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Abstract: The experimental observation of photorefractive self &icg

in SpP,Ss : Te bulk crystals at 1.0um wavelength is presented. Steady
state self focusing is reached as fast as 15 ms for an inpltip&nsity
equal to 160 W/crh Self focusing is maximum for input peak intensities
around 15 Wcn? and is decreasing for intensities below and above this
value.
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1. Introduction

Self-trapped beams in photorefractive crystals can gém#rair own waveguide [1]. Such light

guides are especially interesting if they can be generdtedar infrared wavelengths and if
they can be reconfigured rapidly, which leads to interegtiexgpectives for applications such
as optical routing, steering or switching. At present, matthe interest in near infrared (IR)

self focusing and spatial solitons lies on semiconductaiens, because of the small band
gap and fast response time [2, 3].

However, the low electro-optic nonlinearity of these cays{with electro-optic coefficients
inferior to 10 pm/V for crystals such as InP, CdTe or GaAs)ilisnbit the range of possible
applications. Here we present results of near infraredfeelfsing in a wide band-gap semi-
conductor with large electro-optic nonlinearity.

The material under investigation®pyP,S; (SPS - tin thiohypodiphosphate) with interesting
non linear optical properties which makes it suitable footphefractive (PR) applications: it
has a wide optical transparency range (from Qus3o 8um) and a large electro-optic (EO) co-
efficient that reaches 174 pm/V at room temperature [4]. Asnaiconductor type ferroelectric
material, SPS combines the large linear electro-opticfimbefit characteristic of ferroelectrics
and the fast formation of space-charge gratings more typfceemiconductors [4]. Two wave
mixing (TWM) experiments have evidenced high gains in nRaulp to 15 cn® with external
applied fields [5] and 4 cmt without field [6, 7]. The dominating photoconductivity pemv
to be of thep type [4]. Near infrared optical phase conjugation have shtivat SPS response
time is more than two order of magnitude faster than that a§traonventional photorefractive
materials at light intensities of 20 W/&nj6)].

Photorefraction in the near IR range (106) has been first demonstrated for nominally pure
SPS crystals using pre-exposure with incoherent light4dthough a high gain has been ob-
tained, the experiments have shown a strong dependence ghih on the preexposure time;
this disadvantage has been eliminated by doping SPS witlriteh (Te), which, while im-
proving its stability and sensitivity in near IR, also elimates the electron-hole competition
observed in some undoped samples.

While SPS has been widely investigated in wave mixing anég@ltanjugation configura-
tions up to near infrared wavelengths, to our knowledge ponts about its near IR behavior in
a single beam configuration exists. Because of its proved i@m@ange of refractive index and
low absorption at telecom wavelengths, this crystal mapbeza viable candidate for telecom
applications involving reconfigurable optical circuitnych as optical routing.

In this work, we start by investigating the self-focusindhaeior at the near IR wavelength
of 1.06 um. We choosé& e doped samples with nominal content of 1% because this doping
leads to the best IR response in samples that can be grownepraducible way [8]. We
show that strong self-focusing occurs for moderate apgiedtric fields and input intensities
and investigate its behavior as a function of these paramelfbe maximum degree of self-
focusing is obtained for an input intensity of 15 Wkand is less important above and below
this level. The steady state is reached as fast as 15 ms fakaqgut intensity of 160 W/cfh
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2. Experimental setup and crystal parameters

Crystal dimensions are66 x 11 mn? on X x Y x Z axis, the convention for the axis presen-
tation being the one described in [§PS Terefractive index at 1.0fm is approximately B8
and theX axis is nearly parallel to the direction of the spontanealarnzation axis as pre-
sented in [4]. The measured absorption coefficient for tHarfation used in the experiments
is a = 0.09 cnT L. No background illumination was used.

A 1.06 um beam polarized along the X axis of the crystal was focusedvwaist of 25um
on the crystal entrance face and propagates along the ZidimeElectrodes were deposited
on the crystal faces perpendiculars to the X axis. For tredgtetate measurements, the output
face was observed using a microscope objective and a CCDraafoemeasurements in the
transient regime the output face was imaged on gi®0diameter hole and then recovered and
focused with a lens on a photodiode. During the transientmregxperiments, the applied field
was kept on while the beam was modulated with an acouste-omdulator (AOM) having a
0.5 us rise time.

The beam power ranged from 0N to 1.8 mW, thus yielding a peak intensity ranging
from approximately 1 Wen? to 180 W/cn?. The crystal temperature was maintained &20
during the experiments using a Peltier cell. An electriadfief 300, 700 and 1000 Xtm re-
spectively was applied in th¥ direction of the crystal which allows to take advantage ef th
largest EO coefficient; 1, of SPS.

3. Steady stateresults

Figure 1 shows a typical result evidencing the self focusialgavior taking place for applied
fields ranging from 300 V/cm to 1000 V/cm.
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Fig. 1.(a)2D output beam profile; from left to right: no applied field8@/cm, 700 V/cm
and 1000 Vcm; the arrow indicates the direction of the applied eledtsld; (b) Output
beam profile along the central horizontal line for differapplied electric fields. The input
power is 200uW, corresponding to a 20 W/chpeak intensity. The beam waist is 2n.

As it can be seen in Fig. &, self focusing is strongly dependent on the value of applie
electric field and occurs mostly in the direction paralletiie external applied field, while in
the vertical direction it is much smaller. Also from beamfiles shown in 1) it can be seen
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that no significant bending occurs in our sample. Furtheenibwe rotate the light polarization
by 90 degrees, we use the loweg, EO coefficient and observe a less important self focusing.
For a 1000 V/cm applied field and an input peak intensity of 68 a horizontal polarized
beam focuses to a 19m radius at the output face of the crystal (the radius ig@0when there
is no applied field), while a vertical polarized beam has @u#iradius in the same conditions.
"Radius” (as used in this work) is the beam half width (in zorital direction in Fig. 1(a)) at a
value of intensity equal to 17drom its peak intensity. For our crystal parameters (leragtti
refractive index) the condition for which the input widthequal to the output width is realized
for a ratio of 04 between output beam radius with and without applied fieiguie 2 shows
that this condition is reached (for the direction paralteiite applied field) for an electric field
of 1000 V/cm and an intensity of 2 W/cnyet we cannot speak of a 2D spatial soliton because
the input beam is circular whereas the output beam is eéptiwing to highly different self
focusing ratio for horizontal and vertical directions [9].

The maximum self focusing (minimum beam radius) is obtaiioed peak intensity of the
order of 10-20 Wcn? (Fig. 2) corresponding to an input power of 100-20.

Horizontal self-focusing ratio

Input Intensity [W/cm?2]

Fig. 2. Steady state self focusing rai versus input power for different applied fields
measured with the CCD camera. The self focusing ratio is eléfas the ratio between
output beam radius with and without applied field. The solid/es are guides to the eye.

Below and above this level self focusing is steadily dedrgasThis kind of behavior has
been already experimentally observed and theoreticallgatted in the framework of a single
carrier model of photorefrractivity [9, 10, 11] and in theseaf materials with bipolar conduc-
tion [12].

The intensity value for which steady-state self focusiraglketo a minimum radius is usually
connected to the dark conductivity of the materials throtigh”dark intensity”ly. For this
intensity the photoconductivity equals the dark conduigtiv

We have performed standard current-voltage measurenrteats samples to determine the
dark conductivityoy and the photoconductivitgyn. At the wavelength and polarization used
in our experimentsy, equalsoy for an intensityl = 14 ~0.75 W/cnt. The minimum diameter
from Fig. 2 is attained at~10-20 W/cn?, which corresponds to a ratlglq ~ 13— 26. This
value is larger by more than a factor of two with respect toahe predicted by a semi-analytic
2+1 model [9] in the case where a beam is a soliton, which isatisfied in our case.

4. Transient regimeresults

In order to characterize the temporal evolution of the smtibing process the output face of
the crystal is imaged on a pinhole having a/a® diameter. At this position, the beam output
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radius in the absence of applied field owing to diffractioB@gum, thus part of beam intensity
is blocked by the pinhole; when there is an applied eleceld the beam is self focused and the
output radius is decreased resulting in more light passingugh the pinhole. The emerging
intensity from the pinhole is measured with a photodiodeictvipermits to characterize the
evolution of the beam radius in real time because there isigrifisant bending. We have
calculated the ratio between intensities passing throbghptnhole for different beam sizes
under the following assumptions: the self focusing occunly » the direction parallel to the
applied field and the beam maintains its Gaussian profile. ®We iound that, for the self
focusing ratios measured in our case, the intensity recobgethe photodiode is inversely
proportional to the beam radius.

For all the measurements, we have chosen to keep the fieEttomand to modulate instead
the laser beam with a 1Hz repetition rate, meaning that thebweas turned on for half a second
and then turned off for another half a second. There was nufisignt difference between
the results given by different pulses; the pulse repetitate was sufficiently low to permit
full relaxation of the refractive index channel. Using an MQve were able to modulate the
beam within less than OLE from zero to full power. Figure 3 shows a typical result; AGM
modulation is taken as time origin in our measurements.rfttEaseen that the recorded radius
starts from an initial valueW in Fig. 3), decreases with time until reaches a local minimum
(Wp) and then increases to a steady stiltg) (vhich, although larger than the local minimum,
is still smaller than the initial value of the radius. Thisi#tiof behavior has been theoretically
predicted [10, 13] and experimentally observed [14, 15]tireo materials.

Using W, and W as defined on Fig. 3 we have performed systematic obsergatioinan-
sient self focusing for different values of incident intipsnd applied electric field. Here we
are defining the self focusing rati® at a given time as the ratio between the measured radius
at that time when the electric field is on and the value of tlikusawhen there is no applied
field.
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Fig. 3. Self focusing temporal evolution showing transiegime and steady staidf, is the
initial output beam radius (before the beam starts selfdimg), W, is the minimum radius
attained during the self focusing awd is the radius at steady state. The beam intensity is
40 Wicn?, beam input waist is 2m, the applied field is 1000 V/cnmset Time needed

to reach minimum radius as a function of beam peak interiEitg. solid line is a guide to
the eye, corresponding to an inverse proportionality.

As it can be seen in Fig. 3 for a W)/cn? intensity the minimum radius is reached in 5
ms and the steady state in about 50 ms. For 160 Witvase values are decreased to 2 ms,
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Fig. 4. Self focusing rati®, at minimum radius and at steady state as a function of intiden
intensity measured with the pinhole-photodiode systenpliag field=1000 V/cm.

respectively 15 ms . The inset in Fig. 3 shows the evolutiotheftimet; needed to reach the
minimum radius as a function of peak intensity. The decréastose to linear, but suggests
a slightly sub-linear dependence tgfon the inverse intensity. The maximum self focusing
(defined ad\,/W) and steady state self focusings/\W) are shown in Fig. 4 as a function of
the incident intensity.

By comparing figures 2 (obtained with the CCD camera) and #a{oed with the pinhole-
photodiode system) one can see that results obtained withibeasurements methods are in
agreement: stationary self focusing is maximum for intégsiaround 15 W/cfh Also from
Fig. 4 it can be seen that the transient self focusing maxinsuincreasing with intensity.
Unlike for the steady state, the transient beam radius doieshow an increase when the input
intensity is increased above 20 W/&nThis transient behavior has been already predicted and
observed in other materials [10].

5. Conclusion

Transient and steady-state photorefractive self focusasgbeen experimentally demonstrated
in the near IR for the first time in the highly electro-opticdanoderately absorbirgnP.S: Te
crystal. The output beam diameter has been characterizefuiastion of applied field and input
intensity; its evolution versus intensity has been foundgaonsistent with available theories.
It has been shown that the steady state is reached in lesg3has for an input power of 1.6
mW corresponding to a peak intensity of 160 W#crihe obtained results demonstrate the
interest of SPS for the self-focusing of light and the restlan of rapidly reconfigurable light-
induced wave guides using infrared light for applied vodsghuch lower than those needed in
the case of standard semiconductors.
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