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Abstract Quantum communication is the current research frontier and hotspot in quantum field. The gain-switched
semiconductor laser generation technology is a relatively mature method to generate pulsed laser, and can meet the
demand for pulsed laser in quantum communication when it is combined with the injection-locking technology. This
article systematically introduces the working principle of gain-switched semiconductor lasers, injection-locking
schemes, and their applications in quantum key distribution, quantum random number generation, etc. The relevant
physical principles, experimental schemes, and recent progress are emphasized, and a brief outlook on the
development in the future is finally given.
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Fig. 1 Theoretically calculated temporal evolutions of electronic signal and optical output and carrier density varying

with time™"
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Fig. 2 Gain-switched laser driven by digital electronic devices
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Fig. 3 Typical experimental results of gain-switched semiconductor lasers
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" (a) Output voltage signal from digital signal

pulse shortener; (b) time-domain waveform of optical pulses measured by photodetector and oscilloscope (inset is

time-domain waveform of optical pulse measured by second-order auto-correlator)
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Fig. 5 Experimentally measured typical characteristics of injection-locked lasers
interference between weak coherent pulses from two independent gain-switched semiconductor lasers varying with
time jitter and bandwidth [(12.3 ps, 63 GHz) and (4.4 ps, 15 GHz) represent pulse time jitter and pulse width
without injection-locking and with optimum injection-locking, respectively]; (b) normalized intensity varying with

time recorded after the first-order interference between two adjacent pulses from injection-locked gain-switched

semiconductor laser (left panel), and probability distribution of intensity (right panel)
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Fig. 7 Quantum random number generator based on gain-switched semiconductor laser

24 (a) Schematic of random

number generator; (b) image of gain-switched lasers and driving circuit; (c¢) measured and theoretical results of

normalized probability density function analog signal intensity
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Fig. 8 Experimental setup and results of interference between pulses from two independent injection-locked gain-switched

23] (a) Experimental setup for injection-locking; (b) experimental setup for measurement of

semiconductor lasers
second-order interference between laser pulses from two lasers; (c¢) second-order intensity correlation function g ® of
light field at a port of beam splitter after interference of laser from two gain-switched semiconductor lasers measured
by experimental setup in Fig. 8(b); (d) coincidence counts measured by single photon detection and counting system

after interference between two independent single photon sources
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Table 1 Width and time jitter of output pulses from gain-

switched slave lasers with or without injection locking™*!
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&l 8(b) S B 5 M 57 A T A Bl M 2% T 6k
B K B O R TR SR B, i E
AR R A 0 57 6 TR B LA T 8 Ca) R BT 7S B 45 L T A
M EIR ] i — A 1 GHz T E SRS S
AT IR IR]2E o PR A D25 1t Tk o &2 2ot v )80 5 Ot
fr A TE—> 50:50 MY 43 AR Ak & AR TV, o ol A
H 00— R 2 20 e BT 1 RS D A T SR A
. GBS TR AR E R FEFN 40 GSa/s B id

KHERPREL ¢ . BRIP4 BoR, d A S v] LU R
g P M/NTF 125 T E RIS 1.5, ¢ Al
LR R FAE & A 105 10 A ik o o't 3 1 A5 = DC g
FE . P, AT 15 B 5 38 2% 0T Ok IR0
7 A B O I i A AAE X D TG AR B A B TR K
BT, B ¢ 5 HOM (Hong-Ou-Mandel) T #
A UL YO R 0] UFT HOM 3 0] 0 6 4 5
FHISMEM 50% ., P —2 H, X0 & 2l Sz 59 A8
FE -3 25 TF O S AR OG % 7 AR W 85 AH T Bk o =2
[ HOM T ¥ 3E 17 I &, 45 20 0 /5 &8ss —
B8 (d) firn. 4L 43 2 HOM T ¥ ] WL B
Vion =0. 4990, 004, SHIE W ALT . %R E
R A B BR AT DUSR FHAS [R] 38 25 01 O F SR H0G
e A B ok b 22 ) ) S X DG G RR R 7R A ALK R

0327007-7



¥R LRk . 242 % S 3H0/2022 £ 2 B/KEEE

%: ﬁﬁﬂﬁ rﬁﬁ?jﬁ*ﬂi % Fﬁj:it'f f%ﬂé le) [1)
U, o
3.3.2 BB84 thit QKD #riX —

1 BB84 P I S0t it # rp, — B E A T
PO 2 B 77 58 A0 2 IF 18] R 20 0 32 i B 7 X0 I B

B MG HE R B0 B 0 0 R R 2 2 t
QKD 8 T 142 B ) 45 o 7% 2 9= (1) + #10)

W O B W e T LA TR 954 L g
IS B PIASEEIR [e) AL OO MR T —

L A g B 794 B 22
(A 2T A BT L A B A 10 G P i 5 i LU g X SR D A A
07 T A 3 S o B T e  ETEVEACE S IRHOLR . SO EROL RO A

B D HET R 0 41 B A0 S g D EDROGER, VOG5 kit = O 7
b S BT 2016 A e LA SROC R P HEVARJ 2A B

9 W] 4T T H AR A
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Fig. 10 Time-bin encoded BB84 QKD experiment with directly phase-modulated light source based on injection-locked gain-
switched semiconductor laser™ . (a) Diagram of directly phase-modulated light source; (b) small perturbation of

driving signal with duration of ¢, in master laser and phase trajectories of pulses output from the laser;
(c) experimental results of BB84 protocol: sifted key rate (solid circles), asymptotic secure key rate (empty

circles), and QBER (square); (d) results of QBER with BB84 protocol measured continuously for 24 h
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Fig. 11 Experiment of decoy-state

BB84 protocol with

[36]

injection-locked  gain-switched semiconductor laser

(a) Experimental setup of Alice; (b) experimental setup of Bob; (c¢) experiment results of BB84 QKD with decoy

states: lines are theoretical results and symbols are discrete data measured in experiment or calculated [from top to

bottom, the first panel shows the relationship between the measured counts and channel loss in each basis, the

second panel shows the relationship between QBER measured in each basis and channel loss, and the third panel

shows the asymptotic (solid circles) and finite key-size (empty circles) secure versus channel loss, and

experimentally measured secure key rate (star) |
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(a) Experimental setup of MDI-QKD; (b) measured MDI-QKD key rate varying with channel attenuation and
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key rate when the temperatures of detectors are set at two different values)
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