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All-fiber mode-locked laser using platinum film-coated microfiber

Zhang Shulin,  Zhu Guoli,  Dong Guangyan
(The 27th Research Institute of China Electronics Technology Group Corporation, Zhengzhou 450047, China)

Abstract: In this paper, the finite element method is used to simulate the energy, electric field and effective
refractive index changes of the modes in the microfiber before and after coating. The transmission characteristics of
HE,;, TEy;, HE,; and TM,,; modes in the microfiber and the interaction principle with the platinum film are analyzed.
The microfiber was fabricated by etching the optical fiber with buffer oxide etchant, and the platinum film was coated
by ion sputtering to obtain a microfiber device with a diameter of 13.2 pm and a platinum film thickness of 40 nm. Its
saturable absorption properties were tested, the modulation depth and saturation intensity were 0.57% and
0.8 MW/cm?, respectively. An all-fiber mode-locked laser was fabricated, its mode-locked threshold is 180 mW. The
mode-locked pulse repetition rate is 17.93 MHz, the pulse width is 103 ps, the center wavelength is 1031.6 nm, and
the full width at half maximum is 3.5 nm.
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Fig. 1 Schematic diagram of the cross-sectional structure of Pt-FCM and ultra-fine simulation mesh
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Fig. 2 Real part of effective refractive index and confinement loss as a function of cladding radius for modes in Pt-FCM
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Fig. 3 Energy, electric field and effective refractive index changes of the modes in the microfiber before and after coating
B3 AL PR JE A TSR B | 3555 A0 R AT i R

FEE 3 o, R T 5 H R I BT S5 O AR 2 MR X L B A 1 R AR DL, R R A n S Al T A —fk Ak
B, ik RROR I 07 ) o B RET S G 2R vh A () A5 =0 48 T 1Y) 8 1t 2 B — o A i an 181 4 o . AT LA, B8
JEHT, TEq,« HE;;. TMy, F HE,, 155 /) g it 76 £ J2 v 52 48 808 2% i 2 0, 76400 )2 S il Gk W J T % 3R S
TE,, 15 (4 B 5 % B 434 1A 22 4k, 1 HE, ;. M, Al HEy, #3576 4046 J8 IR 2% 77 A 18T A HeL 3%, DA 38 BB =X i 1

7 AR A IR G  JE R R, R FL A AT LA R B L TOLLF R S i E L RPPAT TORAF RIS & ) Y
MADCL R EPE DS, E, S S8R0 8 h A EAER, 7 AE RIS FE . HE),. TM,, F1 HE,, B9 i1 1%
BIEA E L, I LG AT 0 4 TR 3R 1 B 3T 2 77 26 T B HL R 3, SR AE G S CHE DG 2 rb A2 i ) BRUTR 2% 4, RIS
REECEF B . Bh T TEq, B0 i3 434 A ), AR & R 1E VA B4y iEMIRCA E | 433, T L) TE, BN 3240
SRS, T DAFEGER AR

T4 8 3 B T R, A G LR SN TR R S 4 e I, RS E G 1S B LR R AR T R B R B 28 1AL
R AH R 7 G E B A A, 25 R AR, W L — 20 0 4 8 SR T T R A ek, B R R
JE B X A8 A AT R LT B 52, ST nm BIAT, Br DUTEAS SCIRA #E AT 1HE, A A B2 E R,

2 LI
Pt-FCM RS 28 0 (1 40 25 B A0 R 20 (1) 3R 42 St I OIG 2F (030 78 U2 9 FRPDRS 35 3O 4F 2608 (2) 647 ik

BE SR bR AL %) B (BOE, HF JF i 43 80N 6.5%) S5 1k 9.5 hy (3) B Y6 £F I Fl 25 8 K b 473 3% e, SRS
T TEAE G A R P4 A . B T T IR AN Y EL 2 BE Ry 6 Pa, MDA L HELIR N 2 mA, WIS [E] R 880 s, el A
SE B AR R K B R 10 mm, AR R 13.2 pm, P05 8 £F (4 B8 43591 8 30 em, 4014 5 A9 JE B2 4 40 nm, FH 45144 L %
(SEM, HITACHI SU8220) W< 4n 14 5(a) 7, MR T 5] HOGH . o 1 e B2 TR, M HBEIE L (EDS) Xf

031002-3



#oW ok 5 BT K

10 - - - without film —— with film L0 - - - without film —— with film
= S
£ 038 £ 0.8
z 2
506 506
g g
] )
Ko4 fo04
) =
g 0.2 g 0.2
=] =}
0 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1
-8 -6 -4 -2 0 2 4 6 8 -8 -6 4 -2 0 2 4 6 8
horizontal position/um horizontal position/pum
(a) TE,, mode (b) HE,, mode
- - - without film —— with film 1ok - - - without film —— with film

/N

5 =S
<
% ES 0.8
z z
_}é) .}E_)' 0.6
kel =
i S04
= =
E g
S ;(ZD 0.2
1 1 1 1 1 1 1 O 1 1 1 1 1 1 1
-8 -6 -4 -2 0 2 4 6 8 -8 -6 -4 -2 0 2 4 6 8
horizontal position/pm horizontal position/pm
(c) TM,, mode (d) HE,, mode

Fig. 4 Intensity distribution of TE(,, HE;, TM,, and HE,, mode before and after coating of microfiber
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Fig. 5 SEM images of the Pt-FCM and elemental spectrum of the Pt-FCM
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Fig. 6 Schematic of polarization measurement
€ 6 Pt-FCM H fi #4557 1 0] Ak 2

s o GRS 1R 50 O 41 64 Bk o, 2B IR 1CHWP) Fil i 41 23 645 B2 (PBS) K5 A S 6 HE 1k S e i 41k O, 21 3 -
2(HWP,) I T i 82808 A SOG4 7 1), Z375 Ly #4 2 P-FCM. S 20E 5T L, HE B S, i 50:50 1436tk
Bi(BS) 23 N PIA, i 54 B b D 3t 1(PMy) I 4, LDl R Bl AR O B4 O 41 265 B A8 AR th ] 7(a) B o 2
PGS — A% 2= -Z R B S I Zh AR 2(PM,) FRIU, 24 PM I 21 9 h 3 e R INF, PM, 0 3] A Zh R Bl A% 22 -2 )
BB A B R A2 AL 7(b) h B BT 7R s 24 PM DU 21 1 T A B/ N, PML, I 2 81 £ T 5 AR >4 -2 B 5 A B8 1 A2 Ak
A& 7(0) PELE 7R o H TR 5 22 -2 MR B X i IR DY A 4 USR], B LAY ABATTE RS 0 I, 2 R 2 il
NS CH i I% 7 [0 e e 20, 4% 22 -8 ke B 2 (A S G I i % 77 1] Jie e 6.

6F o output max
= = — fitting curve
Eo6f £ = output min
53 5 4 — fitting curve
2 z
=] =]
a a
B4 2 o
3 ¢ output 3
— fitting curve
2= - - . . (e . . . .
0 45 90 135 180 0 45 90 135 180

polarization angle/(°)

polarization angle/(°)
(a) output power by rotating the HWP,

(b) output power by rotating the Glan-Taylor prism
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Fig. 9 Schematic of the all-fiber mode-locked laser
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Fig. 12 Mode-locked characteristics of the fiber laser
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