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We demonstrate that the induced second order nonlinegfitygenerated in thermal poled doped
borosilicate glasses can be erased by a prolonged exposure to near IR laser radiation. The evolution
of the second harmonic signal with respect to laser time exposure, intensity and wavelength is
reported. The IR laser radiation induced relaxation of {4 is mainly related to two-photon
absorption of the glass. The nonexponential time dependence of the second harmonic signal agrees
with a simple model involving diffusion of photoexcited carriers. The reversible erasure process is
also observed when the sample is exposed to near ultraviolet laser radiaticdt@9®American
Institute of Physicg.S0003-695(99)03018-1

Glasses are amorphous materials with inversion symmecently a decrease {2 was observed when soft glasses
try on a macroscopic scale. The inversion symmetry prewere exposed to intense infraré¢dR) laser radiatiort? Al-
cludes the occurrence of second order optical nonlinear prahough these experiments show great promise for controlling
cesses. However, Myers, Mukherjee, and Brdeblave  second order nonlinearity, no systematic study of the influ-
shown that second harmonic generati@HG) can be pro-  ence of the exposure time, intensity and use of wavelength
duced in thermally poled fused silica. The thermal polinggn the x\2) erasing process has been performed to date.
treatment consists of applying an electric fielHi€3—-5  Moreover, no explanatory mechanisms have been proposed.
kv/cm) below the glass transition temperaturé~250— This letter is devoted to the study of the evolution of
350°Q and cooling the glass before removing the dc field.sHG intensity with respect to time exposure, laser intensity
The amplitude of the induced second order nonlineayify and wavelength in NjDs-doped borophosphate glasses. A
observed only near the anodic surface is about 1pm/V. Otheﬁonexponential decay of the second harmdBiel) intensity
poling techniques have been used and result in similar levelgjth respect to time is observed. A simple model involving
of nonlinearity* However, it has recently been shown that e diffusion of photoexcited carriers explains the nonexpo-
glass fiber poled under UV excitation producesy& of nential time dependence of the SH intensity.
about 3.4pm/V. In the past seven years, the thermal poling The samples were 0.8.9 Ca(PQ),-0.1CaBO;): 0.2
technique has been used to induce a permamﬁ@in many  Np,0s and 0.7(0.9 C4PO;),-0.1 CaBO;): 0.3 Nb,Oy de-
glasses~’ Although the exact nature of the mechanism lead-scriped previously.The glass samples were cut and polished
ing to a nonzeroy{z is still unclear, it is generally agreed o the dimension of 1810 mm with a 1 mnthickness. The
thatatwo mechamgms, i.e., frozen-in electric flé_f@()(i(nd glass plates were inserted between two planar brass elec-
= x®*)Eo where x*) is the third order nonlinearity of the yroges and heated to about 300°C. A dc bias of 3 kV was
glass and oriented dipoles, can explain the nonhnearltyapp”ed across the sample for 1 h. Then the sample was
measured:® The occurrence of{3] in glasses has attracted ¢ooled. The dc bias was removed when the sample was at
much interest because it offers the prospect of monolithicallyyom temperature.
integrated electro-optic modulators, switches and frequency Q-switched (10 Hz repetition rate, 10 ns, 30 jnd
converters. For the latter application, a quasiphase matChi_r\gd:yttrium—aluminum—garne(YAG) laser pulses at 1064
(QPM) condition must be created. The advantage of QPM iy were used to probe the second order nonlinearity. The
glass waveguides with respect to polar crystal waveguides iﬁump laser beam polarized in the plane of incidence was
mainly related to the lower dispersion of glass waveguidesycysed on the anodic surface using a 10 cm focal length
and higher damage threshold. Yet a problem generally engns. The angle of incidence was chosen to be equal to 45 °.
countered in thermal poling is the spreading out of the poleGrhe transmitted SH signal was separated from the fundamen-
regions due to air breakdown when attempts are made iy radiation using a 1064 nm high reflector, a colored glass
induce the QPM condition. This problem may be overcomsjier and a monochromator. The SH signal was detected us-
by a selective electron beam erasure or thermal poling if,g 4 photomultiplier. The linearity of the detection was veri-
vacuum using patterned electrodésA coII|rr(1at_ed light  fied using calibrated optical attenuators. The SH signal was
beam may also be used. Indeed, an erasurg{@fin silica  tound to increase linearly with the square of the pump pulse
submitted to UV laser light has been reportéd/ery re- energy. The SH signal was stable for more than 1 h.

We performed a similar experiment using a 120 fs con-
dElectronic mail: freysz@cribx1.u-bordeaux.fr tinuous wave mode locked Ti:sapphire laser working be-
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tween 800 and 900 nm and yielding pump pulses having herefore, this experiment not only shows that near UV light
about the same peak power. The setup has been describegn induce an erasure of thé,i} but also indicates that the
previously? The SH pulses €1 fJ) were detected using a erasure of the(i(fc} near 800 nm is mainly related to IR two-
photomultiplier coupled to a computer-controlled photonphoton absorption. We performed all these experiments in a
counting system. As shown in Fig(a the temporal evolu- 20% NbOs doped glass sample and recorded a similar be-
tion of thep-polarized SH intensity(2w,t) generated by the havior. However, the decrease of the SH signal was less
5 nJ p-polarized pump pulse centered at 800 nm is quitegreat as a function of timgFig. 1(a)]. This behavior was
different. The inset of Fig. (B shows thatl “!(2w,t) is a  correlated with the shift towards the lower frequency of the
linear function of time. We noticed that both the initial SH edge absorption band of this samfiiég. 2(c)]. Finally in all
intensity | (2w,t=0) and the slope of 1(2w,t) increased samples, the erasure was reversible and the glass could be
linearly with the square of the pump pulse energy. The lattere-prepared as before for SHG by applying the thermal pol-
phenomenon is shown in Fig. 2a. We also recorded the tening treatment.
poral evolution ofl (2w,t) with respect to the central wave-
length of the pump pulse at constant pump pulse energy. (@)
Figure 2b) shows that the decay rate of }(2w,t) de-
creased as the Ti:sapphire laser was tuned to shorter wave-
lengths. The change in the slope is significant, decreasing by
two orders of magnitude when the wavelength is shifted
from 800 to 900 nm. The decrease of the slope is related to
the decrease of the edge absorption band of the sample at the
SH frequency[Fig. 2(c)]. This absorption was similar in
fresh, poled and depoled samples. 1 P’ (nJ)
In view of these experiments, it was difficult to conclude
whether the recordegli(fg erasure was related to one photon
near UV absorption or to two photons near IR absorption. To (b)
clarify this issue, we performed an experiment where the
sample was submitted to two pulses whose central frequen-
cies were, respectively, 800 and 400 nm. The 4 nJ Ti:sap-
phire pump pulses were split using a mir(@=20%). The
first 3.2 nJ Ti:sapphire pulses were frequency doulfk)
using a 2 mmpotassium dihydrogen phosphdt€DP) crys-
tal cut for type | phase matching. The 20 pJ FD pulses were 200 410 420 430 440 450
separated from the fundamental using a colored glass filter. A (nm)
The second 0.8 nJ pulses induced a weak SH signal in the
sample studied and were used to check f1&¢ erasure.
These two collinear and overlapping weak pump and FD
pulses were focused on the sample. The SH signal was first
recorded for a few seconds while the FD pulses were
blocked. Then the weak pump pulses were blocked, the SH
detection was stopped and the FD pulses were sent through
the sample for about 2 min. The procedure was repeated 001} 20 % Nb,O, ™~ ™
many times. Since the FD pulse energy was a few orders of 3% T YT 500
magnitude larger than the energy of the SH pulse generated A (nm)
in the prevpus experiment, the erasure process due to ne G. 2. (a) Evolution of the decay rate of the SH intensity as a function of
UV absorption had to be speeded up. In fact, the recordegmp puise energy at=810 nm. The straight line is a fit of the data
SH signal decay was roughly ten times smaller. We observegssuming the decay rate proportional to the square of the pump pulse en-
that the slope of thd!fl(Zw,t) increased linearly with the ergy. (b) Evolution of the decay rate of the SH intensity as a function of the

: ntral wavelength of the generated SH pulgeaf& nJpump pulse energy.
FD pUIse energy. Notice that the weak pump pU|Se energ?ﬁe straight line results from an exponential fit of the detpAbsorption of

was so Small that hardly any decrease of the SH signal Wasprophosphate glasses doped with 2@kshed lingand 30%(straight line
recorded in the sample during the few seconds exposurelb,Os.
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As previously noted, the decay of the SH signal as adenced in thermally poled fused silitAWe first neglected
function of time does not follow a simple exponential law. In the carrier mobilityw. Therefore, as the positive and nega-
fact, according to our experimental data, the behavior of th¢ive photoexcited charges diffuse, they neutralize each other,
SH signall (2w,t) can be described by the following decay reduce the amplitude of the static build in electric field
law: Eq(z,t) and induce a decrease of the SH signal. The com-

puted temporal evolution of the resulting second order signal
I (2w,t) 1 5
— = aB@)(2w.h), (1) 2

1(20,t)= f:Eo(z,t)dz

where8(w) andA are, respectively, a coefficient which de-
pends on the central frequency of the pump pulses and ig reported in Fig. (b) (solid ling). It is interesting to note
constant. Indeed, if one integrates E#). by taking into ac-  that such a simple model agrees very well with the experi-
count the boundary condition &0, | (2w,t=0)=Al?(w) mental data. Another model was considered in which both
it is possible to obtain the temporal evolution of the SHthe mobility and the diffusion of these photoexcitable
signal | (2w,t=0)/1(2w,t) =1+ B(w)1?(w)t. This evolu- trapped charges were taken into account. In this way, they
tion perfectly agrees with our experimental observations. could also drift within the built-in electric fiel&y(z,). The

One model that may help to explain the dynamics of theevolution of the resulting signdi(2w,t) is presented as a
SH signal is based on the motion of photoexcited carriersdashed line in Fig. (b). Note that, contrary to our previous
Indeed, it has been shown that at high temperatureesult, the computed behavior did not fit the experimental
(~300°0 during the poling process, a large electrostaticdata. Therefore, our results seem to indicate that the motion
field Eq of the order of 10 V/cm is created below the anodic of the photoexcited carriers is mainly driven by diffusion.
surface by the migration of charges. As the temperature is  In conclusion, we show that the{2) generated in ther-
lowered, the induced charge distribution is frozen and a largenal poled doped borophosphate glasses can be erased by a
E, is created in the sample close to the anodic surfd®y  prolonged exposure to near IR laser radiation. The relaxation
means of the third order susceptibiligy® this field creates a  of y{2) induced by IR and near UV laser radiations is related
second order susceptibility{%)~ x® E,. Accordingly, the  to two- and one-photon absorption, respectively. The time
photoexcited motion of either the trapped charges or neutradependence law of the erasure process is explained by a
izing carriers, respectively, outside or inside this anodic sursimple model involving a diffusion of photoexcited carriers.
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