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Femtosecond fiber laser oscillator by nonlinear polarization
rotation mode locking technique
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Abstract: Nonlinear polarization rotation (NPR) mode-locked lasers have attracted numerous
attention due to their compact structure and high reliability. Based on this mold locking principle,
an ytterbium-doped fiber femtosecond laser was designed and built. When the bidirectional
pumping power reached 380 mW, the laser was mode-locked with a fundamental frequency
repetition rate of 22.8 MHz. The output pulse was centered at 1030 nm with 224 fs for the pulse
duration, 180 mW for the average power, 8 nJ for pulse energy, and 40 nm for the bandwidth at 10 dB.
The beam had a good quality with signal-to-noise ratio greater than 50 dB. The laser can realize
self-start mode locking with a ring laser structure. Besides, the third order passive harmonic mode

locking with 68.5 MHz for the repeat frequency was observed by increasing the pump powerto 1.6 W.
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Due to the advantages of line width, pulse width and pulse energy, the laser has application

significance in spectral measurement, Raman imaging and other fields.
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Fig.1 Ytterbium-doped femtosecond fiber laser
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Fig.2 Output characteristic of the laser
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Fig. 4 The bound state spectrum and its modulation intensity change at high power
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Fig.5 Third-harmonic mode-locked pulse sequence

G o SR DR AN T A A AR L PR A
¥, EREEES R ORI, ERRARZLNE
TR K i i I3 2 A Bkinh o 2k
AR ERIRS LR T A ELAE ] ]
BREN, DT AL R R P R A EA R, A
G RR A, eI AU ] ] B AR I+ ) B 3l
UL . 7RI I ko 91 B4 /0N ] B 7
R R L TR AR = A, [RLIHAT AE T 330
BIRGAHIROCE IR . 2 PRBBDELHOL
frr, ATRUE AL T i 22 53 RS AN R B
AR IR AN ) I i PR B3R 8
HR Tt R Bt . R, ]
LUK BIASBIE TS Fils B B R i R LA AR, $
e ) BRI JRE g R T AE A
ST AR

3 &

FET AR MR IR e HAR , FEARZe M In PR e
MR B EOCA RO DS T L R AT
1030.3 nm, PkpHpLeitialhy 224 fs, mRE MR
A 22.8 MHz B IRF Jpk vhvdi 1 5 38 20 38 M A8 2
RS R PR IRAT T fe i H E AR R 68.5 MHz
(B DR o IR G AR R A — 2RI
M AR SR N, BRAAAEN S, FEukE
BB, EEMREANERE . R T/EY,
AT A4S R ] NPRAIFSEH AR, 4 50 I K LIRS
R E NN, HA DA R R ER, A
HEHA SRR K RS B S . AR R

AT IR BT Y o R R B AR, i
S IR, A A R B AL LAV LA T
P, i EAR REDCE IR A A MW H T 20
TERUGANL . SEEIRAR . AR T BRI R SR
ERHMUEF A . T RAHT NPREAR, %
JEARBRIEERSUE H S AL, B i i B ik
A ERER . SOGIE . B kS HE
S R BT A R TR, TR R A Dk
I SCHR TR T A R R A R L BN A
I, TEBLIRG #2804 Al AT 3 AJEZR MR &
e, SCEEE YRR L. B, XK 8 ),
224 fs, 40 nm JGEF REMEOGHR G 45 GE N A PR
W ARG BOGEESE RGO

BE3CH -

[1] WANGY S, KEW W, SUN Y H, et al. Research of
high brightness 1018 nm ytterbium doped fiber
laser[C]//Proceedings of SPIE 9255, XX International
Symposium on High-Power Laser Systems and
Applications 2014. Chengdu: SPIE, 2015: 92550K.

[2] WANG J L, BU X B, WANG R, et al. All-normal-
dispersion passive harmonic mode-locking 220 fs
ytterbium fiber laser[J]. Applied Optics, 2014, 53(23):
5088 — 5091.

[3] CHEN H, CHEN S P, JIANG Z F, et al. All fiber
actively mode-locked ytterbium-doped laser with large

tunability[J]. IEEE  Photonics
Technology Letters, 2014, 26(17): 1786 — 1789.

(47 XUMG, E£FAX, TRMG, 45, T AR LM fn = e 2800 (1
Z W KB EEBROCL HOL S (1], 67740, 2016,
45(6): 18 —22.

[5] GAOCX, WANG Z Q, LUO H, et al. High energy all-

fiber Tm-doped femtosecond soliton laser mode-locked

range temporal

by nonlinear polarization rotation[J]. Journal of
Lightwave Technology, 2017, 35(14): 2988 — 2993.

[6] SZCZEPANEK J, KARDAS T M, RADZEWICZ C, et
al. Ultrafast laser mode-locked using nonlinear
polarization evolution in polarization maintaining
fibers[J]. Optics Letters, 2017, 42(3): 575 — 578.

[7] WUZC,LIUDM, FU SN, et al. Scalar-vector soliton
fiber laser mode-locked by nonlinear polarization
rotation[J]. Optics Express, 2016, 24(16): 18764 —
18771.

(81 BRIE, BUIE IR, Whrid, 45 3T 47 sl al 40 A i)


http://dx.doi.org/10.1364/AO.53.005088
http://dx.doi.org/10.1109/LPT.2014.2336371
http://dx.doi.org/10.1109/LPT.2014.2336371
http://dx.doi.org/10.1109/JLT.2017.2712759
http://dx.doi.org/10.1109/JLT.2017.2712759
http://dx.doi.org/10.1364/OL.42.000575
http://dx.doi.org/10.1364/OE.24.018764
http://dx.doi.org/10.1364/AO.53.005088
http://dx.doi.org/10.1109/LPT.2014.2336371
http://dx.doi.org/10.1109/LPT.2014.2336371
http://dx.doi.org/10.1109/JLT.2017.2712759
http://dx.doi.org/10.1109/JLT.2017.2712759
http://dx.doi.org/10.1364/OL.42.000575
http://dx.doi.org/10.1364/OE.24.018764

5513

Mz, 55 FETARLNMEIRIRIESE B AR IDEL WOLIRG &

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

BURG LT OGRS BTST (0], 0t 54 4b, 2017, 47(3):
291 -29s.

HDUE . B RV 47 WOG & K H ) 0 2 R OF
5% [D). BUkb: L FRHE R, 2015,

WANG T S, MA W Z, JIA Q S, et al. Passively mode-
locked fiber lasers based on nonlinearity at 2 um
band[J]. IEEE Journal of Selected Topics in Quantum
Electronics, 2018, 24(3): 1102011.

MATSAS V J, NEWSON T P, RICHARDSON D J, et
al. Selfstarting passively mode-locked fibre ring soliton
laser exploiting nonlinear polarisation rotation[J].
Electronics Letters, 1992, 28(15): 1391 — 1393.

TANG D Y, ZHAO L M. Generation of 47-fs pulses
directly from an erbium-doped fiber laser[J]. Optics
Letters, 2007, 32(1): 41 —43.

PENG J S, ZHAN L, CHEN T Y, et al. All-fiber
ultrashort similariton generation, amplification, and
compression at telecommunication band[J]. Journal of
the Optical Society of America B, 2012, 29(9): 2270 —
2274.

SHANG X X, GUO L G, GAO J J, et al. 170 mW-level
mode-locked Er-doped fiber laser oscillator based on
nonlinear polarization rotation[J]. Applied Physics B,
2019, 125(10): 193.

ZERAE, b 24, BABH, A5, JE TR AR ELT bk ip
HOLHITE [J]. BRIGITFE R =27 4 (A S8R, 2022,
50(1): 86 —90.

EFEIR, XIH W, BB, BT Ae B AR K v iz
BOELFHO G I SEIRATIE [7]. PIHEA4R, 2010, 59(9):
6200 — 6204.

SRS, BHEAS, W, 45, BT Lot i e e i
= IO T RO LA CEMEOLIR G 2% (7). W3
2, 2012, 61(4): 044206.

TAN X M, CHEN H J, CUI H, et al. Tunable and
switchable dual-waveband ultrafast fiber laser with 100
GHz repetition-rate[J]. Optics Express, 2017, 25(14):

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

271

(28]

16291 — 16299.
WANG P, BAO C Y, FU B, et al. Generation of
wavelength-tunable soliton molecules in a 2 pm
ultrafast all-fiber laser based on nonlinear polarization
evolution[J]. Optics Letters, 2016, 41(10): 2254 — 2257.
LUO Z C, CAO W J, LIN Z B, et al. Pulse dynamics of
dissipative soliton resonance with large duration-tuning
range in a fiber ring laser[J]. Optics Letters, 2012,
37(22): 4777 —4779.

KOMAROV A, LEBLOND H, SANCHEZ F. Passive
harmonic mode-locking in a fiber laser with nonlinear
polarization rotation[J]. Optics Communications, 2006,
267(1): 162 —169.

RENNINGER W H, CHONG A, WISE F W.
Dissipative solitons in normal-dispersion fiber lasers[J].
Physical Review A, 2008, 77(2): 023814.
ZENG Z, ZHANG Z Y, ZHANG L J,

Harmonically mode-locked optoelectronic oscillator

et al.

with ultra-low supermode noise[J]. Optics & Laser
Technology, 2022, 151: 108036.
ZHAO Z H,JIN L, SET S'Y, et al. 2.5 GHz harmonic
mode locking from a femtosecond Yb-doped fiber laser
with high fundamental repetition rate[J]. Optics Letters,
2021, 46(15): 3621 — 3624.
KOROBKO D A, STOLIAROV D A, ITRIN P A, et al.
Harmonic mode-locking fiber ring laser with a pulse
repetition rate up to 12 GHz[J]. Optics & Laser
Technology, 2021, 133: 106526.
BT, wouk, AR, 45 IR BRSO
BYFAEMERTAT [7]. Y6 F244R, 2007, 36(3): 391 — 395.
E, B, XHakE, 45 BEDCAFRO G T IR
I i B B (7], RO, 2017, 44(8): 0801011,
MRS, B R, FREE, 4 WSS Yo' o
I B [0]. IG5 R F 3R, 2006, 18(11):
1813 - 1817.

(% ZEIEAT)


http://dx.doi.org/10.1049/el:19920885
http://dx.doi.org/10.1364/OL.32.000041
http://dx.doi.org/10.1364/OL.32.000041
http://dx.doi.org/10.1364/JOSAB.29.002270
http://dx.doi.org/10.1364/JOSAB.29.002270
http://dx.doi.org/10.1007/s00340-019-7301-1
http://dx.doi.org/10.1364/OE.25.016291
http://dx.doi.org/10.1364/OL.41.002254
http://dx.doi.org/10.1364/OL.37.004777
http://dx.doi.org/10.1016/j.optcom.2006.06.012
http://dx.doi.org/10.1103/PhysRevA.77.023814
http://dx.doi.org/10.1364/OL.431735
http://dx.doi.org/10.1049/el:19920885
http://dx.doi.org/10.1364/OL.32.000041
http://dx.doi.org/10.1364/OL.32.000041
http://dx.doi.org/10.1364/JOSAB.29.002270
http://dx.doi.org/10.1364/JOSAB.29.002270
http://dx.doi.org/10.1007/s00340-019-7301-1
http://dx.doi.org/10.1364/OE.25.016291
http://dx.doi.org/10.1364/OL.41.002254
http://dx.doi.org/10.1364/OL.37.004777
http://dx.doi.org/10.1016/j.optcom.2006.06.012
http://dx.doi.org/10.1103/PhysRevA.77.023814
http://dx.doi.org/10.1364/OL.431735
http://dx.doi.org/10.1049/el:19920885
http://dx.doi.org/10.1364/OL.32.000041
http://dx.doi.org/10.1364/OL.32.000041
http://dx.doi.org/10.1364/JOSAB.29.002270
http://dx.doi.org/10.1364/JOSAB.29.002270
http://dx.doi.org/10.1007/s00340-019-7301-1
http://dx.doi.org/10.1364/OE.25.016291
http://dx.doi.org/10.1364/OL.41.002254
http://dx.doi.org/10.1364/OL.37.004777
http://dx.doi.org/10.1016/j.optcom.2006.06.012
http://dx.doi.org/10.1103/PhysRevA.77.023814
http://dx.doi.org/10.1364/OL.431735
http://dx.doi.org/10.1049/el:19920885
http://dx.doi.org/10.1364/OL.32.000041
http://dx.doi.org/10.1364/OL.32.000041
http://dx.doi.org/10.1364/JOSAB.29.002270
http://dx.doi.org/10.1364/JOSAB.29.002270
http://dx.doi.org/10.1007/s00340-019-7301-1
http://dx.doi.org/10.1364/OE.25.016291
http://dx.doi.org/10.1364/OL.41.002254
http://dx.doi.org/10.1364/OL.37.004777
http://dx.doi.org/10.1016/j.optcom.2006.06.012
http://dx.doi.org/10.1103/PhysRevA.77.023814
http://dx.doi.org/10.1364/OL.431735
http://dx.doi.org/10.1049/el:19920885
http://dx.doi.org/10.1364/OL.32.000041
http://dx.doi.org/10.1364/OL.32.000041
http://dx.doi.org/10.1364/JOSAB.29.002270
http://dx.doi.org/10.1364/JOSAB.29.002270
http://dx.doi.org/10.1007/s00340-019-7301-1
http://dx.doi.org/10.1364/OE.25.016291
http://dx.doi.org/10.1364/OL.41.002254
http://dx.doi.org/10.1364/OL.37.004777
http://dx.doi.org/10.1016/j.optcom.2006.06.012
http://dx.doi.org/10.1103/PhysRevA.77.023814
http://dx.doi.org/10.1364/OL.431735

	引　言
	1 结构与原理
	2 结果与分析
	3 结　论
	参考文献

