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Abstract: A temperature-tunable polarization interference filter ( PIF ) made of YVO, crys-

tal has been presented and applied for wavelength monitoring of a distributed feedback
( DFB) laser in a dense wavelength-division-multiplexing ( DWDM ) optical communica-
tion system. This novel device offers a flexible way to monitor the operating wavelength of
a transmitter over a wide capture range. Furthermore, the monitoring resolution of 0. 02
nm can be obtained by tracking the temperature of the filter locked to a constant transmis-
sion value.
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0 Introduction

In a dense wavelength-division-multiplexing ( DWDM ) communication system, the channel
spacing of the signals has been prescribed by ITU-T as 100 GHz or 50 GHz, i.e., 0.8 nm or
0.4 nm based on a wavelength of 1 552.52 nm, respectively. In order to avoid crosstalk and keep
DWDM network in operation, it is usually required for the frequency of each laser to be stabilized
within 10% of the channel spacing. That is, the permissible frequency drifts are 2.5 GHz and
+5.0 GHz for frequency spacings of 50 GHz and 100 GHz, respectively. Distributed feedback

( DFB ) lasers are often used as optical transmitters in DWDM systems due to their low cost and
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straightforward implementation. However, the wavelength drift by temperature in a DFB laser is a-
bout 0. 1 nm/°C, and the wavelength drift over lifetime due to the aging of the laser can be as
large as several hundreds of picometers. Therefore, it is necessary to monitor and then lock the
wavelength of each DFB laser in a DWDM network to the ITU grid.

Most existing monitoring techniques use interference-type optical filters as wavelength dis-
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. Among them, Fabry-Perot ( FP ) etalons are especially popular. In this paper,
we report on the development of a tunable polarization interference filter ( PIF ) for wavelength mo-
nitoring of a DFB laser *'. The filter consists of a pair of polarizers and a birefringent plate sand-
wiched between them. The birefringent plate used is made of yttrium orthovanadate ( YVO, ), a
positive uniaxial crystal which is transparent in the wavelength range of 0.4 ~5 pm. Its large bi-
refringence makes optical devices more compact. And the birefringence and dimensions of YVO,
crystal are sensitive to temperature. This means the transmission spectrum of the filter can be
tuned by controlling the birefringence and optical thickness of the YVO, plate via temperature. In
our design, this is realized with a heating coil surrounding the plate. By tracking the temperature
of the filter tuned to a constant transmission value, changes in the wavelength of the transmitter
can be monitored with a resolution of 0. 02 nm.

The YVO, polarization interference filter offers a flexible way to monitor the DFB laser wave-
length. Contrary to commercially available fixed-wavelength filters, the operation point of the PIF
is not limited to the ITU frequency grid, but can be dynamically tuned over a wide wavelength

range. As a result, the monitoring area can be enlarged without blind spots by using PIF.

1 Properties of the tunable filter

The YVO, polarization interference filter was fabricated by sandwiching a YVO, crystal plate
between a pair of parallel polarization beam splitters ( PBS ). The crystal plate with the thickness
of 14.301 mm was cut in such a way that the ¢ axis lies in the plane of the plate surfaces. Thus
the propagation direction of normally incident light is perpendicular to the ¢ axis. The plate is ori-
ented so that the slow and fast axes are at 45° with respect to the transmission axis of the two PB-
Ss. The transmission spectrum of the filter is a sinusoidal function of the optical frequency °'. The
free spectral range ( FSR = 97.3 GHz ) of the filter was determined by fitting a sinusoidal func-
tion to the measured transmission data as shown in Fig. 1.

The temperature tuning of the filter is realized by feeding current through a heating coil sur-
rounding the YVO, plate. Tuning of the filter by temperature is feasible due to the strong tempera-
ture dependence of the birefringence and thickness of the plate. The thermal optical coefficients of

YVO, crystal are dn,/dT= -=8.5x10 ° K" and dn,/dT = =3.0 x10 °® K~'. The thermal ex-

pansion coefficient is 4. 43 x 107° K™'

in the direction perpendicular to the ¢ axis. In order to
measure the temperature of the YVO, plate, twelve thermally sensitive diodes connected in series
were deposited around it as a temperature sensor. The relation between the output voltage of these

diodes and their temperature was measured with a thermocouple thermometer in advance. It was
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found that their relationship is linear and the resolution of 0. 08K for temperature measurement can
be achieved. The measured transmission as a function of the temperature of the filter is shown in
Fig.2. It can be seen that the transmission peak of the YVO, PIF shifts with temperature by about
4.3 GHz/K.
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Fig.2 Temperature dependence of the

transmission of the YVO, PIF

Fig.1 Transmission spectrum of the YVO, PIF. Square
dots represent measured data at a constant PIF temperature

42.5 °C, and solid line is the fitted sinusoidal function

2 Experiment and measurement

Drift of the transmitter wavelength can be monitored by measuring the temperature change of
the filter when its transmission is kept constant. As shown in Fig. 3, about 5% of the total output
of the DFB laser is tapped off for wavelength monitoring. This portion of light enters the monitor
module and splits into two paths. The first path sends light directly to a detector, which uses the
signal as a reference. The second path sends light first through a collimator, then through the fil-
ter and last to a second detector. The ratio between the two detector outputs is used to generate a
feedback signal for maintaining the ratio at a selected constant value. This is achieved by adjus-
ting the current through the heating coil and thus tuning the filter transmission spectrum. Monito-
ring the transmitted light intensity ratio of the two paths instead of the absolute filter output can ex-
clude the fluctuation of the DFB laser output and the variation of the photodiode output due to
their case temperature changing and aging. Variations of the ambient temperature did not affect
the performance of the device on condition that operating temperature was more than 10 K above
the ambient temperature.

In the experiment, the output power of the DFB laser ( JDS Uniphase CQF915/2833 series )
was 1.65 mW. Its line width is of the order of 1 MHz. By changing the current of thermal energy
converter ( TEC ) inside the laser package, we can change the chip temperature of the DFB laser
and consequently change its wavelength. For example, if we intend to increase the laser frequen-
cy, we can increase the TEC% current so as to cool the laser. The temperature range of 20 ~35 C
leads to a wavelength tuning range of 1.5 nm. The frequency variation was measured by using a

scanning Fabry-Perot spectrum analyzer ( Coherent Model 240 ).
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Fig.3 Schematic of wavelength monitoring for a DFB laser
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Frequency decrease of DFB /GHz the change of frequency as shown in Fig. 4.

Fig.4 Relationship between frequency change The filter was capable of monitoring the fre-
and temperature change quency over a range of more than 100 GHz.

By making a linear fit to the measued data, the sensitivity of the temperature for frequency change
is determined as 0.23 K/GHz. The standard deviation of the fit is 2. 15 GHz (i.e., 0.017 nm ),
which is less than 2.5% of the channel spacing in a 100-GHz DWDM system or less than 5% in
a 50-GHz system.

3 Conclusion

In summary, we have demonstrated a tunable polarization interference filter for wavelength
monitoring of a DFB laser in DWDM optical communication networks. The operation point of the
filter was adjusted by changing the temperature of the YVO, crystal plate. The changes in the op-
erating wavelength of the transmitter can be monitored by measuring the temperature changes of
the filter when light transmittance was kept constant. The temperature variation was found to be

linearly related to the changes in the frequency and the monitoring resolution of less than 2.5 GHz
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(i.e., 0.02 nm ) can be obtained. Because of sinusoidal shape and tunability of its transmission

spectrum, the YVO, polarization interference filter can be employed for monitoring any laser wave-

length in DWDM systems without dead bands.

filter can also been utilized in optical sensing systems.

(1]

References

Keating J, Lowery A J. Wavelength stabiliza-
tion in packetswitched WDM networks [T 17
Lightwave Technol. , 1997, 15 (1): 76-85.
Monochalin J P, Kelly M J, Thomas J E, et
al. Accurate laser wavelength measurement
with a precision two-beam scanning Michelson
interferometer [ J . Appl. Opt., 1981, 20
(5): 736-757.

Teshima M, Koga M, Sato K I. Performance of
multiwavelength simultaneous monitoring cir-
cuit employing arrayed-waveguide grating [ J ].
J. Lightwave Technol., 1996, 14 ( 10 ):
2277-2285.

Shtengel G E, Kazarinov R F, Eng L E. Sim-
ultaneous laser wavelength locking and spectral
filtering using fiber Bragg grating [ A ]. 16th
IEEE Int. Semiconduct. Laser Conf.[ C ], Na-
ra, Japan, 1998. 269-270.

Villeneuve B, Kim H B, Cyr M, et al. A com-

ﬂ:ljmTﬂ{ﬁ*}ﬁ:l:le'llb\l&ﬁ% I £

9]

Its wide wavelength capture range means that the

pact wavelength stabilization scheme for tele-
[ Al WDM
Comp. Technol. , IEEE/LEOS Summer Top.
Meetings[ C 1, 1997. 19-20.

Matsumoto S,
tion of N/4-shifted DFB laser to stabilized opti-
1989, 25

communication transmitters

Fujise M. Frequency stabiliza-

cal resonator [ J ]. Electron. Lett. ,
(13): 814-815.

Ackerman D A, Dreyer K F, Koren U, et al.
Wavelength, modal, and power stabilization of
tunable electro-absorption modulated distribu-
ted Bragg reflector lasers [ A]. Int. Semicon-
duct. Laser Conf.[ C ], Monterey, CA, 2000.
49-50.

Xie J P. Multi-wavelength Locker [
na: 02112845.6, 2002.

Yariv A, Yeh P. Optical Waves in Crystals
[ M]. New York: Wiley, 1984. 129-131.

P . Chi-

L DWDM % %t

FFERKTL
VRO B, S E BRCR M, S HT, U

FTRE,B

TAE,RTE,W B

(PERMERAR I EY R ZHEE AL 230026 )

FE 4% B A A AUBR 4L & Rk PR T 3 B 0k
(/\ﬁ;}ilm/%ﬁi‘éu
yﬁﬁﬁﬁﬁ%ﬂ‘ﬁéé’?"”%fﬁﬂiﬁ [ﬂﬁl&ﬁ?f‘}%ﬂ‘y)\ FIFE
BB ETERE
A .

LR AR T TR R R 52 TS had

)é'l] //Ji‘k/—rﬁgli

SRl A R D A

BT EE R S AR KRB A GATHE R
}{{;ﬁﬁ i3] ﬁ:kl\_%’( xéﬂlﬁxéaﬂﬂ'ﬁr‘éﬁ .

BT AR F)
P R
T70.02 nm kK%

T Rk KBEAL £ %
FERE BT

W EERSAN





