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Abstract: Photonic crystal fibers (PCFs) use periodic air hole structures to achieve light conduction,
which is insensitive to space radiation. However, problems of high splice loss and low splice strength oc-
cur when the PCF splices with a PMF in the aerospace field. Therefore, investigating the fusion splicing
between the PCF and PMF is crucial. First, the mechanism of splice loss between the PCF and PMF is
analyzed. Next, the relationships of the splice loss with splice power and splicing time are derived via fi-
nite element simulation. The results are verified through splicing tests. Based on these, the effects of
splice power and splice time on the tensile strength of splicing is emphasized, and the optimal splice power
and splice time are obtained experimentally. Finally, the splicing quality is further improved by enhancing
the quality of the fiber ends, shifting the heating position, multiple heating, and optimizing the splice pa-
rameters. The splicing experimental results show that the average splice loss reaches 0. 82 dB, both lower
than 1 dB, and the average mechanical strength is 139 kpsi, both higher than 100 kpsi. These values satis-

fy the requirements for low loss and high reliability of fiber fusion splicing in space applications.
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Fig.1 Extrinsic splice loss
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Fig.2 PCF end face and PMF end face
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B T 515 2 B0 458 375 K% I6C 450 A6 A BIR < 45 FE AR
i, AT LA B 1 S ARG EF 5 0 i D't 21 6 445 R
[F 5 4 Ty 3 R I 4 Ik 18] 14 ¢ R A A, B 6 s
TEAN AL R I s A LS A,
Y Je Je G 18 T W, RIVTE 48 432 64 0T B By B 7 db 1
e £ 25 UL Y B2 BRI 4 RE A8 At 1E 1 O £ 18] Y
15537 VT IC 5 B8 A 945 4 10 [ B9 3800, ' 5 R OB 27

Splice loss/dB

Splice time/s

P16 it A5 FE 5 08 e Dl 3R AN 2 e 1) 56 R [

Fig. 6 Relationship between PCF melting point loss and

splice power and splice time



3544 e K TR

31 %

AR A 37 32 W A2 R, W L RR T B 39 5 e e X 0
T I ) A A A I, 28 RFL XA 45 BR o 40 AR 2
R KRR I T B R o R T R A B R
ol 5 /N RE A8 T PR el 0 % bR T AR A S

FIH CO,MOEIE LI AT I 5 2
WSy HA R AR A R 7 s
AR CACEIR G LS ORI RV I I o2
Fot it P ] A9 28 AR R 5 07 FCAE SR — 2, B
TR AR ) B R Y 5 O v, T LA S
O 45 2 b A v B R 9 A2 A, T AR G R R 4
PFEHEATIEAL

8
74
16.5W '
61 .
- 0.90 3 ;
T 31 1085, . .
S 44 0.80 8 ® ]
3
2 34
2
24 (]
14
0 T
0 1 2 3 4 5

Splice time/s
K7 LR
Fig.7 PCF splice loss

2.4 IBERE
2.4.1 JEIIREMFTIAT

I F b ARG EF R RIOIR S TR B R R
TR, 1 A R Ak U 2 1 2 PR R e K
AR N R % N A TAA BT N v 3= N VA
RN SRS NE DA AA R I A vy v S M S
A A7 5 R B 8 R SR kpsi VR Sy A AR A
fE 1% 7K A2 J5 5 1Y BT, kpsi S2 48 B8 1 /5 05 ek,
55 b o B ) 4 B 6 R R 1 kpsi=6. 895 MPa.
— B 2T 5K 1 5 2 S 100 kpsi, B 5 BE 0% K 52 19
PP BE B 7E 100 kpsi A E, B F 0. 7 GPa.
2.4.2 NEIEIREE KRR

i 1 ST T R AROE £ LR D O 41 A 0 4
TRAFERE T | A A% By 52 A1 X6 3 19 b O 41 1 FE LR Y
S8 (H 2R I 06 3 3 80Kk Wb e g
SRR AL KR . XM AUE IS B T 5 IR
B, RBUR RS 42 S 80T IR P56

% TE R FE AR FE 10 W B E B LI R B R I IR
SiR HE AT L G e P B0 I e A AT I K
IE8 - S BUROP ARSI IENAVIN- NS R N
Sy VBT 224 1 9] X6F 't 21t Jin A9 437 7, e 2% 30 i P A5 Y
L3 RO £ 9 A BRI SROG T B P L8

TEIE He B b O EF A T e IR R 5, T £T
A ) 285 B8 i T E ) T e 2 RO R SR AE
ZF M 5K ST IR BT, R J 4 1) P DG £F i 1T 3
Wi g — MR o R T A R B O TR B
e ) AR LA G I A R P RO S  E R
SRR SC . DG IR ) BEHLEE R,
K 42 Dy R0 I ] 2 52 0 A 42 0l T A B LR
Pl 8 i 718 J2 0l - i A O 21 R R A O £F 1) Ja 2 45t
FE -5 50 B B PR S e A2 . NIRRT LA
SRS RN KT 1.5 s B 05 42 9 32 B 9 42 i)
[F1] ) 98 T T SR 8T T 0 RE G T B 5 Y
Fe AR I 18] KT 1.5 s I 965 22 56 52 1) 399 ook 35
W gz, JFAE 2.5 s I IR B WL, 17X — i A vp
BEARFE R M 1 Th s B 4.5 s I B2 5 AR
Fe, M B AE R BT} A5 21Dl 27 Ji 4 i
HEEPE L S s AN BT

10

9] . F1.6

; bl g,
- 7 T \ - i ~1‘2§
3 61 . F1.0 =
2 51 } H B
= . 3 0.8 2
S 44 . 7
5 3] l -0.6 g
v - s L =

24 ¢ . 0.4 A

IH0e 6 o o o °* 0.2

0 - T T 0.0

0 1 2 3 4 5

Splice time/s
FE8 T S AR OGLR IR A O £F I e U RE 5 0 B 5 i 4
R 111 P O 2R
Fig.8 Relationship between splice loss and splice

strength and splice time of PCF and PMF

3 bRF AR T LR

3.1 BREFR

TESE PR st B rh | ol TG 2T 326 I 78 T ik 3 AN
S R 32 375 G 7R 2% BT B - R Hi B i R
AN Z AR RE 53 23 R A OB E 1] HEAT L B U AS
ho TESSARAL  CLFRYSRE S W TR, O T ik —



% 24 ]

THERE 2 ST f IR S IR OE LIRS e TSR T2 3545

P R AT I B T, T B BT T T R
FmBE . BETE AR 1R

M TP al LU e A — B 8] ) L R
P AR P A5 2 R A B 22 TN AR 2 AN T ke B 5 | A
Y FEOC I E T, L, TR &
SF Iy H v B R AT FE R SR T COL UG 28 AE S s 3
TR . COL OG5 175 PR, TCAE AT 4 15 4
BB 2F 20w & s WO I R B & I R
(115812 B Ve SR E R €t =1 E3 2 ] T SR N
YR I SR COL O RAE R i 2 A5

O £F i T R A5 R T Ol £ S 1T A4 V) £ B
S £F vify TH 0T 5 W0 B R . R H L U SO EF
YIE 1AL g R Y) X D11 D), vl B 4R s AT
vifg T U0 0 AR BE, ANk 2 B .

F1OMPIERF S XL R

Tab.1 Comparison of heating source characteristics
IEAWIRES ] %
, o L IR 2 1T
LB R To Mk 2R
1. fise 2z 2R o) 15
“j—h N Q
Lag XA . T R
e it e 2. BT e s 22
- 3. R AR ki R
1L
B 5 T Y R R
COL BN R U BRI, A

S REW L BEEEOCR L 2B

i Em ALY

F2 AREVIBTDTERFREI L E
Tab.2 Quality comparison of fiber cutting with fiber

cleaver

ZEPIES

ERZIEEN JEYIS

DI J

MM &R 1 7 7E
JEET 2 T3 H ELR
IR BB ER (N
73 36 O A A
J1) 975 SR OEET T
Wi, A5 3)F H
T PRI A s T

HH 6 WA 7T A

JGEF F T R

FAG e LT TR, 15 5

S SEE T -RE
¥4 S T

Iy

LI LR 7E— &
P T T DG
%

JEDIIN A 7L ET
25l B0 % O £ g T
SRR

DI

<0.5°

0.5~1.5°

F A A A7 1 LZM £ 91 COL 3L
AT F AT SR FIs 4., K%
WmE 9w .

[=]
HH

ST AL
A(ij) B
LR (Y ~ (D

P e
YohET 1 PRAm LT
K9 JeT ML IR R BIE
Fig.9 Schematic diagram of PCF fusion splicing

1 550 nm
SLDY:IR

PEIRARES (Y

B 1 550 nmSLD Y6 U o U 5K 8l {3 3K
L, EIRS ORI RS Y ESRmA
FE AT 2, T sk oy — i th R 4T A AR 6T
R PA ;MG I HE T i AOGEF B AR LT, 3 B
itk B LA C B G I # PB M PC OGR4 A
B B FE 2 W OR TE WS 2 809 45 FE 43
Loss(A)=PB—PA, Loss(B) =PC—PB. X
1 2 50 5 A s b
3.2 BRESHRAR

FEHE S M AR B 0 025 S5O T F 2
BT o B T BT B A5 A R 3 i AR B kAT
B X A IR, 15 B0 AR s S
3.2.1 miiE BRI

WG R O R A 2 S ALSS
Fo B A7 AE 6 F & O 27 2 H AR i Ol 27 410 1R
1% PRI B2 BTS00 B2 RAL IR BA o a0 2R 4 2 o) Ui
2 L e 0k ™ T 3 B DA T 7 AR A RE (L Bl
ZHR

h TR AT REREAR G LT I B AR BRS  AR
P4 2 7 1 R K o AN 1) T RE A £ AR O
2F i, AT A ARG A O £ AT AR L i
X IR B B A 10 FiR .

TE S BR A 2 0 A2 v 38 a7 Jin 4 X3 1 32
BLOARE S RBEIMEIIA . MENERES R,
B A R G £F RGO £ 2 o
T B, B AT B A 8 9 2 0 6 5 24 o B O S AE
A 6 27O B e 2 Ao AR 6 R A
FEABUREAH B AIG 5 > n AR i B8 AE O T A
LR B, 25 S AL A B 2 T SO RE T L (L
T B0 R ez R B 24 R 36 31 100 kpsi.



3546 e K TR %531 %

x4 BEBMHBLBERE

|
| Tab.4 Record form of splicing reheating test
|
J

I 38 e e B
|
Fr s S AT i ik
Zohe-1 HLFE/dB S SN
, J /kpsi J /bit
Zon&ﬁ Zone-2 1 0.8 <100 1 —20
H
IS 2 1.2 150 2 —20
3 0.83 110 2 —30
4 0.91 140 3 —30
5 1.1 160 4 —30
6 0.78 <100 4 —40
7 0.9 <100 5 —40
P10 ST SR SCET 5 0R D ' 21 4 4 n 4 X s 32 141
Fig. 10 Splicing heating area of PCF and PMF
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Tab.3 Record form of heating position experiment
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(a) PCF end face diagram during splicing alignment process
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Tab.5 Record form of splicing test
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