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Abstract

This paper presents a novel scheme of
balanced optical communication link
intended *to reduce the effect of the
transmitter laser RIN on the total noise

=9

figure and dynamic vange of the link.
The method is based on splitting the
laser’s power into two fibers, and
modulating only one branch by the RF
signal. Maintaining perfect amplitude
and phase balancing allows complete
cancellation of the laser RIM. In
practice, to achieve 20 db of laser
noise reduction an amplitude balancing
of 0.5 db or phase balancing of &
degrees is vrequired. To maintain the
balancing under changing conditions it

might be necessary to
circuit. The methiod
particularly important
high dynamic vange links,
limited by laser noise.

use an adaptive
presented is
for microwave

which may be

Introduction

Today optical communication links are

being used for a variety of
applications, from computer local area
networks up to long-haul  telephone
links. For most applications the
existing commercially available links

can meet all the important specification

requirements. The limitations of
existing links ave apparent for high
frequency (microwave) applications, for

high dynamic range systems and specially
for applications combining both. As far
as frequency is concerned, today
commercially available links exist up to
12 GHz, and it is expected that shortly
it will reach the 20 GHx mark. The
dynamic range of most available links is
quite low (40-30 db2, specially for
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digital applications, where high dynamic
range is not vequived. However,
increasingly analog applications are
emerging that requive high  dynamic
range. In the low frequency range (helow
1 GHz) +the dynamic range for these
analog systems can be fulfilled, in
general, and LThere exist links with
dynamic vange as large as 70 db. At
Fi g her frequencies  existing optical
Links are limited in  their dynamic
range. In this paper a technique is
presented to appreciably dwmprove the
dynamic range of an analog microwave
optical link.

Dynamic range and noise figure

The dynamic range of an optical link
is calculated by the expression?

DR=2/3 CIF3 ~ EIMD €13
where DR is the dynamic range in db, IP3
ie the third order intercept point in

dbm referred to the input and EIM is the
equivalent dnput noise of the link in
dbm. IF3 is usually determined by the
laser’s modulation linearity, while EIN
is determined by the total noise of the
link. From the above expression it is
obvious +that to increase the dynamic
range one should either increase IF3 or
decrease EIN or both. In recent years,
appreciable improvements have been nmade
in laser modulation linearity, and IP3
of 30dbm up to 2-3 GHz , 2% dbm to 3 GH=
and 22 dbm to 10 BHz are commercially
available. Further

improvements are
possible by decreasing the link’s nuise.
In genevrals

EIN = EIN_ + EINyp +EINg
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where EIM, is due Lo laser nolse, LElLNy

is due Lo thermal noise and ElNg is duo

to shot neoise in the optical detector.
The quantities in Eq. 2 ave in walbls.
Under normal operating conditions the
shot noise is negligible. The Uthermal
noise is proportional to the link loss
(LTBLY. The laser noise is usually the
largest, and it determines the noise
floor C(EIN). The laser noise (RIMN -
relative dntensity noise) is  an  AM
noise, and its spectrum has a btypical
characteristics for low modulation
frequencies (near Lhe carriev) Lhe nolse
decreases to a flal minimum in the range
201000z, then it increase
monotonically and reaches a maximum at
the relaxation oscillation frequency,
beyond which it decreases again. The
decrease of IF3  combined with the
increase  of laser noise at  high

frequencies causes the sharp decrease of
dynamic range at microwave frequencies.

The noise figure of the optical link
ie defined as the vatio between the
actual output noise and the output noise
for a noiseless link. It can be shown
that the noise figqure is:

NF = EIN/KTR = L + EIN; kTR €32
In Equation 3 the shol noise isg
assumed negligible. Obviously, to reduce
the overall noise figure of the link one
should reduce the link loss, L, and
reduce laser noise. The reduction of
link loss has been discussed extensively
in the literature, and the approaches to
achieve it are well documented Cophical

and electrical coupling improvements,
laser and detector efficiency
improvement, etc.). In this paper we

present a method to reduce the effect of
laser noise, which might be the largest
source of noise for microwave optical
links.

The new link architecture

Several attempts have been made in
the past to cancel the laser noise of
optical links, most of which concentrate
an noise reduction of the LO laser in a
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tooIn this
dual  deteclion
allows almost
of the transmitter

heterodyne deteclion schome
paper  we  preasent
architectuwre, which
pevfect cancellation
laser RIMN without using an L0 laser
Cthws  avoiding the LO noiseldy, thereby
appreciably increasing the dynamic range

A

and decreasing the noise figure of the
optical link. The proposed Tink
architecture is depicted in Fig. 1. In

the transmitter the laser opltical power
is divided equally between Lwo Tibers by

mers of an oplical power divider. In
one ol the fiboere the light is  notl
modulated, while the second  Dbranch
includes an oplical modulator, which is
used to modulate the light by the RF
signal. The receiver features a double

detection scheme
uptical detecltors.

using  two ddentical
The oubput signals of

the two detectors are combined in an
out-of phase RF {(microwave) combiner.
The two "AMP & FH" boxes vrepresent

amplitude and phase equalizers intended
Lo achieve equal loss and delay in the
two branches.

For an ideal balancing of the opltical
link theve is a complete cancellation of
the transmitter laser RIN. To achieve
this result the loss and bthe delay of
the two paths must be exactly equal. It
is important to note that any delay
difference between the two paths should
be very small relative to the RFE_period

tnukt Lhe opbical pericd), which is a
veasonable requirvement. IV is easy to
verify  that under ideal balancing
conditions the oubtput of the first

optical deteclor is proportional to the
laser noise, while the output of the
second detector is proportional to the
sum of the RF signal and the laser
noise. Thus, the out-of-phase combiner
cancels out the lager noise
contribution, and an AN nolse-free
signal is veproduced at the receiver®s
oubput. The disadvantage of the proposed
dual link is the increased cost due to

* . L. Abbas, V. W. 5. Chan, TR, Yee, "A Dual Detector
Optical Heterodyne Receiver for Local Oscllator Noise
Suppression”, Journal of Lightwave Technology, 0 ctober 1985,
pp. 1110-1122.



additional hardware requirements

compared to the single-ended link
Coptical power divider, two optical
detectors, equalizers, combiner and two
fibers). Therefore, this link is
recammended for applications in which
the increased dynamic range and
decreased noise figure are of
importance.

Analysis of the proposed link

The deqree of laser RIN cancellation
is strongly dependant on the asplitude
and phase balancing. Denote
kgp=20logCkithe amplitude unbalance in
db <Cthe link loss difference between the
two paths). Denote # the phase unbalance

(phase difference betwaen the Lwo
pathsl.

Assuming a single sine wave at
microwave frequency as Lhe wmodulating

signal it is possible to calculate the
signal to laser noise yatio at the
reEceiver output for both &
"conventional' single-ended link and the
new bhalanced link. The improvement
achieved by the balanced link can be
demonstrated by the ratio, R, of the two
8/M. The result is:

Ro= k% 7 % - 262 cosd +1) (47

Eq. 3 can be used to investigate the
sensibtivity of +the link to unbalance
effects. This is best demonstrated by
plotting curves of constant K in the e
plane. From Eq. 3 the constant R cwrves

ares
(1-1/7K) k% - 282 cos@ +1 = O (5
Fig. 2  depicts the effect of

amplitude and phase unbalance on the
degree of laser RIMN cancellation. 13 db
and 20 db cancellation curves are shown.
The graphs show that a 20 db RIN
reduction is difficult but feasible -
amplitude balancing of 0.5 db with
perfect phase or phase balancing of &
degrees with perfect amplitude is
required. To maintain the RIN
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cancellation feature under changing
conditions, such as temperature, it is
necessary to use an adaptive scheme to
control thie anplitude . and phase
balancing.
Conclusion

In this paper we presented a novel
balanced architecture for an optical
link intended +to veduce laser noise.
Laser RIN cancellation is very important
for microwave links requiring high
dynamic vange. Since the laser RIN
increases with frequency the dynamic
range of Yragular® optical links
decreases with frequency, as witnessed
in the manufacturer's data sheets. The
balanced scheme presented here enables
practically a RIN reduction of around 20

dby which greatly improves the noise
floor of the link <CEINY, which is
dominated by laser RIN for a single-
ended link. For cosmercial links a

dynamic range increase of 10 to 15 db is
possible by emp loying the method
presented here.
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Fig. 1 The novel balanced optical link avchitecture
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Fig. 2 Sensitivity of the new aptical link to amplitude and phase unbalance
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