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As the main branch of microwave photonics, radio-over-fiber technology provides high bandwidth, low-loss, and
long-distance propagation capability, facilitating wide applications ranging from telecommunication to wireless
networks. With ultrashort pulses as the optical carrier, a large capacity is further endowed. However, the wide
bandwidth of ultrashort pulses results in the severe vulnerability of high-frequency radio frequency (RF) signals to
fiber dispersion. With a time-energy entangled biphoton source as the optical carrier combined with the single-
photon detection technique, a quantum microwave photonics method in radio-over-fiber systems is proposed and
demonstrated experimentally. The results show that it not only realizes unprecedented nonlocal RF signal
modulation with strong resistance to the dispersion but also provides an alternative mechanism to distill the
RF signal out from the dispersion effectively. Furthermore, the spurious-free dynamic ranges of the nonlocally
modulated and distilled RF signals have been significantly improved. With the ultra-weak detection and the
high-speed processing advantages endowed by the low-timing-jitter single-photon detection, the quantum micro-
wave photonics method opens new possibilities in modern communication and networks. © 2022 Chinese Laser

Press

https://doi.org/10.1364/PRJ.453934

1. INTRODUCTION

Microwave photonics (MWP), which uses photonic techniques
to deal with microwave signals, has extended to numerous ap-
plications covering broadband wireless access networks, sensor
networks, radar, satellite communications, and warfare systems
[1,2]. At the same time, the bottlenecks of the MWP have also
emerged, which place restrictions on its usability. For example,
as the main branch of MWP, radio-over-fiber (RoF) uses op-
tical fibers for transmitting microwave signals to a distant
receiver. RoF benefits from the advantages of high bandwidth
and low loss of optical fibers and shows excellent performance
on high speed and long-distance propagation [3–6]. To meet
the rapidly increasing demand for high capacity, broadband op-
tical pulses are widely used as the optical carrier together with
the method of wavelength division multiplexing (WDM) [1,7].
However, due to the large spectral width, the transmitted mi-
crowave signal is severely influenced by the fiber chromatic
dispersion. In addition, suppression of the electrical distortion

from harmonic and intermodulation is also crucial for the
performance of MWP.

Over the past decades, quantum correlations between pho-
ton pairs have provided diversified access to surpass classical
capabilities in various applications, including communica-
tion, simulation, computation, and military field [8–13]. For in-
stance, by using the spatial correlation between the photon pairs,
the quantum imaging system [14–16] enables the nonlocal
obtaining of the image information of the object that is hardly
reachable via direct detection with the fewest number of photons
and sub-diffraction resolution [17]. With these virtues, quan-
tum imaging has been extensively developed [18–21] and ex-
tended to abundant applications such as quantum-secured
imaging [22], quantum illumination [23], and wide-field mi-
croscope [24]. The temporal correlation between the photon
pairs has also been effectively applied in quantum clock syn-
chronization [25–28], quantum key distribution [29–32], and
quantum spectroscopy [33,34]. Recently, nonlocal temporal
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shaping of the photons has been proposed [35,36]. Therefore,
it is expected to realize the nonlocal RF modulation and quan-
tum enhancement in MWP technology.

This paper reports a quantum microwave photonics
(QMWP) scheme in the RoF system with the time-energy en-
tangled biphoton source as the optical carrier. Based on this
scheme, the radio frequency (RF) modulation on the idler pho-
tons can be nonlocally mapped onto the signal photons with an
improved spurious-free dynamic range (SFDR) in terms of sec-
ond harmonic distortion and strong resistance to dispersion im-
pact associated with the ultrashort pulse carrier. Furthermore,
by applying coincidence-based selection to the idler photons,
SFDR improvement of the direct RF modulation and anti-
dispersion capability of the RoF signal can be achieved.
Combined with the advantages of ultra-weak detection and
high-speed processing rendered by the single-photon MWP
(SP-MWP) [37] method, the QMWP provides unprecedented
possibilities for MWP technology.

2. PRINCIPLE MODEL

A basic comparison between the classical MWP and QMWP
schemes in RoF systems is first presented. Without including
the optical signal processor, the schematic diagram of the RoF
system based on the classical MWP is depicted in Fig. 1(a).
With a broadband optical source as the optical carrier, due
to the frequency dependence of the fiber dispersion, the micro-
wave signal carried by different optical frequency components
will suffer different phase variations. Eventually, the recovered
RF signal from the optical carrier will be severely influenced
and even covered. In comparison, when a time-energy en-
tangled biphoton source is used as the carrier, the RoF system
based on the QMWPmethod is depicted in Figs. 1(b) and 1(c).

Due to the time-energy entanglement between the signal and
idler photons, any time/frequency-related manipulation onto
the idler photons will be nonlocally mapped onto their relevant
signal photons. Since the RF modulation on the idler photons
can be treated as the temporal shaping of the photon flows,
such shaping should be nonlocally mapped onto their “twin”
signal photons due to the entanglement [35,36]. The function
of heralding is to find out the “twin” signal photons to the idler
photons, and thus the heralded signal photons will present the
corresponding temporal shaping. At the same time, the fiber
dispersion in the idler path does not affect the nonlocal tem-
poral shaping but broadens the time window of finding out the
“twin” signal photons to the idler photons. Therefore, the re-
covered RF modulation from the signal photons has strong re-
sistance to the dispersion [Fig. 1(b)]. As the heralding can also
help to identify the idler photons, which suffer less dispersion
effect, the recovery of the RF signal can be built based on the
appropriately heralded idler photons, thus showing a certain
degree of resilience to dispersion [Fig. 1(c)]. The theoretical
analysis is deduced in the following paragraph.

Assuming the pulse source has a Fourier-transform-limited
Gaussian shape for simplicity, its temporal amplitude function
can be written as

E�t� ∼ exp�−iω0t� exp
�
−
t2

τ2p

�
, (1)

where ω0 and τp denote the center frequency and temporal du-
ration of the optical source, respectively. When a radio fre-
quency (RF) of ωRF is intensity-modulated onto the optical
source, whose impulse response function is described by

h�t� ∝ 1� cos�ωRFt�, (2)
the temporal amplitude function of the modulated optical sig-
nal is translated into
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Fig. 1. Principal diagrams of the classical and quantum MWP in the RoF link. (a) depicts the acquired RF from the classical broadband optical
pulse. For the quantum MWP with time-energy entangled biphoton source, (b) depicts the nonlocally acquired RF from the heralded signal
photons, and (c) depicts the RF distillation from dispersion distortion from the heralded idler photons.
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E 0�t� � h�t�E�t�: (3)

To evaluate the propagation characteristic of the RF-modu-
lated broadband optical signal through fiber, the Fourier trans-
formation is applied to Eq. (3) to give the spectral wave
function as

Ẽ 0�ω�∼ exp

�
−
τ2p
4
�ω −ω0�2

�
� 1

2

�
exp

�
−
τ2p
4
�ω�ωRF −ω0�2

�

� exp

�
−
τ2p
4

�
�ω −ωRF −ω0�2

�
: (4)

The transfer function of the fiber is given by

G�ω� � expf−i�β1�ω − ω0� � β2�ω − ω0�2�g, (5)

where β1 and β2 denote the group delay and dispersion broad-
ening parameter introduced by the fiber, respectively [38].
After experiencing the fiber propagation, the spectral wave
function given by Eq. (4) is transferred to

Ẽ 0 0�ω� � G�ω�Ẽ 0�ω�: (6)

Its temporal amplitude function is derived by the inverse
Fourier transformation of Ẽ 0 0�ω�. In the far-field zone [39],
it can be given as

E 0 0�t�∼ exp

�
−
�t�β1�2
β22∕τ2p

�

�1

2

�
exp�iωRF�t�β1 −β2ωRF��exp

�
−�t�β1 −2β2ωRF�2

β22∕τ2p

�

� exp�iωRF�t�β1�β2ωRF��exp
�
−�t�β1�2β2ωRF�2

β22∕τ2p

��
:

(7)

As seen from Eq. (7), the fiber dispersion leads to the
pulse duration broadening and introduces different phase and
temporal shifts to the two modulation-associated terms. The
different phase shifts give rise to the well-known frequency-
dependent fading of the RF modulation [1], while the different
temporal shifts introduce a more severe dispersion distortion to
the transmitted RF signal.

For the QMWP in the RoF link [Figs. 1(b) and 1(c)].
According to quantum theory, the temporal wave function of
the time-energy entangled biphoton source can be given by

Ψ�t1, t2� ∝ exp

�
−i�ωs,0t1 � ωi,0t2� −

�t1 − t2�2
τ2c

�
, (8)

where ωs�i�,0 denotes the center angular frequency of the signal
(idler) photons, and τc is the temporal coincidence width of the
biphotons. The temporal coordinates of the signal and idler
photons are expressed by t1 and t2, respectively. The square
module of the temporal wave function defines the second-order
Glauber correlation function, i.e., G�2��t1 − t2� ≡ jΨ�t1, t2�j2.

When the RF signal with ωRF is intensity-modulated
onto the idler photons, the two-photon state function is trans-
ferred to

Ψ 0�t1, t2� � h�t2�Ψ�t1, t2�: (9)

Under the condition that the idler photons are subsequently
traveled through the long-distance optical fiber, whose transfer

function is given by Eq. (4), the temporal wave function of the
two-photon state after the modulation and dispersion can then
be given by

Ψ 0 0�t1,t2�∼exp
�
−�t1−t2−β1�2

β22∕τ2c

�

�1

2

�
exp�−iωRF�t2�β1�β2ωRF��exp

�
−�t1−t2−β1−2β2ωRF�2

β22∕τ2c

�

�exp�iωRF�t2�β1−β2ωRF��exp
�
−�t1−t2−β1�2β2ωRF�2

β22∕τ2c

��
:

(10)

One can notice that Eq. (10) is similar to Eq. (7) except that
the evolution of t is replaced by t2 − t1. As shown in Fig. 1(b),
conditioned by the second-order Glauber correlation between
the signal and idler photons, the heralding of the signal photons
can be operated. The conditional selection is achieved by ap-
plying a coincidence window function S�t1 − t2 − β1� onto
Ψ 0 0�t1, t2�, which is given by a rectangular function

S�t1 − t2 − β1� �
�
1, jt1 − t2 − β1j ≤ τ

2

0, jt1 − t2 − β1j > τ
2

: (11)

Here, τ denotes the window width. The temporal wave
function of the heralded signal photons is then derived after
integration over t2 and can be written as

ϕ 0 0
s �t1� ∼

Z
dt2S�t1 − t2 − β1�Ψ 0 0�t1, t2�

∝ erf

�
τc
β2

�
� C1 exp�−iβ2ω2

RF� cos�ωRFt1�

≈ 1� C1 exp�−iβ2ω2
RF� cos�ωRFt1�: (12)

Here, C1�1
2

h
erf
�
τ�4β2ωRF−iωRFβ

2
2∕τ

2
c

2β2∕τc

	
�erf

�
τ−4β2ωRF�iωRFβ

2
2∕τ

2
c

2β2∕τc

	i
,

and erf �τcβ2� ≈ 1 for τc
β2
≫ 1. As long as τ ≫ 4β2ωRF,

ωRFβ
2
2∕τ2c is satisfied, C1 ≈ erf � τ

2β2∕τc
�. When τ ≫ 2β2∕τc ,

C1 ≈ 1. In this case, Eq. (12) is reduced to

ϕ 0 0
s �t1� ≈ 1� exp�−iβ2ω2

RF� cos�ωRFt1�, (13)

which follows the same expression as the classical case with a
continuous-wave light being the carrier [1]. In comparison with
Eq. (7), the dispersion-induced distortion due to the broad
bandwidth of the pulse carrier does not influence the RF signal
that is nonlocally acquired from the heralded signal photons.
Therefore, with the time-energy entangled biphoton source
and coincidence heralding, the signal photons can nonlocally
acquire the RF modulation with excellent anti-dispersion
property.

As depicted in Fig. 1(c), conditioned by the second-order
Glauber correlation between the signal and idler photons,
the heralding of the idler photons can also be operated. The
temporal wave function of the heralded idler photons can be
written as
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ϕ 0 0
i �t2�∼

Z
dt1S�t1 − t2 − β1�Ψ 0 0�t1, t2�

∝ erf

�
1

τcβ2

�
�C2 exp�−iβ2ω2

RF� cos�ωRFt2 �ωRFβ1�

≈ 1�C2 exp�−iβ2ω2
RF� cos�ωRF�t2 � β1��: (14)

We can see that Eq. (14) has a similar form to Eq. (12) ex-
cept for a different factor of C2, which is given by C2 �
1
2

h
erf

�
τ�4β2ωRF

2β2∕τc

	
− erf

�
τ−4β2ωRF

2β2∕τc

	i
< 1. By choosing τ to maxi-

mize C2, the RF modulation on the idler photons can be dis-
tilled from the dispersion distortion.

3. EXPERIMENTAL SETUP

The experimental setup of the QMWP in the RoF link is
shown in Fig. 2. Figure 2(a) depicts the setup for the generation
of the utilized time-energy entangled biphoton source. Via the
spontaneous parametric down-conversion process (SPDC), the
time-energy entangled biphoton source at 1560 nm is gener-
ated from a 10-mm-long, type-II quasi-phase-matched periodi-
cally poled lithium niobate (PPLN, HC Photonics) waveguide
with a period of 8.3 μm. The pump laser is a 780 nmDBR laser
diode (Photodigm) with a linewidth of 2 MHz [40]. As the
PPLN waveguide is integrated with the polarization-maintain-
ing single-mode fiber (PM-SMF), the produced photon pairs
can be directly coupled into the fiber channels. The residual
pump can be effectively removed by inserting a customized
WDM (PMFWDM-5678-222, Optizone) at the PPLN out-
put. Afterward, the orthogonally polarized signal and idler pho-
tons are spatially separated by a fiber polarization beam splitter
(FPBS) for subsequent utilization. The full-width at half-
maximum (FWHM) single-photon spectral widths for both

signal and idler were measured as about 2.4 nm [41].
Figure 2(b) shows the RoF link. On the idler photon path, in-
tensity modulation is applied by employing an external Mach–
Zehnder modulator (MZM, PowerBit F10-0, Oclaro). The
modulator is driven by a sinusoidal RF signal from a signal gen-
erator (SG382, Stanford Research). The fiber-Bragg-grating-
based dispersion compensation module (DCM, Proximion
AB) is used to simulate the dispersion in long-distance fibers.
In our experiment, different DCMs with group delay
dispersion (GDD) values ranging from 165 to 826 ps/nm
are applied. According to the given experimental parameters,
the approximations required for deriving the expressions of
Eqs. (13) and (14) can be readily satisfied. Figure 2(c) plots
the setup for measurement of the RF signal based on the
QMWP method, which utilizes the coincidence-based post-se-
lection to verify the heralding.

In our experiment, the low-jitter superconductive nanowire
single-photon detectors (SNSPDs, Photec) are used to detect
the signal and idler photons, which have a time jitter of about
50 ps [42]. The two SNSPD outputs are then delivered to dif-
ferent input ports (CH1 and CH2) of the TCSPC module
(PicoQuant Hydraharp 400), which is operated in the time
tagged time-resolved (TTTR) T3 mode. In this mode, the
TCSPC records the arrival times of the photon events for each
input port, and the measurement time for the photon event
recording is set as 180 s. The time-bin resolution of the TCSPC
is 8 ps, corresponding to a sampling frequency of F s �
125 GHz. Referenced to the sync input of the TCSPC, the
photon records turn to time-varying waveforms, with their
temporal length determined by the frequency (1∕FR) of the
sync signal. By establishing phase stabilization between the
RF signal and the sync signal, the waveforms show the RF
modulation carried by the photons [37]. For convenience,

Fig. 2. Experimental setup of the QMWP in a simulated RoF link. (a) depicts the setup for the generation of the utilized time-energy entangled
biphoton source, and (b) plots the RoF link. The idler photons of the time-energy entangled biphoton source are modulated by a high-speed RF
signal (ωRF) via the EOM and then transmitted through the DCM to simulate the RoF. (c) shows the setup for measurement and nonlocal recovery
of the RF signal based on the QMWP method. The SNSPDs D1 and D2 are used to detect the arrived signal and idler photons. The TCSPC in the
TTTR mode is used to record the time arrivals of the SNSPDs, and its sync input shares the same 10 MHz time base with the RF signal. The time
differences between the individually recorded photon events and the relevant last sync event measure the photon waveforms over time. Based on the
auxiliary cross-correlation searching program, the coincidence between the recorded signal and the idler photon events is acquired and used for the
post-selection. The inset of (c) plots the direct and coincidence-assisted measurement of the signal photon waveforms.
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the 10 MHz time base from the SG382 is used as the sync
signal in our experimental setup. The coincidence between
the signal and idler photon events is further analyzed to per-
form the post-selection. The coincident photon events within
a specific time window are then identified and selected. In the
end, the heralded photon waveforms are given by the post-se-
lected photon events.

4. EXPERIMENTAL RESULTS AND ANALYSIS

The nonlocal mapping of the RF modulation on the idler pho-
tons to the signal photons is first investigated without the
DCM in the setup. By setting the RF signal at 2 GHz with
a modulation power of 10 dBm, Fig. 3(a) depicts direct mea-
surements of the signal (blue) and idler (green) photon wave-
forms over time. Note that the recorded idler photon counts in
Fig. 3(a) are much lower than the signal photons due to the
insertion loss by the intensity modulator. One can see the

RF modulation from the trace of the idler photons, while that
of the signal photons is clean from any modulation. Applying
discrete Fourier transform (DFT) to the waveforms, the corre-
sponding power spectra of the signal (blue) and idler (green) are
given in Fig. 3(b). One notes that the DFT noise floor is
10 log�N∕2� (in dB) below the actual noise floor, where N
denotes the number of bins for the DFT and is given by a mini-
mum integer power of 2 that is larger than the number of bins
of the measured result (nbin), which can be calculated from the
corresponding sampling frequency (F s) and the frequency of
the sync signal (FR), nbin � F s∕FR [43]. In our experiment,
nbin � 12,500. Therefore, N � 214 and 10 log�N∕2� �
39.1 dB. After correcting for the DFT noise floor, the 2 GHz
RF with a signal-to-noise ratio (SNR) of 16.7 dB is shown for
the idler, while no trivial RF component can be seen from
the signal. This result shows that the RF modulation can
only be observed on the idler photons based on the SP-MWP
setup.
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Fig. 3. Experimental results of the nonlocal mapping of the RF signal based on the QMWP scheme, in which the RF signal is set as 2 GHz with a
modulation power of 10 dBm, and no DCM is put in the setup. (a) The measured signal (blue) and idler (green) photon waveforms over time based
on the direct detection. (b) The DFT spectra of the signal (blue) and idler (green) photon waveforms. (c) The acquired coincidence histogram
between the signal and idler photons. Under the conditions that the heralding window is far from (I) and at the center of (II) the coincidence
histogram, the reconstructed photon waveforms after the post-selection are respectively plotted in (d) and (e). It can be seen that only the signal
photons post-selected from the coincidence histogram can output the RF-modulated periodic waveform. The power spectra of the measured signal
photon waveforms before (blue) and after (red) the post-selection are shown in (f ).
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As shown in Fig. 3(c), the coincidence distribution between
the signal and idler is found according to the cross-correlation
program, which has an FWHM temporal width of 70 ps and is
determined by the timing jitters of the SNSPDs. To manipu-
late the post-selection, the heralding window with a width of τ
is set. The recorded signal events whose arrival times fall in the
window range are selected for the RF acquisition. By setting
τ � 70 ps, two sets of signal photon events are post-selected
when the heralding window is put far from (I) and at the center
of (II) the coincidence histogram and used to rebuild the pho-
ton waveform over time. The results are shown in Fig. 3(d) and
Fig. 3(e), respectively. Figure 3(d) shows that the post-selected
signal events are very few since the heralding window is beyond
the coincidence range, while in Fig. 3(e), the post-selected sig-
nal photons from the coincidence range present the periodic
waveform featuring the RF modulation. Therefore, the RF
modulation on the idler photons is shown as being nonlocally
mapped onto its entangled counterpart (signal photons).
Further looking at the spectrum of Fig. 3(e), which is shown
in Fig. 3(f ), the SNR of 10.0 dB for the RF signal is obtained.

Comparing Fig. 3(b) with Fig. 3(f ), the SNR of the nonlocally
acquired RF signal is degraded by 6.7 dB, which can be mainly
attributed to the heralding efficiency as the detected idler pho-
ton counts are about 1.7 × 107 while the post-selected signal
photon counts are 2.0 × 106.

By comparison between Figs. 3(b) and 3(f ), the nonlocally
acquired RF modulation exhibits apparent suppression of the
second harmonic distortion. To prove this improvement,
the DFT spectra of the directly measured idler photon wave-
forms [Fig. 4(a)], the post-selected signal photon waveforms
[Fig. 4(c)], and the post-selected idler photon waveforms
[Fig. 4(e)] are respectively plotted. Consider that the received
power is determined by the number of photons detected. The
corresponding photon counts in these plots remain the same to
compare the signal and noise power at the same received power.
Different RF modulation powers are applied to investigate the
second harmonic distortion suppression. From Fig. 4(a) one
can see distinct second harmonic distortion as the RF modu-
lation power increases. Meanwhile, the photon spectra of the
post-selected signal and idler photons are depicted in Figs. 4(c)

Fig. 4. DFT spectra of (a) the directly measured idler photon waveforms, (c) the post-selected signal photon waveforms, and (e) the post-selected
idler photon waveforms. Different RF modulation powers are applied for comparing the SFDR regarding the direct detection and post-selected
results. The 2 GHz RF signal and noise powers for the fundamental and second harmonic components at different modulation powers are plotted in
(b), (d), and (f ). By applying linear fitting to these measurements in (b), (d), and (f ), the SFDR of the system can be extrapolated.
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and 4(e), and apparent suppression of the second harmonic dis-
tortion can be seen. In addition, the noise floor in Figs. 4(c) and
4(e) is 4.8 dB and 4.4 dB lower than that in Fig. 4(a), respec-
tively, and the SNR of the post-selected photons is higher than
that of the directly measured photons under the same photon
counts. For example, when the RF modulation power is 9 dBm,
the SNRs of the post-selected idler photons and signal photons
are 7.9 dB and 7.7 dB, which are 3.8 dB and 3.6 dB higher than
that of the unselected photon (4.1 dB). The 2 GHz RF signal
and noise power for the fundamental and second harmonic
components at different RF powers are plotted in Figs. 4(b),
4(d), and 4(f ). In our experiment, the spectral resolution of
the DFT is B � F s

N � 7.63 MHz. After normalizing the noise
power to B � 1 Hz [1], the noise floor and the SFDRs of these
three cases can be extrapolated by applying linear fitting to
these measurements in Figs. 4(b), 4(d), and 4(f ). As can be
seen, the noise floor in post-selected signal [Fig. 4(d)] and idler
photons [Fig. 4(f )] is significantly reduced compared with the
noise floor in the directly measured result, which increases the
measured SFDR. For the directly measured result [Fig. 4(b)],

the SFDR2 is 74.8 dBHz1∕2. While for the post-selected
signal [Fig. 4(d)] and idler photons [Fig. 4(f )], the SFDR2

is significantly improved to 86.9 dBHz1∕2 and 84.4 dBHz1∕2,
respectively.

Next, we test the resistance to the dispersion distortion by
the QMWP system with the DCM in the setup. By setting the
RF modulation at 2 GHz with a modulation power of 10 dBm
and using the DCM with a dispersion of 495 ps/nm, the di-
rectly measured photon waveforms of the signal (blue dots) and
idler (green dots) photons are presented in Fig. 5(a). Their cor-
responding spectra are plotted in Fig. 5(b). Due to the
dispersion, the RF modulation on the idler cannot be detected.
However, this bottleneck in the RoF can be overcome with the
QMWP method. We recover the RF modulation both on the
signal and idler photons by applying the coincidence-based
post-selection. By choosing the heralding time window width
as the FWHM coincidence width (1.3 ns), the post-selected
signal photon waveform is shown in Fig. 5(c) by red dots,
and the red curve in Fig. 5(d) gives its spectrum, which presents
an SNR of 6.3 dB. The results show that the nonlocally
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Fig. 5. Experimental results of the nonlocal mapping of the RoF signal based on the QMWP scheme, in which the RF is set at 2 GHz with a
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acquired RF signal from the post-selected signal photons can be
immune from the dispersion distortion associated with the ul-
trashort pulse carrier. Figure 5(e) further presents the achieved
SNR as a function of the heralding time window width, which
shows the optimum SNR at the FWHM of the measured
coincidence. By varying the dispersion from 165 to 826 ps/
nm, we study the heralding width for the optimized SNR,
which is always the FWHM of the measured coincidence.
This anti-dispersion property is further tested by varying the
dispersion from 165 to 826 ps/nm. The heralding width for
optimized SNR is always the FWHM of the measured coinci-
dence, and the SNR of the recovered RF with the varying
dispersion is shown in Fig. 5(f ) by red stars. Compared with
the relevant photon counts after post selection, which are also
shown in Fig. 5(f ) by the black curve, the degradation of the
SNR agrees well with the post-selected photon counts.

Further applying post-selection onto the idler photons, we
have also demonstrated efficient suppression of the dispersion
distortion onto the RF signal. Under the same RF modula-
tion and dispersion condition as above, the distilled waveform
from the post-selected idler photons (pink dots) is plotted
in Fig. 6(a). The corresponding DFT spectra are shown in
Fig. 6(b), which shows the successful acquisition of the 2 GHz
RF signal from the post-selected idler photons with an SNR of
1.9 dB. The achievable SNR of the RF signal as a function of
the heralding window width is plotted in Fig. 6(c), which shows
the maximum SNR at 0.18 ns. The optimized heralding width
for different dispersions, varying from 165 to 826 ps/nm, is also
investigated, which remains almost constant at 0.18 ns. The
achieved maximum SNR as a function of the dispersion is given
in Fig. 6(d). Because the coincidence width increases with the

growth of the GDD, the photon count in the heralding width
decreases dramatically. However, similar to the results shown in
Fig. 5(f ), the degradation of the SNR coincides with the post-
selected photon counts. Though the distilled RF signal from
the idler photons has an SNR worse than that from the signal
photons, it witnesses successful dispersion distortion suppres-
sion that cannot be overcome other than dispersion compen-
sation. By increasing the photon counts, the SNR can be
effectively improved.

5. CONCLUSIONS

In summary, we have proposed and demonstrated a proof-of-
principle QMWP experiment. According to the demonstra-
tion, the QMWP technology not only inherits all the advan-
tages of the SP-MWP [37] but also shows valuable superiority
over the classical MWP. First, the QMWP can realize the non-
local acquisition of the RF signal from the unmodulated optical
carrier. The recovered RF signal exhibits significantly improved
SFDR concerning the second harmonic distortion and excel-
lent resistance to the dispersion distortion associated with ultra-
short pulse carriers. Furthermore, the QMWP provides the
capability of improving the SFDR of the RF signal on the di-
rectly modulated photon carrier and effectively distilling the RF
signal from the dispersion distortion. These advantages will
open numerous new possibilities in modern communication
and networks, such as encrypted processing in communication
and radar application.
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