A st Petersburg Polytechnic University Journal. Physics and Mathematics. 2024. Vol. 17. No. 3.1
HayuyHo-TexHunueckne sBegomoctun CM6IrMy. dusmnko-matematmyeckme Hayku. 17 (3.1) 2024

Conference materials
uUDC 535.14
DOI: https://doi.org/10.18721/IJPM.173.145

Influence of optical feedback on an optical
pulse shape of a semiconductor laser

M.V. Boltanskii '3, E.l. Maksimova', M.A. Fadeev* >, R.A. Shakhovoy ' > ¢ =

! Limited Liability Company “QRate”, Moscow, Russia;
2Moscow Technical University of Communications and Informatics, Moscow, Russia;
3 Peoples' Friendship University of Russia, Moscow, Russia;
4Russian Quantum Center, Skolkovo, Moscow, Russia;
5ITMO University, St. Petersburg, Russia;

6NTI Center for Quantum Communications, National University of Science and Technology
MISIS, Moscow, Russia

= m.boltanskiy@goqrate.com

Abstract. Gain-switched semiconductor lasers can produce pulses with naturally randomized
phase, which makes them a convenient light source for quantum key distribution and random
number generation. Nevertheless, semiconductor lasers are vulnerable to external optical feed-
back, a phenomenon, characterized by injection of a certain part of laser radiation into the
laser’s diode cavity. Although optical feedback may be used to decrease relaxation oscillations
and chirp, it may have negative effect on laser pulses. Here, we study the influence of optical
feedback on the pulse shape of a gain-switched laser.
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AnHoTaumuda. [losynpoBOAHUKOBBIE Ja3epbl B PEXUME YCUJIEHUS CIOCOOHBI M3JTydaThb
MMITYJIbChl CO CyYallHOW OTHOCUTEIbHON (a3oii, 4TO AejaeT UX HaAeXKHbIM HMCTOYHUKOM
SHTPOIMU JJISI KBAHTOBOIO pacrnpeaeeHUs Kaoua U reHepaluuu ciaydyaiiHocTu. TeM He MeHee,
MOJYNPOBOAHUKOBBIE JIA3€pbl YSI3BUMbBI MEpea BAUSHUEM ONTUYECKON OOpaTHOW CBSA3U —
SIBJIEHUSI, XapaKTEepU3yeMOro MHKEKIIMK ONpPeaeIEHHOM 10U JIa3€pHOTO U3JIyYEeHUsT OOpaTHO B
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MOJIOCTD JIa3epHOT0 Aroaa. XOTs ONTUYecKass 00paTHast CBSI3b MOXKET ObITh MCIIOJb30BaHAa ISk
MOAABJICHUS PeJIaKCAllMOHHBIX KOJIeOaHUI 1 YMpIIa, OHA MOXET UMETh CEPbe3HbII HEraTUBHbBII
3¢ deKT Ha Ja3epHble UMITYJIbCHL. B 2T0i1 paboTe MBI M3y4aeM BIMSIHHAE ONTHYECKOI 00paTHOM
CBSI3M Ha (hopMy MMIIYJIbCa Jia3epa B PeXMMe NEePEKITIOUCHUS YCUICHUS.

KroueBbie cioBa: jasep B pexXuMe MepeKII0UeHUs YCUICHMsI, ONITUYecKast oOpaTHasi CBSI3b,
MHTepGhEepeHIIMS JTa3epHbIX UMITYJIbCOB
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Introduction

External optical feedback (EOF) is known to have positive effect on a pulsed laser, e.g., it
can reduce frequency chirp [1] and suppress relaxation oscillations [2], which can be useful in
telecommunications. It also finds applications in range and velocity measurements [3]. However,
optical feedback often causes certain unwanted effects, e.g. chaos dynamics [4] or increase of
turn-on delay jitter [5]. In general, influence of EOF is stronger on lasers operating in continuous
mode, meanwhile modulated lasers might avoid being impacted by EOF in case feedback
radiation comes into a laser’s cavity between modulation pulses [6]. Nevertheless, under certain
circumstances, modulated laser pulses can be significantly affected by EOF as well [7]. Thereby,
laser modules are often equipped with an optical isolator to prevent unwanted feedback. In this
work, we studied the influence of optical feedback on a shape of optical pulses in a gain-switched
distributed feedback (DFB) semiconductor laser.

Materials and Methods

The fiber-optic experimental scheme used to demonstrate the effect of optical feedback on a
laser signal is shown in Fig. 1. It consisted of a semiconductor 1550 nm DFB laser diode (model
SWLD-1554.94-FC/PC-05-PM) controlled by a laser driver based on a Texas Instruments
ONETI1151L chip, and a ring mirror (a looped beam splitter). The optical variable delay line
(VDL) was installed in front of the mirror to control the length of the external cavity.

BS

BS

ENE 50 VDL
O — 4D

ol PD

Fig. 1. The experimental scheme. L — laser module, BS — beam splitter, O — optical isolator, VDL
variable optical delay line, PD — photodetector

The experiment was conducted using a pulse train with pulses of duration 400 ps, pulse
repetition rate of 1.25 GHz and average laser output power of 2.7 mW. During the experiment,
we varied the delay line to change the length of the external resonator.
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Results and Discussion

Figure 2 shows the waveforms of laser pulses at different VDL values. Each waveform in the
figure is accompanied by a value of the delay introduced by the VDL in picoseconds modulo the
pulse repetition period, where a 0 ps delay would mean that a reflected pulse completely overlaps
a generated one. Hence, delay values describe a measure of time shifts of reflected pulses relative
to generated ones. One can see that at positive delay values right parts of laser pulses are barely
distorted, meanwhile first relaxation peaks are not changed at all. As we move on to the negative
values, we can observe well-pronounced suppression of relaxation oscillations.
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Fig. 2. Experimental laser pulse shapes at various optical feedback delay
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Fig. 3. Simulations of laser pulse shapes at various optical feedback delay
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Figure 3 represents the results of computer simulations of a semiconductor laser diode with
optical feedback, conducted with the commonly used rate equation model [8]. Simulation
parameters are presented in Table. Simulations show that the influence of optical feedback on the
waveform of laser pulses strongly depends on the arrival time of the reflected pulse. In particular,
suppression of relaxation oscillations is more pronounced when the onset of lasing occurs under
the quasi-stationary part of the reflected pulse, i.e. when the reflected pulse returns into the
resonator earlier that the new pulse appears.

Table
Simulation parameters
Parameters Values
Bias current [ mA 6.0
Carrier lifetime 7, ns 1.0
Pulse width ® ns 0.4
Central optical frequency o, THz 193.548
Pulse repetition rate f , GHz 1.25
Confinement factor I' 0.12
Threshold carrier number N 5.5:-10e7
Transparency carrier number N 4-10e7
Spontaneous emission factor C_ 10e-5
Quantum differential output € 0.3
Henry factor a 5
Feedback coupling factor «,, , GHz 5

Conclusion

We performed an experimental and theoretical analysis to study the influence of optical
feedback on an optical pulse shape of a gain-switched laser. It was shown that laser radiation
reflected into the semiconductor laser diode’s cavity may significantly change the pulse waveform
at certain delay values, which is presented by our simulations, which are in a good agreement
with the experimental results.

REFERENCES

1. Lang R., Kobayashi K., Suppression of the Relaxation Oscillation in the Modulated Output of
Semiconductor Lasers, IEEE Journal of quantum electronics. (12) (1976) 194—199.

2. Grillot F., Provost J., Kechaou K., Thedrez B., Erasme D., Frequency Chirp Stabilization in
Semiconductor Distributed Feedback Lasers with External Control, Optics Express. (20) (2012)
26062—26074.

3. De Groot J.P., Applications of optical feedback in laser diodes, Laser-Diode Technology and
Applications. (1219) (1990) 457—467.

4. Al Bayati B., Ahmad A., Al Naimee K., Influence of optical feedback strength and semiconductor
laser coherence on chaos communications, Journal of the Optical Society of America B. (35) (2018)
918—925.

5. Langley L.N., Shore K.A., The effect of external optical feedback on timing jitter in modulated
laser diodes, Journal of Lightwave Technology. (11) (1993) 434—441.

6. Ryan A., Agrawal G., Gray G., Gage E., Optical-feedback-induced chaos and its control in
multimode semiconductor lasers, IEEE Journal of Quantum Electronics. (30) (1994) 668—679.

7. Clarke B., The effect of reflections on the system performance of intensity modulated laser
diodes, Journal of Lightwave Technology. (9) (1991) 741—749.

8. Shakhovoy R.A., Semiconductor laser dynamics, ELS «Jlanb», Saint-Petersburg. (404) (2024).

227



4St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2024. Vol. 17. No. 3.1

I
THE AUTHORS

BOLTANSKII Matvei V. MAXIMOVA Elizaveta I.
m.boltanskiy@goqrate.com e.maksimova@goqrate.com
SHAKHOVOY Roman A. FADEEYV Maxim A.
r.shakhovoy@goqrate.com mfadeev2022@gmail.com

Received 04.07.2024. Approved after reviewing 31.07.2024. Accepted 31.07.2024.

© Ppeter the Great St. Petersburg Polytechnic University, 2024

228



