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OPTICAL METHODS IN CHARACTERIZATION
OF HTSC THIN FILM SUBSTRATES
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Short overview of optical methods which proved to be useful in the char-
acterization of HTSC thin film substrates is presented. Preliminary tests in
polariscopic arrangements, interferometric measurements, optical absorption
and emission spectroscopy reveal macroscopic deficiencies of the crystal. In-
tentionally introduced impurity ions serve as probes of a local strength and
symmetry of the crystal field. Results of optical study of SrLaGaOs and
SrLaAlO4 crystals are presented and discussed.

PACS numbers: 78.55.Hx, 42.70.Hj

Performance of high temperature superconducting thin films depends criti-
cally on the physical properties of a material used as a substrate. In particular,
any potential substrate material should combine an acceptably low dielectric con-
stant and low microwave noise levels with the stable crystalline structure giving
minimal mismatch with the superconductor used. In addition to these features,
which are inherent to the material considered, a high structural perfection is de-
sired and usually the most difficult to achieve. Methods of optical spectroscopy
provide information on both the structural stability and the density of lattice
defects which is relevant to the development of high quality HTSC substrates.
Among different approaches to get more close insight into the crystal structure of
a substrate the behaviour of as grown and intentionally induced structural defects
are studied by both the optical absorption and emission spectroscopy in a wide
temperature region. In another approach convenient magnetic ions are introduced
to the crystal structure as probes of local crystal field and symmetry. A more so-
phisticated method consists of an activation of a substrate crystal with ions which
are able to sustain the laser action. Considering the information provided by the
optical methods we may distinguish macroscopic and microscopic approaches. In
the macroscopic approach the data obtained are averaged values which character-
ize a certain volume of a sample under study. A microscopic approach is able to
give information on the nature of a site occupied by atoms of which the crystal is
composed. '

In the preliminary macroscopic examination of dielectric material a polar-
iscopic arrangement is useful. In this examination the expanded and collimated
light beam from He-Ne laser illuminates the sample between crossed polarizers.
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Fig. 1. Room temperature absorption and emission spectra of point defects in
SrLaAlOy4 crystals.

Tig. 2. Experimental setup for evaluation of optical losses in crystals by measurements
of threshold for stimulated emission as a function of output mirror reflectivity. The inset
shows the experimental data for SrLaAlO4 activated with Nd.

Striations and built-in strain give rise to depolarization, the light is partially trans-
mitted by the analyzer and forms the so-called isogyres corresponding to the points
of the constant phase difference.

In a more sophisticated method a sample of material under study is inserted
in one arm of an interferometer, such as Twyman—Green. Minute inhomogeneities,
strain, distortions and inclusions are shown as fringes. In addition to these quali-
tative tests, which show the macroscopic imperfections, the optical absorption and
emission spectroscopy reveals optically active impurities of a material. In Fig. 1
the optical absorption and emission spectra of SrLaAlQO4 single crystal is shown.
Absorption band stretching from about 500 nm to the fundamental absorption
edge in UV is associated with point defects, presumably F and FT centres. An
emission with a relatively important Stokes shift has been attributed to the F+
centre relaxation. Weak and sharp lines between 500 nm and 700 nm have been
attributed to traces of Pr3* impurity. Semiquantitative evaluation of both the
passive defects such as strains, inhomogeneities, etc., as well as optically active
impurities, involves an intentional introduction of luminescent impurity ions into
the crystal structure and an analysis of their stimulated emission. In Fig. 2 we
present an arrangement built for an examination of optical quality of SrLaAlOy4
and SrLaGaQy crystals, in which a small amount of La ions was substituted by Nd
ions [1]. A sample in an optical resonator is optically pumped by a diode laser and
the threshold for stimulated emission is measured as a function of output mirror
reflectivity. The inset in Fig. 2 shows a plot of threshold versus output reflectiv-
ity for SrLaAlQ4 : Nd “laser quality” crystal having the overall optical losses of
0.02 cm™1.
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Room temperature, polarized absorption spectra associated with "Fo—2Dgy and

"Fo—-°D; transitions of Eu®t in SrLaAlO, crystal. Solid line — =« polarization, dotted
line — o polarization. The inset shows the relevant energy level scheme for Eu®t.
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Fig. 4. Time resolved emission spectra of chromium doped SrLaGaOy crystal showing
three different crystal field sites of Cr®*. The inset shows the energies of low lying states
as a function of the crystal field strength.

Correlation of optical properties of intentionally introduced impurity ions,
with results of X-ray study and ESR measurements provides information on the
strength and symmetry of the crystal field acting on atoms of which the crystal is
formed. This “microscopic approach” may be useful in the determination of origins
of macroscopic imperfections.

The best probes of symmetry and strength of the crystal field are Eu3t
and Cr3* ions. Trivalent europium with its unsplit ground state and well-isolated
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excited states is relatively easy to deal with. The room temperature, polarized
. absorption spectra associated with "Fo—°Dy, 5D; transitions of Eu®* in SrLaAlO4
are presented in Fig. 3 together with a relevant energy level scheme indicated in
the inset. According to X-ray study [2, 3], the structure of the crystal is built up
from the layers of AlOg octahedra formed in the ab plane and between the layers
the Sr?*t and La®* ions are distributed randomly in the sites of Cy4, symmetry.

Disparity of size and charge of Sr?t and La3+ results in certain structural
disorder. It can be inferred from the spectra in Fig. 3 that the variation of the
crystal field strength gives rise to strong broadening of lines, but the symmetry se-
lection rules for electric and magnetic dipole transitions are fully obeyed indicating
that the Cj, symmetry is not distorted.

Unlike the Eu3t ion, the trivalent chromium provides information in a lumi-
nescent study rather than in an absorption measurement. Its optically active elec-
trons belong to the outermost 3d orbitals and are very sensitive to small changes of
the crystal field. In Fig. 4 the time resolved luminescence spectra of StLaGaQ4:Cr
crystal are presented. In the inset the energies of luminescent states of Cr3t are
plotted versus crystal field strength Dg/B. In the case of the so-called “strong
crystal field”, where AE value is positive and relatively high, a long lived, narrow
band luminescence associated with the spin forbidden 2E— 44, transition occurs.

In the weak crystal field (AE < 0) a short lived, broad band “T5—-%A; emis-
sion appears, whereas for AFE positive and small the luminescence originates from
the 4Ty and 2E levels in thermal equilibrium. Time resolved spectra in Fig. 4 re-
veal the presence of three Cr3+ sites in a strong, medium and low crystal field,
corresponding to three possibilities for the occupancies of the two A/B sites along
+ c-axis around each CrOg octahedron [4]. In the crystals containing abundant
point defects the number of different Cr3+ is quite large [5].
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