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l.a Obijects and Directions of Study for the 20" Quarter

SryBay.xNb,Os (SBN) is a very attractive material for optical data processing and storage
devices. It is known that doping with rare earth ions can have a strong affect on
photorefractive properties of the SBN. For example, doping with Ce was found to increase
the photorefractive sensitivity in the visible region by two orders of magnitude in comparison
with pure SBN crystals. Hence, regarding photorefractive applications of this material it is
important to know optical properties and parameters of other possible rare earth impurity
centersin the crystal lattice of SBN.

In this quarter we report on the study of the absorption spectra of different rare earth ions in
SrBay.xNb,Og crystal. The results of the study have been submitted to Physica Status Solidi.

1.b Results and Conclusions

The absorption spectra of Ce**, Nd**, Eu®*, Tb*, Er*, Tm* and Yb** rare earth impurity
ions incorporated in SryBay.xNb,Ogs (SBN) crystals were studied in awide spectral range from
the visible to the far infrared. On the basis of the analysis of the Ce* absorption line shapes
and their polarization properties, the conclusion was drawn about the incorporation of
multiple Ce* centers mostly in the Al position of the crystal lattice of SBN. From the
observed temperature dependence of the Ce® absorption line broadening, the electron
coupling strength (160 cm™) and effective phonon energy (300 cm™) were determined.

1.c Exhibits

Paper preprint:

R. Demirbilek, A.B. Kutsenko, R. Pankrath, and S.E. Kapphan. "Absorption Spectroscopy of
Rare Earth Impurity Centersin SrxBa;xNb,Og Crystals'. physica status solidi, to be
published.
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2.a Main results obtained in the course of the Project execution

In the frames of the CRDF Project Ne RPO-1385-ST-03, a complex study of the material
properties and charge transport phenomena was carried out in a direct comparison with
photorefractive properties for a number of the ferroelectric and virtual ferroelectric materials.

The following important results have been obtained:

EPR (Electron Paramagnetic Resonance) studies directly supported a simple optica method
developed at WPAFB (in collaboration with loffe) to measure concentrations of Fe** and Fe**
in LiNbOgs:Fe crystals;

strong effects of the growth methods and post-growth treatments of LiNbO; crystals were
found on Fe centers — their concentrations and microstructures;

presence of different Fe centers in differently treated LiNbO; crystals was identified as a
cause of very different efficiencies of TBC (Two Beam Coupling) in those samples;

with agoal to directly measure the electric fields in photorefraction gratings, Stark effect with
novel manifestations caused by the repoling of the sample under the electric field was found
on Fe centersin LiNbOs:Fe;

by means of CEES (Combined Excitation - Emission Spectroscopy) technique, 14
nonequivalent positions of Eu®* centers were resolved in the VTE samples of LiNbOs:Eu;

EPR spectra, photocurrent excitation spectra, and dark conductivity were studied on
KNDbOs:Fe crystals and compared with the results obtained at AFRL on these same samples
through optical absorption and contra-directional two-beam coupling;

non-volatile holographic storage, based on the two-centre holographic recording has been
tested in double doped strontium barium niobate (SrxBay.xNb,Og:Ce:Cr);

three absorption bands in the far-infrared absorption spectra of SryBa;.xNb,Os:Ce were
attributed to the three nonequivalent positions of Ce* in SBN lattice;

strong optical aignment of Cu** and three Ni** related centers was found and studied in
KTaO; crystals;

electric-field effectsin KTaOj3 crystals were studied on the Ni related center.

These results have been reported in 14 presentations given at 11 International Conferences
and published in 12 papers (see the lists below, Section 2.b).

2.b Declarations, disclaimers, and acknowledgments

The following papers and presentations given at the International Conferences acknowledge
the support by CRDF, Grant RPO-1385-ST-03:

Papers:

1. C.A.Bacyn, A.I'. Pazno6apun, JI.C. CouaBa, D.R. Evans. “OnTtuueckoe BbICTpanBaHue
AKCHAJIbHBIX IICHTPOB Cu®* B KTaOs: CIIeKTpajbHasl 3aBUCUMOCTh dddekTa”. Duzuka
Teépoozo Tena, 2004, 1.46, Ne2, cc.253-258
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(2) In accordance with Defense Federal Acquisition Regulation 252.227-7036, Declaration of
Technical Data Conformity (Jan 1997), "The Contractor, Professor A.A. Kaplyanskii, hereby
declares that, to the best of his knowledge and belief, the technical data delivered herewith
under Contract No. FA8655-03-D-0001, DO 0006, is complete, accurate, and complies with
al requirements of the contract.

DATE: 23 September, 2008

Name and Title of Authorized Official (Project Director):
Professor A.A. Kaplyanskii

(2) In accordance with the requirements in Federal Acquisition Regulation 52.227-11, Patent
Rights-Retention by the Contractor, A.A. Kaplyanskii (Jun 1997),

"I certify that there were no subject inventions to declare as defined in FAR 52.227-11,
during the performance of this order."

DATE: 23 September, 2008

Name and Title of Authorized Official (Project Director):
Professor A.A. Kaplyanskii

The referenced Federal Acquisition Regulations can be found at http://farsite.hill.af.mil or
http://www.arnet.gov/far/
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