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SOME PROPERTIES OF MIXED OXIDE LAYERS HAVING AMORPHOUS STRUCTURES

S. A. Hogarth and L. A. Wright
Physics Department,
Brunel University,
London, W 3, England

Many oxides exhibit marked semiconductive properties, and their
characteristics are well known. The technology involved in the pro-
duction of many glasses is based upon the interaction of two or more
oxides forming amorphous complexes. This process will see oxide

properties vary substantially. Similar effects may occur in the case
of other semiconductive materials as well. The properties of amor-
phous selenium differ greatly from those of crystalline selenium; the
studies by Goryunova and Kolomiyets [1] of a T 2 Se-Sb 2Se3 system with
substitution by arsenic point to the existence of amorphous semicon-
ductive materials. Other chalcogenides have been similarly studied,
and it has been shown that the amorphous material products behaved
like typical glasses. The literature reports only briefly on the

deposition of layers having a good glass-like structure [21! we have
therefore studied the properties of thin films prepared by simulta-
neously depositing the oxide components of the glass. We knew that

samples of hard glass possess a broad range of electrical and optical
properties, and we hoped that by studying compositely deposited films
we would be able to maintain reliable control of their composition.

It is well known from the published literature on thin films of al-

loys that the problem of successful deposition consists in producing

a film of the required composition. Simultaneous deposition requires
very careful control of the rate of vaporization from each source r3].
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Oxide glasses consist of the usual components of glass, Si0 2,
B 203 and P20 for example, plus modifiers, MgO, BaO, CaO or Na 20 for

example, or amphoteric oxides, Al 203, TiO or ZnO for example. We

have studied many systems and are reporting here some of our experi-

mental results. We have also analyzed our results to establish the

limits within which vitreous films preserve their semiconductive

properties and whether they have a well marked forbidden energy band.

Experiments were first conducted in the deposition chamber (30 cm

in diameter) of a 12E7 Edwards device. The geometrical configuration

of the sources and the substrates was carefully analyzed to insure

coating uniformity and control film thickness using a quartz crystal

oscillograph. After testing a number of configurations we found the

following geometry to give virtually uniform layers: two vaporizing

sources were mounted on the diametrically opposite sides of a rotating

holder with corresponding quartz oscillators located above them and

directly below the rotating holder. Subsequent tests were conducted

using a stainless steel, 48-inch diameter RA 510 Bal'zer vaporizer,

which is of greater capacity and in which we could place our combina-

tion spray system. It proved possible in this instance to dispense

with the rotating holder and to obtain uniform layers in a stationary

system.

The configuration of our vaporization system is shown in Figure 1.

This system made it possible for us to deposit films of uniform thick-

ness and composition. As a substrate we usually used a microscope

slide polished in a soda lime flame. The least observable change in

frequency on the quartz oscillator with a natural frequency of 6 Mz

was 10 Hz, which corresponded to a change in weight of 10- R g. The

change in frequency was used in the control circuit to regulate the

silicon rectifiers, which varied the vaporizer current; this made it

possible to maintain the rate of vaporization of the two oxide sources

constant for the full 5-minute vaporization period. We usually de-

posited the film at a rate of 8.10 - 8 cm of thickness per second. We

had to maintain a reserve of material in the vaporizer sufficient to

insure that any change in mass would be small. In addition to the

oxides, we had to deposit layers of aluminum to serve as electrodes

to measure the electrical and dielectrical properties of the films.

To the extent permitted by substrate absorption, we measured optical

properties by the conventional methods.

2
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We studied the structural properties of our films by means of

X-ray diffraction and with an electron microscope using carbon repl-

cas.

We deposited our films

such that the total mass

sprayed and recorded by the

quartz oscillators remained

identical for films of all

compositions. Deposition

time was selected such that

this mass was not a func-

tion of the rate at which

the individual components

were deposited and that it

had an acceptable value for

S-- films of all compositions.
S6 The films were greater than

0

Figure 1. Configuration of sources, 2000 A in thickness. We
substrate and crystal oscillators in
48-inch diameter deposition chamber. deposited at least four
1 - substrate; 2 - oscillator 1; 3 - separate films for each
- screen; 4 - oxide source; 5 - alu-
minum source; 6 - oxide source 2 ; 7 composition, and the experi-

- oscillator 2. mental results are con-

sistent for all these films.

Experimental results. Let us now look at some of the results of

our studies.

SitO2 /B 2 0 3 fiZms. Absorption spectra in most instances took the

form shown in Figure 2, where the absorption peak occurs at a wave-

length of roughly 300 nm (energy - approximately 4.1 eV). The edge

of primary lattice absorption was not observed, however. Figure 3

shows typical curves for films of different compositions.

Neither the X-ray diffraction experiments nor electron microscopy

revealed any crystallinity, so that either the films were vitreous or

the dimensions of the crystals were so small as to be undetectable.

The value of the dielectric constant varied continuously between 3.2

for the B20 3 and 5.2 for the SiO 2, while the electric strength varied

between 1.2 MV-cm " I for 60% Si0 2 and 0.35 V-cm - I for 100f SiO 2. Pre-

cise measurements of electrical conductivity were difficult to make at

3
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room temperature. Dielectric losses Ctg 6) were only weakly depen-

dent upon composition, but they increased quickly with frequency; a

value of 0.018 was typical for a frequency of 1 kHz, 0.17 for 10 kqz.

SiO/B 203 films. The properties of these films are analogous to

those of SiO 2/B20 3 films, with the exception that their dielectric

constant drops sharply for films containing more than 40% B203 as

shown in Figure 4. Electric strength is 5% lower than for SiO 2/ 203

films. Refractive index increases monotonically from 1.56 for R203

to 1.88 for 100% SiO, and its behavior corresponds to that predicted

for a mixture of two substances not reacting with one another by the

Gladstone-Dale law, which relates refractive index to density. We

studied films deposited at

different oxygen pressures.

With a change in residual

air pressure from 6.10
-9

torr to 10- 4 torr, the di-

electric constant of films

with a composition of 70%

SiO/30w B203 dropped from

3.3 to 2.7, while tg 6 at
Do X9 3 0 M 1 kliz rose from 0.0042 to

Figure 2. Typical absorption spec- 0.01 and at 10 kz decreased
trum of a thin composite vitreous from 0.034 to 0.020; electric
oxide film. 1 - film; 2 - substrate; strength varied varied be-

3 - film+substrate.twe4.an1R Icm1tween 4.5 and I. Vc

refractive index between

1.74 and 1.52. The value

t. tg 6 for films of this com-

. position deposited at 6.10 -

, ;torr rose rapidly to satura-

V% ," tion at 150 0C (10 kFz) but
0% 1less rapidly on up to IPO°C

p (1 kHz). An increase in
3 30 30 JIM 350 so

A.MM tg 6 and, consequently, in
Figure 3. Absorption as a function electric condictivity is
of wavelength for various Si02/B203  common for nonmetallic con-

films. SiO 2 content given in per ductivity, but does not

cent.
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correspond to the known properties of semiconductors. Tests of the

films for oxygen absorption show that their absorptivity is higher

than in the case of the individual components. Structural studies

show the total amorphousness and uniformity of the films.

SiO/As 2 05 fiZms. It

proved impossible in this

instance to obtain the same

dependences upon composition

as in the preceding systems,

what with the fact that films

4 containing more than 60

As205 are unstable. In the

case of films containing
lesser amounts of arsenic,

- 8W the dependence of optical

Figure 4. Dielectric constant c of absorption upon wavelength
SiO/B 203 (1) and SiO 2/B 203 (2) films varied extremely randomly
as a function of composition. Con- with the change in composi-
tent of SiO and SiO 2 given in per

cent. tion; all films exhibited
anomalies in the 1P0-320 nm

range, however. The dielectric constant (at 1 and 10 kHz) remained

constant up to 100 0 C and then rose rapidlyt tg 6 increased from ap-

proximately 1600C in the case of films with a composition of 80t

SiO/20% As20 5. The refractive index varied continuously with changes

in composition but did not accord with the Gladstone-Dale theory.

SiO/BaO fiZms. The dielectric constant decreased continuously

from 6 at 40% SiO to 3 at 100% SiO. At 1 kHz, tg 6 first decreased

but then rapidly rose with temperature, beginning at 160 0 C (10 kiz)

and 240 0C (1 kHz). The change in refractive index as a function of

composition was constant and reached its minimum at 701 SiO/30X RaO.
The dependence of optical absorption upon composition was once again

not systematic, but showed maximum absorption at a composition of
70% SiO/30% Ba0. Structural studies showed that the films were

amorphous, but slightly granular.

SiO/TiO filZm. It was discovered that the properties of films of
all compositions are very sensitive to the residual oxygen pressure

in the vacuum chamber. Under the effect of a glow discharge and

5
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other treatment, absorption decreases, probably in consequence of

the drop in oxygen output; in this instance, the refractive index

drops for films with a composition of 80% SiO/20% miO.

4. Discussion and con Zusions. Oxides with high resistance,

which usually crystallize into a strictly defined pattern and exhibit

semiconductor properties, can be deposited in combination such that

they form thin vitreous layers with properties differing sharply from

those of their component oxides. Some systems may exhibit a very

simple dependence of these properties upon composition. In other

instances this dependence is only random. Structural studies show

that with careful control of the vaporization process we can obtain

truly vitreous structures. Studies of amorphous and liquid semicon-

ductors have shown that the similarity of the properties of the crys-

talline and amorphous or liquid states of one and the same substance

is a consequence of the short-range order in the noncrystalline state

L4]. The absence of any well-defined boundary of primary lattice ab-

sorption in our films points to the fact that the nature of the bond

in the vitreous and crystalline states differs sharply. Results of

a study of dielectric losses as a function of temperature confirm

this point of view. All systems nevertheless contain SiO (1<n<2),n
and the anomaly in the optical absorption curve in the vicinity of

4.1 eV indicates that this substance preserves some of its properties

even in the vitreous state. Gubanov (5) has shown that impurities in

amorphous semiconductors play a less important role than in crystal-

line substances, and the results presented here accord with this

point of view. Rearrangement of the atoms around the "impurity" oc-

curs much more easily in amorphous substances than in crystals with

a strict order.

We are grateful to Dr. A. Holland and Mr. D. J. Pacey for fruit-

ful discussions.

DISCUSSION

P. Rappaport. How does SiO's dielectric constant change with the

addition of TiO? Are you sure there wasn't any TiO 2 or SiOx in your

samples?

C. A. Hogarth. We should never be sure there wasn't any TiO 2 or

SiO X in our samples. But the great difference in the results presented

6



in detail for layers comprised of SiO 2-B203 and SiO 2-B203 permit us

to assume that we have accurately controlled our compositions, ac-

curately enough to enable us to present our results as applying to

SiO-TiO films. Since we were trying to obtain amorphous layers, we

made no attempt to determine how many a~oms the oxygen was bonded
with. SiO's dielectric constant decreased with the addition of TiO.
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HEI(OTOPbIE CBOIiCTBA CMEWAHHU~X OKCHJ.UbiX CJ1OEB 6b:oN
C AMOPOHbIMH CTPYKTYPAMH HaB Mar

C. A. XorapT, A3. A. NATr .lOCb BO

(C. A. Ho garth, L. A. Wright. Physics Department, Brunei Univ'ersit%. Lodn lmepii r
WV. 3,'England) I IHOTpI

M~n~ KCt~11. Bnez~eH~e .1HTb n:
B Kaqe(

MBb! eOK~fb o6HapyMHBaloT qeTKO BbipaxKeffibie nOwynpoBoIH!Iho- ri o.- 11 P 0
abeCBOACTBa, HfxxapaKTepH1cTHIH XOPOuzO 113seCT~b. Texiio.iorrim JlPOI13- npe.'IC

BOXCTB3 NIHorlix CTe1NO.1 ocHoBata Ila 33HOIoer1CTBiH ,_.Byx H.aTir 6w~ee MIeTHOe
OKCII~AOB, o6pa3y[Lownx a~lOpe!Hbie 1cowmr1eKcbt. HpI 3TO.M npouecce cBoSi- . .iTOne

CTaa OKCI:OB cyLLteCTBeHHO If3meHRlOTCH. Floto6Hbte 304eKTbI iimeIOT me- 10 ra, 'I

ceaieia CH;1bHO OTJ1H431OTCH OT CBOiACTB KpHCTa.vIwieCKoro ceola; liCCue- 1iOHTPO1
:LoBaHlff rop10HOBofn H Ko.woHtnria [' Ha CIICreme TI2 Se-Sb2Se3 C 3ame- rip.1
flieH;!e~s mbwwom! cBHj!eTealbCTBYIOT o cyil.eCTBoBaHHH a.MOpcPHbX rToJINv- re.uz5, "r
HIpOBO.:fIHHKOBb!X maTeptaJaoB. AllaaortitlHo itcuneaoaAHCb aipyrire Xa.lbKo- ia peHHnt
reHilftbl, H 6w noxOa3aHO, qro no.,yzamoI1Iec.9a m0p4)lible Maepfa~lb1 Be111 _ 111 B Te
ceft~ FKK THatit41{bie cTeKJa. B .nlirepaType .'IHWb KPaTKo C006u.aaercs ia. Ca.
0 HanbmeHMH ca'oeB, if.lfia~OuxXxOPOuzyIO CTeKa~oo6pa3HylO CTPYKTYPY [a]. R1.
r103T0ZNIY NMI HccaeaosBL1H CBOACTBa TOHKIHX naJeHOK, lpHfrOTOB.1eHHbIX O!tHO- lueCTBa.
Bpemelflbl!M Haflbmlfiem oiccu!ciB, BXOIRWLHX B COCTaB CTeKla. Ha3BeCTHO. o6xo~lrfN
qT0 o6pa3UbI T~epaoro CreKJa o6.a.aaoT UIHPOKIHM aHifl33OH0M 3.-eKTPHf- mrepeia
'RIKX if OlTH~iecKHx CBOACT8. H Mbl HaaeHAHCb, 14To 11011 113yVte4if c.'o>- CBA~Cro
HtAX HaribmeliHfbIX T~ieH0K CM0)Re ocyLUleC'rBHb Ha,1e~KHii KOHTpO.3b 3a fix e;e1
COCTaBOM. H3 orw6.lllKoaaniX pa6o-r 0 TOHKiHx n.ieHKaX cnt13BOB XODOWO i

H3BeCTHO, 'ITO npo6ze~ma ycneWiHoro HiaribmeHRsl 3aK.'otaeTCH B flO~y~efrri! Ce[rei
n1.eHKH HYX(Horo coc'raBa. IJft ocvmeCTB~ieHH5I oaqoepemretllo lartbl.le- U ne
HHft Heo6xo.0.HMO oqeitb TlmaTe.lbHO KOHTPO.IlpOBaTb CKOPOCTb !ICri13peHHFI Hanl
'13 KzL3-K:oro HCTOHHHKa [s]. IHast ma

OKC1ruH1be CTeKJ1a COCTORT 10 O6bIqIX COCTaB.lRIOUXHX cUema, HatipH. X11
~epSf0, B0 3 ,P 205, Bm.ec-e C Nlo.3H0HrKaTopa.Nl, Hanpmep AlgO. BaO. 4 ~ B

GaO, Na.2O, ;rj amc)0TepHblIH OKHC.laMH, Hanpiumep A120 3 , TiO, ZnO. AW ~p3
licc.1el0Baoli mHfor CHCTe.,, it COO61111M 3.aeCb HeKOTOpbie H13 3KcrflepHN1eH- HbIX KO

T3.Ib~fbX pe3yrbTaroe. B A.1.11eutie K 3To.Ny %fb apoaF~arinoupoma.1H pe- BOB
3:;A1bT.Tbl, 4To6bi VCTaHiOBHTb, 9 XKKHX npeaIe~iax c're:<.ioo~pa3Hbze zlenKi! ,
COXPaHRfIOT nrloJITpOBOaHHKOsbie CBOfRCTsa H HmeeTCH -111 y HIIX XOPOwUO i, jmbie
Bbipa;ceHnafl 3anpeweiiifan 3HepreTnqec~aRf rwowca. j cex 3T

IE.This material May be protectedO Y
%01 copr*,&htlaw (Ttlte 17 U.S. Code) -



2. 9KCnepHmeHTaabHmm me-roA

flepBo~iaqabHo a~cnepnmeHwrw fpOBO2U{JIHCb D~ HanWzJH e~bIi iKamepe
(antameTpoht 30 cml) npit6opa Bilaaca 12E7. reomeTpittecKoe pacno.io-

POROANNICOD. 113.2 weltite IICT04lKOB it loXmowicK Cb!.10 TnuaTe1LHo npoaHa.11i3po~ap~o.
* C Tem 4TOGIA o6ecne4Hnm oanopo~xoe nOKjmzrlle H yflpaB.1RTb TO.I1UHHOre rbyv, S. &. H a. !I - -o o ep~~~.11e~- O'I~5jOafO

,,Dees. A P Pe. -__MICTOIlbOKB.~Br p'T~-Hecoou j~p*ar
14c1b1TJH115I mecxU.,1bXHX pacnoowm~eIif 6bm.a Haffaela c.'ieapyiuag reomeT-

* piff, aatouiaRn flaTHtlecJii O2HOPO.Hbie C.1o1I: aBa &IcfapHTe.IbHLIX ;tC704-
HIM1K nofelLua.Cb Hla :iijameTpa.lblio flpoTmBoflo1OWHbX CTOPO~ax Bpa-
luaiowerocR 2epx{aTe.vR, COOTseTCTBVboue ~mt KBapueBble OCUH.ILITOPU

* pacnoaara.iHCb HaA HHM14* HenocpeaCTernio noa
BpaumamIuzrimcg epuwameem. floc.;ex;oiume ombi-
I~ 11POSOAHl.111Cb C mcno.ThaosaHmeM HCnapHTe:153

Ba.7b3ep BA 5i0 aiiahteTpom 48 cm, 13ToTroBeHi-
bl ClOB orO H13 Hep)KaBelouieh cmrui, c ymae.Iw~ium2
bIX CIOEBoftemos, B KOTOPOM mo-.2a pa3meCTHTbCS C.1o)*

-. Hag Hanbl.lTelbliagB dCHTeaa. Ilpzi 9T04 OKa3a-

JlOCb BO3MO)KHbIf o-TKa3aTbCA 0T BpBaiofleroc.9 3
London. .epw4areIR Hi nIo.iytIam OAHopo~bie ClOli B Cra-

iversitv. Londona. 11411nOf cfldteve. ( A'0 1
YCTPOACTBO KC1aPH~e.1Ib*1Of ClICTemby floKa3aHQ

.15ITb mi~eum~i 11OCTOSHHOA TOWUlU1Hbi If COCTaB
B KaqeCTBe flo.1oxKH 06bI4HO HCflOb3OBa.lOCb V

IyPB.I~K-no.HpoUanHoe B n.UmeHli HaTPOnHH~r lf3BeCTH -v*- -v --v*
won flpoiia ipe~tmeT~oe cTeK.1o NIRKpOCKOnla. Han~tenbuee 3a-5

pouX c 1111 (oh-e !eTHoe 113MeHeHiie E4acTomI H3 K~apueBom ocum.- Pitc. 2. Pacni-oo~e.4ie
pouecce CBOA- .iwrope C Co6CTBeHHo~f tiaCTOTr 6 hiru pammnocb i~qHo l~A4~iT

hi i~fOMe L 10 i-u, 'ITO COOTBeTCTRB3.la H3%ienennuo macchi im KpIMCra.1.mjjecxwf- oculmV
ia a14op(Ooro 10-8 r. 143%ieHeHHe 'laCiOTbI HCMlOb3OBa.IOCb B -Iqopos B Hajwjivre.-bHof

eaena; cc~ie-KOHTPO.7bHOA ueru 1.i1n yripaB~ienf KpemH~eBblIMH 1a4 pe ;It8CpC~ 4S Cr

b2Se3 c 3ame- Bbinpflr'Iwe.iflmi, KOTOpbie MeHfl.H TOK *fCfapH- oI- n.I3-K'. - ocun.ftR
)Pfl~bX fO.'Y -e.iR, rfTO 138.791.70 noiaepw~~eam CKOPOCT-H ufC- MC7?OVRNK 1; 5-.11QMHU~IeDAbi

6COHK 6- OKCHaEnlif Iterot-lyrne X&.lbKo. tnapeHHR ABYX OKCIIAHbIX IICTOEIHHKOB ITOCTOFIHHb- mmi 2 7 ?-ocuti.-Imrop ~
rep~ a.1I %fMU B Te'leHHe IIBTH MRHYT HcniapHre.ThHora nepno-

a3. Cae'rcsi HanbmeiHin o6wuio COC~asaia 8 cM1-6O TO.T7uU1Hbl B ce-
CTPYKTYPY 1.KyHay. Heoftxtmo 6buio HueTb B IlCriaBl(Tvi IOCTaTOqibfiH 3anac Be-

.ieHuibIX QAIHO. fr wec*T~a, rro6bi H3meHeHHe ero maccba 6b2.ao mailubm. Kpomie oxcifaoB, Hie-
ia. R3BeCTHO, o6xoauimo 6bw.io Hanbl.lwRb c.1ioI Ba1oMHHHR B KaB4ecTBe 9;eKTPO.lOB .2.139 113-
HoMl 3eKTpH- %tepeHHRs 3.leKTpHtlecKlX H AHgaeIKTPH'4ecK1I CBOftCTB m.eHoK. On1'Iemle
y-4eH*1H C.10)K- CBOA~CTBa 113mepL1H~b 06bItlHbI~jI meTOtah Il. HaCKO.lbKo ITosBoz.-IIo nor.ao-
HTPOJIb 3a Hx uteiuae flox.1o)KeK.

BBOB Xo~o~o CTPYKTNypHb~e caomicTa m~eHloK HciCC~oIa.1i~cb C TIOOMIO -714CpaKM.i
Bor flO.TYe-~ peHTreHOBCKIIX .iyxeg It Ha 3JI.TieTOHHOM MHKpOCKorne c flsomio yro.-

*b HcaefrHix penn)Itx.
HanbizeHne npOH3BOALHJOCb TaK14M o6pa3oNI, lTo6bi no.iiiaR Hanbli.eH-

ey-la, Hanpn. - nag Macca, perHC'rpmpyemafl K(BapuBbimi OCU11.llnTopamit, 6uia o~lHHa-
1 Mg0. BaO. Ko~a A.7R flaeHOK Bcex COCTaBOB. Bpemg n anbleHHR~ noa6Hpazoc-b T3KIIM
iO, ZnO. Mw o6pa30hI, 4To6bi 3Ta Mtacca He 3aBitce.ia 0T cKOPOCTeft HanbileHIRn orTle-
a3ccnephlteni- Hbix Kom1IoHeHT H Ilmi.1 np~fe.emyio Be.aHLhiHy xis flaeHOK Bcex cocTa-

3HPOaAJH pe- BOB. flzeaew I1MeII TO.ILIXlHy cBuije 2000 A. Tn Ixawaoro ;xauiioro co-
3H1hi wlnlut CTaBa Harnurnmcb no 1xpafl~eft mepe qembIpe OTaeabbie millHK1t, it flpHBo-
HIM X opoulo F lntbe 3KcriepHIIteHTa.lbmbie pe3yJbTaTbI R.'1O.91TCH coBtecTimIMhit 1Hi

Bcex 3Tmx w.eHoK.
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3. 3xcnepHmcHrajibHhle pe3y.bTaTU ,3bIqll :1

llpiooUiN tieKOTOpme pe3y.IbTa~bi iawix iIcCmealosafi . IM.io coc3alX
IIJleHKH 'SiO 2/B203. CIaeKTpbi nor.oumetim B 60JIbWIIHCTBe cJIytiae3 rne;O COeCm

Hm~e.1l DILt. flOKa3aHHblfI Ha ptfc. 2, ra~e ciufK nor.1oweHim~ pacno.,ioweH npil I rI~ai

.. HHe BOATHbi npitmepHO .300 ~.MIK (3pHepriis OKO.io 4.1 3B). O.IHaKo ipal .to 0.020. 31n
OCHoahOro peuleT~o'1r0 noraloteHIH He Ha~mianuaJc. Pnc. 3 noKa3blsaer oaaT.bI
THIHt4HLie Kp11BhIe ja1H na.eHOK pa3.IH1HbIX COCMBOB. manbm.eHH )ix

3KcnepHmeHmzl 10 a1HiopaKLLHH peHTreHORCKIIX- Jiyei't II 3.ieXTPOHHafl 150 Ci c.1e. o K
N.!1KPOCKoflHR iie o6Hapy)CH.1n KpHCTa.iaH4HOCTI TaK 'ITO .iiOO n.-eHKH .CiiO~T.

BO.2IIOCTII. f0r -Onbimi no a(
0Z~ KaNi noxa3lbi

-H as cnoco6Hc
04 Hbix Ko~mrOHe

BaHitfl noKa.

fl~ieNKH S

121oKa3a.Iocb fit
zOOl 230 300 352 400 Kiie we 3a~BH

X. xiii npeabuy
KH, colepwal

PHc. 2. T~rnmqHbgA camlcp florouem[s TOHKOA CMe-
Wa'uioil OaCciiZjof CMeK7oo6PaHOA n.ieHKH. VCTOrep!HibeM
I - t?.lexica; 2 - Ro.X.IOWK3; 3 - naienac +. flOXOAK2.iapwie

onTHLeC~oro
6bl.IH CTeKJ1oo6pa3HbMH, .71H60 pa3%tephI KPHCTa.I.IHTOB 6bi.ii TaK ma.lbI. a o.lubi BecbN!
'ITO liX He.lb3fl 6bi.1O 06HaPYWHTb. Be.IHqHH3anqal3eKrPH'IecKoA npoHHtlae- *. iaCb npsr N3.
M.OMT =2BHaO ?-IeHl.laCb Or 3.2 v.ui B20 3 no 5.2 xiii SiO2, a 3aTeKTpniie- Bce n.1eHKHI C
CKaR rnPO'llOCTb- aT 1.2 mrB-cm-' ans 60% SiO 2 AO 0.35 atB m l o6.iaCT1 IS0-

.4- 10 Kra) ocra

Oat I .aCb. tg 6 yr
/ st.SiO'/20%' As.

OfP 1 .4 iMHeHIIH CL
:1 fl.ICIKH S04 70 -4 B vLaa o

________________________ VN-Ba.I, 110 3

________________________________CIINIOCTI! 0?
yo0 .120 340 302 .730 AGO? SiO!30% Ba(

'k. He 6buia CIICT

Pm.3. 3amsiseoum noramheHHR OT A.1IHHU 80.MMl 70% i/0
AAX Paawt'ux UaeHov Si0 2/B203. dbix1t amtopFp!
B CPoiqeHTSX yx33a4o cozo.me S~O, flaieinci S

Ho0K o'IeHb Ify
100% Si02. TOqrnbie H3mepeHHii g.ieKTPOflPOBO;ZHOCTfl npit 1OmHaTHORi Tem- Hort Kamepe.
nepa'rype 6bio Tp)',HO ocyiUCeCTBIITb. :kH.ieKTpnqecK~ie fOTePH (tg 6) cop6Uui ym:ei
C41360 33ace.IH OT COCra~a, HO 6hzC'rpo pocJi C 'iaCTOToRi; THI1HLIHOff X 1 po.ia, nf nipli
qaCTOTbl I iKru 6biaia ise.lH4iHa 0.018, aR 10 KrUt- 0. 17. (I ~ i SOC!, S*

flacmicm SiO/B2 03 . CaOIICTa 3THX ItlemoK aifaoiorHqHb( CBOfICThaNt
flaeHoK SiO 2/'%03 , 32 MCIZoqeHmeM Toro, tITO 111.eKTPH'IeCKaii HOCTORH-
iiai pe3Ko y6weaaeT xii nMeiioK, co~epxauL~xx 6o.ttee 40% B203, K3K cia-
1(13311 Ha pHc. 4. B.fecTpHqecca npo'aHOCm Ha 5%. HH)Ke, Ie~m aXifi ii.-e- OKCIUbl C
HOK SiO2/B203. flaKa3aleanfpe.iomjieHHR NIOHOTOHHO yseaiumiiaerc or Cii CTporo on
1.56 AARi B203 ;to 1.88 21Ii 100% Si0, Hi ero noaezenie COOTreCBeTrry~ C~l-' a, MO
iupe.1cma3bisaemo~my .aR Cmecti zgyx HeB3ati,10,ei'fCTByIOu .H y XYp~so OK
rom seLzuecrs 3afcOoM r.1A~cToxa H Xaeft.ia, CBii3bIaOE.UHM nOXa3aTe.ib IU1IHC3 0T C
np~im0MAHHN c flaoTIOCTbIO. HiccJiieo38JhHCb nalfeK, Hanbl.leHHbie 11PH NIO)HO Had.7ii
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pa3.ii1aHbIX aaB.neHItFIX iKiIC.IOPO~a. rlpit 113.%teHtutl OCTaTO41oro a!aBt.ie-
HIM 803A% xa or 6. 10-6 TOpp :10 10-4 Tpp .aila.eK~pi'ecKaR npoHiiudeI~ocTb

cme C.)4C n.1emoK cOCra~a 700%0 SiO,30% B10 3 Y.MeHbWa.laCb OT 3.3 ao 2.7, Ig 6 npui
cnnwnni I Kra yBc.iwiHBa.-ic% OT 0.0042 ao 0 01, a npit 10 Kru yVmeHbwa~icH Or 0.034
OaiaKO Uplif a~o 0.020, a3ieKTplI4eCKas nI104H0CTb %leiHlaCb OT 4.5 act 1.8 NirB - cwt1 '.i
3 flOKa3bIBaeT noKd3arealb npeaioMf.-eHIiH - Or 1.74 io 1.52. tg, 6 v niHOK 31Tro7 COCTaI~a.

lilbl.TCHH,10 rp 6- 10-' TOPP. ObICTp() yne.-iv43iBzaics1 -io lnacbaue~iHm
150' C (iO iiru) H~ Nrtite Ob:CTPO - SO' 10C (1 xru. Vb~e.l)Ne)'jie :

3.eX"ii it, CalelxoiaTeJbHO, 3.ieKrponpOBO.U(OCTH O0W~4HO J.5 HeAeraa.'aLiecxoii npo.-

HC.IiimocTII Ho me COOTBeTCTByeT 1141BeCTlibiM CISOACTBM fliVflPOIJOxHiMOq.
* OnIimbi no a6copfiui KtiIc.opoaa n~ieH-F

Kamm no~a3biBalOT, '470 lix a6copowiOH-
hH cflOCO6HOCTb BbILUe. 'eri V OTien.b-
iPbIX h0ONIIlOHeHT. CrIpywK-Np~ie Hcc.ieao- -

* namlim floKa3blBalOT flO.lHYIO a?,OP4)- .9
HOCTh H1 O.lHOPOlHOCrb r.ettof.

* [IJ~eHKH SiO/As2O5. B 9TO.M C.1'4ae
OKa3a.IOCb HeBO3MWK~HbIMf flV4iiTb Ta-
KJ~e We 3aBKCHMOCTH Or COCTaBa, KaK
ans npeabuyux cHc-,eM. TaK KaK n.leH- 4_____________
it. coaepwa uwie cBbhiwe 60% AS2O5, He- Mf W0 10 V 9

vc-roktliBb. .a.iR flaeHoK c melibtii1XV-.
coiepKaHiiem MlbillibRKa 3aBHCHNlOCTb Ptic. 4. 3a3;Icilocrt at3,.-eKTpI14lecK~ii

* OrsIT1ecxoro floF.ouLCHHH Or A.JH1Ibi flpoI4mLaeMOCTII nAeHOK & SiOB 2103 (11
IfH TaK %iaibi, Bo.iubj Beciba 6ecnopsiaotHo ii3MCHR- N SiO21B203 (2) a? cocraga.

Koff nponHuae- aCb fPHI fl3meHeHllH cocraBa, oi:HaKo B puH s~yaiHoieaa. t ,
a 3.'ReKTpitf'e- Bce flelff(lf 06Hapy2Kltnali aHlO~a.JTIM B

mrs cM2 .-h o6.7aCTra 180-320 wfK. j.ieXTpH~eCKDS flpopHHuaeOCTb (lpit 1 KrU it
* OKru) OCraaa.racb flOCrOHHHOR ,ao 1000 C, a 3aTeM% 6iCTpo N .Be.Thiwitia-

.iacb, tg 6 yBe.IH(HIBa.JTCS flphhfdpHo or 1600'C vifl naenoK COCT2Ba 80%
SiO/2O% As2O5. f7oKa3are'm nPe.oM.1,7EHH5K HeflpepbiBHO 113meHn.-c. flfji
113.meHeHhiu cocraBa, HO He c.1eaosa. Teopifu r.1a:iCTona H :lerl~a.

flaerncH SiOfBaO. Berniqllla jlqaeKTpi4eciwrl npOriuae~fOCru naiaBHo
y 6wsa.ia Or 6 npii 40% SiO ao 3 npu 100% SiO. tg6 ripu I Krtt cnepia

v6bwa.i, )to 3arem 6blCTpo B03paCra.i C TemnepaTypOft, HamilHBH co 1 60'C
(10 Kru) it 2400 C (I KmU). I4MeHCHitne noiaaaTeanf npenom.IeHlig B 3aBit-

CHMOCTH Or COCrana 6wio iinebBb., H1 Hmeao MHHIIMyN npH 700%
SiO/30% BaQ. 3aBaICIcnOCmb onTrnqecxoro nor.nolueHHR OT cocTraa Cioa
He 6biaa CHCTe~AtTHtecxoR, HO Hhf.ICR maKciHmym nor.louleHhlE rpit cocrTane

* 70% SiOI3O% BaO. CTpy'I(yphlibe ucc-eaoaIInn voKa3aoit, qro n.ieliii
6bl.IH abiop4)Hbimit Ho ca1erKa 3epniMKA1.

fll]141 SiO/TiO. O61fapywello, 'rTo nplu Bcex COCra~aX CBoiACTaa n.oe-
* HOK olielb IIYBCTBHTe:IbHbi K OCT2TO4HOMY aawlf,110i KHC.hIO.OI'i a saK%?N.M-

OMHBTMOA iest- HORi Kamepe. IloA BamHiteb rvieiouero paapflaa i apyrog o6pa6TKrIf 'a(,)-
flOTepII (tg 6) cop6win yNieHbwaeTCR, BePO~RHO, Bc.eACTme v~iep~bieiiin Bbi'xo.a iuxc

?HflH'l11HOfi AARI poaa. If nplf 3ToM yme~bwaeTRc nIOXa3aTe.lb npeoom.eHmR a1R naleHOK CO-

W CBOACT138MCraga 800%. SiO/20% TiO.

xaR TIoCrORH1- F4. O6CYMjAewwe m 3BWsOAh
B203, KaK no- [
, 'e. aam noie- OKCHaXbI C BbICOKHIM COnPOTH13.elHeM, KOTOpbie O~bIL11O KpIiCTaJl.JH3YOT-
HisihaeTC$I Or CH CTii t cr o npe~eieHH6liM o6pa30M if o6Hapy~ciBazOT flO.71IlPOBHO biC5
COOTBeTCTByeT C93OA~C~, m~oryT 6bImb coB'leCTHO llanbi.ilibi TaKHm, O6pa3OM. MTO Omit 06-

x .3pyr c apy- pa3y1OT TOHKme -CTeKalOOfpa3Hbie C.1011 CO CBOICT~a?.IH, CUf.lbHO OT.i11cqal-
lu floKa3aTe.lb 1.1.101110CIr a CBOACTB COCTaB.1HOULHX lix oKmioB. Y HeKOTO~blX CniCre.,
nbuui~Hbie lpn ~ ,o)KHo HaGalioaaTb Ollelb npocTYo0 3aBHiCHMOCTb CBOflCTB OT COCTa11.
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B apyri!x C.~Iyq.a51X 3Ta 3aBIIC11%1OCTb C.vafifam. CTP KTy'Ptlbe IICC.le.lO13L- naPa3IeiPo0
Mist not<a3b1Baior, 'iTO iiPii TluaTe.1bHOM% KOIITj)O.1[ 3a IInfJPHTt .lbHbM% 'nPO3  4"eprai B6.-ii

UeCCONI %1O4AlO a1O6HTbcn1 noaNv4emiFi 1ICTI1I CTeK.loo6paZ311Oii CTPYKT)'pb1. B reticaroita::
11ccaez o n a_,,opLPHb!x H 4(lUauirx flo.'Iyfposo.Iifl-KB llOKa3a.1IH. 'ITO rio- '170 cVLeLTBI
1o61e CBOACTB Kp;fCTa.%-ikil'ecKoro it aMOP4)Horo jiaa KUKoro COCTOSIHIIII THtleCK~tX 30'.
oliforo If Toro we setueCTBa RBJ1ReTCFI C.leA!CTI3IeM C0X-M{~ilii 6.1iiCKlero 3=±
n[OpHAKa B HeKp11CTa.1allqec1(om COCTOFHHII Ni. OTCYTCTBHe LieTKO BbipaWxeH-k C 'B
HroO Kpa51 OCHOBHoro peweTo'4Horo rlorioILueHIR H3WHX r.ieHOK yKa3bl- e 1800 13111TOB
BaeT Ha TO, 'ITO npHpo2ia CB513II B CTeK.oo6pa3HOM it KpHcTau.1I4CCKON CO- CTB1Te.lbHO
CTO5IHIHfX Ct1flbHO pa3xr'IqaeTCHq. Pe3yV1bTaTu ticc.leieasiH aHI3.1eKTPa4e I B6.1H3H H-TOt
CKI(x fOTePb B 3awictimocTt oT lemnepaTyphi n0lATaep)Kx1OT 3TY TO'IlQV waeTCR Pa3Y
3peHHR. Te~t He -,te~ee Bo B~ceX ciicTe,%ax co.aepxuTCR SiQOh (1<n<2), it I sIo'IHHH 3
aaoMa.1HIR B KPHB0Ol onTuqeC~oro noFJnoteHHRf B 06.1aCTII 4.1 38 FTOKa3bl- ;ui JIR6pa3uoi1
BaeT, 'ITO HeKOTOPbte CBOR'CTBa 3TorO BeweCTBa coxpaHRIOTCR i>KC B CTex- BlbIRCienH1
.-ioo6pa3H0,f COCTOHHHH. ry6aHOB [51 no~a.1, 'ITO npu~iecri B aMOPePHb1X 30HHYIO C-rPY!
nlO.'VflCOBO.3HHKaX PrpalIOT MLHee aaKHVIO riO.1.ies. 3tpwa 1I j

6ee~ecTsax, a npi~se_-e.Hbe 31eCb pe3YJbraTbi coroacYloTCH C 3T011 TO4iKo4 Kawibl ca1oi
3peHHH. IlepeCTPOAKa aTOMOB BOKPyI' crptimeciif YPOHCXOAIIT 9 amop~p u.aeHTr)U~fnrP
HbIX Bewiecmax ropa3:LO dertie, 4Cm B KpHCTa.iaax c HX CTporHM rnOPH9t.%f %!C;111 CNIOTPe'

Mw 6.laroaaPHbi AOKT0py A. Xoa113ArY H MHCrepy L. kw. nfleicH 3 caia~oftc~
r.10;XOTBOPHbie AHCKVCC11H. UeHTPOBbC tit
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.1H CK YCC HAS

fl. Pannanopr. Kaic xt3aeKCTp~qecKaR nOCTORlIHasi SiO II3%ieReTCR npit xorias.eH1111
TiO? Bbi yaepelliu. 'rro a Bawinx o6oaaX He 6xburo TiO2 nani SiO-,? A4'(n 1, n 2 , in)

C. A. XorapT. Hilicora Heab3W 6brrb yeepeiHhM, 'rro TiO2 It SiOx He 6b11O 8 O6Pid3- -Bn '
uax. O0zxHaKO 6onbuoe paa~xwure 3 pe3y.ibTaTaX. npeazcTaB.eHb1X nol2po6Ho ia oea
SiOr-B32s it SiO-B 2O)3, n03B0.1ReT ripealoalaraTb. 'ITO MI KOHT,90iHPO83.i1f COMBS
C ToqHwcmbo. aocTaToRHOR XIR Toro, WOW6 npe1cTaBTIITb HawH pe3ya'bTaTL.I KW3HO B1110..in
c~itevi K n.Ieixa~m SiO-TiO. Tax Kai{ -.tw CTapanflcb no.ly'43rb aMop'Offbe C.ioit, TO NIN

He onpeae.-Ra1. C KaI{IMH TMa-vit CEqIRSaMICS KHCAIOPO;X. .21t3.eKTPuf'eciaH n1ocTOaRaf
Si0 Y~IeHbLU2.i3cb c .aodaae![Hem TiO.

XXIV-.
BJ1H51HHE AE40EKTOB YIIAKOBKH

HA BJIEKTPOHHYIO CTPYKTYPY rPA4)HTA 8(n)

M. Tcy3Ana. AI. Yemypa E n

(M. Ts uk a da, Y. U emnu ra. Department of Physics, University of Tokyo, Tokyo, tanbr
Japan) ii a COOl, '-

I. Bseaemme
flPH aH3.1tt3e pa31H'IHbX 3xCflCpH:MCHT0B ma rpa(PHe vcneWHo HCflO.lb- b (t

3O8a.laCb 3OHHaR NtO.;eW CaoH'iteBCKro-Beficca (CB). H4emaiBn BHOB11-
COK, 10oHep ;i atpecCe.Thxay3 [I) o6flapy)Kst.ln., t(TO OCUH.3JXRUR 2ae raII3a- F.1C seKrop n
BaH-Az1b4)eHa Ha HeOCHOBHb1X HOCHTeaWx a n1fPP0HH0 %1OHOKp;1CTa1uq1'e- In
CKoMt rpaeptire (MKr)- 3HaL111Te.lbHo IT.'TH'IMUTCR rnT TaKOaIX 8 XOPOUIC

0rK;%:to% ifpO.11HTHectioM rp#H~ne (ulf, B TO B~eMR K3K OCUHXa1R- BeKrop a312
lint! Ha OCIIOBHbX HOCUrTe.RX flO'ITH He oT.i1tTCRq. .1awee, 6u.x Haka~eH0, CAORMj. Ha
'ITO 3HaqeHte OaH0F0 313 riapameTPOS 3OHb1 A B rir COcta.Iser T0.1b13
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