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Nonlinear change of the refractive indém) and extinction coefficientk) of Co;O, thin films

induced by a laser withh=405 nm hv=3.06 eV) irradiation was evaluated using equipment
having an ellipsometric optical configuration. Nonlinear refractive indey) (and extinction
coefficient ,) were +1.0x10 °m?W (positive and —2.6x10 ' m?/W (negative,
respectively.n, and k, at A=650nm hQr=1.91eV) were —55x10 ' m?%W and —8.7

x 10" m?/W (both have negative sighrom these results and the fact that the@pthin film

has the band-gap energy of 2.06 eV, the band filling effect can be seen as one of the most probable
models describing the large nonlinear changen @ind k of Co;0, thin film. © 2002 American
Institute of Physics.[DOI: 10.1063/1.1498144

Co;0, thin film has great optical nonlinearity and its The change of andk of Co;0, thin film was measured
refractive index(n) and extinction coefficientk) change sig-  using an ellipsometeiDHA-NP, Mizojiri Optical Co Ltd)®’
nificantly with laser irradiatiot=’ Recently, we reported a coupled with a GaN semiconductor lagéfichia Corpora-
large nonlinear change afandk of Co;0, thin film at a 650  tion) with an irradiation wavelength of 405 nm. Pulse width
nm irradiation wavelength/ n decreased from 3.35 to 3.03 was 100 ns. Laser intensit}) for measuringng andkg in the
andk decreased from 1.10 to 0.38. The changeaindk  ground state was under 0.25 GW/nand between 1.0 and
corresponded to nonlinear refractive index) and extinc- 8.2 GW/nf in the excited state.
tion coefficient k,) of —5.5x10 ' m?W and —8.7 The CqO, film was obtained by rf magnetron sputtering
X 1071 m?/W, respectively. Since this film has such a greaton borosilicate glass substrates at room temperature. An
optical nonlinearity it can be applied as a superresolutiorSPF-750HL sputtering devigé@nelva Techno Business Co.
film for optical recording media having high recording Ltd.) was used for this. 99.9999% argon gas was used as
density® sputtering gas. Sputtering power was 1.0 kW on a 152.4 mm

The mechanism of the optical nonlinearity is not clear.$¢ C030, target. Each film was about 70 nm thick. Back
Previous papers have mentioned that the band filling effect jBréssure was under 3>.<(10‘57Pa, and the pressure during
one of the most probable’ However, it is hard to decide the SPUttering was 7.810"* Pa’" o
mechanism from the change of refractive index at only a ~ Nanostructure of the obtained thin film was character-

single wavelength, and other evidence is necessary. One wiggd by x-ray diffraction(XRD) and transmission electron
to confirm the change mechanism of refractive index is exMicroscopy (TEM) with energy dispersed x-ray spectros-

amination of the wavelength dependence of the optical noncoPy- XRD and electron diffraction images revealed;Gp

linearity. precipitates in the thin film. The bright field TEM images

Recently, a GaN semiconductor laser with a 405 nm ir_indicated that the film consisted of nanoscalg@pparticles

o - aving 10 nm diameté.
radiation wavelength was developed, and it is expected thzﬂ Figure 1 shows the change @ n and (b) k of Cos0,

this laser will be used as the optical source for next generds. i vhen the pulse laseh(= 405 nm) beams of havin
tion optical recording disks. Therefore evaluation of the non- P 9

linear optical property of C4D, thin film at 405 nm should several peak intensities were irradiated. Intensity of the pulse

ide further inf i bout th hani f th laser for measurin@, andkgy in the ground state was 0.25
provide further-information about the mechanism ol eqg\q2 iy the time range of<0. The intensity of the pulse
change of refractive index and the application possibility to,

. : ) | X laser started to increase taftime)=0 (i.e., before the laser
optical disks. Accordingly, in th_e p_resent study, we 'nveSt"irradiatior), and it rose to the desired peak intensitsom
gated the change of the refractive index at 405 nm, and con; 4 and 8.2 GWI/R) after 10 nsn, andk, in the ground state

sidered the mechanism of the optical nonlinearity 08Gp  \yere 1.91 and 0.86, respectively, and they were constant for

thin film. t<0. nincreased with increasing laser intensity for0, and

it saturated at a value that depended on the peak intensity.
dElectronic mail: h-yama@ngp.trc-net.co.jp The saturatech value also increased with increasing peak
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chIeG bﬁgﬁ'}j??&‘f‘i‘fo?;i’;?)@ kofthe CqO, thin film when irradiated by GWI/n?. On the other handj increased as a function of the
laser power, and it saturated at 2.73 for a 8.2 G¥Mmser
irradiation at 405 nm.

Figure 3 shows the change of extinction coefficight
calculated from the data shown in Figbhl as a function of
the laser intensityk values at 405 and 650 nm in the ground
state were 0.85 and 1.15, respectively. Both decreased with
increasing laser intensity, and were 0.60 and 0.65 in the ex-
cited state, respectively.

The nonlinear refractive indexng) and extinction coef-

intensity, andn measured with the 8.2 GWArlaser was
2.73. On the other hand decreased with increasing laser
intensity as shown in Fig.(h), andk at 8.2 GW/n} was
0.65.

Figure 2 shows the refractive indéx) of the CgO, thin
film calculated from the data shown in Figalas a function
of the laser intensity. The changeminduced by the 650 nm

laser is also given Fig. 2/ These curves were the average of _. . .

n and k within the time range from 50 to 100 ns, at ficient (k,) were calculated using these r€§(l)1h§.andk2 at
wavelengths of 650 and 405 nm were 3.34 and 1.91, respeé;'zofo_?lm 2\//@@ Calcﬁ.lat?d Oastkhl.0>t<h10 h and d;z?
tively, indicating the CgQO, thin film has an anomalous dis- 0 m ’_féielcowlely' ZICV e(cj)_%rbs;\rlrgz_?{l 27\;1/
persion, which is consistent with the tendency reported b nm Wetfe d b m an ' m
Cook and van der MeérThe value ofn decreased with 25 W€ mentioned above.

increasing laser intensity irradiated at 650 nm, and it reache From 'Fhese results, we can discuss the_ m.echanlsm of the
3.03 in the excited state when the laser power was 6. rge nonlinear change efandk of Co,0; thin film. One of
the most probable models that can describe the phenomenon

is the band filling effect®! Figure 4 shows a schematic

3.5 diagram of the change @f) k and (b) n by the band filling
33 4 A=650nm effect. The band filling effect is due to by the transition of
w electrons from the ground state to the excited state, which is
3T induced by laser irradiation having an energy near the band
229 | gap, Ey. Excitation of electrons widens the band gap from
%07 Ey to Eg(Eg>Eg). Therefore the absorption edge shifts to
= high energy, and then a blue shift of the absorption spectrum
‘0 25 occurs. Consequently, the extinction coefficient decreases for
> . .
523 all Wav_eler_lgths. Th_e_refractl_ve index was calc_ulated from
& the extinction coefficient using Kramars—Kronig relation,
e 2.1 which gives a peak fon at hv=Ey. When the absorption
19 coefficient shifts fronEy to E(Eg>Eg), the peak fon also
shifts to Eé. Thereforen in the energy range nedi, de-
L7 creases and in the higher energy range would increase due
15 . . . . to the band filling effect?
0 2 4 6 3 10 Co;0,4 hasE, of 2.06 eV which is assigned as a charge

transfer from @ (#*T') to C* (0 t?).223When the film
was irradiated by the laser having the energy)( of 1.91

FIG. 2. Refractive indexn) of the CgO, thin film as a function of the laser eV (A=650 nm), the band filling effect and blue shift of

intensity. absorption both occurred. In this cass; is close toE, of
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FIG. 4. Schematic diagram of the changerm&nd k by the band filling

effect.

Co;0,, so the absorption coefficient decreases in proportiorii- KA
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ergy. The results of the present study indicate that the 405
nm laser irradiation also leads to the band filling effect in the
C0;0;4 thin film, andk decreases and increases.

In conclusion, CgO, thin film had a large nonlinear
change oh andk, and the sign oh, andk, depended on the
wavelength of the irradiated lasar, was positive and,
was negative for laser irradiation wavelength of 405 nm; on
the other hand, both, andk, were negative for the 650 nm
irradiation. Since C¢0, has a band gap of 2.06 eV, these
results could be explained using the band filling theory for

semiconductors.
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