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Abstract: Feedback control plays a crucial role in improving system accuracy and stability for a variety of 

scientific and engineering applications. Here, we theoretically and experimentally investigate the 

implementation of feedback control in microwave photonic (MWP) transversal filter systems based on optical 

microcomb sources, which offer advantages in achieving highly reconfigurable processing functions without 

requiring changes to hardware. We propose four different feedback control methods including (1) one-stage 

spectral power reshaping, (2) one-stage impulse response reshaping, (3) two-stage spectral power reshaping, 

and (4) two-stage synergic spectral power reshaping and impulse response reshaping. We experimentally 

implement these feedback control methods and compare their performance. The results show that the feedback 

control can significantly improve not only the accuracy of comb line shaping as well as temporal signal 

processing and spectral filtering, but also the system’s long-term stability. Finally, we discuss the current 

limitations and future prospects for optimizing feedback control in microcomb-based MWP transversal filter 

systems implemented by both discrete components and integrated chips. Our results provide a comprehensive 

guide for the implementation of feedback control in microcomb-based MWP filter systems in order to improve 

their performance for practical applications. 

Keywords: Integrated optics; microwave photonics; optical microcombs; feedback control 

 

I. Introduction 

Microwave transversal filter systems with highly reconfigurable transfer functions have been 

widely used for achieving a variety of spectral filtering and signal processing functions [5–7]. 

Microwave photonic (MWP) transversal filter systems, which realize conventional microwave 

transversal filter systems based on photonic technologies, can provide  processing bandwidths far 

beyond their electrical counterparts, which are limited by the electrical bandwidth bottleneck [8,9]. 

They can also offer other attractive advantages, such as low loss when processing high-bandwidth 

signals, strong immunity to electromagnetic interference, and wide-band tunability [1,8]. 

In MWP transversal filter systems, in order to achieve a high processing accuracy, a large 

number of optical carriers are required as discrete taps to sample the microwave signals to be 

processed. Conventional multi-wavelength sources such as discrete laser arrays [10–12] and fibre 

Bragg grating arrays [13–15] have been utilized to provide the discrete taps. Nevertheless, there exists 

a significant limitation in the available tap numbers (typically < 10) since their system size and 

complexity greatly increase with the tap number. In contrast, optical microcombs can simultaneously 

generate a large number of separated wavelengths based on micro-scale resonators with compact 

device footprint [6,16–20], which makes them attractive for serving as multi-wavelength sources in 

the MWP transversal filter systems. Compared to laser frequency combs generated by electro-optic 

(EO) modulation [21–23] or mode-locked fiber lasers [24,25], the large comb spacings of optical 

microcombs also yield large operation bandwidths for the MWP transversal filter systems by 

providing wide Nyquist bands between adjacent wavelength channels. Recently, a diverse range of 

functions have been realized based on microcomb-based MWP transversal filter systems 

implemented by either discrete components or integrated chip, such as differentiation [3,26], 
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integration [2], Hilbert transform [27,28], arbitrary waveform generation [29,30], filtering [17,31], 

image processing [32], and neuromorphic computing [1,4,33,34].  

Feedback control techniques are of fundamental importance in many applications owing to their 

ability to enhance system stability and accuracy. They enable dynamic adjustments based on real-

time measurements, ensuring that systems achieve desired response and maintain stable working 

states in the presence of disturbances or uncertainties. In MWP transversal filter systems with optical 

microcomb sources, the errors are mainly induced by imperfect response of experimental 

components [35–37], which can also be reduced by introducing feedback control. Here, we investigate 

feedback control in microcomb-based MWP transversal filter systems. We propose four different 

feedback control methods, including one-stage spectral power reshaping, one-stage impulse 

response reshaping, two-stage spectral power reshaping, and two-stage synergic spectral power 

reshaping and impulse response reshaping. We experimentally demonstrate feedback control based 

on these methods, and provide detailed comparison of their performance in improving the system 

accuracy with respect to comb line shaping, temporal signal processing, spectral filtering, as well as 

in enhancing the system stability in working for long times. Finally, we discuss the current challenges 

and future prospects for further improving the performance of feedback control in the systems 

implemented by both discrete components and integrated chips. These results provide valuable 

insights for the implementation of feedback control in microcomb-based MWP filter systems, 

facilitating improvements in their performance for practical applications.   

II. Microcomb-Based Microwave Photonic Transversal Filter Systems 

Transversal filter systems perform filtering functions when signals propagate in delay media, 

where different delayed signal replicas are tapped, weighted, and then summed to generate filter 

outputs. The system can be implemented by different configurations that provide delay elements, 

discrete taps, and a mechanism for weighting as well as summing the weighted replicas [38]. Figure 

1a shows the general diagram of a microwave transversal filter system. As the input signal 

propagates through the filter system, it is delayed by a delay line consisting of a series of delay 

elements, each with a time delay of ΔT. After propagation through each delay element along the 

delay line, the delayed signal in each channel is weighted according to the designed tap coefficient. 

The delayed and weighted signals for different channels are then summed to produce the ultimate 

output. By adjusting the tap coefficients, different spectral responses can be achieved. In addition to 

spectral filtering, transversal filter systems can be used for temporal signal processing [39], where 

impulse responses for different processing functions can be realized via design of the inverse Fourier 

transform of the spectral responses [40]. 

Figure 1b shows the general diagram and processing flow of a MWP transversal filter system 

with a multi-wavelength continuous-wave (CW) source. An input microwave signal is  

multicast onto different wavelength channels of the multi-wavelength source by using an 

electro-optic modulator (EOM). After the EO modulation, the microwave replicas are delayed by a 

dispersive module, which creates a time delay between adjacent channels. The delayed replicas then 

go through an optical spectral shaping module to get weights based on the designed tap coefficients. 

Finally, the delayed and weighted replicas are summed after photo detection and converted into an 

output microwave signal. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 3 

 

 

Figure 1. Transversal filter systems. (a) General diagram of a microwave transversal filter system. (b) 

General diagram and processing flow of a microwave photonic (MWP) transversal filter system with 

a multi-wavelength continuous-wave (CW) source. EOM: electro-optic modulator. PD: photo 

detector. MW: microwave. 

The spectral transfer function of the MWP transversal filter system can be expressed as [41,42] 

H(ω) = ∑
N-1

n=0

ane-jωnΔT, (1) 

where ω is the angular frequency, N is the number of taps, an (n = 0, 1, 2, …, N-1) is the tap weight of 

the nth tap, and ΔT is the time delay between adjacent taps. Note that the spectral transfer function in 

Equation (1) is consistent with the spectral response of the microwave transversal filter system in 

Figure 1a, although the system is implemented using MWP technologies. In contrast to the use of 

multiple electrical delay elements, attenuators, and accumulators in a microwave transversal filter 

system, a MWP transversal filter system employs only an optical delay module, an optical shaping 

module, and a PD to realize the delay, weighting, and sum functions, respectively. This makes MWP 

transversal filter systems provide an attractive advantage in achieving a low system complexity 

compared to microwave transversal filter systems, particularly given that the processing 

performance of a transversal filter system improves for an increased tap number [26]. 

Figure 2 shows a microcomb-based MWP transversal filter system, which consists of a 

microcomb generation module and a transversal filter module. In the microcomb generation module, 

a CW light is amplified by an erbium-doped fibre amplifier (EDFA) and used to pump a nonlinear 

microring resonator (MRR) with a high quality (Q) factor. A polarization controller (PC) is employed 

to adjust the polarization of the light fed into the MRR. The generated optical microcomb from the 

MRR, which serves as the multi-wavelength CW source in Figure 1b, is sent to the subsequent 

transversal filter module. In the transversal filter module, a spool of single-mode fibre (SMF) is 

employed as the dispersive module. In principle, only one OSS is needed to shape the microcomb to 

achieve the target tap coefficients. Nevertheless, for practical systems, particularly when the initial 

optical microcomb generated by the MRR exhibits significant variations in power among its comb 
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lines, two OSSs can be employed to improve the shaping accuracy and facilitate feedback control. As 

illustrated in Figure 2, the first OSS after the MRR can be used to flatten the initial optical microcomb, 

thus leading to higher signal-to-noise ratios of the comb lines as well as improved loss control range 

for the second OSS. The second one in the transversal filter module is employed to shape the comb 

lines according to the designed tap coefficients. 

 

Figure 2. Experimental schematic of a microcomb-based MWP transversal filter system together with 

experimental error sources that induce processing errors. CW pump: continuous-wave pump. EDFA: 

erbium-doped fibre amplifier. PC: polarization controller. MRR: microring resonator. OSS: optical 

spectral shaper. EOM: electro-optic modulator. MW: microwave. SMF: single-mode fibre. PD: 

photodetector. RB: response bandwidth. TR: transmission response. TOD: third-order dispersion. 

The microcomb-based MWP transversal filter system in Figure 2 is essentially equivalent to the 

digital signal processing (DSP) filter in Figure 1a but implemented by photonic hardware, which can 

not only maintain the high processing speed of photonic processing but also enable improved 

processing accuracy than optical analogue processing based on passive optical filters [41]. By 

programming the optical spectral shaping module to apply different tap coefficients, the same system 

setup can perform different functions without any changes of the hardware.  

For microcomb-based MWP transversal filter systems used for spectral filtering or signal 

processing, the filtering or processing errors are induced by both theoretical limitations and imperfect 

response of the experimental components in Figure 2. When the tap number N is high enough (e.g., > 

40, as in the case of optical microcombs), the accuracy is mainly constrained by the experimental 

factors [35]. As labelled in Figure 2, the imperfect response of the experimental components is 

induced by several factors including (ⅰ) intensity and phase noise of optical microcomb, (ⅱ) shaping 

errors of the OSSs, (ⅲ) uneven gain and noise of the EDFA, (ⅳ) chirp, limited response bandwidth 

(RB), and uneven transmission response (TR) of the EOM, (ⅴ) third-order dispersion (TOD) of the 

SMF, and (ⅵ) shot noise, limited RB, and uneven TR of the PD. 

The factors (i) ‒ (vi) cause imperfect amplitude or phase response by introducing errors to the 

tap coefficients (i.e., an in Equation (1), n = 0, 1, 2, …, N-1) or time delay between adjacent taps (i.e., ∆T 

in Eq. (1)). Among the various factors, the rapid fluctuations in the intensity and phase induced by 

optical microcomb and PD, typically exceeding 1 GHz, can be effectively alleviated by using 

advanced mode-locking technologies and highly sensitive PDs [16,43]. With the exception of these 

two fast-changing error sources, the majority of error sources are relatively stable or change much 

more gradually, making them amenable to compensation through the implementation of feedback 
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control aimed at adjusting the tap coefficients and time delays to match the designed values. In the 

following sections, the feedback control in microcomb-based MWP transversal filter systems is 

introduced and discussed in detail. In Section III, we introduce the principle of various feedback 

control methods. In Section Ⅳ, we experimentally implement feedback control based on different 

methods and compare their performance. In Section V, we discuss the current challenges and future 

prospects. 

III. Feedback Control Methods for Microcomb-Based Microwave Photonic Transversal Filter 

Systems  

In this section, we introduce various feedback control methods for microcomb-based MWP 

transversal filter systems. Depending on the number of feedback loops, the different methods are 

categorized as one-stage and two-stage feedback control, which are discussed in subsections A and 

B, respectively. Following these, comparison between different feedback control methods is provided 

in subsection C.  

A. One-stage feedback control  

There are two typical methods to realize one-stage feedback control in microcomb-based MWP 

transversal filter systems, namely, spectral power reshaping and impulse response reshaping. The 

former is used to calibrate the spectral intensity of comb lines according to the designed tap 

coefficients, whereas the latter aims to calibrate the temporal impulse response of the transversal filter 

system according to the ideal impulse response of a specific processing function. 

Figure 3a illustrates the schematic diagram for feedback control based on spectral power 

reshaping. The optical microcomb generated by the microcomb generation module (not shown in 

Figure 3a) features non-uniform power distributions [31] and enters the transversal filter module. 

Within this module, an OSS is inserted before the PD, with the purpose of performing spectral 

shaping to achieve the desired tap coefficients. To realize feedback control for calibration, the shaped 

optical spectrum of the output from the OSS is recorded by an optical spectrum analyzer (OSA), 

which is sent to a computer to compare with the ideal tap coefficients and then generate the calibrated 

tap coefficients that are fed into the OSS for spectral power reshaping.   
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Figure 3. Feedback control based on one-stage spectral power reshaping in a microcomb-based MWP 

transversal filter system. (a) Schematic of system setup. PC: polarization controller. EOM: electro-

optic modulator. SMF: single-mode fiber. OSS: optical spectral shaper. PD: photo detector. OC: optical 

coupler. OSA: optical spectrum analyzer. (b) Flowchart of spectral power reshaping process in the 

feedback control loop. 

Figure 3b shows the flowchart of the spectral reshaping process in the feedback control loop at 

each iteration, where a and a’ are the data for the measured comb spectrum and the reshaped comb 

spectrum after calibration, respectively. When the calibrated data a’ are applied to the OSS, one 

iteration is finished. After that, the reshaped comb lines after calibration will be treated as the new 

data a and employed as the new input of the feedback control loop for a subsequent iteration. The 

system normally requires multiple iterations to effectively reduce the comb power shaping errors, 

which can improve the signal-to-noise ratio and ensure more uniform link gain across the different 

wavelength channels. 

Figure 4a shows the schematic diagram for feedback control based on impulse response 

reshaping. A microwave signal is used as an input signal to test the impulse response of the MWP 

transversal filter system. The reshaping is performed channel by channel with the same input 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 7 

 

microwave signal being modulated onto the corresponding comb line. Measured tap weights (i.e., 

peak intensities of the impulse response) are obtained from the PD output recorded by the 

oscilloscope and are then subtracted from the designed tap weights to generate error signals, which 

is used to calibrate the attenuation of comb line intensity in the OSS. Figure 4b shows the flowchart 

of the impulse response reshaping process in the feedback control loop at each iteration, where b and 

b’ are the measured impulse response and calibrated tap coefficients, respectively. When the 

calibrated data b’ is returned to the OSS, one iteration is completed. Afterwards, the reshaped comb 

lines after calibration are treated as new data b and used as new input to the feedback loop for 

subsequent iterative processes. The system can effectively reduce the error caused by the non-ideal 

impulse response of the system after several iterations, thus making the output impulse response 

approach the ideal impulse response. 

 

Figure 4. Feedback control based on one-stage impulse response reshaping in a microcomb-based 

MWP transversal filter system. (a) Schematic of system setup. PC: polarization controller. EOM: 
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electro-optic modulator. SMF: single-mode fiber. OSS: optical spectral shaper. PD: photo detector. (b) 

Flowchart of impulse response reshaping process in the feedback control loop. 

For the transversal filter system in Figure 1a, the tap coefficients an (n = 0, 1, 2, …, N–1) can be 

either positive or negative values. In the context of the microcomb-based MWP transversal filter 

systems, the different signs of the tap coefficients can be realized by dividing all the wavelength 

channels into two groups (one with positive tap coefficients and the other with negative tap 

coefficients) and introducing a phase difference of π between them. To introduce the π phase 

difference, one can either use a dual-drive Mach-Zehnder modulator (DD-MZM) that has two 

complementary output ports to replace the EOM in Figure 3a, or employ the complementary output 

ports of the OSS connecting to a balanced PD (BPD) as shown in Figure 4a. The former needs separate 

spectral reshaping processes for the two groups of wavelength channels, which would increase the 

complexity of the feedback control. Whereas, this is not necessary for the latter because the two 

groups of wavelength channels are combined for differential detection and only generate one output 

microwave signal for impulse response reshaping. As a result, impulse response reshaping method 

shows advantages in achieving a low system complexity compared to the spectral power reshaping 

approach for processing functions in which both positive and negative tap coefficients are needed. 

B. Two-stage feedback control 

On the basis of one-stage feedback control in subsection A, two-stage feedback control with two 

feedback loops can be used to further improve the comb shaping accuracy in microcomb-based MWP 

transversal filter systems.  

Figure 5 presents a schematic diagram of two-stage feedback control based on spectral power 

reshaping. The spectrum of the initially generated microcomb is pre-shaped via the first OSS. 

Subsequently, the second OSS is employed to further shape the pre-shaped microcomb based on 

designed tap coefficients. The first-stage feedback control before the transversal filter module is used 

to calibrate the intensity errors of comb lines at the comb pre-shaping stage, and the second-stage 

feedback control, which is implemented within the transversal filter module, focuses on addressing 

the intensity errors of tap coefficients. The two-stage feedback control based on spectral power 

reshaping includes all the optical components of the microcomb-based MWP transversal filter system 

in the feedback loops. This allows for the mitigation of comb shaping inaccuracies induced by all 

different optical components. 

By incorporating the process flow shown in Figure 4b, the flowchart of the two-stage feedback 

control based on spectral power reshaping is shown in Figure 6. First, spectral power reshaping is 

used to calibrate the pre-shaped microcomb, resulting in the generation of a microcomb with uniform 

comb lines that is then directed to the transversal filter module. In the transversal filter module, 

spectral power reshaping is also used to correct the error of tap coefficients, yielding the ultimate 

output following the two-stage reshaping and feedback control. 
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Figure 5. Feedback control based on two-stage spectral power reshaping in a microcomb-based MWP 

transversal filter system. CW laser: continuous-wave laser. EDFA: erbium-doped fiber amplifier. PC: 

polarization controller. MRR: micro-ring resonator. OSS: optical spectral shaper. OSA: optical 

spectrum analyzer. EOM: electro-optic modulator. SMF: single-mode fiber. OC: optical coupler. PD: 

photo detector. 

 

Figure 6. Flowchart of two-stage feedback control based on spectral power reshaping. 

Figure 7 shows a schematic diagram of two-stage feedback control based on synergic spectral 

power reshaping and impulse response reshaping. The first OSS is employed to pre-shape the 

spectrum of the initially generated microcomb, and the pre-shaped comb lines are then shaped 

according to the designed tap coefficients via the second OSS. The first-stage feedback control based 

on spectral power reshaping before the transversal filter module is used to calibrate the intensity 

errors of comb lines at the comb pre-shaping stage, whereas the second-stage feedback control based 

on impulse response reshaping within the transversal filter module can further compensate the non-

ideal impulse response of the system induced by the components in the transversal filter module. By 

using such two-stage feedback control, all the components of the microcomb-based MWP transversal 

filter system are included in the feedback control loops, thus allowing for compensation of the comb 
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shaping inaccuracy induced by different components and hence significantly reduced overall comb 

shaping errors. 

Figure 8 shows the flowchart of the two-stage feedback control in Figure 7, which includes the 

process flow in Figure 4b. Spectral power reshaping is employed to calibrate the pre-shaped 

microcomb, which results in the generation of a flattened microcomb that is sent to the transversal 

filter module. In the transversal filter module, impulse response reshaping is used to compensate the 

non-ideal impulse response of the system, which generates the ultimate output after two-stage 

reshaping and feedback control. 

C. Comparison of different feedback control methods 

In this section, we briefly compare the feedback control methods mentioned in subsections A 

and B. As shown in Table 1, although one-stage feedback control methods involve less numbers of 

feedback control loops and OSSs, they exhibit lower efficacy when compared to the two-stage 

feedback control methods. For example, employing a two-stage feedback control with an additional 

OSS to pre-shape the initially generated optical microcomb, which may have non-uniform power 

distributions, can improve the signal-to-noise ratios of the optical microcomb after amplification and 

expand the variation range for the tap coefficients. For spectral power reshaping method, since the 

OSS is inserted before the PD, it cannot compensate for the errors caused by the PD. Nevertheless, it 

remains effective in compensating for the errors arising from the optical microcomb, EOM, SMF, and 

OSS. In contrast, the impulse response reshaping method has the capability to address the errors 

introduced by the PD as well. For processing functions that require both positive and negative tap 

coefficients, the impulse response reshaping method shows advantages due to its lower system 

complexity. In contrast, the spectral power reshaping method needs to separate spectral reshaping 

processes for two sets of wavelength channels with different signs. 

Table 1. COMPARISON OF DIFFERENT FEEDBACK CONTROL METHODS. FCL: FEEDBACK 

CONTROL LOOP. EOM: ELECTRO-OPTIC MODULATOR. SMF: SINGLE-MODE FIBRE. OSS: 

OPTICAL SPECTRAL SHAPER. PD: PHOTODETECTOR. OSA: OPTICAL SPECTRUM ANALYZER. 

OSC: OSCILLOSCOPE. 

Method 

One-stage feedback control Two-stage feedback control 

Spectral power 

reshaping 

Impulse 

response 

reshaping 

Spectral power 

reshaping 

Spectral power & 

impulse response 

reshaping 

No. of FCLs 1 1 2 2 

No. of OSSs 1 1 2 2 

Included components 

microcomb, 

EOM, SMF, 

OSS 

microcomb, 

EOM, SMF,  

OSS, PD 

microcomb, EOM, 

SMF, OSSs 

microcomb, EOM, 

SMF, OSSs, PD 

Monitoring instruments 
OSA, 

computer 
OSC, computer OSA, computer 

OSA, OSC,  

computer 

Variation range for tap 

coefficients 
small small large large 

Complexity in achieving 

tap coefficients with 

different signs 

high low high low 
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Figure 7. Feedback control based on two-stage synergic spectral power reshaping and impulse 

response reshaping in a microcomb-based MWP transversal filter system. CW laser: continuous-wave 

laser. EDFA: erbium-doped fiber amplifier. PC: polarization controller. MRR: micro-ring resonator. 

OSS: optical spectral shaper. OSA: optical spectrum analyzer. EOM: electro-optic modulator. SMF: 

single-mode fiber. PD: photo detector. 

 

Figure 8. Flowchart of two-stage feedback control based on synergic spectral power reshaping and 

impulse response reshaping. 

IV. Experiment Results and Performance Comparison 

In this section, we experimentally implement feedback control based on the different methods 

discussed in Section III and compare their performance in improving the accuracy of microcomb-

based MWP transversal filter systems. To simplify, we designate the four feedback control methods 

in our following discussion in this section as follows: (A) one-stage spectral power reshaping, (B) one-

stage impulse response reshaping, (C) two-stage spectral power reshaping, and (D) two-stage 

synergic spectral power reshaping and impulse response reshaping. 

In our experimental demonstration, the optical microcomb was generated by a MRR made from 

high-index doped silica glass [44]. The doped silica offers attractive optical properties for generating 

optical microcombs, such as ultra-low linear loss (~0.06 dB/cm), a moderate nonlinear parameter 
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(~233 W-1 · km-1), and a negligible nonlinear loss even at extremely high intensities (~25 GW · cm-2) 

[44]. The MRR was designed to have a radius of ~592 μm, which resulted in a comb spacing of Δλ = 

~0.4 nm or ~49 GHz. The Q factor of the MRR was ~1.5 million. In the microcomb generation module, 

a CW light, amplified to ~32.1 dBm using an EDFA, was employed to pump the MRR. The 

polarization of the CW pump was aligned with a TE-polarized resonance of the MRR at ~1551.23 nm 

via a PC. When the wavelength of the CW pump was swept across the MRR’s resonance, optical 

parametric oscillation occurred, leading to the generation of a soliton crystal optical microcomb based 

on thermal mode locking [31]. By using a temperature controller to maintain the MRR’s temperature, 

we were able to sustain the stable mode-locking for the soliton crystal microcomb for a long time in 

our experiments (e.g., ~48 hours [45]). 

In the transversal filter module, the comb lines were modulated by the input microwave signal 

via an EOM (iXblue) with an operation bandwidth of 40 GHz. The generated microwave replicas 

were transmitted through a spool of SMF with a dispersion parameter of D2 = ~17.4 ps/nm/km and a 

length of L = ~5.124 km, which introduced a time delay of ∆T = D2 ‧ L‧ Δλ = ~35.7 ps between adjacent 

wavelength channels. For all the methods, the comb lines were spectrally shaped by an OSS (Finisar) 

before the BPD to achieve the designed tap coefficients. The shaped output from the OSS was then 

monitored by an OSA (Anritsu) and transmitted to a computer to derive calibrated tap coefficients. 

For Methods C and D, the optical microcomb from the microcomb generation module was first 

shaped by an OSS (Finisar) to achieve uniform power distribution in the comb lines. For Methods B 

and D, peak intensities of the impulse response (i.e., measured tap coefficients) were extracted from 

the output recorded by a high bandwidth real-time oscilloscope (Keysight) connected to a BPD 

(Finisar). 

In our experimental demonstration, we first took equal tap weights (i.e., an = 1 (n = 0, 1, 2, …, N–

1)) with uniform power distribution in different taps as an example to show the effectiveness for 

different feedback control methods. Figure 9 shows the optical spectra and impulse response of 

selected comb lines after one-stage feedback control based on Methods A and B, respectively. In 

Figure 9a–c, we show the results for 10, 20, and 80 comb lines, respectively. In each of them, we show 

the results after 2 and 10 calibration iterations. For comparison, the corresponding results without 

any feedback control and the power distribution before spectral shaping are also shown. As can be 

seen, the introducing of feedback control can effectively improve the uniformity for all different tap 

numbers, and the uniformity further improves as the number of iteration increases from 2 to 10.  

To quantitatively characterize the uniformity of different taps in Figure 9, we introduce the 

concept of average deviation (AD), which is defined as 

AD = 
1

N
∑ หPn-Pavgห

Pavg

N-1
n=0  (2) 

where Pn  (n = 0, 1, 2, …, N–1)  is the power of the tap corresponding to the tap coefficient ai, and 

Pavg = (P0  + P1 + P2 + … + Pn-1) / N is the average of the powers across all the different taps. Figure 9(d-

i),(d-ii) show the ADs versus the number of iterations for Methods A and B, respectively. For each 

method, we show the results for 10, 20, and 80 comb lines. The values at iteration = 0 correspond to 

the results without any feedback control. For both methods, the ADs decrease with increasing 

number of iterations, showing agreement with the trend in Figure 9a–c. As the number of iterations 

increases, the decrease in ADs becomes more gradual, with only a minimal decrease in the ADs when 

the number of iterations exceeds 4. This suggests that a large number of iterations is not necessary. 

We also note that achieving the same AD value for more taps requires a higher number of iterations. 

Depite this, for all scenarios, low AD values < 0.005 can be attained after just 4 iterations. 

In Figure 10, we show the optical spectra and impulse response of selected comb lines after two-

stage feedback control based on Methods C and D, respectively. Figure 10a,b show the results for 10 

and 20 comb lines, respectively. In each of them, we present the results after the first-stage and 

second-stage feedback control, and the number of iterations is 4. The power distribution of the comb 

lines before spectral shaping is also shown for comparison. For both methods, by employing the 

second-stage feedback control, the uniformity of the different taps is further improved on the basis 

of the first-stage feedback control. Figure 10c shows the ADs versus the number of iterations for 
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Methods C and D, which were calculated based on Eq. (2) using the results in Figure 10a,b. The values 

at iteration = 0 represent the results without any feedback control. Similar to the trend observed in 

Figure 9d, the ADs decrease with increasing number of iterations. We also note that for both methods 

low AD values < 0.005 can be achieved after just 2 iterations. 

 

Figure 9. Experimental results of one-stage feedback control. (a) ‒ (c) Results of 10, 20, and 80 comb 

lines, respectively, where (i) and (ii) show the optical spectra for feedback control based on Method 

A and the impulse response for feedback control based on Method B, respectively. In each figure, the 

power distribution of the comb lines before shaping, the shaping results without any feedback control, 

and the shaping results after 2 and 10 calibration iterations are shown for comparison. (d) Average 

deviations (ADs) versus the number of iterations for (i) Method A and (ii) Method B calculated based 

on the results in (a) ‒ (c). 
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The AD values in Figure 9(d-i) were calculated based on the measured optical spectra of comb 

lines (which were recorded by an OSA). On the other hand, the AD values in Figure 9(d-ii) were 

calculated based on the measured impulse responses (which were recorded by an oscilloscope). 

Therefore, the AD values in these two figures cannot be directly compared to evaluate the 

performance for Methods A and B. Similarly, the AD values in Figure 10(c-i),(c-ii) cannot be directly 

compared to evaluate the performance for Methods C and D. To directly compare the performance 

of different feedback control methods, we further employed the microcomb-based MWP transversal 

filter systems to perform temporal signal processing and spectral filtering. The root mean square 

error (RMSE) is introduced to characterize the discrepancy from the measured result to the ideal 

result, which can be expressed as 

RMSE = ඨ∑n
i=1

(Yi - yi)
2

n
    (3) 

where Y1, Y2, …, Yn are the values of ideal output, y1, y2, …, yn are values of measured output, and n 

is the number of sampled points. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 15 

 

 

Figure 10. Experimental results of two-stage feedback control. (a) ‒ (b) Results of 10 and 20 comb lines, 

respectively. (i) shows the optical spectra for feedback control based on Method C. (ii) shows the 

optical spectra and impulse response for feedback control based on Method D. In each figure, the 

power distribution of the comb lines before shaping and the shaping results after the 1st-stage and the 

2nd-stage feedback control are shown for comparison. (c) Average deviations (ADs) versus the number 

of iterations for (i) Methods C and (ii) Method D calculated based on the results in (a) and (b). 

In Figure 11, we compare the performance for the microcomb-based MWP transversal filter 

system that performs temporal integration. A Gaussian pulse with a full width at half maximum 

(FWHM) of ~0.2 ns generated by an AWG (Keysight) was used as the input microwave signal. The 

tap number was N = 20, which resulted in an integration window of tw = N × ∆T = ~0.7 ns. Figure 11a 

shows the temporal waveform for the input Gaussian pulse and the measured output waveforms 

when employing feedback control methods A – D. For comparison, the ideal integration result 

without any errors, the system output without feedback control, and the theoretical output assuming 

that all the system components have perfect responses are also shown. In our calculation of the ideal 

integration result and the theoretical output, we used the output waveform from the AWG captured 
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by an oscilloscope as the input signal, which helped circumvent additional errors induced by the 

difference between the practical input pulse and the ideal Gaussian pulse. As can be seen, the 

implementation of feedback control results in a closer match between the system output and the ideal 

output compared to the system without any feedback control. Among all the different feedback 

control methods, the output of Method D exhibits the closest match with the ideal integration result, 

highlighting its superiority in improving the processing accuracy.  

 

Figure 11. Performance comparison of different feedback control methods for microcomb-based 

MWP transversal filter system that performs temporal integration. (a) Measured output waveforms 

when employing feedback control methods A – D. For comparison, the waveforms for the input 

Gaussian pulse, the ideal integration result without any errors, the theoretical output assuming that 

all the system components have perfect responses, and the system output without feedback control 

are also shown. The shaded area represents the integration window of tw = 0.7 ns. (b) Root mean square 

errors (RMSEs) between the ideal integration result and the other results in (a). The results for the 

theoretical system output assuming that all the system components have perfect responses and the 

integration result without feedback control are denoted as ‘Theo.’ and ‘W/O’, respectively. (c) RMSEs 

versus system running time for the system without feedback control and with feedback control based 

on Method D. 

Figure 11b shows the RMSEs between the ideal output and the other results in Figure 11a. The 

RMSE for the theoretical output assuming that all the system components have perfect responses is 

induced by the theoretical limitation of the transversal filter system, which arises from the theoretical 

approximation of a continuous impulse response (that corresponds to an infinite tap number) using 

a practical system having a finite tap number. The RMSE values for Methods A and B are higher than 

those for Methods C and D, showing a trend similar to the results in Figures 9 and 10 and further 

confirming the improved performance for the two-stage feedback control. Although Method D 

exhibits the lowest RMSE value among the four methods, it is still higher than the RMSE for the 

theoretical output, indicating that there were remaining errors in the system that cannot be 

compensated by employing the current feedback control methods. These errors were mainly fast 

varying errors, such as the amplitude and phase errors induced by microcombs and the PD. 

To assess the system’s stability in operating for a long time, we measured the system outputs 

both with the implementation of feedback control based on Method D and without feedback control. 

The outputs were recorded every 30 minutes, spanning a period of 5 hours. Figure 11c shows the 

calculated RMSEs based on the recorded system outputs versus running time. As can be seen, the 

absence of feedback control resulted in an obvious decline in the processing accuracy as the system 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 17 

 

ran over time. In contrast, the implementation of feedback control enabled the system to maintain 

stable operation with a high level of processing accuracy over a significantly extended duration. 

These results further highlight the importance of implementing feedback control in practical systems. 

We also compare the performance for the microcomb-based MWP transversal filter system that 

performs low-pass filtering. Figure 12a shows the measured RF response of the system recorded by 

a vector network analyzer (VNA, Anritsu) when implementing feedback control based on Methods 

A – D. The RF response for the system without feedback control and the theoretical RF response 

calculated based on Equation (1) assuming that all the system components have perfect response are 

also shown for comparison. As expected, incorporating feedback control leads to a more accurate 

alignment between the response of the practical system and the theoretical response. Similar to that 

in Figure 11a, the system response when employing feedback control based on Method D exhibits 

the lowest discrepancies in comparison to the theoretical response. Figure 12b shows the calculated 

RMSEs between the theoretical RF response and the measured RF response based on the results in 

Figure 12a. Figure 12c compares the RMSEs versus running time for the systems with feedback 

control based on Method D and without feedback control. The results in these figures show similar 

trends as those in Figure 11b,c, which confirms that the implementation of feedback control works 

for not only temporal processing but also spectral filtering. 

 

Figure 12. Performance comparison of different feedback control methods for microcomb-based 

MWP transversal filter system that performs low-pass filtering. (a) Measured RF response when 

employing feedback control Methods A – D. For comparison, the theoretical RF response assuming 

that all the system components have perfect responses and the RF response without feedback control 

are also shown. (b) RMSEs between the theoretical RF response and the other results in (a). The result 

for the system without feedback control is denoted as ‘W/O’. (c) RMSEs versus system running time 

for the system without feedback control and with feedback control based on Method D. 

V. Discussion 

Feedback control techniques play an important role across various applications due to their 

capability to improve both system accuracy and stability. As evidenced by our results in previous 

sections, feedback control in microcomb-based MWP transversal filter systems can effectively reduce 

errors caused by experimental components and enhance the system stability in working for long 

times. Despite this, though, there are still challenges that need to be addressed. In this section, we 

discuss the limitations and future prospects for further improving the feedback control performance.  

Achieving stable mode-locking of optical microcombs is critical for their practical applications, 

including their use in MWP transversal filter systems. In our previous discussion, we assumed that 

the generated microcomb was stable and did not account for the errors induced by the microcomb’s 
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instability in the feedback control, while this needs to be considered for application scenarios that 

require the system to operate for long time periods. In the past decade, many approaches have been 

proposed to achieve stable mode-locking of microcombs, such as frequency scanning [45], power 

kicking [46], forward and backward tuning [47], two-colour pumping [48], EO modulation [49], self-

injection locking [50], filter-driven FWM [51], integrated heaters [52], and self-referencing [53], 

cryogenic cooling [54], auxiliary laser heating [55], and nonlinear dynamics engineering [56]. 

Recently, significant progress has also been achieved in turnkey soliton microcomb generation [56] 

and piezoelectric feedback control of microcombs via integrated actuators [57]. These methods open 

up new avenues towards achieving mode-locking of microcombs with high stability in practical 

applications. 

The performance of feedback control in microcomb-based MWP transversal filter systems is also 

affected by the monitoring instruments such as the OSA and oscilloscope. To achieve precise spectral 

power reshaping, a high sampling resolution of the OSA is needed for detailed capture of fine optical 

spectral characteristics. On the other hand, the high sampling resolution also results in a large number 

of sampling points, which increases the processing time and hence the overall feedback control time. 

As a result, there is a trade-off that needs to be considered when selecting the resolution of OSA in 

practical applications. For impulse response reshaping, utilizing the oscilloscope’s averaging 

function, which involves capturing waveforms for multiple times and then averaging them point by 

point, can be effective in minimizing the influence of noises and improving the accuracy of feedback 

control. Nevertheless, this could also result in the increase of processing time and the overall feedback 

control time, which introduces another trade-off in the selection of the averaging times of 

oscilloscope.  

Recently, there has been significant progress towards monolithically integrated microcomb-

based MWP transversal filter systems [14]. Although employing integrated microcomb sources to 

replace discrete laser arrays already brings many benefits in terms of SWaP, cost, and complexity, 

there is much more to be gained by further increasing the integration level of the overall system. 

Figure 13 shows the schematic of an on-chip microcomb-based MWP transversal filter system, where 

the CW laser, optical amplifier, EO modulator, dispersive module, optical spectral shaping module, 

and PD are all implemented in their integrated forms. In principle, all the components in the 

microcomb-based MWP transversal filter system can be integrated on the same chip, and on-chip CW 

lasers [58], optical amplifiers [59], EO modulators [60], dispersive elements [61], optical spectral 

shapers [62,63], and PDs [64] have all been demonstrated. On the basis of these integrated 

components, some complicated subsystems such as microcomb generation module consisting of 

heterogeneously integrated pump lasers and microresonators [65] and spectral shaping arrays [66,67] 

have also been realized. 
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Figure 13. A schematic showing the concept of a monolithically integrated microcomb-based MWP 

transversal filter system. CW laser: continuous-wave laser. MRR: microring resonator. EOM: electro-

optic Mach-Zehnder modulator. PD: photodetector. ART: anti-reflection termination. 

For on-chip microcomb-based MWP transversal filter systems, feedback control is also needed 

to improve the shaping accuracy and system stability, although the development of feedback control 

technologies in these systems is still in its nascent stages. Except for the previously mentioned 

methods for achieving stable mode-locking in the microcomb generation module, the transversal 

filter module also needs feedback control to compensate the comb shaping errors induced by 

different components such as EO modulator, dispersive module, spectral shaping module, and PD. 

The spectral power reshaping and impulse response reshaping methods discussed in Section Ⅲ can 

also be used for realizing feedback control in on-chip microcomb-based MWP transversal filter 

systems. For spectral power reshaping, the feedback control can be realized by comparing the output 

optical signal at Port B in Figure 13 with the ideal one to generate the calibrated signal that is applied 

to the microheaters in the spectral shaping module to tailor the intensity of comb line in each channel. 

For impulse response reshaping, channel-by-channel power reshaping can be realized by modulating 

the same input RF signal onto the corresponding comb line and comparing the measured RF output 

signal at Port A in Figure 13 with the designed tap weights to generate the calibrated signal for 

adjusting the microheaters. Recently, a self-calibrating photonic integrated circuits has been 

demonstrated [68], where the impulse response calibration was realized by incorporating an optical 

reference path to establish an on-chip Kramers-Kronig relationship and then employing a fast-

converging algorithm to calculate the tap-value errors from the measured and desired impulse 

responses. This offers new possibilities for realizing stable and accurate feedback control in on-chip 

microcomb [80–103] based microwave photonic transversal filter systems, [104–136]  potentially 

aided in terms of integration with the advanced functionalities offered by 2D materials [137–158].  

VI. Concluson 

In summary, we demonstrate the effectiveness of introducing of feedback control in microcomb-

based MWP transversal filter systems to improve their performance. We propose and experimentally 

demonstrate four different feedback control methods. The experimental results show that the 

implementation of feedback control enhances not only the accuracy of comb line shaping, temporal 

signal processing, and spectral filtering, but also the system stability in working for long times. In 

addition, the two-stage synergic spectral power reshaping and impulse response reshaping exhibited 

the best performance in improving the system performance among the four methods. Finally, we 

discuss the challenges and prospects for improving the performance of feedback control in the 

systems implemented by both discrete components and integrated chips. These results provide a 

useful guide for the implementation of feedback control in microcomb-based MWP filter systems, 

which paves the way for improving their performance in practical applications.  

References 

1. X. Xu, M. Tan, B. Corcoran, J. Wu, A. Boes, T. G. Nguyen, S. T. Chu, B. E. Little, D. G. Hicks, R. Morandotti, 

A. Mitchell, and D. J. Moss, “11 TOPS photonic convolutional accelerator for optical neural networks,” 

Nature, vol. 589, no. 7840, pp. 44-51, 2021/01/01, 2021. 

2. X. Xu, M. Tan, J. Wu, A. Boes, B. Corcoran, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, 

and D. J. Moss, “Photonic RF and Microwave Integrator Based on a Transversal Filter With Soliton Crystal 

Microcombs,” Ieee Transactions on Circuits and Systems Ii-Express Briefs, vol. 67, no. 12, pp. 3582-3586, Dec, 

2020. 

3. M. Tan, X. Xu, B. Corcoran, J. Wu, A. Boes, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, 

and D. J. Moss, “RF and Microwave Fractional Differentiator Based on Photonics,” Ieee Transactions on 

Circuits and Systems Ii-Express Briefs, vol. 67, no. 11, pp. 2767-2771, Nov, 2020. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 20 

 

4. X. Xu, M. Tan, B. Corcoran, J. Wu, T. G. Nguyen, A. Boes, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, 

D. G. Hicks, and D. J. Moss, “Photonic Perceptron Based on a Kerr Microcomb for High-Speed, Scalable, 

Optical Neural Networks,” Laser & Photonics Reviews, vol. 14, no. 10, pp. 10, Oct, 2020. 

5. J. Capmany, B. Ortega, D. Pastor, and S. Sales, “Discrete-time optical processing of microwave signals,” 

Journal of Lightwave Technology, vol. 23, no. 2, pp. 702-723, 2005. 

6. J. Wu, X. Xu, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, “RF Photonics: 

An Optical Microcombs’ Perspective,” IEEE Journal of Selected Topics in Quantum Electronics, vol. 24, no. 4, 

pp. 1-20, 2018. 

7. J. Hu, J. He, J. Liu, A. S. Raja, M. Karpov, A. Lukashchuk, T. J. Kippenberg, and C.-S. Brès, “Reconfigurable 

radiofrequency filters based on versatile soliton microcombs,” Nature Communications, vol. 11, no. 1, pp. 

4377, 2020/09/01, 2020. 

8. J. Capmany, and D. Novak, “Microwave photonics combines two worlds,” Nature Photonics, vol. 1, no. 6, 

pp. 319-330, 2007/06/01, 2007. 

9. D. Marpaung, J. Yao, and J. Capmany, “Integrated microwave photonics,” Nature Photonics, vol. 13, no. 2, 

pp. 80-90, 2019/02/01, 2019. 

10. S. Mansoori, and A. Mitchell, “RF transversal filter using an AOTF,” IEEE Photonics Technology Letters, vol. 

16, no. 3, pp. 879-881, 2004. 

11. J. Zhang, and J. Yao, “Photonic true-time delay beamforming using a switch-controlled wavelength-

dependent recirculating loop,” Journal of Lightwave Technology, vol. 34, no. 16, pp. 3923-3929, 2016. 

12. L. Zhang, M. Li, N. Shi, X. Zhu, S. Sun, J. Tang, W. Li, and N. Zhu, “Photonic true time delay beamforming 

technique with ultra-fast beam scanning,” Optics express, vol. 25, no. 13, pp. 14524-14532, 2017. 

13. G. Yu, W. Zhang, and J. Williams, “High-performance microwave transversal filter using fiber Bragg 

grating arrays,” IEEE Photonics Technology Letters, vol. 12, no. 9, pp. 1183-1185, 2000. 

14. D. B. Hunter, R. A. Minasian, and P. A. Krug, "Tunable optical transversal filter based on chirped gratings," 

Electronics Letters, 31, 19951495, 1995]. 

15. Y. Liu, J. Yao, and J. Yang, “Wideband true-time-delay unit for phased array beamforming using discrete-

chirped fiber grating prism,” Optics Communications, vol. 207, no. 1-6, pp. 177-187, 2002. 

16. Y. Sun, J. Wu, M. Tan, X. Xu, Y. Li, R. Morandotti, A. Mitchell, and D. J. Moss, “Applications of optical 

microcombs,” Advances in Optics and Photonics, vol. 15, no. 1, pp. 86-175, 2023/03/31, 2023. 

17. H. Shu, L. Chang, Y. Tao, B. Shen, W. Xie, M. Jin, A. Netherton, Z. Tao, X. Zhang, R. Chen, B. Bai, J. Qin, S. 

Yu, X. Wang, and J. E. Bowers, “Microcomb-driven silicon photonic systems,” Nature, vol. 605, no. 7910, 

pp. 457-463, 2022/05/01, 2022. 

18. D. J. Moss, R. Morandotti, A. L. Gaeta, and M. Lipson, “New CMOS-compatible platforms based on silicon 

nitride and Hydex for nonlinear optics,” Nature Photonics, vol. 7, no. 8, pp. 597-607, Aug, 2013. 

19. A. Pasquazi, M. Peccianti, L. Razzari, D. J. Moss, S. Coen, M. Erkintalo, Y. K. Chembo, T. Hansson, S. 

Wabnitz, P. Del’Haye, X. Xue, A. M. Weiner, and R. Morandotti, “Micro-combs: A novel generation of 

optical sources,” Physics Reports, vol. 729, pp. 1-81, 2018/01/27/, 2018. 

20. A. L. Gaeta, M. Lipson, and T. J. Kippenberg, “Photonic-chip-based frequency combs,” Nature Photonics, 

vol. 13, no. 3, pp. 158-169, 2019/03/01, 2019. 

21. V. R. Supradeepa, C. M. Long, R. Wu, F. Ferdous, E. Hamidi, D. E. Leaird, and A. M. Weiner, “Comb-based 

radiofrequency photonic filters with rapid tunability and high selectivity,” Nature Photonics, vol. 6, no. 3, 

pp. 186-194, 2012/03/01, 2012. 

22. E. Hamidi, D. E. Leaird, and A. M. Weiner, “Tunable Programmable Microwave Photonic Filters Based on 

an Optical Frequency Comb,” IEEE Transactions on Microwave Theory and Techniques, vol. 58, no. 11, pp. 

3269-3278, 2010. 

23. A. J. Metcalf, H. J. Kim, D. E. Leaird, J. A. Jaramillo Villegas, K. A. McKinzie, V. Lal, A. Hosseini, G. E. 

Hoefler, F. Kish, and A. M. Weiner, “Integrated line-by-line optical pulse shaper for high-fidelity and 

rapidly reconfigurable RF-filtering,” Optics Express, vol. 24, no. 21, pp. 23925-23940, 2016/10/17, 2016. 

24. D. J. Jones, S. A. Diddams, J. K. Ranka, A. Stentz, R. S. Windeler, J. L. Hall, and S. T. Cundiff, “Carrier-

envelope phase control of femtosecond mode-locked lasers and direct optical frequency synthesis,” Science, 

vol. 288, no. 5466, pp. 635-639, 2000. 

25. J. Kim, and Y. Song, “Ultralow-noise mode-locked fiber lasers and frequency combs: principles, status, and 

applications,” Advances in Optics and Photonics, vol. 8, no. 3, pp. 465-540, 2016. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 21 

 

26. X. Xu, J. Wu, M. Shoeiby, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, 

“Reconfigurable broadband microwave photonic intensity differentiator based on an integrated optical 

frequency comb source,” Apl Photonics, vol. 2, no. 9, pp. 10, Sep, 2017. 

27. T. G. Nguyen, M. Shoeiby, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, “Integrated 

frequency comb source based Hilbert transformer for wideband microwave photonic phase analysis,” 

Optics Express, vol. 23, no. 17, pp. 22087-22097, Aug, 2015. 

28. M. Tan, X. Xu, B. Corcoran, J. Wu, A. Boes, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, 

and D. J. Moss, “Microwave and RF Photonic Fractional Hilbert Transformer Based on a 50 GHz Kerr 

Micro-Comb,” Journal of Lightwave Technology, vol. 37, no. 24, pp. 6097-6104, Dec, 2019. 

29. M. Tan, X. Xu, A. Boes, B. Corcoran, J. Wu, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, 

and D. J. Moss, “Photonic RF Arbitrary Waveform Generator Based on a Soliton Crystal Micro-Comb 

Source,” Journal of Lightwave Technology, vol. 38, no. 22, pp. 6221-6226, Nov, 2020. 

30. B. Wang, Z. Yang, S. Sun, and X. Yi, “Radio-frequency line-by-line Fourier synthesis based on optical soliton 

microcombs,” Photonics Research, vol. 10, no. 4, pp. 932, 2022. 

31. X. Xu, M. Tan, J. Wu, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, 

“Advanced Adaptive Photonic RF Filters with 80 Taps Based on an Integrated Optical Micro-Comb 

Source,” Journal of Lightwave Technology, vol. 37, no. 4, pp. 1288-1295, Feb, 2019. 

32. M. Tan, X. Xu, A. Boes, C. Bill, G. N. Thach, T. C. Sai, E. L. Brent, R. Morandotti, W. Jiayang, A. Mitchell, 

and M. David, “Photonic signal processor for real-time video image processing at 17 Tb/s based on a Kerr 

microcomb,” Nature Communications Engineering, vol. 2, 2023. 

33. J. Feldmann, N. Youngblood, M. Karpov, H. Gehring, X. Li, M. Stappers, M. Le Gallo, X. Fu, A. Lukashchuk, 

A. S. Raja, J. Liu, C. D. Wright, A. Sebastian, T. J. Kippenberg, W. H. P. Pernice, and H. Bhaskaran, “Parallel 

convolutional processing using an integrated photonic tensor core,” Nature, vol. 589, no. 7840, pp. 52-58, 

2021/01/01, 2021. 

34. B. Bai, Q. Yang, H. Shu, L. Chang, F. Yang, B. Shen, Z. Tao, J. Wang, S. Xu, W. Xie, W. Zou, W. Hu, J. E. 

Bowers, and X. Wang, “Microcomb-based integrated photonic processing unit,” Nature Communications, 

vol. 14, no. 1, pp. 66, 2023/01/05, 2023. 

35. Y. Sun, J. Wu, Y. Li, M. Tan, X. Xu, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, 

“Quantifying the Accuracy of Microcomb-Based Photonic RF Transversal Signal Processors,” IEEE Journal 

of Selected Topics in Quantum Electronics, vol. 29, no. 6: Photonic Signal Processing, pp. 1-17, 2023. 

36. Yang Sun, Jiayang Wu, Yang Li, Xingyuan Xu, Guanghui Ren, Mengxi Tan, Sai Tak Chu, Brent E. Little, 

Roberto Morandotti, A. Mitchell, and D. J. Moss, “Optimizing the performance of microcomb based 

microwave photonic transversal signal processors,” Journal of Lightwave Technology, vol. 41, no. Special Issue 

on Microwave Photonics, 2023. 

37. Y. Li, Yang Sun, Jiayang Wu, Guanghui Ren, Roberto Morandotti, Mengxi Tan, Xingyuan Xu, Arnan 

Mitchell, and D. J. Moss, “Performance analysis of microwave photonic spectral filters based on optical 

microcombs,” Optics and Lasers in Engineering, vol. in press, 2023. 

38. J. H. Cafarella, "Programmable Transversal Filters: Applications and Capabilities." pp. 31-42. 

39. A. Chandra, and S. Chattopadhyay, “Design of hardware efficient FIR filter: A review of the state-of-the-

art approaches,” Engineering Science and Technology, an International Journal, vol. 19, no. 1, pp. 212-226, 

2016/03/01/, 2016. 

40. A. K. Dwivedi, S. Ghosh, and N. D. Londhe, “Review and Analysis of Evolutionary Optimization-Based 

Techniques for FIR Filter Design,” Circuits, Systems, and Signal Processing, vol. 37, no. 10, pp. 4409-4430, 

2018/10/01, 2018. 

41. J. Y. Wu, X. Y. Xu, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, “RF 

Photonics: An Optical Microcombs' Perspective,” Ieee Journal of Selected Topics in Quantum Electronics, vol. 

24, no. 4, pp. 20, Jul-Aug, 2018. 

42. X. Xu, M. Tan, J. Wu, R. Morandotti, A. Mitchell, and D. J. Moss, “Microcomb-Based Photonic RF Signal 

Processing,” IEEE Photonics Technology Letters, vol. 31, no. 23, pp. 1854-1857, Dec, 2019. 

43. J. Miao, and F. Zhang, “Recent progress on highly sensitive perovskite photodetectors,” Journal of Materials 

Chemistry C, vol. 7, no. 7, pp. 1741-1791, 2019. 

44. L. Razzari, D. Duchesne, M. Ferrera, R. Morandotti, S. Chu, B. E. Little, and D. J. Moss, “CMOS-compatible 

integrated optical hyper-parametric oscillator,” Nature Photonics, vol. 4, no. 1, pp. 41-45, 2010/01/01, 2010. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 22 

 

45. B. Corcoran, M. Tan, X. Xu, A. Boes, J. Wu, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, 

and D. J. Moss, “Ultra-dense optical data transmission over standard fibre with a single chip source,” 

Nature Communications, vol. 11, no. 1, pp. 7, May, 2020. 

46. P. Del'Haye, A. Schliesser, O. Arcizet, T. Wilken, R. Holzwarth, and T. J. Kippenberg, “Optical frequency 

comb generation from a monolithic microresonator,” Nature, vol. 450, no. 7173, pp. 1214-7, Dec 20, 2007. 

47. T. Herr, V. Brasch, J. D. Jost, C. Y. Wang, N. M. Kondratiev, M. L. Gorodetsky, and T. J. Kippenberg, 

“Temporal solitons in optical microresonators,” Nature Photonics, vol. 8, no. 2, pp. 145-152, 2014. 

48. M. Karpov, H. Guo, A. Kordts, V. Brasch, M. H. P. Pfeiffer, M. Zervas, M. Geiselmann, and T. J. Kippenberg, 

“Raman Self-Frequency Shift of Dissipative Kerr Solitons in an Optical Microresonator,” Physical Review 

Letters, vol. 116, no. 10, pp. 103902, 03/11/, 2016. 

49. Z. Gong, A. Bruch, M. Shen, X. Guo, H. Jung, L. Fan, X. Liu, L. Zhang, J. Wang, J. Li, J. Yan, and H. X. Tang, 

“High-fidelity cavity soliton generation in crystalline AlN micro-ring resonators,” Optics Letters, vol. 43, 

no. 18, pp. 4366-4369, 2018/09/15, 2018. 

50. H. Guo, M. Karpov, E. Lucas, A. Kordts, M. H. Pfeiffer, V. Brasch, G. Lihachev, V. E. Lobanov, M. L. 

Gorodetsky, and T. J. Kippenberg, “Universal dynamics and deterministic switching of dissipative Kerr 

solitons in optical microresonators,” Nature Physics, vol. 13, no. 1, pp. 94-102, 2017. 

51. D. V. Strekalov, and N. Yu, “Generation of optical combs in a whispering gallery mode resonator from a 

bichromatic pump,” Physical Review A, vol. 79, no. 4, pp. 041805, 04/16/, 2009. 

52. T. Hansson, and S. Wabnitz, “Bichromatically pumped microresonator frequency combs,” Physical Review 

A, vol. 90, no. 1, pp. 013811, 07/10/, 2014. 

53. W. Wang, S. T. Chu, B. E. Little, A. Pasquazi, Y. Wang, L. Wang, W. Zhang, L. Wang, X. Hu, G. Wang, H. 

Hu, Y. Su, F. Li, Y. Liu, and W. Zhao, “Dual-pump Kerr Micro-cavity Optical Frequency Comb with varying 

FSR spacing,” Scientific Reports, vol. 6, no. 1, pp. 28501, 2016/06/24, 2016. 

54. P. Del’Haye, S. B. Papp, and S. A. Diddams, “Hybrid Electro-Optically Modulated Microcombs,” Physical 

Review Letters, vol. 109, no. 26, pp. 263901, 12/26/, 2012. 

55. S. B. Papp, P. Del’Haye, and S. A. Diddams, “Parametric seeding of a microresonator optical frequency 

comb,” Optics Express, vol. 21, no. 15, pp. 17615-17624, 2013/07/29, 2013. 

56. S. B. Papp, K. Beha, P. Del'Haye, F. Quinlan, H. Lee, K. J. Vahala, and S. A. Diddams, “Microresonator 

frequency comb optical clock,” Optica, vol. 1, no. 1, pp. 10-14, Jul, 2014. 

57. X. Yi, Q. F. Yang, K. Y. Yang, M. G. Suh, and K. Vahala, “Soliton frequency comb at microwave rates in a 

high-Q silica microresonator,” Optica, vol. 2, no. 12, pp. 1078-1085, 2015/12/20, 2015. 

58. V. Brasch, M. Geiselmann, M. H. P. Pfeiffer, and T. J. Kippenberg, “Bringing short-lived dissipative Kerr 

soliton states in microresonators into a steady state,” Optics Express, vol. 24, no. 25, pp. 29312-29320, 

2016/12/12, 2016. 

59. V. Brasch, M. Geiselmann, T. Herr, G. Lihachev, M. H. P. Pfeiffer, M. L. Gorodetsky, and T. J. Kippenberg, 

“Photonic chip-based optical frequency comb using soliton Cherenkov radiation,” Science, vol. 351, no. 

6271, pp. 357-360, 2016. 

60. P. Del’Haye, K. Beha, S. B. Papp, and S. A. Diddams, “Self-Injection Locking and Phase-Locked States in 

Microresonator-Based Optical Frequency Combs,” Physical Review Letters, vol. 112, no. 4, pp. 043905, 01/29/, 

2014. 

61. W. Liang, A. A. Savchenkov, Z. D. Xie, J. F. McMillan, J. Burkhart, V. S. Ilchenko, C. W. Wong, A. B. Matsko, 

and L. Maleki, “Miniature multioctave light source based on a monolithic microcavity,” Optica, vol. 2, no. 

1, pp. 40-47, Jan, 2015. 

62. W. Liang, D. Eliyahu, V. S. Ilchenko, A. A. Savchenkov, A. B. Matsko, D. Seidel, and L. Maleki, “High 

spectral purity Kerr frequency comb radio frequency photonic oscillator,” Nature Communications, vol. 6, 

no. 1, pp. 7957, 2015/08/11, 2015. 

63. H. Bao, A. Cooper, M. Rowley, L. Di Lauro, J. S. Totero Gongora, S. T. Chu, B. E. Little, G.-L. Oppo, R. 

Morandotti, D. J. Moss, B. Wetzel, M. Peccianti, and A. Pasquazi, “Laser cavity-soliton microcombs,” Nature 

Photonics, vol. 13, no. 6, pp. 384-389, 2019/06/01, 2019. 

64. M. Peccianti, A. Pasquazi, Y. Park, B. E. Little, S. T. Chu, D. J. Moss, and R. Morandotti, “Demonstration of 

a stable ultrafast laser based on a nonlinear microcavity,” Nature Communications, vol. 3, no. 1, pp. 765, 

2012/04/03, 2012. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 23 

 

65. M. Rowley, P.-H. Hanzard, A. Cutrona, H. Bao, S. T. Chu, B. E. Little, R. Morandotti, D. J. Moss, G. L. Oppo, 

J. S. Totero Gongora, M. Peccianti, and A. Pasquazi, “Self-emergence of robust solitons in a microcavity,” 

Nature, vol. 608, no. 7922, pp. 303-309, 2022/08/01, 2022. 

66. X. Xue, Y. Xuan, Y. Liu, P. H. Wang, S. Chen, J. Wang, D. E. Leaird, M. Qi, and A. M. Weiner, “Mode-locked 

dark pulse Kerr combs in normal-dispersion microresonators,” Nature Photonics, vol. 9, no. 9, pp. 594-600, 

2015/09/01, 2015. 

67. X. Xue, Y. Xuan, P. H. Wang, Y. Liu, D. E. Leaird, M. Qi, and A. M. Weiner, “Normal-dispersion microcombs 

enabled by controllable mode interactions,” Laser & Photonics Reviews, vol. 9, no. 4, pp. L23-L28, 2015. 

68. C. Joshi, J. K. Jang, K. Luke, X. Ji, S. A. Miller, A. Klenner, Y. Okawachi, M. Lipson, and A. L. Gaeta, 

“Thermally controlled comb generation and soliton modelocking in microresonators,” Optics Letters, vol. 

41, no. 11, pp. 2565-2568, 2016/06/01, 2016. 

69. P. Del'Haye, A. Coillet, T. Fortier, K. Beha, D. C. Cole, K. Y. Yang, H. Lee, K. J. Vahala, S. B. Papp, and S. A. 

Diddams, “Phase-coherent microwave-to-optical link with a self-referenced microcomb,” Nature Photonics, 

vol. 10, no. 8, pp. 516-520, 2016/08/01, 2016. 

70. V. Brasch, E. Lucas, J. D. Jost, M. Geiselmann, and T. J. Kippenberg, “Self-referenced photonic chip soliton 

Kerr frequency comb,” Light: Science & Applications, vol. 6, no. 1, pp. e16202-e16202, 2017/01/01, 2017. 

71. X. Liu, Z. Gong, A. W. Bruch, J. B. Surya, J. Lu, and H. X. Tang, “Aluminum nitride nanophotonics for 

beyond-octave soliton microcomb generation and self-referencing,” Nature Communications, vol. 12, no. 1, 

pp. 5428, 2021/09/14, 2021. 

72. G. Moille, L. Chang, W. Xie, A. Rao, X. Lu, M. Davanço, J. E. Bowers, and K. Srinivasan, “Dissipative Kerr 

Solitons in a III-V Microresonator,” Laser & Photonics Reviews, vol. 14, no. 8, pp. 2000022, 2020. 

73. J. Liu, H. Tian, E. Lucas, A. S. Raja, G. Lihachev, R. N. Wang, J. He, T. Liu, M. H. Anderson, W. Weng, S. A. 

Bhave, and T. J. Kippenberg, “Monolithic piezoelectric control of soliton microcombs,” Nature, vol. 583, no. 

7816, pp. 385-390, 2020/07/01, 2020. 

74. B. Shen, L. Chang, J. Liu, H. Wang, Q. Yang, C. Xiang, R. Wang, J. He, T. Liu, W. Xie, J. Guo, D. Kinghorn, 

L. Wu, Q. Ji, T. J. Kippenberg, K. Vahala, and J. E. Bowers, “Integrated turnkey soliton microcombs,” Nature, 

vol. 582, no. 7812, pp. 365-369, Jun, 2020. 

75. G. H. Smith, D. Novak, and Z. Ahmed, “Overcoming chromatic-dispersion effects in fiber-wireless systems 

incorporating external modulators,” IEEE Transactions on Microwave Theory and Techniques, vol. 45, no. 8, 

pp. 1410-1415, 1997. 

76. G. Li, “Recent advances in coherent optical communication,” Advances in Optics and Photonics, vol. 1, no. 2, 

pp. 279-307, 2009/04/30, 2009. 

77. X. Xu, G. Ren, T. Feleppa, X. Liu, A. Boes, A. Mitchell, and A. J. Lowery, “Self-calibrating programmable 

photonic integrated circuits,” Nature Photonics, vol. 16, no. 8, pp. 595-602, 2022/08/01, 2022. 

78. X. Xu, G. Ren, A. Dubey, T. Feleppa, X. Liu, A. Boes, A. Mitchell, and A. J. Lowery, “Phase retrieval of 

programmable photonic integrated circuits based on an on-chip fractional-delay reference path,” Optica, 

vol. 9, no. 12, pp. 1401, 2022. 

79. B. Bai, Q. Yang, H. Shu, L. Chang, F. Yang, B. Shen, Z. Tao, J. Wang, S. Xu, W. Xie, W. Zou, W. Hu, J. E. 

Bowers, and X. Wang, “Microcomb-based integrated photonic processing unit,” Nat Commun, vol. 14, no. 

1, pp. 66, Jan 5, 2023. 

80. Bao, C., et al., Direct soliton generation in microresonators, Opt. Lett, 42, 2519 (2017). 

81. M.Ferrera et al., “CMOS compatible integrated all-optical RF spectrum analyzer”, Optics Express, vol. 22, 

no. 18, 21488 - 21498 (2014). 

82. M. Kues, et al., “Passively modelocked laser with an ultra-narrow spectral width”, Nature Photonics, vol. 

11, no. 3, pp. 159, 2017.  

83. L. Razzari, et al., “CMOS-compatible integrated optical hyper-parametric oscillator,” Nature Photonics, 

vol. 4, no. 1, pp. 41-45, 2010. 

84. M. Ferrera, et al., “Low-power continuous-wave nonlinear optics in doped silica glass integrated 

waveguide structures,” Nature Photonics, vol. 2, no. 12, pp. 737-740, 2008. 

85. M.Ferrera et al.“On-Chip ultra-fast 1st and 2nd order CMOS compatible all-optical integration”, Opt. 

Express, vol. 19, (23) pp. 23153-23161 (2011). 

86. D. Duchesne, M. Peccianti, M. R. E. Lamont, et al., “Supercontinuum generation in a high index doped 

silica glass spiral waveguide,” Optics Express, vol. 18, no, 2, pp. 923-930, 2010.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 24 

 

87. H Bao, L Olivieri, M Rowley, ST Chu, BE Little, R Morandotti, DJ Moss, ... “Turing patterns in a fiber laser 

with a nested microresonator: Robust and controllable microcomb generation”, Physical Review Research 

2 (2), 023395 (2020). 

88. M. Ferrera, et al., “On-chip CMOS-compatible all-optical integrator”, Nature Communications, vol. 1, 

Article 29, 2010.  

89. A. Pasquazi, et al., “All-optical wavelength conversion in an integrated ring resonator,” Optics Express, 

vol. 18, no. 4, pp. 3858-3863, 2010. 

90. A.Pasquazi, Y. Park, J. Azana, et al., “Efficient wavelength conversion and net parametric gain via Four 

Wave Mixing in a high index doped silica waveguide,” Optics Express, vol. 18, no. 8, pp. 7634-7641, 2010. 

91. M. Peccianti, M. Ferrera, L. Razzari, et al., “Subpicosecond optical pulse compression via an integrated 

nonlinear chirper,” Optics Express, vol. 18, no. 8, pp. 7625-7633, 2010. 

92. Little, B. E. et al., “Very high-order microring resonator filters for WDM applications”, IEEE Photonics 

Technol. Lett. 16, 2263–2265 (2004). 

93. M. Ferrera et al., “Low Power CW Parametric Mixing in a Low Dispersion High Index Doped Silica Glass 

Micro-Ring Resonator with Q-factor > 1 Million”, Optics Express, vol.17, no. 16, pp. 14098–14103 (2009).  

94. M. Peccianti, et al., “Demonstration of an ultrafast nonlinear microcavity modelocked laser”, Nature 

Communications, vol. 3, pp. 765, 2012.   

95. A.Pasquazi, et al., “Self-locked optical parametric oscillation in a CMOS compatible microring resonator: a 

route to robust optical frequency comb generation on a chip,” Optics Express, vol. 21, no. 11, pp. 13333-

13341, 2013. 

96. A.Pasquazi, et al., “Stable, dual mode, high repetition rate mode-locked laser based on a microring 

resonator,” Optics Express, vol. 20, no. 24, pp. 27355-27362, 2012. 

97. Pasquazi, A. et al. Micro-combs: a novel generation of optical sources. Physics Reports 729, 1-81 (2018). 

98. Moss, D. J. et al., “New CMOS-compatible platforms based on silicon nitride and Hydex for nonlinear optics”, Nature 

photonics 7, 597 (2013). 

99. H. Bao, et al., Laser cavity-soliton microcombs, Nature Photonics, vol. 13, no. 6, pp. 384-389, Jun. 2019.  

100. Antonio Cutrona, Maxwell Rowley, Debayan Das, Luana Olivieri, Luke Peters, Sai T. Chu, Brent L. Little, 

Roberto Morandotti, David J. Moss, Juan Sebastian Totero Gongora, Marco Peccianti, Alessia Pasquazi, 

“High Conversion Efficiency in Laser Cavity-Soliton Microcombs”, Optics Express Vol. 30, Issue 22, pp. 

39816-39825 (2022). https://doi.org/10.1364/OE.470376. 

101. M.Rowley, P.Hanzard, A.Cutrona, H.Bao, S.Chu, B.Little, R.Morandotti, D. J. Moss, G. Oppo, J. Gongora, M. Peccianti 

and A. Pasquazi, “Self-emergence of robust solitons in a micro-cavity”, Nature 608 (7922) 303–309 (2022). 

102. A. Cutrona, M. Rowley, A. Bendahmane, V. Cecconi,L. Peters, L. Olivieri, B. E. Little, S. T. Chu, S. Stivala, 

R. Morandotti, D. J. Moss, J. S. Totero-Gongora, M. Peccianti, A. Pasquazi, “Nonlocal bonding of a soliton 

and a blue-detuned state in a microcomb laser”,  Nature Communications Physics 6 (2023). 

103. A. Cutrona, M. Rowley, A. Bendahmane, V. Cecconi,L. Peters, L. Olivieri, B. E. Little, S. T. Chu, S. Stivala, 

R. Morandotti, D. J. Moss, J. S. Totero-Gongora, M. Peccianti, A. Pasquazi, “Stability Properties of Laser 

Cavity-Solitons for Metrological Applications”, Applied Physics Letters 122 (12) 121104 (2023);  

104. X. Xu, J. Wu, M. Shoeiby, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and D. J. Moss, 

“Reconfigurable broadband microwave photonic intensity differentiator based on an integrated optical 

frequency comb source,” APL Photonics, vol. 2, no. 9, 096104, Sep. 2017. 

105. Xu, X., et al., Photonic microwave true time delays for phased array antennas using a 49 GHz FSR 

integrated micro-comb source, Photonics Research, 6, B30-B36 (2018). 

106. X. Xu, M. Tan, J. Wu, R. Morandotti, A. Mitchell, and D. J. Moss, “Microcomb-based photonic RF signal 

processing”, IEEE Photonics Technology Letters, vol. 31 no. 23 1854-1857, 2019.  

107. Xu, et al., “Advanced adaptive photonic RF filters with 80 taps based on an integrated optical micro-comb 

source,” Journal of Lightwave Technology, vol. 37, no. 4, pp. 1288-1295 (2019). 

108. X. Xu, et al., “Photonic RF and microwave integrator with soliton crystal microcombs”, IEEE Transactions 

on Circuits and Systems II: Express Briefs, vol. 67, no. 12, pp. 3582-3586, 2020.  

109. X. Xu, et al., “High performance RF filters via bandwidth scaling with Kerr micro-combs,” APL Photonics, 

vol. 4 (2) 026102. 2019. 

110. M. Tan, et al., “Microwave and RF photonic fractional Hilbert transformer based on a 50 GHz Kerr micro-

comb”, Journal of Lightwave Technology, vol. 37, no. 24, pp. 6097 – 6104, 2019.  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 25 

 

111. M. Tan, et al., “RF and microwave fractional differentiator based on photonics”, IEEE Transactions on 

Circuits and Systems: Express Briefs, vol. 67, no.11, pp. 2767-2771, 2020.  

112. M. Tan, et al., “Photonic RF arbitrary waveform generator based on a soliton crystal micro-comb source”, 

Journal of Lightwave Technology, vol. 38, no. 22, pp. 6221-6226 (2020).  

113. M. Tan, X. Xu, J. Wu, R. Morandotti, A. Mitchell, and D. J. Moss, “RF and microwave high bandwidth signal 

processing based on Kerr Micro-combs”, Advances in Physics X, VOL. 6, NO. 1, 1838946 (2021). 

DOI:10.1080/23746149.2020.1838946. 

114. X. Xu, et al., “Advanced RF and microwave functions based on an integrated optical frequency comb 

source,” Opt. Express, vol. 26 (3) 2569 (2018). 

115. M. Tan, X. Xu, J. Wu, B. Corcoran, A. Boes, T. G. Nguyen, S. T. Chu, B. E. Little, R.Morandotti, A. Lowery, 

A. Mitchell, and D. J. Moss, “"Highly Versatile Broadband RF Photonic Fractional Hilbert Transformer 

Based on a Kerr Soliton Crystal Microcomb”, Journal of Lightwave Technology vol. 39 (24) 7581-7587 

(2021). 

116. T. G. Nguyen et al., “Integrated frequency comb source-based Hilbert transformer for wideband microwave 

photonic phase analysis,” Opt. Express, vol. 23, no. 17, pp. 22087-22097, Aug. 2015. 

117. X. Xu, et al., “Broadband RF channelizer based on an integrated optical frequency Kerr comb source,” 

Journal of Lightwave Technology, vol. 36, no. 19, pp. 4519-4526, 2018.  

118. X. Xu, et al., “Continuously tunable orthogonally polarized RF optical single sideband generator based on 

micro-ring resonators,” Journal of Optics, vol. 20, no. 11, 115701. 2018. 

119. X. Xu, et al., “Orthogonally polarized RF optical single sideband generation and dual-channel equalization 

based on an integrated microring resonator,” Journal of Lightwave Technology, vol. 36, no. 20, pp. 4808-4818. 

2018.  

120. X. Xu, et al., “Photonic RF phase-encoded signal generation with a microcomb source”, J. Lightwave 

Technology, vol. 38, no. 7, 1722-1727, 2020.     

121. X. Xu, et al., Broadband microwave frequency conversion based on an integrated optical micro-comb 

source”, Journal of Lightwave Technology, vol. 38 no. 2, pp. 332-338, 2020.  

122. M. Tan, et al., “Photonic RF and microwave filters based on 49GHz and 200GHz Kerr microcombs”, Optics 

Comm. vol. 465,125563, Feb. 22. 2020.  

123. X. Xu, et al., “Broadband photonic RF channelizer with 90 channels based on a soliton crystal microcomb”, 

Journal of Lightwave Technology, Vol. 38, no. 18, pp. 5116 – 5121 (2020). doi: 10.1109/JLT.2020.2997699. 

124. M. Tan et al, “Orthogonally polarized Photonic Radio Frequency single sideband generation with 

integrated micro-ring resonators”, IOP Journal of Semiconductors, Vol. 42 (4), 041305 (2021).  

125. Mengxi Tan, X. Xu, J. Wu, T. G. Nguyen, S. T. Chu, B. E. Little, R. Morandotti, A. Mitchell, and David J. 

Moss, “Photonic Radio Frequency Channelizers based on Kerr Optical Micro-combs”, IOP Journal of 

Semiconductors Vol. 42 (4), 041302 (2021). DOI:10.1088/1674-4926/42/4/041302.   

126. B. Corcoran, et al., “Ultra-dense optical data transmission over standard fiber with a single chip source”, 

Nature Communications, vol. 11, Article:2568, 2020.  

127. X. Xu et al, “Photonic perceptron based on a Kerr microcomb for scalable high speed optical neural 

networks”, Laser and Photonics Reviews, vol. 14, no. 8, 2000070 (2020).  DOI: 10.1002/lpor.202000070.  

128. X. Xu et al., “Neuromorphic computing based on wavelength-division multiplexing”, 28 IEEE Journal of 

Selected Topics in Quantum Electronics Vol. 29 Issue: 2, Article 7400112 (2023). 

DOI:10.1109/JSTQE.2022.3203159.   

129. Yang Sun, Jiayang Wu, Mengxi Tan, Xingyuan Xu, Yang Li, Roberto Morandotti, Arnan Mitchell, and 

David Moss, “Applications of optical micro-combs”, Advances in Optics and Photonics 15 (1) 86-175 (2023).  

DOI:10.1364/AOP.470264. 

130. Yunping Bai, Xingyuan Xu,1, Mengxi Tan, Yang Sun, Yang Li, Jiayang Wu, Roberto Morandotti, Arnan 

Mitchell, Kun Xu, and David J. Moss, “Photonic multiplexing techniques for neuromorphic computing”, 

Nanophotonics 12 (5): 795–817 (2023). DOI:10.1515/nanoph-2022-0485. 

131. Chawaphon Prayoonyong, Andreas Boes, Xingyuan Xu, Mengxi Tan, Sai T. Chu, Brent E. Little, Roberto 

Morandotti, Arnan Mitchell, David J. Moss, and Bill Corcoran, “Frequency comb distillation for optical 

superchannel transmission”, Journal of Lightwave Technology 39 (23) 7383-7392 (2021). DOI: 

10.1109/JLT.2021.3116614.  

132. Mengxi Tan, Xingyuan Xu, Jiayang Wu, Bill Corcoran, Andreas Boes, Thach G. Nguyen, Sai T. Chu, Brent 

E. Little, Roberto Morandotti, Arnan Mitchell, and David J. Moss, “Integral order photonic RF signal 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 26 

 

processors based on a soliton crystal micro-comb source”, IOP Journal of Optics 23 (11) 125701 (2021). 

https://doi.org/10.1088/2040-8986/ac2eab   

133. Yang Sun, Jiayang Wu, Yang Li, Xingyuan Xu, Guanghui Ren, Mengxi Tan, Sai Tak Chu, Brent E. Little, 

Roberto Morandotti, Arnan Mitchell, and David J. Moss, “Performance analysis of microcomb-based 

microwave photonic transversal signal processors with experimental errors”, Journal of Lightwave 

Technology Vol. 41 Special Issue on Microwave Photonics (2023).  

134. Mengxi Tan, Xingyuan Xu, Andreas Boes, Bill Corcoran, Thach G. Nguyen, Sai T. Chu, Brent E. Little, 

Roberto Morandotti, Jiayang Wu, Arnan Mitchell, and David J. Moss, “Photonic signal processor for real-

time video image processing at 17 Tb/s”, Communications Engineering Vol. 2 (2023).  

135. Mengxi Tan, Xingyuan Xu, Jiayang Wu, Roberto Morandotti, Arnan Mitchell, and David J. Moss, “Photonic 

RF and microwave filters based on 49GHz and 200GHz Kerr microcombs”, Optics Communications, 465, 

Article: 125563 (2020).  

136. Yang Sun, Jiayang Wu, Yang Li, Mengxi Tan, Xingyuan Xu, Sai Chu, Brent Little, Roberto Morandotti, 

Arnan Mitchell, and David J. Moss,  “Quantifying the Accuracy of Microcomb-based Photonic RF 

Transversal Signal Processors”, IEEE Journal of Selected Topics in Quantum Electronics 29 no. 6, pp. 1-17, 

Art no. 7500317 (2023). 10.1109/JSTQE.2023.3266276. 

137. Yuning Zhang, Jiayang Wu, Yang Qu, Yunyi Yang, Linnan Jia, Baohua Jia, and David J. Moss, “Enhanced 

supercontinuum generated in SiN waveguides coated with GO films”, Advanced Materials Technologies 8  (1) 

2201796 (2023). DOI: 10.1002/admt.202201796. 

138. Yuning Zhang, Jiayang Wu, Linnan Jia, Yang Qu, Baohua Jia, and David J. Moss, “Graphene oxide for nonlinear 

integrated photonics”, Laser and Photonics Reviews 17  2200512  (2023).  

139. Jiayang Wu, H. Lin, D. J. Moss, T.K. Loh, Baohua Jia, “Graphene oxide: new opportunities for electronics, photonics, 

and optoelectronics”, Nature Reviews Chemistry 7 (3) 162–183 (2023). DOI:10.1038/s41570-022-00458-7. 

140. Yang Qu, Jiayang Wu, Yuning Zhang, Yunyi Yang, Linnan Jia, Baohua Jia, and David J. Moss, “Photo thermal tuning 

in GO-coated integrated waveguides”, Micromachines 13 1194 (2022). doi.org/10.3390/mi13081194 

141. Yuning Zhang, Jiayang Wu, Yunyi Yang, Yang Qu, Houssein El Dirani, Romain Crochemore, Corrado Sciancalepore, 

Pierre Demongodin, Christian Grillet, Christelle Monat, Baohua Jia, and David J. Moss, “Enhanced self-phase 

modulation in silicon nitride waveguides integrated with 2D graphene oxide films”, IEEE Journal of Selected Topics 

in Quantum Electronics 29 (1) 5100413 (2023). DOI: 10.1109/JSTQE.2022.3177385 

142. Yuning Zhang, Jiayang Wu, Yunyi Yang, Yang Qu, Linnan Jia, Baohua Jia, and David J. Moss, “Enhanced spectral 

broadening of femtosecond optical pulses in silicon nanowires integrated with 2D graphene oxide films”, 

Micromachines 13 756 (2022). DOI:10.3390/mi13050756.   

143. Linnan Jia, Jiayang Wu, Yuning Zhang, Yang Qu, Baohua Jia, Zhigang Chen, and David J. Moss, “Fabrication 

Technologies for the On-Chip Integration of 2D Materials”, Small: Methods 6, 2101435 (2022). 

DOI:10.1002/smtd.202101435.  

144. Yuning Zhang, Jiayang Wu, Yang Qu, Linnan Jia, Baohua Jia, and David J. Moss, “Design and optimization of four-

wave mixing in microring resonators integrated with 2D graphene oxide films”, Journal of Lightwave Technology 39 

(20) 6553-6562 (2021). DOI:10.1109/JLT.2021.3101292. Print ISSN: 0733-8724, Online ISSN: 1558-2213 (2021). 

145. Yuning Zhang, Jiayang Wu, Yang Qu, Linnan Jia, Baohua Jia, and David J. Moss, “Optimizing the Kerr nonlinear 

optical performance of silicon waveguides integrated with 2D graphene oxide films”, Journal of Lightwave 

Technology 39 (14) 4671-4683 (2021). DOI: 10.1109/JLT.2021.3069733. 

146. Yang Qu, Jiayang Wu, Yuning Zhang, Yao Liang, Baohua Jia, and David J. Moss, “Analysis of four-wave mixing in 

silicon nitride waveguides integrated with 2D layered graphene oxide films”, Journal of Lightwave Technology 39 (9) 

2902-2910 (2021). DOI: 10.1109/JLT.2021.3059721. 

147. Jiayang Wu, Linnan Jia, Yuning Zhang, Yang Qu, Baohua Jia, and David J. Moss,“ Graphene oxide: versatile films for 

flat optics to nonlinear photonic chips”, Advanced Materials 33 (3) 2006415, pp.1-29 (2021). 

DOI:10.1002/adma.202006415. 

148. Y. Qu, J. Wu, Y. Zhang, L. Jia, Y. Yang, X. Xu, S. T. Chu, B. E. Little, R. Morandotti, B. Jia, and D. J. Moss, “Graphene 

oxide for enhanced optical nonlinear performance in CMOS compatible integrated devices”, Paper No. 11688-30, 

PW21O-OE109-36, 2D Photonic Materials and Devices IV, SPIE Photonics West, San Francisco CA March 6-11 (2021). 

doi.org/10.1117/12.2583978 

149. Yang Qu, Jiayang Wu, Yunyi Yang, Yuning Zhang, Yao Liang, Houssein El Dirani, Romain Crochemore, Pierre 

Demongodin, Corrado Sciancalepore, Christian Grillet, Christelle Monat, Baohua Jia, and David J. Moss, “Enhanced 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1


 27 

 

nonlinear four-wave mixing in silicon nitride waveguides integrated with 2D layered graphene oxide films”, 

Advanced Optical Materials vol. 8 (21) 2001048 (2020). DOI: 10.1002/adom.202001048. arXiv:2006.14944. 

150. Yuning Zhang, Yang Qu, Jiayang Wu, Linnan Jia, Yunyi Yang, Xingyuan Xu, Baohua Jia, and David J. Moss, 

“Enhanced Kerr nonlinearity and nonlinear figure of merit in silicon nanowires integrated with 2D graphene oxide 

films”, ACS Applied Materials and Interfaces vol. 12 (29) 33094−33103 June 29 (2020). DOI:10.1021/acsami.0c07852 

151. Jiayang Wu, Yunyi Yang, Yang Qu, Yuning Zhang, Linnan Jia, Xingyuan Xu, Sai T. Chu, Brent E. Little, Roberto 

Morandotti, Baohua Jia,* and David J. Moss*, “Enhanced nonlinear four-wave mixing in microring resonators 

integrated with layered graphene oxide films”, Small vol. 16 (16) 1906563 April 23 (2020). DOI: 10.1002/smll.201906563 

152. Jiayang Wu, Yunyi Yang, Yang Qu, Xingyuan Xu, Yao Liang, Sai T. Chu, Brent E. Little, Roberto Morandotti, Baohua 

Jia, and David J. Moss, “Graphene oxide waveguide polarizers and polarization selective micro-ring resonators”, Paper 

11282-29, SPIE Photonics West, San Francisco, CA, 4 - 7 February (2020). doi: 10.1117/12.2544584 

153. Jiayang Wu, Yunyi Yang, Yang Qu, Xingyuan Xu, Yao Liang, Sai T. Chu, Brent E. Little, Roberto Morandotti, Baohua 

Jia, and David J. Moss, “Graphene oxide waveguide polarizers and polarization selective micro-ring resonators”, Laser 

and Photonics Reviews vol. 13 (9) 1900056 (2019). DOI:10.1002/lpor.201900056. 

154. Yunyi Yang, Jiayang Wu, Xingyuan Xu, Sai T. Chu, Brent E. Little, Roberto Morandotti, Baohua Jia, and David J. Moss, 

“Enhanced four-wave mixing in graphene oxide coated waveguides”, Applied Physics Letters Photonics vol. 3 120803 

(2018). doi: 10.1063/1.5045509.  

155. Linnan Jia, Yang Qu, Jiayang Wu, Yuning Zhang, Yunyi Yang, Baohua Jia, and David J. Moss, “Third-order 

optical nonlinearities of 2D materials at telecommunications wavelengths”, Micromachines (MDPI), 14, 307 

(2023). https://doi.org/10.3390/mi14020307.   

156. Linnan Jia, Dandan Cui, Jiayang Wu, Haifeng Feng, Tieshan Yang, Yunyi Yang, Yi Du, Weichang Hao, Baohua Jia, 

David J. Moss, “BiOBr nanoflakes with strong nonlinear optical properties towards hybrid integrated photonic 

devices”, Applied Physics Letters Photonics vol. 4 090802  (2019). DOI: 10.1063/1.5116621 

157. Linnan Jia, Jiayang Wu, Yunyi Yang, Yi Du, Baohua Jia, David J. Moss, “Large Third-Order Optical Kerr Nonlinearity 

in Nanometer-Thick PdSe2 2D Dichalcogenide Films: Implications for Nonlinear Photonic Devices”, ACS Applied 

Nano Materials vol. 3 (7) 6876–6883 (2020). DOI:10.1021/acsanm.0c01239.  

158. E.D Ghahramani, DJ Moss, JE Sipe, “Full-band-structure calculation of first-, second-, and third-harmonic optical 

response coefficients of ZnSe, ZnTe, and CdTe”, Physical Review B 43 (12), 9700 (1991)A. Pasquazi, et al., “Sub-

picosecond phase-sensitive optical pulse characterization on a chip”, Nature Photonics, vol. 5, no. 10, pp. 

618-623 (2011).  

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 December 2023                   doi:10.20944/preprints202312.0330.v1

https://doi.org/10.20944/preprints202312.0330.v1

