45 E 11 ¥ H R Vol.45,No.11
2022 4E 11 NUCLEAR TECHNIQUES November 2022

850 nm & E 5 H & BA L35 R BT B
MAE

BRinfs e 28R HEudm-Ee 5 OE X&HETS
1 CH B R BB SR PR B AR R ST BT Re RN B D e B S 28 (R A0 . B8 A5% 83001
20 EFRERER dERT 100049)
3CREERH: WEAER 57 RSB REE 300072)

WE N 7 IRFA 850 nm I H 1 1H K ST OG#S (Vertical-Cavity Surface-Emitting Laser, VCSEL) 7F 75 [A] 4 5 M8 55
R SHLEE, JFRE T 3 MeV A1 10 MeV it 4 JE 5256, 345 T 6% Hh 2l 52 R0 0 8 v 3t 4 2 00 o 0
SRR, (R R 30 A H T 28 R i W I 26 A [R] 137 %% 452493 77 122 (Displacement Damage Dose, DDD) ]
IRFR IR — B, 7S5 (AL {3 H Silvaco AT HEAT @B 0 BLUH5T, 45 R 5 9eie 45 R A A Hom — Bk,
TR BB PR BT BB B Vit 32 5 52 32 F B VBRI R VR A B A R DL TS O S 8, 7R S5 3
AL EVRNIR TS T SRR R SRR R L] . 07 LA AR X SO0 2 R T I AN R
FEMIAAL o %45 XS Tt — B IR NBEAR VCSEL IBML ML A B2 R S H M E.

KRR T ST R S IOE 2% (Vertical-Cavity Surface-Emitting Laser, VCSEL) , 48 S 808, AL F8 45 4% 20N
Silvaco

FESHES TLII

DOI: 10.11889/5.0253-3219.2022.hjs.45.110202

Radiation effect and simulation of 850 nm vertical-cavity surface-emitting laser
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Abstract [Background] Vertical cavity surface emitting lasers (VCSEL) have very high application value in space
radiation environment. [Purpose] This study aims to explore the degradation rule and mechanism of 850 nm VCSEL
in harsh radiation environment. [Methods] First of all, the MULASSIS tool was employed to calculate displacement
damage dose (DDD) and design experimental scheme for 850 nm multimode VCSEL samples. Then, 3 MeV and
10 MeV proton irradiation experiments were conducted to obtain the degradation rule of parameters such as light

output power and threshold current with the proton fluence, and to find that the degradation degree of light output
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power and threshold current were equal under the same DDD. Finally, the Silvaco software was used for modeling

and simulation on an experimental basis to extract microscopic parameters such as trap density, donor and acceptor

ionization density, mirror loss, radiation recombination rate and photon number. [Results] The simulation results are

in good agreement with the experimental results, these results show that each parameter changes to different degrees

with the increase of proton fluence. [Conclusions] The parameter degradation law and radiation damage mechanism

of VCSEL can be deeply explored by simulation on the basis of the experimental law, and simulation results are of

great significance for understanding the degradation mechanism of VCSEL.

Key words Vertical-cavity surface-emitting laser (VCSEL), Radiation effect, Displacement damage effect, Silvaco
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Fig.1 Silvaco model structure diagram of 850 nm VCSEL (a) and partial enlarged view of the quantum well region when the
VCSEL is operating (b)
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