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Abstract

The transmission spectra of LiCaAlF4 (LiCAF) and LiSrAlF¢ (LiSAF) are investigated in the ultraviolet (UV) and
the vacuum ultraviolet (VUV) region. The transmission edge of LICAF (112 nm) shows almost the same value as that of
LiF. Taking into account difficulties of material processing and polishing due to the cleavage or the hydroscopic nature
of LiF, LiCAF is regarded as a more suitable optical material in the UV and the VUV region. Moreover, the new
excitation channel around 112nm is discovered for Ce:LiCAF crystal. This excitation is originated not from
absorption of Cerium ions but from absorption around the bandgap of the host crystal. © 2001 Elsevier Science B.V.

All rights reserved.
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1. Introduction

Recently, various new fluoride crystals have
been developed as the host crystals for new solid-
state tunable ultraviolet (UV) and infrared laser
materials. Among them, LiCaAlF¢ (LiCAF) and

*Corresponding author. Institute for Molecular Science, 38
Nishigonaka, Myodaiji, Okazaki, Aichi 444-8585, Japan. Tel.:
+81-564-55-7477; fax: +81-564-55-7218.

"Present address: Hosono Transparent Electro-Active Mate-
rials Project, ERATO, Japan Science and Technology Corpora-
tion (JST), C-1232, KSP, 3-2-1 Sakato, Takatsu-ku, Kawasaki,
Kanagawa 213-0012, Japan.

LiSrAlF¢ (LiSAF) are the successful materials for
Chromium [1,2] or Cerium [3-7] doping. For
Cerium doping in particular, Ce®>" :LiCaAlF,
(Ce:LiCAF) and Ce** :LiSrAlF, (Ce:LiSAF)
are attractive solid-state lasers with their practical
tuning region from 280 to 315 nm and capability of
the fourth harmonic of an Nd: YAG laser pump-
ing [8]. 60 mJ output from Ce: LiCAF was already
demonstrated with large-sized Czochralski (CZ)
grown crystal. In spite of the similar tunability and
laser efficiency, LiCAF is even more attractive
than LiSAF because the solarization effect of
LiCAF was much smaller than that of LiSAF

0022-0248/01/$ - see front matter © 2001 Elsevier Science B.V. All rights reserved.

PI: S0022-0248(01)01217-9



502 T. Kozeki et al. | Journal of Crystal Growth 229 (2001) 501-504

[3-7]. In order to improve the laser performance, it
is necessary to investigate these materials from the
spectroscopic point of view. In addition, there is a
possibility that these materials will be used as an
optical material in the UV and the vacuum
ultraviolet (VUYV) region. These kinds of materials
have become much important for the deep
ultraviolet lithographic technology for the semi-
conductor processing technology of the next
century and the UV and the VUV spectroscopy.
In this paper, the transmission characteristics of
LiCAF and LiSAF are reported by using synchro-
tron orbital radiation. LiCAF shows almost the
same transmission characteristics compared with
LiF [9]. Moreover, if other pumping schemes were
available for this crystal, it will also expand the
applicability of this laser medium. Observation of
new excitation channel of Ce’" ions through
LiCAF host crystal was also found.

2. Experimental procedure

Crystals of LICAF and LiSAF were grown in a
CZ system driven by a 30kW RF generator.
Commercially available AlF;, CaF,, SrF, and LiF
powders of high purity (>99.99%) were used as
the starting material. Growth orientation was
controlled by using a-axis oriented seed crystals.
The pulling rate was 1 mm/h and the rotation rate
was 10 rpm. The growth was carried out in the Ar
gas atmosphere and the starting material was
melted at 1120K [10]. Na+ was co-doped for the
charge compensation. The all fluoride samples for
spectroscopy were cut about 1-mm thick. The
experiment was performed at the ultraviolet
synchrotron orbital radiation facility (UVSOR)
in Institute for Molecular Science (IMS) using a
I-m focal-length Seya—Namioka monochromator
[11] at room temperature. The beam flux at the
sample position was about 10'° photons/s around
200nm with 0.1 mm slit. To obtain transmission
spectra, the Seya—Namioka monochromator was
used to select the excitation wavelength and the
transmitted signal was detected by a photo multi-
plier. These apparatuses were aligned collinearly

and were placed in a chamber that is evacuated to
better than 1 x 10~° Torr by an ion pump.

Fig. 1 indicates the transmission spectrum of
various fluoride samples. In this experiment, 1%
transmission point was defined as the transmission
edge, because the 1% transmission is dark enough
to use these materials for not only a laser crystal
but also a practical window in the UV and the
VUYV region. The transmission edge of LICAF and
LiSAF were located at 112 and 116nm, respec-
tively. In particular, the transmission edge of
LiCAF is very close to that of LiF reported in
Ref. [9]. The difference of the transmission edge
between LiCAF and LiSAF may be due to the
solarization free nature of LICAF. The absorption
dip at around 130 nm in the LiCAF and the LiSAF
transmission spectra might be attributed to the
color center or impurity. Therefore, after improv-
ing the crystal quality, this absorption should be
disappeared. Certainly LiF is a good window
material because it has wide transmission wave-
length down to about 110 nm. However, in the UV
and the VUV region, the problems of the
commonly used optical materials such as LiF are
the limitation of transmission wavelength, the
solarization of the material with irradiation of
high power UV light, and the difficulty of material
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Fig. 1. Transmission characteristics of LICAF and LiSAF at
room temperature. The transmission edge of LiCAF and
LiSAF are 112, 116 nm, respectively. The definition of the
transmission edge is written in the text.
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Fig. 2. The experimental setup for observation of excitation
channel.
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Fig. 3. The excitation spectrum and transmission curve for the
Ce:LIiCAF crystal. The transmission edge 112nm corre-
sponded to the peak of excitation spectrum.

processing and polishing due to the cleavage and
the hydroscopic nature. LiICAF does not have
cleavage or hydroscopic characteristics [12]. There-
fore, LiCAF is regarded as a suitable optical
material for UV and VUV region. Although
further spectroscopic experiments are indispen-
sable, the transmission edge of LiCAF (112 nm) is
very remarkable. This material will be more
important for the next generation lithographic

Fig. 4. Schematic of energy levels and possible decay channel in
Ce: LiCAF crystal.

technology [13]. For confirming the large bandgap,
the excitation characteristics of LICAF with Ce**
ion doping crystal were measured using the same
apparatus as shown in Fig. 2. It was already known
that the luminescence spectrum of Ce:LiCAF
is around 290 nm. Therefore, the excitation char-
acteristics of Ce: LICAF was examined by detect-
ing fluorescence emission with photo multiplier
through 290nm band-pass filter as shown in
Fig. 3.

3. Results and discussion

The two peaks in the excitation spectrum
corresponded to the absorption of Ce*" ions.
Moreover, new excitation channel at around
112nm was found. Fig.4 shows schematic of
energy levels and possible decay channel in
Ce: LiCAF crystal. The transmission edge of the
crystal is known to be about 112nm. That
completely coincided with the peak of excitation
spectrum. Therefore, this excitation can be con-
sidered as electron transfer from host crystal to the
active Ce* " jons. This experiment shows that such
excitation spectrum measurement of Ce’” ions
will also be useful for the spectroscopy or bandgap
estimation of the host crystal itself.
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4. Summary

In conclusion, we have presented transmission
spectra of LICAF and LiSAF by using synchro-
tron radiation. The transmission edge of LiCAF
and LiSAF are, respectively, 112 and 116 nm were
found, respectively. Compared with LiF, LiCAF is
an ideal optical material in the UV and the VUV
region because of the non-hydroscopic nature and
the better mechanical processing properties.
Additionally new excitation channel of Ce** ions
through LiCAF host crystal was discovered. It is
interesting that this excitation channel indicates the
bandgap of the crystal. This excitation channel will be
used as a potential pumping channel including
electron-beam pumping or VUV pumping. For future
scaling of high power Ce: LiCAF lasers [14,15].

Acknowledgements

The authors would like to extend their thanks to
Mr. S. Ono and Mr. E. Kawahata at IMS for their
experimental support, Mr. M. Hasumoto, Prof.
M. Kamada and Prof. K. Mitsuke at IMS for
helpful discussions.

References

[1] S.A. Payne, L.L. Chase, HW. Newkirk, L.K. Smith,
W. F. Krupke: IEEE J. Quantum. Electron. 24 (1988)
2243.

[2] S.A. Payne, L.L. Chase, L.K. Smith, W.L. Kway,
H.W. Newkirk, J. Appl. Phys. 66 (1989) 1051.

[3] M.A. Dubinskii, V.V. Semashko, A.K. Naumov, R.Y.
Abdulsabirov, S.L. Korableva, in: A.A. Pinto, T.Y. Fan
(Eds.), OSA Proceedings on Advanced Solid-State Lasers,
Vol. 15, Optical Society of America, Washington DC,
1993, p. 195.

[4] M.A. Dubinskii, V.V. Semashko, A.K. Naumov et al.,
J. Mod. Opt. 40 (1993) 1.

[5] J.F. Pinto, G.H. Rosenblatt, L. Esterowitz, G.J. Quarles,
Electron. Lett. 30 (1994) 240.

[6] C.D. Marshall, S.A. Payne, J.A. Speth, W.F. Krupke, G.J.
Quarles, V. Castillo, B.H.T. Chai, J. Opt. Soc. Am. B. 11
(1994) 2054.

[7]1 N. Sarukura, Z. Liu, H. Ohtake, Y. Segawa, M.A.
Dubinskii, R.Y. Abdulsabirov, S.L. Korableva, A.K.
Naumov, V.V. Semashko, Opt. Lett. 22 (1997) 994.

[8] Z. Liu, S. Izumida, H. Ohtake, N. Sarukura,
K. Shimamura, N. Mujilatu, S. Baldochi, T. Fukuda,
Jpn. J. Appl. Phys. 37 (1998) L1318.

[9] E.D. Palik, W.R. Hunter, in: E.D. Palik (Ed.), Handbook
of Optical Constants of Solids, Academic Press, London,
1985, p. 675.

[10] K. Shimamura, N. Mujulatu, K. Nakano, S.L. Baldochi,
Z. Liu, H. Ohtake, N. Sarukura, T. Fukuda, J. Crystal
Growth 197 (1999) 896.

[11] M. Kamada, H. Hama, T. Kinoshita, N. Kosugi,
J. Synchrotron Radiat. 5 (1998) 1166.

[12] M.J. Weber (Ed.), Handbook of Laser Science
and Technology, CRC Press, Boca Raton, 1994, Vol.4
(Suppl. 2), p. 30.

[13] T.M. Bloomstein, M.W. Horm, M. Rothschild, R.R.
Kunz, S.T. Palmacci, R.B. Goodman, J. Vac. Sci. Technol.
B 15 (1997) 2112.

[14] Z. Liu, K. Shimamura, K. Nakano, N. Mujilatu,
T. Fukuda, T. Kozeki, H. Ohtake, N. Sarukura, Jpn.
J. Appl. Phys. 39 (2000) L466.

[15] Z. Liu, T. Kozeki, Y. Suzuki, N. Sarukura, K. Shimamura,
T. Fukuda, M. Hirano, H. Hosono, Opt. Lett. 26 (2001)
301.



