A ER-INC)

Chinese Optics B

SR T BT R SRBOGAR O F R R B

R 5 R

Electrostatic discharge failure characteristics of oxide vertical cavity surface emitting lasers
ZHANG Yu-qi, KAN Qiang, ZHAO Jia

FIUHASLE:

K Rk, i, A EE. AR Ak Y S R T A SO AR R R BCR R RCREVELD . T EDESE, 2022, 15(4): 722-730. doi:
10.37188/C0.2021-0226

ZHANG Yu-qi, KAN Qiang, ZHAO Jia. Electrostatic discharge failure characteristics of oxide vertical cavity surface emitting
lasers[J]. Chinese Optics, 2022, 15(4): 722-730. doi: 10.37188/C0.2021-0226

TEZR 2 View online: https:/doi.org/10.37188/C0.2021-0226

L] RERGBR A HAN SO

Articles you may be interested in

R HIBCB R AR 12 8 50 nm e Y IA7 & SO
High—speed 850 nm vertical—cavity surface—emitting lasers with BCB planarization technique

B2, 2018, 11(2): 190 https://doi.org/10.3788/C0.20181102.0190
K T R S A BO G RR T o

Research progress of horizontal cavity surface emitting semiconductor lasers

2. 2017, 10(2): 194 hitps:/doi.org/10.3788/C0.20171002.0194
i) e 2 T TR Y SR T R L AR P A

Discharge characteristics of optical pumping source by ceramic surface discharge

T EYE2%. 2019, 12(6): 1321 https://doi.org/10.3788/C0.20191206.1321
TEET N B AN A £ e 2 RO A

Narrow linewidth external cavity semiconductor laser based on silicon photonic chip

H1EDEAE. 2019, 12(2): 229 https://doi.org/10.3788/C0.20191202.0229
1R AT A R RS [ A SO AR T

Research on the high beam quality of Gaussian unstable resonators in solid state lasers

F 2. 2019, 12(3): 559  https://doi.org/10.3788/C0.20191203.0559
BRSO SO E T MR CAF B A 1 AT S5 X L

Analysis and comparison of solid—state lasers and fiber lasers on the coupling of rod—type photonic crystal fiber

HRE Y. 2018, 11(6): 958  hitps://doi.org/10.3788/C0.20181106.0958



5% 4 rhEDGE: (Hrsesg) Vol 15 No. 4
2022457 H Chinese Optics Jul. 2022

NERS 2095-1531(2022)04-0722-09

A B T E I T & 5 BT A% B F8 R AR R U 1

g&im 1,2’ I‘?’ﬂ 5&3,%% ,T 14%*
(LIWEAF BMASANRAERBZARBTHELEHE, LK F§ 266237;
2ENWZ%Emu HAR A, BE B 361000;
3. FEAF I AR T, AL 100083
4 WEAF BERFEIR%R, LK F8 266237)

T LA I s I & PO (VCSEL) 74085 30 5 S U LA T2 I H, SR 1M A fL A VCSEL & — Ff i e Ak il
A, FEUCH (ESD) S R8O 8 BRI 2 —, I B4R U AR MEA T A& R R, AR SO 4 Ak 8 VCSEL
7T A A (HBM) ., ALERAE X (MM) FJTHFFE B =l (CDM)3 RO [E Y ESD A=A B s N 71 (BOS) v, LA
SRRSO . Hop, 7 HBM ARl 5T 1 AS [RIAR P 00 Hh K v o o 7 B4 R S8CRFAE , SR A0 R R 7] 1=V, IE
M L-1-V IR %206 B30 (EMMI) A1 S e 7 W 30B% (TEM) & TF-BEHHTRIE . 455 E M, Rl ESD Al 2 3 #R
TR 4547 v T B A, 48167 VCSEL & 552 HBM Al MM 3145, i %t CDM AU AR EURG . #F58 & BRI ESD 2R3l 48k
PR P o e 8 SR 6,368 2 1) T F B84 . 1 DG I AR B U . EMIMIL 2% A5 %%, T TEM 1 g B b BLEEA S0 0 T-BE, AN [W)
ESD B0 Z 30 A [F] (0 Bl B /NI B AR I, X SBRI ST 45 5 W T IX ) ESD SR AL & it AL, I L RE A 1 1
ST 5 R Je ki B4 ESD #E=t, HUA SR 3L,

¥k 8 O AEAB@ESEOLE; Bk (BSD); 5T

hE 5 2S:TN365 XHRFRAERD: A doi: 10.37188/C0.2021-0226

Electrostatic discharge failure characteristics of oxide vertical

cavity surface emitting lasers

ZHANG Yu-qi'?, KAN Qiang®, ZHAO Jia'*"
(1. Key Laboratory of Laser & Infrared System, Ministry of Education, Shandong University,
Qingdao 266237, China;
2. Xiamen San 'An Integrated Circuit Co., LTD, Xiamen 361000, China;
3. Institute of Semiconductors, University of Chinese Academy of Sciences, Beijing 100083, China;
4. School of Information Science and Engineering, Shandong University, Qingdao 266237, China)

* Corresponding author, E-mail: zhaojia@sdu.edu.cn

Abstract: Oxide Vertical Cavity Surface-Emitting Lasers (VCSELSs) are widely used in data communication.
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However, VCSELSs are sensitive to ElectroStatic Discharge (ESD), which is one of the main reasons for their
failure. It is difficult to identify the root cause of this problem. Therefore, 3 different ESD models including
Human Body Model (HBM), Machine Model (MM) and Charge Device Model (CDM) and Electrical Over-
Stress (EOS) shocks were applied to carry out the failure analysis of oxide VCSELs. Among them, voltage
shocks of different polarities were used for HBM while reverse 1-V, forward L-I-V scan, emission micro-
scopy (EMMI) and Transmission Electron Microscopy (TEM) were used for characterization. The results
show that different ESD models show significantly different damage voltage thresholds, and the oxide VC-
SEL is susceptible to damage in the HBM and MM models but insensitive in the CDM model. Defect charac-
teristics associated with ESD failure were found including increased reverse leakage, degradation of optical
output power, and bright spots in the EMMI. TEM was the most direct and effective method where different

ESD events showed different defect sizes and locations. These research results are of great significance to

confirm whether the failure mode is caused by ESD and to judge the specific ESD models in detail.

Key words: vertical cavity surface emitting lasers; electrostatic discharge; failure analysis
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