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ABSTRACT

We report the effect of the optical
polarization in discrete time fiber-optic devices

for microwave signal processing applications.

Experimental results show that even in the

incoherent working regime of these devices, the

polarization state of the optical carrier can

strongly affect the overall microwave response.

A new analysis based on the optical S-matrix

representation is developed in order to model

correctly these devices. It is found that the
optical polarization can be exploited efficiently
for tuning the microwave response.

INTRODUCTION

Discrete time fiber-optic devices have
been proposed for various microwave
applications such as filtering, pulse-train
generation, data rate transformation [1]-[2].
Both incoherent and coherent working regimes
of these devices have been considered [1]-[5].
In order to obtain higher order transfer
functions, cascaded fiber-optic structures must
be used. In previous works [1],[6], when
dealing with the incoherent working regime, the
optical interference effect was simply ignored
in the analysis because the coherence time of
the light source is assumed to be much smaller
than the used unit delay time. Then the
microwave behavior of these structures was
calculated using a chain matrix formalism.
However, experimental evidences show that in
these structures, the optical interference can
occur and have a drastic effect on the
microwave frequency response (MFR). This

problem is due to the optical polarization
coupling effect and indeed cannot be explained
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by previously reported analysis.

EXPERIMENTAL INVESTIGATIONS

We investigated the MFR of two types of
cascaded fiber-optic structures using the
Unbalanced Mach-Zenhder Interferometer
(UMZI) and the Recirculating Delay Line
(R D L ) as building blocks. The optical
structures were realiztxl using standard single
mode fiber components (3-dB fused couplers
and connectorized fibers). The measurement
set-up consists of a microwave network
analyzer HP8510B andl a lightwave component
analyzer HP84320A for E/O and O/E signal
conversions. The optical source (DFB laser at
1.3 ~m) was intensity modulated in the
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Fig. 1 a)Equivalent structure of a two-stage
cascaded UMZI and b) Equivalent structiwe of a

cascaded RDL.

microwave frequency range lGIHz- 1.04GHZ.
The unit time delay T (which is determined by
the 20 m length of the delay fiber) in these
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structures was chosen to be much greater than
the coherence time of the light source (about
100 ns compared to about 13 ns) in order to
obtain an incoherent working regime. The
measured MFR of the one-stage UMZI and that
of the one-stage RDL were stable as one might
expect and the measured results were reported
elsewhere [8]-[9].

In order to study the MFR of a cascaded
two-stage UMZI, we terminated the port 7 of
the UMZI with a mirror and measured the
reflected optical signal at the port 2 (Fig. la).
Thus the realized structure is equivalent to a
real two-stage cascaded UMZI. Contrary to the
one-stage case, we observed that the MFR of
the cascaded structure becomes unstable and
can change drastically when touching the fiber
delay line. Fig.2a shows the measured MFR of
the structure in three different situations and
Fig.2b displays the corresponding impulse
responses. The impulse response consists of 3
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Fig. 2a) Measured MFR’s of the UMZI
terminated with a mirro~ b)Corresponding

impulse responses

delayed pulses arriving respectively at the
moments OT, lT, and 2T. The amplitude of the
f~st pulse and the third one remain practically
unchanged, however, the amplitude of the
second one can strongly fluctuate depending on
the external perturbations.

Similar results were also observed in the
case of the cascaded RDL.(Fig. lb). The
measured MFR’s and the corresponding
impulse responses are given respectively in
Fig.3a and b. In this case, the impulse response
consists of an infinite pulse train due to the
feedback loop.
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Fig. 3 a) Measured MFR’s of the RDL
terminated with a mirror b)Corresponding

impulse responses

THEORETICAL ANALYSIS

In the case of a two-stage UMZI, the
optical signal is divided in 4 different optical
paths (with their corresponding delay time OT,
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T, T and 2T) and recombined at the output. In
previous analysis [1],[6], it was commonly
supposed that these optical signals add on an
intensity basis. This assumption is, however,
not valid because the two optical signals
delayed by T will add rather on a field basis.
Thus the optical interference can occur
resulting in the change observed in the impulse
response.

In single mode fiber components, it is
known that the optical wave consists of two
nearly degenerated orthogonally polarized
modes. Therefore, we represented the input
optical field by a Jones vector:

[13]=[~]~exp(j@

where S2 denotes the microwave modulating
frequency and M is the modulation index.

We modelled the optical components by
their optical S-matrix. The S-matrix of a
lossless and reciprocal fiber of length L can be
expressed by:

roOF.01

[s~= OOOFY
FXOOO

10 FYOOj

where Fp exp(j@Ln./+ and F~ ex#@%&
with nX, ny representing the effective indexes
corresponding to the two polarization modes. A
lossless, reciprocal and polarization
maintaining coupler can be characterized by:

( [01 [o] [A] [B] 1

1[01 [0] [B] [A][s~= [A] [B] [o] [ol

[B] [A] [0] [0] I
The 2x2 sub-matrices A and B are given by:

[A]~[ ~ ~~ ]andIBl=[j~ j&]

Polarization coupling

&
L1 ~L2P

Fig. 4 Representation ~f the lumped
polarization coupling in a fiber delay line.

where KX and Ky represent respectively the
intensity coupling ratios for the two
polarizations.

To model the polarization coupling effect
due to fiber deformations, we supposed a
lumped polarization controller whose S-matrix
is given by:

I

o 0 cosO sine

[Sp]= 0 0 -sine‘Dose
Cose -sine o ()

sin(l cosO 00
where 0 characterizes the coupling between the
two polarization modes. The real fiber delay
line can than be considered as a combination of
a polarization controller sandwiched in between
two birefringence fibers L1 and L2 as shown
Fig.4.

Based on the above defined S-matrices,
we calculated the detected photocurrent at the
output of the cascaded UMZI and the cascaded
RDL for a linearly polarized input light. To do
this, the output optical intensities were
determined separately for each moment OT, T,
2T by means of the transfer functions of the
individual optical paths.

The simulated results agreed well with
the measured results. Fig.5 a and b show
respectively the simulated MFR’s in the
modulation frequency range O-1GHz and the
corresponding impulse responses of the
cascaded UMZI. These MFR’s were obtained
respectively for three different values of

t3 = 0°,45° and 90°. In this simulation, the
delay line fiber length was chosen to be lm and
the polarization controller was placed alt0.1 m
from one end of the fiber delay line. We
assumed that the average effective index is 1,5
and the fiber birefringence is characterized by
n=-nv = 10-6. The 3 d13 couplers were assumed
to b: polarization independent. With the same
conditions, the simulated MFR’s
impulse responses of the cascaded
given respectively in Flg.6a and b.

and the
RDL are

CONCLUSION

In practice, the polarization coupling in
standard optical fibers depends strongly on
external perturbations and can vary randomly
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the frequency response of the cascaded fiber-
optic structures. Thus formaintaining a stable
response of these devices, the use of
polarization maintaining fiber components is
needed. On the other hand, as shown in the
present analysis, it is possible to exploit
advantageously the optical polarization effect
to control the MFR of these structures by using
polarization controllers. This could find
interesting applications for realizing tunable
microwave filters in fiber-optic form.
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Fig. 5a) Simulated MFR’s of the cascaded
UMZI as a function of the polarization

coupling (3; b) Corresponding impulse

responses.

Fig. 6 Simulated MFR’s of the cascaded RDL
as a function of the polarization coupling
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