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Performance Implications of Three-Mirror
Fabry—Perot Demultiplexers for
10-Gb/s WDM Dispersion-Supported
Transmission with 0.5-nm Channel Spacing

Mério M. Freire, Alvaro M. F. de Carvalho, and Henrique J. A. da Silva

Abstract— This letter assesses the performance of dispersion-
supported transmission (DST) for three 10-Gb/s WDM channels
separated 0.5 nm, using a three-mirror Fabry-Perot demulti-
plexer. It is shown that the use of three-mirror demultiplexers
reduces the crosstalk penalty to less than 1 dB in the region of
small linear increase of dispersion penalty of the DST method,
while double-cavity Fabry-Perot demultiplexers are less suitable
to operate at this channel spacing. Compared with published
performance studies for WDM-DST systems with 1 nm of channel
spacing, these results indicate the channel spacing may be cut in
a half, if a three-mirror filter is used as demultiplexer.

1. INTRODUCTION

F 10 Gb/s wavelength division multiplexed (WDM) chan-

nels are to be transmitted via long spans of standard single-
mode fibers (SMF) using the method of dispersion-supported
transmission (DST) [1], narrow-channel spacings are required
in order to reduce the differences on the system performance
due to the EDFA gain dependence with wavelength, and due
to a different value of fiber dispersion at the wavelength
assigned to each channel. Using WDM and polarization-
division multiplexing (PDM), four 10-Gb/s channels separated
0.5 nm have been transmitted over 340 km of dispersion
shifted fiber (DSF) [2]. Using three tunable bandpass filters in
series for channel selection, seventeen 20 Gb/s WDM channels
have been transmitted through 150 km of dispersion-managed
fiber (DMF), with 0.8-nm channel spacing which corresponds
to 5 times the bit rate [3].

Performance assessment of multichannel dispersion-
supported transmission using single- and double-cavity
Fabry—Perot (FP) demultiplexers has been reported for two
[4] and three [S] 10 Gb/s WDM channels separated 1 nm.

In this letter, a system performance comparison is presented
for three-mirror and double-cavity Fabry—Perot demultiplex-
ers.
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II. FREQUENCY RESPONSE

In this section, we compare the frequency response of
double-cavity and three-mirror FP filters. The frequency re-
sponse of a double-cavity FP filter, with equal cavities, is
given by the product of two field transfer functions of single-
cavity FP filters [6]. Neglecting losses, the full width at half
maximum (FWHM) of the frequency response for a double-
cavity FP filter (DC-FPF), with equal cavities, can be shown
to be

FSR
V2 - 1— N

where FSR is the free spectral range of each cavity, and F'
is the finesse of each cavity. The three-mirror FP filter is
assumed to be symmetric with identical outer mirrors, as well
as identical lengths. For this conditions, and neglecting losses,
the frequency response of a three-mirror FP filter is [7]

FWHM =

Hor(Q) = vIoTy
TME T 1 —2RoRie~GQ/FSR) 4 R, e—(2/9/FSR)

@

where Ry and R; are the reflectances of the center and outer
mirrors, respectively, Tpel are the corresponding transmit-
tances, and FSR is the free spectral range of each half-cavity.
The frequency response of this filter is of the second-order
Butterworth type, if Ky is chosen to have the critical value:

4R,
T+ R o

Details about the measured shape of the bandpass of a three-
mirror FPF, with the reflectance of the center mirror slightly
lower than its critical value and with an insertion loss of 4.5
dB, can be found in [7]. After some algebraic manipulations,
it can be shown that the full width at half maximum (FWHM)
of the frequency response for this filter is given by

g
1+ E) “)

Ry =

FWHM = @arc cos <1 —
T
with
B=2TyT¢ + Ri(2 — Ry — 4Ro) — 1. ()]

Fig. 1 shows the power transfer function of a double-cavity
and a three-mirror FP filter, both with a FWHM of 50 GHz.
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Fig. 1. Comparison of the power transfer function for a three-mirror (—
TM) FPF and a double-cavity (- - - DC) FPF, both with FWHM = 50 GHz.
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Fig. 2. Block diagram of the simulated WDM-DST system.

As can be seen, the double-cavity filter has a frequency
response which is the product of two approximately Lorentzian
responses, whereas the three-mirror filter has a frequency
response of second-order Butterworth type.

Other (de)multiplexer technologies that can be modeled as
a third-order Butterworth filter [8], may permit an increase in
the channel density, but they are a subject for futher study.

III. MODELING AND PERFORMANCE EVALUATION

The block diagram of the simulated WDM-DST system is
shown in Fig. 2. The system model is similar to the ones
reported in [4], [5]. A pseudorandom binary sequence (PRBS)
of 27— 1 bits has been used to assess the performance of
WDM systems [4], [5], [8]. Since the three-mirror FPF is
a linear sub-system, a PRBS with 27— 1 bits at 10-Gb/s is
also assumed to be provided by each pseudopattern generator
(PPG). Each optical transmitters consists of a laser driver, and
a MQW-DFB laser. The dynamic response of each MQW-
DFB laser has been described by a rate equation model, which
takes into account the carrier transport effects. The values of

IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 8, NO. 9, SEPTEMBER 1996

-5
X
— =10 ]
<
@
2
Sa
=
=
n 2
[}
°
Re]
-35‘ \ - .

0 50 100 150 200 250 300 350
Fibre length [km]

Fig. 3. Receiver sensitivity for channel 2 versus fiber length, assuming that
a double-cavity (DC) or a three-mirror (TM) FP demultiplexer is used. For
comparison, the receiver sensitivity for single-channel DST is also displayed.
—x— DC (ch.l + ¢h.2 + ch.3). —0— TM (ch.1l 4+ ch.2 + ch.3). —m—
DST (ch.2).
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Fig. 4. Average error probability for channel 2 versus mean optical power
at the input of the optical preamplifier, after transmission via 204 km
SMF. A double-cavity (DC) or a three-mirror (TM) FPF is assumed to be
used as demultiplexer. For comparison, the average error probability for
single-channel DST is also displayed. —o— DC (ch.1 + ch.2 4 ch.3). —)—
TM (ch.1 4 ch.2 + ch.3). —a— DST (ch.2).

the laser parameters used in the simulations were obtained
from [9] and the emission wavelengths of the lasers were
1531.5 nm (channel 1), 1532 nm (channel 2) and 1532.5 nm
(channel 3). At the WDM optical multiplexer output, the total
electric field is the sum of the input electric fields. The optical
amplifiers (EDFA’s) have been considered as linear with a
noise equivalent bandwidth of 1.25 THz and a spontaneous
emission factor (n,,) of 0.3 dB. They are assumed to be used
in the configurations of booster, in-line, and preamplifier, as
in the DST experiments [1]. The standard single-mode fiber
(SMF) was modeled using the lowpass transfer function with
first-order dispersion of 16.2 ps/(nm.km) at 1532 nm. A three-
mirror Fabry—Perot filter (TM-FPF) [5] is assumed to be used
to select channel 2 (signal channel). The reflectivities of the
outer mirrors were considered to be 0.8 and the reflectivity of
the center mirror was chosen so that the frequency response
of the filter is of the second-order Butterworth type. In order
to compare the system performance using a TM-FPF with the
performance of WDM-DST systems using a double-cavity FPF
(DC-FPF), a DC-FPF with a finesse of each cavity equal to
150 is also considered, as in [4]. Due to imperfect response of
the optical demultiplexer, a small portion of the optical power
from rejected channels (ch.1 and ch.3) is transferred to the
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Fig. 5. Eye-diagram at the lowpass filter output after DST via 204 km SMF
of three 10 Gb/s WDM channels separated 0.5 nm and selection of channel 2
with a TM-FP demultiplexer (FWHM = 30 GHz).

signal channel resulting in linear crosstalk. A PIN photodiode,
with a 3-dB cutoff frequency of 9.35 GHz, is assumed to be
used. The receiver main amplifier and the lowpass filter (LPF)
have been jointly modeled as a lowpass RC filter with the
3-dB bandwidth required by the DST method.

The receiver noise sources include signal-ASE, ASE-ASE,
and crosstalk-ASE beat noises, and the average error prob-
ability was estimated using the semi-analytical method with
Gaussian approximation, as in [4].

IV. SYSTEM PERFORMANCE IMPLICATIONS

The performance assessment was focused on channel 2.
For each fiber length the system parameters, namely the bias
current, the modulation current, the FWHM bandwidth of the
FPF, and the receiver cutoff frequency, have been adjusted in
order to minimize the EDFA preamplifier input mean optical
power for an average error probability (BER) of 1079,

Fig. 3 shows the receiver sensitivity for channel 2 after
three-channel transmission via different fiber lengths, assum-
ing that a three-mirror (TM) or a double-cavity (DC) FPF
is used as demultiplexer. For performance comparison, the
receiver sensitivity for single-channel DST is also shown.
As can be seen, if a three-mirror FP demultiplexer is used
the crosstalk penalty is less than 1 dB, in the region of
small linear increase of dispersion penalty of the DST method
(80-270 km), and for distances ranging from 100 to 315 km
the crosstalk penalty is less than 0.5 dB. The reduction of
crosstalk penalties for these link lengths follows the narrowing
of the laser spectra: the laser frequency deviation of 15 GHz
at 80 km rapidly decreases with fiber length, being of 4.8
GHz at 270 km. If a double-cavity FP demultiplexer is used
as demultiplexer, the crosstalk penalty is greater than 1 dB in
the region of small linear increase of dispersion penalty of the
DST method (80-270 km), except around 270 km, where the
crosstalk penalty is about 0.9 dB.

The average error probability against mean optical power at
the input of the optical preamplifier is displayed in Fig. 4, for
single-channel DST and for three-channel DST over 204 km
SMF. As can be seen in this figure, the mean optical power
required to achieve a BER of 1079 is —26.17 dBm for single-
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channel DST, and —26.13 and —25.04 dBm for three-channel
DST with three-mirror (TM) and double-cavity (DC) FP
demultiplexers, respectively. Therefore, the crosstalk penalty,
at a BER of 1079, is less than 0.1 dB for the three-mirror
demultiplexer, whereas for the double-cavity demultiplexer,
the crosstalk penalty is greater than 1 dB. Fig. 5 shows the
eye-diagram at the lowpass filter output after DST via 204
km SMF of three 10 Gb/s WDM channels separated 0.5 nm
and selection of channel 2 using a TM demultiplexer with a
FWHM of 30 GHz. This eye-diagram is very similar to the
one reported by Wedding et al. for single-channel DST over
the same distance [1].

V. CONCLUSION

Simulation results show that is possible to transmit three
10 Gb/s WDM channels separated 0.5 nm in the region of
small linear increase of dispersion penalty of the DST method
(80-270 km), if a three-mirror Fabry—Perot demultiplexer is
used. It was also shown that double-cavity Fabry—Perot demul-
tiplexers are less suitable to operate at this channel spacing.
Compared with published performance studies for WDM-DST
systems with 1-nm channel spacing, the use of three-mirror
demultiplexers allows an increase by a factor of two in the
frequency utilization efficiency with low-crosstalk penalties.
However, the reduction of channel spacing to 0.5 nm makes
WDM-DST systems more susceptible to laser/demultiplexer
misalignments arising from device imperfections, temperature
variations and aging.
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