
• Includes -
co-ROM -,,,,, ------

- -
-(:';s'ij, G O V I N D P . A G R A W A L 

. .,, i, !, _,. •, 

. A 
'erie-s- ·i·n M" .· ,n ~_·,,,~ , .. _ ,.. 1crowave and O t · , , 

- - a • • , • • • "·· - p IC al E . ·> ·,_· - , Kai Chari g-·se· r,· _._ E_.,..,._.'.- -ngineering 
· . . , es a1tor 

... .... 
Nokia of America Corporation

IPR2023-00680, Ex. 1029
Ex. 1029.1



This text is printed on acid-free paper. @) 
Copyright il 2002 by John Wiley & Sons, Inc., New York. All rights reserved. 

Published simultaneously in Canada. 
No part of this publication may be reproduced, stored in a retrieval system or transmitted in any 
fonn or by any means, electronic, mechanical, photocopying, recording, scanning or otherwise, 
except as pennitted under Section I 07 or 108 of the 197 6 United States Copyright Act, without 
either the prior written permission of the Publisher, or authorization through payment of the 
appropriate per-copy fee to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 
01923, (978) 750-8400, fax (978) 750-4744. Requests to the Publisher for permission should be 
~esscd to tbe Permissions Department, John Wiley & Sons, Inc., 605 Third A venue, New York, 

lOlS8-00l2, (2l2) 850-6011, fax (212) 850-6008, E-Mail: PERMREQ@ WILEY.COM. 

For ordering and t . cus omer service, call 1-800-CALL WILEY. 

Library of Congress Catalo . . . . ging-in-Publtcation Data is available. 

ISBN 0-471-21571-6 

Printed in the United Stat f . es o Amenca 
10 9 8 7 6 5 4 3 2 1 

Ex. 1029.2



152 

CHAPTER 4. 

Bit slot-

F
. 4 13. Ideal and degraded eye patterns for the NRZ fonnat 1gure . . . 

. nal is maximum. At the same time, hout(t) = 0 fort = m/ B, where mis an i t 
sig d · · · t t f th · hb · n eger 
S
. _ /B corresponds to the ec1s1on ms an o e ne1g onng bits, the · mce t - m . . hb . b' Voltage 

pulse of Eq. (4.3.6) does not interfere with the ne1g onng its. 
The linear-channel transfer function Hr ( ro) that will result in output pulse sh 

· 34) d' · b apes 
of the form ( 4.3.6) is obtained from Eq. ( 4. . an is given y 

HL(J) = HoutU)/Hp(f). (4.3,7) 

For an ideal bit stream in the nonreturn-to-zero (NRZ) fonnat (rectangular input pulses 
of duration T8 = 1/B), Hp(f) = Bsin(nf /B)/nf, and Hr(!) becomes 

Hr(!)= (nf /2B)cot(nf /2B). (4.3.8) 

Equation (4.3.8) determines the frequency response of the linear channel that would 
produce output pulse shape given by Eq. (4.3.6) under ideal conditions. In practice, the 
input pulse shape is far from being rectangular. The output pulse shape also deviates 
from Eq. (4.3.6), and some ISI invariably occurs. 

4.3.3 Decision Circuit 
The data-recovery section of optical receivers consists of a decision circuit and a clock· 
recovery circuit. The purpose of the latter is to isolate a spectral component at f::: 
B from the received signal. This component provides information about the bit slot 
(TB = 1 / B) to the decision circuit and helps to synchronize the decision process. In 
the case f RZ ( B · resent 10 

0 return-to-zero) format a spectral component at f == is P 
the rece· d · l· ' • filter caJJ . ive signa, a narrow-bandpass filter such as a surface-acoustic-wave .ro1 
isolate this compo t -1 C . • h case of 1~rv--nen easi y. lock recovery is more difficult m t e nlY 
format because the · 1 • B A conW1° . signa received lacks a spectral component at f == · tral used technique . • the spec generates such a component by squaring and rectifying gh a 
component at f - B/2 h . . al thfOU h' h - t at can be obtained by passing the received sign 

ig -pass filter. 1d 
The decision cir . I to a threshO 

level at sa 
1
. . cuit compares the output from the linear channe .d s whetber 

' mp mg times det · d · d dec1 e we the signal ermme by the clock-recovery circuit, an nds 10 corresponds to b't 1 • . • rresp0 Jt situation in wh· h h i or bit 0. The best sampling ume co ~,..jrJlU[ll• 1c t e sig 1 1 • · · s rn"" na evel difference between 1 and O bits 1 
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rll"lined from the eye diagram formed by superposing 2-3 bit lo 1 • 1 dete111., f h - - ng e ectnca 
call be . the bit stream on top o eac other. The resulting pattern is called ces 1n F an eye 
sequen because of its ap~earance .. igure 4.13_shows an ideal eye diagram together 
di~gr:~egraded one in ~hie? the noise and the timi~g jitter lead to a partial closing of 
with The best sampling time corresponds to maximum opening of the eye. 
the ;:~ause ?f no~se i~herent in any receive~, _ther~ is ~lwa~s. a finite _probability that a 
. ld be identified incorrectly by the decision circmt. Digital receivers are designed 

bit:::ate in such a ~ay th~t the error _P:obability is qu~te small _(typically < 10-9). 
to P lated to receiver noise and decision errors are discussed m Sections 4.4 and 
Issues re . d . 1 f . . The eye diagram provi es a visua way o momtonng the receiver performance: 
4.S. . of the eye is an indication that the receiver is not performing properly 
Closing · 

4.3,4 Integrated Receivers 
All receiver components shown in Fig. 4.11, with the exception of the photodiode, 
are standard electrical components and can be easily integrated on the same chip by 
using the integrated-circuit (IC) technology developed for microelectronic devices. In-
tegration is particularly necessary for receivers operating at high bit rates. By 1988, 
both Si and GaAs IC technologies have been used to make integrated receivers up to a 
bandwidth of more than 2 GHz [53]. Since then, the bandwidth has been extended to 
10GHz. 

Considerable effort has been directed at developing monolithic optical receivers 
that integrate all components, including the photodetector, on the same chip by using 
the optoelectronic integrated-circuit (OEIC) technology [54]-[74]. Such a complete 
integration is relatively easy for GaAs receivers, and the technology behind GaAs-
based 0EICs is quite advanced. The use of MSM photodiodes has proved especially 
useful as they are structurally compatible with the well-developed.field-effect-transistor 
(PET) technology. This technique was used as early as 1986 to demonstrate a four-
channel 0EIC receiver chip [56]. 

For lightwave systems operating in the wavelength range 1.3-1.6 µm, InP-based 
OEIC receivers are needed. Since the IC technology for GaAs is much more ma-
ture than for InP, a hybrid approach is sometimes used for InGaAs receivers. In this 
approach, called.flip-chip OEIC technology [57], the electronic components are inte-
grated on a GaAs chip whereas the photodiode is made on top of an InP chip. The 
two chip ' · h · p· s are then connected by flipping the InP chip on the GaAs chip, as s own m 
t ~g. 4·14· The advantage of the flip-chip technique is that the photodiode and the elec-
ncal com · · d h'l k · th Par . . ponents of the receiver can be independently optmuze w 1 e eepmg e 

as1tics (e g . . . . T · ·, euective mput capacitance) to a bare mm1mum. 
it h~ lnP-based IC technology has advanced considerably during the 1990s, making 

Possible t d . d f . hav O evelop InGaAs OEIC receivers [58]-[74]. Several kin s o transistors 
e been u d . . d' d . . d With the FE se for. this purpose. In one approach, a p-1-n ph~to 10 e_ 1s mtegrate 

8Ubst Ts or high-electron-mobility transistors (HEMTs) side by side on an InP 
rate [Sg] . lOGbt . -[63]. By 1993 HEMT-based receivers were capable of operatmg at 

s With hi ' . . d to >40 G gh sensitivity [ 62]. The bandwidth of such receivers has been mcrease 
llz, making it possible to use them at bit rates above40 Gb/s [63] A waveguide 

! I 
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