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CHAPTER 4, OPTICALRE ‘
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Figure 4.13: Ideal and degraded eye patterns for the NRZ formg;
signal is maximum. At the same time,. f'tom(.t) =0fort= m/ B, where m is 4y i
Since t =m/B corresponds to the decision mstan‘t of thfa nelghboﬁng bits, the Voltaer.
pulse of Eq. (4.3.6) does not interfere with the nelghbogng bits. ge
The linear-channel transfer function Hr(o) tha't w1.11 result in output pulse S
of the form (4.3.6) 18 obtained from Eq. (4.3.4) and is given by
HT(f) = Hout(f) /Hp(f) (4.3‘7)

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

Hr(f) = (nf/2B) cot(mf/2B). 439

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, th

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 anda ik
recovery circuit. The purpose of the latter is to isolate a spectral component a,t f=
B from the received signal. This component provides information about the bit slot
(Tg = 1/B) to the decision circuit and helps to synchronize the g 2
the case of RZ (return-to-zero) format, a spectral component at f = B is prest! ;ﬂ
Fhe recelv‘ed signal; a narrow-bandpass filter such as a surface-acoustic-wave filter ©
1fsoolate this componeint easily. Clock recovery is more difficult in the s onl
usr;gattet;;;zimse the signal received lacks a spectral component at f = B : A;: I;)n;
Componem(;l:e g_enerates such a component by squaring and re:ctlf)’l_ngt hrovgh*
e f =B/2 that can be obtained by passing the received 987

T. OId
The decision circuit o -

I
: ]tod ef
leve . mpares the output from the linear chani® = ¢ pelf
N 1,. at sampling times determined by th B it and decides W™y
e si y the clock-recovery circuil, (0

situ::\tig(:1 al corresponds to bit 1 or bit 0. The best sampling time Correspor,‘r;um_ :
0 1n which the signal leve] difference b |

etween 1 and 0 bits i
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(EIVER DESIGN 153

ned from the eye diagram formed by superposing 2-3-bit-lon g electrical
a0l des i1 the bit stream on top of each other. The resulting pattern is called an eye
e ebecause of its appearance. Figure 4.13 shows an ideal eye diagram together 1
Jisgrd oraded O in which the noise and the timing jitter lead to a partial closing of
vi . The best sampling time corresponds to maximum opening of the eye.
the &Y 'ause of noise inherent in any receiver, there is always a finite probability that a
| ezld be identified incorrectly by the decision circuit. Digital receivers are designed
pit WO e quch a way that the error probability is quite small (typically < 10 ~9).
{0 OP: elated t0 receiver noise and decision errors are discussed in Sections 4.4 and
E:?eThe - diagr?m pr'ovi.des. a visual way of mgnitoring the rgceiver performance:
osing of the eye is an indication that the receiver is not performing properly.

434 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-
fegration 18 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
handwidth of more than 2 GHz [53]. Since then, the bandwidth has been extended to
10 GHz.

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 OEICs is quite advanced. The use of MSM photodiodes has proved especially
useful as they are structurally compatible with the well-developed field-effect-transistor
(FET) technology. This technique was used as early as 1986 to demonstrate a four-
thannel OEIC receiver chip [56].

For lightwave systems operating in the wavelength range 1.3-1.6 um, InP-based
OEIC receivers are needed. Since the IC technology for GaAs is much more ma-
?re than for InP, a hybrid approach is sometimes used for InGaAs receivers. In this 1
g};;)tr Oach, called flip-chip OEIC technology [57], the electronic components are inte- \
tw()ecdh.o n a GaAs chip, whereas the photodiode is made on top of an.InP chip. T}}e
Fig 4 ﬁs are then connected by flipping the InP chip on the GaAs f:hlp, as shown in
trica] .00 - The advantage of the flip-chip technique is that the photodm@e and the elec-
paraSitiCmponents of the receiver can be independently PPIImIZCd while keeping the

Thels (e.g., effective input capacitance) to a bare minimum. . .

i possibltp-based IC technology has advanced considerably during t.he 1990s, mgkmg
have een to develop InGaAs OEIC receivers [58]—[74].' Several k{nds (?f t.rans1stors
With (e U;ed fOr‘this purpose. In one approach, a p—i-"t ph(.)todlode. is integrated
subStrate [Sgs or high-electron-mobility transistors (HEMTS) side by side on a.n InP
0y Wit ]-[63]' By 1993, HEMT-based receivers were Fapable of operating at
0340 G high sensitivity [62]. The bandwidth of such receivers has been mcreas:ed

% making it possible to use them at bit rates above 40 Gb/s [63] A waveguide

b

i = B - = =
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