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Fig.1 Schematic diagram of bimetal structure

L ay. aysy B Sk 3R RN N AR A 1 9 O ik R
B, B AR ATEE, FER K AR 5 a, LAT, B
AL R BE AR i R an (L, — L) - AT, WPDGEF B
R AT N AL = () — ay)Ly + a;Ly) - AT o KW

BRVE S R B0 ARG S T e S B -3
ARARIS, SEET G A 1 28 A R RROG RN 025 ) A
K-S B BRAE R R, AT LA A (1) #2R:
Adg=[(1-P,)e+&-AT]- A (1)
Kb 28 P, 5 ML Mt R G HOL R
B ADCE R OB
H1 TOLLFEM Y A AL 5 52 R0 P, A2 AL 520,
755G Z ORI 5 G i R 4 A5 G, PR AT L)
1A A AP R B AL MR 2178
B b LA S #5110 728 TG 460 FE b A% 32 BTG
28 b, il B AR A 5 R G ER G A KA I O ER
Jetit B R BUZ R BT AR (2). (3) #ow:
oo ((ai —ay)Ly +a,L,) - AT

2 @)
Adg
kr = AT (3)

AT (1)~(3), X4 T 45 k) 1l T 8 R 45503 2R %0m]
FIR N

L
kr = {[(Cll -a) L_; t+a,

A 3 (4) AT L, 35 G R 725 15 52 R A BRI ik R
BRI BE 52 00 2 8 U 48 R RAR . MBIk AR
FLAAT S H0E 2, B Ly AL, (AR, W4 Jd 45 4
30 3 AR RS G TR MR I Ik R
Ko MMM IR, YCLFEMHEE R HUE RECE S5 H
RHE A OC BB B, MBS _EARIE T R FDG LR G
il F R B AN SRR 2, T AR B AR i 2R PR
Sk TR LU b 43 B R R AR R S W4 R A R
(N R BRI LT S50 R, B LR A RHIEA T
KAMLL . 20 °C B, & W ILFR R I Ik R
BN 1 Fims

(1—f2)+§}-13 4)

R 1 BRMBBREAKRE

Tab.1 Thermal expansion coefficient of common materials

Material

Aluminum Brass

Iron Invar Quartz Glass

Coefficient of thermal expansion/°C 23.9x107°

19.00x107°

12.20x107° 1.00x107 0.55x107° 4.00x107°

LRI IR K 2 B ik i £ 136 2 ok
FH e FARE Kk 2 B0 B REEE, SEEF S b0 B K R

1533 nm, JEPHAS AR S RGUE 2805 L/L, Wi 2%
ZANE 2 Fis
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Fig.2 Temperature sensitivity coefficient versus L,/L,
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Tab.2 Variation range of L,/L, with different combinations of metal materials

Bimetallic material Relationship between L /L, and temperature sensitivity coefficient When AY=0.1 pm/°C, the change of x/mm
Brass/Aluminum Y=-5.859 13x+45.50557 +0.01707
Iron/Brass Y=-8.13103x+41.918 35 +0.01229
Iron/Aluminum Y=-13.990 16x+53.6366 +0.007 15
Invar/Aluminum Y=-27.38245x+67.028 89 +0.003 66
Invar/Brass Y=-21.52332x+55.31064 +0.004 65
Invar/Iron Y=-13.39229x+39.048 58 +0.00747

1 2% 2 TN, A R I R R R BB AT L R
R YL XS EAE /N, Ly/L, ARG R . U, e 4
(ERIE ST RN S N R o7 2 1 (U2 N
B AR 0 4 A 3E R R R B D AR B . R
R R 0 I, Ly/Ly 294 7.766,

FIABMBRET, & & L (3L Ly) X N A8 &
Ly (8 Ly) WBUE G . Ui, 18R RS R A b
4 0.1 pm/°C, Ly/L, HJEUEE N 7.766+0.017.

i
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Tab.3 Value range of quantitative corresponding

variables

Ration/mm The range of variables/mm
L,=70 L,79.013+£0.0197
L,=8 L,=62.128+0.136

X AR A (B TR, AUt #5114 T 30 i
W BE Ly 5 Ly MBUERE R B E Ly )5 L, BUETE

L 745 R, [ Ly Jo 52 5 A Y nl e Y [ 3
Ko #4NEE L=8mm J5, HiEIHHEEMN L/L, 5
L RUE R KR

R4 L/L, SREERHHX R
Tab.4 Relationship between L;/L, and sensitivity

coefficient
LiLy  ThelengthofLyjmm  TePEAE sensiviy
7.780 62.240 -0.07846
7.775 62.200 -0.04916
7.766 62.128 0.00005
7.750 62.000 0.09731

H1 3¢ 4 AT 1, BEARE LT VR TR AN Bak g U
WY Ly/Ly BYEN 7.766, L, A 8 mm, L, A 62.128 mm.,
I i AT S B RE R R R B 0.00005 pm/°C, TE
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Fig.3 Spectrum of ultra-short fiber grating
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Fig.4 (a) Schematic diagram and (b) physical drawing of temperature

insensitive filter
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Tab.5 Filter size parameters

Parameter Parameter name Numerical value
L/mm Length between fixed points on the base 69, 67.1, 65.35, 62.25
Ly/mm Filter fiber grating length 8
a/C’! Coefficient of thermal expansion of brass substrate 19x107°
ay/°’C”! Strain transfer beam aluminum thermal expansion coefficient 23.9x107
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Fiber Bragg grating temperature insensitive filter

based on bimetal structure

Liao Jingjing'?, Zhu Lianqing®*, Song Yanming'?, Xin Jingtao'*’, Lv Zheng’

(1. Key Laboratory of the Ministry of Education for Optoelectronic Measurement Technology and Instrument,
Beijing Information Science & Technology University, Beijing 100192, China;
2. Beijing Laboratory of Optical Fiber Sensing and System, Beijing Information Science & Technology University, Beijing 100016, China;
3. Beijing Key Laboratory of Optoelectronic Measurement Technology, Beijing Information Science &

Technology University, Beijing 100192, China)

Abstract:

Objective Fiber optic gyroscopes (FOG) are a new class of instrument capable of accurately determining the
orientation of moving objects, which have been widely used in tactical missile guidance, land traffic navigation
and aerospace attitude adjustment because of their long service life, easy integration and small size, etc. However,
the changing operating temperature in these application fields seriously reduces the average wavelength stability
of the broad spectrum light source in the fiber optic gyroscope, thus hindering the further application of the fiber
optic gyroscope. To improve the average wavelength stability of the fiber optic gyro wide spectrum light source,
this study proposes a method to make a temperature-insensitive filter with a bandwidth of 11.77 nm using a 60 pm
ultrashort fiber grating.

Methods The bimetallic temperature compensation structure (Fig.1) is designed based on the thermal expansion
coefficient difference between two metal materials. This structure will compress/stretch the fiber grating with the
increase/decrease of temperature and effectively compensate for the wavelength change of fiber grating caused by
the thermo-optic effect. The filter is fabricated by combining metal material with fiber grating in two-point
packaging, and the effects of the thermal expansion coefficient of the material and the geometric parameters of the
filter on the temperature sensitivity of the filter are systematically studied.

Results and Discussions The results show that the temperature sensitivity of the filter is mainly affected by the
thermal expansion coefficient and length of the substrate and the strain transfer beam. The largest adjustable range
of L,/L, (the ratio of the length between two fixed points on the substrate and the length of the filter fiber grating)
is achieved as the thermal expansion coefficient difference is —5.8. Besides, the temperature sensitivity of the
filter exhibits a negative linear relationship with the value of L;/L,. According to the comparison of the control
variable method, it is found that the adjustable range of L1 is larger, and the value range of L; is 7 times that of L,,
which is more conducive to the packaging operation. The base of the bimetal structure is made of brass with a
high coefficient of thermal expansion, and the transfer beam is made of aluminum with a low coefficient of

thermal expansion. At last, the temperature-insensitive filter with a size of 74 mmx6 mmx4 mm was prepared
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(Fig.4). When the L,/L, is 8.39, the base length is 67.1 mm and the filter grating length is 8§ mm, the temperature
sensitivity coefficient of the fiber grating is 0.15 pm/°C and the wavelength change is only 4.5 pm in the range of
30-60 °C, which is more than 60 times lower than that before compensation (Tab.6).
Conclusions In this study, a bimetallic temperature compensation structure has been successfully designed, and a
temperature-insensitive filter with a bandwidth of 11.77 nm has been fabricated using a 60 um ultrashort fiber
grating (Fig.3). The temperature insensitivity filter can effectively improve the temperature insensitivity of the
fiber grating, which can be used as a light source filter to improve the average wavelength stability of the light
source and is expected to be used in high-precision fiber optic gyroscopes.
Key words: fiber optic gyroscope light source;  fiber Bragg grating filters;  bimetal structure;

temperature compensation
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