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Accelerated Storage Life Evaluation of Lithium Niobate Modulators
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LI Xian—Iuo, YAN Ji—zhong
(AVIC Xi’ an Flight Automatic Control Research Institution, Xi’ an 710065, China)

ABSTRACT: Objective To study the evaluation method for accelerated storage Life of FOG. Methods Based on
Weibull distribution, employing the accelerated aging life evaluating test theory and technique, this paper proposed a
theoretical model for constant stress accelerated aging life evaluation. Then it evaluated the storage reliability and
storage life of integration optical modulator under different temperature stress, and analyzed the failure probability of the
device in different time periods. Results It was calculated that the M shape parameter of Weibull distribution device
was 0.314, which showed that the modulator storage was dominated by early—satge failure. Conclusion By the analysis
of failure data of modulator, the Arrhenius accelerating model was determined, and the activation energy was calculated
to be 1.1eV. In the environmental condition of 25 °C, the reliability of 1—year storage of LiNbO; modulator was 0.9454.
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Fig.1 Accelerated life curves
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Table 2 Device failure statistics
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Fig.3 Variation of Weibull failure statistics of the device with time

under different stresses

T m~mo~ms 3 B 25 18 28 3069 HL 3 2 R —
., B mAEICA B= miIn 5, 7] LISRIGARE R T
FATPEAGIE M : 1,=98 359.65 h, 7,=15293.66 h, 7=
2118.01 h,

DA A A T

2 n.m

i

S 0314

H T m<1 R FEGIZEE A7 R R R & FE Ay
AT SRR G B R T L i — 2 0L S 2 A A T
LAVALBE 5T LABE R A AN T SR, SR
JEAB (1S, In p )BT JE 30 hin ki ps Al 4 2 (4)
Al 15 a=-26.1, b=13292, BB {¢ J& 1 fin ik 745 i 455 AU
e

m =

In 5:=13 292/5-26.1 (8)

FH 3K (1) T4 BT S0 fin i 5 A 80 v B0 e E=
bK=1.1eV, 5 3CHR[9—104Hif

FEF B A8 Je AR A, R LS R [E] R R
5 A R 43 A B RRAE A5 A, R R 298, 323, 343, 358,
373,393 K X W A9 ¢ IE 77 i 43 51 47 - 108 705 238.5,
3442 826.7,312 472.3,61 609.1,13 841.9,2 257.3 h,

FET AR A, IEH B AT (25°C) I Af
AEERE T2 4 FR

| 1K

b | I,

{Lar2L

ST

iLEsE —

THI = 10 s

P4 LiNbO, | #3IA7 nl 52 i 22 (25 °C)
Fig.4 Storage reliability curve of LiNbO; modulator(25 °C)

R AR V8 i 2 0T 5 B #h £6, 7E 25°C7F LiNbO3 1 il
PEIAE VAR B T 5EE 4 0.9495, V47 5 4F 1Y ] 55 BE o
0.9177, W47 10 4F {1 W] 5 B2 24 0.8987, IE4F 20 4F Y ]
HEREE N 0.8757

3 ik

SCHRES AR BOG AR T AR B RE A SR T3 A
IR AT B A] SEVEPEAL O 2k R R FR i b AT T
i AR LU 4518

D) TR T8 AR AT RS om
0.314, K WIJA S 4577 I P 2 22, T LI g nl
FEVEGH 8 b T LA N — %2 B3 26 XS e F it AT 2 4k



$13% 2

JE R A5 - TR A o s

WA A Al - 153 -

AFR AT DA Hh R o A am AN T SE AR A

2) 198 T BalAe e B hn i A iR AR PR R AT
DAXEASRIRLEE B 28 A 15

3) MR RN 25 CCIREEIR 1 Z50F F LiNbOs ]
w T S, I BRI AR VAR T SR
0.9454,

4) THEAT B A4S JE B 7 i A5 5 o RO e
J1.1eV,

LKA s B AR IEAE Gl R, B e oY
AIEEME DA LR R AT 55, BOR B 2 1 b L 4%
PR s i RS, s A il g O 4 T
AR H AR G — AR T BB R R I0 . Bl
B B HE— 2L IRA IR ANE AT I3z i v

ey — 1
R &L,

SE k.

(1] E# T RDELFFEIRBCEARM]. AEaT: B AL A,
2010.

WANG Wei. Interferometric Fiber Optic Gyroscope Technolo—
gy[M]. Beijing: China Aerospace Press,2010.

(2] RILTR], IV, 2228 A SR OG7 AR L8 i 5% AR L B R A M
TP MR TR R 5441, 2008 ,29(1) : 45—49.
CHEN Shi-tong, SUN Feng, LI Xu—you. Compensation for
phase Drift in an Integrated Optical Phase Modulator{J].
Journal of Harbin Engineering University, 2008,29(1) : 45—
49.

[3] ZEgA, B, AR, SR RO AR XL FEIRRE M
HYEEIA U BIFFEL]. D6 124412, 2005,34(6) : 830—834.

LI Xu—you, WANG Chang—wei, ZOU Ji-bin. The Influence of
Integrated Optic Device's Stability for Fibre Optic Gyroscopes
[J]- Acta Photonica Sinica,2005,34(6) : 830—=834.

[4]  Ehi, P, SRAE S TR AT IS 3 (G 2T BE 5

IR IR i WAL T o B HOR 22 4, 2010, (18)6:
756—760,
MA Jing, YUAN Dan—dan, CHAO Dai-hong, et al. Accelerat—
ed Storage Life Evaluation of FOG Based on Drift Brownian
Movement[J]. Journal of Chinese Inertial Technology, 2010,
(18) 6:756—760.

(5] SefUZ, thifh, bk, N HIZ oot REIR fL B IPAS LT FE IR
WA A PTSEVEL]. S6 R % TR, 2011, 19(1) :35—40
CHAO Dai-hong, MA Jing, CHEN Shu-ying. Assessment of
Storage Reliability for FOGs by Multivariate Degradation Data

[J]. Optics and Precision Engineering,2011,19(1) :35—40.

[6] NAGATA H,LIY, VOISINE K R, et al. Reliability of Nonhe—
metic Bias—free LiNbO; Modulators|J]. IEEE Photonics Tech—
nology Letters,2004,16(11) :2457—2459.

[7] KISSA K M, SUCHOSKI P G, LEWI D K. Accelerated Aging
of Annealed Proton—exchanged Waveguide[J]. Journal of Light
Wave Technology, 1995, 13(7) : 1521—1529.

(8] BRIFFN, A, TR ARSI Jbat . S HE
HiRAL, 2008.

MAO Shi-song, TANG Yin—cai, WANG Ling-ling. Reliabili-
ty statistics|M]. Beijing: Higher Education Press,2008.

(91 WA, KB, TR, 2. sk 5 i il 6B AR 55 1 M)
b B Tolk Ak, 2013.

CHEN Xun, ZHANG Chun-hua, WANG Ya-shun, et al.
Accelerated Life Testing Technology and Application|M].
Beijing: National Defense Industry Press,2013.

[10] 23 , RS T2 1k IO 7 ik A7 i 1056 14 550 2 o 5 it

AT A7 A VAL, ST S S0, 2007, 27(2) £ 307—
308.
LI Gan, ZHENG Bo. Assessment of the Storage Life of a New
Guided Munitions Based on the Accelerated Life Test of the
Stepping Stress Accelerated Life Test[J]. Journal of Projec—
tiles, Rockets, Missiles and Guidance, 2007,27 (2) : 307—
308.

[11] A-BRWT , B2, £5 RAL Rt A i W e B2 ).
F B TAE,2013,10(5) :94—97.

NIU Yue-ting, MU Xi-hui. Estimation of Ammunition Storage
Life of Information Research Prospects|J]. Equipment Envi—
ronmental Engineering,2013,10(5) :94—97.

[12] ZRA AREAE, BeWI, 25 s B I 75 fir 5 ] SE e

AR ) IR AR I A TR (). v B R 4
2012,20(1):113—116.
YUAN Hong-jie, LI Lou—de, DUAN Gang, et al. Storage Life
and Reliability Evaluation of Accelerometer by Step Stress
Accelerated Degradation Testing[J]. Journal of Chinese Inertial
Technology,2012,20(1): 113—116.

[13] JiZ%, % K0, st A7 73 i T i H AR 2RI ], 4
BE T ,2005,2(2):6—11.

ZHOU Kun, LUO Tian—yuan. Missiles and Storage Life Pre—

320

diction Technology were Reviewed|J]. Equipment Environ—
mental Engineering,2005,2(2):6—11.

[14] NAGATA H, KIUCHI K. Temperature Dependence of Dec
Drift of Ti: LiNbO3 Optical Modulators with Sputter
Deposited SiO, Buffer Layer[J]. JApplPhys, 1993, (73) :
4162—4164.

[15] KOROTKY S K, VESELKA J. An RC Network Analysis of
Long Term Ti: LiNbO; Bias Stability[J]. J Lightwave Technol,
1996(14),2687—2697.



