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915 nm semiconductor laser new type facet passivation technology
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(1. Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Aiming at the mechanism of catastrophic optical damage of semiconductor laser cavity surface,
a single-chip semiconductor laser cavity surface vacuum cleavage passivation process was designed. The
cleavage process in vacuum and direct evaporation of passivation film on the surface of semiconductor
laser cavity was proposed. Using ZnSe material as the passivation film material for the vacuum cleavage
process of single-die semiconductor laser, it was found that the vacuum cleavage passivation process and
ZnSe material could be used as the passivation film to increase the output power of the device by 23%.
The mechanism of semiconductor laser cavity surface damage was analyzed by electroluminescence (EL).
It is further explained that the introduction of vacuum cleavage passivation technology in the preparation
process of 915 nm semiconductor laser and the selection of ZnSe as the passivation film can effectively
protect the cavity surface of the semiconductor laser and improve device reliability.

Key words: semiconductor laser; facet passivation; cleaving in high vacuum; failure analysis

Yr#E B 3. 2018-08-11; 1&iT H#J.2018-09-14

EE€U B . H5xK A AR5 (61306057)

EE RN £8(1988-), 5, WA, 2 w440 B (2 SR BOL A4 75 T AR 5E . Email: wangxinhehel23 @semi.ac.cn
EIREE . BEERA0982-), 5, BiBEFT 51, W1, 2 2 NS RT3 R BOG A 7 | (5% . Email:lingxiao431 @semi.ac.cn
SRS D5EF1963-), B BIFE 5L, AR I A 322 KT SR O R B AR DT TH RIAESY . Email:maxy @semi.ac.cn

0105002-1



9Nk TAE

%14 www.irla.cn % 48 K&
SRR e AR L, SRR, MW A
0 51 ZnSe i 1k 55 1) B 25 fig B A0 % IR R ] LA 4

KU R RBOGR LA KRBUN HEiR S
RERYI RN D X oy & N T T 2 WS P2
N TOGAE JGAE AR AR EOB R Ot
Tl LR O B S5 4 . [ A, 2 R BO G R
(SR & RS RN OD e aF- WL el NE ZRIINDIve - i
HCEFHA iy i A A BN BE A N Y
AWK, X TR ARBOCRR T RS TE S
FOEESR T A A 4 s T D' 2 9 728 2 5% i) JFL ] i
— DGR ZR  QfeT By b g TG A R AR B A
AR H R 915 nm 2 AR BOG A O SR E B
W5 Ty

B FARBOLS TAEERIWHRET X
A5 2514 B B TR & 532 B 25 S K 43 FVE iR 15
Y FEOM AR AR, P RO I A F 2R E A
YR TS A T AR O AR SR A G,
AL IS I 5 S B i s IR Y SR
BT, mAFHEOGH KA (Catastrophic Optical
Damage,COD), fHf3gsk%k, BIHx 2 SR B
e 1) JS T AT A A PR ER

AR ARZ R & Faifh . A5
b AR A AR R S SR OG5 T
L7 VI (1 [ By N3 (T NG B DR RIS A K 2 R A
Ab P S RO R T AF 2] T 22.5 W ) COD [
i, EREE B S AR ST B 0 g 1% 55 AR AE
A J7 RSB 980 nm 2 AR UG 1 % IR N
200 mW!™1 | 3% [# Christofer 25 A FH AU B T3 vk
s T F18) 1336 o8 ] 90 o i e TR 2R A 7 4 A AR A 5 i
PR T EERY T S B Brennan 55 A M H AL IS 1Y
stk T 27 2 T Eifk InGaAs FEEOEAS , 5]  A
FI XPS SEAa N U7 A2, Y EALISTE] 2 20 min B
AT VLA 20 SR 3R TR G 2T i3y 2 1) R
AT SEVE TN RARGE |, JF HAE R BR R A el 2D B
DI IEA RT3 2k

WFE$2 H 76 ) B 25 TR X AR PO 2R T A
M, I R Th R 2R 250m £ 41 ZnSe
PEBME BRI 71 , R ZnSe AR EE 7 v
FE R A R RO G s s A s, IR
F TET A5 BREL, 384 L B8O S (electroluminescent , EL)

o 2 SR EOL AR D) S AR AR A B, AL
PRI T

1 SMER 251

SEEHLI915 nm B AR BOGER A B, S EE 4G
¥ 38 i 4 8 A ALk S KA DU (Metal  Organic
Chemical Vapor Deposition, MOCVD), Ll InGaAs/
AlGaAs £ n-GaAs #1 I FAEK A KR R 600 C,
K AR A1 560 26U P A5, 25 2R o M A K
J¥ S 21 300 nm 9 T BR #] )2 N -AlGaAs, 500 nm
AlGaAs 14 )2, 700 nm ) T % F)Z N-AlGaAs, 8 nm
B2 )2 Aly»Ga,As, 9 nm [ T BF AlGalnAs, 10 nm
) 22 )2 Al »Gay 5As , 700 nm Y 3% F )2 AlGaAs,
1100 nm f F BRI /2 P-AlGaAs,200 nm P-GaAs 7
2. AMNEEPEARSS R 1 TR,

200 nm P-GaAs clading layer

1 100 nm P-AlGaAs upper confinement layer

700 nm P-AlGaAs upper waveguide layer

10 nm Al ..Ga, . As barrier layer

9nm AlGaAs quantumwell layer

8 nm Al,,.Ga,.As barrier layer

700 nm N-AlGaAs lower waveguide layer

500 nm AlGaAs transition layer

1300 nm N-AlGaAs lower confinement layer

N-GaAs substrate

Pl 1 915 nm 2 SR BOL AR SME 2 251

Fig.1 915 nm semiconductor laser epitaxial layer structure
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Tab.1 Samples of the experiments

Sample No. Cl.eavage “Passivatioln .Passiv'ation
environment film material  film thickness
A Air - -
B High vacuum Si 25 nm
C High vacuum ZnSe 25 nm
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Fig.3 P-I curves of semiconductor laser devices
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Fig.4 EL analysis of semiconductor laser devices
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