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Symmetry-breaking Ta** centers in KTaO;
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A study of photoinduced T4 centers in nominally pure KTaQsingle crystals has been carried out by
electron-spin resonance. Two of these centerd (T4, and Td"-V-Me**) are connected with vacancies of
oxygen {/o); a third center is associated with an Okholecular ion (TA"-OH™). This assignment is made
on the basis of concentration measurements of the corresponding centers after annealing in argon, oxygen,
hydrogen, and KO vapor atmospheres. It has been shown that tHe Tenters are shallow donors; &t
=30 K they are ionized and transformed into ordin®yand OH which are assumed to be the main lattice
defects before illumination. Their energy levels are determined by the temperature dependence of the relax-
ation rate of the light-induced nonequilibrium localized electron population. The energy level&'eVizaand
Ta*"-Vo—Me*" centers are situated at 26 and 8 meV below the bottom of the conduction band, respectively.
The symmetry of the centers is inverse broken in the sense that the photoelectron is localized near one of two
equivalent TA" ions next to an oxygen vacancy or OHThe role ofV, defects and OH molecules in the
nucleation of local polar clusters in nominally pure KTa@rystals at low temperatures is discussed.
[S0163-182698)00225-2

I. INTRODUCTION known to penetrate easily into the crystal under such
conditions*! In spite of much effort both in experimental and
The anomalous low-temperature properties of nominallyjtheoretical investigations of the microscopic structure of de-
pure incipient ferroelectric KTaphave attracted much at- fects, which are the sources of local polar clusters in KJaO
tention from scientists in the last few years. However, théhe situation has not been clear up to now. Therefore, the

origin and driving forces of these anomalies have not beefgontinuation of thorough studies of lattice defects like oxy-
clear up to now. Since the property anomaliesTat50 K gen vacancies and the surrounding lattice distortion, as well

were shown to be sample dependent, many defects and UE§ the influence of light on these centers, seems to be ex-

avoidable impurities were discussed as possible reasons fi lemely important. . .
these anomalies. For example, some recently revbalat It should be emphasized that oxygen vacancy centers with

o i different ionization levels and near-neighbor distortions were
purities in nominally purgundoped KTaO; were shown to g

b breaking i o hich bl ind assumed earli&f to be shallow donors. Such donors might
e symmetry-breaking impurities which are able to INdUC&qm an impurity band overlapping with the conduction band

local polar clusters of correlation radius size=20-50 Aat  3ng creating conductivity down to very low temperatures. On
T<50 K. These clusters can be the source of an inversiothe other hand, the observation of high photoconductivity at
center disappearance in part of the crystal volume, whichr<70 K without any high-temperature treatment, like that
makes it possible to observe second harmonic generatiovealed recently in K ,Li,TaO;*® speaks in favor of
(SHG),® first-order Raman scatteringFOR),* dielectric  strong light influence on the local electronic structure of
losses, etc. these materials.

In crystals annealed in a hydrogen atmosphere, enhanced In the present work we have carried out electron-spin-
SHG and FOR spectra and other phenomena were revealegsonancg ESR investigations of photoinduced Ta cen-
and discussed recently’® as manifestations of oxygen va- ters situated near different lattice defects such as oxygen va-
cancies. It is clear that a “pure” oxygen vacandy, is un-  cancies, OH ions, and substitutional impurities. The
able to destruct inversion symmetry, i.e., to be the source demperature regions of center stability and the local elec-
a polar cluster. It was suggested thaf TaV could be the tronic levels have been determined. An investigation of the
origin of the polar microregion$! This was done on the influence of sample annealing in Ar,(H,0, and H atmo-
basis of Raman and fluorescence measurements exhibitingSRheres on ESR spectra made it possible to propose ttie Ta
sharp zero-phonon-like emission near 687 nm. However, genter models anq the mechanism of their creation. The roles
comparative studyof crystals from different laboratories re- ©f 0xygen vacancies and OHmolecules, both in the nucle-
vealed no correlation between this luminescence at 687 nftion of local polar clusters and in other peculiarities of
and several other quantities like FOR or SHG. On the othePominally pure KTa@ single crystals, have been discussed.
hand, the increased intensity of FQRef. 7) and SHG(Ref.
10) after annealing in a Hatmosphere does give some hints
on the connection of the aforementioned phenomena with The measurements were carried out on single-crystal
lattice vacancies and maybe with OHyroups, which are samples of KTa@ both nominally pure and slightly doped

Il. SAMPLES AND EXPERIMENTAL DETAILS
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FIG. 1. ESR spectra for B(100 before(a) and after(b) illu- photon energyFig. 2). The intensity begins to decrease from
mination in nominally pure KTa@ Ta(l), Ta(ll), and Tdlll) denote A =365 nm (3.4 eV), and atA=577 nm(2.15 eV} it de-
the spectra of TH centers. Signal amplification is four times creased about 20 times.
higher for spectrunta) than for spectrungb). The observed ESR lines can be divided into two groups.
The first one hag-factor values in the range from 2.01 to
with Fe and Cr 100 ppm. Two different methods have 2.11. This spectrum was described and analyzed in detail in
been used to grow KTaCcrystals: the spontaneous crystal- Ref. 15, where it was shown to belong to paramagnetic O
lization technique, and the Czochralski method. The startingenters. In this paper we are interested in another group of
components were §CO; and TaOs of high purity, i.e., the ESR lines in the higher-magnetic-field region. This group
content of unavoidable impurities was less than 10-50 pprincludes three spectra. We suggest that they belong 6 Ta
All of the crystals were colorless. The specimen dimension§5d*, S=3) ions with different surroundings. The follow-
were 1X2x3 mn?, with the surfaces parallel to crystallo- ing experimental data prove our assumption.
graphic(100) planes. First, the spectra were more intensive by several orders
ESR spectra were recorded in tkeband microwave re- than spectra of any paramagnetic impurity in nominally pure
gion. The Oxford Instruments ESR-9 cryosystem allowed usTa0O; investigated earlie(Fig. 1 and Ref. 1 Despite their
to measure in the temperature range 4.2-77 K with an accuifferent histories(the samples were fabricated in different
racy of 0.1-0.2 K. An arc lamp of 200 W power served aslabs by various techniques, so that they contained different
the source of the light beam. Optical filters made it possibleamounts and types of defegtsuch spectra were observed in
to extract lines with wavelengths of 365, 405, 436, 546, andll of the crystals under investigation. The huge intensity of
577 nm. The samples were illuminated in the resonatothese photoinduced spectra convinces us that they are possi-
through a system of optical lenses, and a special window idly connected with host ions of the lattice. The ESR lines of

the resonator wall. all these spectra have approximately the same large width of
Ill. EXPERIMENTAL RESULTS AND THEIR 0'4_' KTaO, |
INTERPRETATION 3 . T=4.5K, 6=22°1
e ]
A. Electron-spin-resonance spectra F \

Studies of nonphotoinduced paramagnetic centers in 0.2
KTaO; have been carried out by us earlftérin nominally I
pure samples we found ﬁK) and F€(K) centers of
axial symmetry and C{H(K) centers of cubic symmetry. In
chromium doped specimens, we have revealet(Ky and 0.0
Cr*(Ta) spectra? i

After illumination by light with A =365 nm atT=4.5 K,
ESR signals arisésee Fig. 1. Qualitatively these spectra do L . . . ]
not depend on whether the KTga@rystals are nominally 300 305 350 375 400
pure, or slightly Fe or Cr doped. Thus these spectra were Magnetic field (mT)
observable in all kinds of samples under investigation.

Photoinduced spectra became unobservable only in samples FIG. 3. The ESR spectrum of T&) (assumed to be a
which were strongly doped with iron or some other impuri- Ta**- OH™ centej with a hyperfine structure caused by tH&Ta
ties. isotope.
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[001] o (deg) [100] tings in an octahedral crystal field with tetragonal distortion.

The sequencg|>g, points to anxy ground state of th&,
orbital triplet.
Note thatgj is slightly larger tharg, for all Ta* centers.

This is usually observed in many oxygen perovskites due to
AB=~14 mT originating from unresolved hyperfine and su-the covalency effect, which has to be calculated out of the

perhyperfine interactions. The hyperfine interaction causedrystal-field model. Moreover, the covalency effect becomes

by the **'Ta nucleus (=, 100% abundangevas resolved progressively more important as the charge of the paramag-
only for the Tall) spectrum(Fig. 3.

_ _ netic ion increases. The resultant transfer of charge to the
~ All spectra show an axial symmetry alo{@01) direc-  |igands lowers the effective value of the spin-orbit coupling,
tions, and can be described by a spin Hamiltoniin

) B and may increasingly change the expected magnitudes of
= upBgS with S=3. The complete angular dependence of components. Such behavior was observed fd? Bns in

the resonance fields and their theoretical fitting are depicted Tio,, 17 and in particular for F& a value ofg=2.013 was
in Fig. 4. The spectral parameters of the centers are gather%‘i{)tained. Note that, for ¥T in KTaO;, gj=1.99718 which

in Table 1. It is seen that thg-tensor components are typical is already less thag’ On the other r;aan the p;oximity of
of d! ions in an octahedral ligand field with tetragonal . e '

distortion1® For this case, using the crystal-field model, ¢he 9 values toge in KTa0; can be due to the large octahedral

FIG. 4. The angular dependence of'Taesonance fieldolid
lines, theory; points, experiment

factors can be represented by the expressions crystal field, which is much larger than that in BaEiO
B. Thermal stability and energy levels of T&* centers
8\ 2\ . — .
91=%e~ 71+ 9170 - (3.1 For the investigation of thermal stability of the centers,

we used the method of isochronal annealing, i.e., we heated

the sample to a given temperature, held it for one minute,
Here g,=2.0023,\ is the spin-orbit coupling constant, and then quickly cooled it down to 4.5 K, where ESR was

andA and § denote the values of the electronic level split- measured. The obtained signal heights are depicted in Fig. 5.

TABLE I. ESR spectral parameters of “facenters in KTaQ.

Center T (K) g-factor A (1074 cm™Y) Temperature stability
Tal): 4.5 9;=2.07(1) Annealed at 30 K
Ta*" Vg g,=1.163(2) E=26(4) meV
Ta(ll): 45 g;=2.03(1) 2@5) Annealed at 30 K
Ta*t-OH~ g, =1.344(2)

Ta(lll): 4.5 9;=2.04(2) Annealed at 7 K
Ta*t-Vo-Me** g, =1.728(3)

E=8(1) meV
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FIG. 6. The temperature dependence of the ionization probabil- . Ar ]
ity of Ta** centers.
It can be seen that Ta centers are very shallow; their spec- i H.0 i
tra disappear after heating the sample up to 30 K. WN“’V’/\/”/\/’“\/
The fact that the TH centers are thermally ionized at o
low temperatures suggests that their energy levels are close g9 200 300 400 500 600

to the conduction-band bottom built frothstates of Ta at-
oms. These level positions were obtained from measure-
ments of the center ionization probability which is usually £ 7 The dependence of ESR spectra of ‘Taenters on the
expressed in the form of Arrhenius It annealing of KTa@in Ar, O,, and HO atmospheres.

magnetic field (mT)

) (3.2  determine the energy-level position of the(ITacenter by

the same method due to the strong decay of its ESR signal at
. . . . . T=~15 K (see Fig. 5 We only can say that the electronic
N is the effective density of states in the conductlonleveI of TAIl) may be close to that of TB, because the ESR

banql, and .andS are the electrc_m thermal velocity and cross signals of these centers disappear at the same temperatures.
section of its capture, respectively. The valuePofat any

temperature can be obtained from measurement of the time . .
decay of localized carrier concentration after switching off C- Influence of high-temperature annealing on T4* centers
the light. If one neglects the possibility of the carriers recap- |t seems to be obvious that a localized state lik&*Tean
ture, the concentration decay rate can be described by  appear only in the vicinity of some lattice defects, e.g., a
vacancy of oxygen or the impurity ion. Note that there is
—nP. (3.3 information in the literature about polaronic states for B ions,
namely, about Fi" in BaTiO;.2° As mentioned earlier, such
, i , lattice defects could be vacancies of oxygen and Qhbl-
The solution of Eq(3.3) gives an exponential dependence g¢jles, which are known to be unavoidable defects in
of the concentration of localized electrons on time, KTaO,. To find out whether these defects are really con-
n=nee Pt (3.4) nected with TA" centers, we have performed annealing of
' ' the samples in different gas atmospheres, namely Ara@d
which was indeed observed in our measurements. In simple,O vapors atT=1000 °C during a time of 3 h. The
cases, the effective density of states in the conduction band gamples were heated and cooled with a velocity of
proportional toT%2 v~T¥2 andS is temperature indepen- 10 °C/min. The ESR spectra were recorded at a temperature
dent. Thus the produdti.vS can be estimated to be at most T=4.2 K. We chose the annealing duration 2—-4 h as an
proportional taT?. Therefore, the temperature dependence obptimal one to conserve the reversibility of ESR spectra after
the center ionization probability is mainly determined by thethe annealing process. When the duration of annealing was
exponent in Eq.(3.2. The results of experimental data longer than 5-6 h, it appeared impossible to recover the
analysis are given in Fig. 6, where the slopes of lines give uspectra after annealing due to ion recharging and the appear-
the energies of the electronic levels. The temperature depeance of strong electric conductivity. The results of measure-
dence of the pre-exponential factor was neglected because itsents are depicted in Figs. 7 and 8. It is seen that the behav-
exact form is not clear for the considered case, and a factaor of centers Td) and T4dlll) is almost the same for
like T2 can lead to a mere 15—20 % decrease of the ionizadifferent annealing atmospheres. The ESR line intensities of
tion energies. In Fig. 6, we depict the data for(lfJaand these centers strongly increased after annealing in inert gas
Ta(lll) centers only. This is because it appeared difficult toAr, and decreased at subsequent annealing.ira@ HO
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(see Table)l In the case of electron localization on the oxy-

gen vacancy E-center modelone can expeag-factor val-

ues close to that of free electra@n=2.00, because in this

caseL=0 andS=1.

The possibility of electron localization on one of the’Ta

ns nearest to the oxygen vacancy was recently predicted

d calculated by Prosandey&\n particular, it was shown

at under some conditions the energy of the complex

a't-v3'-Ta>" is lower than that of T2 -VS-Ta ™. In this

odel T4" and T&" are shifted outward fronv by 0.067

d 0.055 A, respectively.

Let us emphasize that we can discuss an electron local-

ization on one of the tantalum ions only on the ESR time

scalet~10 °-10 °s. The electron can obviously be local-

ized on both of the tantalum ions with equal probability be-
The obtained experimental data made it possible to proeause of cubic lattice symmetry of KTgQsee Fig. %a)].

pose models of T4 centers in KTa@. Let us analyze them. One can assume thermal jumping of the electron between

The increasing of concentration of the(Taand Tdlll) cen-  these equivalent positions. These jumps could manifest

ters after the annealing in an Ar atmosphere gives evidencdemselves in a dielectric susceptibility and in a broadening

that these centers contain vacancies. These can be oxygehthe ESR line with an increase of temperature. Unfortu-

vacancies, because the number of these centers decreaseasely, due to the high value of the dielectric constant, it was

after annealing the sample in oxygen atmosphere. The sinimpossible to record the spectra in the temperature range

plest structure of these centers could be a complex involving—30 K, where this broadening could occur. The' T/

an oxygen vacancy and two nearesP Taons, shifted from  center has an electric dipole momentef 2e A, thus it is a

the centers of their oxygen octahedra. A local rearrangemerslymmetry-breaking defect, contrary to the “pure” oxygen

of the nearest neighbor of the oxygen vacancy was suggestegicancy without a trapped electron. On the other hand, an

for the center T*-V, in BaTiO,,%* with an estimated value electron captured near sixfold-coordinatéd in MgO (Ref.

of the titanium displacement of 0.35 A. The displacement of25) or CaG*® does not break the cubic symmetry.

the Fé* impurity for the Fé*-V, center as well as that of We assume that this model corresponds to thi) fmara-

the oxygen atoms in the TiTa) plane in SrTiQ was ob- magnetic center on the basis of the following experimental

tained in Ref. 22, and for KTaQn Ref. 23. The rearrange- facts. It is well known that in both KTapand SrTiQ the

ment of lattice ions in the vicinity 0¥ 5 can be considered as impurity ions of transition metals are associated to oxygen

the potential well for carrier trapping. One can assume thatyacancies forming pair defects ¥eV, (Refs. 22 and 28

similarly to Ref. 13, this well depth is small enough so thatfor charge compensation. That is why the number of

the photoelectron energy level can be shallow, i.e., it will beTa*" -V centers has to be smaller in crystals with such im-

situated near the bottom of the conduction band. We guegsurities than in purer crystals. The comparison of ESR inten-

that the electron trapped by the oxygen vacancy for the saksities in two crystals, grown from starting materials,O;

of charge compensation can be localized aaorbital of  and TgOg) of high purity (first sampl¢ and the highest

one out of the two nearest Ta ions, creating a paramag- commercially available puritysecond samp)e confirmed

netic center T&" -V [Fig. 9a)]. The localization of the elec- our assumption, showing, in the second sample, a strong in-

tron on T&" instead of localization on th¥, lattice site  crease(more than ten timgsof the T4l) signal intensity in

follows from g-factor values, which are typical fords ions  comparison with that of T@#@l). Note that usually the inten-

FIG. 8. The dependence of ESR intensity of Ta@enters on the
annealing of KTa@in Ar, O, and H,O atmospheres.

vapors. In contrast, the intensity of the (Tla center de-
creased at the annealing in Ar atmosphere and increased in
H,O vapors. Note that we also tried to anneal samples in P
H, atmosphere. However, it appeared impossible to measu

ESR spectra accurately in the latter case because of stron

increasing dielectric losses at the ESR spectrometer fre-
quency 9 GHz. The qualitative result was that the relative"
changes of ESR intensities were approximately the same &¥!
for annealing in HO vapor.

D. Models of Ta'* centers in KTaO,
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sity of ESR lines of Td) and T4lll) centers was approxi- IV. DISCUSSION AND CONCLUSION
mately the samésee, e.g., Fig.)1 : N 4 a4 _

The influence of annealing in various gas atmospheres on Xarlous A-Eé centers (T4 Vo, Td _'OH and
the ESR intensity of the THI) center led us to the conclu- '8 ~YorMe™) have been studied and identified after
sion that, also for this center, its model has to incorporate afiamPle illumination by photons with an energy close to the
oxygen vacancy. It could be assumed that théMacenter band gap of KTa@, as the consequence of el_ectron capture
also includes, in addition to an oxygen vacancy, a vacancy df€ar an oxygen vacancy or OHnolecule. Their local elec-
K* (Vi) or some M&" impurity ion substituted for T% . tronic levels were shown to lie very close to the bottom of
The latter seems to be more probable because of the axitl€ conduction band. At=30 K, the majority of these cen-
symmetry of the center. The Mié impurities could be Sk ters are ionized and transformed intg and OH ", which are
or Ti** ions, a small amount of which was revealed by thesupposed to be the main lattice defects before illumination.
electron-microprobe method in the sample with the most in‘The small ionization energies of the centers seem to be the
tensive Tdll) spectrum. After illumination, the THI) cen-  consequence of the large dielectric permittivityof KTaO;
ter (Té*-Vo- Me**) is completely compensated for, while (about 3000—-4000 af<30 K). The energy of the trapped
the compensation of the net positive charge of th@)T@en-  electron is proportional to &/ i.e., it has to be small af
ter (Te'"-Vo) can be due to th¥/ presence in the distant <30 K. Itis much less than that of the similar electron center
spheres. The T#l) centers have an electric dipole momentTi3+.y in BaTiO,.?! It is interesting to note that, in SITiO
so that they are symmetry-breaking defects in the KFaOwhere the dielectric permittivity has approximately the same
lattice. , _ _ value, no T¥*-Vg center has been observed after reduction,

The Tall) is not connected with oxygen vacancies be-qniica| x-ray, or neutron irradiatioff. Moreover, the T4*
;:al;se offtthhe resultstdeplcftted n F'g'|.7' The |n(ireased Cor.lcg.@énters did not appear in KTgQvith even one percent of
ration of these centers after anneaiing In water vapors Indigs+ impurity. These facts point to a high sensitivity of
cates a connection of these centers with Ogtoups. These o . ! 4

. . local energy levels of tantaluititanium) ions to fine details

groups are known to be unavoidable defects in KJa@s . . .
was shown earlier by infrared measuremént®e guess of hos:t lattice band structures, which in the case of
that in the Td@ll) centers the OH molecule is situated on an KTa0,:Nb mlght be sllght!y dlfferent.
oxygen site. The axial symmetry of {8 centers along The mo;t |rr_1portant thing is that gll three “Tacenters
(001) directions confirms this supposition. If the Otgroup ~ have electric dipole moments~ 2e_A,_ i.e., theycan be the
was an interstitial defect, situated either between two K Sources of polar cluster formation in illuminated KTa®he
ions or between K and T&™, its symmetry would be axial electric dipole moments of Ta-V, centers look like those
but along the(011) or (111) directions, respectively. Other of O~ -AlI®" centers in SIQAI, where the hole is trapped on
interstitial positions of OH seem to be less probable be- one out of two equivalent © ions, which are the nearest
cause they lead to substantial lattice perturbations. Moreoveneighbors of an A" ion substituting for Si*. These
the investigation of the infrared spectra, performed aftetO -Al®* centers are known to appear only in x-ray-
crystal annealing in both water vapors and inddmosphere, irradiated samples, and are “responsible” for many anoma-
had shown that hydrogen diffusidrather than diffusion of lous properties of SiQAl.3°
whole OH™ moleculeg takes place in the cryst&t?” At high We have to emphasize that, in addition to the photoin-
temperatures, hydrogen jumps from one oxygen to anothetiuced electric dipole moment of T&OH~ centers, the
At low temperatures, the thermal energy is not enough foDH~ molecules may also have intrinsic dipole moments
such jumping, so the hydrogen ion localizes in the vicinity of griginating from their asymmetry and possible off-center po-
an G ion, creating an OH molecule. Since the OHMOl-  sjtion in the oxygen site, similarly to the case of potassium
ecule has an intrinsic electric dipole moment, it induces anporide3! Our estimation of OH concentration, based on

asymmetric lattice distortion, so that the two nearest'Ta an integral intensity calculation of the ¥aOH~ ESR spec-
ions become inequivalent. As a result, one out of two in-

valent TS -OH- confiourat i ; iye rum, gives 1810 cm™3, which is close to the concen-
equivaien i configurations With EXCessIVe POSIIVE o i o symmetry-breaking defects obtained in Ref. 10 on
charge can trap a photoelectron and transform into a par

. + _ S %he basis of SHG intensity evaluation. It is obvious that
magnetic TA*-OH™ complex, which is completely charge .
compensated. Such a center has an electric dipole mome ;lldr'ogen—t')ased def ects should always be 'pr.esent in a crystal
so it is a symmetry-breaking defect in the KTattice. The abricated in an or+d|nary atm.osphe.re containingpHapors.
proposed model of the center is depicted in Figy)9in this 1 1€ other two T&" centers, including the oxygen vacancy,
model we suppose that Ta is shifted from OH, which ~ ¢&n also contr!bute to the intensity of SHG and f|rst.—order_
substitutes for the nearest oxygen ion. This is because tfgaman scattering, because for such measurements intensive
latter molecular ion, similarly to the oxygen vacancy, has arfaser light is applied. This illumination can generate photo-
effective positive charge in the lattice and a size larger thaglectrons in the conduction band due to two-phonon excita-
that of the oxygen ioR° The proton position in the T)  tion from the valence band via deep impurity levéésg.,
center is not clear. However, the proton is assumed to bE€*, G*, and Mrf*), similarly to the process described
situated between the?0 and T4" ions[as depicted in Fig. in Ref. 13. The trapping of the photoelectrons has to result in
9(b)] due to the tetragonal symmetry of the center. Note thathe emergence of symmetry-breaking *TaVy and
the proton could be repelled by the®Taion before the latter Ta**-Vo-Me** centers.
traps the electron. In this state, the proton may occupy some In the last few years there has been discussion in the
other position between two? ions. literature about T3 -V centers as unavoidable symmetry-
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breaking defects in KTag(see, for instance, Ref)6Earlier, some donor centers lik&o with two trapped electrons
these centers were assumed to be the main reason for Iarg‘ég') in reduced KTa@ can be considered as the source of
conductivity in KTaQ samples. The conductivity appears at electrons in a current. A simple hydrogenlike donor model
some definite regimes of crystal growth. It can also occur irPredicts a very small electron ionization energy0™* eV)

a thin surface layer of insulating crystals after several hoursfor theV_g... In addition, fore>1000, the radius of an elec-
exposure in hydrogen atmosphereTat 900— 1000 °G232  tron orbital is comparable with the average distance between
The crystals obtained in such a manner had a deep biPnor center100-150 A, so that an impurity band might
color, and a carrier concentration in the range E-10% e formed. This band could overlap with the conduction

. band. As a result the conductivity will occur even at the
cm 3 (p=1-0.02Q cm). In contrast, the reduction of bulk lowest temperatures y
insulating KTaQ crystals in hydrogen keeps them colorless  The T4+ centers are shown to be shallow donors, so they

and highly resistant. Under these conditions, the concentraan influence the low-temperature photoconductivity in
tion of symmetry-breaking defects increased in 2-h treatmerkTaQ;. Indeed, in the samples of KTaMb, where the
from 8x 10" to 4x 10'® cm™ 3.1 This contradiction seems to photoinduced centers were not observed, we measured a
be due to a difference in concentration and types of the dedrastic decrease of the photocurrentTat 100 K, up to its
fects appearing in thin layers and bulk samples of KJaO complete disappearané&Contrary to this, in KTag, where
during reduction in hydrogen. On the other hand, the resultghe photoinduced centers are present, the photocurrent at
of our measurementsee Sec. I}, as well as OH absorp- <100 K is anomalously large.

tion in bulk samples-?’ show the increase of OHconcen- Finally, we want to point out that dipolar T& symmetry-
tration rather than that 0¥ under annealing in | Only ~ breaking defects, formed on the basis of cubic-symmetry
after saturation of the sample with hydrogen, which take€XYgen vacancies, can be of great importance for solving a

place in the first 3—4 h of the annealingTat 1000 °C, large puzzle about the observation of phenomena like SHG and

enough numbers o¥ can appear. The latter process, in FOR which must be absent in cubic lattices. Additional ex-

contrast to diffusion of hydrogen, has small velocity. In thin perimental studies of these centers, with the help of optical

layers the diffusion process, especially reduction, is muctgPsorption, dielectric spectroscopy, and electron-nuclear
faster. As a result, in thin layerg,, creation can be the double resonance, as well as calculations of their electronic

prevailing process from the very beginning of annealing gstructure and crystal fields, would be desirable in the future.

was shown in previous sections thag with a trapped elec-
tron leads to the appearance of a “Ta/y (or
Ta'"-Vo-Me*") center, its electronic level being 0.026 eV The authors would like to thank A. Cihldor his fruitful
(0.008 eV). Therefore, at least at<<30 K these centers can- help with the annealing procedure, Dr. I. M. Smolyaninov
not contribute to electron current. However, such current wasor helpful discussions, and Dr. V.A. Stephanovich for a
observed for temperatures as low as 1.82Ht seems that critical reading of the manuscript.
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