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Abstract

This paper proposes a mode-locked ytterbium-doped fiber laser based on a titanium carbide (TizCz2Tx)
saturable absorber and investigates its performance. The Ti3C:Tx saturable absorber film was pre-
pared by mixing a titanium carbide solution with a sodium carboxymethyl cellulose (NaCMC) solution
as the film-forming agent. The film was integrated into a ring-cavity ytterbium-doped fiber laser in a
“sandwich” structure, successfully achieving stable mode-locked pulse output. Experimental results
show that, at a pump power of 200 mW, the mode-locked fiber laser achieved an average output power
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of 6.77 mW, a repetition rate of 27 MHz, and a pulse duration of 667 fs. This study not only verifies the
potential of titanium carbide in ultrafast photonics applications but also provides a valuable reference
for the further development of novel two-dimensional materials in laser technology.
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). AR, W T IRANE ARG A AT R IR, AR O TR T4 i A4
LU R R UG, IEREN AR SO AT AR AL R [2] . TERVFBIE TR, 8 A kPO R ROk S
S )BT R A ) B 2 T R3],

N T IREE RO g, PRI ISR (SA)FE T HIlOE R 48 AR AR Bl Jy Thi e %5 3 2
PIVERH .. 2R sV LI POC A0 LA R R R A, SR AN R SIS 8N 53 BB TE 5% 70 % R 2
HA B . BEEIRAEDCFAM B R R, BeaKE (CNT) [4]-[6]. A ME[7][8] A &M (GO) [9].
W (BP) [10]-[13]+ #HFMAEZAAR(TI) [14]-[16] <)@ —mifb[17]-[19]. ik i & @ik (MXene) [20]-[25] 55
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YERE. 2 THEMREERE R, UL AR AE RO 7 22 U 5T I 2 SA M klZ —. 2020 4F Shi %5 A\ KH]
DI TisCoTu 4K A AE R SA, Il T 1530.85 nm Ab4B4E 41 Ot 2% (EDFL) (A% & Bk i, DALk
PSR IE) A 265 fs, FEEMNR N 8.46 MHz, {5M:LL N 47 dB. BLAMNETESB R HOLES(YDFL) H 3RS
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T GEREMEAE T AR S i TR S8 45/ 83T, BERRK T R ERE 5 F 08w, MR
F ] S BB PR A O AR T R SR AL T B E AR AE .

2. SLIORE

SIS B SA & H ) TisCoTx SA, # TisCoTx ¥l 5iE R NaCMC ¥R A, TN L
HHATHBR A, N T8 TisCoTx 5 NaCMC IR 7t /i, WHZIR A Va7 - A AR BT 10 ho 7 4b
PR E S, RKRITIE, S350 801 TisCoT,-NaCMC A . I BURMI 75 20 BUS BIVE R
BISTIRAE R BB b, (RIS NI, DU ST . Kbl 45 47 (1) TiaCoT AT PR IR i Ak
Y EAR 2 mm BIIETT TGN, JAE B 2 S W A FCIPC YG2F I HE 38 I i i B], X R T
T =AY AR TiaCoTy rI AN AR 2 .

BAL R AT B AR SR B B EOC AT O S S B a5 i an & 1 R, KRB, H— etk
o 976 nm [0 i E (LD) 2 980/1064 nm 3 73 52 H #% (WD M) X — Bk B 886 4F(YDF, LUSTER Light-
Wave Co., Ltd., Yb-1200-4/125) #1742/ , YDF [0 B4R N 4 um BUE LA N 0.2, (B R BN 24 ps2/km,
1E 980 nm fRIUEEAEIR Y 280 dB/m, K 1m. FIHII “ =HBIIR” 451 TisCoTx SA MBI L. LR Imb%
B2 (PD-ISOYEAE 5 R e sl i&fi, FIRSCREFG(E S I MIRIRGS, EmiTe m R At e 5k,
TS T INAR e, RN T — MRS (PC). B, ZiIHEE 2 (OC) IR M 20%
MR g, 80%IM Y4k S B 7E s NI . SOGER I I T A SR B4R AL5 3508 HI1060, AR %L
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Figure 1. Schematic diagram of a fiber laser with a TisC2Tx SA
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Figure 2. The curve of the output power of the laser versus the pump power
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Figure 3. Spectrum output of the laser at a pump power of 200 mW
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Figure 4. Output pulse train of the laser at a pump power of 200 mW
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Figure 5. Frequency spectrum of the pulse at a pump power of 200 mW
[l 5. ZHTIE 200 mW B ko By 5T E
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0.707), 515 2O 285 H KR 1 SEBR K 58y 667 fso @I T4 AT DAAS 3 I IO 2 4 HY e Bk b e B
A 250.7 nd.

DOI: 10.12677/app.2025.157072 676 N ) R


https://doi.org/10.12677/app.2025.157072

UG %

=
FN

Date
Gaussian fitting

=
()
|

1.41x667fs

=
=]
1

Intensity(a.u.)
S
<

Time(ps)

Figure 6. Autocorrelation curve of the output pulse at a pump power of 200 mW
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Figure 7. Average output power graph of a mode-locked laser over a 4-hour period
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Figure 8. Output spectrum of a mode-locked laser over a 4-hour period

8. PURHIERRE 4 /EIRBYHIL SR

Table 1. Comparison of output performance in mode-locked fiber lasers using different two-dimensional materials

1 FRIZHEMBISHR AR M M RE AV EL 3R

YRRl K ik b 58 2 v oh = Bk E Z2ECHR
BP 1064.4 nm 51 ps 18.9 mW 1.13nJ 30
PtSe 1064.47 nm 470 ps 12.19 mW 2.31nd 31
BizTes 1057.82 nm 230 ps 0.86 mw 0.21nJ 32
ShzTes 1047.1 nm 5.9 ps 4 mW 0.21nJ 33
CHsNHzsPbls 1064 nm 931 ps 15.7 mW 3.85nJ 34
TisCaTx 1064.78 nm 667 fs 6.77 mW 250.7 nJ A3

P 1L HNEE T ARSCITIR TisCoTy SUTAERIE T &b bR A Jikr i M BE 251 29]-[33] . M FRTT LA
i, FTEME TAEB KA — oK IT, TisCoT B H 6 ik v 56 152 (667 Fs) Al i L ik v i 2 (250.7
nd), HA0E K (1064.78 nm)5 BP (1064.4 nm). PtSe, (1064.47 nm)#ZilL, {E ki %5 B4 ShoTes (5.9 ps)4i
B3 MESR, HHkMFREER CH3NHsPbIs (3.85 n))i&Tt 65 fi5, ZEorMERERARE, EHT ks EHMIR
4. &g

LRI, IR A 1 TisCoTx-NaCMC & H MRV EDTRRAE 8 3% i E3RTS T TisCoTx I ML A
W, FER IR “ =BV SR AT AR SR SRR, AR S TR A B s B OO, Sl
THIBLEO T . 7E 50~200 MW FRIZEIHTIE N, A FE BRIk Y 5. FEIHIIE Y 200 mW I,
He G B B R P TR N 6.77 mW,  HL KA 1064.78 nm, [k iR EEE [F] 2 667 fs, {SMELL A 34
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