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Nonlinear optical properties and optical limiting behavior of antimony and lead oxyhalide glasses
were studied using laser pulses of 80 ps at 532 nm. The sta@dacdn technique was used to
determine large nonlinear absorption coefficients which range from 11 to 20 cm/GW, using
intensities of 100 MW/crh Photodarkening was observed when intensities larger 200
MW/cm? were incident on the samples. @002 American Institute of Physics.
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Antimony and lead oxyhalide glasses were presentedally, samples are annealed for a few hours at a temperature
first in Ref. 1, which reports some of their optical properties.lower than the glass transition temperature. The samples ap-
Further studies confirmed the high refractive index and thepear yellow in transmission. Scattering defects limit the op-
large infrared transmission window of these glasses, whichical quality of large samples. The samples used have dimen-
are comparable to the characteristics of fluoride glas3es. sions of 5 mmx3 mmx0.4 mm.

Antimony oxide, SpO3, is the main glass component and is Figure 1 shows the optical absorption spectra of the
considered as the glass former. Glass transition temperatutree samples studied. The samples present a high transpar-
is ~300 °C and the mean value of the refractive index is 2.1ency window for wavelengths larger than500 nm and a
The thermal stability of these glasses is larger than the stastrong absorption in the blue region. All experiments were
bility of fluorozirconate glas¢ZBLAN), from which optical  made at room temperature. The visible and the infrared trans-
fibers have been drawn. They present characteristics similghission of related glasses compositions reported in Ref. 4
to telluride glasses, without the specific problems related t@re similar to the results observed in the present work.
tellurium toxicity. Most of the work done on $0;-based To characterize the nonlinear optical behavior of the
glasses was centered upon glass formation and general ph)@hmples, the second harmonic beam of a cw pumped,
cal properties, particularly thermal characteristics. Rece”tlyQ-switched, and mode-locked Nd:YAG laséb32 nm,
new methods of preparation have been developed, and PréSulses of 80 pswas used. A single pulse at 10 Hz was
ently samples of improved optical quality can be obtaifitd. gejecteq by a pulse picker. The low repetition rate was used
Optical experiments reported so far were performed at low, 4y0id the influence of cumulative effects. The linearly

intensity levels. The possibility of large nonlinear reSponsepoIarized light beam was focused by a 15 cm focal-distance
of antimony and lead oxyhalide glasses has been recognized

recently?

In this work, we report on nonlinear optical experiments
performed with glass samples with the following composi-
tions: 65 ShO;—22 PbBy—5 PbL—5 B,0;—3 KCI (sample
A); 90 ShO;—10 Pb} (sample B; and 2|
80 ShO3;—10PbBs—10 PhC} (sample @. Starting materi-
als are SPO; (purity larger than 99% PbClL (purity of @)
99%); PbBr, (purity larger than 99% Pbl, (purity of
98.5%; B,O5 (purity of 99.6%, and KClI (purity of 99.9%.
Powders are mixed and put in silica tubes of about 10 mm
diameter or in a covered crucible. Temperature is raised rap-
idly to 850—-900 °C. A homogeneous melt is usually obtained
after 5 to 10 min. Melting time should not be too long to (©)
avoid loss of volatile halides that could escape from the melt.
When a clear liquid is obtained, it is cast into a brass mold ol - - X =

heated at 150 °C to prevent thermal shock on cooling. Fi- 400 500 600 700 800
Wavelength (nm)

Absorbance

-
T

(b)

dauthor to whom correspondence should be addressed; electronic maiFIG. 1. Optical absorption spectra of the studied sampg@sample A,(b)
cid@df.ufpe.br sample B, andc) sample C. Sample thickness: 0.4 mm.
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FIG. 2. Plot of the transmitted power as a function of the incident laser
power: (H) sample A,(A) sample B, and®) sample C. 102k .
*
®
*
lens. The light transmitted through the sample was detected ® 100l < & ,'.
by a photomultiplier coupled to boxcar and computer. § ‘ . .".' Rt o
When light passes through the samples its amplitude is % . . *
attenuated by surface reflections, absorption, and scattering. € ooal © .
In the present case the losses are primarily due to reflection e e °
and absorption because homogeneous regions of the samples I ¢
were carefully selected to perform the measurements. Cumu- g 096} ‘e ®
lative changes in transmission due to trapping of electrons 2 ®e
could affect the results, but their contribution is not expected .
to be relevant in the experiments performed with low peak 094 | -
powers at low repetition rate. ) . \ . .
Figure 2 shows the behavior of the transmitted light as a - 2 0 2 4
function of the incident laser peak power. Notice that the Z (mm)
measurements have shown a decrease in the transmittance
when the incident light intensity increases. This is an indica-
tion of nonlinear absorption due to multiphoton absorption or toa}
reverse saturable absorptibhVhen the laser intensity is in-
creased beyond-200 MW/cnt, a photodarkening effect is g
observed with dark spots clearly seen using an optical micro- § o
scope. The intensity of the transmitted beam shows a de- %wo . et o ¢ A
crease in a time scale of 10-50 s for pumping intensities of g AN - & LU R
~200 MW/cnt and larger, which corroborates the presence 7 b * .
of photodarkening. N '. e
Nonlinear absorption and nonlinear refraction were in- Eossl o
vestigated using th&-scan techniqué,which allows mea- 2 ) ©
surement of the sign and the absolute value of the nonlinear
refractive indexny, , and the nonlinear absorption coeffi-
cientay, . The method exploits the light—matter interaction, ogz b . . . ,

so that a single incident beam induces a self-phase distortion
propagating inside the sample, and originates an amplitude
distortion of the beam wave front as measured after it leavegic. 3. Open-apertur&-scan results(@ sample A,(b) sample B, andc)

the sample. To determimg,_ anday, , the sample is moved sample C. Laser intensity: 100 MW/ém

along the beam propagation directi¢direction Z) using a

computer controlled delay line. Negative valuesZo€orre- is detected as a function & (open-apertur&-scarn, it is
spond to locations of the sample between the focusing lengossible to determiney, .

and its focal plane. Measuring the variation of the transmit-  Open-apertur&-scan measurements were performed at
ted beam intensity through a circular aperture placed in fronft00 MW/cn?, such that photodarkening is not observed.
of a detector in the far-field regioftlosed-apertur@-scan, Figure 3 shows the results for the samples studied in which
it is possible to determine the sign and the magnitude ofhe dip observed is due to nonlinear absorption. For the
ny. - When all of the light beam passing through the sampleanalysis of the data, we considered that the iight attenuation

Z (mm)
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through the sample is described 8Y/dz=— (a + ay )], Financial support for this work by the Brazilian Con-
wherel is the light intensity along the propagation direction, selho Nacional de Desenvolvimento Cidicb e Tecnolgico

a, (ay) is the linear(nonlineay absorption coefficient. The (CNPg, Programa de Nucleos de Excetta-PRONEX
values ofe; were obtained from the absorption spectra. Nu-(Brazil) and Conseil Rgional de BretagnegFrance are
merical integration gives the transmitted intendityjust af-  gratefully acknowledged. A. S. L. Gomes is acknowledged
ter the beam exits the sampté.By comparing the expres- for sharing the laser and other equipment used in the experi-
sion forT with the experimental measurements the followingments. We are grateful to M. T. Carvalho for helping in the
nonlinear absorption coefficients were determined: 2Qarly stage of the experiments.
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