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Low-loss fusion splice of hollow-core anti-
resonant fiber and single mode fiber
based on GIMF

Ma Xiaohui, Li Chuchen, Song Chao, Hu Tianhao, Zhao Zhongbin, Liu Hao,
Zhang Wei, Zhou Yong, Fang Wentan, Chen Xiaolin, Huang Song, Gao Weiging’

Department of Optical Engineering, School of Physics, Hefei University of Technology, Hefei, Anhui 230601, China

Abstract: This paper presents a low-loss fusion splice method between the nested hollow-core anti-resonant fiber
(HC-ARF) and single-mode fiber (SMF) by introducing a graded-index multi-mode fiber (GIMF) as a transition fiber.
The mode field matching between the nested HC-ARF and the SMF is achieved by using the GIMF as the mode
field adapting fiber and expanding the mode field in the SMF by using its self-imaging effect. The effects of
discharge time and discharge power on fusion splice loss during fusion splicing are explored in the experiments.
Based on an optimized fusion splicing scheme, the integrity of the microstructure of the nested HC-ARF fusion
splicing end face is effectively protected, and the average fusion splicing loss is as low as 0.60 dB. The
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experimental results provide a reference to improve the compatibility of the nested hollow-core anti-resonant fibers

with the existing fiber system.

Keywords: hollow-core anti-resonant fiber; nested structure; mode field match; graded-index fiber; single mode

fiber; fusion splicing
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£} (hollow-core anti-resonant fiber, HC-ARF), H T /&
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M SMF f&4% 2| GIMF H i 6 15 5 & % GIMF
S SZ R AR ORISR /MR B AR, AT
REBOCA I AR, Hd—A R —4
[ (pitch), 4nf&l 1(a) Fias. o LAARYE A SRR,
HER ML DI 0] GIMF AR, DI ARAS T it 22 A A
YHAR . MGTE GIMF LG 1/4 AR, HA
BARIR R AT B U

H SMF GIMF

1/4 pitch

n 2.0

18 1—.7 <«—SMF coupling loss~1.75 dB
16} .

141 |

12}
1.0}
08+

06+ -
04} . GIMF max mode
02l field~19.1 ym

Coupling loss/dB
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GIMF mode field diameter/um
A1 GIMF 6423 ke, (a) GIMF 49 B s &35 ; (b) i

it GIMF KA & 5 HC-ARF #9453 X Fedii46
Fig. 1 GIMF's mode field matching. (a) Self-imaging effect of GIMF;
(b) Mode field mismatch loss between the GIMF amplified
mode field and HC-ARF

A TAE{f B HC-ARF [ 25 S 4F S AR 4 K
27 um, JHEFSRSTH 70% A8, 1520 AR
BN 18.9 ym™ . XFRIFY, HEFA GIMF 8-S
JEOMI, FE /4 [a]iE b i) e KBS B AR 29 R 19.1
um'™, SMF W83 H AL R 9.8 pm. MR (1) 3t
FAFRIM) GIMF K AR AR5 HC-ARF A4S
SHAEIE 1(b) s, SMF 5 HC-ARF OB & 40146
175 dB, TiZat OMI i KJE B i KA HAR S
HC-ARF WBig HAR T EaE, #ABRERAL.

3 MERIERLAS SRR

A T A FORIR S5 ) HC-ARF, %45
R EE MM E RN L, WHIRE

G 22 8] 1725 s FH T4 2 BB X AR T ZF 30 P ) A
B, HABm A 2(a) Bk, PSS EEHESD
27 um, EE BN 230 pm, GIMF (OM1) 854
62.5 um, 32 H#AHK 125 um. SMF (G652D) £F i85 1
910 pm, FUZEARN 125 pm., (ESEPRIEHE R,
SMF 5 HC-ARF J4%/# 1% (HC-ARF Bt e 44
TR e 22 3 dB.

SMF GIMF
260 pm
HC-ARF
SMF  GIMF 1 GIMF 2 SMF

| ]

Loss 1 Loss 2
B 2 # 4% HC-ARF 54 :51154. (a) # £ HC-ARF 3
mEME; (b) gL 2 KinE B 49 SMF-GIMF; (c) SMF-
GIMF-(HC-ARF)-GIMF-SMF #%! vA &
e E AT
Fig. 2 Nested HC-ARF and fiber arrays fusion splice. (a) Nested
HC-ARF end face structure diagram; (b) SMF-GIMF after fusion
splice and fixed length cleave; (c) SMF-GIMF-(HC-ARF)-GIMF-SMF
configuration and diagram of fusion splice point loss

WS — . SR AL (FUIIKURA
618) ¥ SMF 5 GIMF Y¢4F LA 2B GAF I s 42,
SRIGHICET R B Vytran ZIIRECLT I T AR, I,
JHRERR P T KU, DR2E T IR HIAE 10 pm 4.
DI EIN GIMF St £F S 1 1 B ff BE B0/ o % e 7 1Y
OMI1 J&F, NIZVI#EIZ) 260 um (YK B LY KA B
. DIHIJEH) SMF-GIMF 1[5 2(b) Bz, 0 A
A HRFEE 0.02 dB. v, T 0 B B3 FE AY D IR 2
C+L P Bty A & %8 41 (amplified spontaneous emission,
ASE) G, UK A 1520~1620 nm, iR K
13.30 dBm., SEIEEIATHIE DA, WA 2(c) B,
TESEHERTIN ASE JGIR LT SMF DLTIE P, TEMGHE
5 KYIE GIMF Ja it # Py, iy b nl 57 i
Loss1; GIMF 5 HC-ARF 1 4% )5 A5G 2h = Py, h
P, 1 P, AJ 1A H Loss2.
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HIMEHE ., B e Vytran LDC401 Y EIHLYIE HC-
ARF. T HC-ARF J&7s iy, YIFIRH i BN %
Lo IR ROT S22/, Sese e B0 70% f1R]
RFSEEIEEF R #EA T UIE], DIEIAS 20 1 s 187 F- 5 £
FERIN SRR HC-ARF KJ¥ 0 2 m, fdi FAG#E
ALK FUIIKURA FSM100P+, K5 — 25 g 107 51
I SMF-GIMF ) — B 80808, 5 —um 510
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N NS = P e 07 NE B e 0 oY 5 e e ¢ IR 1 T
RIS e . X HC-ARF {955 — i th b4 74
H, A5 FF- g S TR L, AT LASER A
DR T DI 402k 2 v o TR 1) #0 E XO A A0
WK, 7EY)%] SME-GIMF 5 HC-ARF i}, 5%
VB A A BE/NT 0.5°, ZESEI R LIA IR A M5 155
BOk AN TR £ BEAY SMF-GIMF 5 HC-ARF %54, 75
F SR BRI 1 TR . 46 1 B GET fA B R
FSMI100P-+EHCHIBI 1), JELT MRS, IR FEIK
o TESEE R, BRRVIEIN GIMF KRR 2
R MR

FESCI PR IY T RS R SR L R S TR A
PUREMISEI . ZEF] GIMF o4 B R 2F-0r 1Hi AR 1Y
TEOLT, B i H st ) R 5 B 29 % SMF-GIMEF-

(HC-ARF) H A 475 £z 5 #E 19 5% g 4 141 3(a) FTIA] 3(b)
FE7R o PR B R R TR R R 2 — k. #E
[ 3(a) 1, HC-ARF F) i [T L2 70X IO H B ) s 422
SRS AR B . B A L BRI I, 4
FEAFE 2RI R, Mt Rh 1.6 5 1.8 1, HC-
ARF WinERABIE 5, #FedE 1dB L L. 7
1 3(b) h, BEFE B R EE RN, SRR
Ko R ANRART 1, B RS I FE,
RJR A s R B S AR . AN HERT, REZAE DRI
£ HC-ARF Ui il &5 F 5238 i[RI, ] B i
SRIE, WSS BN ERRE 3 R R TR 53
L) G TS

WML IR AR P 2 T DAL SE gt o e s, oleds
T R DA R ], AT LA SR HC-
ARF H 25T A5 1, TRl I 5 i I 450 B o I ¢
BG M E ML B ARC ThRE, A RCRER, 1
IR . 5] 4(a) MIEHEE GRS, 1A 4(c)
FE 4(d) 2 HC-ARF W4 R, Xz BT
PIWRZE 5] 4(a) Hh HC-ARF JF AR A 2SI, I OG
&GS GIMF1-(HC-ARF) #4546 0.43 dB.
VB2 R LTI e BT, WK ILET HC-ARF 13
T AnE 4(b) i, 5 5 4(d) FE 2(a) 4T XT

A R AR 6 AR A
Table 1 Loss from different angle fusion splice tests
Sample GIMF length/um GIMF angle/(°) HC-ARF angle/(°) Loss/dB
1 268 0.7 0.2 0.56
2 270 1.0 0.8 1.27
3 272 1.1 0.1 0.74
4 268 1.2 0.1 0.80
5 267 1.3 0.2 0.73
6 270 1.5 0.1 0.70
7 270 21 0.3 0.99

1.6
14+¢
121
1.0
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04
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P e° s

Fusion splice loss/dB
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Normalized time
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A3

0.7
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0.4+
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Fusion splice loss/dB

1.1

Normalization intensity
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RSB RALE Hrn . (a) AR I ) xHEAEIRAL A Foh; (D) AW 3R B AT AERAL 09 %0

Fig. 3 Influence of different fusion splice parameters on loss. (a) Influence of discharge time on fusion splice loss;
(b) Influence of discharge intensity on fusion splice loss
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B4 WiEd R, (a) 546t SMF-GIMF-(HC-ARF) b4 (b) 45l 454 % /5 49 HC-ARF 3% @; (c) HC-ARF % #4511l

&; (d) HC-ARF % 4434

() A A4 B8RP 0 2

Fig. 4 Result of fusion splice. (a) SMF-GIMF-(HC-ARF) after fusion splice; (b) HC-ARF end face after breaking the fusion splice point;
(c) Side view of HC-ARF collapse; (d) End face of HC-ARF collapse; (e) Fiber protected by heat shrink tubing

k2 BRBENROEES

Table 2 Loss from multiple fusion splice tests

Sample GIMF1 length/um GIMF1 loss/dB GIMF2 length/um GIMF2 loss/dB Total loss/dB
1 290 0.93 272 0.95 1.88
2 267 0.44 276 1.05 1.49
3 265 0.47 268 0.75 1.22
4 267 0.45 265 0.74 1.19
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Low-loss fusion splice of hollow-core anti-
resonant fiber and single mode fiber
based on GIMF

Ma Xiaohui, Li Chuchen, Song Chao, Hu Tianhao, Zhao Zhongbin, Liu Hao, Zhang Wei,
Zhou Yong, Fang Wentan, Chen Xiaolin, Huang Song, Gao Weiging’

SMF-GRIN-HCARF after fusion splice

Overview: Hollow core anti-resonant fiber (HC-ARF) is a type of fiber with a novel optical guiding mechanism.
Compared with traditional single-mode fiber (SMF), HC-ARF has the advantages of lower dispersion, nonlinearities,
Rayleigh scattering, higher propagation speed, and damage threshold. It has great potential applications in fiber sensing,
high-power transmission, gas laser, mid-infrared laser, and other fields. In recent years, the interconnection methods
between SMF and HCF mainly include fiber array connection based on adhesive bonding, connector connection, and
fiber array fusion splicing. However, these methods all have certain limitations, such as complex operations and
insufficient stability. To address these issues, we introduced a precisely controlled length graded-index multi-mode fiber
(GIMEF) as a transition fiber in the fusion splicing of HC-ARF and SMF, achieving mode field matching between HC-
ARF and SMF.

The main sources of fusion losses between HC-ARF and SMF include microstructure collapse of the fusion end face
of HC-ARF, mode field mismatch between the two fibers, geometric offset during fiber alignment, and flatness of the
fiber end face. The mode field mismatch loss between HC-ARF and SMF is due to their different mode field diameters.
For the fusion splicing of HC-ARF and SMF, a transition fiber needs to be added to achieve mode field matching
between the two fibers.

The HC-ARF used for fusion splicing is an anti-resonant structure with five nested tubes. The loss of direct fusion
splicing between SMF and HC-ARF (with the intact microstructure of HC-ARF) can even exceed 3 dB. Use a regular
fiber fusion splicer to fuse SMF and GIMF in multimode fiber fusion mode, and then precisely control the length of 260
pm cutting. The effects of discharge time and discharge power on fusion splicing loss during fusion splicing were also
investigated in the experiment. The fusion splicing strength should be maximized while ensuring the integrity of the
microstructure of the nested HC-ARF end faces during fusion splicing. A C+L band amplified spontaneous emission
(ASE) light source with a wavelength of 1520-1620 nm is used to measure losses. The measured overall loss is 1.19 dB.
The results of multiple fusion splicing experiments indicate that the length of GIMF fiber has a significant impact on the
loss. The optimal length of GIMF fiber should be around 260-270 pm. If the cutting error of GIMF is further optimized,
low-loss fusion splicing results can be obtained more stably. This work provides useful guidance for improving the
compatibility between HC-ARF and existing fiber optic systems, and can serve as the technical foundation for the
development and application of HC-ARF.

Ma X H, Li C C, Song C, et al. Low-loss fusion splice of hollow-core anti-resonant fiber and single mode fiber based on
GIMF[J]. Opto-Electron Eng, 2025, 52(1): 240225; DOI: 10.12086/0ee.2025.240225
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