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Abstract— Despite the increasing importance and critical
needs, reconfigurable radio frequency (RF) multiband filters are
currently underdeveloped even both RF electronics and
photonics technologies are being explored. Although RF
multiband filters with large numbers of simultaneous passbands
and wide frequency tuning range are extremely desired,
achieving such functionality is extremely challenging. In this
paper, a photonics based highly tunable and reconfigurable RF
multiband filter is proposed through the combination of a special
designed tunable Mach-Zehnder interferometer and a
reconfigurable Lyot loop filter. Both the passband frequencies
and the number of simultaneous passbands are adjustable, that
one or multiple passbands are continuously tuned over a 20 GHz
frequency range, and the number of simultaneous passbands are
reconfigurable from zero to seven. As a result, the proposed RF
multiband filter can be configured with various passband
combinations through the same setup, providing exceptional
operation flexibility. Furthermore, broadband operation and
excellent filter selectivity is obtained, with sharp passband
profiles and over 35 dB sidelobe suppression.

Index Terms— Microwave Photonics, Multiband Filter,
Reconfigurable RF Filter, Tunable Filter, FIR filter.

I. INTRODUCTION

Due to the ever-increasing demand of multiband wireless
and satellite systems, multi-service systems and multi-
function devices, multiband communications are of critical
need in various radio frequency (RF) systems [1-3]. Multiband
communications and frequency multiplexing are extremely
useful to improve system spectral efficiency, multi-function
capability, and heterogeneous types of services, where several
frequency channels over a wide RF range are implemented
simultaneously in the same system or same device. Thus, an
RF bandpass filter with multiple passbands and high
reconfigurability and tunability is a critical component [4] for
channel selection and preventing interference. Although the
need is clear, achieving such functionality is very challenging
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due to the nature of conventional electronic techniques --- lack
of operation flexibility. Furthermore, it is challenging to
satisfy the design parameters for all passbands when a large
number of simultaneous passbands is required, which would
result in non-uniform and inconsistent merits of different
passbands [5]. For state-of-the-art electronics based RF
multiband filters, the maximum number of simultaneous
passbands achieved is six with fixed passband frequencies [6];
and very few tunable tri-band and quad-band filters have been
realized with limited tuning range [4,7]. Although electronic
approaches offer chip-size solutions, both the number of
simultaneous passbands and passband tunability are extremely
limited [4]. A promising way to implement RF multiband
filters with high passband reconfigurability and frequency
tuning capability is urgently desired.

Photonic technology has attracted considerable attention to
achieve unique RF functions and enhance conventional RF
systems, due to its unique properties such as wide operation
bandwidth, excellent tunability, and reconfigurability [8-12].
Among these, tunable microwave photonic (MWP) single
bandpass filter is always an active research topic and different
approaches have been reported [13-24]. While highly tunable
single passband filters have been well developed, however,
despite the fact that RF multiband filter is also of critical
needs, MWP multiband filters are still underdeveloped.
Recently, the increasing number of MWP multiband filter
demonstrated not just show the great interest of achieving
multiband filters, they also reveal the practical challenges that
MWP multiband filters is facing — it is hard to obtain
tunable/reconfigurable multiple passbands with desired
spectral profiles using conventional MWP filter architectures.
A MWP multiband filter with three switchable passbands has
been achieved using three pieces of birefringence fibers [25],
and several tunable MWP dual-band filter approaches have
also been explored [26-29]. A big step is taken forward
through the use of a two-stage Lyot loop filter [30], that a
passband switchable MWP multiband filter with up to twelve
simultaneous passbands has been demonstrated. However, the
resultant passbands can only be configured within the 12
specific pre-designed frequency channels. Fiber length will
have to be changed to modify the preset frequency channel,
which is impractical in real applications. To fulfill the
functionality and flexibility needed in dynamic multiband
systems, continuously tuning of some/all of the passbands to
match with the desired frequencies is highly desired and will
significantly advance filtering capability.



In this paper, we present a broadband MWP multiband
filter with continuous frequency tunable and reconfigurable
passbands. The passband frequencies can be continuously
tuned and cover a large frequency range without any blind-
point, while the number of simultaneous passbands is also
adjustable from zero to seven. The proposed scheme is based
on the combination of a tunable Mach-Zehnder interferometer
(MZI) and a reconfigurable Lyot loop filter to generate high-
order optical comb with variable comb spacing and comb
combination.  Unlike other previously demonstrated
approaches, the use of both MZI and Lyot loop filter provides
both frequency tunability and passband reconfigurability. As a
result, the MWP multiband filter can be operated in several
states through the same system setup --- single-band state, all-
block state, dual-band and various multiband states --- all with
tunable and reconfigurable passbands. To the best of our
knowledge, this is the first demonstration of a RF multiband
filter with such a flexible operation capability and a large
number of tunable passbands. Furthermore, the generation of
high order optical comb filters provides a general
methodology for implementing RF filters with large number
of simultaneous passbands through MWP filter technique.

II. SYSTEM SETUP AND OPERATION PRINCIPLE

Figure 1 shows the schematic diagram of the proposed MWP
multiband filter based on finite impulse response (FIR) filter
architecture, a finite set of delayed and weighted signal taps
are combined to implement the desired filter response. The
multiband filter consists of two interferometric optical filters:
the tunable MZI brings the continuous tunability to the RF
filter design and the Lyot loop filter provides the
reconfigurability of the number of simultaneous passbands. A
broadband source is used as the light source and reshaped by a
30-nm wide optical Gaussian filter. The reshaped broadband
source is then spectrally sliced by a tunable MZI and a Lyot
loop filter to generate optical frequency comb with variable
comb spacings. The optical frequency comb works as a multi-
wavelength optical carrier, which is then modulated by the RF
input signal through an electro-optic phase modulator. The
modulated optical comb, now is the multi-tap signal, is then
launched into a dispersive medium for acquiring constant time
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Fig. 1. Schematic diagram of the tunable and reconfigurable MWP multiband
RF filter. BBS: broadband light source; MZI: Mach-Zehnder interferometer;
d: tunable temporal delay line; PC: polarization controller; PM: phase
modulator; DCF: dispersion compensating fiber; PMF: polarization
maintaining fiber; PD: photo-detector.

delay difference between each of the filter taps. Each of the
comb lines works as a single tap, which is temporally delayed
by the DCF and previously weighted by the Gaussian optical
filter to construct the desired MWP filter response. The
weighted and delayed signal is then fed into a photo-detector
and converted back to a RF signal at the output.

According to the principle of FIR filter, frequency
response of the MWP filter can be expressed as the summation
of a series of weighted and delayed copies of the RF input
signal, as in Eq. (1),

H(Q) « ipﬂ et (1)

where Q is the microwave frequency, N is the total number of
tap (number of comb lines) of the MWP filter, P, is the power
of the n™ tap of the optical comb, and T is the differential
delay between each adjacent taps. A large tap number is
desired to obtain a high Q factor in the RF filter, which is
achieved by spectrally slicing a broadband light source (BBS)
through optical comb filters. The comb spacings Aw of the
MZI and Lyot loop filter determine the carrier wavelength
spacing between each taps in the MWP multiband filter, which

in turn governs the temporal delay T between taps as
T = Aw- g, L, 2)
where f, and Lp are the group velocity dispersion and length
of the DCF, respectively. By apodizing the tap amplitudes
with a broadband Gaussian optical filter, clean and sharp
bandpass profile with high main-to-sidelobe suppression ratio
(MSSR) can be resulted in the MWP filter. The passband
center frequency () is determined by Eq. (3) [15-17].
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For a system with a fixed dispersion, passband center
frequency can be adjusted by varying the carrier frequency
spacing of the filter taps, which in turn can be controlled by
the comb spacing of the tunable optical comb filters (Aw), i.e.,
the tunable MZI and Lyot Loop filter in the proposed setup.
Furthermore, in order to simultanously generate multiple
passbands, multiple optical frequency combs with different
comb spacings are required. This can be achieved by
cascading multiple optical interferometric filters and
generating high-order optical frequency combs [25,30]. The
detailed operating principle of the tunable MZI and Lyot Loop
filter will be discussed together with their performance in the

next section.
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The 3-dB passband bandwidth is determined by Eq. (4)
when the third-order dispersive term (f;) of the dispersion
medium is neglected [15,17], where dw represents the overall
bandwidth of the optical comb. As shown, the 3-dB bandwidth
of the MWP filter is inversely proportional to the overall
bandwidth of the optical comb, which can be pre-designed to
fit the application needs. The dispersive medium used in the
setup is a piece of 10.2-km DCF with a dispersion of -149.36
ps/(nm-km) (at 1530 nm) to provide time delays between each
taps. A chirped fiber Bragg grating (CFBG) or photonic
crystal waveguide with tunable delays can be used to replace
the DCF for reducing the loss and size of the system [24, 32].
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It is worth noticing that the carrier suppression effect (or
dispersion-induced power fading effect) during the phase-
modulation to intensity-modulation conversion process at the
DCF would affect the amplitude uniformity of passbands at
certain frequencies (i.e. below 2 GHz in particular). This
phenomenon could be mitigated by replacing the phase
modulator used for EO conversion by an intensity modulator.
With an intensity modulator, additional passband at the
baseband that corresponds to a low pass response will be
present in the resultant RF filter [33].

III. RESULTS AND DISCUSSION

A. MZI for enabling continuously passband frequency tuning
in MWP filter

To better understand the principle of implementing both
continuous frequency tunability and passband
reconfigurability of the MWP multiband filter, we measured
the performance and discussed the role of each section of the
system as follow. We first investigate the role and
performance of the tunable MZI and its corresponding role in
the MWP filter by disabling the Lyot loop filter. As illustrated
in the inset of Fig. 1, the tunable MZI is a modified two-
branch interferometer, which consists of a tunable coupler at
the input to adjust the power ratio between the two branches,
and a tunable delay line to vary the path length difference d
between the two branches. A standard 50:50 coupler is used to
combine the two branches for interference. Based on the path
difference d between the two branches, the two beams arrive
at the coupler with a phase difference such that different
extent of constructive interference or destructive interference
is resulted at each wavelength (1). The phase difference
between the two branches at each wavelength can be
determined by Eq. (5),
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Fig. 2. Mach-Zehnder interferometer based MWP single bandpass filter with
continuously tunability and reconfigurability. (a) Measured optical spectrum
of the Gaussian profile optical frequency comb generated from the MZI. (b)
Close-up of the optical comb in 1 nm range with a frequency spacing of 65
pm. (c) Measured frequency response of the RF single bandpass filter tuned
to different frequencies. (d) The passband can be adjusted between ON/OFF
states.
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and the corresponding comb spacing of the resultant optical
comb filter is determined by Eq. (6),
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where n, is the refractive index of the fiber used in the tunable
MZI, and c is the speed of light. Figure 2(a) shows the
measured optical spectrum of the broadband source that is
reshaped by a Gaussian optical filter and spectrally sliced by
the MZI. A close-up look of a 1 nm portion of the optical
comb is shown in Fig. 2(b), showing a comb spacing of 65
pm. The corresponding RF response is shown in Fig. 2(c),
where a single bandpass RF filter is observed and the center
frequency is tunable over a wide frequency range by adjusting
the comb spacing of the MZI through the tuning of d through
the delay line. It is worth noticing that a wider passband
bandwidths are observed at higher frequencies which is due to
the slight differences in the dispersion slopes (f;) of the DCF
over different wavelengths [15,17]. A tunable optical coupler
with adjustable coupling ratio is used to vary the power ratio
between the two MZI branches, such that the amplitude of the
resultant passband is dynamically tunable over a 58 dB range,
which essentially can go down to the noise floor -- switching
off the channel, as shown in Fig. 2(d). Passband frequency
tuning range of the single bandpass RF filter generated from
the MZI is determined by the tuning range of the optical delay
line. In the setup, a 17.5 ps time delay change will resultin a 1
GHz tuning of the passband center frequency (shown in Fig.
4(b)), and the maximum tuning range is up to 35 GHz with the
use of a 600 ps tunable delay line.
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B. Lyot loop filter for reconfiguring the desired passbands in
MWP filter

While the tunable MZI provides continuous tunability in
passband frequency, passband reconfigurability is provided by
the Lyot loop filter. As shown in Fig. 1, the Lyot loop filter
[14] consists of a piece of polarization maintaining fiber
(PMF), a polarization controller (PC), two aligned polarizers
and two optical circulators. Since the PMF is a birefringent
device, a phase difference of Ap=2nBL/A is obtained between
the fast and slow axis when the light is aligned at 45° with
respect to the fast axis, where B and L are the birefringence
and length of the PMF, and A is the wavelength of the light.
By allowing the light to propagate twice in the PMF through
the circulator-PC loop and adjusting the PC to have a variable
polarization rotation angles (A0) of 0°, 45°, or 90°, a total
phase difference (3 Ag) of 2A@, Ap and 0 can be obtained at
the output, respectively. With different polarization rotation
angles A0, the equivalent length (Le) of the PMF is adjustable
to 2L, L and 0, correspondingly, without physically changing
the fiber length. As a result, an optical comb with switchable
line spacings is achieved, and the comb spacing is determined
by the equivalent length of PMF, as shown in Eq. (7).
2mc

Aw =
BL,

(7



=| @ = (b)
E[ o

3] fi]

'c[ o

Ol o

o | o) '

2| . 2 |

o i [e] "

] ki 2

00 20 40 60 80 100 00 20 40 60 80 100

Frequency (GHz) Frequency (GHz)

= © =

9 sy

o i)

a °

o o

o - o

= | %

S bl | a

00 20 40 60 80 100 00 20 40 60 80 100

Frequency (GHz)

Frequency (GHz)

Fig. 3. Reconfigurable MWP dual-band filter based on Lyot loop filter. The
RF filter is switched between four different operation states. (a) All-block
state with no passband. (b) Dual-band state with two passbands at 1.35 GHz
and 2.70 GHz. (c) Single-band state with a passband at 4.8 GHz. (d) Single-
band state with a passband at 9.6 GHz.

The length of the PMF used in the setup is 12.15 m with a
birefringence of 6.33x10™. The Lyot loop filter can be
configured to have two interleaving combs by setting A6 to a
value between 0° and 45°, such that the comb spacings
generated from L and 2L are obtained at the same time. Two
optical combs are interleaving with each other, with different
comb spacings of 304.2 pm and 152.1 pm. Consequently, two
passbands are generated at the same time at 1.35 GHz and
2.70 GHz in the RF domain with MSSR over 40 dB, which is
shown in Fig. 3(b). By adjusting the polarization rotation
angles in the circulator-PC loop, different comb spacing
combinations in the optical comb are achieved, and each of the
passbands can be independently switched ON or OFF
correspondingly. As a result, various operation states of the
MWP filter can be configured, as shown in Fig. 3(a) to Fig.
3(d).

It is worth noticing that since the spectrally sliced optical
frequency combs from both the MZI and Lyot Loop filter are
sinusoidal and continuous sampled, the free spectral range
(FSR) of the generated RF bandpass filter tends to infinity. As
a result, only single-bandpass filter response is generated from
each of the comb spacing (Aw), instead of periodical
passbands [15].

C. Continuously tunable and reconfigurable MWP multiband
filter based on cascaded MZI-Lyot architecture

The proposed RF multiband filter utilizes the MZI-Lyot
architecture to enable continuous tunability, multiband
capability, and high reconfigurability of the passbands. The
MZI is a tunable first order comb filter, while the Lyot loop
filter is a reconfigurable second-order comb filter, thus, by
cascading the MZI and Lyot loop filter together, a
reconfigurable high-order comb filter with multiple comb
spacings can be achieved. Figure 4 shows the measured tuning
results of the MWP multiband filter, seven passbands are
generated at the same time and are marked as #1 to #7.

Passbands #1 and #2 are generated directly from Lyot loop
filter, as shown in Fig. 3(b) in the previous section. Passband
#5 is generated directly from the tunable MZI, while
passbands #3, #4, #6 and #7 are generated by the addition and
subtraction of the cascaded MZI and Lyot loop filter, as
described by Table 1. As shown, passband #4 and #6 are
generated from the interacting between the first passband from
Lyot loop filter and MZI (Lyotl: #1 and MZI: #5), such that
the frequency spacing between #4 (#6) and #5 is 1.35 GHz,
which is explained as MZI-Lyot 1 and MZI + Lyot 1.
Correspondingly, passband #3 and #7 are the cascading results
of the second passband of Lyot loop filter and MZI (#2 and
#5), which has a frequency spacing of 2.70 GHz away from
passband #5 as MZI — Lyot 2 and MZI + Lyot 2.

The relationship between all seven passbands and their
corresponding comb spacings generated from the cascaded
MZI and Lyot loop filter are summarized in Table 1, where
the seven passbands are set to be evenly distributed within a
10 GHz range, as indicated in Fig. 4(a). Since passband #5 is
generated from a continuously tunable MZI, any passbands
related to #5 are also continuously tunable, which are
passbands #3, #4, #5, #6 and #7. Figure 4(c) to 4(e) show the
measured tuning performance, the right five passbands (#3 to
#7) generated from the MZI are continuously tuned over 20
GHz. The MSSR for all the passband are over 35 dB and the
average 3-dB bandwidth is about 100 MHz, resulting a
passband Q-factor of 200 at 20 GHz. The insertion loss is
about 10-15 dB over different passbands, and can be improved
by adding optical amplifiers after the PM. The frequency
spacing between each passband among the five tunable
passbands is kept the same intentionally, which is determined
by the length of the PMF inside the Lyot loop filter. Figure
4(b) shows the relationship between the passband frequency
and the path length difference between the two branches of the
MZI. The maximum frequency tuning range is up to 35 GHz
with the current setup, and is determined by the optical tunable
delay line in MZI. The largest amplitude difference among all
the seven passbands is less than 10 dB, which is mainly
caused by the amplitude difference between the interleaved
optical frequency combs for generating the passbands. Further
amplitude compensation using optical amplifiers could
improve the amplitude uniformity of the passbands.

Passbands reconfigurability of the proposed RF multiband
filter is achieved by adjusting the polarization rotation angle
A6 inside the Lyot loop filter. Since each of the passband
generated from the Lyot loop filter can be independently

TABLEI
SEVEN PASSBANDS OF THE MZI-LYOT FILTER BASED MWP MULTIBAND
FILTER
Optical comb Tap ﬁequency Passband frequency
Number . spacing
combination (Qo, GHz)
(Ao, pm)

#1 Lyot 1 304.2 1.35
#2 Lyot 2 152.1 2.70
#3 MZI-Lyot2 101.4 405
#4 MZI-Lyot 1 76.0 5.40
#5 MZI 60.9 6.75
#6 MZI+ Lyot 1 50.8 8.10

#1 MZI+ Lyot 2 435 945




_ 20} (b)
T T 18} g
= 0]
L) ; 16 ___y'
% g 14t et
o §_12- o
g @ 10t 7
@
= 'g 8 t
g % 6F o
w4t s
m
]
0 I I i A i i i
0.0 0 50 100 150 200 250 300 350 400
Delay (ps)
(c) _ (e)
=la s pare S b ikl 3
Al BRW E" | | E'\ BININ
o (I sl il | '
o | | o i g= L | |
o | I I of | ! ] el | I
~1 | =1 [ =1 1 111
(] @ E |
= 2 | =
[} o
o a l w' f o | I ‘ I“M '

00 20 40 60 8.0 100 120 140 16.0 180 200 00 20 4.0 60 8.0 10.0 12.0 14.0 16.0 18.0 200 00 20 40 60 80 100130140150150 20.0

Frequency (GHz)

Frequency (GHz)

Frequency (GHz)

Fig. 4. Demonstration of the continuous tunability of the RF multiband filter. Measure frequency response of the multiband filter. (a) Seven single
passbands are evenly distributed from 1.35 GHz to 9.45 GHz, with the same frequency separation of 1.35 GHz between each adjacent passband. (b)
Passband frequency tuning in response to the time delay between the two branches of the MZI. (¢)-(e) The right five passbands are continuously tuned

within a frequency range of 20 GHz.

switched ON or OFF, any passbands generated from Lyot 1
and Lyot 2 are also reconfigurable. From Table 1, one can see
that all the passbands except #5 are related to the Lyot loop
filter and, therefore, they are all ON/OFF switchable. While
passband #5 is also switchable itself through the control of the
tunable optical coupler. Furthermore, since the right five
passbands (#3 to #7) are continuously tunable, these passbands
can be tuned to the frequencies such that they are overlapping
with passbands #1 or #2 --- two passbands at the same
frequency, acting like one single passband. Figure 5 shows the
reconfigured RF multiband filter with different numbers of
simultaneous passbands.

Fig. 5(a) to 5(d) are achieved by tuning the right five
passbands (#3 to #7) to the same frequencies as the Lyot 1 and
Lyot 2 (#1 & #2), such that up to three passbands are
overlapping at the same frequency, consequently varying the
simultaneous numbers of passband. In particular, in Fig. 5(a)
passbands #2 & #3 are at the same frequency, while in Fig.
5(b) passbands #1 & #3 and passbands #2 & #4 are both
overlapping. The passband overlapping in RF domain is
resulted from the same optical comb spacings generated from
the cascaded MZI-Lyot filter and the Lyot loop filter itself.
Furthermore, the simultaneous numbers of passbands are
adjustable by switching off Lyot 1 or Lyot 2, such that a quad-
band filter is resulted. By doing this the frequency spacings of
the continuously tunable passbands is adjusted between 1.35
GHz and 2.70 GHz, as shown in Fig. 5(e) and 5(f),
respectively. Since both the MZI and Lyot loop filter can be
switched off separately, the number of simultaneous
passbands can be adjusted to any value from zero to seven.

The current passbands selection is based on polarization
state adjustment, high-speed tuning of the passbands can be
potentially achieved up to gigahertz speed with the use of
nonlinear effect [31]. All the passbands show consistent and
stable performance with uniform and sharp passband profiles,
and the passband qualities are well maintained during both the
tuning and reconfiguring processes. It is worth mentioning that
the center frequency of the left two passbands (#1 and #2),
which are resulted directly from the Lyot loop filter, are not
tunable. These two fixed passbands can be used for fixed
channels of an application, and the right five passbands are
designed for dynamic channels where channel frequencies
need to be adjusted over time. Moreover, for a situation that
no fixed channels are needed, the two fixed passbands can be
moved to any unused frequencies by adjusting the length of
the PMF in the Lyot loop filter to avoid unwanted
interferences. Furthermore, the maximum simultaneous
passband number can be further increased by using a two-
stage cascaded Lyot loop filter [30], or cascading multiple
optical interferometric filters to generate more interleaving
optical comb [34, 35]. The upper limit is determined by the
achievable narrowest passband bandwidth such that all the
passbands can fit into the frequency range of interest without
interference. Meanwhile, serial and parallel cascading
combinations can further increase operation flexibility and
reconfigurability, while photonic integration techniques can be
used for reducing system complexity and cost [39,40].

Another factor that determines passband center
frequencies, bandwidths and frequency spacings of the
proposed multiband filter is the amount of dispersion, as
shown in Eq. (3) and Eq. (4). Figure 6 shows the above tuning




Power (10 dB/div)
Power (10 dB/div)

m“‘i v

8.0 100 0.0 20 4.0

o

0
Frequency ( GHz

Frequency (GHz)

C) #2485

B e -uuasmlﬂ

Power (10 dB/div)

100 0.0 2.0 4.0 6.0 8.0 10.0
Frequency (GHz)

6.0 8.0

(d) wsnsm (e)
F B A R4 B #5 | I

Power (10 dBa’dw)
Power (10 dB/div)

10.0 0.0 20 40
Frequency (GHz)

0.0 20 4.0 6.0 8.0
Frequency (GHz)

Power (10 dB/div)

6.0 8.0 100/ 0.0 20 4, D 10.0

Frequency (GHz}

Fig. 5. Demonstration of the passband reconfigurability of the multiband RF filter. The simultaneous passband number is adjusted from three to seven,
with different frequency combinations. (a) Six passbands at 1.35 GHz, 2.70 GHz, 4.05 GHz, 5.40 GHz, 6.75 GHz and 8.10 GHz. (b) Five passbands at
1.35 GHz, 2.70 GHz, 4.05 GHz, 5.40 GHz and 6.75 GHz. (c) Four passbands at 1.35 GHz, 2.70 GHz, 4.05 GHz and 5.40 GHz. (d) Three passbands at
1.35 GHz, 2.70 GHz and 4.05 GHz. (e) Four passbands when Lyot 1 (@1.35 GHz) is switched off. (f) Four passbands when Lyot 2 (@2.70 GHz) is

switched off.

performance of the multiband filter while the length of the
DCF is changed, where the orange filter profiles are captured
when a piece of 10.2-km DCF is used and the blue ones are
based on a piece of 6.1-km DCF. As shown in Fig. 6(a), with
the same MZI and Lyot loop filter, the seven evenly
distributed passbands are spread out to a 14 GHz range
instead, and the frequency spacing between two adjacent
passbands is increased to 1.9 GHz. The average 3-dB
bandwidth of the passbands is adjusted from 100 MHz
(orange) to 180 MHz (blue). With the same DCF length as in
Fig. 6(a), Fig. 6(b) shows the corresponding result when the
right five passbands are continuously tuned through temporal
adjustment in the MZI. The adjustment of the dispersion and
length of PMF of the system is to match the initial design
requirements of various applications, and the proposed filter
tunability and reconfigurability are not relying on any physical
change of the components.
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Fig. 6. Passband bandwidth adjustment of the multiband RF filter. The
bandwidths of the passbands are broadened with the use of shorter dispersion
compensating fiber. Orange: with the use of a piece of 10.2-km DCF; Blue:
with the use of a piece of 6.1-km DCF.

IV. DISCUSSION AND CONCLUSION

With the fast development of photonic integration techniques,
several microwave photonic systems have been successfully
integrated as a chip scale device [13,22, 24,36-40]. On-chip
optical interferometric filters have been experimentally
demonstrated, thus, it is very promising to integrate multiple
MZI stages (i.e. core of the proposed reconfigurable multiband
filter) into a chip using 2-dimentional mesh structure [39,40].
Since the discrete optical components take most of the space
and contribute to most of the loss in the proposed system, we
would like to ultimately integrate most of the components on a
single chip to reduce the system complexity, SWaP, and cost,
while improving overall performance at the same time.

In summary, a photonics based continuously frequency
tunable and highly reconfigurable RF multiband filter is
proposed and experimentally demonstrated. The number of
simultaneous passbands is adjustable from zero to seven,
functioning as an all-block, single-band, dual-band, or
multiband filter, while the passband frequencies are
continuously tunable over 20 GHz range. The scheme utilizes
a cascaded MZI and Lyot loop filter architecture, such that
various optical comb spacing combinations are obtained for
the implementation of the MWP multiband filter. The MSSR
of all the passbands are over 35 dB with sharp and uniform
passband profiles, providing good filter selectivity. The MWP
multiband filter shows stable and consistent performance
during the tuning and reconfiguring processes. Furthermore,
the proposed work demonstrated a general methodology to
implement MWP multiband filters through cascading multiple
optical comb filters with various functionalities. In principle,




the proposed multiband filter can potentially support an
operation bandwidth up to tens of gigahertz, enabling its
applications in 5G networks and ultra-wide broadband
systems. Compared to the state-of-the-art RF multiband filters
[4], this design significantly increases the simultaneous
number of passband as well as providing exceptional
broadband operation flexibility, which is the first
demonstration of a RF filter with such multiband dynamic
capability. The proposed multiband RF filter could
significantly enhance the capabilities, functionality, and
performance of broadband RF systems. Due to the filter’s
capability to dynamically tune and reconfigure its passband,
the filter can be used for multiband communications in 5G
network, radar systems, and RF signal processing applications,
where the channel frequencies may need to be dynamically
adapted to diverse environments with heterogeneous functions
and dynamic spectral availability.
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