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Transmitting spectra-temperature characteristic of single-mode fiber coupler

Li Yan Zhang Min Li Lijing  Yang Dewei
(School of Instrument Science and Opto-electronics Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)
Abstract: The output spectra of fiber sources which transmitted through a single-mode fiber coupler were
measured by changing temperature. When the input wave of Sagnac interferometer from the fiber coupler were
transmitting wave and coupling wave respectively, the temperature characteristics of signal-errors outputted
from Sagnac interferometer were simulated. The above experimental results demonstrate that the output power
and mean-wavelength of the spectra traveling through the arm of directly-transmission and that of the coupling
of coupler will both change when the temperature changes. And the temperature-stability of output power and
mean-wavelength of the directly-transmission arm is higher than that of the coupling arm. The simulated results
demonstrate that the interferometer’s errors caused by the light wave outputting from the directly-transmission
arm of SM fiber coupler are one order smaller than that of the coupling arm.

Key words: fiber coupler; spectrum; stability; fiber-optic gyroscope

YCEFRE G A2 25 P 3 BUAL IS A Hd 5
(S e 1, P B R A JEE DIE 2T B R 14 SR At o P F
Z— AECLTFEIR T RS A LR B RDLA9fE
AR B RS FE IR A PERE.

YT ARG BT AL R A G380 15 Sk
TR E AR, EN AN XS ST T & TS
TTFRAITFE. SCHRL 1 =5 ] 200 %o B 2T R 5 1Y
e RBNAEIET 1T Be . STk [6 -9 ] 7r
TR A 1 0 DG HE ABURE 0 D AR5 PR AT T 300
1. SCHR[ 10 )RR T 25 A BE o0 A 1 i kA

Wi B, 2011-04-02; M HARETIE]. 2012-06-15 15.44

xR AR PR RE AT

DL b F 2R G 45 0 T AR SR AR T2
SR B A 2 B0 R BEAT 0, T T 4%
PR CTE IR FF PRI B ST 4 O 1 oK DL ARGE.

1 IEigHtHh

1.1 XABERNBEIE

ARSI FE T G SR ARSI X SN ) A F-
TTEIE K 1) Ry R 00 5 il p 4 AL BB G AR R
a1 R,

2% AR 3E . www. enki. net/kems/detail/11.2625. V. 20120615. 1544. 027. html

E£WA. EHEKARPAEE % BT H (60207002)

EEBN: & Z(1975 -) , L&, Wb RF A, P, lettlrom@ aspe. buaa. edu. cn.



820 5| AT A T Nl N <= <

‘ L |
w
Po . Py

n2

ny ix P

a FESHERE

b A OB AR T R R
L—RUHE ) SR JE 5 n, — A Z T 58 2 5, — I 0 18 5 19 37 4
s a—F A A IR /MR R T P—H AT P —Hl
TR OGP, —RE G R 6T

BT A AT YT A AR B9 HE RUR & 4

M RS AR PIRDCE AR, B Py =1 B,
MR TCHFEC I T R G g B~ 1H R B F G e
(it oy ek
P, = cos’(CL)
P, = sin’(CL)
PRI & A 0 20 G L

P, _ 2
x 100% = cos*(CL) x 100%

(1)

(2)
[, C WFRG R HRIR A
C = 3wA 1 (3)

T 32n,d’ 1+ 1V
Ao, A R A GRS vV R A — Ak
V = aky(n; —n3)"” (4)
Kk, =27/,

MGG i g Gk ACnT AR Y RS2 1
ny,ny,Loa, A SFPEGE 1Y 13X L8 S H0 32 AR ER
SRR ER (ARLBE 0 155 ) RS . 2430 B2 A2 AL I
— 5 T TR T 2L A 4e , 55— 7 I HOERL
M ny By 2246 K (3) 15, PIRRRLN
WA E I R AR, SCER[ 11 48 3 AU HE AR
JCEFRRG A1 536 HE B R B & A= 22 Ak, iy ELBRHAn
PAREAL IS TR 09 PR, A0 IR EE 1Y 8 1k B 45 R
PR, S350 FR G e PR G 3 i J Rl 4 4
(77 2, YR AR, IAR LT 2 [ R &
W ox e A=Ak, B G I e L R B AR
Uiy FsF 375 SR G FIRR GG DG B AR Ak
1.2 RERZESEAF[EHLENXE

TECLFBEIR b SGIR A R OGS G S i A
Y WS SR HEA Sagnac Y, WNE 2 Bk,

K2 SLerpeiRrotr AR g K

RT3 i 07 58 B XA RO G T BERER
T e i A

I=K,P 2wLD

— (5)
Ac

KA K, =R 1070 [y SR BS 1Y H ) 2R B
Loss AHRA# 10 BEEINBEE ; P oW #EA 25 10 4 Hh T
KoL E L Ry P, B P, D RGN E
s A IR A OB B B K ¢ AR AE
o LR R 0 IR R S f . 24 P
A K7ZS G TR P AL BIEREL, 2 (5) KR4
PIR AR

dP  da
dl = ](F - 7) (6)
R (6) 71, P Hl A AFaE AL G2
o MR P ARG 00 S8 A5 P R A B T HL kR S B0
AR 5 FIRS = A

2 KB5EHE

PR AR A RAS b, 4 BB ZF 4 S IR AS
T, b T BRI AR IR R AR AR Y
A RL 5 Lyot eI £z, G 2B SOtk 5
AU A% 43 5 Hi 861428 BIE 1% {3k,
A SR ML R, SCBE i 1 H SR 4R,
SCYGAREE WA 3 . L ORI G I 3
W ACAE 1545 nm BT H)GEFEIR.

B3 BTG AR A FL DG IR BE AT S e

SR F A 2 K 2 BOGEF BE IR T AR IR
il B T R —40°C ~ +60°C , TR IR %K 2°C/
min, 7E —40°C Fl +60°C 4R 1 h, FeJ5 76 20°C £
5 20 min. tH=C(6) N5, £ HE S O

LM LT B W (ARG 2R A A A i I
FOCL IR AR S MBI R E 2 P M
AL PRS2 w32 5 3 B S 8 A 3 3k
ZENE 4 PR,



55 6 1] FEA L RBUCIARG S IR R R 821
LSASAL e 170 KN 1.3% FEE IR RN 18.
L4530 — e ST e 1% , 2923 50 G 2B 14 £ 8 SHHOGY
:i::?: ' {40 DR ARG OGN D R EE .

1.5450 1 ot T BE R 4243 5028 1500 m 1 10 em (1)
£ 110 & . . s
o, 1o & JCZFER MGHLA BRI A Bl P IR

Lsarf 1710 FRATR(6) A U th (5 5 BREKE T O AL

-20 .

1544 6 ~30 ek, il 5 B,

1.544 51 1-40 357 170

L4404 6 8 10 12 14 16" 3.0 :gg

2.5F 140
280 170 T 20t 130
160 2 ; {20
270} 15 o 1SR el
260 140 v LOf 1o ©
30 2 osh 110

. 250 € 150 S 0.5 __;0

= 240}f j10 € o 130

x 1o -0.5 1-40

20l -
, 1710 155
220} -20 0o 2 4 6 8 10 12 14 16
2101 -30 t'ks
-40 5 PR g iR 2 SR R R itk
o2 h 6 s 10 12 14 160

tks
K4 FE e is i iR R th 2k

M 4 ATA 24 T kA AR FR A AR B S
PR S OCH A F1 P Wbl 284k, Hoh R A
e 1250 R R ) AR A i R, G U TR IR
TR e YR PR R BE (R AR AR T A R 5.

J T HFRAE -40°C ~ +60°C T PG4 AE
SR IR IR s AT A B AT 2
AR PR AR A K AR

S
A/\ — _max _mm x 106 (7)
Amax + /\min
2
Pmax B Pmin
AP = Pimax P x 100% (8)
2

NI SR G FIRR G G A AR e M
& (7)) TR AR FE - 40°C ~ +60°C ik
JEEG R P 325 5 O I R B D' T8 1) - 2 D A S B
TR EE AR T A2 Ak, G v 3 S O T B Y
KAER 25 x 10~ HEA G I Y0 K i Fe K AR
64192 x 10 ¢, L& B HH G- K AR 8
5, 325 S I 114 57 2500 K B LR B I 1 - 2k

NI SRR B i A DR AR e e
L HEC(8) #EATIFR AT AR #E —40°C ~ +60°C i
JEE T P 325 55 D R 5 D16 18 %) D S 0 Bl i
R AR AT 2B A HE T s SO IR S K Y o

M1 S AIA, 2 T R AR ANk A6
FE B OGP ZAN A G, RIS A5 5 iR
25 HI bt i P A AR A AR Ak RS R AE S
NGB 122 Bl AR LR, HLAE TR R
A LR TR B A 0 A R 20, i 5 TR AR 3 SOk
T FIVR 5 T8k S T 5 10 07 R (A AR 2158 2 e R
Ak A3 B & 3,90 x 1070 (°)/h Fl 3. 55 x
1074 (°) /h. BHCIAE N T AU ASG RS,
TR A B RS 1 i R 22 EURR SO/ i A
Wt iR 25 /N — B K

3 5

i S S HAT AR L R R R AR
i, D2 PROCLHRE G SR RN, B SHE
LTS 2 LR A LI AR E s @ AN I35 5
TR G , 16 TR L A A i BOL TS
AE AL IR Z 5 1R 5 s ) % DGR T
WAL A G L 2T FE IR rh PRI 28 1 45
R 22 B IR e A A2 A, R A AR i A
Py, R B AR, HLAE TR i R A g
iin B LT A TRIZ.

N T AR B AR U B X BRSO 1
T EVE RS , T LRI A i - ORI S %0z
T BE SR /N BRSOG4 R 5 45 s @A A58
LR S AR AT T 20 5350, TR R b
ER R RGN SR AECREE R HAS JEE , LA Bl N £ 34 1Y
AREL G MRS 7 LR B IR AS | i 41 B R I L e 4
e B AR B Y PR R 2T I



822 5| AT A T Nl N <= <

2012 4F

S Z X #k (References)

[1] Fielding A J,Davis C C. Tapered single-mode optical fiber eva-
nescent coupling[ J ]. IEEE Photonics Technology Letters,2002,
14(1):53 -55

[2] RR,FREBUSH,E. BEDLA RGNS RECE W A
RIOEE[T]. SLLr 5 g8 R AR 2003 (2) <14 - 15
Wu Chen, Li Rongyu, Yin Zongmin,et al. Analysis of the factors
affecting the coupling ratio of single mode fiber coupler[ J]. Op-
tical Fiber & Electric Cable,2003(2) :14 —15(in Chinese)

(3] MIEHR, AT, MR S HE R G LT & AR e AT [T].
WOtk 2004 ,25(5) 43 - 44
Liu Chunyu, Yu Youlong, Gao Yingjun. Analysis of the excess
loss of fused-tapered optical fiber coupler [ J]. Laser Journal,
2004,25(5) :43 —44(in Chinese)

(4] BAFR, WL, 28, % GO G PR & & D IR & LURIF S
(1] otEF SR8 BB AR 2008 (1) 141 -42
Wei Xiuzhen,Zhao Hong, Li Qin, et al. Research of wavelength
dependent coupling ratio of PM fiber coupler[ J]. Optical Fiber
& Electric Cable,2008 (1) :41 =42 (in Chinese)

(5] 2 D, it . SLEr Rl & U RS Mo A Bx ol
LPBEIRIRIAL T ] v E B ER £ 47,2010, 18 (2) 1246 -
250
Li Xuyou, Yang Hanrui, Yang Jianhua, et al. Analysis of stability
of optical fiber coupler splitting ratio and its influence on FOG
[J]. Journal of Chinese Inertial Technology, 2010, 18 (2):
246 —250(in Chinese)

[6] Lee S H,Song K Y,Kim B Y. Fused bitapered single-mode fiber

directional coupler for core and cladding mode coupler[ J |. IEEE
Photonics Technology Letters,2005,17(12) ;2631 -2633
[7] Yang Yuanhong,Wu Di. Experimental study on fused fiber cou-
pler[ C]// Liu Jian, Wang Zhigong. Fiber Optics and Optoelec-
tronics for Network Applications. Nanjing, China: SPIE, 2001,
4603:6 -9
[8] 2L, Eogu, iKET. SRR R G & 04 JRR B R PRI Y
[J].J6F241,2009,38 (4) :841 - 846
Yang Xueli, Wang Xuefeng, Zhang Wei. Polarization-temperature
characteristic of single-mode fiber coupler[ J]. Acta Photonica
Sinica,2009,38 (4 ) :841 —846(in Chinese)
[9] Salazar D,F lix M A, Valenzuela J ,et al. Fused fiber optics cou-
plers[ C]// Brudny V L, Ledesma S A, Marconi M C. 4th Ibe-
roamerican Meeting on Optics and 7th Latin American Meeting
on Optics, Lasers, and Their Applications. Tandi, Argentina:
SPIE,2001,4419:330 - 333
[10] Anjan Y,Habbel S. Environmental performance of fused PM fi-
ber couplers for fiber gyro Application [ J ]. IEEE, Photonics
Technology Letters,1991,3(6) :578 - 580

(11T XUBTT. S0 e A SRS 27 R 5 0 AL BRI T2 (D] T
R R R E PR 2006
Liu Xinyu. The sensitive characteristic of fused-tapered single
mode fiber coupler [ D ]. GuangHong: Department of Physics,
Ji’'nan University,2006 (in Chinese)

[12] Lefevre H C. The fiber-optic gyroscope [ M ]. London; Artech
House, 1993

(% B:XEH)

B S i e e e e O U R VA S S S Sy S e AR (R (L (U Uk MR i i S S S S S e G A A s G S G G A S s 4

(L#ZEFE 818 )

4 & it

FI P8O A BRI L35 Weibull 2345 1)
W BRSO HOA T Y, R TR el FH S BL S
O 10 B ZER B AR, ELRE R T35 850 kb 47
AT AR 5 X 0KG o o R B v, LIS ) 45 0 i
A L AL S LA A A T R B2
ﬁﬁﬁﬁ%*ﬁ% , FLISF TR s, w0 FH LR AR
BERY AT AT

*Uiﬂz Xof T H B A3 A A% 50 0E A4 A DL
Gamma 437 25 580 PRECT 53 b 38 2 2% 1 5 i 0
A7 [ AT 3 3 5053 A (A3 A v e g e

S %k (References)

[1] Eric Smeitink , Rommert Dekker. A simple approximation to the

renewal function[ J|. IEEE Transactions on Reliability,1990 ,39
(1).:71 =75
(2

[

McConalogue D J. Numerical treatment of convolution integrals
involving distributions with densities having singularities at the
origin[ J |. Communications in Statistics,1981,B10:265 —280

[3

[

Jiang R. A Gamma-normal series truncation approximation for

computing the Weibull renewal function[ J]. Reliability Engi-

neering & System Safety ,2008,93:616 — 626

[4] Jiang R. A simple approximation for the renewal function with an
increasing failure rate [ J]. Reliability Engineering & System
Safety,2010,95:963 — 969

[5] Jiang R. A simple approximation for the Weibull renewal function

[ C]//Proceedings of the 2009 IEEE IEEM. Hong Kong:IEEE,

20091146 - 1149

(% #E:% #=)



