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Abstract 

In this work, we report a tunable, narrowband photonic filtering technique for THz signals, achieved by 

exploiting regenerative amplification of an optically injected signal in a custom on-chip multi-wavelength 

laser with feedback control. Adjusting the feedback phase enables dynamic modification of the filter 

response. In experiments, we show selective filtering of THz-upconverted signals with a 160 MHz 

bandwidth, a 20 dB suppression ratio, and 15 dB of optical gain, delivering a compact approach suited for 

next-generation THz communication systems. 

 
Introduction 

Rising demand for ultra-fast wireless links is pushing communications into the THz band [1]. Yet, the 

development of THz systems remains limited by the shortage of components functioning at THz 

frequencies, known as the THz gap. THz photonics addresses this by upconverting the RF signal, located 

initially in the THz band, to the optical domain via a modulator, to exploit photonic devices’ wide 

bandwidths [2]. The signal is then processed with photonic components and then converted back into the 

RF domain using a photodiode (PD). THz photonic filters play a key role by selecting the signal of interest 

before down conversion to the THz domain. Compared to traditional RF filters, THz photonic filters 

provide broad tunability of the center frequency and a high degree of reconfigurability [3]. Moreover, 

advances in integrated photonic platforms now allow these filters to be realized on compact, lightweight 

photonic chips. Yet THz photonic filter techniques, in general, suffer from thermal crosstalk, slow 

reconfiguration speeds [4], and high-power consumption, making large-scale implementations inefficient.  

Here, we report a narrowband, tunable photonic filter approach for THz photonic filtering of signals beyond 

1 THz [5]. With a broadband dummy signal consisting of amplified stimulated emission (ASE) noise, our 

photonic filter provides suppression ratios up to 20 dB, achieves 3-dB bandwidths as small as 160 MHz. In 

addition, the system delivers 15 dB of optical gain for the low-power optical signals typically produced 

after THz-to-optical conversion, making it a highly appealing option for THz communication links. Further, 

by tuning the phase of the feedback into the MWL, we achieve agile selection and regenerative 

amplification of the desired spectral channel. Finally, we test our approach by selecting the desired channels 

from an emulated upconverted THz signal comprising two 200 MBd channels separated by 34 GHz and 

offset by 1.3 THz from the carrier. 

Methods 

The operating principle of our THz photonic filter approach relies on optically injecting the signal into a 

custom-designed integrated multi-wavelength laser (MWL) that includes a phase-tunable, monolithically 

integrated feedback cavity [6]. By adjusting the feedback phase in the MWL, we realize agile selection and 

regenerative amplification of the desired spectral channel.  

Figure 1 depicts the concept of our THz photonic filter using a feedback-controlled MWL as the filtering 

element. The MWL uses distributed Bragg reflectors (DBRs) on one side and a broadband multimode-

interference reflector (MIR) on the other. The DBRs’ Bragg wavelengths are separated by 𝑓THz. The MWL 

output comprises three modes: the dominant lines, λ1and λ2,  from the cavity defined by DBR2, while a 

suppressed mode at λ0 from the cavity defined by DBR1. After THz-to-optical (T–O) conversion with a 

carrier at λc, the optical signal is injected into the MWL with λc coinciding with λ0 to lock the laser. The 

centers of the two THz channels, λI and λII, align with λ1and λ2, respectively, enabling regenerative 

amplification of the channels. The feedback phase, set by applying a voltage VPM to an integrated phase 

modulator (PM), controls the power of each channel, while a semiconductor optical amplifier (SOA) adjusts 

the feedback strength. The MWL output is then routed to an optical-to-THz (O–T) converter to produce the 

filtered THz signal. Figure 1(b) shows the measured suppression ratio or ratio between the power of the 

channel at λI and that of the channel at λII, and the optical gain associated with each of the channels. 



 

 

 
Fig. 1. Illustration of the THz photonic filter, which relies on a feedback-controlled multi-wavelength laser (MWL) as the 

filtering element. The MWL cavity is formed by two distributed Bragg reflectors (DBRs) with a detuned passband response, 

on one end, and a broadband multimode interference reflector (MIR) on the opposite end. The Bragg wavelengths of the DBRs 

are separated by fTHz. The MWL emits three modes: the main modes, λ₁ and λ₂, originate from the cavity defined by DBR2, 

whereas the weaker mode at λ₀ corresponds to the cavity associated with DBR1. After THz-to-optical (T-O) conversion using 

a carrier at λc, the resulting optical signal is injected into the MWL with λc positioned near λ₀ to achieve laser locking. Under 

these conditions, the center wavelengths λI and λII of the two THz channels align with λ₁ and λ₂, respectively, resulting in their 

regenerative amplification. By tuning the feedback phase, controlled via a phase modulator (PM), the power of each channel 

can be adjusted, while the semiconductor optical amplifier (SOA) sets the overall feedback strength and impacts the suppression 

ratio. The MWL output is then directed to an optical-to-THz (O-T) converter to generate the filtered THz signal. 

 

Results 

We demonstrate flexible tuning of the photonic filter and evaluate its performance in terms of power 

suppression ratio, optical gain, and 3-dB bandwidth. For this characterization, we create a broadband signal 

offset by 1.3 THz from the optical carrier, emulated using amplified spontaneous emission (ASE) noise. 

The broadband signal, generated by an ASE source, is followed by a band-pass filter (BPF) with a 3-dB 

bandwidth of roughly 100 GHz, the resulting signal is illustrated in Fig. 2(a). We combine the ASE noise 

signal with an optical carrier offset by 1.3 THz and inject both into the MWL. The spectral components at 

λI and λII, aligned with MWL modes λ1 and λ2, respectively, experience regenerative amplification. By 

varying the voltage VPM applied to the phase modulator within the feedback cavity, we can control the 

optical powers PI and PII associated with each spectral component.  

Figure 2(c) presents the suppression ratio PI/PII (top) and the optical gain (bottom) as functions of VPM. For 

the component at λI, we measure, at VPM = –4.5 V, a suppression ratio of 19.8 dB, an optical gain of 

16.3 dB, and a 3-dB bandwidth of approximately 160 MHz. For the component at λII, the corresponding 

measurements at VPM = –8.25 V yield a suppression ratio of –14 dB, an optical gain of 12.5 dB, and a 3-dB 

bandwidth of roughly 200 MHz. In this operating regime, for VPM values between about –3.25 V and –

6.25 V, the photonic filter selects the component at λI; for VPM between –7.75 V and –9.25 V, the filter can 

be tuned to select the component at λII, providing more than 10 dB of suppression. Example output spectra 

for VPM = –4.5 V (top) and VPM = –8.25 V (bottom) are displayed in Fig. 2(b). It is worth noting that although 

the voltage values are swept stepwise in this work, the phase modulator enables rapid switching between 

the two MWL emission states[7]. Additionally, with our feedback-controlled configuration and by setting 

VPM = –7 V, we can amplify both components equally, achieving 9 dB of gain. 

Finally, for the proof of concept, we consider on-off keying signals at a symbol rate of 200 MBd. Again, 

due to the lack of high-speed modulators, we bypass the T-O conversion and directly emulate the T-O 

converted signal by using two external-cavity lasers (ECL), one set at λc and the other emitting with a 1.3 

THz offset with respect to λc. The former emulates the optical carrier involved in the T-O conversion, while 

the latter is used to generate the two data channels centered at λI and λII = 1548.227 nm, separated by 

approximately 34 GHz.  



 

 

Fig. 2. Feedback-controlled photonic filter. (a) Optical power spectrum of the ASE noise measured before injection in the 
MWL.  (b) Optical spectra measured at the output of the MWL for VPM = ‒ 4.5 V (Top) and VPM = ‒ 8.25 V (Bottom). (c) 

Top: suppression ratio or ratio between the power of the channel at λI and that of the channel at λII. Bottom: Optical gain 
associated with each of the channels. 

 

Figure 3(a) shows the optical spectra of the signal at the input (top) and at the output (bottom) when the 

photonic filter is configured to select the channel at λI. In this condition, we obtain a suppression ratio PI/PII, 

defined as the ratio between the power PI at λI and the power PII at λII, of up to 12.3 dB, together with an 

optical gain reaching 13 dB. These power levels and gain values refer to on-chip performance and are 

estimated assuming a 3 dB coupling loss from the LF to the chip. Figures 3(b) top and bottom present how 

the suppression ratio and the optical gain vary with the injected signal power. Owing to gain saturation in 

the MWL, lower input signal powers result in higher achievable gains. 

 

 

 
Fig. 3. Photonic filtering with an MWL. (a) Top: Zoomed-in optical spectrum of the injection signal. Bottom: Optical 
spectrum of the signal filtered by our MWL, measured at B. (b) Optical power gain (Top) and suppression ratio (Bottom) of 

the selected channel at λ1. 
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