
Ultrafast nonlinearity of antimony polyphosphate glasses
E. L. Falcão Filho, C. A. C. Bosco, G. S. Maciel, Cid B. de Araújo, L. H. Acioli, M. Nalin, and Y. Messaddeq 
 
Citation: Applied Physics Letters 83, 1292 (2003); doi: 10.1063/1.1601679 
View online: http://dx.doi.org/10.1063/1.1601679 
View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/83/7?ver=pdfcov 
Published by the AIP Publishing 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:

186.217.234.225 On: Tue, 14 Jan 2014 12:29:53

http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/2079205716/x01/AIP-PT/APL_ArticleDL_1213/aipToCAlerts_Large.png/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=E.+L.+Falc�o+Filho&option1=author
http://scitation.aip.org/search?value1=C.+A.+C.+Bosco&option1=author
http://scitation.aip.org/search?value1=G.+S.+Maciel&option1=author
http://scitation.aip.org/search?value1=Cid+B.+de+Ara�jo&option1=author
http://scitation.aip.org/search?value1=L.+H.+Acioli&option1=author
http://scitation.aip.org/search?value1=M.+Nalin&option1=author
http://scitation.aip.org/search?value1=Y.+Messaddeq&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.1601679
http://scitation.aip.org/content/aip/journal/apl/83/7?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov


APPLIED PHYSICS LETTERS VOLUME 83, NUMBER 7 18 AUGUST 2003

 This a
Ultrafast nonlinearity of antimony polyphosphate glasses
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We report on the ultrafast nonlinearity of antimony polyphosphate glasses measured using the Kerr
shutter technique. The nonlinear refractive index,n2 , was (1.160.2)310214 cm2/W at 800 nm,
and enhancement ofn2 by '80% was observed by adding 10% of lead oxide in the glass
composition. The full width at half-maximum of the third-order correlation signal was 150 fs, which
implies a fast response of the samples~<100 fs!. Nonlinear absorption was negligible in the range
of intensities used. ©2003 American Institute of Physics.@DOI: 10.1063/1.1601679#
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Highly nonlinear optical materials are of large intere
for applications including optical limiting, all-optical switch
ing, and other current photonic uses. Among the mater
available to date, antimony-based glasses are emergin
promising systems for such applications.1–4 These glasses
present a high refractive index, a large infrared transmiss
window, and good thermal stability. Antimony oxid
(Sb2O3) is the main glass component and is considered
the glass former. Samples of Sb2O3-based glasses with hig
optical quality are difficult to obtain, but new methods
preparation have been developed,2,3 and good quality
samples are now available.

Recently, the nonlinear optical absorption of antimo
and lead oxyhalide glasses was studied using laser puls
80 ps at 532 nm.4 Large nonlinear absorption coefficients u
to 20 cm/GW were measured that illustrate the possibility
using these glasses for optical limiting.

In this letter, we demonstrate the use of antimony po
phosphate glasses for operation of an ultrafast optical
in the near-infrared. The experiments were perform
with samples having the following compositions:~sample
A! 70 Sb2O3– 30 Sb~PO3)3 ; and ~sample B! 70 Sb2O3

– 20 Sb~PO3)3– 10 PbO.
The antimony glasses were prepared according to

following procedure: Sb~PO3)3 was prepared heating ammo
nium dihydrogen phosphate~analytical grade; purity large
than 99%! and antimony oxide~spectral grade; purity large
than 99%! in a platinum crucible in two stages, the first on
at 200 °C for 2 h and the second one at 500 °C for 4 h. T
glass synthesis was carried out by melting Sb2O3 ~purity
larger than 99%! and Sb~PO3)3 in glassy carbon crucibles in
an electrical furnace for 10 min at 700–1000 °C in roo
atmosphere. The liquid was then cast into a brass mol
20 °C and glass samples were obtained after cooling.
characteristic temperaturesTg5320 °C~glass transition tem-
perature! andTx5420 °C ~onset of crystallization! were de-
termined by differential scanning calorimetry. X-ray diffra
tion of the samples shows the typical halo characteristic
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the amorphous state. Further characterization of the sam
was made using Raman scattering and nuclear magn
resonance. More details on the samples preparation are g
in Refs. 2 and 3.

Figure 1 shows the absorption spectra of the sample
room temperature, which show a high transparency wind
for wavelengths larger than'500 nm. The linear refractive
index of the samples was measured using the prism-coup
technique at 633 nm and the results are presented in Tab

The nonlinearity of the samples was investigated us
an optical Kerr shutter setup,5 with the sample placed be
tween crossed polarizers. To perform this time-resolved n
collinear pump-and-probe experiment, a Ti:sapphire laser
erating at 800 nm and delivering 100-fs pulses at 82 M
was employed. The laser beam was split in two beams w
relative intensities of 1:10. The stronger~pump! beam in-
duces a birefringence on the sample; that is a refractive in
changeDn(t)5n2I pump(t), wheren2 is the nonlinear refrac-
tive index andI pump(t) is the pump beam intensity. Th
probe beam with its polarization set at 45° with respect to
pump beam is used to investigate the dynamics of the p
cess. A fraction of its intensity leaks out the polarizer an
lyzer located in front of the photodiode, which allows fo
heterodyne detection ofDn(t). When the pump beam is
present, the probe beam polarization is rotated due to
induced birefringence with a dynamical behavior that d
pends on the material’s response time. Consequently, a la

il:FIG. 1. Absorption coefficienta0 of the studied samples. The dashed lin
~solid line! refers to sample A~sample B!.
2 © 2003 American Institute of Physics
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fraction of the probe beam intensity reaches the photodio
A lock-in amplifier provides a temporally averaged sign
S(t)}^Dn(t). I probe(t1t)& for each time delayt between
pump and probe pulses spatially overlapped at the sam
position. The signalS(t) was monitored by scanning a com
puter controllable delay line which allows for different va
ues oft. It is observed that the signal is only present whet
is smaller than the field’s correlation time.

To illustrate the sensitivity of the setup used, we show
Fig. 2~a! the third-order correlation signal for a 1.6-mm-thic
slab of fused quartz. A good signal-to-noise ratio is obtain
Figure 2~b! shows the behavior ofS(t) for the two glass
compositions studied, which present much larger nonline
ties than fused quartz. For the assumed hyperbolic se
pulse shape, the symmetric correlation signal width of 155
implies that the samples have a response faster than 10
This means that the origin of the nonlinearity may be attr
uted to electronic processes either alone or in combina
with other processes whose characteristic times are sh
than 105 fs.

Figure 3~a! illustrates the behavior ofS(t) as a function
of the pump laser power, while Fig. 3~b! shows the linear
behavior of the signal amplitude versus pump laser powe
expected for a heterodyne Kerr shutter signal.

Variation of the samples’ transmittance as a function

FIG. 2. Kerr shutter signals.~a! Fused quartz: reference sample~length: 1.6
mm!. ~b! Samples studied. The dashed line~solid line! refers to sample A
~sample B!.

TABLE I. Parameters of the samples studied.n0 is the linear refractive
index measured at 633 nm,a0 is the linear absorption coefficient at 800 nm
L is the sample length, andn2 is the effective nonlinear refractive index.

Sample n0

a0

(cm21)
L

~mm!
n2

(10214 cm2/W)

A 1.906 0.150 0.65 1.160.2
B 1.975 0.24 1.13 2.060.4
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the pump beam intensity was not detected in all experime
which implies that the two-photon absorption coefficient
below our detection limit~,0.01 cm/GW!.

The magnitude ofn2 is obtained by comparison with th
nonlinear refractive index of fused quartz of 2
310216 cm2/W ~Ref. 6! which was used as a calibratio
standard. The values ofn2 for the studied samples are give
in Table I. Notice that the result for sample A is fifty time
larger than the one corresponding to quartz. This is co
lated with the high polarizability of Sb21 owing to the pres-
ence of twos-electrons in the external shell. Recalling com
mon features between Sb21 and Te41, such as the same
electronic structure, very close atomic weight, and a lo
pair of s-electrons, we expect for the antimony glasses st
ied here a high nonlinearity, as is observed in TeO2-based
glasses. Moreover, we note that sample B, which conta
lead oxide, has an 80% larger nonlinearity than sample
This result can be attributed to the high polarizability
Pb21, which also presents a lone pair ofs-electrons in the
external shell, but has larger polarizability than Sb21.

In summary, we described the characterization of the
sponse time and the value of the nonlinear refractive inde
antimony polyphosphate glasses as well as demonstrate
application as an ultrafast Kerr gate. The temporal respo
observed was limited by the laser pulse duration availa
but indicates a fast response of the samples. On the o
hand, the refractive nonlinearity is high in comparison
other optical glasses commonly studied,7 but two-photon ab-
sorption is negligible.
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~CNPq! and Fundac¸ão de Amparo a` Ciência e Tecnologia do
Estado de Pernambuco~FACEPE! is acknowledged. The au

FIG. 3. Dependence of the Kerr shutter signalS(t) with the pump laser
intensity. ~a! Results for sample B for different pump laser powers.~b!
Linear dependence ofS(t) with the incident pump laser power.
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