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ABSTRACT

The results of studying experimental and theoretical results on spectral
properties of selected oxides as pure as doped with Me/RE ions discussed
this paper. Experimental data resulting from investigation of radiation
induced defectsin sapphire and strontium titanate over y- or plasma flow.
Ordered and quasi-ordered nano- and sub-nanostructures were discov-
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ered on surface of the oxides over plasma flow and performed using high
resolution SEM and AFM techniques. Registered ion’s X ray line shift
shows change in the oxidation state in the host and impurity ions. XRD
data were calculated for crystal’s crystalline lattice. Ab initio simulation
of cluster electronic structure and ions energy level’s scheme was taken

into account for interpretation.

INTRODUCTION

Oxide single crystals were and continue to be
very interested objects for study and applications.
Simple oxide, as sapphire, a-AlLO, or complex one,
perovskite as strontium titanate, SrTiO, (STO), are
the best objects for study of electronic structure of
single crystals as well as pure or doped ones with
ionsof transition group elements, so-called Meions
or/and rareearthions, RE. Growinginterest to nano-
sized crystals and clusters moves to detail study of
the samples before and after treatment.

It iswell known*-3! that physical properties of
wide band gap oxides depend on type and concen-
tration of doped ionsand structural defects. On other
hand, properties of the main defectsstrongly depend
on crystal producing technology. Follow!*-¢ notice
that point defects such as oxygen’s or cation’s va-
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cancies, interstitial ions and impurities play impor-
tant role in additional optical absorption of natura
and grown crystals.

As shown inft-2 pure and doped crystals are
growing in different conditions. Moreover, devia-
tion from stoichiometry accompanied by evapora-
tion of oxygen and/or selected oxides in growth
chamber, and ground crystal properties may be suf-
ficiently changed upon specia thermal treatment in
different atmosphere*-¢. Moreover, introduction of
impurities leads to appearance of additional point
and colour centres and related absorption or [umi-
nescence bands?*- 7.

It isknown that ionizing radiation, exemplary, y
-, electron’s, etc. affects in change in spectral prop-
erties of selected wide band gap crystals and leads
to rising additional lines and bands in optical ab-
sorption or/and luminescence spectra, including ESR
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ones®- 7. The additional optical absorption, so-
called AA spectra, observed in different oxides ap-
pears through radiation induced colour centres and
changesin oxidation state of host and impurity iong”
-14, Recently more complex figures including or-
dered nano- or sub-nanostuctures were discovered
on selected oxide surface over plasma flow!®- 1,

The results of studying the colour centres pro-
ducing change in spectral properties of the irradi-
ated oxides, such as optical absorption and lumi-
nescence, ESR, thermo-luminescence, TSL, and
thermo-conductivity, TSC techniques were per-
formed in detail’®-123. For estimation of ion’s oxida-
tion state stability as component as doping ones, the
method of valenceshiftin X ray lines, VSXRL, pro-
posed inl” ¥ were taken into account. Crystalline
lattice parameters in the samples were cal cul ated,
too. Changein surface morphol ogy was studied with
help of high resolution scanning el ectron, SEM, and
atomic force, AFM, microscopy techniques® 10-11,

Follow! 4 the results of theoretical simulation
based on the self-consistent field theory for impu-
rity ions and clusters which are closely to experi-
mentsfor tested oxides are performed.

Setupsand samples

Optical spectraof the tested oxides as sapphire
and strontium titanate, STO, inthefull range of trans-
parency were studied before and after effect of ion-
izing and plasma flow. Standard optica measure-
mentsinVUV - UV, visibleand IR region of spectra
(T =300, 77, 10 and 4.2 K), ESR technique (Varian
spectrometer, A = 3cm, 8 mm, T = 77, 300 K)2 9,
original TSL -TSC'®12-13 experimentswereinvolved
to study energy and concentration of trapping cen-
ters, energy levels schemes of impurities and point
defects.

Original VSXRL method was developed of
studying the oxidation state of host and impurity ions
(energy-dispersive X ray line spectroscopy, EDX
technique) with help of modified microanalyser
Cameca™- 4, Atomic force microscopy (AFM, NP
206), scanning electron microscopy (SEM, JEOL
840A) were used to study sample’s surface. Addi-
tionally, SEM images were studied in TU Dresden
with help of ZeissULTRADS (thermal Schottky field
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emitter) technique including cathode luminescence
emission spectra device.

Follow!®°-12 changein crystals growth technol -
ogy and related variation in spectral properties of
the samples grown under different conditions was
studied. Application of the samples obtained from
charges of different quality and variation in crystal
growth parameters (atmosphere, temperature, etc.)
in growing chamber or/and additional thermal treat-
ment has been used, too® 1°-24, Selected crystals
contain of doped and co-doped Me/RE ions: Ti, V,
Cr, Mn, Fe, Pr, Nd, etc.

Pure and un-doped sapphires were prepared by
the main method such as: Verneuil - V, Czochral sky
- Cz, Stemanov - S, vertical/horizontal direction —
DC, etc. ones. Selected crystals were grown from
super pure charges, exemplary - Vg DCsp, etc.
Doped crystals, as ruby, a-ALQO,: Cr, with Cr ion
concentration up 1072 to 510 wt % and sapphire
doped with other Me ions were grown by Verneuil
technique and vertical/horizontal direction method
using the standard and super pure mixture. Additiona
information for sapphire crystals growth techniques
discussed inl® 14 22,

STO samples were created by Verneuil and
Czochral sky techniquesusing super perfect and stan-
dard charge and, sometimes, deeply changing growth
conditions. Crystal growth techniquesfor STO single
crystals were discussed inl*°- 122 24 top,

The results of studying the crystalline lattice of
the samples were performed with help of
diffractometer DRON-3UM for crystals and power
samples and described in detail inl% 9,

Surface of the plasmatreated samples

Plasmatreatment of the oxide surfaceswas car-
ried out with help of the two different magneto-
plasma compressors (MPC). A detailed description
of experimental setups and methods may be found
int?6-27_ Briefly, the MPC is a single-stage quasi-
stationary plasma accelerator. The self-magnetic-
tield-sample shielding of an anode rods diminishes
level of erosion. Anoderods are connected by acar-
rier, which enables M PC flux magnitudein order of
magnitude of 1022cm2-sand energy values of W =
1,5, 10, 15 and 20 Jcm™ per impulse for different
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devices, respectively.

Corresponding timefor quasi-stable state plasma
impulse in different MPC varied inrange: © = (1 -
150)-10°¢ s. Estimated maximum of alocal tempera-
ture T on the sample surfaceis near T ~ 2000 K8,
Thethickness of the near-surface layer involved by
plasma-treatment according to ellipsometry measure-
ment, recorded by Prof. A. Konstantinova, isnearby
10° - 10"m. SEM and AFM images of the crystal
surfaces in original state are similar for the pure
and doped samples.

Exemplary, SEM and AFM images of selected
area on the STO: Nd surface sample, perfect sap-
phire and ruby one created by different MPC de-
vices mentioned above plasma-flow with the energy
density (dose) of about W =1 - 15 Jecm2given in
Figures 1- 4. Follow!**® the image (Figure 1) was
created by “short time” high intensive plasma im-
pulse. As was note above, the image (Figures 2 - 4)
corresponds to a “long time”’middle energy plasma
impul se'%- 28,

Nanostructures appearing on the STO surface
consist of ordered or quasi-ordered system of unit
pyramid type crystallites with size of about 107 —
10 m (Figures 1 and 2). Different images includ-
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Figure 2 : AFM image of STO: Nd sample over plasma
flow
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ing one- or two level nano-structures were recorded
for selected sample’s place because of radial dis-
tribution in plasma energy flow. Two-level ordered
nanostructures were discovered and studied on the
surface of main part of the STO samples. Selected
areasincluding quasi-ordered system of needle-like
crystallites with size of about 10 - 10° m were
founded on sapphire surface (Figure 3) and addi-
tionaly treated in reducing atmosphere ruby sample
(Figure4).

Opticsand XRD

Follow!®- 14 we are waiting for strong depen-
dence of plasmaflow effect on crystal growth con-
ditions and investigate selected spectral properties
of sapphire and STO samples as pure and doped
ones growing under different conditionsarethefol-
lowing.

Sapphire
Optical absorption spectrain the pure sapphire

pmfdiv
0,063

Figure 3 : AFM image of STO: Sm sample over plasma
flow
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Figure 4 : AFM image of ruby sample over plasma flow
and additional treatment
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grown with different methods were performed inf®
12-14 Fundamental absorption edge for the perfect
samples is nearby A = 142 nm. Strong optical ab-
sorption of nominally pure (un-doped) samples be-
ginsat A =195 nm and rel atesto accidental impuri-
ties and structural point defects. Selected data for
optical, ESR, TSC and TSL spectra in super pure
sapphire are given in®.,

Optical absorption bands upon irradiation for
the perfect sapphire are absent. For the most of tested
and irradiated samples additional absorption, AA,
spectrawere found. Iradiation of the sapphire con-
taining impurity with small concentration, C, <10
2 wt %, changes in initial optical bands intensity,
only. Rising impurity concentration affectsin appear-
ance of intensive AA and diminishing point defects
absorptiont*2- ¥, And follow!” 22 we can confirm
that concentration of accidental impurities and
growth conditions determine profile of point color
centersin the sapphire (oxides). AA bandsintensity
grows with radiation dose and stops under W = 10*
Gy for any type of radiation. As shown in[4 22 24
irradiation of pure or doped sapphire stimulated
growing conductivity of the samples at 4 orders as
much.

Variationinconcentration of doped ionsand doze
of irradiation inducing defects in sapphire was de-
termined with help of ESR technique. Follow!® the
concentration of Cr*?® (as mark presenting as acci-
dental impurity for the most samples) may be evalu-
ated via the intensity of 42 <> -2 ESR line while
total concentration of defects was estimated viathe
half-width of 3/2 <> 1/2 transition in Cr*3ion. Cor-
responding data for sapphire doped with other Me
ions discussed in™ 4, Studying optical spectrathe
sapphire doped with Me ions diminishing role of
point defect influence when impurity concentration
increasing up 102 to 0.5 wt % was revea ed.

The following AA wide bands peaked at A =
217, 270, 360 and 460 nm set inirradiated ruby. As
shown ini* 4 22-241 three bands correspond to elec-
tron transition in Cr*#ionslocated in octahedral site
of sapphire lattice. Additional data for ions oxida-
tion state and radiation stimulated colour centresin
sapphire doped with Meionswere performed inf¢-"

21-22)
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Plasmaflow affectsinrising scattering light in-
tensity from the pure sapphire and appearance small
intensity absorption bands peaked at A = 217, 270,
360 and 460 nm in ruby ones.

Follow!*> 17 no diffraction peaks in sapphire or
ruby treated by plasma flow from crystal surface
were recorded.

Srontium titanate

Follow!?* 27-29 optical absorption spectra of the
STO samplesstrongly depend on stocihiometry com-
position and crystals growth conditions. Selected
large samples consist of three radia parts. trans-
parent (external), yellow (mid) and “blue spot” (in-
side) ones wit corresponding absorption spectrain-
cluding wide bands peaked at A = 430, 520 nm and
additiona band peaked at A = 620 nm in selected
samples. Absorption and luminescence spectra in
perfect crystals have no bands or lines. The stan-
dard samples, including accidental impurity (Cr, Fe,
etc.) with concentration C,__ ~ 10* wt % consist of
wide bands peaked at A = 430 520 nm. Changingin
wide spread relative intensity bands was recorded
in the un-doped STO samples grown under special
conditions.

Follow(*>-1 gptical luminescence band excited
by laser’s irradiation with A = 578.2 nm werefitted
at A = 650 nm for the next samples. near stoichio-
metric relation pure sample, “blue spot” and doped
with RE ions. Optical luminescence spectra were
recorded in “blue spot” and STO: Mn samples as
before as after thermal treatment at T =77 K during
600 s.

Common picture including laser exciting beam
peaking at A = 578.2 nm, Raman’s scattering line
rising at 602 nm and wideluminescence band peaked
at 650 nm given in Figure 5. Curves 1 and 3 corre-
spond to “blue spot” and STO: Mn samples in origi-
nal state. Follow!*™ curve 2 corresponds to lumi-
nescence band in “blue spot” sample after low tem-
perature, T = 77 K, treatment and curve - 4 shows
the luminescence band in the STO: Mn plasma
treated sample. Note, the luminescence band inten-
sity is in opposite to the absorption intensity one
peaking at A = 620 nm.

Follow!*# ¢ during the electron microscopy
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Figure5 : Spectra of luminescence of perfect sample and
doped with SrTiO,: Mn, 1 - before and 2- after thermal
treatment at T =77 K. “Blue spot” sample 3 - before and
4 - over plasma treatment

studying the cathode luminescence spectra in the
transparent, yellow and “blue spot” STO sample’s
parts were recorded under different electron cur-
rent density (Figures6 and 7) Theintensity ratio for
the bands, recorded during probing of the transpar-
ent, yellow and blue col or regions (Figure 6) peaked
at A = 460, 550, 600 and 700 nm are, respectively:
1/2.35/3.82, 1/3.5/6.25, 1/5.1/7.2 and /6/12. The next
data for the bands intensity were recorded: 1.41/
1.25/1, 7/11/1 and 1/4/2. For the last bands inten-
sity peaked at A = 550 nm the ratio is following:
1.5/8/1. Order of relative band intensity as 1-2-3
curves peaked at A = 460 nm, 2-3-1 at A = 600 nm
and small intensity fail a A = 700 nm (Figure 6)
changesto 3-2-1 onefixed at A =460 nm, A =550 or
600 nm and gigantic intensity peak at A = 700 nm for
yellow crystal (Figure 7).

Follow the ground properties in the STO
samples such as: impurity’s concentration, C, , &
value, relative stoichiometry relation, Sr/Ti, and
concentration of Ti*®ions were recorded. No AA
bands or peaksin the STO: Me/RE samplesupon y-
irradiation. Strong radiation resistance in pure and
doped samples may be explained by relative high
conductivity. Dielectric constantin the STO perfect
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Figure 6 : Cathode luminescence spectra for SrTiO,: 1 -

transparent area, 2 - yellow area, 3 - “blue spot” - 3.
Conditions 1
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Figure 7 : Cathode luminescence spectra for SrT|O 1-
transparent area, 2 - yellow area, 3 - “blue spot” - 3.
Conditions 2.

is near ¢ = (320 + 5) and strongly decreasing for
doped samples.

X ray diffraction were studied for perfect, un-
doped complex sampl e (consist of transparent, “yel-
low”, “blue spot” parts) and doped with Mn, Co
and Nd ions crystals, too. Crystallographic param-
eter in perfect crystal equals. a=(3.9048 + 0.0008)
A and a=(3.9038 + 0.0008) A for transparent part
of the complex sample. Crystallographic parameter
inthe“yellow” crystal in cubic symmetry was found:
a=(3.9032 + 0.0008) A.

Follow™-1Slsufficient changein crystallographic
symmetry and parametersin the “blue spot” samples
were discovered. Tetrahedral system with diffrac-
tion peaks under following directions: (100), (110),
(111), (200), 210) and (211) and 20 = 22.767,
32.391; 39.958; 46.500, 52.375 and 57.839°, accord-
ingly, were recorded. Corresponding datafor crys-
tallographic parameters were found: a = (3.9023 +
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0.0011) A and ¢ =(5.5213+0.0013) A. Elementary
unit value changes from 59.47 to 84.08 A3,

Report?Y shows the parameter a in STO: Nd
samplesover plasmaflow decreasesto a=(3.8922+
0.0006) A when crystallographic lattice symmetry
don’t change. In the crystals doped with Mn or Co
ions cubic symmetry wererecorded under room tem-
perature, too. Calculated parameter ainthe samples
doped with Mnionschangesto a=(3.9045+ 0.0005)
A and a = (3.9038+0.0005) A (STO: Co). Tetrahe-
dral | attice symmetry wasfounded in special grown
STO: Fe: V sample under parameters. a = (3.9027
+0.0011) A and ¢ = (5.5218 + 0.0013) A.

Follow!s 8 diminishing crystalline cubic pa-
rameter up a= (3.9052 + 0.0008) A to a = (3.8922+
0.0006) A for STO perfect sample and a = (3.8890+
0.0006) A for STO: Nd was recorded before and
after plasmatreatment.

Oxidation state of the Me/RE ions
Tiionsin STO
Aswasnoted above, theV SXRL method isbased
on the dependence of the energiesof K- L-, and other
X ray characteristic lines on theion oxidation state.
Studying the changein energy position of Me/RE X
ray line the valence of component or impurity ions
in oxide upon irradiation, thermal or plasma tresat-
ment using X ray lines spectroscopy can berecorded.
Follow(? 1215 gccuracy in energy determination
in MeK , line can be ab initio calculated as differ-
ence in energy of n’1’3d" configurations with n’1’

= 1sor 2p (MeK , line) excited electrons, which
provides theoretical energy value for CrK , line:
E(K ) = 5412.14 eV, when experimenta data for
Cr metallic equals E(K ) = 5411.88 eV. Valence
shift, VS, in X ray line determined as change in X
ray line energy related to variation in ion oxidation
statel* 13-4, Selected experimental profilesfor TiK |
linein STO samplesaregivenin Figure 8. Curve 1
correspondsto TiK , linein perfect crystal, 2 - origi-
nal SITiO,: Nd one. Notice, profilefor TiK  linein
“blue spot” is nearby to curve 2. Curve 3 represents
TiK _ line profile for STO: Nd sample over plasma
flow (doze of about W = 20 Jcm?). According to
theoretical and experimental datathe shiftin TiK |
lineindicates changein oxidation state of some part
of Ti ions. The positive shift in position of TiK
linein each samplewasfixed. Consequently change
in Ti ion oxidation state as Ti** — Ti*3 transition
exactly registered with definite concentration.

Calculated data for VSin TiK _ line described
by Lorentz function arethe following: VS(TiK ) =
+(0.49 £ 0.09) eV in “blue spot” sample and STO:
Nd. VS(TIK ) = + (0.37 + 0.09) eV in STO: Mn.
For TiK , linein STO: Nd before and over plasma
flow theVSvalueisfollowing: AE(TIK ) =+ (0.29
+ 0.09) eV. Selected data for other tested samples
are similar: VS(Ti K ) = +(0.32 = 0.09) eV, STO:
Ni (Co) and VS(TIK ) =+ (0.45 £ 0.09) eV aéy
STO: Sm.

Positive shift in the energy of TiK | X ray line
strongly correlateswith intensity of AA bandsin STO
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Figure 8 : TiK , X ray line profile in SrTiO3 samples: 1 — super pure, 2 - SrTiO, Mn, 3 - «blue spot» and SrTiO,:

Nd initial sample, 4 - SrTiO,: Nd over plasma flow
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spectra and growing concentration of Ti*® ions in
the samples. Ti*® ion’s relative concentration was
calculated for selected samples: C(Ti*®)= (18 + 6)
% for entering Mn samples and C(Ti*®) = (28 + 6)
and C(Ti*®) = (32 + 6) % for doping Nd samples
before and after plasmatreatment.

The shift in SrK_ line for any crystal was less
then experimental error.

There is important, relative intensity of TiK
line grows together with increasing VS on back-
ground of stability in SrK_ line profile position.
During experiments change in relative intensity of
TiK  and SrK | lines and ratio x = I/, in the X
ray lines intensities was detected, too. xk magnitude
variesfrom 1.00t0 0.95 and 0.76 (0.73) for the per-
fect sample, entering Ni or Nd and ““blue spot”, re-
spectively, in close agreement with data of the crys-
tal density measurements®!,

Crionsinruby

Follow(*# 28-2%1 jrradiation of sapphire and gar-
net crystals doped with Me ions creates the shift in
MeK  line, too. Upon irradiation we observe an
increasing or decreasing ion oxidation state. y- irra-
diation of ruby or garnet doped with Cr ions affects
in anegative shift in Crk_ X ray line. Theoretical
VSvalue for CrK  line over increasing vaence is
following: AE(Cr¥*—Cr*) =- 1.20 eV. Metdlic Cr
sample was used as standard during experimental
study of energy position and profile of CrK _ line.
Mathematical processing of X ray line profile
(Lorentz’s function) permits to evaluate VS as
AE(CrK ) =-(0.36 + 0.08) eV. Follow theoretical
and experimental datal™" 2% negative X ray line shift
corresponds to increasing oxidation state in every
Meor REion.

Abinitiotheory for clustersand solids

Follow(* 429 ab initio approach as symbiosis
of the Hartree-Fock-Pauli method and the Heitler-
London mode was performed to study the el ectronic
structure of clusters and doped crystals. Calcul ated
and experimental parameters were compared for
optical and X ray line spectrain Meand RE ionsin
selected wide band gap crystals.

The foundation of the theory isthe well known
Born-Oppenheimer approximation for unrestricted

———  Revfew

Me™: [L], cluster where Meionisencircled by k —
neighborhoodsions- ligands (L ). For the electronic
part of the total wave function of a crystal, we can
write the following equation:

_%ZAi —ZV(E'RHZ% % (1, R) =W (R)¥,(,R) (1)

For Me/RE ion Eq.(1) may be written shortly
as:

[H (1) + Hi (L R (1, R) = B (R (1, R)()
where H (., isthe Hamiltonian for the freeion and

H., describes electron—ion and electron-electron
interactions. For thefirst step, we considering elec-
tronic structure of Me™:[L], cluster, consisting in
central Me ion with nIN ground configuration sur-
rounded by k ligands, at adistance R.

Using the one-electron approximation for the wave
functionsin the central field approximation, the en-

ergy of the cluster may be written as:
E(Me™":[L],)=E, +kE +k (E, + E.+E_) (3)
where E, (E)) is the energy of the central ion and
ligand respectively, in the free state.

ThetermsE , E_and E_ in Eq. (3) correspond to
the energy of the interaction of electrons with the
strange nucleus, the Coulomb interaction and the ex-
change interaction for all electrons. k’, is a numeri-
cal coefficient depending on the symmetry of the
cluster. Expressions for thetermsE , E_and E_ in
Eq. (3) written in® 441,

The central field approximation where the one-
electron wave function is determined as:

6. (1,0,0) = P(nl |1)Y, (8,9) Was taken into account.
The system of equations for the radial functions of
theMe/REion, P(nl |r)andtheligand, P(nl"|r) was
found as result of minimization of Eq. (3) with re-
spect to theradial wave functions of the Me/RE ion
and ligands.

Thefollowing system of equations may bewrit-
ten for eachion in the cluster:

I(1+1)
r2

a2 2.
[W+?Y (nl|r)-¢, -

}P(nl [r)=X'(nl|r)+ an‘l P(nl|r), (4)
wheree,, isone-electron energy. The Coulomb and
exchange potentias,y ' (nl |ryand X (nl |r) differ from

flano Sclence and Nano Technology
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the original Hartree-Fock potentials by the follow-
ing additional terms.

AY(nl|r)=r/2 z_[_q'f:ﬁYkkl(n‘l',n'l‘ 1)+ B, (nl,n1'[1)] (5)

|
K kynl’
Egs. (5) describe the self-consistent field of the
cluster depending onthe state of each electroninthe
system. Thetensor function,Y, .(nl,n’’|r) and coef-

AX(nl|r) == Y[ Y, (nl,n1"[r)+ B r]P(nl 1)

kk1
fidents: aff*, b, o, Baregivenint,

The energy of definite Stark-levels in crystal-
linefield for Me/RE ion may be written as.

E(N" |aa LSIT) = E,+ ) f (1", aa LS)F (nl,nl) +
k

+ 2(LSLS, )n(n) + Y BYie(©.D)), (6)

k,q.i
where E, is the center of gravity of nlN- configura-
tion, F, (nl,nl, the Slater’s integrals, #(nl), the spin-

orbit constant, and B, , thecrystal field parameters

for RE or B, C and Dq for Meion (TABLE 1) ina
cubic field. The standard expression for radial inte-
grals was used.

Follow(® 41429 the Egs.1 — 6 are describing the
radia distribution in the cluster electronic density
and create possibility to study the changeinion elec-
tronic distribution during thetransfer of thefreeMe/
RE ion into the crystal, etc.

Selected experimental and theoretical param-
eters for energy levels in Cr*3 ions in the clusters
aregivenin TABLE 1.

DISCUSSION

Plasma as powerful energy source changes the
crystal surface morphology more effectively through
energy absorption in near-surface layer with thick-
ness nearby 10°- 10" m when melting in near-sur-
face layersis possible. Simulation of surface struc-
ture transformation opens the main conditions for

appearance of ordered nanostructures and changein
surface properties such as, conductivity, melting tem-
perature, scattering, etc.

Amorphous near surfacelayerswerediscovered
in the sapphire when polycrystalline surface struc-
turein the STO crystals was recorded. Appearance
of destroyed layers accompanies by changing sto-
ichiometry composition and high efficiency evapo-
ration of strontium oxideinthe STO samples. Deep
changein stoichiometry relation was detected in the
STO sample surface and we are waiting for similar
and moreweek changesin sapphire. Variationin sto-
ichiometry compositionisbasisfor changein ground
properties of oxides and creates powerful opportu-
nities for applications.

One or two level nanostructures containing the
systems of ordered and quasi-ordered unit crystal-
lites like pyramid or needle type with size varying
inrangeh =107 - 10-*° m were found on the surface
of theexamined oxides. Notice, no connectioninthe
SEM and AFM images and concentration of point
defects in the oxides was found. Naturally, detail
study of ordered nanostructures on the oxide surface
needs for novel investigation. Simulation of charge
distribution onthe STO treated surface shows higher
concentration of Ti**in pyramids peak and appear-
ance of nano-ordered electric field.

Data of studying the X ray fluorescence lines
shift and change in intensity of the TiK j and SrK |
lines in the STO samples as perfect, un-doped or
doped with Me or RE ions show achangein energy
intheTiK  lineand magnitudeof C_/C ratio. Simi-
lar variation was observed in pure samples with
ydlow and “blue spot” parts and in the crystals doped
with RE ions. No doubt in oxidation state changein
some part of the Ti** ions into Ti** state and rising
oxygen vacancy concentrations. Asresult, diminish-
ing crystalline cubic parameter up a = (3.9052 +
0.0008) A to a = (3.8922+ 0.0006) A was found in
STO perfect samples.

TABLE 1: Theoretical and semi-empirical and data for parameters B, C and Dq for Cr*3ion in sdlected oxides (cm?)

Integral Cr* [0, a—ALO, Y A0, Gd,Sc;0,, Gd,Sc,Ga; O,
B 789 682 25 740 740
C 2829 3120 3373 3578 3578
Dq 1750 1787 1650 1500 1500
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Optica absorption band in the STO samples
peaking at A = 620 nm, luminescenceoneat A = 650
nm and cathode-luminescence one nearby A = 700
nm correspondsto transitionsin different colour cen-
tres consisting the Ti**ions. Cathode-luminescence
band intensity nearby A = 700 nm in the “yellow”
part grows closely to increasing probability in 3d
<> 3d transition in the Ti**ions surrounding by two
oxygen’s vacancies (Ti**in tetragonal symmetry en-
vironment). Stability of both centres can be related
to the high magnitude of the STO dielectric constant.

Follow(*4- ¢ gptical absorption band peaked at
A =420 nm registered in un-doped and the doped
STO samplesrelating 3d — 4stransitionin Ti*3ions
occupied, first of al, cubic sites. Cathode-lumines-
cence band peaked at 450 nm (Figure4) correspond-
ing thisdefect, too. Comparison in the experimental
and theoretical data shows that absorption band
peaked at A = 520 nm and cathode-luminescence one
at L =550 nm determined by transitionsin oxygen’s
vacancies trapped electron (so-called F-centre®).
Strong dipole component of crystalline lattice ap-
pearsin rising dichroism at A = 600 — 650 nm was
recorded in?,

Exemplary, AA bandsintheirradiated or plasma
treated oxides have been observed at A = 217, 360
and 460 nm in ruby and determined as electron’s
trangition in Cr*: [O*], clusters. Notice Cr** ions
were registered in tetra-site of the YAG and com-
plex garnets?, too.

CONCLUSION

Thefindings of the experiments and their analy-
sis make it possible to draw some conclusions and
make suggestions about the main properties of the
tested oxides. It was concluded that variation in
growth conditions leads to change in crystals prop-
erties in particular appearance of radiation stimu-
|ated color centres. Appearance of ordered and quasi-
ordered nanostructures with size of about 107- 102
m were fitted on surface the plasma treated STO
and sapphire. SEM or AFM images depend onrela-
tive position of tested sampleareaand plasmabeam
parameters. One-level nanostructureswerefound on
surfacefor every tested samplewhen two-level sub-

——  Revfew

nanostructureswere preliminary studied onthe STO
crystal surface.

Studying of treated samples permits to record
the ordered systems of sub-nanostructureswith size
of about 10°— 102 m created on the surface of pure
and doped STO, sapphire samplesover plasmaflow
with doseat W = (1 - 40) Jcm™2

Near surfacelayer ispolycrystallinefor the STO
samplesand amorphousfor sapphire ones. Pyramid-
likeunit crystallitesfor the STO and needlelike ones
for sapphire were recorded, too. Plasma flow &f-
fectsin evaporation of strontium oxidein STO and
aluminium oxidein sapphire, accompanied by growth
of oxygen’s vacancy concentration and change in
oxidation state of host and impurity ions. As an ex-
ample of the STO crystal we can see how variation
in stoichiometric relation movesto diminishing crys-
talline lattice parameters and change in the crysta
optical spectra. Transparency, yellow and blue
colour parts of the STO sample brightly show pos-
sibility for change in crystalline structure and crys-
tal ground properties.

Strongly rising cathode-luminescence band at A
=700 nmininthe STO sample (Figure4) isthe next
good example for wide areas applications. Change
in luminescence peaksintensity ismark of different
type of* corresponding colour centres in the STO.
Electronic structures of the centres determine dif-
ferent cross-section dispersionin clustersincluding
Ti ion in different crystallographic sited> ¢, Gi-
gantic growth of the peak intensity of cathode-lumi-
nescence at A = 700 nm opened other way for lumi-
nescence stimulation through resonance processes
interactioninTi*%: [O?], centresand electron’s beam
inthe STO crystals.
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