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Numerical Investigation of All-Normal Dispersion Mode-Locked PbSe
Quantum Dot Fiber Laser
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Abstract To address the problem of limited wavelength output by a traditional fiber laser for its gain medium of rare-
earth-ion-doped fiber owing to the size-dependent wavelength of quantum dots, an all-normal dispersion mode-locked fiber
laser with PbSe quantum dot as the gain medium is demonstrated and studied through numerical simulation. A stable
dissipative soliton of 1.7 pum is obtained by calculation. The buildup dynamics, evolution in the cavity, and output
characteristics in a steady state of generating dissipative solitons using a PbSe quantum dot fiber laser are investigated
systematically. Influences with respect to the length and doping concentration of the gain fiber and the length of the passive
fiber are explored. The optimal gain fiber length and doping concentration obtained under a pump power of 0. 1 W are 0. 3 m
and 12X 10* m~° respectively, corresponding to a pulse duration of 7. 59 ps and a spectral width of 13. 77 nm. However, the
steady-state disappears beyond a passive fiber length range of 2-7 m. Furthermore, when the passive fiber is 0. 1 m, a multi-
wavelength output is generated by the laser, with 22 peaks, a spectral range of 1678-1724 nm, and an envelope width of
22.33 nm. In the time domain, a dual soliton is emitted with a width of 0. 92 ps and a pulse interval of 4 ps. This work
provides theoretical guidance for establishing and optimizing an ultrafast quantum dot fiber laser and a new option for fiber
lasers of special wavelengths.
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SMF T UsA SMF
LD: laser diode; WDM: wavelength division multiplexer;
QDF: quantum dot fiber; SMF: single mode fiber;
ISO: isolator; OC: optical coupler; SA: saturable absorber
B 1 ANDi#E B INT i PhSe fit T G 4T HOL 8% 19 4544
Fig. 1 Structure of ANDI dissipative soliton mode-locking fiber
laser with a PbSe QDF as gain medium
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Table 1 Parameters in rate equation™”"

Parameter Data Parameter Data
T=1—|a,+ 01702 , (6) 0,0 /m’ 3.8X10°% 0., /m’ 0.25X10°%
L+|A[ /P 6. /m? 0 6., /m’ 1.5X10°
Ao s, T2 WO R a R s PRI R A Iy 0.4 r, 0.6
ok AL . A B g R R AT 7T SME A T Ay /nm 980 A, /nm 1700
DB EET WO R B N 018 2 URE L Ao/m 78X ] v/ 0
F2 WOLHPE S
Table 2 Parameters of devices of laser
Device Parameter Data Device Parameter Data
z/m 4 2 /m 0.4
SMF B, /(ps’+km™") 20 QDF B, /(ps’*km™") 20
y /(km-W) ! 2.5 y /(km-W) ! 2
a, 0.1 ISO Transmittance 90%
SA @, 0.2 ocC Split ratio 90:10
P, /W 25 LD Power /W 0.1
Filter Bandwidth /nm 100 All devices Working wavelength /nm 1700
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Fig. 2 Buildup dynamics of dissipative soliton. Evolution of output (a) pulses and (d) spectra during 2000 roundtrips; evolution of
output (b) pulses and (e) spectra during 150 roundtrips, marked with black curves per 15 roundtrips; 2D figures of output (c)
pulses and (f) spectra after per 15 roundtrips within 150 roundtrips
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Fig. 3 Evolution of steady dissipative soliton in cavity. (a) Pulses and (b) spectra in each position of cavity; (c) pulses and (d) spectra

after passing through each device in cavity, insert graph is enlarged details; (e) change of spectral width after passing through

each device in cavity
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Fig. 4 Output characteristics when cavity’s parameters are changed after laser is balanced. Output (a) pulses and (b) spectra with
different QDF’s lengths; output (c) pulses and (d) spectra of different QDF’s doping concentrations, insert graph is enlarged
details; output (e) pulses and (f) spectra with different SMF s lengths
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Fig. 5 Multi-wavelength laser output when SMF length is 0. 1 m. Output (a) pulses and (b) spectra of multi-wavelength laser
AN, 456 QDF 1Y K B2 F1 45 A vk i, Xt B i U6 (L AT B A A 9 A B AR 45 2R PR R AR I Ok o
AR A HEATOESE 45 R NSE 3o o AT R 5B A R RIE(E 24 0. 866 W, X LAY QDF K il

K3 OARTFR L RNE vk B QDE X R i H 0 0 {5 2 32
Table 3 Peak power of different lengths and doping concentrations of QDF

Peak power /W
Doping Doping Doping Doping Doping Doping Doping

QDF length /m . . . . . ) )
concentration  concentration  concentration  concentration  concentration  concentration — concentration

is6X10"m* is7X10"m™* is8X10"m’ is9X10" m ¥ is10X10" m™ is 11X10" m ™ is 12X 10" m™*

0.2 0.432 0.511 0.567 0.621 0.656 0.729 0.781
0.3 0. 545 0.629 0.694 0.759 0. 824 0. 834 0. 866
0.4 0. 666 0.728 0. 805 0. 837 0.802 0.736 0.634
0.5 0.771 0. 824 0.791 0. 686 0.574 0.482 0.375
0.6 0. 791 0. 765 0.596 0.424 0.342 0. 407 -
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Table 4 Energy of different lengths and doping concentrations of QDF

Energy /pJ
QDF length / Doping Doping Doping Doping Doping Doping Doping
m concentration is  concentration is concentration is concentration is concentration is concentration is  concentration is
6x10" m™* 7X10" m™* 8§x10" m™* 9x10" m™* 10X10" m™* 11X10" m™ 12X 10" m™*
0.2 71.8 84.9 94.2 102.9 108.6 120.0 128.0
0.3 92.7 106. 8 117.2 127.6 137. 5 139. 1 143. 9
0.4 115.4 125.5 137.8 142.7 137.3 126.8 110.0
0.5 135.5 143. 8 138. 6 121.4 102. 2 85.9 66.9
0.6 141. 7 137.3 108. 2 77.2 62.4 74.2 —
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