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Abstract. We demonstrate a tunable microwave-photonic
notch filter based on a variable polarization beamsplitter, a
Hi-Bi coupler, and a variable time delay line. The configura-
tion is free from the problems of optically coherent interfer-
ence and chromatic dispersion. An expression for the filter
transfer function is derived. Measured results match the cal-
culated results and show a notch rejection greater than
35 dB. The notch frequency is continuously tunable by ad-
justing the time delay value. The scheme can operate over a
wide range of optical carrier frequencies. © 2005 Society of
Photo-Optical Instrumentation Engineers.
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1 Introduction

All-optical processing of microwave and millimeter-wave
signals provides advantages such as large time-bandwidth
products, insensitivity to electromagnetic interference, and
light weight. A very useful component in radio frequency
�rf� systems is a high-resolution tunable notch filter. A num-
ber of photonic microwave filters have been reported in the
literature.1–5 In this application, it is required to achieve
optically incoherent summing of two light beams. To over-
come the optical coherence problem, either a laser array is
used,1 or the coherence length of the light source is kept
smaller than the minimum delay time of the filter.2 Incoher-
ent summing has also been achieved by using a Hi-Bi
fiber3; however, such a filter cannot be tuned easily and
needs a long Hi-Bi fiber for small free spectral range �FSR�
values. A step tunable design with a tunable laser and uni-
form Hi-Bi gratings is reported in Ref. 4. A continuously
0091-3286/2005/$22.00 © 2005 SPIE
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unable design using a Hi-Bi chirped grating has been re-
orted in Ref. 5; unfortunately, the grating causes a very
arge chromatic dispersion, which will affect the system
erformance; the operating wavelength range is also lim-
ted due to the fiber Bragg grating bandwidth; moreover,
hase noise will be introduced by the crosstalk when the
hirped grating is tuned.

In this paper, we demonstrate a tunable microwave-
hotonic filter based on a variable polarization beamsplitter
PBS�, a 3 dB Hi-Bi coupler, and a variable time delay line.
he configuration is free from the problems of optical co-
erence interference and chromatic dispersion. An expres-
ion for the filter transfer function is derived and measured
esults are presented to demonstrate the filter operation. A
otch rejection greater than 35 dB is obtained. It is shown
hat the notch frequency is continuously tunable by tuning
he time delay line. The scheme can operate over a wide
ange of optical carrier frequencies, restricted only by the
andwidth of the various optical components in the system.

System Configuration and Operation
Principle

he filter configuration is shown in Fig. 1. An rf signal
rives an intensity electro-optic modulator �EOM�, which
odulates the output of a 1550-nm distributed-feedback

aser with 100-kHz linewidth. The output of the EOM,
hich has a Hi-Bi pigtail, is launched into a variable PBS,
hich also has Hi-Bi pigtails. A quarter-wave plate is in-

erted in port 1 of the PBS; this enables one to change the
ower-split ratio in the two output arms of the PBS that
ave orthogonal states of polarization. One of the output
rms of the PBS incorporates a time delay line with a Hi-Bi
igtail and is connected to a 3-dB Hi-Bi coupler through a
ber of length L1. The time delay line can provide a tunable

ime delay, from 0 to 330 ps, with a 1-ps resolution, be-
ween the two output arms of the PBS. The other output
rm of the PBS is connected to the 3-dB Hi-Bi coupler
hrough a fiber of length L2. The time delay line �OZ Optics
td.� has an insertion loss of about 2.5 dB. The quarter-
ave plate and the variable PBS ensure that equal optical
ower is incident on the input ports of the coupler; this
eads to a strong notch in the filter response. The Hi-Bi
oupler combines the two input signals that are orthogo-
ally polarized. One output port of the Hi-Bi coupler is
onnected to a photodetector and a vector network ana-
yzer. The other output port of the Hi-Bi coupler is con-
ected to an optical spectrum analyzer �OSA�. While the
SA is not essential to the operation of the filter, it helps in
onitoring incoherent operation of the filter. The differen-

ial time delay between the two branches of the resulting
Fig. 1 Experiment setup.
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filter consists of two parts: one caused by the length differ-
ence between L1 and L2 and the other caused by the time
delay ��d provided by the time delay line. The transfer
function of the microwave filter can be described as:

�H��m�� = RM2�exp�− j��1L1 + ��d��m�

+ exp�− j��1L2��m�� �1�

where M is the pulse amplitude factor, R is the responsivity
of the photodiode, ��d is the time delay introduced by the
time delay line, and �1= �d� /d���=�0

. As explained earlier,
the time delay between the two arms of the PBS is

�� = ��0 + ��d �2�

where ��0=�1L1−�1L2 is the fixed time delay. Further, the
notch frequencies are given by:

f = �k + 1/2�
1

��
, k = 0,1,2. . . �3�

When one changes the value of time delay ��d, the FSR
varies according to Eq. �3�.

Fig. 2 Measured and calculated notch filter response for Case 1
���d=0�.

Fig. 3 Measured and calculated notch filter response for Case 2
��� =110 ps�.
 rd
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Experiment Results

ase 1. The length difference between L1 and L2 is about
.347 m and ��d is zero. So the fixed time delay value
1L1−�1L2 is about 11,735 ps. As shown in Fig. 2, a filter
ith an FSR of 0.08526 GHz and notch depths more than
5 dB is obtained. Figure 2 also includes the results calcu-
ated using Eq. �1�. The calculated and measured results
atch very well. Moreover, the optical power monitored by

he OSA that is connected to the other output port of the
-dB coupler is very stable, which means that the operation
s free from the problem of optical coherence.

Case 2. L1 and L2 are the same as in Case 1; ��d is
bout 110 ps. Figure 3 shows the measured and calculated
esults. The measured FSR is about 0.08375 GHz. The dif-
erence between the measured and calculated FSR is less
han 4%; this difference comes in because of a slight error
n the estimate of the fixed time delay, and because the
ariable time delay line is set manually.

Case 3. The length difference between L1 and L2 is
bout �2.347–1.6� m and ��d is zero. So the calculated
xed time delay �1L1−�1L2 reduces to 3735 ps. As shown

n Fig. 4, a filter with an FSR of 0.269 GHz is obtained.
he measured results match very well the calculated re-
ults.

One of the advantages for the design shown in Fig. 1 is
hat it can easily give much smaller FSR values using short
ber lengths. In comparison, using a design based on Hi-Bi
ber,3 in one of the experiments performed by us, a 490-
-long Panda Hi-Bi fiber is needed for achieving an FSR

f 1.536 GHz.

Conclusion

e demonstrate a tunable microwave-photonic filter based
n a variable PBS, a Hi-Bi coupler, and a variable time
elay line. The configuration is free from the problems of
ptically coherent interference and chromatic dispersion.
easured results show a notch rejection greater than

5 dB; also, the notch frequency is continuously tunable by
djusting the time delay line. By using a time delay line
ith a larger tuning range of time delay values, the tuning

ig. 4 Measured and calculated notch filter response for Case 3
��d=0�.
ange of the notch frequency can be extended further. The
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scheme can yield small FSR values without needing long
Hi-Bi fiber lengths and can operate over a wide range of
optical carrier frequencies.
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