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Table 1. Main simulation parameters of MFA in the literature.
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Fig. 1. Propagation trajectory of light in graded-index op-
tical fiber.
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Fig. 2. The focusing condition of light rays inside a graded-

index optical fiber.
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Fig. 3. Rsoft simulation modeling.

#2 IHEESH

Table 2.  Main simulation parameters.
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Fig. 4. Simulation results for a core center refractive index of 1.4593: (a) Optical field distribution diagram; (b) mode field diameter

variation diagram.
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Fig. 5. Simulation results for a core center refractive index of 1.5: (a) Optical field distribution diagram; (b) power variation dia-

gram.
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Fig. 6. Optimal simulation results for connecting Hil060 fiber: (a) Optical field distribution diagram; (b) power variation diagram.
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Fig. 7. Optimal simulation results for connecting 9/125 pm
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fiber: (a) Optical field distribution diagram; (b) power vari-

ation diagram.
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Fig. 8. Graded-index optical fiber refractive index profile.
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Fig. 9. Optical field distribution diagrams of connecting
9/125 pm fibers at the 2nd, 5th, and Tth focal points re-
spectively: (a) The 2nd focal point; (b) the 5th focal point;
(c) the Tth focal point.
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Fig. 11. Measured core refractive index profile of graded-in-

dex optical fiber.
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Fig. 12. Optical field distribution diagrams of the prepared
graded-index optical fibers, connected to 9/125 pm fibers at
the 2nd, 5th, and 7th focal points respectively: (a) The 2nd
focal point; (b) the 5th focal point; (c) the 7th focal point.

14
— EARESYIE
Lol ARSI
— FEEANRESDIE
1.0
Dos\/\/\/\/\/\/\
=
& o6t
04l
0.2}
O 1 1 1
0 1000 2000 3000 4000
YLFA7 /um

K13 Hil &0 B RESGCE 5 HIAE 2, 5, 74 J R
9/125 wm HLAECEF 1 T AR A

Fig. 13. Power variation diagrams of the prepared graded-
index optical fibers connected to 9/125 pm single-mode
fibers at the 2nd, 5th, and 7th focusing points respectively.

3330}, Lineory = 150.075 mm , ZLHUEJG T E Lexy =
150.08 mm. It I 3& 5] A B 5 K AT fE K 25
H=40.005 mm, K RS Pocwa 2 1.1%, T
INF— AR R (5 1 Hr R, i
TR i 2 X i HH S O3 A KR S 4SRRI 52 0 T 2

LD@976 nm i HMFA

20/130  HERELL

AT

DIFI 2 SO BE Lo, 19 B R EIRLF, il
T 84 HREIL MFA K&, # HFEA 976 nm
Ry R Gt b D i Al A BURE. IR 4 o
Bl 14 iR, 1% &R G0 LUt 976 nm FLREL IO Y
LD IR, HELF R Hil060 Y2F, &K oh %
25 250 mW. RIS BRYCEF O3 RGO
20/130 pm KA EEF i g, EREE A
— R MFA, B8 & 2 —B 20/130 pm
Fe&r . Al Thorlabs PM100 D J¢EhEit
MBI, A& %R 976 nm IR R 5. il
X AR MFA TG RERE TR P 5 Py,
WAL AIHE MFA (46 ABiFE:

a = —101g(P/F). (6)

9/125 pm FAAGLF 5 MFA it v 20/
130 pm YGLF HEAEEARFEN 2.15 dB. VIR
Lexp I A RECLFIEEH R GNT, /3 I A
F R AEIGET R 9/125 pwm BROGZE i (4 H D)
R, PRICTHRA R SIS A ABURE, MIHAZE RN 3
B, WIRIAES> #i T 0.73—1.20 dB Z i), “F-1
B4 (0.94-£0.14) dB. X —&45 5 25 = T 05 EL
FIFE N IR, IR R T SEPR A AR EAS T 220
(AR MR TR

3 KEE Loy, WA RECLFSCIE

Table 3. Measured loss of graded-index optical fiber with
length Ly,

W UK 1R /dB
1 1.20
0.98
0.87
0.73
0.88
1.07
0.84
0.97

o N O Ut e W N

9/125

[ Hi1060

Thorlabs
PM100D3EIh &t

K14 HRELFNHIX RS L
Fig. 14. Structure of graded-index optical fiber test system.
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3.2 ERESHEHRY SMANL

25y T, MR 2E BT <Y1 )
BT A BAERG BT, 75xE LA IE Bk b))
A TS R A . SNl ) D 22 5 30
AL 0SBRSBI T HE, M
5 9/125 pm HASELF B R EL, 51 AKRSMAS
GARE. XU, B R BCATY R ) 29 S 1 R Y

SRR LR HL, XA AR AT I b
B i 4] LZM-100 K& 4 0L EY CO, Mot , T3
(18.5440.5) W, L fli i £ 2 mm 1F y—4
TnEJE LY, BRI 200 s, FEIPEIE 6 Wk, JE
[B] Y22 3—5 min, AJ3R1G 5 H RELL S
R AVCECAHY 9/125 pm JGEF . K AL s Bt
LSRG VIENN K E Lex, 10 H REECLHIEHE, FK
SEREI MFA ZROFUEA TR, 3045 T 5/l 0.22 dB
HOIE ATFE. 5% MFA 25K50nf& 15 FiR.

p———

\

20/130 EPYSias

PP EI9 /125

Bl 15 SEH MFA 4544
Fig. 15. Complete MFA structure.

JPHEIZ T AR E AT EE M, fERfES
BOR AT T 2Rl 50K, Goitas R, 4
R HERAF W IRE nT R # I7E 0.4 dB LAY, HiF
BT by R T A E e

ARRARAC B SR E X LA R R 2tk
i, RGERAFEN 0.73 dB; M5 A 9/125 wm Yt
RPN, BARIAE B R E 0.22 dB, iRk
70%. XS R A B EUGE, HiEHA IR T
RISCAIHETS: BRI A R ELE MFA PERER 2
F IR I i S AR v ARG A 22 ] 5 2K .
I AP F A O LT Y, ISR T
BEAREC IR, TSR T R A 35 R T

4 AR

¥ 24~ MFA FERAERLZE H FFE /Y 980 nm
FCLF AR R G TP RESRIE. 980 nm JELF IO
R 16 B, Z R 4L 915 nm AR
CARAE N FE IR, SRR AR I 2540 w5 S5

I AHi A% Ml (high reflectance-fiber Bragg
grating, HR-FBG) 5 % 1) #8556 21 A S 4% S H
(output coupler-fiber Bragg grating, OC-FBG) 73
SR D I I B4 5 B 45 i R R 45, DA T A T2 38
KA AT R S 5t 51 52 BUBOGHR i . TR
i P 3 25 A B —BE 0.3 m B9 20/130 pum B AL
2B 56T (Yb-doped fiber, YDF). A £ 4t i %
89 0.3 m YDF KB, & £ Fir 0 A ) 6 & 19
S HEE, PTTEDRIIE B RS 5 -4 8 1Y)
6] s, A3 %5089 1030 nm K H & 85 (amplify
spontaneous emission, ASE) [ 354, 7640 H AN A
et OC Z )5, A T H)Z R R 4% (cladding
power stripper, CPS), F T FR AR BB B &+
Wi sk B T2 R 915 nm RO, Bifti ot
TEAE. e B — Bt 105/125 pm JGEF, FfAE
R S OB — DR, MBERT 8%, K
H 2 T R I AR H BT, B LR DG TR R
s TAE, i RE KBTSk, /58
ISR E S il

0.3 m
20/130YDF
LD@915 nm

HR-FBG
———

I
)
it CPS OC-FBG

& 16 980 nm JELF Bt 44 A 45 4
Fig. 16. Overall structure of 980 nm fiber laser.

% 7R G0 T R B AR T ) R AR Akl £ dn
B 17 s, REAEFM I ZEN 10.11 W K 3] 5
EIFFF IR IO, R DR R 0.51 W; 45 )
FHETHE 68.5 W I, Il HiZhae Py i3] 9.35 W.
TR, LR IR BOR AN 15.15%, J-t
AR 2N 13.65%. B H A9 MFA £ A Lk
HOCAS RS0, TG R ERE R G A I IA 18 Fik.
£ MFA 1% o, 5 1 SCREE 7 O E R LA
il L, A R AR ) Sl g .

W ZA-HA R T2 A 0 A MEA #RIK 2
AZRGEHATINR, 439 sk DRt (6) X
TR S AR IR ASRE. K ST R0t 2 g bl
15 A A0URE 5 1 TR AR D) 238 BB SRR DI R 40 v 3K
RS FAEATXS E, BRI BT3¢ 4. IS Egs ST
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A1, MFA 765888 S DR BOLEE R G R 14
ATRFE, 8 i 1o TAEAR D R A R g
(AN A X — 22 5 ] BB VR T = D iz L oL i
WAL 5 A, bt e BT Bl B 5 2 S 3 A
Yok, FEGE T MFA B RS SR T .
FEULAE T, MERBRAL—A~ MFA $/15 T 0.34 dB
I AR, B2AIZ MFA 5, WOGE 25 00k 1
FAhZan &l 19 fs, HBEZRH IR, 10.11 W,
I 0.37 W 7E 68.5 W =3 T, ki zh=Z P,
y 8.65 W. i (6) it 21iZ MFA #6204
0.34 dB, JFITHEAAFIIRE T REMRPRBCRY
H 14.18%, Je- R LR 12.63%.

10
/-/'/-
8t -~
£ of
B
H g4f
P
2+
O 1 1 1 1 1
10 20 30 40 50 60 70

FIHhE /W

17 980 nm JGEFHOG A D)5 B DI AR B E R
Fig. 17. Relationship between output power and pump

power of a 980 nm fiber laser.

0.3 m
20/130YDF
LD@915 nm  HR_pRQ @ OC-FBG
kit

9/125 HERHEAT CPS
N—— —

€18 MFA 4 A S5 56 I3 28 ¢ 8 1A 45 4
Fig. 18. Overall structure of MFA insertion loss testing

system.

#£ 4 PIRY MFA i AFFER 1L

Table 4. Comparison of insertion loss between two sys-
tems of MFA.

976 nmPRIIE R G FE/AB

JEEFHOLES R Gu ke /dB

0.36 0.78
0.39 0.41
0.29 0.44
0.22 0.34
0.31 0.52

10

sz /W

O10 2.0 3.0 4.0 5.0 6.0 70
RIHhE/W

19 HIFEEAL MFA O BOLR R iL 25

ESlIPPIESIIP A

Fig. 19. Relationship between output power and pump

power after integrating the MFA with the lowest loss into a

fiber laser system.

H #ij i E _L v JC [E] B 2 980 nm T AR I B
20/130 pm &y AJGEF . 9/125 wm i HOGLF 17T
MFA. % WAITAL AT R B AR K-, 2 R
MFA #ATHEREXT L. %R MFA (977 4t oy
MFA-D01-S00-20-0-1.5/1.5-A, T 4F Ji K 1000—
1100 nm, {iiF 980 nm J# B, F ALL RS
AHFFEARIAY 20/130 pm HEAS, % H 35 4 Hil060
JeLF. B R MFA MR 5 s, K
1064 nm. P& 1 mW FHFEH 0.45 dB.

A F R geh, # A fil MFA 24 iz i H
MFA, HEE &AL BRIFHE, 52 HAE 980 nm T
VELAE T I ABEE N 0.76 dB, REERIFRACEE
BA12.71%, WeNBCRRFZRL) 11.43%. %R H MFA
iy ol Hi1060 D64, A MFA il oy 9/125 pm
HEF, ZE B BONARE, HAE 980 nm YELF 3Ot
#/E EDFA FEiin I, Hil060 5 9/125 pm
PR Y 4 EDFA B HIGEF 68, Ik
W TR — W 5T T R RE 2 A 5
PR . SEE SRR, AHE T RIAASE, AHl MFA
AT FE R AR IR P R 50%, RAFCR I,
FRTE TR G AR AR TERE, ST UEM] T A
il MFA 75 ES 0 5% T WA RrE 5 5 .

5 %

ARSI IFI0AE T —Fh 5T B AL
P S FEILLE 980 nm % B MFA. 8@ 31
S PERAESE T H R ENF R EEEA K

160403-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 16 (2026)

160403

L = n-P+0.5P(n = 1) WG, IR Y G4
RIMET T 25 R HFR AR I, B 25445 A dh
FEWE AL B K IRALE 1 A MFA £ %
F R H A B 25 B 080 nm YLAF DG #s R S bk
TFIRIE. KIEA MFA B, RERPRACK R 16.07%,
J-IEER R 13.65%. 5 APERERAE B A il MFA
5, RGN FERBGETT, FERACR N 14.18%, -
RN 12.63%, MFA H B 7E B LS IR TH T
I AT AE R AR AT 3k 0.34 dB. fEHHF R G, 52
MG 0.76 dB R MFA i 2GR R R E
2912.71%, Ho-CRHORMEE 11.43%. B TR HE
fF, A MEA 3 FE AR IR B T 50%, &G40
RLHE G, BT T IR A R RE.
SR AAIAIE T 7 S0 IE R PE S5 S M, o
JE LT O GAR RN A P2 T — R A 2 F
X ES
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Mode field adapter for 980 nm band based on
graded-index optical fiber

LTANG Haoyuan LUO Yonghui ZHANG Yushuo CHEN Mo
CHEN Dongxu  HE Le  XING Yingbin  PENG Jinggang
DAI Nengli? LI Jinyan

(Wuhan National Laboratory for Optoelectronics, Huazhong University of Science and Technology, Wuhan 430074, China)

( Received 21 February 2026; revised manuscript received 29 April 2026 )

Abstract

High-power 980 nm fiber lasers, serving as ideal pump sources for erbium-doped fiber amplifiers (EDFA),
face a critical challenge in efficiently coupling light from large-mode-area (LMA) fibers (typically 20/130 pm) to
standard single-mode fibers (SMF). The significant mismatch in mode field diameter (MFD) between these
fibers results in severe coupling losses, often exceeding 0.7 dB for commercial mode field adapters (MFA)
operating in the 980 nm band. To address this issue, we propose and demonstrate a novel MFA based on the
synergistic optimization of a multi-period graded-index optical fiber (GIOF) and thermally expanded core
(TEC) technology.

The proposed MFA employs a precisely designed GIOF to achieve deterministic periodic beam focusing,
enabling mode field transformation from large to small dimensions within a fixed physical length. The optimal
length of the GIOF is determined by the formula L = nP 4+ 0.5P (n = 1), where P is the self-imaging period.
To compensate for residual mode field mismatch caused by fabrication tolerances, the receiving 9/125 pm SMF
is subjected to thermal core expansion treatment using a CQO, laser, which controllably enlarges its MFD to
better match the output field of the GIOF.

The optimized MFA is fabricated and integrated into a home-built 980 nm fiber laser system for validation.
The bare laser system exhibits a slope efficiency of 15.15% and an optical-to-optical efficiency of 13.65% at an
output power of 9.35 W. With the proposed MFA inserted, the system maintains stable operation with a slope
efficiency of 14.18% and an optical-to-optical efficiency of 12.63%, corresponding to a minimum MFA insertion
loss of 0.34 dB. For comparison, given a typical commercial MFA insertion loss of 0.76 dB in the same band,
the system efficiency would theoretically drop to approximately 13.2% (slope efficiency) and 11.43% (optical-to-
optical efficiency). The proposed MFA reduces the insertion loss by over 50% compared to commercial
counterparts and significantly mitigates the system efficiency penalty.

This work provides an effective and reliable device solution for high-brightness 980 nm fiber laser pumping,
demonstrating the potential of combining GIOF and TEC technologies for high-performance mode field

management in high-power fiber laser systems.
Keywords: mode field adapter, 980 nm fiber laser, graded-index optical fiber, fiber thermal expansion core
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