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Abstract A highly reliable and stable erbium-doped mode-locked fiber laser was constructed using a 45°-tilted fiber

grating (45°-TFG) as a fiber polarizer. Based on this, precise signal stabilization of the repetition frequency f,,, and carrier-
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envelope offset frequency f.., was achieved. When the pump power is 228 mW , the mode-locked laser oscillator based on a

45°-TFG can achieve an ultra-short pulse output of 3 dB with a spectral bandwidth of 60. 4 nm and a pulse width of 68 fs.

The root mean square stability of the power reaches 0. 033% within 12 hours, and it can maintain a good stretched mode-

locked state over a large pump range. After self-built chirped pulse amplification, super-continuum spectrum generation,

and f-2f self-reference beat interference optical path, f.., signal with a signal-to-noise ratio of 32 dB was obtained. Finally,

by building an active feedback control circuit based on a phase-locked loop, the f, and f., signals were traced back to a

GPS time-frequency system, and the frequency instability of the f,, and f.., signals was measured to be 2. 38X 10 " and

6.41>x10 " within an average time of 1 second. This is the first implementation of a fiber laser frequency comb based on a

45°-TFG, indicating the potential of a 45°-TFG based mode-locked fiber laser in practical applications.

Key words mode-locked fiber laser; fiber grating; nonlinear polarization rotation; optical frequency comb
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Fig. 1 Schematic diagram of a 45°-TFG fiber laser frequency comb system. (a) Mode-locked fiber laser oscillator based on 45°-TFG;

(b) pulse amplification; (c) octave supercontinuum spectrum generation and f- 2/ interferometer; (d) stabilization circuit of f£,;

W WILFE RT3

(@)
0

Transmission /dB

—60

(e) stabilization circuit of £,

OVAS5000) X} 45°-TFG 1 s 4 45 P 2 17 R AF , 76 A
1E 22 A B 25 3 S0 ) e ORI i /N A% i 45 AR S n
& 2(a) ff s, % 7 (9 PDL A A5 4B 40 4 2(b) i 7 .
Al LA tH PDL 7E 1550 nm &b 2 24 35 dB, 7£ 3 100 nm

HABFEAES. 2dB LA, BE T s LA E0)ZME
3ABHAE . Hoh UL AR B PR 5 U 8O T 45°-TFG
W s HCAE AR BENEF & B L e 2 AT
FEL ), 5 S AR TR A0 2 RN 25 R 22 R 9 3 B A I B IE

0 dB, HA7 5845 i 4 e vk o 4K TAREBAIRY . X ARG S 45°-TFG H F 52
(b) 0
F ——PDL
minimum loss 45+ insertion loss §
- —— maximum loss ‘\ 1 %
%mVVNNAAAﬂfJVVM\ ’
F = 1-4 ¢
a g
M\/\/\/\/\/\/\/\N = 5
&
L 15 \’ 1 65
0 -8

1540 1560 1580 1600
Wavelength /nm

1540 1560 1580 1600
Wavelength /nm

2 45°-TFG M FRPERIE (a)45-TFG MY fie K Ml i /IME R IR FE ; (D)45°-TFG [ PDL Flif A5 ke

Fig. 2 Characterization of 45°-TFG. (a) Maximum and minimum transmission loss of 45°-TFG; (b) PDL and insertion loss

of 45°-TFG
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Fig. 3 Performances of a stretched-pulse mode-locked laser at 228 mW pump power. (a) Optical spectrum with logarithmic scale

(violate) and normalized linear scale (orange); (b) AC traces of the compressed and direct output (inset) pulses, and

corresponding Gaussian fits; (c) output pulse train; (d) RF spectra
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Fig. 4 Output reliability and stability measurements of the oscillator. (a) Evolution of optical spectrum with pump power; (b) variation

of output power and single pulse energy with pump power; (c) evolution of optical spectrum within 12 h; (d) evolution of output

power within 12 h
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