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~A%H..u investigate the charge transport besides the overall (dc) conductivity of con-
tacted crystals o4y thermally stimulated (TS) polarization and depolarization cur-
. rents of insulated crystals were obtained, a measurement frequently practiced in-
. .vestigating electrolytic conductors. A detailed analysis of the data reveals that the
* cause of the TS currents is here a surface polarization (SP) by charge carriers ther-
., mally released from scanty occupied traps, what explains, too, how the electron
.. 8P responsible for the depolarization current is frozen in by trapping. Published
TSC and TL data confirm the existence of these traps. A comparison of the results
with 04, then shows that the latter is caused by an enhanced occupancy of the

most abundant kind of traps.

1. Introduction

Rautil is from both, the theoretical and practical point of view, an interesting crystal.
It is basically an ionic crystal. Because of a high enthalpy of point defect formation
~and migration (see e.g. [1,2]) by comparison with the band-gap width however it is
an electronic conductor [3]. At low temperatures (LT) then it is, what is called a

&Bm-mnmimeoﬂ Finally it shows an unusually high and strongly anisotropic dielectric

constant.
The electronic conduction and many other properties of crystals are determined

,.g&ro band-gap width and by states within the gap. Consequently the most obvious
technique of studying this system is a measurement of the conductivity. This requires
obtaining the current passing through the crystal at a given field strength inside. The
former offers no difficulty. Yet to obtain the latter presents an experimental problem,
as, because of space-charge formation and other effects the potential drop between the
neasuring electrodes is in general nonlinear. Moreover, as far as low temperatures are
Concerned the special techniques device to establish it are, for many reasons, hardly
feasible. Consequently the field strength is then usually calculated from the applied
Voltage and sample thickness. That way, however, an overall conductivity including the
! flect of the electrodes on the true inherent conductivity which is sought is obtained.
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Table 2. Comparison of the activation enthalpies of o and the charge densities of the, st
state SP caused by the individual kind of carriers with the depth’s and densities found, v -
and TL measurements [16]. ¥ The accumulated charge is estimated as if this was a SP:
2 Range of values published;
charge cannot be established.

3 Deap reaching space-charge is formed ([3], Fig. 1);and

TSRC, crystal insulated TSC and TL
crystal E Trmax U w(oo)/e Tz Usr
K eV cm™2 K eV
undoped  Ellc | 114 0.15+6% 3.0x10° I -] 103 0.13 (0.13-0.18)%
200 0.35 £ 2% 1.2x107
270 - 1.2x10° 176 0.37 (0.21-0.56)
Elic 188 0.30 + 3% 5.3x10°
Fe, doped  EJjc 183 0.19+ 4% 5.3x10%
120 0.24 (0.14-0.2)
Elc | 219 0.22 + 0% 5.3x10°
235 0.53 -3 243 0.51
TSRC, undoped crystal, contacted 294 0.61
E|lc 326 0.69

Table 3. Comparison of a) Q% established from 7},, and U obtained by fitting the vm,m.w ng
from the initial rise, i.e. T < Ty,
distortion of the peak o(

Tinz) is extrapolated from the initial rise.

b) of ¢ and o, at Tz Y 0q (Qcm)~; 2) wmnm.cmm..

crystal  E Tosa, U 90(Tmz) o0, T < Toma o(Trmz) Ty 0ao(Tms) i)
114} 015 3.5x10-% 46x10-8 1.0x1071% 182 6.0x10-16;
undoped ¢ 240 0.35 2.6x10~6 2.7x10~7 1.1x10712 182 7.8x10-13
Le 188 0.30 9.4x10-6 2.3x10-5 7.5x10-14 134 8.3x10—1
Fe Il 183 0.19 1.8x10-% 2.4x10-8 9.9x10~ T 170 7.7x10-7 ;
doped ¢ 219 0.22 4.7x10~? 1.0x10~7 4.0x10~ 375  1.1x10-18)

The present measurements were carried out as a sequence of consecutive arozﬁw,
timulated polarization and depolarizations.
aused by the applied voltage (V = 100V)
vith time ¢, T = Ty + bt (6 >0, Tp

1e bulk.

ecreasing b the height of the peaks is decreased and the width mu_mnw& ‘
alysis increasingly more difficult.

To realize the basic condition ;
mples were insulated by 470 um thick saphire disks. THese, for themselves, show U

That is, first the polarization currer
during a temperature increasing linearl
~ 80K), was obtained. As soon as T' resé

presupposed by the SP-model (see (5]) the cryst:

”leakage current” of about 1014 A, without any sign o
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Fig. 1. Subsequent TSPC (1) and TSDC (2) compared with the quasi-stationary FI - currant
(3) following a polarization represented as In o vs. 10°/T.

placed in the measuring cell showed under 100 V at T} a ,Umnrmao:=@ current of the
order of a few 10715 A only; hence the samples may be, no mo.cg.; considered as :mm&%
ideally insulated. They were held before measurement overnight shorted at moo K in
a vacuum of about 10~* torr to remove moisture, adsorbed gases and any monaozﬂzw
formed polarization. When commencing then the TSR Emmmﬁmam:a proper v% ooor.nm
down the samples to Ty, the electrodes were connected directly to the measuring device
to check that no spontaneous current exceeding the offset current of the instrument
flows, a corroboration that the initial polarization is really zero. .

2.3 FI - current measurements of contacted crystals: Samples were mnwimm& on
the contact surfaces with colloidal graphite and to establish the conductivity of the
samples, [ in dependence on the temperature T' at a given mmE. strength £ = V/L was
obtained. The measurements were established because of practical reasons under quasi
steady conditions during a decreasing T'. As this decrease was realized by means of
& combination of thermal conduction and convection the cooling rate b = dT/dt was
Fogmmmum_% slowing down at lower temperatures. Qm:mmmzv\. any change of T' requires
a certain time before a steady current is obtained and I(T). is no.:%.@cmazv\ a ?bnﬁ._oc
of b, too. With & lower than a certain critical value in the UmmE.:Sm of the cooling,
however, a reproducible fixed I(T') could be obtained, so to say a limI(T',5), b— 0.

2.4 FI - TSR measurements of contacted crystals: * Measurements of a contacted
Undoped sample with the field E|jc were carried out under the same awEvo.EﬁE.o. m.:a
Voltage regime as described in par. 2.2 and for the purpose of comparison in addition
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hat dv/dt becomes zero too, we{oo) = ) = €4¢€ v\w%v because always
) m; v ‘EA v 7¢0 ¢
vt\ E; is the field mnmozmnw in the insulation. From this follows that the
- Ly

SP peak area is

pero 0 ¢

th no_.manm_

€p€qi € v
TP+ L9

€o€;

@/ = [ 100t = 0a(00) = wa(0) = | %5

(20)

because

i ime the total peak area } (0/S)

fve theoretical peak area is at the same m::m ke o to otbe” (masgeneons

.Hrm:m there existed several kinds of carriers OHW pea L i QU GHORENEONE)
o eak would be ]

mw_mmsmﬁoz onform to ¢ nrmﬁawnwgwﬁrww o%mnmono takes place besides the SP a %ww_o

15 to eq. a). Hence, . ; bile the

w._.omm.Bmmﬁ:nww_mmnwsvo_mhgg:@ P;/E, built up before charge carrier get mo

10 :

voo_ww_mw obtained SP peak area will then be only

“n >

(Q/S)sp = (Q/S)in — (P2)

i inci esents a

‘ Il the parameters of eq. (2a) are known, in principle the total peak area pr

As a ep ; . )
isi rence of SP. o , |

" i .UMV.OMMOM_”WM@NMMMM—,ES% of the SP peaks like activation m:ﬁwmww% omm:aoﬂm MW_MMM

i H% mu_J: :M Mnmn order kinetics shape characterized by U too are determ

rise U, Tms,

relaxation time 7™ YT) = [26/(28¢ + Le;)][o(T)/eo)- (1a)

. S o [15] and as ¢(T) is the only H.mwtv\
Hence ﬁrm.o_ugmzwma N___mam,ﬂwmoﬂﬂ“ﬂ“m%ﬁwﬂﬂﬂ%w;rﬁom _m?m: _um.monmww:m ow are easily
WﬁMﬂMMWmHWM MMSVUo obtained in the range of Nro %wvﬁmwrﬁmﬁooww“wmnmwwﬂnm_,_h.ov tained
9.2 Examination of the total peak areas M mwﬁo.m values. With exception of the
2(Q/S) are nwn%mga Wm,\.MJMMMOMMMWM@MMMM%WM8@@5@5 between both E:&.m OM <WQ_M%M
MMW__A“MWM“M.TM ﬂmsmwom: general experienced in TSRC Ewmm:mmmﬂwwﬂwm MWnMMMMooa ot
. 5 urement. L
e tical mn:_%EMMMMMM ﬂmmwuoﬂ_aww@mmmﬂmmwmwwagﬁ& data, vo.om.:mo of the _MWMMMQ
the theoretical ﬁo.mmw Nm. constants and the dimensions of the Ewﬁmiw_.m of the M@N m,.onw
aecuracy of the dielec HH_% e the deviation of the average of the experimental data oo
which aomsmmAQ\mvt_. %MSM:Q -8.1% include also this kind of error. In the omm,m M bl
Lheory by +NM ,_-wm.m_un+€.rm8 the difference is too high for random m:oMm&Eoﬁu MHV MMSM
MM& MMMM ron Mvn::mv:a is in reality higher than Wmm:ﬂma m.:m .ﬁrma mmﬁ s Mmcnmam:am
Saks. lso the individual total peak areas obtained in »rmq T FHE N mmﬁmﬂ
smller vmmwﬂ. %.m%ﬁ. or the average than that obtained in TSD’s. ME:m ﬁMM_M.mmmmﬁ_
,meﬁmwmowwwﬁoa_%c for the background current is too small here. Only no
e, mppiant v amend L. : : t between data and theory reflects
It is to be noticed that the pointed out mmlnmmaﬁw—a that in the case of the undoped
250 the an “sotrapy of ruti _AMﬁ__m memmvmm M_Mmm%mw,mvwcw 18 ‘Emmmw:m in iwm H,m.O nrmwﬁowwﬁ
owv\mnm._v Elle, A&mno 2 oow:_g%mﬁ\ S°(Q/S) is the same for TSP and TSD. ME@:%. 1t fo e
Mwomp ﬂ._m o Wmﬂmﬂw n%m_os :.@_ (first) SP-peaks complete insulators. This, again, speaks
at the crystals are

(26)
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or less wide part of the crystal an E = 0 will exist. If there exists a second
¢ carriers which become mobile at some higher temperature a second under-size
overlapping the first or after some gap, so that in the end

Even if it i thus e

1us corroborated that the th T will then appear,

necessary to explain stil] the other features of mmdmmgsm are caused by: £ - \@m.nwnooamnm eq. (2a) will be complied with. At the same time then F becomes
ermograms from: t , .E.o:_mroca the whole crystal and at the beginning of the TSD except the reversed

{'Jirection the initial conditions of the preceding TSP are realized.
8 These deliberations show that the chaotic looking thermogram of the undoped crys-
g et ; irs ¢, (Fig. 2a) may be explained by a too low oo;ow:.ﬂmﬁmon of carriers. It shows
& ent with the true conductivity of the crystal [15]. Assi - % ¥ : ‘ mc“o.: eV first order peak of about half the theoretical area, which is too small
; If the ratio Co1 i O mm.u_mwm_owso& that the Aww. : g E down to zero. It is followed in a TSD by a gap from about 130 to 210 K

” 8¢ enough wo m,:. u H 0. This can be explained but by a complete lack of free carriers. In the TSP

; because a fyl] polarization is reach d befd “H . w_wm a week band obtained instead of j = 0, what is however of no importance in
i ed before'the Yt ,. o It is caused probably by an occupation over a barrier of some surface

connection.
at the anode; the depletion of which in the TSD is concealed below an other

. All the same 37(Q/S) complies also in the TSP with the theoretical value.

M.HEm is however not the only ”case” of an undersized SP peak. As may be seen in
; the 0.30 eV peak of the undoped crystal, £1c, and the 0.19 eV peak of the
oped crystal, Elc too, are followed at different temperatures by small peaks.- An
 . dition of the -areas of the LT and the 0.30 and 0.19 eV respectively shows that these
; 1ot put F completely to zero. This suggests that the small third peaks are caused
:some carriers with a higher U and that only these make finally the SP charge density
ual to w{oo). It is conjectured that in these instances because of a low ng of the 0.30
d 0.19 eV carriers the width of the depletion zone just begins to cause a noticeable

the saj i

Ew MM_M Mwso M:m:v.. amore or less regular {7, peak will be obtained wj

et m% a ~ Mmo at the hﬂ.mamv below which the obtained A_.% i
qual to U;. And in fact if the peak of the doped Q..Wﬁw; EL

~= N HN.. v isti = e _...
A v S. H\NA a ﬁ:m—:zﬁﬁ mﬁb@@ at orm HNH, mMQ y at PUOG& Hmo HA mm M.O.C:Q ccm
3 iYVd

about 0.1 eV at lower ¢
Tab. 1. . €I temperatures. U of the peak above the knee is found

stal is not affected”] A .
: T ; 5 1f the concentration of carriers is too low, not only the peak area is affected, but also
ape of the peak. Eq. (1) includes the assumption that E is constant throughout

concerned no doubt corre ; :
: ct : )
necessarily their concon nwmnmowm In consequence of the low mobility of the , ] the sh. ;
: . must be r_mr if a TSRC is to be observed a Py he-whole crystal. In the discussed situation however it is not. Besides the complications

sed by an £ = f(z) the concentration of carriers in the transport bands will fall

singly behind noexp(—U/kT) of a normal ¢(7’). The peak should rise, it is true,
genuine U of the carriers, but fall then gradually back behind

0 a thermogram con e
sistin . 3 : P Gl SR .
qs. (2a,b). Under these nW.M_M “Eyetal :mmmnmﬁo SP peaks; under-size with ¢ he beginning with the
inusual kind of conductivity Hamnmcoo,m of course the charge S..m.:mvog: st ! he proportions of a hypothetical regular peak. Finally it might end with a lengthy tail
. 1tY. In a sample of finite dimension it w / i i rox:.. is seen in Fig. 2a. In this case moreover the initial rise of the first undersized
, if small, real first LT peak. It can therefore be hardly exactly

eak is overlapped by the,
stablished. One. can be, sure yet that the sought for U is smaller than the 0.18 eV of

e Initia] rise of the measured I and rmmrnu than the U = 0.11 eV of the first order fit

ik, 15 :

m,m the separated undersized peak, say 0.13 eV. sz . o
\s far as the second and third under-size peaks, Fig. 2a, are concerned they too
Ud be separated into two first order peaks the first with U near to 0.35 eV. This value
Y W e ourse-is somewhat uncertain. -Assuming U does not depend on the crystallographic
._.<, whereas o R AQ\%VS l;?om.‘\w‘&‘_.,a\.l AV) - &&Aoz, " drientation one would expect.: to. obtain in' both direction the same value. . wmom:m”o
:aw:eumSOM m,m. B.@v precludes that A/ is practi cally zero mﬁz.aﬁ as elaborated above, the 0.30 and 0.19 eV peaks are somewhat undersized their
z) — of available carriers ng the depletion zone of . : .5.: be, like in the case of the 0.11 eV peak a bit too small and so 0.35 and 0.22 eV are
mo] < 0 is necessarily widening and AV wij] of the Space-charge..q(z)* fonsidered more correct. These deliberations show that the peak areas are obviously

! ore indicative than the first order kinetics fit, which can because of the background

LI §

r g, G %&wﬁ E,mimro: that
 Otherwise is ace-charge is negligible in comy,
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current not be made accurate enough. A0
5.5 Obtaining the bulk conductivity from the TSR data: As pointed :out
in par. 5.1 the only unknown in the SP equation, eq. (1), is the bulk ‘cond
ao(T). Consequently, in principle, inserting into the suitably rearranged equity;
w(t) ‘and w(oo) the respective integrals of J3(t) and for dw/dt too, it is’ pos
calculate straightforward o — F(T) from the data ¥

1) = Keoi0(@/S)sp-sp [ 50001, 7= 1)

Eq. (3) applies even when o(T) is caused by more than one single kind of '
In that case then the Ino vs, 1/T does not form a straight line any mors"
individual components have to be established by regression. That way théi(
component overlapping the (.22 eV peak of the doped crystal, Elle, was sepafaf8

‘When calculating o(T) from eq. (3) the LT peak should be taken into accs§f
the data of this peak however are not good enough for this purpose eq. (3)'Ws
only to calculate ¢y from the initial rise of the peak (Tab. 3), where E was dimid
only by the dipole polarization. That way of course only rough estimates are obt
because of the limited accuracy of the substraction of the non-relaxational compdg
from the data. As far as Tz is concerned it is falsified only little by the vm.n_mw o0t
current, use was made of the SP maximum condition from [6]. Provided the 'S

obeys satisfactorily first order kinetics, U and T,,, may be obtained by fitting the'tpt
and (T, ) from o of

T3, = ;q\sﬂ@s& = (bU/K)[(20)/(26¢ + Lei)][eo/ o (Tims )],

independently of the appearance of a dipolar polarization. From 0(Linz; U) ﬁ:onn%m m_
accurate oy were obtained (Tab. 3). A comparison of both kinds of &g mvoéw, m
values are varying in some cases more or less in random, in general however Lhe .»ﬂw
rise values are the higher ones; a sign that that J(T) could not be cleansed co wm,
from non-relaxational components. On the whole however the comparison cori r1ns th
rightness of the applied procedures. , ,

6. Discussion of the results and conclusions . ;

6.1 Comparison with data from TSD and TL measurements [16]:" Starting®:
the question of the suggested existence of traps which make the freezing in ‘6f 't
possible, in Tab. 2 the obtained activation enthalpies, U, are compared with“critics
data on trap depth’s U,,  obtained by TSC measurements of crystals excited byswh
light and by TL measurements.: The investigated crystals were: grown ‘in ‘an

oxygen atmosphere and showed a contamination of 0.1 to 0.9 at. ppm. of Cr ,

which’

¢ is decreased an

27 ﬁW ﬁ i .
MWMWMMmMOMm _Mwm 0.35 eV conduction in the doped crystals reported in par. 3.1 is to

: onent . ; poar
MMM_NO vo_wimo the crystal before the 0.37 eV carriers become mobile. Assum

i i Fe3+
- certain fraction of the anion vacancies created E\ doping mo.HE a ooEwWM w\%w %Mmu by
" ions. a phenomenon familiar in ionic crystals, with a trapping level o 0. éoc,.E pen Y
. movm.:m the concentration of these complexes and that of 0.22 eV carriers X :

the initial rise or no sign of a 0.13 eV peak is obtained.

It is just the high field strength caused by. the latter at the surfa

i ,&FO..@.LC, tycase Lhe
 9(Tnz) with oay(Time) (Tab. 3) reveals however that in:the.p

" about the same U (0.30 and 0.35 eV), but o itself is su
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is past' a mere coincidence and suggests hence, that traps play here the role
es i

thalpi |
end &,osowmn.& that the concentration of traps established by the azoﬁm mea-
- mm fobe e high enough to accommodate the space-charge, the mﬁﬁwo.ﬁawﬁoz
fr”owawrﬂvmwmﬁwﬁw is: Thus, for instance, the singular 0.22 M< mmu wﬂww is Wﬂ%mm
e %cm~2 charge carriers compared with a trap ensity of 4 x

GWMMMMW Mmmmvmmam for %&w kind of trap. In oosa.nwmn with this mro M:w MM:MM%MW
. 1lask consists of about 3 x 10%m—2 ooavmnmm. with the ummﬁm@:.\m EM - rwn !
, m‘vww =3 only. On the other hand the comparison of trap densities an charg
4 Ho a nww: it is at all likelihood the low occupancy of the traps by carriers
=9.:Hmﬂﬂmﬂm=&o7mio SP peaks appear, prominently in the case of the most shallow

iy

“The fact requires still explanation, why in the TSR of undoped crystals appear only
! e

the 0.13 and 0.35 eV traps, whereas in the doped crystals only the 0.22 eV trap is found.
e U. . 3

, i i it is conjectured,
he ear all three together. An oﬁu_.msmzo: gives, i ured
r,m HmOer_% MM%% wwwﬂ the peak positions are shifted to higher ﬁma.wowmgmmwr if
o d vice versa. In the undoped crystal the about 10 ZBmm ?mvwﬂ.
ensi d greater depth of the 0.37 eV traps are likely to bring woi“r a oocm_woﬂwh r%
e conde ivity than the 0.22 eV traps. Hence no 0.22 eV peak is observed. e

i i tures. But simultaneously the 0.22 eV
i tive peak towards higher tempera !
il Ho%mMM SEWW no clear evidence was found in undoped crystals, has to appear

be increased. o hed: At LT o4,
As far as the 0.13 eV peak of the undoped mnwwamr Elle, is oon_NmHMMM.mm>Mo, mesw

becomes with F_Le smaller and accordingly a tiny mmnosﬂ H,.H wop@..,m,m; Sctive knes in

appears (Fig. 2b). By doping o4y becomes still smaller and ‘only m.ﬁo.,ﬂ. cuvs sy

g 5
i3

P L s ol m.w Hyoaﬁro
6.2 Comparison with the overall conductivity and the TSR par. _mm

ctes ;i< g andin’ the’ Case’ of the
- theoretical point of view it is expected that generally o4y < @ and-in

. ; nt was found between
electrolytic conductor NaCl [8] for instance indeed a good agreement was fo

ivitys oiobtained from
the conduction trough a graphite coated crystal, the bulk conductivity:o

: AT - side

. - ation - {Onithe other si
TSR data and the potential drop caused by space-charge form ot s
The,comparison of

- : i trodes.), Lt
he transfer of charge carriers to and from the inert electroc mei ase the ommon of
L sl L ANVLEL 01

IS AR R .WHM
i ections. >Uo<¢.a-o

mﬂmw w.oq eV. In the Emﬁ_ﬂmmm

SR, reveals above Tx a o with

bstantially lower than og,.

the electrodes is not as simple as that. .a
-~ As reported in par. 3.1 Inog, vs. 1/T shows amao m@mo
they form at T U was always m:.ocam.o.wm eV, MUM_ om_m =
Undoped crystal, irrespective of the direction of £,
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This suggests an increase of the carrier concentration by the electrodes orf,
the current. Also in the insulated doped crystal with ELc the TSR, showssil:
Tk0ay > o, but U is 0.22 :eV. Possibly the concentration of 0.35 eV.ca
probably is the cause of the small peak at 320 K (Tab. 1), was exceeding]
so that only a smooth knee in gy Teminds of the 0.22 eV component. But,
0.22 eV component was simultaneously diminished. The fact that with Bl|e;
speaks in favour of such a decrease of the 0.19 eV component besides -an ing

0.35 eV component which could not have been that extensive. Otherwise g,
be lower than o

YAl

: ; D ~ iy
All these findings seem to womceﬂomammrcﬁoOmﬁronnmv ooo:@@:aﬁ.@.;

planation is lastly supported also by the occurrence of the conductivity F«ﬁmwa
3.2). This too requires a redistribution of the occupancy of the traps etc Jt.ca
caused by an overall increase of the carrier concentration due to electron
this would violate the neutrality of the crystal.. , PH
At the moment one can but speculate that probably some of the mEm@o& p
which due to their short life time should permanently drop out of the cond
are cough by the traps in question instead of recombining for instance.

=
Acknowledgement The author wishes to thank W. Weppner for providing thegrs

P. Kizler fort his assistance with measurements and prof. M. Wagner . fo. %& i
hospitality at his institute. { ‘

Y

References

[1] H. Sawatari, E. Iguchi: J. Chem. Phys. Solids 43 (1982) 1147;
[2] C.R.A. Catlow, R. um,ﬁ.nm,m”_wub%.m. Rev. B25 (1982) 1006;
[3] D.C. Cronemeyer: Phys. Rev. 87 (1952) 878;
[4] L Kunze, P. Miiller: Phys. stat. sol. (a)13 (1972) 197;
[5] A. Nmmmwmnw,%.. Phys.C: ,.mohm,mnwnn Phys. 14 Gwmc Awwﬁ
[6] A. Wmmm_m,ﬂ“ mm%m.. mawmm& (a)90 memv 715,
. [7] A. Kessler, W. Appel: Radiation effects 75 (1983) ,..wmw
... [8] .A. Kessler: phys. stat. sol. (a)131 (1992) 235;:. _ . e D —
-~ [9]. M. Mizushima, M. Tanaka, A. Asai, S. lida: J. Phys. Chem. Solids 40 (1979
[10] P. Braunlich (Ed): Thermally stimulated relaxation in solids, Ch.4, mvwm:mmm.@
[11]{P. Miiller:. phys. stat. soli(a) 67 (1981) 11; ... . . .
'[12] " A.J. Joffe: The physics of crystals, McGraw-Hill New York 1928;
[13] A: Kessler, R: Pfliiger:"J. Phys! C: Solid: State Phys. 11 (1978) 3375;
[14] T.J. Gray, N Lowery: Disc.' Faraday ‘Soc. 52 (1971)'132;
[15] "A. Kessler, P. Kizler: J. 'Phys. C: Solid State Phys. 15 (1982) L899
[16] R.W.A. Hillhouse, J. Woods: phys. stat. sol. (a)67 (1987) 119;

RiEleicoy ¢



