Volume 25
February 2004
Pages 1-40

Editorial

25th Anniversary

I you check the cover page of this
issue, you will see that it is volume

25 - something to celebrate?

When we started Journal of Optical
Communications 25 years ago it was
at a time optical communications. fi-
ber and integrated optics were a niche
in the research laboratories of the
telecommunications industry; at that
time 1 was a professor at the Technical
University of Berlin and started to give
lectures on {opics such as lasers, wave
propagation in dielectric media, modu-
lation of optical waves etc for clectric
engineers! At that time my father was
publishing o journal called “Frequenz”,
which huad an old tradition and was not
really wiliing to change from electric
ficlds to optical waves. Therefore we
discussed a project “Journal of Optical
Communications™ with the publisher
of the "Frequenz”. We decided to try
an international. English journal con-
centrating on the new R&D-topics
connected with the ideas to transmit
high bit rate information via optical
fibers 1 still remember the time {some
years before) when 1 wus working at
Siemens R&D, where we were happy if
semiconductor lasers lasted more than
ur: hour

We had the huck to get & very high
level seientifie editorial board which
supported us in the beginning very
much Most of them are retired or are
eves no more between us

it was a very cxciting time, but it was
25 yesrs ago: Time is running very
fust!

Sincerely yours

Raulf Th. Kersten

Editor-in-chicf
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An Advanced Direct Detection Receiver Model

Ivan B Djordjevic', Bane V Vasic®

Summary

An advanced receiver model for the optically amplified
communication system (based on EDFA, Raman or hy-
brid Raman/EDF amplifiers) is proposed. It is indepen-
dent on modulation scheme, pulse shape, type of electri-
cal filter and type of optical filter. The channel is mod-
eled as a stationary additive noise channel with memory
(intersymbol interference-ISI), with the noise at its ar-
bitrary statistics. The validity of the model is verified
by Monte Carlo simulations for different modulation
schemes like non return to zero (NRZ), return to zero
{RZ), chirped return to zero (CRZ) and carrier sup-
pressed return to zero (CSRZ) with respect to the am-
plifier spontancous cmission (ASE) noise. An excellent
agreement is obtained for the all considered schemes.

1 Introduction

Modeling of fiber channels is an active area of research
in optical communications. Finding an accurate receiver
model is a difficult problem due to the inherent complex-
ity of the physical phenomena involved in transmission
of a digital signal and a variety of optical technologies
and modulation schemes presently under investigation.
Recently several receiver models have been proposed
[1-7] In the mode! presented in [1}, the aptical filler
is omitted, limiting its application to NRZ/RZ signals
for a very narrow region of electrical filter bandwidths
Morcover, the derivation of the signal-independent vari-
ance term assumes a flat electrical filter transfer func-
tion In {2} and [6-7], a morc comprehensive model is
proposed:This model, however, lacks generality It is
applicable under the white Gaussian noise approximation
of the optical filter input noise, despite the fact that the
ASE noise is a narrow band process. Also the analysis
is restricted to NRZ receivers, The most comprehensive
receiver model to date is proposed in [4-5]. But it is
applicable for a simple integrate-and-dump type of the
electrical filter for the NRZ signals.

Construction of a general model, derived without any
constraints with respect to either the choice of the
front-end filters and modulation scheme is still an
open problem. This paper introduces a more general
model, independent on the modulation scheme, pulse
shape, optical and electrical filter types. It can be
used for arbitrary additive stationary noise including

amplifier spontaneous emission {ASE) and multipath
interference {MPI). Such a model allows a comparison
among different modulation schemes and in identify-
ing the optimum filter bandwidihs. Due to the peneral-
ity with respect to optical and electrical Iilter choice,
this model allows to find the best optical/electrical
filter pair with respect to performance of every par-
ticular system. Besides the ASE noise, this model
allows other types of noise, such as MP{ for Raman
amplifiers, without adjusting the model.

The modei is validated by Monte Carlo simulations.
The analysis includes opticatly amplified CRZ, CSRZ,
RZ and NRZ signals, super Gaussian optical [ilter and
Gaussian electrical {ilter in the presence of ASE noise
and under ISI influence

2 Model description

The block scheme of the receiver is shown in Fig 1. The
observed electrical [ield coming through the fiber to the
optical filter inpul can be wrilten as

(1) = s{t)+ nlt)

s(t)= Y. b, Pp,(t—nT,) 0

fim—o

where s(t) is the goptical) amplifier chain output signal
field, p,(1) is the n" bit pulse shape, P the peak power and
b, is the information comtent bye {r,1}, with r being the
extinction ratio, 0 s r s 1. The additive noise component
n(t) is assumed o be a zero-mean wide sense station-
ary (ASE, MPL etc) with the autocorrelation function
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