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Multiple order self-diffractions by femtosecond laser-induced transient grating in CeOg doped 75TeO2—20NbsO5—

5ZnO glass are investigated by pump-probe technique. The glass structure and component are investigated by Raman

and visible-NIR absorption spectra. It is showed that there exists Ce3% ion in tellurite glass, and the transient grating

is created by the optical Kerr effects and improved by the excited particle grating from the resonant absorption of the

1S9 —1F3 electronic energy transition of Ce3t ion, and the conversion efficiency of the first order diffraction signal
reaches about 11%. The results indicate that CeOz doped 75TeO3—20Nb205-5Zn0 glass has potential applications in

ultra-fast all-optical switching.
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1. Introduction

Tellurite glass is a very promising material in op-
tical communication systems for its electrical and non-
linear optical properties, such as high nonlinear refrac-
tive index, wide infrared transmittance, low melting
temperature, low phonon maximum, and higher di-
electric constants.[' =% Recently, tellurite glass doped
with some heavy metal oxides or rare earth oxides,>~*]
such as NbyOs, CeOs or ZnO, has received great scien-
tific interests because these metal or rare earth oxides
can improve the optical and physical properties of tel-
lurite glass. In tellurite glass, there are symmetric or
asymmetric units of TeO4 trigonal bipyramid, TeOs
trigonal pyramid and an intermediate TeOs,; asym-
metric polyhedron.l! When the additional Nb,Os and
ZnO are introduced, Zn?* ion, located outside the net-
work, may induce Nb®T ijon into the network, and
TeO, trigonal bipyramids will transform into TeOg
trigonal pyramids through an intermediate TeOsy;

trigonal polyhedron. Moreover, CeOs dopant, as a

modifier, can be adulterated in tellurite glass to lower
the melting point of tellurite glass without changing

the glass network.[”]

In order to satisfy future high-speed optical com-
munication and data process, the picosecond or even
femtosecond temporal response and high conversion
efficiency of optical switcher are considered. Krum-
bgel et all'® realized ultra-fast optical switching by
using fully phase-matched cascaded second-order non-
linearities with convenient polarization gate geometry
in a B-barium borate crystal. Schneider et all''='3]
obtained femtosecond switching time in BaF, crys-
tal by laser-induced transient grating. In this paper,
multiple order self-diffractions from femtosecond laser-
induced transient grating are observed in CeOy doped
75TeO2—20NbsO5—5Zn0O glass, their conversion effi-
ciency may be improved by the resonant absorption of
the 1Sg —!'F3 electronic transition of Ce3t ion with
laser wavelength (800nm), and the existence of Ce3*

ion is confirmed by Raman and visible-NIR absorp-
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tion spectra.
2.Experiment

Appropriate mixture of powders TeOs (99.99%
aldrich), NbyOs (99.99% aldrich), ZnO (99.99%
aldrich) is melted in gold crucible for 25-30 minutes at
850-950°C. Liquid is quenched to room temperature
in steel moulds and annealing treatment is performed
at 300-350°C for 2—4 hours. Samples with the compo-
sition of 75Te03—20Nby05-5Zn0 are instantaneously
doped with 0.5% CeO,. The intact glass is picked out
and its surface is polished. The damage threshold of
the glass is about 7.7x10' W /cm?.

The experimental setup for multiple order self-
diffractions is shown in Fig.1. A mode-locked Ti (sap-
phire femtosecond laser pulse (Spectra-Physics Spit-
fire amplifier)) is used as the excitation source with
the pulse duration of about 50fs and the repetition
rate of 1kHz. The output laser beam is split into two
beams (pump and probe) by a beam-splitter with a
ratio of about 1.5:1. The delay between two beams is
controlled by a stepper-motor. The two beams have
the same polarization (s-polarization) and are crossed
in the sample with a small angle. The diffracted light
is detected by a silicon pin detector. The integrated
intensity of each order diffraction signal is measured
as a function of the delay time between the pump and
probe beams. The pulse duration is calibrated by sum
frequency generation between pump and probe pulses
in a 4x4x1 mm BBO crystal.

50fs, 800nm pump beam

spitfire laser

probe beam
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Fig.1. Schematic experimental setup for multiple or-
der self-diffractions by femtosecond laser-induced tran-

sient grating.

3. Results and discussion

Ceria (CeO3) is a promising material for good
transparency, good adhesion, mechanical hardness,
high refractive index and chemical stability.'4 Gen-
erally, it is suggested that CeOs may actually be a
mixed valence rather a pure 4f compound,*® involv-
ing in two valence states: Ce3T and Ce*t. As shown
in Fig.2, the weak Raman peak at about 2400cm™!
is assigned to the 2F7/2 <—>2F5/2 electronic transi-
tion of Ce3t ion,['0] it is suggested that there exists
The Raman bands be-
low 1000cm™! are attributed to phonon mode, there

Ce3t ion in tellurite glass.

are mainly three wide and asymmetric bands at about
645cm ™!, 428cm™! and 227cm™! respectively. The
peak at 645cm ! is assigned to the symmetric stretch-
ing vibration of Te—**O bonds in trigonal bipyramids
[TeO4)*~
to the stretching vibrations of the single Te—®10—

units. The peak at 428cm™! is assigned
axTe bridges, and the peak at 227cm™! is assigned to
the Nb—O vibrations of [NbOg]”~ units.['”) Moreover,
the existence of Ce®t ion in CeOy doped 75TeOs—
20Nbs05—-5Zn0 glass is confirmed by the visible-NIR
absorption spectrum, as shown in Fig.3. Three ab-
sorption peaks are observed at about 585nm, 745nm,
and 800nm, which are attributed to the Ce*t-O-
Ce’* clusters, the *Fy7/5 —F5 /5 electronic transition
and the 'Sy —!F3 electronic transition of Ce3*t ion,

respectively.[18]
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Fig.2. Raman spectrum for CeOz-doped 75TeOg—

20Nb305-5Zn0O glass.

When two laser pulses with identical wavelength
overlap temporally and spatially in a medium, the spa-
tial modulation of their electric fields varies due to
constructive and destructive interference. The atoms
in the medium experience different electric field in-
tensities with respect to their spatial and temporal
position, and this results in a periodic intensity distri-
bution. At high excitation intensity, the refractive in-

dex of the material strongly depends on the excitation
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intensity due to the optical Kerr effect.[!?] The peri-
odic intensity distribution is transformed to the corre-
sponding refractive index modulation, which is known
as a transient refractive-index grating.[''! The tran-
sient grating diffracts the incident pulses, and multiple

order diffraction signals can be observed.
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Fig.3. Visible-NIR absorption spectrum for CeOs-
doped 75TeO2—20Nb205—-57Zn0 glass.

Figure 4 shows multiple order diffraction signals
as a function of the delay time between pump and
probe laser pulses; their response times are about
200fs, more than laser pulse-width (about 50fs). This
indicates that multiple order self-diffractions result
from a transient grating created by not just optical
Kerr effect but also other optical effects with relatively
slow temporal response. Because the laser excitation
wavelength (800 nm) is resonant with the 'Sy —1F3
electronic energy transition of Ce3t ion, the Ce3* ion
in tellurite glass will absorb the input photon and ex-
cite to the excited state (1F3) from the ground state
(1So), and this results in an excited particle grating
formation in the glass. Consequently, the conversion
efficiency of multiple order self-diffractions can be im-
proved by the excited particle grating, and the con-

version efficiency of the first order self-diffraction sig-

nal reaches about 11%. Moreover, the dissipation of
absorbed energy will give rise to additional thermal
effects, which may result in a thermal grating with a
response time of more than picoseconds and a lifetime
of more than several nanoseconds. So, the additional
thermal effects have no contributions to femtosecond

laser-induced transient grating.
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Fig.4. Multiple order self-diffraction signals as a func-
tion of the delay time between pump and probe laser
pulse. Here, +1, 42, +3, +4 and +5 indicate the or-

ders of multiple order self-diffractions.

4. Conclusion

In conclusion, multiple order self-diffractions by
femtosecond laser-induced transient grating in CeOs
doped 75TeO5—20NbyO05—5Zn0O glass are observed.
Multiple order self-diffractions result from the tran-
sient grating created by the optical Kerr effects and
improved by the excited particle grating. The fem-
tosecond temporal response time and higher con-
version efficiency of multiple order self-diffractions
indicate that CeOs; doped 75TeO5—20Nbs05-5Zn0O
glass has potential applications in ultra-fast all-optical

switching.
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