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Two-photon absorption spectroscopy of As  ,S3 glass
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Spectral dependence of two-photon absorption in a chalcogenide glagss,, Ams been studied

using a tunable light source. The result shows that two-photon and two-step absorptions occur, and
the two-photon absorption spectrum appears to be exponential. These results and roles of nonlinear
processes in photoinduced phenomena are discussed®200® American Institute of Physics.
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Nonlinear optical phenomena in solids continue to at-photon transition has a different selection rule from that of
tract wide interest. For instance, extensive studies have beeme-photon transition's.
reported for two-photon absorption in crystalline semicon-  Among many chalcogenide glasses, we selegSasor
ductors, which give a base for creating optical functionalthis investigation. The glass is known to provide reproduc-
devices: For oxide glasses, recent developments ofible properties, which may be due to the average coordina-
femtosecond-pulse lasers lead to discoveries of many phéion number of 2.4Ref. 3 and to the existence of only one
nomena which seem to be triggered by multiphoton absorpkind crystalline form[Se and GeS(Sg)possess several
tion processes$see, for instance, Ref)20n the other hand, kinds]. In addition, high-purity ingots are now available,
for chalcogenide glasses, despite considerable interests which is important to obtain an intrinsic one-photon spec-
photoinduced phenomeniatudies on nonlinear phenomena trum, which is needed for evaluation of two-photon spectra.
are relatively limited® Most experiments have been carried The optical gafE, is ~2.4 eV’ being appropriate for optical
out at selected wavelengths'* and spectroscopic studies experiments.
are a few'>~"In addition, reliability and interpretation of the A high-purity ingot of AsS; glass, which was prepared
results remain to be studied. for producing optical fibers? was employed. Sliced samples

We note that the chalcogenide glass exhibits a charactewere polished to thicknesses of 0.05-5 cm. Then, optical
istic one-photon absorption spectrum. That is, the absorptiotiansmittances of these samples were measured as a function
edge consists of three functional curves, i.e., a square-ro light intensity at room temperature and photon energies of
dependence ¢=10° cm %), the so-called Urbach edge 1-2 eV using an optical parametric oscillat@WU, C353,
(10*=a=10° cm™ ), and an exponential weak-absorption Which was pumped by a beam from a frequency-tripled YAG
tail (10° cm™'=a), the origins of these features being still laser(Continuum, Surelite)| and a joule mete{Gentec, ED-
controversiaP Specifically, it is important to recognize that 200). Pulsed light had a width and a repetition of 5 ns and 5
the weak-absorption tail limits optical transparency of chal-Hz and the intensity was varied using neutral-density filters.
cogenide glasse$; a marked attenuation, 50 dB/km, in The light beam was focused using a lens with a focal dis-
highly purified AsS; optical fibers® being contrastive to tance of 30 ¢cm, and at the sample position the diameter was
small attenuation in oxidf0.2 dB/km in SiQ (Ref. 20]and ~ ~0.5 mm. Pulse shape of light transmitted through a sample
halide (0.5 dB/km in Zrg-based") glasses. Needlessly, such Was monitored using a Si pin detector with a response time
midgap absorption does not exist in ideal single crystalline®f ~2 ns.
semiconductors. Here, procedures for obtainingjfollow the conventional

It is therefore valuable to study two-photon processes ivay-">> Light absorption including one- and two-
chalcogenide glasses with several reasons. The first is fohotoristep processes can be written as
evaluate the roles of two-photon and two-step absorption, _ 2
) ) . . dl/dx=—al—-pI~, (D)
i.e., simultaneous and consecutive absorption processes. The
residual absorption, mentioned above, may enhance prolyghere a light pulse with peak intensitys assumed to propa-
abllmes.of two-step absorptlﬁﬁandlpr resonant two-photon gate along thex direction, ande and 8 are the one-and
absorptior?® The second is to examine the role of these NoNtwo-photoristep absorption coefficients. Solving this equa-

linear absorption processes in such phegomeng as photoifion, taking the light reflection at sample surfaces into ac-
duced changes by low energy photdfi8> Photoinduced count, we obtain

changes induced by near-infrared light cannot straightfor-
wardly be ascribed to two-photon absorption, because one- 1/T=exp al)/(1—R)?

hoton absorption occurs in the weak-absorption tail. Third,
![1: the nonIineglr absorption is governed by fhe two-photon +Blolexplal) —1]/[a(1-R)], @
process, the spectrum may provide new insight into the OpyhereT is the transmittance, the sample thicknes® the
tical absorption in chalcogenide glasses, since the tWOgfiectivity, which can be evaluated from the refractive index,
and |, the incident light intensity. Accordingly, by plotting
dElectronic mail: keiji@eng.hokudai.ac.jp 1/T as a function of 5, we can evaluat.
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FIG. 1. Typical shape of light pulses befqaashed and after(solid) trans- 10S (kW)

mitting As,S; samples;(a) is obtained with light ofiw=1.17 eV andl,
=430 MW/cn? for a 50 mm long sample antb) is of 2.16 eV and 82
MW/cm? for a 4.2 mm sample.

FIG. 2. Inverse of the transmittan@eas a function of the peak intensityS
(Sis the area of light spotsof incident light at the photon energies indi-
cated. The results for 1.17-1.77 eV are obtained using a sample of 50 mm
in length and that for 2.16 eV is 0.5 mm.

Equation(2) shows that the accuracy gfis governed by
lo and a. For I, the spatial and temporal shapes of light data taken upon increasing and decreasing the light intensity
pulses should be known. In this case, the spatial shape d¢fave been different. These results are consistent with those in
light spots was evaluated by scanning a pinhole, which wagig. 1, i.e., the transitions by high energy photons follow the
fixed in front of the Si detector. On the other hand, the tem+two-step process. For the straight lingsgan be determined
poral shape was assumed to be rectangular with a width of Gsing Eq.(2).
ns. The error introduced through these estimationlg, ofas Figure 3 shows obtaine@ (solid circles together with
relatively small. In contrasta smaller than~1/5 cm®  previous results.~**1°Except for the results reported by
(hw=<1.9 eV) could not be evaluated accurately, since théork’ and Nasyrov? the agreement between the present
longest sample employed in the present experiment was gpectrum and the previous data appears to be satisfactory.
cm. Accordingly, « was evaluated using photothermal de- The reason why the two results markedly deviate from the
flection spectroscop’’, the result being consistent with that present and others is not known. Different from the present,
reported for AsS; optical fibers:® these two experiments have been done using the two-beam

Figure 1 shows typical light pulses obtained with configuration. In addition, Forkt al. examine only 2.03 eV,
infrared light(w=1.17 eV and ;=430 MW/cn?) and(b)  which is near the optical gap 0f2.4 eV, and Nasyrov em-
subgap light(2.16 eV and 82 MW/c). The vertical axes ploys long light pulse30 ns and 15Qus widths.'® The
are arbitrary so that only the pulse shape can be comparetivo-step absorption may be responsible for these cases. Fur-
We see that no appreciable distortion of pulse shape occutber more, how they evaluaie are not known. In the fol-
for the infrared light, while for the subgap light the peak of lowing, therefore, we neglect these two results.
transmitted pulse occurs earlier byl ns than that of the Figure 3 shows thaB is approximately proportional to
incident pulse. It is mentioned here that the temperature rise

by light pulses can be neglected under the present experi- 102

mental conditions. ot
Since there exist gap states in chalcogenide glasses, the 10" Nt Aﬁ‘

two-photon (simultaneou and the two-stepconsecutivi -3 °/®

absorption can occur. The distinction may be possible when ‘é 10° o /

o(V-G) # ag(G-C), whereo are the absorption cross sec- S % Fe

tions of electronic transitions between the valence bafd ( S10" L

the gap stat€G), and the conduction band). If the two- S ; J

step absorption occurs under this condition, the shape of <102 Z

. . £ .

light pulses transmitted through a sample deforms /uoie- )

pends upor y.2? The results in Fig. 1, therefore, imply that 3 10° Lo -

the two-photon absorption is dominant for light witho

~E4/2, while the two-step absorption becomes effective 10*

wheniw lies in the Urbach-edge region, which extends at 0.5 Ph1 ‘ 15 2V 25
ho~1.9-2.3eV? oton energy (eV)

Figure 2 shows some examples of Jds a function of  FIG. 3. Spectral dependence of the one- and the two-photon absorption
the peak intensity 1GS) of incident light. We see that the coefficient,« (dashed ling (Ref. 26 and 8 (solid circles with a solid ling

; ; ; ; revious results fop are also shown by symbol&\) Maker and Terhune
results, except 2._l§_ev, give straight lines. I.t is algo notechef. 5: (O) Forket al. (Ref, 7 (x) Rangel-Rojoet al.(Ref. 8: (+) Fazio
that the reproducibility of data @w=2.0 eV is relatively ¢ 4 (Ref. 9; (T) Asobeet al. (Ref. 10; (O) Cerqua-Richardsoet al.
worse than that of lower energy regions. In some cases, th@&ef. 19; and (V) Nasyrov(Ref. 15.
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