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1

Microwave Photonic I/Q Mixer With Phase
Shifting Ability
Hao Chen, Member, IEEE and Erwin H. W. Chan, Senior Member, IEEE
Abstract—A compact system with multiple signal processing
functions is of interest in many applications. The purpose of this
paper is to present a microwave photonic structure that is capable
of simultaneously realising in-phase/quadrature (I/Q) mixing and
phase shifting operations. The multi-function signal processor has a
simple structure and can be constructed using off-the-shelf
components. It is designed to enable commercial modulator bias
controllers to be incorporated into the system to provide accurate
phase shift and to improve system stability. Non-ideal effects in the
system that cause deviation in the two output IF signal phase
difference from 90 can be mitigated by adjusting a modulator bias
voltage. The multi-function signal processor is theoretically
analysed and experimentally demonstrated. Its performance
including two output IF signals with a quadrature phase difference,
wideband operation, continuous 0 to 360 IF signal phase shift and
long-term stable operation are verified experimentally.
Index Terms—IQ mixer, optical modulator, phase shifter, bias
controller, microwave photonics.

I. INTRODUCTION

T

here is on-going research in processing microwave and
millimetre wave signal in optical domain since 1980s. This
is because microwave photonic signal processors have the
potential of very wide bandwidth, high reconfigurability,
parallel processing and multi-function capabilities [1], [2].
They can also be designed to be compatible with fibre optic
communication systems. Microwave frequency mixing is one
of the key signal processing functions in many defence and
telecommunication systems. Various microwave photonic
techniques to realise frequency mixing operation have been
reported [3]-[6]. In the past 5 years, research on microwave
photonic mixers have been focused on specific mixing
functions, e.g. image rejection mixing [7], [8], single sideband
mixing [9], [10], subharmonic mixing [11], [12] and
in-phase/quadrature (I/Q) mixing [13]-[21], rather than simply
demonstrating frequency mixing of two microwave signals or
improving microwave photonic mixer performance. Recent
research also focuses on including additional functions such as
phase shifting operation in a microwave photonic mixer [22],
[23].
An I/Q mixer produces two quadrature-phase intermediate
frequency (IF) signals by mixing a radio frequency (RF) signal
with a local oscillator (LO). It is used in super heterodyne and
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zero-IF receivers for suppressing interference, microwave
phase/frequency discriminators, and Doppler frequency shift
(DFS) and phase noise measurement systems [18], [24], [25]. A
microwave photonic I/Q mixer can be implemented by a
transversal filter approach [13]. It requires controlling the
wavelength of two laser sources to alter the optical signal time
delay introduced by a dispersive fibre between two Mach
Zehnder modulators (MZMs). This I/Q mixer suffers from
phase noise, which increases as the RF signal frequency
increases. A microwave photonic I/Q mixer can also be
implemented by a dual-drive MZM with an asymmetric Mach
Zehnder interferometer (AMZI) [14] or a dual-polarisation
MZM with a 90 optical hybrid [15], [16]. They have the
drawbacks of either require accurate control on the AMZI
response to align its notch frequency with the LO sideband
frequency and require tuning the AMZI notch frequency as the
LO frequency changes, or the output IF signals have
considerable phase jitter. Using a wavelength division
multiplexer (WDM) to separate the upper and lower sideband
of an optical signal from a dual-parallel MZM to realise an I/Q
mixing operation is simple [17]. However, commercial
modulator bias controllers cannot be used to stabilise the
dual-parallel MZM bias points. This is because all commercial
bias controllers for dual-parallel MZMs are designed to
stabilise the main-MZM in the dual-parallel MZM at the
quadrature point, i.e. the main-MZM has a bias angle of 90,
rather than 45 as required in the dual-parallel MZM based I/Q
mixer. Bias drift in the dual-parallel MZM alters the
quadrature-phase relationship in the two output IF signals. The
I/Q mixers based on a dual-polarisation dual-parallel MZM
[18] and a dual-polarisation MZM [19] with two sets of
polarisation beam splitters (PBSs) and balanced detectors have
a complex structure. More importantly, the polarisation state of
an optical signal before the PBS needs to be controlled via a
polarisation controller to ensure the two output IF signals have
a 90 phase difference. The I/Q mixers based on series
connection of two optical modulators [20], [21] are only
suitable for small signal because the double modulation process
generates an unwanted frequency component at the output IF
signal frequency. A small input RF signal is needed to ensure
this unwanted frequency component has a small amplitude so
that it has little effect on the wanted IF signal. Note that the
phase of the two output IF signals generated by all the reported
I/Q mixers cannot be tuned. Both frequency mixing and phase
shifting are required in many systems. It is desirable especially
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in electronic warfare applications [26] to have a simple
structure that can realise these two functions. As such, several
microwave photonic topologies for frequency mixing and
phase shifting have been reported but none of them can achieve
the I/Q mixing operation. Both I/Q mixing and phase shifting
operations are needed for beamforming in phased array systems
[27], and for a zero-IF transceiver in frequency agile radar,
multi-band satellite transponder and wideband wireless
communication systems [28].
In this paper, we present a compact microwave photonic
structure to realise frequency down conversion with two output
IF signals having a quadrature phase difference and phase
tuning ability. It is based on a dual-polarisation binary phase
shift keying (DP-BPSK) dual-drive MZM and an optical
bandpass filter (OBPF) to select the upper sidebands of the
modulator output. The two orthogonally polarised upper
sidebands are polarisation demultiplexed and routed to two
photodetectors, which generate two quadrature-phase IF
signals. The IF signal phases can be tuned by adjusting the
DP-BPSK modulator bias voltages. Using a commercial
DP-BPSK modulator to implement the I/Q mixer enables
off-the-shelf bias controllers to be incorporated into the system
to provide accurate IF signal phase shift and to improve system
stability. Theoretical analysis on the proposed I/Q mixer is
presented, which shows that adjusting a modulator bias voltage
can suppress the non-ideal effects that affect the I/Q mixer
performance. Experimental results are presented that
demonstrate the proposed I/Q mixer has a wide operating
frequency range of 5 to 18 GHz and a full phase shift range of
0 to 360 with both quadrature phase error and phase shift
error of less than ±3. Using commercial modulator bias
controllers in an I/Q mixer and phase shifter structure to obtain
a long-term stable performance is also demonstrated for the
first time.
II. OPERATION PRINCIPLE AND SIMULATION RESULTS
RF Signal

LO

90 hybrid coupler before injecting into one of the RF ports of
MZMX and MZMY. An LO is equally split into two by a power
divider and is applied to the other RF ports of MZM X and
MZMY. The bias angle of MZMX and MZMY can be controlled
by the DC bias voltage VbX and VbY respectively. The output of
the DP-BPSK modulator consists of two orthogonal linearly
polarised optical signals. The lower sidebands and the optical
carrier of the optical signals are filtered out by an OBPF. The
upper sidebands of the two orthogonal linearly polarised optical
signals are demultiplexed by a PBS. The PBS output electric
fields are given by
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where Ein is the electric field amplitude of the continuous wave
light into the DP-BPSK modulator, tff is the insertion loss of
each BPSK modulator, Jn(x) is the Bessel function of nth order
of the first kind, ωc=2fc is the angular frequency of the optical
carrier, ωLO=2fLO and ωRF=2fRF are the angular frequency of
the LO and RF signal respectively, LO(RF)=VLO(RF)/V,RF is the
LO (RF signal) modulation index, VLO(RF) is the voltage of the
LO (RF signal) into each electrode of the BPSK modulator,
V,RF is the modulator RF port switching voltage,
X(Y)=πVbX(bY)/V,DC is MZMX (MZMY) bias angle and V,DC is
the modulator DC port switching voltage. In practice, 90
hybrid couplers and power dividers have phase imbalance. We
include the 90 hybrid coupler phase imbalance 1 and the
power divider phase imbalance 2 in the analysis to examine
how these non-ideal effects affect the I/Q mixer performance.
Note that only the first and second order sidebands are
considered in the analysis. The higher order sidebands are
neglected as they have small amplitudes. (1) and (2) show the
amplitude and phase of the positive sidebands from MZMX and
MZMY.
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Fig. 2. Spectra of the optical signals into (a) PD1 and (b) PD2. Magnitude
response of the OBPF (dashed line). fc: optical carrier frequency, fRF: RF signal
frequency, fLO: LO frequency.

Fig. 1. Schematic diagram of the I/Q mixer with tunable phase.

Fig. 1 shows the structure of the proposed photonics-based
I/Q mixer. Continuous wave light from a laser source is
launched into a DP-BPSK modulator. The modulator
comprises a 3-dB optical coupler, two BPSK modulators
(MZMX and MZMY), a 90 polarisation rotator (PR) and a
polarisation beam combiner (PBC). It also has two built-in
monitor photodiodes (PDs) for automatic bias control for
modulator bias drift compensation. An RF signal is fed into a

The I/Q mixer output optical spectra can be obtained based
on (1) and (2) and are shown in Fig. 2(a) and (b). It can be seen
from the figure that the phases of the LO sidebands are
determined by the bias angles. Both the LO and RF signal
sideband phases are affected by the coupler and power divider
phase imbalances. The sidebands from MZMX and MZMY are
detected by PD1 and PD2 respectively. The photocurrent is the
product of the PD responsivity  and the electric field squared.
PD1 and PD2 output photocurrent at the IF signal angular
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frequency ωRF-ωLO can be obtained from (1) and (2), and are
given by
1


 (3)
I o1, IF ( t ) = Pin t ff J1 (  RF ) J1 (  LO ) cos  (RF − LO ) t + + 1 − 2 −  X 
4
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(4)

where Pin is the continuous wave light power into the DP-BPSK
modulator. (3) and (4) show the two output IF signals have the
same amplitude. The phase of the two output IF signals are
/2+1-2-X and -Y. This shows the two IF signal phases can
be tuned by controlling MZMX and MZMY bias angles via the
modulator bias voltages. Under an ideal situation, i.e. 1=2=0,
an I/Q mixer, i.e. the two output IF signals have a 90 phase
difference, can be obtained by ensuring MZMX and MZMY
have the same bias angle. A commercial 4-40 GHz bandwidth
90 hybrid coupler and 1-40 GHz bandwidth power divider
have a typical phase imbalance of ±5 and ±3 respectively
[29]. (3) shows MZMX bias angle can be adjusted to
compensate for the effect of the coupler and power divider
phase imbalance. (3) and (4) indicate that the structure shown in
Fig. 1 exhibits I/Q mixing with phase shifting ability. A
continuous 0 to 360 phase shift in the two output IF signals is
realised by changing the bias voltage VbX and VbY from 0 to
2V,DC. Note that a commercial DP-BPSK modulator has two
built-in monitor PDs. This enables the bias angles of MZMX
and MZMY to be controlled and stabilised by off-the-shelf
modulator bias controllers, e.g. Plugtech MZM bias controller
MBC-MZM-01.
Since the two photocurrents at the IF signal frequency have
the same amplitude, the electrical power of the two output IF
signals are the same and are given by
1
(5)
PI (Q ),out = Pin2t 2ff 2 J12 (  RF ) J12 (  LO ) Ro
32
where Ro is the PD load resistance. (5) shows the electrical
power of the IF signals at the two PD outputs are independent to
the modulator bias angles. Hence changing the modulator bias
voltages to realise the phase shifting operation has no effect on
the IF signal amplitude. The average optical power into the PDs
can be obtained from (1) and (2). It is given by
1
Pave = Pin t ff  J12 (  RF ) + J12 (  LO ) + J 22 (  RF ) + J 22 (  LO ) 
8

mixer presented in [30] can realise I/Q mixing but it focuses on
improving the conversion efficiency and is unable to realise the
phase shifting operation. The mixer presented in [31] can
realise phase shifting operation but has a single output. Hence it
is not an I/Q mixer. The mixer presented in [32] can realise
multichannel phase shifting operation via controlling two
orthogonally polarised optical signal polarisation states through
a polarisation controller (PC) in front of a polariser. This phase
shifting technique requires the polariser to be integrated with
the PC in order to obtain a robust performance that is
insensitive to environmental perturbations, and the PC needs to
be electrically controlled to obtain a specific phase shift. In the
proposed structure, the phase shifting operation is realised by
controlling the modulator bias voltages. This has the
advantages of simplicity, small size and low cost. Furthermore,
the proposed structure can be designed to have a long-term
stable performance and to eliminate the effect of phase
imbalance in the coupler used in the system. These have not
been investigated in the reported DP-BPSK modulator based
mixers. Note that a high edge roll-off optical filter can select
one sideband while largely suppressing the carrier and the
unwanted sideband. Using this optical filter in the proposed
structure enables the mixer to be operated over a wide
frequency range with a lower operating frequency of few GHz.
The bandwidth of the proposed I/Q mixer is limited by the 90
hybrid coupler, which is also required in the reported DP-BPSK
modulator based mixers [30], [31]. Fortunately, broadband
8-67 GHz 90 hybrid couplers are commercially available.
Therefore, the proposed I/Q mixer and phase shifter can operate
from the X band to well beyond the Ka band.
III. EXPERIMENTAL RESULTS
Oscilloscope
Signal Generator
RF

Signal Generator
LO
0º 180º

180º 0º
0º 90º

Mixer
BC
PD1

(6)

(6) shows the average output optical power is also independent
to the modulator bias angles and is the same for both PBS
outputs. (3)-(6) show the second order sidebands do not affect
the output IF signal for the I/Q mixer with a sub octave
bandwidth and have little effect on the average output optical
power under small signal condition. In the case of multi-octave
operation, the second order sidebands beat at the PD generates a
second order harmonic component, which is located inside the
mixer instantaneous bandwidth. This limits the mixer
multi-octave spurious free dynamic range performance. Also
note that (3)-(6) are also applied for the OBPF designed to pass
the lower sidebands while suppress the upper sidebands and the
optical carrier.
Note that there are several microwave photonic mixers
implemented using a DP-BPSK modulator [30]-[32]. The

3

OBPF1

PC1
MZMX

OBPF2 PC2

PBC

Laser

EDFA
90 PR

MZMY
BC

PBS
PD2

DP-BPSK Modulator

Fig. 3. Experimental setup of the DP-BPSK modulator based I/Q mixer. BC:
Bias controller.

The concept of the proposed photonics-based I/Q mixer with
phase shifting ability was verified experimentally using the
setup shown in Fig. 3. A laser source (Santec WSL-100)
generated a 13 dBm 1550 nm continuous wave light. The
polarisation state of the continuous wave light was aligned to
the slow axis through a polarisation controller (PC1) before
injecting into a DP-BPSK modulator (Fujitsu FTM7980EDA).
Two microwave signal generators were used to generate a
11.985 GHz RF signal and a 11.9 GHz LO. The 90 hybrid
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The IF signals generated by the two PDs were measured in both
frequency and time domain on an electrical signal analyser
(ESA) (Keysight N9000A) and an CRO.
The transfer functions of MZMX and MZMY inside the
DP-BPSK modulator were measured in advance. This was done
by measuring the DP-BPSK modulator average output optical
power while sweeping MZMX bias voltage from -10 V to 10 V
while MZMY was biased at the null point and vice versa. The
results show MZMX and MZMY have a switching voltage of 8.7
V and 8.54 V respectively. The peak bias voltage of MZMX and
MZMY are -0.1 V and -1 V respectively. The difference of these
two voltages was used as a bias offset for the phase shift
measurement.

Power (dBm)

coupler (KRYTAR 1830) and the power divider (Gwave
GPD-2-020265) used in the experiment had a 3-dB bandwidth
of 2-18 GHz and 2-26.5 GHz respectively. Note that two
identical 1-18 GHz bandwidth 180 hybrid couplers were
connected at the two microwave signal generator outputs. One
of the outputs of the two 180 hybrid couplers were connected
to an electrical mixer (Minicircuits ZX05-24MH-S+), which
generated an IF signal that was used as a reference signal on a
100 MHz four-channel oscilloscope (CRO) (Keysight
DSOX2014A). Two modulator bias controllers (Plugtech
MBC-MZM-01) were connected to the built-in PDs and the DC
bias ports of the DP-BPSK modulator. These bias controllers
can stabilise the operating point of an MZM at any point in the
modulator transfer function, which not only can enable the
realisation of a 0-360 IF signal phase shift but the desired IF
signal phase shift can be maintained over a long period of time.
Note that DC power supplies instead of bias controllers can be
used to provide DC bias voltages to MZMX and MXMY but the
modulator bias drift causes the IF signal phase to change
gradually with time.
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Fig. 4. Normalised magnitude response of OBPF1 (dashed line) and measured
optical spectrum before (blue line) and after (red line) OBPF1 when both
MZMX and MZMY are operating at (a) the peak bias point and (b) the null bias
point.

Fig. 4(a) and (b) show the optical spectrum before and after
the tunable optical bandpass filter (OBPF1) when both MZMX
and MZMY are biased at the peak point and the null point.
OBPF1 magnitude response is also shown by the dashed line in
the figures. It can be seen from the figures that OBPF 1 largely
suppresses the optical carrier and the lower sidebands. Note
that the horizontal axis in Fig. 4 is in wavelength. Therefore, the
upper sidebands in frequency were suppressed, and the first
order lower sideband in frequency was the dominant optical
component, which determines the average output optical
power. Its amplitude remains the same for different MZMX and
MZMY bias angles. OBPF1 was followed by an erbium-doped
fibre amplifier (EDFA) and a 0.5 nm 3-dB bandwidth optical
bandpass filter (OBPF2) to compensate for the system loss and
to suppress the amplified spontaneous emission (ASE) noise. A
polarisation controller (PC2) after OBPF2 was adjusted to align
the polarisation states of the two orthogonally polarised optical
signals to the slow and fast axis before launching to a PBS. This
ensures one of the PBS outputs consists of the optical signal
from MZMX only while the other PBS output consists of the
optical signal only from MZMY. Two PDs (Discovery
Semiconductors DSC30S) with bandwidths of 20 GHz and
responsivities of 0.8 A/W were connected to the PBS outputs.

4

-60

-90

-60

-90
40 50 60 70 80 90 100 110 120 130

40 50 60 70 80 90 100 110 120 130

Frequency (MHz)

Frequency (MHz)

(c)
(d)
Fig. 5. Measured electrical spectra at the I/Q mixer (a) PD1 and (b) PD2 output
when both MZMX and MZMY are biased at the peak point. Measured electrical
spectra at the I/Q mixer (c) PD1 and (d) PD2 output when both MZMX and
MZMY are biased at the null point.

Fig. 5(a) and (b) show the electrical spectra of the two I/Q
mixer outputs when both MZMX and MZMY were biased at the
peak point. The power of the two output IF signals at 85 MHz
are around -19.5 dBm. The middle and bottom trace of Fig. 6(a)
show the two IF signal waveforms measured on the CRO. The
phase difference of the two IF signals can be obtained using the
phase measurement function on the CRO and is found to be
91. The above measurements were repeated after biasing both
MZMX and MZMY at the null point. Fig. 5(c) and (d) show the
IF signal powers remain almost the same, i.e. -19.5 dBm, after
changing the modulator bias voltages. More importantly, the
middle and bottom trace of Fig. 6(b) show the phase difference
of the two IF signals remains 91 and the two IF signals have a
180 phase shift compared to that in Fig. 6(a). This
demonstrates the realisation of I/Q mixing with phase shifting
operation.
The phase shifting operation of the proposed I/Q mixer was
investigated. Initially, both MZMX and MZMY were biased at
the peak point (VbX=-0.1 V and VbY=-1 V). Under this condition,
PD1 and PD2 output electrical spectra are shown in Fig. 5(a) and
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does not increase the system size and cost. This also avoids the
frequency-dependent phase shift problem when using an
electronic phase shifter after the PD to realise the phase shifting
operation.
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relative to the reference IF signal phase. (b) PD1 and PD2 output IF signal phase
difference for different PD2 output IF signal phases obtained by adjusting
MZMX and MZMY bias voltages shown in (a).
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Fig. 8. PD1 (red square) and PD2 (blue square) output IF signal peak-to-peak
voltages for different PD2 output IF signal phases.

The RF signal frequency was changed from 11.905 GHz to
11.995 GHz while the LO frequency was fixed at 11.9 GHz to
examine the proposed I/Q mixer performance for different
output IF signal frequencies. Both MZMX and MZMY were
biased at the peak point. Fig. 9 shows the proposed I/Q mixer
conversion efficiency, which is the ratio of the output IF signal
power to the input RF signal power, and the phase difference of
the two output IF signals, versus the IF signal frequency. The
figures show the two I/Q mixer outputs have a conversion
efficiency of around -16 dB and -16.8 dB. There is less than 1
dB change in the conversion efficiency and only 1 phase
difference variation in the two output IF signals as the IF signal
frequency changes from 5 to 95 MHz.
IF Signal Phase Difference (Degree)

-14.0
Conversion Efficiency (dB)

(b) and the IF signal waveforms, which have a 91 phase
difference, are shown in Fig. 6(a). The phase shift of the IF
signals from PD1 and PD2 relative to the reference IF signal
from the electrical mixer were measured on the CRO and are
normalised to be 0 and 91 respectively as shown by the
arrows in Fig. 7(a). The IF signal phase shifts were measured
for different MZMX and MZMY bias voltages. Fig. 7(a) shows
PD2 output IF signal phase increases linearly from -180 to
+180 when MZMY bias voltage changes from -9.56 V to 7.56
V. At the same time, changing MZMX bias voltage from -8.8 V
to 8.6 V causes -88 to 269 PD1 output IF signal phase change.
This demonstrates the phase of the IF signals can be controlled
by the modulator bias voltages. Furthermore, the two IF signal
phase difference can be maintained at 90 with less than 3
errors as shown in Fig. 7(b). This verifies the proposed
structure has both I/Q mixing and phase shifting functions.
Note that the difference of the two modulator bias voltages is
around 1 V to ensure the IF signals have a quadrature phase
relationship. This agrees with the bias offset value obtained
from MZMX and MZMY transfer function measurement. This
verifies that a 90 IF signal phase difference is obtained by
setting the two BPSK modulators to have almost the same bias
angle. Fig. 8 shows the two output IF signal peak-to-peak
voltages measured on the CRO have less than 8 V change
when adjusting the modulator bias voltages to tune the IF signal
phases. This demonstrates that the phase shifting operation has
very little effect on the output IF signal amplitudes. Note that,
due to the bandwidth limitation of the CRO used in the
experiment, the I/Q mixer phase shifting ability can only be
demonstrated at an IF signal frequency of less than 100 MHz.
There is no problem for the proposed structure to operate at a
higher IF signal frequency of few hundred megahertz or even a
gigahertz for electronic warfare applications [33], as long as the
PD bandwidth is wide enough to cover the IF signal frequency.
Since a bias controller is required in all photonics-based
frequency mixers that involve optical modulators for stabilising
the modulator bias point, controlling the modulator bias voltage
via a bias controller to implement the phase shifting operation
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Fig. 9. (a) Measured I/Q mixer conversion efficiency at PD1 output (red square)
and PD2 output (blue square) for different IF signal frequencies. (b) Measured
IF signal phase difference for different IF signal frequencies.
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In order to demonstrate the proposed I/Q mixer is capable to
operate over a wide frequency range, the conversion efficiency
and the IF signal phase difference were measured for different
input RF signal frequencies. The LO frequency was changed
accordingly to fix the IF signal frequency at 85 MHz. The
measurement in Fig. 10(a) shows the conversion efficiency of
the I/Q mixer at the two PD outputs has less 1.5 dB change over
a 13 GHz frequency range from 5 GHz to 18 GHz. There is
around 1 dB difference in conversion efficiency of the two PD
outputs, which can be eliminated by adjusting the optical power
into the PDs. Fig. 10(b) shows the IF signal phase difference
remains 90 with ±1 error for different input RF signal
frequencies.
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Fig. 10. (a) Measured I/Q mixer conversion efficiency at PD1 output (red
square) and PD2 output (blue square) for different RF signal frequencies. (b)
Measured IF signal phase difference for different RF signal frequencies.
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respectively. Both MZMX and MZMY were biased at the peak
point. PD1 output IF signal waveform peak-to-peak voltage and
phase relative to the reference IF signal phase were measured
on the CRO every minute for 30 minutes. The measurements
are shown in Fig. 11(a). Fig. 11(b) shows the two PD output IF
signal phase difference stability measurement. The
measurements shown in Fig. 11(a) and (b) were repeated after
adjusting MZMX and MZMY bias voltages via the bias
controllers so that both MZM X and MZMY were biased at the
null point. The corresponding results are shown in Fig. 11(c)
and (d). Fig. 11 shows the output IF signal peak-to-peak voltage
has less than 10 V change over 30 minutes. The output IF
signal phase can be maintained within ±2 relative to the
reference IF signal phase. Fig. 11(a) and (c) show PD1 output IF
signal phase is changed from 10±2 to -168±2 when
changing the two BPSK modulator bias angles from 0 to . This
180 phase change agrees with theory. Fig. 11(b) and (d) show
the phase difference of the two output IF signals is maintained
at 90±2 over 30 minutes.

82

RF Signal Frequency (GHz)

20

6

100
98
96
94
92
90
88
86
84
82

A microwave photonic structure based on a DP-BPSK
modulator and an OBPF, that is capable to realise frequency
down conversion with two phase-tunable quadrature-phase IF
signals, has been presented. Adjusting the modulator bias
voltages not only can shift the two output IF signal phases
without altering their amplitudes, but it can also mitigate the
effect of the coupler and power divider phase imbalance on the
output IF signals. The I/Q mixer and phase shifter structure is
designed to enable commercial bias controllers to be
incorporated into the system to eliminate the modulator bias
drift problem. It should be emphasised that the bias drift
problem in many microwave photonic signal processors based
on a dual-parallel MZM structure cannot be solved by using
commercial bias controllers. This is because commercial bias
controllers for dual-parallel MZMs can only lock the
sub-MZMs and the main-MZM at the null and quadrature point
respectively. Experimental results have been presented that
demonstrate, for the first time, a microwave photonic structure
exhibits wideband and long-term stable I/Q mixing and phase
shifting operation. The phase shift errors and the errors in the
two output IF signal phase difference are less than ±3. The
measured IF signal phase shifts for different modulator bias
voltages are in excellent agreement with predictions.
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reference IF signal phase (blue square) and PD1 output IF signal peak-to-peak
voltage (red square), and stability measurement of the two output IF signal
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