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Abstract—RF channelization is regarded as one of the most ef-
fective approaches to relieve the difficulty of processing wideband
signals in microwave and millimeter-wave receivers. In this paper,
a novel coherent optical RF channelizer with broad instantaneous
bandwidth and large in-band interference suppression is proposed
and demonstrated based on a multichannel photonic image-reject
mixer (IRM). A Ku-band RF signal with an instantaneous
bandwidth of 5 GHz is sliced into five consecutive subchannels
with 1-GHz instantaneous bandwidth by the proposed channelizer.
The in-band interference suppression, which relies on the image-
rejection ratios of the IRM, is about 25 dB. To the best of our
knowledge, the proposed channelizer achieves the highest in-band
interference suppression in such wide instantaneous bandwidth.

Index Terms—Channelizer, frequency mixing, image reject, mi-
crowave photonics, optical frequency comb.

1. INTRODUCTION

ITH the increasing of signal bandwidth in modern RF
W systems such as radars, electronic warfare, navigation,
and wireless communications and satellite communications, re-
ceivers with the capability of processing wideband RF signals
are urgently needed. Channelization is one of the most effective
methods that can fulfill this requirement by slicing the received
broadband RF signal into a number of narrowband channels.
Owing to the benefits in terms of broad bandwidth, low loss,
and immunity to electromagnetic interference, photonics-based
RF channelization has attracted a great deal of attention over
the last two decades. Several schemes have been reported to
perform the RF channelization in the optical domain, which can
be generally classified into three categories:
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In the first category, a series of optical filters with consec-
utive passbands are applied to slice the modulated optical RF
signal into a number of sub-channels. The optical filter array
can be realized by phase-shifted fiber Bragg gratings (FBGs)
[1], Bragg-grating Fabry-Perot cavities [2], or acousto-optic fil-
ters [3]. To ensure adequate processing bandwidth and sufficient
suppression of spurs and crosstalk, a large number of optical fil-
ters with flat-top and steep-edge frequency responses are usually
required, which significantly increases the difficulties of device
fabrication, and makes wavelength alignment of these optical
filters extremely challenging.

In the second category, the RF spectrum is first copied to a
series of optical carries from an optical frequency comb (OFC)
generator, and then a comb filter with a free spectral range (FSR)
that is slightly different from that of the OFC is employed to
select different slices of the RF spectrum from different optical
copies. Since these RF components are well separated in the
wavelength domain, a wavelength-division multiplexer is suf-
ficient to split them into a series of sub-channels. Previously,
a Fabry-Perot filter [4], two Fabry-Perot filters with different
FSRs [5], and multiple stages of optical ring lattices [6], [7]
were employed to serve as the optical comb filter.

One critical problem associated with the approaches in the
above two categories is that after channelization the detailed in-
formation in the RF signal will be lost and unrecoverable due to
the spectrum aliasing caused by the square-law detection of pho-
todetectors (PDs). To overcome this problem, coherent optical
RF channelizer was proposed, in which multiple different lo-
cal oscillators (LOs) are used to downconvert different spectral
slices of the RF signal to a common baseband or intermediate
frequency (IF) band. The multiple LOs can be produced by a
pair of OFCs with slightly different FSRs [8]-[11]. When the
received RF signal is broadcasted to one of the OFCs, differ-
ent part of the RF signal would be downconverted due to the
frequency beating with the nearest comb line from the other
OFC. The spectrum aliasing problem caused by the square-law
detection of PDs can be solved by in-phase/quadrature (I/Q)
demodulation based on balanced photodetection and electri-
cal digital signal processing (DSP) [8], [10]. Restricted by the
bandwidth and effective-number-of-bit of analog-to-digital con-
verters (ADCs) in the DSP, the instantaneous bandwidth of the
OFC-based coherent optical RF channelizer is only hundreds
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of MHz [8]. Furthermore, due to the uneven and asymmetrical
phase and amplitude responses of the in-phase (I) and quadra-
ture (Q) branches in the I/Q demodulator, large suppression
of the in-band interference or crosstalk in a broad bandwidth is
extremely difficult. As aresult, only single-tone or quite narrow-
band (several kHz or MHz) RF signals were channelized in the
previous-reported RF channelizers [8]-[10]. Recently, we have
reported a coherent RF channelizer based on dual OFCs and
a multichannel image-reject mixer (IRM), which can achieve
broad instantaneous bandwidth and large in-band interfer-
ence suppression [12], but only some preliminary experimental
results were reported.

In this paper, a more comprehensive study on the coherent
RF channelizer based on the dual OFCs and the multichannel
IRM is performed. A detailed theoretical analysis is carried out.
Since the spectrum aliasing problem solved in the analog domain
by the multichannel photonic IRM, no electrical ADCs are re-
quired in the channelizer, so the instantaneous bandwidth of each
channel is significantly increased. In addition, the IRM imple-
mented in the optical domain can achieve large image-reject ra-
tio in a broad bandwidth, which leads to RF channelization with
large in-band interference suppression. An experiment is car-
ried out. A 5-GHz RF signal covering nearly the entire Ku-band
(13-18 GHz) is channelized into five consecutive sub-channels.
The in-band interference suppression ratio is around 25 dB
within the 1-GHz instantaneous processing bandwidth. The spu-
rious free dynamic range (SFDR) of the proposed channelizer
is about 93 dB-Hz*/?.

II. PRINCIPLE

Fig. 1(a) shows the schematic diagram of the proposed coher-
ent optical RF channelizer based on the multichannel photonic
IRM, which mainly consists of modules for signal OFC gen-
eration, local OFC generation, and multichannel image-reject
mixing.

A. Signal OFC Generation

In the proposed system, a continuous-wave (CW) light gen-
erated by a laser diode (LD) is split into two branches by a
50:50 optical coupler. In the upper branch, the optical carrier is
sent to a Mach-Zehnder modulator (MZM) which is driven by
a single-tone microwave signal with a frequency of fs. If the
power of the drive signal is high enough, an OFC, denoted as
signal OFC thereafter, can be generated,

™ ™
fsig -OFC (t) =FE, |:1+ COS <V‘/S COS(QTFfSt) +vaias):|

- Z Am exp {.]27T [fsig + (m - 1) fS] t} (1)
m=1

where Fj, is the electrical field of the optical carrier, Vs is
the amplitude of the input driving signal, V. is the half-wave
voltage of the MZM, Wy, is the DC bias voltages applied to the
MZM. fi; is the frequency of the first comb line, and A, is the
amplitude of the m" -order comb line. The signal OFC is then
modulated by a received wideband RF signal via a dual-drive
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Mach-Zehnder modulator (DMZM). By using optical single
sideband (OSSB) modulation based on a 90-degree electrical
hybrid (EH;) [13], the generated sidebands would only locate
at the right (or left) side of each comb line of the signal OFC. If
the received wideband RF signal is denoted as frg(t), the signal
OFC with RF modulation can be written as

fsigfmod (t) = Z Am exXp {]277— [fsig + (m - 1) fS] t}
m=1

+7 Y A exp {427 [fg + (m — 1) fe] ¢

m=1
+ frr ()} (2)

where «y is a parameter related to the modulation index. The op-
tical spectrum at the output of the DMZM is shown in Fig. 1(b).
The modulated signal is amplified by an erbium-doped fiber
amplifier (EDFA;) and sent to the signal port of a 90-degree
optical hybrid.

B. Local OFC Generation

In the lower branch, the optical carrier is first sent to an
optical frequency shifter, in which the optical carrier is modu-
lated by a sinusoidal signal with a frequency of fp via a phase
modulator, and the +1%-order sideband is selected by an opti-
cal bandpass filter (OBPF). After being amplified by a second
EDFA (EDFA;), the up-shifted optical carrier is applied to a
polarization modulator (PoIM), which is driven by an LO with a
frequency of f.. According to [14], by properly setting both the
power of the LO and the polarization state, a flat OFC (denoted
as local OFC thereafter) can be produced, which is given by

fioea—orc () = > Bu exp {427 [fro + (m — 1) fu]t}

m=1

3)
where fio is the frequency of the first comb line of the local
OFC, and B,, is the amplitude of the mM-order comb line. The
optical spectrum of the local OFC is shown in Fig. 1(c). If the
frequencies of the n'"-order comb lines of the signal OFC and
local OFC equal to the optical carriers, the relationship of fio
and fp can be expressed as

fo = [frot+(n=1) fi] = [fsg+ (n—1) fs]
= (fro — fag) + (n = 1) (fu — fs) 4

Furthermore, as can be seen from (3), for the m™-order comb
lines from the signal OFC and the local OFC, they have a fre-
quency difference of

I =1fio = fael +m =1 (fu=fs) m=12,...
)
From (5), the frequency difference is consisted of a constant
component (the first term at the right side), which equals to the
frequency difference between fio and fg;,, and a variable com-
ponent (the second term at the right side), which is determined
by both the order of the comb lines and the frequency difference
between fi and fs. Thus, an equivalent multiple LOs at the

frequency of fX") are generated. The generated local OFC is
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Fig. 1.

(a) Schematic diagram of the proposed coherent optical RF channelizer. (b)—(g) Illustrations of the optical and electrical spectra at different points of the

channelizer. LD: laser diode; MZM: Mach-Zehnder modulator; PM: phase modulator; DMZM: dual-drive MZM; PolM: polarization modulator; PC: polarization
controller; Pol.: Polarizer; EDFA: erbium-doped fiber amplifier; OH: optical hybrid; EH: electrical hybrid; PD: photodetector; OBPF: optical bandpass filter;

EBPF: electrical bandpass filter.

amplified by EDFA3 and sent to the LO port of the 90-degree
optical hybrid.

C. Multichannel Image-Reject Mixing

The I and Q outputs of the 90-degree optical hybrid are sent
to a pair of parallel filters, respectively. The primary function
of the parallel filters is to split the I and Q output signals into
several independent channels. In each channel, as can be seen
from the dashed lines in Fig. 1(b) and (c), the I and Q outputs
consist of a modulated RF sideband from the signal OFC and
an unmodulated comb line from the local OFC, which can be
written as

I(t) = vAm exp {727 [fag + (m = 1) fs]t + frr (1)}
+ By exp {527 [fro + (m — 1) fu]t}
Q(t) = yAm exp {j27 [fag + (m — 1) fs]t + frr (1)}
+ jBy exp {27 [fro + (m — 1) fi]t} (6)

When the two signals are amplified and applied to two PDs
(PD; and PD,), a pair of quadrature frequency-downconverted
outputs can be obtained

i1 (t) < Ay By, cos < 2w | frr (t) — fém) t

. . (m) ™
iq (t) o< Ay, Bysin < 2w | fre (£) — fao t

Since [, () is different in each channel, different parts of the
received RF signal would be downconverted in each channel
(as depicted in Fig. 1(d)/(e)). However, the frequency compo-
nents at the left and right sides of the LO comb line will be
simultaneously downconverted to the baseband, which causes a
strong in-band interference that cannot be removed by electrical
filtering.

To solve this problem, a photonics-based multichannel IRM
is employed. Fig. 2 shows the general principle diagram of
the IRMs [15]. When an RF signal is mixed with a pair of
quadrature LOs, two quadrature outputs are obtained. If the
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Fig. 2. General principle diagram of image-reject mixers.

two signals are combined by a 90-degree electrical hybrid, the
signal downconverted from the right (or left) side of the LO
would be enhanced while that downconverted from the other
side will be eliminated. Therefore, the output of the IRM would
be only contributed by the component at one side of the LO. In
the proposed scheme, since a pair of quadrature downconverted
signals have already been obtained at the outputs of PD; and
PD,, image-reject mixing can be easily achieved when a second
electrical hybrid (EH») is connected to combine them [16]. By
this way, only the components at the right side of the local comb
line will be downconverted to the baseband, and the signals
downconverted from the other side will be greatly suppressed, as
shown in Fig. 1(f). Finally, an electrical bandpass filter (EBPF)
is connected to remove the out-of-band signals (Fig. 1(g)).

As the comb lines of the local OFC align to different locations
of the modulated RF sideband in different channels, different
spectral slices of the RF signal would be downconverted to the
same IF band. In addition, the spectral components of interests
are actually separated by a spacing of fi, which could be tens
of GHz, so a multichannel programmable filter with a low res-
olution or a wavelength-division demultiplexer is sufficient to
split them into sub-channels. Moreover, unlike the I/Q demodu-
lation based on DSP used in [8], [10], the problem of information
aliasing is solved by the multichannel photonics-based IRM in
the analog domain, which can support much broad instantaneous
processing bandwidth and high processing speed. Furthermore,
since the optical hybrid has a relatively low phase and ampli-
tude imbalances, high image-reject ratio can be obtained [16], by
which the in-band interference can be significantly suppressed
within a large frequency range. It should be noted that the con-
version efficiency in each channel is slightly different, due to
the difference of the amplitudes of the comb lines, as can be
seen from (7). This problem can be solved by tuning the op-
tical power in each channel or applying an optical line-by-line
spectrum reshaper to make the combs flat. Another notable thing
is that, since the signal OFC and local OFC share a common LD,
the phases of the signal OFC and local OFC can be ignored in
the analysis, and no optical carrier phase extraction and tracking
is needed.

III. EXPERIMENT AND RESULTS

A. System Structure

An experiment based on the configuration shown in Fig. 1(a)
is carried out. Fig. 3 shows the picture of the experimental
setup. A CW optical carrier with a wavelength of 1550.55 nm
and a power of 19 dBm is generated by an LD (TeraXion
PS-NLL-1550) and split into two equal parts by an optical
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Analog signal

Fig. 3. Photograph of the experimental setup.

coupler. In the upper branch, the optical carrier is sent to a
40-Gb/s MZM (Fujitsu FTM7938) with a half-wave voltage of
3.5 V.The MZM is driven by a 25-GHz single-tone signal, which
is generated by an analog signal generator (Agilent E8257D).
An electrical power amplifier (Agilent 83020A, 2-26.5 GHz)
is used to boost the RF power. The generated signal OFC is
then sent to a DMZM (Fujitsu FTM7937) with a half-wave
voltage of 3.5 V. A wideband RF signal from an arbitrary wave-
form generator (Keysight M9502A) is amplified by an electrical
low noise amplifier and spilt into two quadrature parts by a
90-degree electrical hybrid (EH;, Krytar 3017360 K,
1.7-36 GHz). The quadrature outputs of EH; are applied to the
two RF ports of the DMZM. By properly setting the bias volt-
age applied to the DMZM, OSSB modulation is realized. The
output signal of the DMZM is amplified by an EDFA and sent
to the signal port of a dual-polarization 90-degree optical hybrid
(Kylia COH28). In the lower branch, the optical carrier is sent
to a phase modulator (EOSpace AZ-AV5-40) which is driven
by a 14-GHz single-tone signal produced by an analog signal
generator (Agilent N5183B). An OBPF (Yenista XTM-50) is
inserted to select the +1%-order sideband to achieve optical fre-
quency up-shifting. After being amplified by EDFA,, the optical
sideband goes through a PolM (Versawave Technologies Inc.)
driven by a 24-GHz single-tone signal, a polarization controller,
and a polarizer to generate a local OFC. The generated local
OFC is amplified by EDFA3 and send to the LO port of the
optical hybrid. The I and Q outputs of the optical hybrid from
the same channel are sent to PD; and PD, with bandwidths of
10 GHz and responsivities of 0.8 A/W, after being amplified
by EDFA, and EDFAj, respectively. Then, the outputs of PD;
and PD, are combined by a low-frequency (1-2 GHz) 90-degree
electrical hybrid (EH»), to achieve image-reject mixing. An opti-
cal tunable delay line (OTDL, General Photonics) and a variable
optical attenuator (VOA) are inserted in each branch to compen-
sate the phase and amplitude imbalances. Finally, an EBPF with
a passband of 1-2 GHz is connected to remove the out-of-band
frequency components. The optical spectrum is measured by an
optical spectrum analyzer (YOKOGAWA AQ6370C), and the
electrical spectrum is observed by a 40-GHz electrical spectrum
analyzer (R&S FSV-40).

Due to the limitation of the facilities in our lab, two tunable
optical bandpass filters (Yenista XTM-50) are inserted in the
I and Q branches of the optical hybrid to perform channel se-
lection. Thus, the channelization is tested channel by channel
by tuning the center wavelengths of the optical filters. Since
the parallel filters can be achieved by commercially-available
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waveshapers (e.g., Finisar 16000S) or wavelength-division de-
multiplexers (if fs and fi are large enough to match the spac-
ing of the demultiplexer), the demonstration in this experiment
can be easily extended to parallelized multichannel. In addition,
since only the outputs from one polarization of the optical hybrid
are used in the experiment, the polarization states of the local
OFC and signal OFC should be identical to achieve the highest
conversion efficiency. However, if more PDs are available, the
outputs from the orthogonal branch of the optical hybrid can
also be taken part in the channelization, so the performance of
the channelizer would be insensitive to the polarization states of
the input signals [17].

B. Dual OFCs Generation

Fig. 4 shows the measured optical spectra of the local OFC,
signal OFC and signal OFC with RF modulation. The blue
line represents the signal OFC obtained at the output of the
MZM. As can be seen, a 5-line OFC with an FSR of 25 GHz
is generated. The frequencies of each comb line of the signal
OFC are fgg, fsig + 25, fig +50, fag +75, fsig + 100 GHz,
and the frequency of the middle comb line equals to the op-
tical carrier frequency. Then the signal OFC is modulated
by a wideband LFM signal. Due to the OSSB modulation, a
sideband is produced at the right side of each comb line of
the signal OFC, as can be seen from Fig. 4 (the black line).
The red line in Fig. 4 shows the optical spectrum of the lo-
cal OFC, which also has five comb lines but has an FSR of
24 GHz. The frequencies of the comb lines of the local OFC are
f]_o, fLO + 24, fLO + 48, fLO + 72, fLO + 96 GHZ, in which
the middle comb line denotes the optical carrier. As the op-
tical carrier that used to generate the local OFC is up-shifted
by 14 GHz as compared with the carrier of the signal OFC,
thus (fLo + 48)- (fsig + 50) = 14 GHz. In other words, the fre-
quency difference between the first comb lines of the local OFC
and signal OFC is 16 GHz, i.e., fro — fsi; = 16 GHz. Besides,
since fi — fs = —1 GHz, the equivalent LO, according to (4),
is (17—m) GHz in each channel. Table I summarizes the descrip-
tions and values of the key parameters of the experiment setup.

C. Multichannel Image-Reject Mixing

In the first step, we investigate the performance of the
image-reject mixing in each channel. Since the instantaneous

sub-channel bandwidth of the designed channelizer is set to
be 1 GHz, in this demonstration, a linear frequency-modulated
(LFM) signal with 1-GHz bandwidth is employed as the re-
ceived RF signal.

According to the parameters in Table I, the equivalent LO

(fg)) is 16 GHz in Ch-1. Locations of the RF, LO, and im-
age are shown as the inset in Fig. 5(a). The black solid line in
Fig. 5(a) depicts the electrical spectrum of the downconverted
IF signal when a 17-18 GHz LFM is applied to the DMZM.
An IF signal with a center frequency of 1.5 GHz and a power
spectral density (PSD) of about —109.8 dBm/Hz is obtained.
The red dashed line in Fig. 5(a) shows the electrical spectrum
when the center frequency of the LFM signal is changed to
be 14.5 GHz (i.e., image frequency). The PSD of the down-
converted IF signal is dropped to around —134.8 dBm/Hz, so
the image-reject ratio in Ch-/ is 25 dB within a bandwidth of
1 GHz. Fig. 5(b)—(e) show the results obtained in other four
channels. As can be seen, image-reject mixings are realized
in each channel, and the measured image-reject ratios are all
around 25 dB, which means that only the frequency compo-
nents at the right side of the local comb line with a frequency
difference of 1-2 GHz will be downconverted in each channel.
The spectra of the input RF signals are also presented as the blue
solid lines in Fig. 5. As can be seen, the conversion loss is about
25 dB.

D. RF Channelization

Then, a wideband LFM signal covering 13—-18 GHz with a
PSD of —89.8 dBm/Hz is applied to the proposed channelizer.
The inset in Fig. 6(a) illustrates the locations of the modulated
sideband and the corresponding local comb line in Ch-1. Due to
the frequency beating between the modulated sideband and the
local comb line, a downconverted signal located at 0-3 GHz is
produced at the output of PD; (and PD,), which is shown as the
dashed line in Fig. 6(a). Since the components downconverted
from 16-18 GHz and 13-16 GHz would be spectrally superim-
posed, which cannot be separated and analyzed independently,
an instantaneous frequency-time (IFT) analysis method based
on short-time Fourier transform (STFT) is employed to verify
the image rejection [18]. By using the IFT analysis method,
the frequency-time relationship would be extracted, so that the
signals can be distinguished as long as their frequency-time
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(a)—(e) Electrical spectra of the IF signals downconverted from the RF signal (black solid line) and the downconverted image (red dashed line) in Ch-1

to Ch-5 (resolution bandwidth: 3 MHz). Blue line: the electrical spectra of the input RF signal. Inset: the location illustration of the image, LO and RF signals in

each channel.
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Fig. 6. (a) Electrical spectra of the IF signals at the output of PD; (red

dashed line) and EHy (black solid line) in Ch-1, and (b), (c) the corresponding
instantaneous frequency-time diagrams.

relationships are different, even though they are located in
the same frequency range. As can be seen from the IFT dia-
gram in Fig. 6(b), both the up- and down-chirped signals ex-
ist in the channel passband (i.e., 1-2 GHz). The solid line in
Fig. 6(a) shows the electrical spectrum when the outputs of
PD; and PD, are combined by EHs. Since the signal down-
converted from 13-16 GHz is suppressed by the IRM, only
a 0-2 GHz signal is obtained. Besides, from the IFT dia-
gram in Fig. 6(c), a strong up-chirped signal and a quite weak
down-chirped signal (image) are existed in the channel pass-
band, showing that the in-band interference is largely sup-
pressed. With the 1-2 GHz components selected by the EBPF,
the downconverted spectral slice of the input RF signal lo-
cated at 17-18 GHz (gray-shaded box in the inset) is finally
achieved.

Similar results are obtained in other channels, as shown in
Fig. 7:

i) In Ch-2, the input RF signal is mixed with a 15 GHz
LO to produce a 0-3 GHz signal (Fig. 7(a)), and from
the IFT diagram in Fig. 7(e), the final output of Ch-2 is
downconverted from the spectral slice of the input RF
signal located at 16—-17 GHz;

In Ch-3, the input RF signal is mixed with a 14 GHz
LO to produce a 0—4 GHz signal (Fig. 7(b)), and from
the IFT diagram in Fig. 7(f), the final output of Ch-3 is
downconverted from the spectral slice of the input RF
signal located at 15-16 GHz;

In Ch-4, the input RF signal is mixed with a 13 GHz
LO to produce a 0-5 GHz signal (Fig. 7(c)), and from
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Fig. 7. (a)—(d) Electrical spectra of the signals at the output of Ch-2 to Ch-

5, and (e)—(h) the corresponding instantaneous frequency-time diagrams in
1-2 GHz.

the IFT diagram in Fig. 7(g), the final output of Ch-4 is
downconverted from the spectral slice of the input RF
signal located at 14—15 GHz;

In Ch-5, the input RF signal is mixed with a 12 GHz
LO to produce a 1-6 GHz signal (Fig. 7(d)), and from
the IFT diagram in Fig. 7(h), the final output of Ch-5 is
downconverted from the spectral slice of the input RF
signal located at 13—-14 GHz.

Therefore, based on the proposed channelizer, the received
5-GHz-bandwidth RF signal can be channelized into five con-
secutive channels with 1-GHz bandwidth. The in-band interfer-
ence can be suppressed by about 25 dB thanks to the multichan-
nel photonic microwave IRM.

The SFDR of the proposed channelizer is also measured.
Taking Ch-1 as an example, a two-tone RF signal (17.49 GHz
and 17.51 GHz) is generated and applied to the channelizer.
Fig. 8v shows the measured SFDR, which is about 93 dB-Hz?>.

iv)
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Fig. 8. SFDR measurement of a sub-channel in the proposed channelizer.
Similar results, within 92~95 dB-Hz??, are obtained in other
sub-channels.

IV. DISCUSSION
A. Bandwidth

The instantaneous bandwidth of each channel is determined
by both the frequency difference between the FSRs of the signal
OFC and the local OFC and the IF bandwidth of the IRM, which
is given by

BWig. = min{(fs — fr), BWirm} ®)

where BWRrM denotes the IF bandwidth of the IRM. Since
fs — fL can be easily adjusted, the instantaneous bandwidth of
the channelizer, in most cases, mainly relies on BWgy;. Thanks
to the broadband nature of the photonic components, BW gy is
mainly restricted by the bandwidth of EH, and EBPF. Although
in the experiment, we set the instantaneous bandwidth as 1 GHz,
the actual value can be increased by applying wideband electri-
cal hybrids and EBPFs.

The RF bandwidth of the channelizer is used to characterize
the frequency range of the input RF signal, which is determined
by the RF bandwidth of the IRM. Because OSSB modulation is
employed in the channelizer, the RF frequency should be < fs to
avoid the interference between the neighboring channel, so that
the RF bandwidth of the IRM, as well as the channelizer, should
be lower than fs. Besides, since the sub-channel bandwidth
is | fu — fs|, the RF bandwidth of the channelizer equals to
m|fL — fsl|, if m comb lines take part in the RF channelization.
Therefore, the RF bandwidth of the channelizer is given by

BWgrr = min{fs,m|fr — fs|} )

In the proposed channelizer, the demonstrated RF bandwidth
is 13—-18 GHz, which can be further extended by increasing the
comb-line number and the FSRs of the OFCs, as can be seen
from (9).

B. Interference Suppression

There are two main kinds of interference that should be
taken into consideration, which are in-band interference and
out-of-band interference. The out-of-band interference can
be easily removed by EBPFs since they usually fall out of
the passband of the channel. The in-band interference has
two primary sources. On the one hand, the non-ideal OSSB
modulation may have a residual —1%-order sideband. If a
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TABLE II
IN-BAND INTERFERENCE SUPPRESSION COMPARISON

RF BW IBW Supp. Ratio

Ref.  EO [GHz] [GHz] [dB]
This work (0] 13-18 1 ~25 (wideband)

[8] O 3.75-7.25 0.5 NA

[9] 0 NA 0.08 NA

[10] (0] 15.5-37.1 1.2 60 (single tone)

[11] 0 0-20 1 NA

[19] E 6-18 <021 23

[20] E 1.75-8.75 0.4375 11~32

Inst. BW: instantaneous bandwidth; Supp. Ratio: suppression ratio; single tone: the sup-
pression ratio is optimized only for a single-tone signal.

wideband RF signal is applied to the channelizer, the desired
+1%*-order sideband in one channel will be partly superimposed
with the undesired —1*'-order sideband in the adjacent channel.
Although this kind of interference cannot be removed through
filtering or image-reject mixing, it can be eliminated if the FSRs
of the OFCs are larger than twice of the signal bandwidth. On
the other hand, the frequency components presented at the other
side of the local comb line could have a frequency offset to the
comb line that is equal to the IF frequency, which introduces
the dominant in-band interference. Although it would be very
large, it can be efficiently suppressed by the photonics-based
multichannel IRM. In the experiment, the in-band interference
suppression ratio is around 25 dB in all channels. Table II
compares the in-band interference suppression performance
between the proposed channelizer and other electrical and
optical ones. As can be seen, although some methods can
achieve higher image rejection ratio [10], [20], the suppression
ratio is optimized only for a single-tone signal [10], or the
instantaneous bandwidth is quite narrow [20]. Therefore, the in-
stantaneous bandwidth (1 GHz) with 25-dB image-suppression
ratio is much larger than the commercially available electrical
devices and the previously reported photonics-based IRM:s.

V. CONCLUSION

A coherent optical RF channelizer with broad instantaneous
bandwidth based on a multichannel photonic IRM has been pro-
posed. With the multiple LOs generated by the dual OFCs, dif-
ferent spectral parts of the received RF signal is downconverted
to a common IF band. More importantly, making use of the
multichannel photonic IRM, the in-band interference is largely
suppressed. An experiment is carried out. A Ku-band RF signal
covering 13-18 GHz is sliced into five sub-channels based on
the proposed channelizer. The in-band interference suppression
ratio is ~25 dB for all sub-channels. The measured SFDR is
about 93 dB-Hz>3. The proposed channelizer can find applica-
tions in photonics-based radar and electrical warfare systems.
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