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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 oxldes exhiblt marked semiconductive properties, and their
characteristics are well known. The technology involved in the pro-
duction of many glasses 1s based upon the interaction of two or more
oxides forming amorphous complexes. 'This process wlll see oxide
properties vary substantlally. Similar effects may occur 1n the case
of other semiconductive materials as well. The properties of amor-
phous selenium dlffer greatly from those of crystalline selenium; the
studles by Goryunova and Kolomiyets [1] of a lese-SbZSe3 system with
substitutlon by arsenlic point to the existence of amorphous semicon-
ductlve materials. Other chalcogenlides have been similarly studied,
and it has been shown that the amorphous material products behaved
like typlecal glasses. The literature reports only briefly on the
deposition of layers having a good glass-like structure [2]: 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 studylng compositely deposited films
we would be able to maintain reliable control of theilr composition.
It 1s well known from the published literature on thin films of al-
loys that the problem of successful deposition consists in producing
a f1lm of the required composition. Slimultaneous deposition requires
very careful control of the rate of vaporization from each source [3].
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Oxlde glasses consist of the usual components of glass, 8102,
8203 and P205|for example, plus modifiers, MgO, Ba0O, Ca0 or Na,0 for
example, or amphoteric oxldes, A1203, TiO0 or ZnO for example. We
have studled many systems and are reporting here some of our experi-
mental results. We have also analyzed our results to establish the
1limits within which vitreous films preserve their semiconductive
properties and whether they have a well marked forbildden energy band.
Experiments were first conducted in the deposition chamber (30 ecm
in diameter) of a 12E7 Edwards device. The geometrical configuration
of the sources and the substrates was carefully anal&zed to 1nsure
coating uniformity and control film thickness using a guartz 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 dlametrically 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 dlameter BRA 510 Bal'zer vaporizer,
which 1s of greater capacity and in which we could place our combina-
tion spray system. It proved possible 1n thils instance to dispense
With the rotating holder and to obtain uniform layers in a stationary
system.

The confilguration of our vaporization system is shown in Figure 1.
This system made 1t 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 MHg
was 10 Hz, which corresponded to a change in weight of 10'8 g. The
change 1in frequency was used in the control circuit to regulate the
silicon rectifiers, which varied the vaporizer current; this made it
posslible to maintain the rate of vaporization of the two oxide sources
congtant for the full 5-minute vaporilization period. We usually de-
posited the film at a rate of 8-10'8 em 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. Tn addition to the
oxldes, we had to deposit layers of aluminum to serve as electrodes
to measure the electrical and dlelectrical propertles of the films.

To the extent permitted by substrate absorption, we measured optical
properties by the conventional methods.
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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 deposlted and that it
had an acceptable value for

films of all compositions.

The films were greater than
Figure 1. Conflguration of sources, °
substrate and crystal oscillators in 2000 A in thickness. We
48-inch diameter deposition chamber, deposited at least four
1 - substrate; 2 - oscillator 1; 3 -
- screen; U _’oxide source; 5 — alu- separate films for each
minum source; 6 - oxide source 2 3 7 composition, and the experi-

- osclllator 2. mental results are con-

sistent for all these films.
Experimental results. Let us now look at some of the results of

our studles.

S£02/3203 fiilms. 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. Filgure 3
shows typical curves for fllms of different compositions.

Neither the X-ray diffractlon experiments nor electron microscopy
revealed any crystallinity, so that elther the fllms 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 8203 and 5i2 for the 8102, while the elegtric strength varied
between 1.2 MV.cm™~ for 60% S10, and 0.35 MV.em™~ for 100% S10,. Pre-
cise measurements of electrical conductivity were difficult to make at




room temperature, Dielectric losses (tg 8) 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 kHz.
Si0/8203 films. The properties of these films are analogous to
those of 8102/13203 films, with the exception that theilr dielectric
constant drops sharply for films contalning more than 40% B203 as
shown in Figure 4. Electric strength 1s 5% lower than for 8102/R20
films. Refractive index increases monotonically from 1.56 for 3203
to 1.88 for 100% S10, 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

3

alr pressure from 6-10"

torr to 10" torr, the di-
electric constant of fllms
with a composition of 70¢%

S10/30% 5203 dropped from

: - . ) 3.3 to 2.7, while tg § at

L . ® w 1 kMz rose from N.0042 tc

0.01 and at 10 kHz decreased

12

Flgure 2. Typical absorption spec-

trum of a thin composite vitreous from 0.034 to 0.0203 electric
oxlde film. 1 - film; 2 - substrate;
3 - film+subsérate. strength varied varied be-

tween 4.5 and 1.R Mv-cm_l,

refractive index between
1.74 and 1.52. The value

tg § for fllms of this com-
position deposited at 6-1(’)'G
torr rose rapidly to satura-
tion at 150°C (10 k¥z) but
less rapidly on up to 1lRn°c

(1 kHz). An increase in
tg 6§ and, consequently, in

Figure 3. Absorption as a function electrlc condictivity 1is
of wavelength for various 8102/B20

films. Sio2 content given 1n per
cent.

3 common for nonmetallic con-
ductivity, but does not l




correspond to the known properties of semiconductors. Tests of the
films for oxygen absorption show that thelr absorptivity 1is higher

than in the: - case of the individual components. Structural studies

show the total amorphousness and uniformity of the films.
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FPigure 4. Dielectric constant & of
310/8203 (1) and 8102/8203 (2) films

as a funection of composition. Con-
tent of S10 and SiO2 given in per

SiO/A3205 films. It
proved impossible in this
instance to obtain the same
dependences upon composition
as in the preceding systems,
what with the fact that films
contalning more than 60%
As2o5 are unstable. 1In the
case of films containing
lesser amounts of arsenic,
the dependence of optical
absorptlon upon wavelength
varied extremely randomly
with the change 1in composi-

tion; all films exhibited
anomalies in the 1Rf0-320 nm
range, however. The dielectric constant (at 1 and 10 kHz) remained -
constant up to 100°C and then rose rapidly: tg § increased from ap-
proximately 160°C in the case of films with a composition of 80%
S10/20% Aszos. The refractive index varied continuously with changes
in composition but dild not accord wlth the Gladstone-Dale theory.

St0/Ba0 filme. The dielectric constant decreased continuously
from 6 at 40% S10 to 3 at 100% S10. At 1 kHz, tg § first decreased
but then rapidly rose with temperature, beginning at 160°C (10 kMz)
and 240°C (1 kHz). The change in refractive index as a function of
composition was constant and reached 1ts minimum at 70% S10/30% Rao0.
The dependence of optilcal absorption upon composition was once again
not systematic, but showed maximum absorption at a composition of
70% S10/30% BaO. Structural studies showed that the films were
amorphous, but slightly granular.

510/7i0 filme. It was discovered that the properties of films of
all compositlons are very sensitive to the residual oxygen pressure
in the vacuum chamber. Under the effect of a glow discharge and

cent.
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other treatment, absorption decreases, probably in consequence of
the drop 1in oxygen output; in this instance, the refractive index
drops for films with a composition of 80% Si0/20% Ti0,

4., Discussion and con lustons. Oxides with high resistance,
which usually crystallize into a strictly defined pattern and exhibit
semiconductor propertles, can be deposited in combination such that
they form thin vitreous layers with properties differing sharply from
those of thelr component oxldes. Some systems may exhibit a very
simple dependence of these properties upon composition. In other
Instances this dependence 1s only random. Structural studies show
that wilth careful control of the vaporization process we can obtain
truly vitreous structures. Studles of amorphous and liquid semicon-~
ductors have shown that the similarity of the properties of the crys-
talline and amorphous or ligquid states of one and the same substance
1s a consequence of the short-range order in the nonerystalline state
(4]. The absence of any well-defined boundary of primary lattice ab-
sorption 1n our fillms 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 polnt of vliew. All systems nevertheless contain Sion (1<n<2),
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
samples?

2 Or Siox in your

C. A, Hogarth. We should never be sure there wasn't any ’rio2 or
81ox in our samples. But the great difference in the results presented




in detail for layers comprised of 8102-8203 and Sio2 8203 permit us
to assume that we have accurately controlled our compositions, ac-
curately enough to enable us to present our results as applying to
Si0-TiO films., Since we were trying to obtain amorphous layers, we
made no attempt to determine how many atoms the oxygen was bonded
with. SiO's dielectric constant decreased with the addition of TioO.
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HEXOTOPHIE CBOMCTBA CMEWAHHLIX OKCHIOHBIX CJOEB
C AMOPO®HbLIMH CTPYKTYPAMH

C. A. Xorap‘r, JI. A. Padar

(C. A. Hogzarth, L. A anht Physics Department., Brunel University, Londoa,
V. 3, England)

1. Bsenenue

Muorue okcrasl O6HAapYXHBAIOT TETKO Bblpa<eHHblie NOIVAPOBOIHHKO-
Bble CBOMCTBA, H MX XaPAKTEPHCTHKH XOPOWIO H3BeCTHH. TexHOo.0rnd npous-
BOICTBA MHOCHX CTEKOA OCHOBAHA Ha B3aHMOIelCTBaM JIBYX HIH Oo.ee
OKCHAOB, o6pasyoitux aMopdHbie xoMmniaexchl. IIpu atoM mnpouecce CBOii-
CTBA OKCHIOB CYIIECTBEHHO H3MeHsloTca. [lojlo6Hble 3bdeKThl HMET Me-
CTO M A1 IPYTHX NOJYNPOBOAHHKOBBIX Marepuanos. CpoiicTBa aMmapdHOoro
ceJeHa CHAbHO OT/IHYAIOTCA OT CBOACTB KPHCTATMHYECKOTO CeleHa; HcC.le-
aosauua [opioHosoit H Koaomuiiua[!] Ha cucreme T1,Se—Sb,Ses ¢ 3ane-
LieHHeM MbILUbAKOM CBHIETeAbCTBYIOT O CYLIECTBOBAHHH aMOP(QHHIX noay-
POBOIHHKOBHIX MaTepHanoB. AHAJIOTHYHO HCCJAEIOBAa/MHCh JAPYrHe XalbKo-
TeHHAH, H OBIIO MOXA3aHO, UTO NOJYdalOWIHECA aMOpgHbe MaTepHa. bl Beau
cefs KAK THIOMUHWE CTekaa. B JuTepatype anwb KpaTtko coofuiaercs
O Hamel1eHWH CJ10eB, HMEOWHX XOPOUIVIO CTexk’1000pasHyid cTPykTypy [l
HO3TOMY MBI HCCJ€10Ba1H CBOHCTBA TOHKHX MJEHOK, TPHIOTOBIEHHBIX OIHO-
BpPeMeHHB!M HamMbl.IeHNeM "OKCHIO0B, BXOIALIHX B cocTaB crekaa. HasecTHe,
470 06pa3ubl TBEPAOTO CTekaa 06.1a1aI0T IIHPOKHM 1HaNa3OHOM J.TEKTPH-
I2CKHX  ONTHYECKHX CBOWCTB, H MBI HAIEAJIHCb, HTO NMDH HIVUEHWH C.I0MK-
#6IX HaNbIICHHBIX I.TEHOK CMOMKEM OCYUIECTBHTb Ha1eXKHBII KOHTPOIb 33 HX
coctaBoM. M3 ony6ankosaHHbIX paBoT O TOHKHX MJI€HKAaX CM;I1aBOB XODOUWO
M3BECTHO, 4TO MpPOG.1eMa YCMelUHOro HamblieHUus 3aKaiovaercs B NOAYHeHnH
NIeHKH HYXHOTO cocTaBa. [I/A oOCVINeCTB.1eHHR OIHOBPEMEHHOrO Hambile-
HHA HeoGXONHMO O4YeHb TIMATEIBHO KOHTPO.IHPOBATH CKOPOCTb lcilapedus
H3 KU:KIOro HCTOuHHKa [3].

OKcHIHBe CTeK.1a COCTOAT H3 OOBIYHBIX COCTaB.ISAIOUIHX CTEK.1a, Hanpu-
step SiO., B,0s, P;0;, BMecte ¢ MoiugukaToparu, Hanpumep MgO, BaO,
Ca0, Na,0, naun aMporepabiMu oxuctamu, Hanpumep Al.Os, TiO, ZnO. Mut
HCCIeI0BaIH MHOTO CHCTeM H COOGMIHM 31ech HEeKOTOpble H3 IKCNepUMeH-
Ta1bHBIX Pe3yabTaros. B 1omoaHesne K 3TOMY MB{ MPOaHaJH3IHPOBATH De-
3¥1bTATH, 4TOGLI VCTAHOBHTH, B KakHX Npelerax cTex.1000pasHbie IIedKH
COXPaHRIOT MOYNPOBOAHHKOBBE CBOWHCTBA M HMEETCH /i Y HHX XOpowo
BbIpaKeHHAA 3anpelleHHan IHEPreTHYECKan N0.10Ca.
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2. 3KCEPUMEHTAALKBIT MeToa

INepBonHayaabHO IKCNEPHMEHTH NPOBOAHAMCH B HaNLUIHTE 1bHOR Kamepe
(ainamerpom 30 cM) npuGopa 3asapaca 12E7. leomerpuueckoe pacnono-
posoanuxop. Haa. - JKeHHe HCTOYHHKOB M MNolnoXeK CbL10 TILaTeLHO NPOaHZAIH3NPOBAHO,
erby. S B Ha. ; ¢ TeM uToGn o6ecneudTs QIHOPOJKOE TOKDLITHE K YNPaBIATb TO.JIUHHON
pees. A P Pe. NIEHKI ¢ NOMOWBIO KB2PLEBOro KPECTalIWyeckore ocupaintoiaz flotie
HCOBITAHHA HECKUABKHX pacnojoxenuit Oblla HaiileHa Clelylollas reomet-
PHA, J310llas NPaKTHYECKH OJHOPOIHbBE Cl10M: ABa HCINapPUTEIbHLIX HCTOM-
HHKa MOMEW2.IHCh Ha JIHAMeTPaJbHO MNPOTHBOMOJOKHBIX CTOPOHaX Bpa-
ulaioulerocs Jepsare’s, COOTBETCTBYIOUIHE MM KBaplUeBble OCUK.IIATOPLI
pacnoaaratdch Hal HHMH HenocpelcTBedHo 1noal ‘

38
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- BpawwaownMca JepaatereM. [locreaviollke onbi-
h TH NPOBOIHIHCH C HCHOIb3OBaHMEM MHChapuTels
3 Baas3ep BA 510 auametpom 48 cM, H3roTOB.IEH-
bIX CJIOEB 2 HOrO H3 HepiaBelomwefi CTaJH, C YBETHYEHHLIM
3 o6BEMOM, B KOTOPOM MOT1a Pa3MeCTHThCA CJIOX-
- Hasl HanbligTelsHaa cucrema. IIpn aTtOM oka3a-
3 J0Ch BO3MOXKHBIM OTKAa3aThCR OT Bpaulawulerocs
R d JepkarTels K NOTY4aTh ORHOPOZHBIE CIOH B CTa-
iversity. London. : LUHOHAPHOMR CHCTeMe.
. YeTpoficTBO HCMAaPHTEIBHON CHCTEMB! NMOKa32HO
1 Ha puc. 1. C ee noMoulbio MO¥HO ObLI0 Hanhl-
JA7Tb  NJeHKH MNOCTOSHHOM TOJIWHHB W COCTaba.
- B xauectBe NOIL10MKKH OGBIYRO HCNO.1b30Ba.10Ch
'YPOBO.IHIfKO- g NOJIHPOBaHHOE B M.1aMeHH HATPOHHON  13BECTH
O-TOTHA NPOH3- o npeiMerHoe CTeK10 MuKpockona. Hanenbiuee 3a-
;’;u{e'-gé‘e ‘-Z‘;-;;f E :x;:goe H3MEHeHNEe YacTOTbl Ha KBapUeBOM OCUHI- o . 1 pooioo ...
: JfTOpe ¢ COGCTBEHHOI 9acTOTOR 6 MU PABHAIOCH | 1luuukon, NOIIOKKH H
bl HMeWT Me- ] 10 ru, 4TO COOTBETCTROBAIO H3MEHEHHIO MACCHl HA  KpUCTALIHWECKHX OCLLI-
3a amopdroro . 10-¢ r. HameHeHHe 4ACTOTH HCHO.IB30BATOCH B I9TOPOB B HaNHAHTEIbHON
eJ1eHa; uccae- : KOHTPOJbHOM MenH 1A YMPaBJIeHHR KpeMHHeBbiMp XaMepe luaymerpon 48 cv.

BLINPAMHTEIAMH, KOTOPble MEHATH TOK HCMaPH- ooy . R nsnn

: < R C- HCTOURHK 1; §— auoMuNHeBL it
TeId, YT0 MO3BO.TATO MOIICPIKHEBATH CKOPOCTH HC "cm““;‘__oxc“;’nun weTou-

MapeHHf IBYX OKCHAHBIX HCTOYHHKCB MOCTOSIHHBI- HHK 2, 7 = OCULLIIRTOP 2o

b,Sey ¢ sawme-
POEEIX noay-
'WTHe X&J1BKO-
TepHa.bl BeJIH

v

fra - Cin g demad
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% M B TeueHWe NATH MHHYT WCMApPHTEIBHOrO MepHo-
‘ c096maergn £ 1a. CKopocTh HanblieHHst OGBIYHO cocraBisza 8-10°% cM rTomwuHb 5 Ce-
CTPYKTYDY [2]. KyH1y. Heo6Xol1nMo 610 HMETs B HMCHapHTele 10CTAaTOYHLIA 3anac Be-

JeHHHX OIHO-
1a. UzsecTHo,
HOM 3.JeKTpH-
YUeHHH CJ0XK-
HTPOJIb 33 UX
aBoB XODOLIO
B NOJIYYeHHH
{0ro Hanblte-
b HCMApeHus

IeCcTBa, YTOOW H3MeHeHHe ero Maccei GHLT0 MaanM. Kpome okcHioB, He-
06X011MMO GbLIO HANELIATHL CJIOH aJIOMHHUA B KauecTBe 3.1€KTPO10B 118 H3-
MepeHHs 3IeKTPHUECKHX M AHITeKTPHNECKMX CBOficTB MIeHOK. OnTuyeckie
CBOMCTBaA H3MEeDPAJNHCH O6BLIUHKIMH MeTOJaMHi, HAaCKOJIbKO MO3BO.4.10 NMOr.10-
weHiHe N0l T0XKeK.

CTPYKTYpHbie CBOIICTBE MIEHOK HCCIC10BAJINCH C TOMOWILI0 IHQDAEKIHE
PEHTreHOBCKHX :xyqeﬁ H HA 37EKTPOHHOM MHKpOCKoNe C NOMOUIBID VIO.1b-
HBHIX PerHK.

Hanulgeune nNPOU3BOIHNOCH TaKWM 06pasoM, 4TOGH MONHAaA HanblieH-
Has Macca, PerHcTpupyeMasi KBapueBHIMH OCUHIIATOPaMH, Oblla O1nHa-
KOBa A4 NJIEHOKXK BCeéX COCTaBOB. Bpe:\m Hanbl1eHusa nonGupanocs TAKHM

s 2 PR L

eKJa, Hanpu-
v MgO, BaO,

i0, Zn0. Mu o6pasonm, 47065l 3Ta Macca He 3aBHCel1a OT CKOPOCTEil HamblIeHHs OTIelb:
IKCIepHMeN- HBIX KOMIIOHEMT H HME&la NpHeMIeMYlo BE&THYMHY 177 NJeHOK BceX cocra-
3HpOBATH pe- BoB. [Taesxy nMean toaumny csbime 2000 A, JIas Kamaoro 1aHHOro co-

CTaBa HaMLLTAIHCh no KpaiiHefl Mepe yeThipe OTJAEIbHble MJIEHKH, M NPHBO-
QUMBIE IKCMEPHMEHTAIbHLIC DPe3VAbTATH! fABIAIOTCA COBMECTHMBIMH 317
BCEX 3THX ILTEHOK. ‘

3Hble MJIeHKH
HHX XOpouio
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3. IxcnepHMeHTaAbHBIE Pe3YabTaThi

ITpisoanM HiekoTOphie Pe3VaIbTaThl HALUHX HCC.1EI0BAIMIL

Naeuxu “Si02/B;0;. CnekTpn noraowesHs B 60.JbULIHHCTBE cay4ded
HMeIH BHI, NOKA3aHHBI Ha PHC. 2, Fle MUK NOCJOLIEHHA PACNOJ0KeH Npil
AauHe BOAHB npumepHo - 300 Mak {3neprus oxoao 4.1 38). Oanaxo Kpait
OCHOBHOFO PellleTQUHOro mor.oweHns He Habaioianca. Pic. 3 nokassiBaer
THOHYHBIE KPHBBIE 118 MIEHOK Pa3.THYHBIX COCTABOB.

SkcnepuMeHTs! no AHOPAKUMH PEHTreHOBCKHX Jyweil H 3JeKTpPoHHaA
MHKPOCKOMHA He OOHAPYXKHAH KPHCTANIHYHOCTH, TaK YTO .60 N.1eHKH

12— . .
w © 250 J0a kAL 400
<A,
Puc. 2. TunuyHu® chnekTp MNOrIOWeEHHS TOHKOA cMe-
WAHHOR OKCHIHOH CTEK.I006pa3HOA N.ICHKH.
1 — NaeNKa; 2 — NOAI0MKI; I ~ naeRKa + NOII0KKA.

Obi.IH CTEeKN006pa3HbIMH, THO0 PasMepsl KPHCTALIATOB ObLIH Tak Ma.lHl,
YTO HX Heab3d Gbl10 OGHApPY#uTh, BeauuuHa ZH3.TeKTpHYeCKOH NpoHHlUae-
MOCTH N1asHO MeHsdach or 3.2 a1a ByOs no 5.2 a1a SiO;, a 3dekrtpuye-
cKaf npodnocts — o1 1.2 Mre-cM™! aas 60% SiO: mo0 0.35 mra-cmt 134
207 0%
o8t

05
’

Puc. 3. 338!@".\(061‘5 NOrJACUIeHHA OT AJIHHHW BOJIHB
AAR Pa3ayuuX Maenok SiOz/B20;.
B oponextax yxalawo coxepmanite SiOx

100% SiO;. Tounbie H3IMEePEHHA 3]1EKTPONPOBOIHOCTH NPH KOMHATHOM TeM-
nepatype 6Bl.10 TPYJIHO OCYIUeCTBHTb. Jusaekrpnueckue mnotepd (g o)
¢1a60 3aBHCeIH OT COCTaBa, HO GBICTPO POCIH € YACTOTOA; THNHYHOM 1.7
yactorsl 1 kru Obl1a BeauunHa 0.018, 3as 10 xru — 0.17.

Naenkw SiO/B,0;. CsodicTBa 3THX NIeHOK aHAJOTHYHBl CBOCTBAM
naeHok SiO:/Bs0;, 3a HCKTIONEHHEM TOro, uTO IM31EKTPHYECKad NMOCTOAH-
Has pe3ko yOeiBaer AJA M.IeHOK, codepxauux Gonree 40% B,O,, kak no-
Ka3aHo Ha pHc. 4. DaekTpadecKas NPOYHOCTh Ha 5% HUiKe, yeM 274 mae-
ok Si0,/B20;. Tloka3sateap npelOMJeHHA MOHOTOHHO YBEIHUIBAeTCA OT
1.56 118 B:O; 10 1.88 aaa 100% SiO, u ero nosexeHue cnOTBeTCTBYeT
1IpeIcxalbidaeMoMy LIR CMecH IBYX HES3aHMOLLiCTBYIOWIHX IPyr ¢ IpYy-
rom Beutects 3akoHoM [aaactowa u [Hefina, cBA3BBalOUIHM NOKasaTe.lb
npeaoMieHds ¢ maotHocTsio. HMccaezoBanuck NiaeHKkH, HanbiaedHbie NpH
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HCTBE Cayuacs
ACNIN0KEH NPl
Oanako kpait
3 nokasniBaer

3JeKTPORNAR
anbo  IL1eHKM

T TaK Maaul,
KOil NEOHHULae-
b, a 371€KTplye-
Mre - cM™! 1

OMHaTHOA TeM-
notepn (g d)
THRHYHON AA8

B CBOfiCTBaM
Xaf MOCTOAH-
B.0O;, xak no-
, 4eM 1A nJe-
AUuUBaETCA OT
COOTBETCTBYET
X IpPVr C apy-
UM DOKa3aTe.lb
nbLieHHLe npH

f o . L

ko

Y

Pa3IHuUHLEIX 1aBAeHHAX kKucaopola. [Ipi u3MedeHHH octaToyHoro JAas.e-
HHA Bo31vXa of 6- 10-% Topp 10 107 Topp An31eKTpHYECKAA NPOHHUIEMOCTh
nedox cactasa 709% S$10,30% B.0O; ymenbuanach or 3.3 10 2.7, ig d npw
! kru veeanunsaacs ot 0.0042 10 001, a npu 10 kru ymenbwa.ica or 0.034
20 0.020, s.1exTpHYecKas NPOMHOCTL MeHAsach or 4.5 10 1.8 mru.cen™t n
noKasarteab npeaomieHtia — oT 1.74 10 1.52. 1g 0 ¥ NJIEHOK 3TCIo COCTaBa,
HAOBLICHHUX fipit 6- 107% Topp. GHICTPN YBEJIHUNBAICST 10 HACHIEHHN N
15G6° C (i0 Kkru) u Medee ObicTpo — a0 180°C (1 Kru). Meedisenue 1g o
1. C.1€10BATEIBHO, 3.1€KIPONPOBOIHOCTH OGBIURO 1718 HEMETA.LIHYeCKOl Npo-
BCIHMOCTH, HO He COOTBETCTBYET M3BECTHbIM CBORCTBAM MO.IVIIPOBOIHHKOB.
OnsiTel MO aGcopObusti KHCI0pPOIa NIeH- .
KaMH NOK23blBAIOT, YTO HX aGCOPOUHOK- 4
Has cnoCOGHOCTbL Bblie. Yem Y OTielb-
HbIx KoMiloHerT. CTpYKTYpHble Hccaeso-
BaHUA NOKas3blBalT NOJIHYI0 aMopd-
HOCTb M O1HOPOIHOCTb [.1EHOK. -

Maenxku SiO/As,0s. B 3tom cayuae
0Ka3a10Ch HEBO3MOAHBIM NOAVHHTEL Ta- ¢ !
KHe Xe 3aBHCHMMOCTH OT COCTaBa, Kak
115 NPeabIIVIUHX CHCTeM, TaK Kak MIeH- . , ‘ . .
KH, coaepxawue ceuime 60% As,O;, ve- W 62 0 én 9 kI
veroiuusn. IR MIGHOK € MeHbLUHM:-
coJepAaHHeM MbILIbRKA 3aBHCHMOCTb  Puc. 4. 3aBucHMOCTD AR3IEXTPHYECKOMN
ONTHYECKOrO TNOTIOWIEHHA OT 1IuHbi  NPOHnuaemocty naenok € SiO B0, (/i
BOJMb BecbMa O6eCMOpRIOUHO H3MEHS- M $i0:/B;05 (2) o7 cocTasa.

B npoueHTax YK83aHo colepAanne S0 wr
J1ack NPH H3IMEHEeHHH COCTaB3, OI1HAKO Si0;.
BCe M.JIeHKH OOHapyXHBa.lif aHOMA.1HH B
oGaact 180—320 mMmk. uaaexktpuueckas nporuuaemocTs (npi 1 wru n
{0 kru) ocrasastace mocrofHHOM 0 100°C, a 3atem ObICTPO YBe.HuNBa-
Jdacs, tg 6 yBeanuusaics npumepuo or 160°C z1a nieHoxk coctaBa 50%
Si0/20% As;O;. [Tokasateab npeloMIeHHsT HenpepbiBHO H3MEHAICR NpH
II3MeHeHHH CcOocTaBa, HO He clejomax teopin Iaaiactona u Jeitaa.

Maenxn Si0/Ba0. Beanuina au3anekTpHuyeckeill NPOHHLAEMOCTH NIaBHO
v6uiBaga ot 6 npu 40% SiO 0 3 npu 100% SiO. tgd npu | kru cnepsa
vOLIBa.1, HO 3aTeM GLICTPO BO3pAcTal ¢ TeMnepatypoil, Hauuxas co 160°C
(10 xru) 1 240°C (1 wru). MiaMeHenne nokasatels NpetoM.IeHus B 3aBu-
CHMOCTH OT COCTaBa ObL10 HenpepuHiBHHM M HMeNo MHHWMYM npu 70%
Si0/30% BaO. 3aBucuMOCTD ONTHYECKOro NOTIIOLIEHHA OT COCTaBa CHOBA
He 6bl.1a CHCTEMAaTHYECKOMR, HO RMRICH MaKCHMYM INOTIOLIEHHA NPH COCTaBe
70% Si0/30% BaO. CrpvkTypHbie HCCIeA0BaHHMA MOKAa32.1H, YTO MIEHKM
Gbl.TH aMOPGOHBIMH, HO C.1€TKa 3ePHHCThIMH.

Maenkn SiO/TiO. O6HapymeHo, 4TO NpH BCeX COCTaBaX CBOACTBa MN.e-
HOK OuYeHb YYBCTBHTEbHbI K OCTAaTOYHOMY JaBJIEHHIO KHCIOPOAa B BaKVyM-
Hoit kamepe. [Tox BausHieM TJeioluero pa3psia u apyroit o6palorki ad-
copbuiisi yMeHbllaeTcsi, BePOSATHO, BCJIeICTBHE YMEHLLIEHNs BbIX01a KHCC-
pola, M NpH 3TOM YMeHbWaeTCA NOK23aTe1b NPEIOMIEHHR 118 MAEHOK CO-
crasa 80% Si0/20% TiO.

n
-

4. O6cyxaeHne H BHIBOAM

OKcuabt ¢ BBICOKHM COMPOTHB.IEHHEM, KOTOphie OGLIYHO KPHCTA.1IH3YIOT
cs1 cTporo onpeaerernbim 06pa3om # OOHapPYAKIHBAIOT NOGIYNPOBOIHHKOBHIE
CBOMCTBA, MOryT GbiThb COBMECTHO HanplleHbl TAKHM O6pa3oM, 410 OHH of-
Pa3yioT TOHKHE -CTeKI006pasHble CI0M €O CBONCTBAMHM, CHIBHO OTIHHAW-
LWIHMHCA OT CBOHCTB COCTABIAOWMX 1IX OKCHIO0B. Y HEKOTOPBIX CHCTEM
MOXHO Ha(.7103aTh OuYeHb NPOCTYI0 3aBHCHMOCTb CBOMCTB OT COCTaBa.
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B 2pyriix caydasx 3ta 3aBHCHMOCTL cuyuaitiaa. CTpyVKTypHbie HCCae10Ba-
Hil NOXa3LBalOT, YTO NPH TUIATETbHOM KOUTPO.JEe 3a HCMJPHTCILHBIM NpO-
HeccOM MOAHO JOGHTHCA NO.IVIEHHA HCTHHHO CTEeKI000pasHOit CTPYKRTyph!.
Heeaexosauns aMophHBIX H KILIKHX N0IYAPOBOUIEKOB MOKAa3a.aH, YTO No-
do6s1e CBOJICTB KPHCTALTHYECKOTO H AMOPQHOrO L1l AKHIKOro COCTOAHIIL
01if0r0 H TOTrO Ke BelllecTBa SBJAETCH CIelcTpiteM coxpaHenna OamiKuero
MOPAIKa B HEKPHCTANIUYECKOM COCTORHUH [*]. OTCYTCTBHE YeTKO BbipaweH-
HOro Kpas OCHOBHOrO pellIeTOYHOrC MNOTJOMEHHS ¥ HAUIHX MJEHOK YKasbl-
Baer Ha TO, YTO MPHPOAA CBA3Y B cremooépasuoxu I KPHCT2J.IHYECKOM CO-
CTOSAHHAX CHABHO pasinyaercs. Pe3ayabTaThi HCC.1e10BaHHA IH3TEKTDiHue-
CKUX NOTepb B 3aBHCHMOCTH OT TeMNepaTyphl .NOATBEPXKIAIOT 3ITY TOUKY
3pedHs. TeMm He MeHee BO Bcex cucTeMax cogepaiHtea Si0, (1<n<2), i
aHOMAHA B KPHBOA ONTHYEcKoro foraowieHus B obiactH 4.1 3B nmoxasbl-
Baer, YTO HeKOTOpHe CBOHCTBA 3TOrO BelieCTBAa COXPAHAIOTCA laxe B CTek-
Joo6pastom coctoanud. ['y6aHos [3] nokasa, urto npuMecH B aMOPGHBIX
NOAVADOBOIHHKAX MIPAIOT MOHEee BAIKHVIO [OM5, HeM 8 KPUCTAJIHYeCHuX
BEUIECTBAX, il MpiHBeledHbie 31eCh Pe3yabraThi COTJIACYITCA ¢ 3TOH TOYKOH
3pennn. [lepecTpofixa aToMOB BOKPYr <«mpHMecH» MPOHUCXOAHT B aMopd-
HbIX BelecTBaX ropa3lo Jerye, 4yeM B KPHCTAL1aX C HX CTPOTHM MOPAIKOM.

Mbl 6aarosapust aoktopy A. Xoaaauay u mucrepy . Jx. [lefteun 3a
N.1010TBOPHbie IHCKYCCHH,
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M. Pannanopr. Kax 3IuagexTpHueckas moctoadHas SiO uaMexserca npn loGasaexus
TiO? But yBepenst, uto 8 Bauix o6pasuax He 6st10 TiO; s SiO.?

C. A. Xorapr. Huxoraa Hens3nt OuiTh ysepeusiM, uTo TiO. it SiO. He 6bl10 B 06pa3-
tax. O1HaKo GOabUIOe Pa3aHuylle B Pe3y.IbTaTax, MPeICTABJICHHHX MOIPoGHO 17 CI0eB
5i07—B10; 1 Si0O—B;0; rnoasorder npeinoaaraTv, 4TO M KOHTDOIHPOBAIH  COCTaB
€ TOYHOCTSI0, ROCTATONHOR 1A TOrO, STOGH MNPEICTABARTL HAWH Pe3yasTatol Kakx OTHO-
crutiteca & mieskam SiO—TiO. Tak xak MM cTapajiHch MOIVYaTh aviophusie cI0H, TO MH
He ONPeleInIH, C KAKHMH ATOMAMH CBAIHBAICA KHCI0POL. lH3IEKTPHYeCKaA NOCTOAHHAA
SiQ ymenswanacs ¢ Jo6asaexnuen TiO.

XXIV-4
BJAUAHUE NE®EKTOB YNAKOBKH
HA 3JIEKTPOHHYIO CTPYKTYPY TPAPHTA

M. Tcyxana, 8. Yemypa

(M. Tsukada, Y. Uemura, Departr;xent ;:f Physics, University of Tokyo, Tokvo,
apan

. Bseienue

[pn anaju3e Pa3IHYHBIX IKCMEPHMEHTOB Ha rpadure VCNEwHo HCno:b-
108a.1aCb 30HHaA Moleab CaoHueBckoro—Beficca (CB). Heaasuo Buassnu-
con, donep n Hpecceanxays ['] o6Hapyxiuau, uTo ocuntasunu e Taasa—
BaH-AdbdeHa Ha HEOCHOBHMX HOCHTEISX B NPHPOIHOM MOHOKPHCTAIIHYe-
ckom rpasdure (MKI) 3HauHTeIBHO OTIHYAOTCH OT TAKOBBIX B XOPOWO
oToxReoM mupoaitHueckom rpadute (MIN), 8 To BpeMA Kax OCUMIIA-
LH K2 OCHOBHBIX HOCHTEISX MOYTH He oTanvaiotca. Jatee, 6bi10 HaiaeHo,
4TO 3MayeHie OIHOTO 13 mapamerpos 30HK A B [T cocrasaser ToabkO

1356

0

P

)

)

g

dald

s

P YL

Py

e

PR TR T LS T

Oy iATVIO
1apaMeTpoi
®epmie B
B rexcaroiiaa
4YTO CYLLeCTB:
THUYECKHX 30i
k= x> %—,cn:
«180° BuuTOB
CTBHTEILHO
86au3u H-to
waercs pasy
pAioveHust 2
il odpasuoi
BrisiciieHn
30HHYIO CTpY!
utedd HaECTOH
KaxXanlii c1oi
HAeHTHOHUMHD
CCIH CMOTpe?
caaboit csAll
UEHTPOBbIE Hi

Yrobui on
(z=1, 2, 3).
€c 1 ‘TO He -
Kpucraiaa. E

Alny. ns, m)

A (ny, ng, m)

Bin,, n.. 1)

B’ (n,, n,, m’

rae
8 (n)
o (n
noa(ny, b(n
G{RY, caotar
ats
bt

rie BeXrop n

Bextop ay2
cionmu. Ha







