Al B8 Hr ot Vol. 41, No. 8
2014 48 8 H CHINESE JOURNAL OF LASERS August, 2014

186 MHz fifi SE" = B aDle e R Hoeds

R OKART AXFRY R AR FUET ZEBT R’
VBT RLE KRR S E R LR EBE, BT PE%E 710021
* PR g R 5 45 e O B IR R 3 o N SRR AL BV PEE 710600
S E B BE R, JEAT 100049
PV A R A B, BEVY VY 710065

JIEING
5

WE OGS REOUE RN RS QRP B 1 A 0 F8 A o MR P A TR Bk o B B O % S S RO e
TEENMHPRA., HE THT 9.2 GHz FE TR RE R O B KR BOE S i . I BOBS R
FFIE 4y, By 186 MHz, B He i th Uiy 120 mW, 63 0 Ky 1550~1600 nm, RS EE S
SIAT AN AL T R Al R R R Rk, 25 R BN BRI A TRRP IO A% A s e, 1 Hz 40 Xt i R R S R
—118 dBc/Hz.7E 10 Hz %] 100 kHz i 2 7 [ P iig B2 M 75 /N F — 130 dBe/Hz,

KER WOLEE SR BOLE BB WE RS MR

hESES 0436 XERFRIRAS A doi: 10.3788/CJL201441.0802004

186 MHz Low Amplitude Noise Erbium-Doped-Fiber
Femtosecond Laser

Yan Lulu'* Zhang Yanyan®’ Zhao Wenyu®® Meng Sen' Zheng Enrang'
Guo Wenge*" Jiang Haifeng® Zhang Shougang®
" College of Electrical and Information Engineering, Shaanxi University of Science and
Technology s Xi'an, Shaanxi 710021, China
2 Key Laboratory of Time & Frequency Primary Standards, Chinese Academy of Sciences ,
Xi'an, Shaanxi 710600, China
# University of Chinese Academy of Sciences, Beijing 100049, China

' College of Science, Xi'an Shiyou University. Xi'an, Shaanxi 710065, China

Abstract Femtosecond laser is the most important part of an optical frequency comb, whose performance is mainly
determined by the laser's noise level, repetition rate, pulse width, spectrum and other parameters. A home-made
erbium-doped-fiber femtosecond laser with ring structure and a repetition rate of 186 MHz is reported. This laser is
designed for 9.2 GHz ultra-stable photonics microwave generation. The laser has an output power of 120 mW, and its
spectrum center wavelength is in the range from 1550 nm to 1600 nm. The double-sideband relative intensity noise of
the laser is —118 dBc/Hz at 1 Hz measured with a signal dynamic analyzer. From 10 Hz to 100 kHz, the relative
intensity noise level is well below —130 dBc/Hz.
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M2: half-wave plate
M4: quarter—wave plate
ISO: isolator

PBS: polarization beam splitter
CO: collimator

green line: erbium-doped fiber
red line: single-mode fiber
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Fig. 1 Schematic of the Er:fiber femtosecond laser
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Fig. 2 Optical spectrum of the mode-locked laser

with 880 mW pump power
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Fig. 3 RF spectra of the mode-locked laser. (a) Spectrum measured with 3 MHz resolution between 0 and 3 GHz;

(b) spectrum around repetition rate of 186 MHz with 10 Hz resolution
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of the home-made laser, FC1500 and the NIST system
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3 4 e

T A EWHR B EE A 186 MHz £ 4]
L RO OB Y29 40 nm, 3E ] T —
AR DG S B R O R G . RO A 10 2
REEIACR R T 1300 i T N 38 19 1) 28806 2% 5
1 Hz 4 ¥ o6 4% 0 X i A 08 e S 29
—118 dBc/Hz, 7 10 Hz 3| 100 kHz i F& Py 05 B M
AR T — 130 dBe/Hz, b @ M & 48 W & K
5 dB~10 dB;#OGa% iR B iz Fe i3 50 E Eh
T RHRS.

& F X M
1T Udem, ] Reichert, R Holzwarth, e al..
measurement of large optical frequency differences with a mode-
locked laser[J]. Opt Lett, 1999, 24(13) . 881—883.
2 S A Diddams, David J Jones, Jun Ye, et al.. Direct link between

Accurate

microwave and optical {requencies with a 300 THz {emtosecond
laser comb[J]. Phys Rev Lett, 2000, 84(22): 5102.

3 D Touahri, F Nez, M Abed, et al.. LPTF frequency-synthesis
chain-results and improvement for the near future[J]. IEEE
Trans on Instrumentation and Measurement, 1995, 44 (2):
170—172.

4 H Schnatz, B Lipphardt, J Helmcke, et al.. First phase-coherent
frequency measurement of visible radiation[ J]. Phys Rev Lett,
1995, 76(1). 18—21.

5 T Hansch. Nobel lecture; passion for precision[]J]. Rev Mod
Phys, 2006, 78(4) . 1297—1309.

6 J Hall. Nobel lecture: defining and measuring optical frequencies
[J]. Rev Mod Phys, 2006, 78(4); 1279—1295.

7 Y Nakajima, H Inaba, K Hosaka, e a/.. A multi-branch, fiber-
based frequency comb with millihertz-level relative linewidths
using an intra-cavity electro-optic modulator[ J]. Opt Express.
2010, 18(2): 1667—1676.

8 J Millo, M Abgrall, M Lours, et al.. Ultralow noise microwave
generation with fiber-based optical frequency comb and application
to atomic fountain clock[J]. Appl Phys Lett, 2009, 94(14); 1—
3.

9 I Coddington, W C Swann, L Nenadovic, et al.. Rapid and
precise absolute distance measurements at long range[ J]. Nat
Photonics, 2009, 3(6): 351—356.

10 F Giorgetta, W C Swann, L C Sinclair, et al.. Optical two-way
time and frequency transfer over free space[ J]. Nat Photonics.,
2013, 7. 434—438.

11 G Ycas, F Quinlan, S Diddams, e al.. Demonstration of on-sky
calibration of astronomical spectra using a 25 GHz near-IR laser
{requency comb[J]. Opt Express. 2012, 20(6): 6631 —6643.

12 S Barbieri, Pierre Gellie, Giorgio Santarelli, e al.. Phase-
locking of a 2. 7-THz quantum cascade laser to a mode-locked
erbium-doped fibre laser[J]. Nat Photonics, 2010, 4(9): 636 —
640.

13 L Nugent-Glandorf, T Neely, F Adler, e al.. Mid-infrared
virtually imaged phased array spectrometer for rapid and
broadband trace gas detection[]J]. Opt Lett, 2012, 37 (15);
3285—3287.

14 Zhang Zhigang. Advances in high repetition rate femtosecond
fiber lasers[J]. Acta Optica Sinica, 2011, 31(9): 0900130.
RN EE SR RO WO R R T e E M
2011, 31(9): 0900130.

15 Wu Xuejian, Li Yan, Wei Haoyun, et al.. Femtosecond optical
frequency combs for precision measurement applications [ ] ].
Laser & Optoelectronics Progress, 2012, 49(3): 030001.
S, A . RRE, GE ORGSR IR AE A I
REFILT]. #OGS e T2k, 2012, 49(3) . 030001,

16 J Peng, T Liu, R Shu. The pump power was coupled spatially
octave-spanning fiber laser comb with 300 MHz comb spacing for
optical frequency metrology [ C]. Conference on Laser and
Electro-Optics, Baltimore USA, 2009.

17 Cao Shiying, Meng Fei, Lin Baike, e al.. Precise {requency
control of an Er-doped fiber comb[J]. Acta Physics Sinica, 2012,
61(13): 134205.

WL, L ARER . KRR S AUE 01 ErORS CB
oK), WM, 2012, 61(13); 134205,

18 D Ma, Y Cai, C Zhou, et al.. 37.4 fs pulse generation in an Er-
fiber laser at 225 MHz repetition rate[ J]. Opt Lett, 2010, 35
(17): 2858—2860.

19 F Quinlan, T M Fortier, M S Kirchner, et al.. Ultralow phase
noise microwave generation with an Er : fiber-based optical
frequency divider[J]. Opt Lett, 2011, 36(16): 3260—3263.

20 J Taylor, S Datta, A Hati, e al.. Characterization of power-to-
phase conversion in high-speed P-I-N photodiodes [ ] ]. 1EEE
Photonics J, 2011, 3(1): 140—151.

=ERRE: TRk

0802004-4



