,\% a 'QM A:v\()«,)r
For phase o bhad

> AMP\H’ /v\o\,a be 2Ansallad afrec PP
MC/L@.S tO MRAve (”OSQ/\L\& \)\‘(')'T"Q/‘\

Fog. 9.48 Puald V(Og,
\/CDL/ A Ao KNca) Hho \/co'/ RS ek d
Gor ‘th,quw\% Ay Yeeton. & oafes
DAk conhst )Jf\fh%k f¢ YLL .

But, sxtened rArloc u6 e ured
TN Al b= Sy ’@/*%.Lmr.
\/00{) I wavsy have A_A,Q,qua\):g (W }*e

MC* VCO' .



320 Chap. 9 Clock and Data Recovery

Retimed
|"‘" Data

——| PD |—>| LPF

A

Q »|lD o'ﬂLPF

Coarse
| -l

vCo
CKq Fine

Qll-— —»|0
O
X

1

Figure 9.47 CDR architecture with coarse and fine VCO control.
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Figure 9.48 CDR architecture using two VCOs.
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