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Simultaneous Generation of Wavelength
Tunable Two-Colored Femtosecond
Soliton Pulses Using Optical Fibers
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Abstract—Wavelength tunable two-colored femtosecond (fs)

soliton pulse generation is proposed and demonstrated for the Pump Optical
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first time, using passively mode-locked fs fiber laser and polariza- Variaple - PU pulse | analyzer
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direction of the fiber-input pulse. Ideal two-colored soliton pulses laser X! Polarization X
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in which the pulsewidths are about 200 fs are generated in the
wavelength region of 1.56—1.7@m for 110-m fiber. The generated
pulses are almost transform-limited ones.
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. . . . Fig. 1. Experimental setup of the proposed wavelength tunable two-colored
LTRASHORT optical pulses are very important lights soliton pulse generation.

sources in the field of optoelectronics, optical chemistry,

and ultrafast spectroscopy. In those fields, the wavelength tun-

ability of the ultrashort pulses provides the wide appIication%AlSSO/soslA) is used as the pump light Sﬁurce, in :Nh:fh
Specifically, a pair of ultrashort pulses are useful in the fiefJ Saturable absorber is used to induce the mode-locking
of pump-probe measurements, etc effect [1], [2]. As a result of the nonlinear amplification,

So far, the systems of femtosecond optical pulse souré@g spectrum shape is co_mpllg:ated and conS|s_ted of a few
are large and complicated. Recently, passively mode-lockBgeks [3]- The spectrum width is 35 nm at full-width at half-
fiber lasers receive the most attention as the light sourcesig@Ximum (FWHM) and the center wavelength is 1556 nm.
ultrashort pulses [1], [2]. However, the wavelength can ggom the fiber laser, the nearbgch™ pulses, p_u_lseW|dth of
changed only in the small ranges. 180 fs at FWHM, are ge_:nerated at the rgpetlyon rate of 48

Very recently, we have successfully realized the compalxltHZ' As for the optical f|b_ers, the PM optical flber (_3M FS'_
system of wavelength tunable monocolored femtosecond (FY!-7811) of 110 m length is used. The mode-field diameter is
soliton pulse generation using a fs fiber laser and polarizatigr? #M for 1550-nm beam and the magnitude of birefringence

o : . 7x107%
maintaining (PM) fibers [3]. In this system, the wavelength df , ,
the soliton pulse can be changed almost linearly by varyin The pump pulse from the laser is passed through the variable

the fiber-input power, and it is very useful for practicaf’l tenuatqr. In this experiment, it consists OMQ pl_ate and
applications. the polarization beam splitter (PBS) and the fiber |np.ut power
In this letter, as the advanced system of the above pu changed by rotating tha/2 plate. Then the polarization

[§eChange i ;
generation, the system of wavelength tunable two—colorSHeCt'on is rotated by tha/2 plate in front of the PM fiber and
fs soliton pulse generation is proposed and experimentall}f pu;nphpu:jl\G/I I?_lljnpu_ttedc;nto thde PMJ'behr' The blrlefrlr_lgent
demonstrated for the first time. The ideal two-colored solitdf"> ©f t eh : Ier IIS adjusted 1o the orlzor;tf; axis
pulses are generated simultaneously and the wavelengths oﬂEHS two or(; ogonal polarization componedts and P are
two soliton pulses can be arbitrary changed by only changiﬁ%presente as
the power and the polarization direction of the fiber-input P, = Pycos®20 P, = Pysin®20 (1)
pulses. . _

Fig. 1 shows the experimental setup of wavelength-tunabihereFy is the output power from the variable attenuator and
two-colored soliton pulse generation. The passively modé-s the angle between the birefringent axis)of2 plate and
locked Er-doped fiber laser (IMRA Femtolite 780 Modethe horizontal axis, as shown in Fig. 1.

In the PM fiber, the two orthogonally polarized components
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Fig. 3. Autocorrelation trace of horizontally polarized soliton pulse at 1652
(d) 6=22.5" nm whené¢ = 20.5°. The fiber length is 110 m and the input power is
11.2 mw.

- in Fig. 1, andP, ~ F,. Thus the largely wavelength shifted

AT A i mono-colored soliton pulse is generated as shown in Fig. 2(a).
19500 1600 Aes0 1700 1780 The polarization direction of the soliton pulse is parallel to the
Wavelength (nm) x axis. The wavelength components at 1556 nm are that of the

Fig. 2. Optical spectra of the output beam wher= (a) 11.5 and 33.5, Pump pulse along thg axis and the residual pump pulse along
(b) 1& and 2P, (c) 20.5 and 24.8, and (d) 22.8. The fiber length is the z axis, which is not converted into the soliton pulse.

110 m and the input power is 11.2 mW. As 6 is increased, the polarization direction is gradually
inclined fromz axis andP, is gradually decreased. Thus, the
soliton pulse is generated at the longer wavelength side wavelength of the soliton pulse im axis, A,, is gradually
the pump pulse due to the stimulated Raman scattering atetreased. On the other hand, the second soliton pulse is
soliton effect [3], [4]. When bothP, and P, are larger than created at the longer wavelength side of the pump pulse
Py, the orthogonally polarized two-colored soliton pulsespectrum as shown in Fig. 2(b). The polarization direction of
are generated simultaneously. The wavelength of the solitthris second soliton is parallel to theaxis. Then wavelengths
pulse is linearly increased as the power of the pump pulseabthe two soliton pulses gradually approachéas increased
increased [3], [5]. Thus, the wavelengths of the two solitoms shown in Fig. 2(c). We can see that the spectral shapes of
pulses can be changed by varying the fiber-input power atig two soliton pulses are cleadych? shapes and the spectral
by rotating theX/2 plate. From the experimental results, thevidths of the two pulses are almost equal as 15 nm. When
wavelengths of the two soliton pulses above the threshdld= 22.5°, P, is equal toP, and the wavelengths of the two
power can be approximately represented as soliton pulses agree precisely as shown in Fig. 2(d). Then the
) wavelengths of the two soliton pulses are reversed and when
Ao = Ap + AMP: = Pan) = Ap + AA(Po cos” 26 — Puy,) 6 is approached to near 45the monocolored soliton pulse
(2) is generated, in which the polarization direction is parallel to
Ay = A+ ANPy — Pyy) = Ay + AN Py sin® 20 — Py,) y axis.
3) Fig. 3 shows the autocorrelation trace of the generated
soliton pulse when the input power is 11.2 mW afid=
where )\, is the wavelength of the pump pulse and is the 20.5°. In this condition, the wavelength of the horizontally
rate of the wavelength shift with respect to the pump powepRolarized soliton puls@,. is 1654 nm and that of the vertically
The two soliton pulses and pump pulses can be separa[@ﬂjal’ized soliton A, is 1613 nm. In the measurement of
by using the polarization beam splitter and the diffractiole autocorrelation trace of the horizontally polarized soliton
grating. The optical spectra of the output pulses are obserygdlse, the other vertically polarized one is removed using
with the optical spectrum analyzer (Anritsu MS9710B). Thehe polarization beam splitter. In Fig. 3, we can see that the
temporal pulsewidths are measured with the auto-correlapgdestal free clear pulse is observed. The autocorrelation trace
(Femtochrome Research FR-103MN). is well fitted to that of thesech® pulse. The time width of the
Fig. 2 shows the optical spectra of the fiber output when tleitocorrelation trace is 330 fs at FWHM, and the pulsewidth is
polarization direction of the fiber input pulse is rotated by thestimated to be 210 fs. The pulsewidth is almost independent
A/2 plate. The average of the input power is 11.2 mW araf the input power and. The time-bandwidth product is 0.32
the peak power is 1.24 kW. Wheh ~ 0°, the polarization and it is almost in agreement with that of the transform-limited
direction of the fiber-input pulse is almost parallel #eaxis sech? pulse. The pulse energy is about 100 pJ and it is almost
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much higher power, a much broader region of wavelength
tuning can be obtained.

In this system, the two soliton pulses come out from
the fiber at different times. The time difference depends
on the magnitude of the birefringence of the PM fiber and
the wavelength difference between the two soliton pulses.
Considering the magnitude of birefringence of the PM fibers
used in this experiment, the time difference between the two
soliton pulses is estimated to be about 370 ps when the
wavelengths of the two soliton pulses are equal. Using the pin-
photo diode and the sampling oscilloscope, the time difference
between the two soliton pulses is measured as about 330 ps and
is in close agreement with the estimated value. The temporal
waveforms are observed stably and clearly and the magnitude
of timing jitter is considered to be not so large.

In conclusion, the compact system of wavelength-tunable
two colored fs soliton pulse generation is successfully demon-

fstrated for the first time. The arbitrary set of the two wave-
Jﬁngths can be obtained in the wavelength region of 1.56-1.70
»m for 110-m fiber by changing the power and the polarization
dArection of the fiber-input pulses. The generated two-colored
soliton pulses are almost the transform-limited ones and their
}sewidths are about 200 fs.
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Fig. 4. Characteristics of wavelength shift in terms of the angle of\thz
plate¢. The fiber length is 110 m and the input power is 11.2 mW.

equal to that of theV = 1 soliton pulse. The pulsewidth o
the vertically polarized soliton pulse is almost equal to that
the horizontally polarized one.

Fig. 4 shows the wavelength of the soliton pulse as
function of the angle of the./2 plate# when the input power
is 11.2 mW. The open circles are the measured WavelengthSDH
the horizontally polarized soliton pulses and the open squares
are those of the vertically polarized ones. The wavelength of
the soliton pulse is linearly changed with respect to the powdl] w. H. Loh, D. Atkinson, P. R. Morkel, M. Hopkinson, A. Rivers, A. J.
of the polarized components. The two-colored soliton pulses Seeds, and D. N. Payne, “AII-soqu-state subpicosecond passively mode-
are simultaneously generated in the region of 1.56—LT0 locked erbium-doped fiber laser&ppl. Phys. Lett.vol. 63, pp. 4-6,
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