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Fig. 1. Setup for an Er-FOFC with wavelengths covering visible light.Part A is an Er-doped femtosecond fiber laser, Part B

is Er-doped femtosecond fiber amplifier I, Part C is a highly nonlinear fiber, spectrum broadening and f-2f interferometer,

Part D is Er-doped femto second fiber amplifier II, Part E is frequency-doubling and photonic crystal fiber-based spectrum
broadening, and Part F is pump sources. LD1-LD7, 980 nm laser diodes; WDM, 980 nm/1550 nm wavelength division

multiplexing; Coll-Col7, fiber collimators; PBS, polarization beam splitter; ISO, space isolator; A\/4, quarter wave plate;
A/2, half wave plate; M1-M11, plane mirrors; F1-F6, focus lenses; PCF, photonic crystal fiber; PPLN, periodically-poled
lithium niobate crystal; APD, InGaAs avalanche photodetector; PD1, InGaAs photodetector; PZT, piezoelectric transducer.
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Fig. 2. Output power of the Er-doped femtosecond
fiber amplifier II versus pump types.
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Fig. 3. (color online) Output spectrum of the Er-
doped femtosecond fiber amplifier II. (a) Output spec-
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visible light*

Liu Huan? Cao Shi-Ying?' Meng Fei? Lin Bai-Ke?  Fang Zhan-Jun?

1) (Center for Photonics and Electronics, Department of Precision Instrument, Tsinghua University, Beijing 100084, China)
2) (Division of Time and Frequency Metrology, National Institute of Metrology, Beijing 100029, China)

( Received 2 October 2014; revised manuscript received 7 November 2014 )

Abstract

Femtosecond optical frequency combs (FOFCs) with output wavelengths covering visible light have potential ap-
plications in absolute frequency measurement of iodine-stabilized lasers and optical clock lasers. Based on optical
amplification, frequency doubling and spectrum broadening, a home-made Er-fiber femtosecond optical frequency comb
(Er-FOFC) with output wavelengths covering visible light is demonstrated. One path with an average power of 8 mW
from Er-FOFC is used as the seed pulse for spectrum broadening to cover the visible light. This path is first amplified to
532 mW by injecting into an Er-doped femtosecond fiber amplifier with combined forward and backward pumping and
then frequency doubled with a MgO: PPLN crystal with an output power of 85 mW, frequency-doubling efficiency of 32%
and pulse duration of 85fs. The output power of this path can be first amplified to 532 mW through an Er-doped fem-
tosecond fiber amplifier when the forward pumping and backward pumping both turn on. Then the frequency-doubling
laser can be generated in a MgO: PPLN crystal. The frequency-doubling efficiency is 32% and the pulse duration is 85
fs; the frequency-doubling light is spectrally broadened from 500 to 1000 nm in a photonic crystal fiber (PCF), with an
output power of 85 mW and coupling efficiency of 50%. To verify the performance of the broadened spectrum, the light
from the Er-FOFC and a compact iodine-stabilized frequency-doubled Nd: YAG laser at 532 nm is beaten. A beat signal
with a signal-to-noise ratio of 30 dB at 100 kHz RBW is obtained, which provides a useful tool for absolute frequency

measurement of visible lasers.

Keywords: Er-doped fiber laser, fiber optical frequency comb, spectrum broadening, optical frequency

metrology
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