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A monolithically integrated tunable low-linewidth laser 
source  

H. O. Çirkinoğlu, K.Williams, and X. Leijtens 
 Eindhoven University of Technology, Eindhoven, The Netherlands  

Single mode tunable lasers are essential components for applications such as classical/quantum 
communications, sensing and metrology. We report on a monolithically integrated single mode tunable 
laser with 53 kHz linewidth operating around 1550nm, designed and fabricated in a generic InP integration 
platform. The laser cavity consists of two ring filters and an asymmetric Mach-Zehnder (MZ) filter, 
connected via two 1×3 MMI couplers. The laser LIV characteristics, optical output spectra, power spectral 
density of the phase noise and the tunability map of the laser are presented. 

Introduction 
Low linewidth and tunable lasers are key components in various applications. Coherent 
communications rely on low linewidth, frequency stabilized lasers to modulate and 
de-modulate phase encoded optical signals [1], where the requirement of the spectral sta-
bility gets more stringent as the modulation order increases [2, 3]. The laser linewidth 
affects the transmission rate in both continuous-variable (CV-QKD) [4] and discrete-var-
iable quantum key distribution (DV-QKD) [5]. Low-linewidth and accurate tuning of the 
wavelength are crucial features for lasers to be used in technologies such as OCT [6], 
frequency modulated continuous wave LiDAR [7], or quantum sensing, where the lasers 
are required to precisely match the energy of atomic transitions [8,9].   
Improving the spectral output of a monolithically integrated DBR laser using an intra-
cavity ring resonator is studied in [10], resulting in a minimum intrinsic linewidth of 
63kHz and a side-mode-suppression ratio (SMSR) of more than 60dB. Another example 
of a monolithically integrated low-linewidth integrated semiconductor DBR laser is 
demonstrated in [11], reducing the linewidth down to 10kHz by coupling with an ex-
tended passive Fabry-Perot resonator, while having a SMSR of 54dB. Further reducing 
the linewidth of tunable semiconductor lasers through hybrid [12] and heterogeneous [13] 
integration has been shown, resulting in linewidths on the order of 100Hz. Additionally, 
lasers with increased wavelength tuning range have been shown using intra-cavity Mach-
Zehnder interferometers (MZI) [14], and through selective are growth [15], which are 
promising components for applications such as optical gas sensing.  
Using the vernier effect of multiple cavities with long optical lengths has been shown to 
result in low linewidth, while increasing the required complexity in accurate and contin-
uous wavelength tuning. Asymmetric MZI filters provide less complexity in wavelength 
tuning, while compromising the linewidth due to the lower quality factor of the filters. In 
this work, we report on a novel laser cavity design, which combines two rings and a MZI 
filter to provide low-linewidth and wide tunability across the C-band. The laser is mono-
lithically integrated in the generic InP platform of Smart Photonics [16], and is able to 
achieve 53kHz linewidth and 58dB SMSR.  

Laser Design 
Figure 1(a) shows the schematic of the laser, which consists of a 500µm long 
semiconductor optical amplifier (SOA) section, connected to two ring/racetrack 
resonators via 1×3 multi-mode interference (MMI) couplers on both sides. Since each 
coupler in the cavity is expected to result in additional unwanted reflections and losses, 



the choice of using 1×3 MMIs is made to minimize the number of couplers, while 
ensuring proper connectivity to each filter. One of the rings have an additional coarse-
wavelength filter based on an asymmetric MZI, connected through 2×2 MMI couplers.  
The laser cavity is designed with a goal of maximizing the photon lifetime, while having 
sufficient spectral filtering with a high quality-factor to provide single mode output with 
low linewidth [17]. The ratio between the length of the two ring filters are designed based 
on their respective comb spectra, and how the peaks of these spectra overlap. The 
resulting response of the combined filters is simulated and shown in Figure 1 (b). Around 
the most prominent peak, the two highest neighboring peaks are at a distance of 0.84nm 
and 1.31nm, each having 5% lower power. The distance between two resonant modes 
allows the use of an asymmetric MZI filter to provide enough suppression for the 
neighboring modes around the desired wavelength. 

 
Figure 1- (a) Schematic of the laser (inset: the microscope image of the fabricated chip) 

(b) Simulated spectral response of the laser cavity  
 
The two rings, and the asymmetric MZI include electro-optic phase modulator (EOPM) 
sections in order to control the spectral location of their respective modes. The two ring 
EOPMs are designed to provide precise control and continuous tuning for the laser 
emission wavelength across smaller regions, where the asymmetric MZI filter is designed 
to provide wide tunability across the full emission spectrum of SOA. Fine-tuning of the 
wavelength through the control of only two voltage signals promises to offer low 
complexity in the characterization and modeling of the laser wavelength. The third output 
of the 1×3 MMI on the left-hand side has a multi-mode interference mirror (MIR) to 
ensure uni-directionality, and the third output of the right-hand side 1×3 MMI is the 
output of the laser. The laser is fabricated in the generic platform of Smart Photonics and 
have a 1.2mm2 footprint. Inset in figure 1(a) shows a microscope image of the fabricated 
chip including the laser. 

Characterization Results  
Figure 2(a) shows the LIV characteristics of the fabricated laser, measured at 17 °C. The 
threshold current is at 38mA. The output power from the laser, coupled out using a lensed 
fiber is measured as 0.4mW for a pump current of 120mA.  
The figure 2(b) shows the output spectrum of the laser, operated at 17C with a 92mA 
SOA current. The cavity side-modes are 0.84nm and 1.32nm away from the main 
emission peak, in agreement with the cavity simulations. The side-mode-suppression ratio 
of both peaks are more than 58dB. There are two additional peaks around the center 
wavelength, resulting from relaxation oscillations at a frequency of 3.6GHz.   
 



 
Figure 2 – (a) LIV characteristics and (b) the output spectrum of the laser 

 
The figure 3(a) shows the frequency noise power spectral density of the laser operating 
at 79mA SOA current. The white noise level is measured by averaging the region of the 
spectrum shown in green between 20MHz-80MHz, indicating to a 53kHz intrinsic 
linewidth. The β-separation line shown in orange is defined as  β𝑠𝑠𝑠𝑠𝑠𝑠(𝑓𝑓) = 8 ln(2)𝑓𝑓 𝜋𝜋2⁄  
[18]. The effective linewidth starts to increase for observation times more than 8μs, 
determined by the where the frequency noise crosses the β-separation line, which is 
around 125 KHz. 

 
Figure 3- (a) Frequency noise power spectral density of the laser. (b) Various operating 

wavelengths with the corresponding fiber-coupled optical powers 
The figure 3(b) shows the measured single mode emission wavelength and output power 
of the laser while the bias voltages on the EOPMs of both rings are scanned between 0V 
and -6V with a resolution of 0.1V. The SOA current and the bias voltage on the MZI filter 
are kept constant at 79mA and 0V respectively. By controlling the bias of the two ring 
EOPMs, the laser wavelength can be shifted over a range of 10nm, while the output power 
staying within a range of 2dB around -5dBm. Changing the bias voltage on the MZI arms 
is expected to provide larger wavelength tuning range.  

Conclusion & Outlook 
A monolithically integrated low-linewidth and tunable laser with a novel cavity design is 
presented. The initial results show 53kHz linewidth with 58dB SMSR, and around 10nm 
of tuning range with a power stability of ~2dB. Complete investigation of the tuning range 
requires simultaneous tuning of the MZI filter and the ring cavities and is planned in 
future experiments.  



References 
 
[1] K. Kikuchi, "Fundamentals of coherent optical fiber communications." Journal of Lightwave 
Technology 34.1, 157-179, 2015. 
[2] M. Seimetz, "Laser linewidth limitations for optical systems with high-order modulation employing 
feed forward digital carrier phase estimation." In Optical Fiber Communication Conference, p. OTuM2. 
Optical Society of America, 2008. 
[3] S. Andreou, K. A. Williams, and E. Bente, "Electro-optic tuning of a monolithically integrated widely 
tuneable InP laser with free-running and stabilized operation." Journal of Lightwave Technology 38, no. 7, 
1887-1894, 2019. 
[4] F. Laudenbach, C. Pacher, C.F. Fung, A. Poppe, M. Peev, B. Schrenk, M. Hentschel, P.Walther, and H. 
Hübel, "Continuous‐variable quantum key distribution with Gaussian modulation—the theory of practical 
implementations." Advanced Quantum Technologies 1, no. 1, 1800011, 2018. 
[5] T. Honjo, T. Inoue, and K. Inoue, "Influence of light source linewidth in differential-phase-shift 
quantum key distribution systems." Optics Communications 284, no. 24, 5856-5859, 2011. 
[6] Y. Gao, J. Lo, S. Lee, R. Patel, L. Zhu, J. Nee, D. Tsou, R. Carney, and J. Sun, "High-power, narrow-
linewidth, miniaturized silicon photonic tunable laser with accurate frequency control." Journal of 
Lightwave Technology 38, no. 2, 265-271, 2020. 
[7] B. J. Isaac, B. Song, S. Pinna, L. A. Coldren, and J. Klamkin, "Indium phosphide photonic integrated 
circuit transceiver for FMCW LiDAR." IEEE Journal of Selected Topics in Quantum Electronics 25, no. 
6, 1-7, 2019. 
[8] F. Theron, O. Carraz, G. Renon, N. Zahzam, Y. Bidel, M. Cadoret, and A. Bresson, "Narrow linewidth 
single laser source system for onboard atom interferometry." Applied Physics B 118, no. 1, 1-5, 2015. 
[9] A. Wicht, A. Bawamia, M. Krüger, C Kürbis, M. Schiemangk, R. Smol, A. Peters, and G. Tränkle, 
"Narrow linewidth diode laser modules for quantum optical sensor applications in the field and in space." 
In Components and packaging for laser systems III, vol. 10085, pp. 103-118, SPIE, 2017. 
[10] S. Andreou, K. A. Williams, and E. Bente, "Monolithically integrated InP-based DBR lasers with an 
intra-cavity ring resonator." Optics Express 27, no. 19, 26281-26294, 2019. 
[11] R. R. Kumar, A. Hänsel, M. F. Brusatori, L. Nielsen, L. M. Augustin, N. Volet, and M. Heck, "A 10-
kHz intrinsic linewidth coupled extended-cavity DBR laser monolithically integrated on an InP platform." 
Optics Letters 47, no. 9, 2346-2349, 2022. 
[12] M. F. Brusatori, D. N. Duplat, I. Degli-Eredi, L. Nielsen, P. L. Tønning, P. Castera, N. Volet, and M. 
Heck, "Ultralow-linewidth ring laser using hybrid integration and generic foundry platforms." Optics 
Letters 47, no. 11, 2686-2689, 2022. 
[13] P. A. Morton, C. Xiang, J. B. Khurgin, C. D. Morton, M. Tran, J. Peters, J. Guo, M. J. Morton, and J. 
E. Bowers, "Integrated coherent tunable laser (ICTL) with ultra-wideband wavelength tuning and sub-100 
Hz Lorentzian linewidth." Journal of Lightwave Technology 40, no. 6, 1802-1809, 2022. 
[14] S. Latkowski, A. Hänsel, N. Bhattacharya, T. De Vries, L. Augustin, K. Williams, M. Smit, and 
E. Bente, "Novel widely tunable monolithically integrated laser source." IEEE Photonics Journal 7, no. 6, 
1-9, 2015. 
[15] F. Lemaître, S. Latkowski, C. Fortin, N. Lagay, R. Pajković, E. Smalbrugge, J. Decobert, H. 
Ambrosius, and K. Williams, "96 nm extended range laser source using selective area growth." In 2018 
European Conference on Optical Communication (ECOC), pp. 1-3. IEEE, 2018. 
[16] M. Smit, X. Leijtens, H. Ambrosius, E. Bente, J. Van der Tol, B. Smalbrugge, Tjibbe De Vries et al., 
"An introduction to InP-based generic integration technology." Semiconductor Science and Technology 
29, no. 8, 083001, 2014. 
[17] C. Henry, "Theory of the linewidth of semiconductor lasers." IEEE Journal of Quantum Electronics 
18, no. 2, 259-264, 1982. 
[18] G. D. Domenico, S. Schilt, and P. Thomann, “Simple approach to the relation between laser frequency 
noise and laser line shape,” Appl. Opt. vol. 49, no. 25, pp. 4801–4807, 2010. 


	Introduction
	Laser Design
	Characterization Results
	Conclusion & Outlook
	References

