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Versatile microwave photonic signal processor based on a

quantum-dash mode-locked laser
Zhuoran Wang, Yuxuan Xie, Xi Wang, Zixian Wei, Jinsong Zhang, Jiaren Liu, Zhenguo Lu, Philip J. Poole, John

Weber, Guocheng Liu, Mohamed Rahim, David V. Plant, Fellow, IEEE, and Lawrence R. Chen, Senior
Member, IEEE

Abstract—Microwave photonic (MWP) signal processing offers
the advantage of large time-bandwidth capability to overcome
the inherent limitations of electronic systems. Optical frequency
combs (OFC), providing many wavelengths, are particularly
useful for transversal filter systems, while quantum-dash mode-
locked lasers (QD-MLL), known for their ability to generate flat
OFCs with low power consumption and simple operation, are
promising candidates as the OFC sources. Here, we demonstrate
for the first time a versatile MWP signal processor using a QD-
MLL that generates an OFC with 49 comb lines and a free
spectral range of 25 GHz. By tailoring the OFC spectrum, the
MWP signal processor can be reconfigured to perform a variety
of functions, including integral and fractional Hilbert transform
(HT), differentiator, and integrator, with operation bandwidths
of 7.5 GHz, 20 GHz, and 25 GHz, respectively. Owing to the
large number of comb lines, the proposed HT exhibits small
amplitude and phase and ripples, which are ±1.66 dB and ±6.2°,
respectively, for integral HT. We also simulate the time-domain
response for the different signal-processing functions based on the
measured frequency responses. Our simulation and experimental
results show that the QD-MLL is a promising OFC source for
developing a high-speed, reconfigurable MWP processing engine.

Index Terms—QD-MLL, MWP, reconfigurable signal proces-
sor.

I. INTRODUCTION

THE rapid expansion of wireless networks, cloud-based
services, and emerging artificial intelligence technologies

is placing extremely high demands on the processing speed
(bandwidth) of the underlying radio-frequency (RF) systems
[1]. While electrical digital signal processing (DSP) technolo-
gies are well established, they face fundamental challenges in
processing speed, primarily due to limitations in the electronic
sampling rate. Microwave photonics (MWP) provides effective
solutions for addressing these challenges by implementing
signal processing in the optical domain to avoid the need
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for electronic sampling [2]–[6]. By leveraging the broad
bandwidth and tunability provided by optical devices, MWP
facilitates wideband, flexible front-end analog solutions that
have the potential to outperform electrical DSPs, which are
currently constrained to several gigahertz (GHz) analog band-
widths. In addition, MWP signal processors are intrinsically
compatible with optical-wireless systems and can provide con-
nectivity with in-built signal conditioning, while also featuring
important advantages of electromagnetic interference (EMI)
immunity.

To date, various MWP signal processors have been reported
to address different types of tasks, such as reconfigurable
filtering [7], [8] arbitrary waveform generation [9], [10], dif-
ferenciation [11], and Hilbert transform (HT) [12]. Although
wide-ranging in application, all these demonstrations are sys-
tems designed to perform a fixed function. To accommodate a
broader range of scenarios, a more flexible system is necessary.
One promising approach involves using a Kerr micro-comb,
where each comb line serves as a delay-line tap [13]–[15].
Owing to the large number of comb lines and the flexibility
of programmable optical filters, Kerr micro-comb-based MWP
processing platforms potentially offer a remarkable level of
reconfigurability. However, the spectrum of a Kerr micro-comb
is generally non-flat, with a power difference of over 40 dB
between the highest and lowest comb lines within 48 comb
lines [16]. Since signal processors require a flat spectrum for
efficient spectral shaping, the power available for shaping in a
Kerr micro-comb is significantly low, typically limited by the
lowest power comb line. Consequently, two or three erbium-
doped fiber amplifiers (EDFAs) are required in Kerr micro-
comb-based MWP processing platforms to compensate for the
significant link loss, leading to high power consumption and
system complexity. Additionally, due to spectrum flattening
and multiple stages of amplification, the optical signal-to-noise
ratio (OSNR) drops below 30 dB [17], which will significantly
degrade the signal-to-noise ratio (SNR) in microwave signal
processing. Furthermore, the requirement of careful attention
to the thermal instability also increases the operation com-
plexity. Recently, an alternative using dispersion-tailored few-
mode fiber has been reported for multi-functional MWP signal
processing with different modes in fiber acting as different
delay-line taps [18], [19]. Processing reconfigurability can
be achieved by tuning the loss of each mode through a
variable optical attenuator (VOA) inserted in each line. While
this method offers relatively lower power consumption, the
number of delay-line taps is limited to only seven, which
is not sufficient for high-performance signal processing, such
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as achieving sharp phase transitions at the center frequency
for fractional HT. As compared to Kerr micro-combs and
dispersion-tailored few-mode fibers, QD-MLL lasers are better
aligned with the needs of MWP signal processors since they
provide a flatter output spectrum with less than 3 dB power
difference within 58 comb lines and an OSNR greater than 40
dB [20], ensuring both sufficient power and OSNR, as well
as a large number of comb lines to support efficient comb
shaping [21], [22]. Additionally, the use of only DC current
for pumping simplifies the operation of QD-MLLs. Moreover,
the effective carrier localization property in the QDs makes
them less sensitive to growth defects, allowing for the epitaxial
growth of high-quality QD-MLLs on silicon, which paves the
way for mass production of integrated comb sources using
photonic foundry processes in the near future [23]–[25].

In this paper, we present, for the first time, a versatile
MWP signal processor that uses a QD-MLL laser with 49
comb lines and a 25 GHz FSR. By tailoring the comb spec-
trum, our MWP signal processor is able to achieve multiple
functions including integral and fractional HT, differentiation,
and integration, which are basic building blocks of a general-
purpose signal processor. For HT, we achieve an operation
bandwidth of 7.5 GHz and characterize the RF amplitude
and phase response with variable phase shifts of 15°, 30°,
45°, 60°, 75°, and 90° that correspond to fractional orders of
0.17, 0.33, 0.5, 0.67, 0.83, and 1, respectively. The amplitude
and phase ripples of the 15° HT are only ± 0.15 dB and
± 3.9°, respectively. For the differentiator and integrator, the
operation bandwidths are 20 GHz and 25 GHz, respectively.
The integration window is simulated to be 387 ps. Time-
domain simulations are conducted based on the measured
frequency-domain results to verify the effectiveness of our
proposed MWP signal processor. In addition to the functions
presented in this paper, we have demonstrated a range of signal
processing capabilities based on this QD-MLL, including a
reconfigurable filter [26] and an arbitrary signal generator [27].
Not least among these functions, theoretically, all types of
processing functions based on FIR filters with real-valued taps
can be implemented owing to the powerful programmability
of the optical filter and the large number of usable comb lines
from the QD-MLL. This makes our approach a promising
solution for implementing high-speed, reconfigurable signal
processors.

II. PRINCIPLE OF OPERATION

The fundamental principle is to transform the continuous
impulse response of a specific function into a truncated dis-
crete response so that the transfer function can be expressed
by a finite impulse response (FIR) filter as

H(ω) =

N−1X
n=0

h[n]e−jωn∆t (1)

where h[n] is the discrete impulse response, which also
corresponds to the coefficient of the delay-line tap, ∆t is the
time delay between adjacent taps, and N is the total number
of taps. As Eq. 1 is the discrete version of the ideal temporal
impulse response of a specific function, the corresponding
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Fig. 1. (a) QD laser’s structure. (b) QD laser’s output spectrum at a pump
current of 220 mA and a temperature of 28°C.

frequency response is periodic and bandwidth-limited with the
first null frequency located at

fc =
1

∆t
(2)

To implement the specific function, each comb line from the
QD-MLL serves as an optical carrier of a microwave delay-line
tap. The power of the nth comb line is weighted according to
the coefficient of the nth tap of impulse response hP [n]. The
time delay between adjacent taps is introduced by a dispersive
medium, such as a length of optical fiber. According to Eq.
2, the first null frequency will be located at fc = 1/(D∆λ),
where D is the group velocity dispersion (GVD) and ∆λ is
the wavelength spacing between adjacent comb lines. Finally,
all the taps are summed together by a photodetector (PD) to
generate the RF output. To reconfigure the signal processor,
we can properly adjust the tap coefficients accordingly, namely
the power of each comb line, through a programmable optical
filter. However, certain signal processing functions, such as the
HT or differentiators, require negative tap coefficients. Since
optical power cannot be negative, a balanced photodetector
(BPD) is employed to achieve negative tap coefficients by
injecting taps with opposite signs into separate ports of the
BPD.

We utilize an InAs/InP-based QD-MLL as the OFC source,
with its cross-section shown in Fig. 1(a). The core of the
QD laser consists of a 350 nm InGaAsP layer containing
five layers InAs quantum dot (QD) with a periodicity of 108
Å, surrounded by a p-type InP cladding. Additional physical
details of this laser can be found in [20], [28]. The threshold
current for this QD laser is approximately 50 mA. The QD
laser supports mode-locked operation with a nearly flat comb
spectrum when the pump current exceeds 200 mA. For our
experiments, we operate the laser at a current of approximately
220 mA and a temperature of 28°C, which generates 49 comb
lines in the C-band with a 25 GHz (0.2 nm) spacing, as shown
in Fig. 1(b).

A. Hilbert Transformer

The ideal frequency response of a fractional HT (FHT) can
be expressed as [29]

HP (ω) =

�
e−jφ, 0 ≤ ω < π
ejφ, −π ≤ ω < 0

(3)

where φ = P × π/2 is the phase shift, with P denoting the
fractional order. Its frequency response is plotted in Fig. 2(a).
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Fig. 2. Ideal frequency responses of (a) HT; (b) differentiator; (c) integrator.

At zero frequency, there will be a phase jump of φ. As can
be seen, an FHT can be regarded as a phase shifter with a
phase shift of φ around the center frequency ω. When P = 1,
it becomes an integral HT with a phase shift of 90 degrees.
The corresponding discrete-time impulse response is given by
[30]

hP [n] =

(
sin(φ) · 2

π · sin2(πn/2)
n , n ̸= 0

cos(φ), n = 0
(4)

B. Differentiator

The ideal frequency response of a differentiator can be
expressed as

HD(ω) = jω (5)

where j =
√
−1. Its frequency response is plotted in Fig.

2(b). At zero frequency, there will be a phase jump of
π. For differentiators, there is no analytical expression of
the corresponding impulse response. The tap coefficients are
calculated using the Remez algorithm [31].

C. Integrator

Different from HT and differentiation, the realization of the
integrator is based on the delay-sum principle as [32], [33]

y(t) =

N−1X
n=0

x(t− n ·∆t) (6)

where x(t) is the input RF signal and y(t) is the output RF
signal from the PD. Its frequency response is plotted in Fig.
2(c). At zero frequency, the phase is continuous, while at
null frequencies, there are phase jumps of π. According to
Eq. 6, the tap coefficients are all 1, thereby the comb should
have a flat spectrum. After the replicas of x(t) are delayed
progressively and summed together, the integration function
can be achieved, with a time feature of ∆t, an operation
bandwidth of 1/∆t, and a total integration time window of
T = N ·∆t [32].
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Fig. 3. Schematic diagram of our proposed MWP signal processor. WS:
Waveshaper; PC: polarization controller; MZM: Mach-Zehnder modulator;
SMF: single-mode fiber; EDFA: erbium-doped fiber amplifier; BPD: balanced
photodetector; OSA: optical spectrum analyzer.

III. EXPERIMENTAL DEMONSTRATION

The schematic of the proposed signal processor is shown
in Fig. 3. The OFC with 49 comb lines generated by the
QD-MLL is first reshaped using a programmable optical
filter (FINISAR, WaveShaper 1000S) to match the desired
tap coefficients, with an isolator inserted in between to pre-
vent backscattering. Then the reshaped light is directed to
the Mach-Zehnder modulator (MZM) (AVANEX, SD40) for
modulation by the RF signal. A polarization controller (PC) is
used to align the polarization to the MZM. After that, an EDFA
(KEOPSYS, CEFA-C-BO-HP) is used to compensate for the
net loss. 10% of the reshaped optical signal is coupled out and
directed to an optical spectrum analyzer (OSA) (AQ6317) for
feedback control. Since the EDFA is placed after Waveshaper
1000S, which causes spectrum distortion, a feedback loop
is used to compensate for the tap coefficient error, achieved
by comparing the monitored results from the OSA with the
desired channel weights, generating an error signal that is used
to adjust the loss characteristics of the Waveshaper. Fig. 4
compares the coefficient accuracy for the integral HT with
and without the feedback loop. Without the feedback loop,
the maximum coefficient error is 2.1 dB, whereas with the
feedback loop, the maximum error is reduced to 0.7 dB.
Notably, the feedback control is not real-time due to the
limited update speed of the Waveshaper, which takes a few
seconds. The Waveshaper (WS1) is fixed once a relatively
accurate spectrum is obtained. Typically, the feedback process
is repeated two to three times before it converges and stops.
The main error originates from the power instability of the
comb source, which fluctuates within 0.5 dB, and from the
shaping inaccuracies of the Waveshaper. The latter can be well
mitigated by adopting self-calibrating programmable photonic
integrated circuits [34]. The remaining 90 percent of the
signal passes through a length (10 km or 2 km of single-
mode fiber (SMF) which provides the necessary delay to
realize the signal processing function, followed by another
optical programmable filter (FINISAR, WaveShaper 4000S)
used for 1) splitting the positive taps and negative taps into
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Fig. 4. Experimental optical spectrum of 90° HT with feedback loop (a),
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two paths and 2) removing the ASE noise floor between each
taps. In principle, the first Waveshaper is redundant, as the
second Waveshaper can perform all necessary tasks, including
spectrum shaping, tap splitting, and ASE removal. Finally, the
positive taps and negative taps are detected by two ports of a
BPD (Finisar, BPDV21x0R) to generate the RF output signal.
The frequency response is measured by a vector network
analyzer (VNA) (Keysight, N5225A).

To achieve the HT, 10 km of SMF was used. The comb
spacing was adjusted to 50 GHz (0.4 nm) by selecting one
in two comb lines. As a result, the first null frequency was
located at around 7.5 GHz. Since the center tap coefficient is
zero for the integral HT, its comb spacing is 100 GHz (0.8 nm).
It is worth mentioning that the bandwidth can be extended
up to 25 GHz, which is the half of the comb spacing, by
using a proper length of fiber. Moreover, by selecting one of
the four comb lines, which increases the comb spacing by a
factor of four, the bandwidth can potentially reach 50 GHz.
Fig. 5(a-i)-(a-vi) show the optical spectra for the fractional
HT with different orders of 0.166, 0.333, 0.5, 0.667, 0.833,
1, corresponding to phase shifts of 15°, 30°, 45°, 60°, 75°,
90°. The blue line and red line represent positive taps and
negative taps, respectively, while the black circles represent the
designed tap coefficients. As shown, a good match between the
power of the measured comb lines and the calculated ideal tap
coefficients was obtained, indicating that the comb lines were
accurately shaped. Fig. 5(b-i)-(b-vi) and (c-i)-(c-vi) present the
measured magnitude and phase responses, respectively. The
blue traces represent the frequency response calculated using
the ideal tap coefficients obtained using Eq. 4. To investigate
the effect of tap coefficient errors, we also calculated the
frequency response using the tap coefficients obtained by the
experiment, namely the power of the comb lines. We refer
this to quasi-ideal result, represented by the red traces. As
shown, the ideal and quasi-ideal frequency responses almost
overlap, indicating a negligible effect from the tap coefficient
error. With the influence of the tap coefficient error ruled
out, the non-ideal experimental frequency responses (yellow
traces) are primarily due to the non-uniform optical loss for
each tap and nonlinear dispersion, which can be resolved by
implementing pre-compensation to the OFC in the future [13],
[35]. The amplitude and phase ripples for different orders of

TABLE I
PERFORMANCE OF THE SIGNAL PROCESSOR

Function Amplitude
ripple

Phase
ripple Bandwidth RMSE

90° HT ±1.66 dB ±6.2° 7.5 GHz 1.72%
75° HT ±1.54 dB ±4.1° 7.5 GHz 1.55%
60° HT ±0.77 dB ±4.3° 7.5 GHz 1.48%
45° HT ±0.28 dB ±4.5° 7.5 GHz 1.71%
30° HT ±0.29 dB ±4.1° 7.5 GHz 1.65%
15° HT ±0.15 dB ±3.9° 7.5 GHz 1.84%

Differentiator None None 20 GHz 5.17%
Integrator None None 25 GHz 2.04%

HT are summarized in Table I. Due to the lack of a real-
time oscilloscope, the time-domain results were obtained in
simulation using the measured frequency response. The input
Gaussian pulse has a pulse width of 0.15 ns corresponding
to 3 GHz bandwidth, represented by the black line in Fig.
5(d-i). The output pulses simulated using measured frequency
responses are plotted in Fig. 5(d-i)-(d-vi), represented by the
blue traces. For comparison, the ideal output pulses (red dash
traces) simulated using the ideal frequency responses are also
plotted. As can be seen, the simulated time-domain results
match well with the expected ideal results, verifying the
effectiveness of our signal processor. The root-mean-square
errors (RMSEs) between the simulated and theoretical curves
are 1.72%, 1.55%, 1.48%, 1.71%, 1.65%, 1.84% for the 90°
HT through to the 15° HT, respectively.

To achieve the differentiator and integrator functions, 2 km
SMF was used. The comb spacing remained at 50 GHz. As a
result, the first null frequency was located at around 37.5 GHz.
For the differentiator, the operation bandwidth we achieved is
20 GHz. Ideally, the maximum achievable bandwidth for the
differentiator should be half of the comb spacing. However,
it failed to reach the theoretical maximum value because an
accurate comb-splitting process is required to separate positive
and negative taps. As shown in Fig. 7(a), positive and negative
taps alternate with each other, which are calculated using
the Remez algorithm. In order to split the taps, the optical
windowing filter’s edge should be accurately placed in the
center between positive and negative taps. Once there is an
offset, the operation bandwidth will be reduced by the optical
windowing filter, as shown in Fig. 6. As a result, the real band-
width equals to half of the comb spacing minus the offset ∆.
To alleviate this bandwidth reduction, a careful optimization
process on the offset should be implemented, while the filter’s
edge should be as sharp as possible. The magnitude response
of the differentiator is plotted in Fig. 7(b) with the linear
scaled magnitude response inserted, which verifies the good
match between measured results and theoretical results. For
the phase response, a phase ripple of ± 0.35 rad is observed,
as shown in Fig. 7(c), which cause a relatively large RMSE of
5.17% in time-domain simulation as depicted in Fig. 7(d). The
input Gaussian pulse in the simulation has a width of 22 ps,
corresponding to a bandwidth of 20 GHz. For the integrator,
the comb spectrum is flattened and all taps are positive as
shown in Fig. 7(e). The achieved operational bandwidth is 25
GHz, primarily limited by the bandwidth of the RF amplifier
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Fig. 6. Illustration of bandwidth reduction in the differentiator due to optical
filter offset.

(SHF P101) used to boost the output signal. In the phase
response, a phase error of approximately 1 rad is observed
in the frequency range from 17 GHz to 19.5 GHz. Due to
the fundamental difference between the differentiator and the
integrator, where the latter is based on the delay-sum principle
and relies solely on the taps’ intensity, the phase response error
of the integrator does not significantly affect its time-domain
performance. In the time-domain simulation for the integrator,
we used an 18 ps Gaussian pulse as input corresponding to 25
GHz bandwidth. As shown in Fig. 7(h), an integration window
of 387 ps is achieved, matching well with the theoretical value

of N ·∆t with N being 25 and ∆t being 13.6 ps = 0.4 nm × 2
km × 17 ps/nm/km. The RMSE of the integrator is calculated
to be 2.04%.

Lastly, we investigated the impact of third-order dispersion
(TOD) on the performance of the implemented functions
through simulation. In reality, fiber dispersion is typically not
constant; it varies with wavelength, which is referred to as the
TOD or dispersion slope. This variation means that the time
delay between adjacent taps is not uniform. When the optical
bandwidth or the fiber length increases, the differences in time
delay also increase, which will cause non uniformly distributed
delay-line taps. Here, we compare three different values of
TOD, S = 0, 0.05, and 0.1 ps/km/nm2. Note that the typical
value of S for a commercial SMF is around 0.05 ps/km/nm2.
As shown in Fig. 8(d), a larger value of S leads to more
pronounced phase ripples in the Hilbert transformer. In the
case of the differentiator, stronger nonlinear phase deviations
are observed at higher frequencies, particularly above 25 GHz.
For the integrator, TOD induces a negligible nonlinear phase
response, but instead reduces the period of the sidelobes —
an effect equivalent to that of additional dispersion. Despite
these imperfections in the phase response, the time-domain
signal profiles remain largely unaffected by variations in S
in all cases. For instance, in the case of the differentiator,
since the intended operating frequencies are below 20 GHz,
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Fig. 7. (a)(e) Experimental optical spectra associated with the differentiator and integrator, respectively. (b)(f) Corresponding normalized magnitude responses.
(c)(g) Corresponding phase responses in degrees. (d)(h) Corresponding time-domain simulation results.

the nonlinear phase distortion at higher frequencies has no
practical influence on performance.
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Fig. 8. Investigation of the effect of TOD: (a–c) simulated amplitude re-
sponses of the Hilbert transformer, differentiator, and integrator, respectively;
(d–f) corresponding simulated phase responses; (g–i) simulated time-domain
profiles for the Hilbert transformer, differentiator, and integrator, respectively.

A comprehensive comparison between the proposed signal
processor and other previously reported works has been added,
as given in Table II. As can be seen, we are the first to
include all the building-block signal processing functions.
Theoretically, our QD-MLL-based signal processor can be
reconfigured to implement any FIR filter with real-valued
tap coefficients. Furthermore, FIR filters with complex tap
coefficients could potentially be realized by adopting single-
sideband modulation (SSB) [38], leveraging the phase ma-
nipulation capabilities of the Waveshaper. This is because,
under SSB modulation, the phase of the optical carrier directly
maps to the phase of the resulting RF signal. Consequently,
by precisely controlling the optical carrier’s phase through

the Waveshaper, we can effectively manipulate the phase
of each tap, enabling the implementation of complex-valued
FIR filtering. Alternatively, complex-valued taps can also be
achieved using non-uniformly distributed tap delays, which
can be implemented by applying user-defined group delays
to individual taps via the Waveshaper [39]. Additionally, we
achieved smallest magnitude ripples of ± 1.7 dB, owing to a
large number of available comb lines, while the phase ripple
is relatively large due to a combination of factors, including
an non-flat system response to different wavelengths, BPD’s
imbalance to positive and negative taps, TOD, and power
instability from QD-MLL. Regarding bandwidth, the 7.5 GHz
demonstrated here is not the upper limit of the QD-MLL-based
signal processor. By shortening the fiber length, the bandwidth
can be extended to nearly half of the comb spacing. This
principle also applies to Kerr-comb-based signal processors.
More importantly, compared to Kerr-comb-based signal pro-
cessors, our approach requires fewer EDFAs owing to the flat
optical spectrum of the QD-MLL, ensuring sufficient OSNR.
Given the flatness of the spectrum produced by the QD-MLL
and the power of each comb line approaching 0 dBm, the
EDFA in our setup can potentially be replaced by an electrical
amplifier (EA), which is more integration-friendly, provided
the link loss is fully optimized. This substitution not only
simplifies the system architecture but also greatly enhances its
compatibility with monolithic integration. In contrast, Kerr-
comb-based systems inherently require EDFAs to boost the
low optical power, which is a critical bottleneck that poses
serious challenges for scalable, on-chip photonic integration.

IV. CONCLUSION

In conclusion, we first time demonstrate a QD-MLL-based
versatile MWP signal processor. By tailoring the OFC spec-
trum, the processor achieves multiple reconfigurable func-
tions, including integral and fractional HT, differentiation,

This article has been accepted for publication in Journal of Lightwave Technology. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/JLT.2025.3573682

© 2025 IEEE. All rights reserved, including rights for text and data mining and training of artificial intelligence and similar technologies. Personal use is permitted,

but republication/redistribution requires IEEE permission. See https://www.ieee.org/publications/rights/index.html for more information.

Authorized licensed use limited to: National Research Council Canada. Downloaded on September 08,2025 at 18:59:01 UTC from IEEE Xplore.  Restrictions apply. 



JOURNAL OF LATEX CLASS FILES, VOL. 14, NO. 8, AUGUST 2021 7

TABLE II
PERFORMANCE COMPARISON OF MWP SIGNAL PROCESSORS

Ref Approach DIFF INT HT FHT BW
(GHz)

OSNR
(dB)

Power
Consumption

HT Amplitude
Ripples (dB)

HT Phase
Ripples (°)

[11] Discrete tunable lasers ✓ - - - 2 40 1 EDFA N/A N/A
[36] Discrete tunable lasers - - ✓ ✓ 4.5 N/A 1 EDFA ∼ ±5 ± 5
[37] ASE source ✓ - - - 25 N/A 1 EDFA N/A N/A
[32] ASE source - ✓ - - 9.6 N/A 0 EDFA N/A N/A
[18] Multicore fiber - - ✓ ✓ 3.2 N/A 2 EDFA > ±5 ±5.9
[19] Multicore fiber ✓ ✓ - - N/A N/A 1 EDFA N/A N/A
[14] Kerr comb ✓ - - - 8.5 30 2 EDFA N/A N/A
[13] Kerr comb - ✓ - - 11.9 20 3 EDFA N/A N/A
[15] Kerr comb - - ✓ ✓ 16.5 > 20 3 EDFA ± 2.9 ± 4

This work QD-MLL ✓ ✓ ✓ ✓ 7.5 (HT) 40 1 EDFA ± 1.7 ± 6.2

Notes: ”-” represents not reported; ”✓” represents achieved; ”N/A” represents that the values were not explicitly provided or could not be
extracted from the available results. DIFF: differentiator; INT: integrator.

and integration. It is worth mentioning that our platform
is not limited to just these three functions, but can also
realize all FIR filter-based functions, provided the tap values
are real. The QD-MLL’s relatively flat output spectrum and
large number of comb lines, as well as the high OSNR,
provide significant advantages over existing technologies like
Kerr micro-combs or multi-core fibers. These features en-
able efficient spectral shaping, reduced system complexity,
and lower power consumption while maintaining high-speed
processing capabilities. Although the system currently is bulky
and expensive since two Waveshapers are used, it is promising
to realize a fully integrated MWP signal processor with
heterogeneously integrating the QD-MLL onto a SOI platform,
the Waveshapers being replaced by on-chip programmable
spectral shapers [9], [40], and long SMF being replaced by on-
chip multichannel chirped FBGs [41], [42] or sub-wavelength
gratings [43], [44], the back-reflections being minimized by
angled facets or on-chip isolator [45]. Therefore, combining
QD-MLLDs with advanced silicon photonic devices offers an
attractive path toward robust and technically simple chip-scale
MWP signal processing platforms. Once fully integrated, the
proposed MWP signal processor is anticipated to play a key
role in autonomous driving systems, where high-speed and
real-time signal processing—such as edge detection—is highly
demanded.
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