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Fig. 1. Schematic diagram of the fiber-type far-infrared optical frequency comb with DFG technique (PZT, piezo-

electric transducer; PD, photo-detector; ISO, fiber-optic isolator; WDM, wavelength-division-multiplexer; LD, laser
diode; OC, optical fiber coupler; EDF, Er-doped fiber; HNLF, high nonlinear fiber; CO, collimator; H, half-wave
plate; Q, quarter-wave plate; DM, dichroic mirror; M, mirror; FM, fold mirror; BC, beam-chopper; MCT, mercury

cadmium telluride; BC, brake chopper; Lock-in, lock-in amplifiers; FTIR, Fourier transform infrared spectrometer).
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Fig. 2. Schematic diagram for describing the measuring principle to evaluate the synchronization of the two-color

fundamental pulses with an autocorrelator (BS, beam splitter; PMT, photomultiplier tubes; DAQ, data acquisition

module).
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BB, X (8] 923 3 W XA DFG G R ARz 204k
Iy 1 O6E o M bR BB R, LI 2L AN By
TR B T v, 3 AR IR SR OGO 23 M N2 I
Jit 5 B0l B 2 0] K B A, 2 1 6545 A DFG £
AR AL LA IR D A v R R B I AN 5 10 X S B
H [20]

4 % B

BT B 0 = e R B IS D A
WOLHR G 4%, K F WA KRR i 6 20 IOR BER F1 420
LF SCHE A HOR, 73 AR O AL T 1.5 AN
2.0 pm BT B B ATUO0 € Jik oy JE I SR FH OF'S S 4F
AR GIE N AN AR, FFBevt ok B B AH G
SRR AN TS 52, BTAR L T RS A 7] 25 R FE X
fikr; E A B TE K, B GaSe JEZRME A, K
F G RERBLA BT 7= A i 4140 DFG e, 52
Bt RAn e W, dd 4% 7 A B SC OB HE TR A 3
WAz, il DAARAL UG M 385, 7T LASEIE DFG YGH
T V0 U, S HR Iz 214 DFG 6 A I R 1S
29 6—10 pm, Johid A6 % 2k $) 1.3 pm. X
TG DFG A nl Bk — 5 % /N AL 3 i
KA A, 78 H Iz 204031 6 kG 5 4 A . KAFR
SN S 5 R A T AR .
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Abstract

Optical frequency comb (OFC) is a new type of high-quality laser source. The visible and near-infrared OFCs
have become mature, and it has been widely used in optical frequency metrology, time/frequency transfer, precision
laser spectroscopy and other fields. Since the mid and far-infrared spectral regions contain a large number of baseband
absorption lines for molecules and the absorption intensities are several orders of magnitude higher than those in the
visible and near-infrared spectral region, one has made great efforts to develop the mid and far-infrared OFCs in recent
years. Although a variety of approaches to achieving infrared OFCs directly have been proposed, the method of difference
frequency generation (DFG) infrared OFC based on the optical rectification technique is still more efficient. DFG infrared
OFCs with widely tuning ability have been demonstrated based on fiber lasers so far. However, how to obtain the
broadband spectrum for a DFG infrared OFC with widely tuning ability still needs to be solved. In this paper we report
a fiber-type DFG infrared OFC by using the femtosecond pulses from a mode-locked erbium-doped fiber laser as the
fundamental light. Based on the self-developed mode-locked fiber laser oscillator with repetition rate locked, the two-color
fundamental pulse trains with the central wavelengths of 1.5 and 2.0 um are respectively achieved after the chirped pulse
fiber amplification and all-fiber supercontinuum (SC) generation techniques have been utilized. With a time-domain
synchronous detection system based on the intensity autocorrelation principle, the accurate synchronization with the
fundamental two-color pulses is obtained by optimizing the OFS compensated fiber length and adjusting a tunable optical
delay line. Finally, by using the optical rectification technique, a fiber-type DFG infrared OFC is successfully generated
with the help of a suitable designed GaSe nonlinear crystal. Our experimental results also show that the spectral location
of the DFG infrared OFC can be tuned by controlling the spectral shape of the SC combined with the adjustment of the
phase-matching for the nonlinear crystal. The measured tuning range of the DFG infrared OFC is from 6 to 10 pm, and
the maximum spectral width is 1.3 pm. This fiber-type DFG infrared OFC may play an important role in the molecular

spectroscopy, the atmospheric environmental monitoring, and other fields.
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