% 52 K% 5 b Hg oL TR 2023 4 5 A
Vol.52 No.5 Infrared and Laser Engineering May 2023

WM ARZXTZHMERLIXE TKPRFSE
AR F a7 ik

Rk 24T, & L B R RAER 2RAY, 1 ERY HE X

(1. PEHFROELFHEIRALT BELFEATEARABELELERE,

2. PEAFRKSF, LR 100049)

%G B 710119;

W OE: ZTERORARTRFFIRYEE F RN ERIARZ —, m AT Ko R F PR
KB TEMRPHEGETRZRY, LPRET ARG AL F ik B K I %, 2 830 nm
F-mount 24 3 69 K 2 & ¥ F4GHOE B 347 T Wb R B 89 R A 48 A[22 °C, 1.4 A],B[42 °C, 1.4 A],
C[42°C, 1.8 A],D[62 °C, 1.8 A] T #9 & -8 & X L #t hnik IBAC R IEHF 7, 36 4 b o B shi
ATHNA, B2 BB 80% 3h B AUAE B % 2L P I, S5 05 BB 0 S AR A Fu BAT /R 5T P ARAE ) B BT
IR T T3 % ant | (MTTF) 4 5811 h, X P4 d T 28 mig B BM 2 T35 me)
SPMEFGIT ik, PR ST T AL, R 2 RAT 10%, Z 5 AL E N e T ik X

Tk, AR E
B,

XHEIR: R EFFREHE;
FESES: TN248.4 STEARERL: A

0 35l

T

RIZEFORBOCAZ W T fE . T, B
7. I 2 DA SR B e 4 A . B BOBHEIR
MR WT A e FIE D, 2 S | LR O R GER R I
P URBOEAS B AT SEPE SR T ROk B ey R U
A AN AT EEAE A il bR A K, R T B AR ™
W TAE PR oA A 0 TAE F i o K o b ToU 0 %
4754, A BT X ST 28 R0 A AN L 2k
— DA R AR I AT S A B A B B A ) S
A,

Tk i 58 (Accelerated Life Test, ALT) 513
B LI E (Accelerated Degradation Test, ADT) J& 41 X

ks B ER:2022-08-17; &7 HHB:2022-11-16

W 29X I AT 8] A iR B A, XA TR R RO B

ik R A IXIE

ORI LR SRR

Ry F
DOI: 10.3788/IRLA20220592

Ry 22 RO 77 o T000 09 P A EZE R T
Bro ALT J&RI 5 YR AOR AR 1 ST AR, o
6 H TE R T3 KT S SR R AR AR 1 i S a
HEATAMIEE, 15 B IE 5 TAERN J) 408 Bt i9ik
B 5B, T ADT S A e B g 7K F (iR
T FLFRAE) T 00 A 1 B R Ak A 50 R e
IFAMEAS B H AL EH TAER ) 50 T 84 Bt 5
PRS0 vk . ADT il adic sk an MR RE S B LI Ol
SRAN T ALT FY R Be, BE 6% 1 /2 75 5 A fY I 8] P A
TN B8 F 5 A 0 ESR . ADT AHEC T ALT fEfSh K45
S IR it ], 1 29380 s AR

[l S AR 2 T AR 28 n] S 5 5 i WA 5T LR
A, f8E[E FBH BF5E U7 () Bernd Sumpf 46 A1 X}

ELTH: HR A RBEIES (61504167); Bepid HRRIEIE S (2022]Q-531, 2019ZY-CXPT-03-05, 2018IM6010, 2015JQ6263); Bk 16 24 A} 7

T AATIH (2017KIXX-72)
& BN

o SV A = T e S s S SN O A TS e e L T

SIRGBIRAMEE) & v Lo, I, BIDTHE G, WA S, 1, RS R I)A, R Ao e S 7 I .

20220592-1



ISk A2

%54

www.irla.cn

o

%52 %

650 nm OGS IEFT T 20000 h HLR; 32 ) ADT,
I ORI R TR LIW R 1.2 W
M4 R TAET 10000 h, 5 200 22 #5144 25 S 30
[E] (MTTF) & 87000 h, 3% [ nLight 2~ &) i J. Wang
S5 NI 808 nm 2 T R O # HLAE AE AR TR B
50 °C. TAEHLUE 12 A B T #4717 6000 h LA 1 1H
JE HUUL ALT, 7500 2 485 A1 v JC D 232 0 L 3L 1 77 46 4L
S SR R 2, WEALEE N 0.45 eV AT B 25 1
MTTF >4 21900 h, 7% [& Osram 2 7 1) Konig %5 A [
XF TO $ 24 () InGaN 3506 K I 32 AR BOG S A8
PEAT T = P oy -3 B B 7 45 #F T K35 5000 h 1)
fH5E ADT, 456 B JR 53 A SRS B #4519 MTTF
A 50000 h.,

AR Z T, P 3 2o o 560 40 B0 A 4 R A5 2%
(R pRCS T A 2 B iR e o S )
R AR BOE AR 0 0] FE PR W 5, A7 B 2 A
Ko b Tl K24 1 2 52 0 48 AU X 808 nm I &
70 Al K Iy #f SR B OG &R E 1T T 40, 80 °C
(18 IR B N S ALT, JE4E 5 ORI H AR
TAER MTTF 4 15000 ho Tt SARDFG i 140
45 N AlGaAs/GaAs 808 nm K 3y 2 A BOE 2% F
178 WA R A 3R S ALT, F 25 i ik
A i I [ 4 5 2 2R SR L 4 A 0 ) 2R A
N MTTF & 2432 ho H [ 77 i) S 5 30 8
5 I 5 i 1 B8 D O A T SR T HL A -3 B DU )
fH & ADT 7 1, R T e it 24 M G MRk 1
808 nm i [ 45 K Iy 2 AR PO AR E L 25 °C 1
22 TAERS (QCW) T 1AM i 2.86 %10 shots.
Hh [ B A B 2 AR A 5T G E SCRNAED X 3 R
K 975 nm ) COS 3 L5 BOL A8 17 T 10 A,
12 A F1 14 A (20 JE B3 S ALT, I35 7E 8 A
(LI R #8419 MTTF & 28999 ho b 5t Bl ARt
B R By A FR A 7] B Zhu Jing!"™ 58 A%} 808 nm 4
% COS A HEAT T 2000 h (35 3 -2h A8 2 B
ADT, 7E /il s 45 A1 b B2y 258 0 1 8 84 30 S 800 5,
AL RE R 0.45 eV SMEAS 2 83 AE B E TAE R T

) MTTF & 206931 h, P % XE SE R By A FR /A #
) Zhang H Y % AU X A\AS 1% 28 TAER L (CW) R
(RO 2% 1 4 EFT T 4650 h B 1E E I 1 ALT, I
SETE IR LR N AR A, H ) R
TN AR B B S0 O 2, IH AL HE S 0.45 eV AMiE
o AR [F] Ah E 25 8 B9 QCW 2 2% 1Y 7 iy y 2.3%
10” shots. " [ B} 24 B V5 22 5% 24 kG % AL A 52 B
) 57 75 5 45 PO AT T 808 nm & ¥4 H1 R K T
R G RMEOE AR LA E CW TAEBR T i 2 i
JE 13 J1 ADT, Ah#E45 2 &5 74 75 % il F (9 MTTF b
5762 h.,

N T AR R IR RO, e H AR B A
ALT [ ADT 2 ¥, 5 777t in 7 =2 A % J 21 25 ik
7 ) S AL R B XU Ty s 2 1 S0 N o Bk
TIUOBURE 7 (5 Jon 2 38 A 328 56 B B P T e e i) 2 Akl
PRALTT 2 1 i ER AR5 2. i R ik S B — N ) e
I BUpNITE AR € IR i o A T 2 LR N
WYY T R I [A], B3 A X SRS AT AT
FEVEITAR

CH L F Yamakoshi 77 B i 7 P g IR AL AR
MR 6 s oy % 0 7 Ak kP B AR A il 2 R AT LA
I %F 12 H 830 nm F-mount 2} T & % 5% 28 845 75 14
HEAT PURNAS [R] 1) B ) 2% 44 1) TR -+ 3 A5 i ADT,
FRAFET T SIS A (1 Jon s A% 7 S B0 1% 12 75 iy Tl
W SCr gy T TR A TR D RS RS 56 1) ik
bR

1 ERFEESEREST

W17, SCRRERN 4 T 2 AR BOL AR 75 6
TN B SR TT 58, B AR Ay, S — R S
WY, B TR AT N oy o P Y 5 Sy
PN O T S T Ol ) 0 R 0 R A R e A R R T
XU A7 25 B0 i ) I A R R 7 B A Y
J& , H R R /N Al T 5 SR T E AL S
HOF KAt MTTE,

=4

202205922



s Gk A2

% 5 4 www.irla.cn % 52 4
The optical output power degradation
] trajectory of laser diodes model
building based on Yamakoshi equation
Model building
- Acceleration model building based on the
38 generalized Irene mode
g
8
g
2
Eo Least squares estimation to find the Laser diode optical output
degradation rate power degradation data
Solve for the operating life of each device
under normal conditions after acceleration Lifetime prediction
model parameter estimation
Lifetime probability density distribution Estimated mean time to
function fitting based on Weibull — failure of laser diodes
distribution
12O LER A TS A &
Fig.l Overall solution for lifetime prediction of laser diode
L1 MRERCREE T il B L ) 2 A AER AN HLIR N ) 26 1 R IR B R AR
jq 7 xﬁé@w&fc%ﬁc% ta L WLM/T L3 L ] (75 i) 538 wzhm It
. =pi;
#E%ﬁ%ﬁ@ﬁ%ﬁ?%ﬁmLkvﬁﬁﬁdﬁm &
A B 453 P2 2 0 s
)] > (=] N L | |
TR B — IR AR AT ) 25 PRS0, S P YR
MR PRAFIEE AL, IR A TR fe (19 D) R AB A B gl n]
S,M, 8@
M4 YamaKoshi 7‘3‘*”“"] FHANT LAY A - G5
M @ 0 E (5", 59)
(t | S ) =P ,«,jexp (_ﬁi,jt) ’ @ L] s
t>0J<LLj=QL~gl (D %
PR PEREIR ALY (Si™ $:%)

K s®, D5 Rt
TR0 0 B8 A T L ) A R AR AN LTI ) S
P, BTN B R WK 2 B . Horbi, o3k
INPIRRRL T KR, 0, j=0,1, Li< jo P, BA
RAEN I FRAFLS V.S OTR, Kl BOH) i 6 2 A (5 AR
e, A () H#ik TOLH R TIRAES D, S P )
S AF R B 1] AR T 2R, AT LR R I — N B R 4
(IR . BT AR FH fre /s = e vk 5 45 92 iR Ak 3
SRAF o WG KRB I E Ry e DR R R
PIURTE I 80%>1 "1 A8 A A (1) HEF AR RIESE

SU(temperature)
I 2 ZSUBHEER AR F 0 ) A 2R B
Fig.2 Schematic diagram of the change in stress conditions for the

cross-step accelerated degradation test
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W14 A5 1.8 A, PN I 45 58 XoP ik, 220 p iy
TR [8] B9 7 g 4542 A[22 °C, 1.4 A], B[42 °C, 1.4 A],
C[42 °C, 1.8 A], D[62 °C, 1.8 A]. TEiX M i 5% 4%
Rt T 2 B B X R 4 N ) A, WL 1, 2

Pl 4 3561 830 nm F-mount 245 B8 (FS4AI ] 95 5 N 1#~124, Sl K Hh 2 4 8] B 100 hoic ¢ —
Fig.4 Photo of experimental 830 nm F-mount single-emitter device :(ﬁ(, ﬁﬁi W,
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Fig.5 Schematic diagram of 830 nm F-mount single-emitter devices accelerated test platform

% 1 830 nm F-mount B EIF A7 AR E BB N1 54 T RIMERR WX I HIR L IhZ/W)
Tab.1 Accelerated degradation test data of 830 nm F-mount single-emitter devices under different stress

conditions (optical output power/W)

Stress condition ~ Time/h 14 24 3¢ 44 s# 6# 7# 8# o 104 1% 12#
100 143 138 139 141 141 140 136 142 144 136 145 139
200 142 138 140 140 140 138 137 143 142 136 144 137
A[22°C, 1.4 A]
300 139 137 137 139 138 135 141 139 139 134 143 134
400 140 133 135 140 140 134 134 140 137 135 140 134
500 136 133 133 137 138 130 129 136 131 131 136 129
600 132 130 129 134 132 127 132 133 128 128 136 131
B[42 °C, 1.4 A]
700 128 130 131 134 134 127 129 131 130 127 135 125
800 130 129 130 133 130 126 125 130 129 123 131 126
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Continued Tab.1
Stress condition Time/h 1# 24 3# 44 S# ot TH# 8# o# 10# 11# 12#
900 1.62 1.63 1.62 1.70 1.69 1.64 1.69 1.72 1.70 1.60 1.69 1.69

1000 1.57 1.60 1.59 1.65

C[42°C, 1.8 A]
1100 155 158 150  1.64
1200 150 151 152 158
1300 139 144 143 150
1400 135 137 138 144
D[62 °C, 1.8 A]

1500 1.27 1.34 1.33 1.41
1600 1.26 1.28 1.27 1.36

1.65 1.60 1.67 1.65 1.68 1.57 1.67 1.69
1.60 1.57 1.62 l1.61 1.61 1.53 1.60 1.63
1.58 1.50 1.56 1.62 1.57 1.54 1.60 1.56
1.45 1.39 1.52 1.50 1.47 1.40 1.49 1.42
1.41 1.33 1.45 1.44 1.40 1.35 1.45 1.41
1.34 1.31 1.43 1.41 1.35 1.32 1.36 1.35
1.26 1.25 1.38 1.39 1.29 1.30 1.30 1.30

3 HiEAE

3.1 MHEHRWARE SRR R Skt

WK 6 iR, 253 1600 hiRE )5, B8 T 12 A
[F] g 1 1) S Bt BE IR AL B R (), R ()5 FRIE PEREIR
MR P(OVFETE—E 1R E . O TS 5 5L brith 4
FREERIG ok, T B iR 22 5/ Mb o FIHEHEZ M 5/
TIIUA, LA BB S M RRR fL 2 P (r), BISRASSC
PriRAE A R (05 BB IR AL T 26 P ()2 22 197 5 Rl e
/NES B HUE

09 r

0.6

Output optical power/W

03

0 i I 1 i 1 1 i
0 200 400 600 800 1000 1200 1400 1600

Time/h
Il 6 830 nm F-mount S48 14 AR IR AL KcHis
Fig.6 Performance degradation data of 830 nm F-mount single-emitter

devices

i AT LAAS 2 g, 1 A THE, i 2 i, B,
B 25 17 3 2% AR 8 T3 A, LA B SR B ) 41
e, R AR R . ARAE A (1), SO AT U
J138 AT B ngaR A 55 23, 1600 h, A
fa b oy AR aR A T DUCHE S [22 °C, 1.4 A] S/ 1F T

BERIRARSE] AT RATHRAR, PORh AT ST 1600 h
0 S B0 A 24 T2 3783 h 7E [22 °C , 1.4 A] A &1
A E R R o 4 PR A% G 4 1 H TN
T A i T S AR 0 A 0 5 v, W) 2 D
TEIR I i B BR [22 °C, 1.4 A] & F ISR RIZH LA |
FA 25T s, A T WA T RT 57.7% 1
TR 7

R2 BIEAREETRAZRGTHORLR
Tab.2 Degradation rate of each laser diode at each

stress condition

L
diozseeIrD 1822 C,14A 1842 C,1.4A ﬂ42 C,1.8A ﬁ62 C,1.8A
1 9.152x 1075 1.358x10™* 2.711x107™* 3.674x 107
2 9.245x107 1.367x10™* 2.613x107™* 3.624x 107
3 8.167x 107> 1.251x10™* 2.420x107* 3.635x107*
4 8.321x 107> 1.242x107™% 2.338x107* 3.137x107*
5 8.905x 107> 1.337x107™* 2.566x 107 3.893x107*
6 9.458x 107 1.415x10™* 2.805x107* 3.684x107*
7 7.345x107  1.097x 107 2.089x107* 3.259x 107
8 7.563x1075  1.124x 107 2.073x107™* 3.126x 107
9 9.011x107 1.344x10™* 2.569x107* 3.698x 10~
10 8.583x 107> 1.261x107™* 2.372x107* 3.521x107*
11 9.774x 107 1.440x10™* 2.719x107* 3.973x 107
12 9.804x 107 1.464x10™* 2.878x107* 3.868x 107

J T RAEMGE AR A S (7) R SR R
L BAEH, 5 A 50 AR AN S 2 59 28 5.4 3
SRy EYE . R BB SR 1
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2 3 AR AR BE) HEAT R I, ARG e
F 2 SR N A A R AR 2 T A o AR s A
BN R (9) 1 ek Jy B 4 AT e/ — T A 1453 )
12 BT SR (2, b.o.d, TR AL 7 B4 7T %
A

Ax=b )
e AR H TR AL 2 ) 2R RO 5 bR o i
F 6 K2 B 9 W, W0 = [, B e, ) I B/ T A
TR R AT

x=(ATA) A" (10)
K RS HAG k, fabed, ik 3

v

*® 3 WE 1 fE 2 WA G/ MR REER) KRG8
HIR R SH
Tab.3 Parameters of the accelerated degradation
model obtained by taking two sets of single-
emitter 1and single-emitter 2 (a total of

8 degradation rate data)

a b c d

4.40 1830 —1.66 —3.36

Forp ) SRR ER A L | JRLRE I ) S HAR
FHE, BEPASAZ B AR ST o 05 TR S HAR I A7
PEAT IR BT 36 LU DAL AT AR i 8 B A7 1, By 1k

ERIE IR UE /R
ik
Hy:d=0 (11)
WA e Feib Xk
t=d/s;~tQl—g-1) (12)

Ko o B AR R FEaX HUER 35 2SRRI I 77K
- 7 REAN KR, B 83 57 1815 2R K d (AL S A 1Y
PR

ZHE BT 0.1, A A RAFEN 2L — g — 1)g,05 =
21318, Hilf=0.2387 <2.1318, fT LA 3% % 1% % H, .
PR, AR TE A8 HAE PRI o T M AR AL
X (5) WE W:

b
lns=a+?+cl (13)
Fede 2 i g ARA LS (8) T RIKR e 0 MR
BRI 26 M5 R 2 B/ — SRl 2 12 41
BRI SR THEa,b,e, I3k 4 TR,

& 4 BAROLER A NER LR R SHUA R SMER
i

Tab.4 Accelerated degradation model parameters

corresponding to each laser diode and
extrapolated lifetime
Laser diode ID a b c énc,09a/h

1 4.01 1833 -1.73 5805

2 3.90 1816 —1.62 5420

3 3.51 1981 —1.65 6249

4 3.80 1862 —-1.58 5942

5 3.73 1 880 —-1.63 5630

6 3.81 1873 -1.71 5542

7 3.95 1 865 —-1.61 6789

8 3.89 1 841 -1.53 6334

9 3.79 1856 —-1.62 5561

10 4.02 1786 —1.58 5722

11 3.85 1799 -1.59 5001

12 3.81 1853 —-1.69 5273

2 IR AL S O 2R R B WG Ot
1311 80% 7 kR BUAR e, B & A HE TAE N 71 4%
122 °C, 0.9 ATFRA AR (2) 7T AR E] 12 R84
T 7 fiwe, W0 ERPTR . He~W(m,n), ¥ 840 /R
3 A oA A RS T T 3 () A R X 4, R B2k
INZ AR AR S Em R E S5y, B/
(6) 15:2).

Inln[1-F )] = —mlnn + mint (14)

TXRE IR AT R A RS T G T (Ing,
Inln[1—F ()] W — ke %k R EXHATHL N
ZARIEG, W E T(a) FTR, SRR RER BB S 5
m=11.68, Fi-F| IR G R E S5 =5994h, T
JEAT ZR 53 A B R 803 A R AR I A 7(b) B o
AR5 AT IR 43 A BRI R BT, SR 303l 50% B i Xof
I B B[] 7B S MTTF, 3845 % 45811 h.
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Fig.7 Failure data points were fitted with the curve of Weibull distribution function and the fit was 92.24%. (a) Estimation results of the Weibull plot

after coordinate transformation; (b) Fitting results of the failure distribution function

3.2 HEEARMERE

W s Pis, R RS H AR AT, SCP 4 12 4
PSS IETE A[22 °C, 1.4 A], B[42 °C, 1.4 A], C[42 C,
1.8 A] =Bl J1 4510 T 1tk AR AL B L A A A )
143 D[62 °C, 1.8 A] %A T MR L By I 5 HLSHR
3 By e, 154 AT L o IRZEITE 10% LT, BEH
T SCr ST AT (AR

RS BETEGIELRUE o SERBUE

Bexc, 154 BIXTEL
Tab.5 Comparison of the theoretical degradation rate
Piest calculated by the model with the actual

degradation rate f; -, 154

Laser diode ID Berc. 184 Brest Error
1 3.674x107* 3.837x 1074 4.44%
2 3.624x 1074 3.686x 1074 1.02%
3 3.635x 1074 3.522x107* 3.11%
4 3.137x 1074 3.328x 1074 6.09%
5 3.893x 1074 3.657x 1074 6.09%
6 3.684x 107 4.001x107* 8.60%
7 3.259x 1074 2.975%x 1074 8.71%
3 3.126x 1074 2.939x 107 5.98%
9 3.698x 107 3.651x107* 1.27%
10 3.521x10™ 3.327x107* 5.51%
11 3.973x10™* 3.824x107* 3.75%
12 3.868x 1074 4.097x 1074 5.92%

4 &
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Lifetime prediction method for high-power laser diodes under double-

stress cross-step accelerated degradation test

Zhang Yeqi'?, Wang Zhenfu'", Li Te', Chen Lang', Zhang Jiachen',

Wu Shunhua'?, Liu Jiachen'?, Yang Guowen'

(1. State Key Laboratory of Transient Optics and Photonics, Xi’an Institute of Optics and Precision Mechanics,
Chinese Academy of Sciences, Xi’an 710119, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract:

Objective High reliability becomes very important for the application of high-power laser diodes, and lifetime
prediction is the primary aspect of reliability assessment of high-power laser diodes. Accelerated degradation test
is a test method to accelerate the degradation process in the laboratory in accordance with the degradation model,
which can obtain statistically significant lifetime prediction in a short time. With the advancement of device
technology and its reliability, single-stress accelerated degradation test faces problems such as long test time, high
cost, and excessive stress application in the degradation mechanism. Therefore, it is necessary to propose an
accelerated degradation test for lifetime prediction of highly reliable and long-lived devices. For this purpose, a
double-stress cross-step accelerated degradation technological method is designed in this paper.

Methods A double-stress cross-step accelerated degradation test is proposed. Aging test platform for high-power
laser diodes was built (Fig.5). The device (Fig.4) was subjected to 1600 h accelerated degradation test, and the
accelerated degradation data of optical output power under different stress conditions were collected (Tab.1).
Performance degradation model was established to analyze the data with the accelerated model to obtain the
lifetime prediction values, and the accuracy of the model was tested for significance (Tab.5).

Results and Discussions The overall scheme of high-power laser diodes lifetime prediction (Fig.1) has three
main steps of bringing degradation data into the model, fitting the lifetime probability density distribution
function, and checking accuracy. The double-stress cross-step accelerated degradation test sets the temperature
and current as the stress conditions, and the two stress conditions are cross-stepped to form a total of four different
stress conditions (Fig.2) as 4 [22 °C, 1.4 A], B[42 °C, 1.4 A], C [42 °C, 1.8 A], and D [62 °C, 1.8 A], respec-
tively. The performance degradation model is built according to the YamaKoshi equation and the laser optical
output power failure threshold is set. The acceleration model is established according to the generalized Irene
model, and the degradation track of the optical output power during the accelerated degradation test is expressed
as a segmentation function. After the estimation of the model conversion parameters, the lifetime prediction
results were obtained and the parameter errors were compared (Tab.5), and they were all below 10%, which
verified the accuracy of the model.

Conclusions The accelerated degradation test of 12 830 nm F-mount single-emitter device was conducted for
1600 h using four different current-temperature double-stress conditions in cross-step by self-designed
experimental platform. The MTTF of the device is 5 811 h. The accelerated test method used in this paper saves at
least 57.7% of the test time compared with the conventional single-stress constant accelerated lifetime test
method, and has the advantages of less sample size and more flexibility in stress conditions. The method has been
experimentally validated to provide statistically significant results for device lifetime prediction with experimental
cost savings for different high-power laser diodes.

Key words: high-power laser diodes;  accelerated degradation test;  double-stress;  lifetime
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