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Tunable mode-locked laser based on femtosecond laser

direct writing of long-period fiber gratings
LI Jiaxin, ZHANG Liqgiang, YAO Yicun, SUO Yuman, WANG Minghong

(School of Physics Science and Information Technology, Liaocheng University, Liaocheng 252059, China)
Abstract A wavelength-tunable mode-locked laser based on femtosecond laser direct writing of long-peri-
od fiber gratings (LPFGs) is reported in this paper. Using a femtosecond laser, an LPFG with a period of
50 um was inscribed, which exhibits a 3 dB bandwidth of 12, 09 nm for its transmission peak near 1 032. 67
nm. The LPFG was utilized as a filter in a ytterbium-doped fiber mode-locked laser, resulting in stable
mode-locked pulses. By altering the refractive index of the surrounding medium, the transmission wave-
length of the LPFG shifts accordingly. When the refractive index of the medium varies within the range of
1. 40 to 1. 43, the operating wavelength of the mode-locked laser is tunable from 1 046. 42 nm to 1 060. 25
nm. with a total tuning range of 13. 83 nm. Compared to other wavelength tuning methods, the fiber grat-
ing inscribed by femtosecond laser direct writing features a simple structure, flexible parameters, and ease
of integration with fiber devices.

Keywords mode-locked fiber laser; femtosecond laser; long-period fiber grating (LLPFG); filtering;

Y H#A : 2025-03-25

E€TB: BEARF =S T H (11375081) 5 LR A A SR B 2% 3 4 1 H (ZR2022MF258) ; T % K 2% BL B 5 4 51 H
(318052199 ¥ Bh

BIS1EE kIR . Lo, DUBR . i BI80%  WF5 07 1) - SeE O R AR B AR v E-mail: zhangligiang@]lcu. edu. cn,



55 6 1] B ER 5 T WNIOEES KIAWDEL e il IS B0t et 865

wavelength-tunable
0 FI&

BABCLT BRSO BRSO AT T e B A W ) S i D RO BT B G SR A T R R Tk
T EWIBESY SR P LA R RHR R SURAR 2 T R . B AR 35 B R T Sh B A
SRR, S B i AR A5 S R R AR SO I N T SR S an 7 R 4 o T S e AR
S P A 25 A RN R R S ERAASE . 4 Sl A I AR S8 s A 8 T A R R AT A R AR AR SO ok b . T A A
WS AR SR — P AR e 2, LA 2o 538 i 5 38 1 1 AT T v+ DT P 4 v W8 16 0 3 1)k ool 3 v 10 ) 75
I eI AR E BRIk P 50 . E R 8 A B A AN R ST R G, vl S (R 1 i BRSO
BHDLA O TARE A8 C/L BB )2 B T R B i FOE A 4 B4, R TEE 7
MR RER LS M BT OG B TAE AR e 1. 9~2. 1 pm™ L 3& JH TA W E 7 R A R 22 5 4545
. BEOCABEOCH TARLEELIAM 1.0 pm P B 70 Y6EF 805 L Tl T LA SO P40 112 18

AL K B LT O AR L UK T IR B T D04 14 SO 28 T LIRS 75 R BE BRSO 10 TAE K 78
ekt A YIRS PRI AR 2 AN SR B T IZ AR . A T R O I P A 25 v
G, SCIPOEIE K A TR B AT DI 38 T B AR OE R G P AR B SRR RS . SR BOGES T K
VPR R TS S O S R B T4 R T 5 1 4 0 2B T M U D R AR L AT S e
MATHHE N R R ook 3N T RGN E ZebE . AT 95 U8 2 0 HKe AT v A% i 1 4 2R TR Y
I AT AN R R i e 8t AN R R 5 BRI G, BRI R 22 1 7 AR T B S . X IE L 2%
SRR By TS CEF AR R (A A R R SRR IR IR ET SO B A SRR I BT A B R BN T
FeAR A AR

KAWDCE M (LPFG) J& 78 YT 2785 P 180 JE 300 47 S SR i 2 4 1, 54 8 0 A1 AR S 27 S i
(FBG) #H 1, LPFG JEHAMIXT K 38 5 LA ROR B =k B9 . LPFG 4549 %% il ASFE/N, I H 5 T4
WEVA LT RGP T CE AR IR KOG A5 4 n )32 . LPFG AT 8 A 4 2 4 2 ] 1Y
[ [R50 AR DC e A5 R R R I K A AR R B4 2 I RE B, M 7658 B3 LT L ahiFE 04
FIFH X —5R0E K LPFG B THOG MR IR I P A T 2 35 3 5500 0 R B 1 06 A BB AE I N A IR
T L HA K 08 e I A, DT S BRI K S B A T B 2014 AL SRR A SE AT CO, BOLBES
LPFG i 333 i 28 S0 25 iy 1 2, S0 T 3062 M 1 028, 2~1 039, 6 nm (LA E . 2017 4F, TR
NI T LPFG SR A i ol SO o6 8 LIRS M 1 564~1 568. 6 nm'™', 2023 4,
PHRAENN LPFG b HITE L B #otas b, il 5 il LPFG W HOGA 1 TAE R P81
7 23.98 nm-'*

LPFG Wl kAR Z  H B SRIMED FIOEH B U K CO, B A5 . LINED T
TRl LPFG 75 B L b A6 A B, 3+ HH S0 & SR IO IERA ™ . CO, BOLRR & i

N B L A TR R AL B (B ] 4% 9 LPFG il ABEE RS . KRR Bk vh 56 BE A LA BULE A |

Fb s o] LA (B) 9 7 A R R K BB i . AH L TR ST i, SN0 LS AT SIS T B 2% 1 A 7 A%
M RV IR 0 YCLF WAL B AR AT fk TRV E AR , 4R AL T 36 A S 80008 B e 1, ] LA 45t AR iR A 5% (I 4
PR A A i B (R AR e

A CENEOC ES LPFG, IR HAE U I 25 5 i BB B O 4 R g0 rh SC SRRk i 11y . 02
LPFG Mm% . LPFG &5 ik Rk & 2B AR Ak, DR R I BOE & AR IS8 - ITT S OG89 TAE K .
AP BIEHOGEER M 1 046, 42~1 060. 25 nm P AT, SIS R 13. 83 nm. 53 4b, i XHEOGE 76 Ik
RS M T PR REIEA T T IR

1 R EF 6 i Jat B
JETE LPFG I A7 78 RGN LTI B i B R BRI (648 % 8.



866 SRR 27241 CFL AR BO

AN I o BB ) A48 5 B0 J — E IO MRS DU E % PRI B RE  MSEASTRR & B BB . Bk & 2= By
BLOCAE AR a2 P T, i T2 5 B A EAEH , SEOCRE R HFE. YASChEE 2
K arat s HA R P B SR A 20 BB LA 9 Y6k 2 LI SEARIE sUAE G 2R A5 5
LPFG 07 VG it 44 1T LA R gt
AL =% —nS™A,L, (D
o S ™ A3 AR SRR 2R G 8 A ORI . O E  A AT LORSRR  h
PRI A OL B R SE BT AR KO C A B DE I TIRE . AN BT i i 2 & AR AR L2 540 A
A OGRS R AR B T AS A RTS8 nh™ ohods , HOS iR ik K 2z ol 2s . %9 48, LPFG 75
OIK A, ACHE SR T 5 MR R 5 A e
T =sin® (kL) , (2

A =" FR O ASH GBI R A, FOREF SR L B . 1 A2 51X
AR (R SR
J - d?’Ja E o E Goardr
I= 0 0 | .

2n a 2n ©
/\/J dSDJ EcoreE;ad rdr ° /\/J d@J EcoreE;ad rdr
0 0 0 0

X E e A E g S8R WL B Z B BRI, o MEFEREAE. LT LUE B S0 iR &
AR, & SRR A T n G B G RS RECE R T AHA R 8e ZAAE,
T LI PR AT I 375 R A A AR A, 5 AR iR I 0 B AR 1R

LPFG A I I8 68 J1 B A 5 R 4 S5 3R AR Al B0, (i R A 28 A 2 BB IR I & AR RS 8l S
K. A T — D H X — 4, v DLl o B 55 562 b BB SRR R R . RS9 3L v, £F 0 2
LPO1 ARFAE R R T oA

J,(1—5) K, (VJb)
VJ/1—b = . (4)
Jo(l—06) K, (Vb))

AP IH— IR V =k a,/ni —n3 » ko :277[ MR, a, REFERER, ny Bl n, S 5RG SREE ISR,

Jo FLTy 2 0 BYeE— 2R DUZE/R BRI Ko K,y 0 BRI 1 BB IESE 2R DUFE/R A%, i (O AT LUE L 20088
SEARATHRS V R b A5G, BRI TR LT 2B LU 21 L 2 4 i 2.
Ak 7R85 A b B EEGERUN LPom B Gn>1) . FEAJZ AR a, IR TR o) WIHHT,
FH A2 A1) € IO AR A5 36 A A S T i o
2 a; 2 a
n=n *7[]30 (1 _#)—0—& X (n? —n3) (ﬂ) ’ . (Uw az)+J? <UOO ;2)
T m,aik® N ka,/nl—nl) | 2nd b, BWUH+I WD
Kb a, WEERE, ny WOMRIREITHAR, U, 0 Bréh—3 DUIERREL T o 10 m B, B (5 AT HL (2
R YA RAT R G E AR LA LR O L2 NPT S 3 DA G
TESCHIAAS B DL 5 BRZF eV Z2 10 2 A B A7 S A8 8RS, AR 57 DG JiE J7 e vh AR A1 5 R AR 4T 8 3
ny MENME—AE 5 YO FYTH R 0y A8 ny B PRI IR 1 AT R
PRSP  E e .
n2a§k° ng—nz n%—nf
A2 C6) TN 3 5 i AR A A ot B4 5 38 AT LSBT LPFG 8 IR A 1 s 20 A IR 4% , S B i

i,
2 LPFG i #%
B 1) BR T WAEOE S LPFG (5 & .l Al CROG 28 R [F 25806 & 4 (Newport Corp,

, (5




55 6 1] B ER 5 T WNIOEES KIAWDEL e il IS B0t et 867

Spirit One 1040-8-SHG) , #OG#8 FP0 IR R 520 nm, kbS8 B 400 fs, {# 2K H (HWP) 5 Glan-Taylor
BeBE (GTP)KG B 4 il SR BOE Ik v AR . ELS MG EF M B T° HIL060 BB AF (SME) . £ IS H AR N
5.3 wm, RIS R S 2SR 908 1. 464 F1 1. 444 7, ¥ SMF #5078 ECE w83 FIFEEE
YIRS AR SRS B AL BRI S SME RSB HE. b T IHBR1R 25 7 SME B3 i
PropfRIUCECH . MY 63 fHhE.

HE T, CENEOER R HE E R E N 100 um/s. HE SR A 200 kHz, Bk EER 2 49 n). R
P (O LPFG IR AE 1 040 nm MHI . B/NOEIE A &5k ZM 2802 3485
F1 o0 AT BRI . O T S BT TR B R AR S B T A L S A
LPEG Gt R R 50 um. JEHHCEE L SECCHE G R0 S EAEOC B I OEHHS B2 L ] DL 25 1 5 41 B
540 A 2 [ A Rl B S f BT R 0 A VR R R A (Lt T 25 5 32 B A AL BR B DR 3R A i B i L T
PR, B4 LPFG AL 5 120 ANEM, MK R 6 000 pm, XFIHHRIE TR0 RE S804
BRI, 0 T R A SRR A R (s e B O T AR R ARCE PEFI W SRR . S X 0R T SMF
21305 2. 76 um A FALZ ML INAZ B, X R EE X0 IR R LPFG o i R S 30R Ik i
FEBEZ R AR Y . Bl &89 LPFG #9523 ool 50 % BIFE—A 58 2 5l R 3 Y . s 3 5 R X
TRPTEFRIX 4 H S T —2F 023 ], IR = =S 55k v ik LFPG i S P RE . B4
RALHHFE, P 1A T 40 £ CCD W21 LPFG. LPFG 98 N 2. 44 pm, KRR KA 3
A S LPFG, — AN ES KR 25 pm,

(a) (b)

e

HWP GTP QWP
- Objective
4

. Claddding
A 0Oil -
IDF__WDI

Core

VA X = A

X
3D translation stage Y
Y Z | s ; 2 g

IE: () WENIOLES LPFG 7R EIE; (b) ] 40 £ CCD M43 LPFG,
B 1 LPFG#&HTRER
Fig. 1 Illustration of the LPFG fabrication process
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Fig.3 Tuning characteristics of the LPFG
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Tab.1 Comparison of the characteristics of the fiber laser described in this paper with the results reported in the literature

SNR/ PRF/ 3dB
Ref. Filter Tuning method Gain  Fiber Laser Type
dB MHz  bandwidth/nm

[15] LPFG refractive index Er-doped 65 12. 14 3.5 Mode-locked fiber laser

[31] MZ1 fiber tapering Yb-doped 60 25.5 12. 00 Mode-locked fiber laser

[32] SMF-MMF-SMF Polarization controller Er-doped 45.1 2.5 0. 249 Mode-locked fiber laser

[33] LPFG Bending Yb-doped 68 2. 499 3.59 Mode-locked fiber laser
Current work LPFG refractive index Yb-doped 68. 22 18. 88 11.55 Mode-locked fiber laser
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