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Fig.1 Space triaxial laser gyroscope. (a) Schematic diagram of light path;

(b) Physical map
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(b) Intensity curves of Li” with sputtering depth on Areal and the
outer surface of cathode and (c) in three areas on the inner surface

of cathode

LLi il Fh 45 3 A v 19 I - 1 AR 3 2 A et
P2 28 5 i e IX S S8, Lita] RE S UTRRTE S 5
T 2 R S SR B2 e, DR S R DX S B S A
il HL X B S B R 2 R T 2E 4T TOF-SIMS ik, 4nf&l 9

20

——Surface of film of mirror in discharge zone
—e—Surface of film of mirror in non-discharge zone|

15

10

Li* intensity/counts

0 100 200
Sputter depth/nm
P9 i XS AR H X S S B 2 R T 1) L i 52 B S T 1 5
Aii ik
Fig.9 Intensity curves of Li" with sputtering depth on the surface of film

of mirror in discharge and non-discharge area

FER, W 2% 20 0 A R AR — B, AR 0 X
R 2 R AR /0 LR R T R A R AR
F S5, T CH XS B B e T L ik B 5 R B H IX s S
BE b LR A Y, EORTRIIE SR N Lit iy B o A
AHZEAR K, DRI DA A i fL XS S 45 B U2 A B 8 7
LiCBURN Li'iE A2 B .

2 2 FEAR T2 A0 B0 E, B DA ECH X AR B
Li'iE R G 7 7E T HOCPEIRIE R N .
1.3 #HEBHFT

HOGREIR A% O oT R 2R O R, HoR &
LT PR TR RN 0 SR 7 A i R, ORI B Bh 254
TR/ INEE DX, DR I R Ak K Dl v T R} Bl Fh R A 224
BRI, XK COMSOL Multiphysics %4 4
D5 E T BOFIR TAERS F B afn, h T2 =
OGRS SRR =S B B R 0 S AR B, MEAAN
] 43 A7, FLIEARTC B 5 R 4R 58 A [R], Btk B
Xof B O P SRR AT AR B, AR OGRS SR A S PR
ARG 0 7 1 BH AR F #8528 =450 V, BIRR AL 4%
FE =900 V, BB ML i B oK 5 BE SRR, A —
i, KR I R N 0 Ve B 10 A OFE IR g
A P R CHL SRy B RO BT (3 0 R 28 L D Sy il b, Xk
mn IS ) . R T Sk 07 AR L O 1), WL 3503 A 1R
rh T SR 40 AN B S L3 B E L, (HR, BT IR
PRI F DX B B A 1 E S B AR /N, Ol T A
b A BT FL DX B 0 2 T L 3 T, RS TR 1
H S A A R I — 1y, SR E RN
Kk, FEMT Wos 5771, 7] UL Ak 3 1) 4 )
TSRS SN A I, 3 B 38 T Y LipO FE X R Y
HL 370 P i A LA OFP), |l T4 B e BT MK,
Li'7E VR F T K [ ST B B A%, S5 240 B s
T B E I X IR I, I A T B R L e
A K LIRS BOR T LR BERE AR, 7 o
A R4, DRt S R R i DX [ O B S R
fEo iE—2P b, BT R BEAL 1 R s B AN, fiff Li
] S R s i s 3 AR /N T L, I N S S TR
F14) 7 20 B85 A0 ST e B AR SN, p T B B v T A A
AL, BT DA R R 3 % 85 1 RS 25 B4 4 i S5 5 5%
Lt i 45 2 4% 32 2 1) B AR RS 3, I UTRR A B AR P 2%
1T, PRI AR A S S e T 28] B Jd 7 L TR &2

B R AT LU B R AR Hh Bt e 19 A B 3z Bl ok

20220819-5



ash 5 kTR

%79

www.irla.cn

Electric field intensity/V-m™

| a1.35x103

10 BOEFEIR TARREST i R 3041 B B R O

Fig.10 Electric field distribution of laser gyroscope and its local magnification
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Study on Li ion migration of glass-ceramic in discharge area of

space triaxial laser gyroscope

Tian Shuangchen', Li Yujiao'*, Zhong Junyu?, Li Lugie', Wang Shilin'

(1. Beijing Institute of Automatic Control Equipment, Beijing 100074, China;

2. The 2nd Beijing Military Representative Office of Airforce Equipment Department, Beijing 100074, China)

Abstract:
Objective

Space triaxial laser gyro is a kind of space laser gyro which integrates three sensitive loops

orthogonally on a glass-ceramic substrate. It has been widely used in aviation, aerospace, military and other fields.

With the increasing requirement of military equipment for the long-term power-on stability of performance of

high-precision laser gyro, improving the long-term power-on stability of performance of laser gyro and extending

its working life have become an important topic for researchers in the field of laser gyro both at home and abroad.

Foreign companies such as Litton, Honeywell, Thales, etc. had mentioned that Li" on the glass-ceramic substrate
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migrated under the action of electric field, and in turn, it reduced the working life of laser gyro, but no specific
research has been made. In order to improve the long-term power-on stability of performance of laser gyro and
prolong its working life, Li" migration on the surface of LAS (Li,O-Al,0;-Si0,) glass-ceramic in the discharge

area was researched.

Methods The accelerated power-on life test of space triaxial laser gyro was carried out, the intensity curves
with the sputtering depth of Li” in the glass-ceramic in the discharge and non-discharge area, mirrors, and the
inner and outer surfaces of cathode of this laser gyro was tested with the time-of-flight secondary ion mass
spectrometry (TOF-SIMS) analysis, the law of Li" migration in the glass-ceramic and the resonator of space
triaxial laser gyro was clarified. Meanwhile, the electric field of the laser gyro in the working state was modeled
and simulated by COMSOL Multiphysics. Furthermore, the migration mechanism of Li" in the glass-ceramic and

the resonator was discussed.

Results and Discussions The color of the glass-ceramic surface in the discharge area of the test gyro was
changed significantly (Fig.4). The intensity curves of major elements with the sputtering depth in the glass-
ceramic in the discharge and non-discharge area, mirrors, and the inner and outer surfaces of the cathode was
tested by means of TOF-SIMS. It was found that Li" on the surface of the glass-ceramic in the discharge area had
migrated into the resonator (Fig.6-7), and deposited on the inner surface of the cathode uniformly (Fig.8).
Meanwhile, no significant Li" deposition on the mirror which located in the discharge area, or even entered into
the film (Fig.9). COMSOL Multiphysics was used to simulate the electric field distribution of the laser gyro under
the working condition. The Li" migration mechanism in the glass-ceramic was discussed combined with the
simulation results. It showed that Li" migrated to the surface of glass-ceramic and entered into the resonator under
the action of electric field, which decreased the Li" concentration and changed the refractive index of glass-
ceramic. So it showed different light reflection characteristics from the surrounding area. Furthermore, since the
electric field intensity in the mirror in the discharge area is relatively small, the flow path of the plasma in the
resonator follows the principle of the shortest path, most of the plasma will not directly touch the mirror, Li"
mainly moves to the cathode with the plasma and deposits on the inner surface of the cathode, therefore no

obvious Li* was detected on the mirror.

Conclusions Li" migrated into resonator under the action of the electric field and plasma of glass-ceramic in the
discharge area of space triaxial laser gyroscope, and then flowed with the plasma, finally deposited on the inner
surface of the cathode. This phenomenon may reduce the temperature-varying dimensional stability of glass-
ceramic and the working life of cathode, and then decreased the long-term power-on performance stability of the
laser gyro. Some measures and suggestions are proposed to suppress Li" migration based on its migration law, the

specific suppression methods of Li" migration will be further studied.
Key words: ion migration;  laser gyroscope;  plasma;  Liion
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