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THE ROLE OF THE ADSORBED OXYGEN AT THE
CONDUCTIVITY OF INDIUM OXIDE FILMS

Thin In,O5 films have been received by a thermal oxidation of thin in-
dium films, formed by a DC magnetron sputtering method. Deposition of
indium films was carried out on the vacuum universal post VUP-5M. The
indium films were precipitated on the single-crystal silicon wafers coated
with dielectric layer epitaxial Si0,, Al,0O; and muscovite mica. Indium films
were oxidized in a muffle electric furnace in the non-isothermal regime:
heating to a temperature of 500-600 °C for 60 minutes and annealed in iso-
thermal mode at 500 °C and 600 °C for 60 minutes. The phase structure,
morphology of a surface has been investigated by methods of electron dif-
fraction using TEM H-800 and SEM S-806. The DC conductivity of In,O4
films and the temperature dependence of conductivity were measured in a
vacuum of 10* Pa with the aid of a V7E-42 electrometer.

The investigation was performed by method of cyclic thermal desorp-
tion based on the fact that the conductivity of In,O; films depends on the
concentration of adsorbed oxygen which can be decreased by heating a sam-
ple. The specific conductivity ¢ depends on the absolute temperature T as
described by the equation

6 = 6exp(-E/kT),

were oy 1S the pre-exponential factor, E, is the conductivity activation ener-
gy, and k is the Boltzmann constant.

Analysis of electron diffraction patterns shows that the only identifia-
ble crystal phase in the process of oxidation and in the oxide films is a cubic
phase with a polycrystalline structure of In,O;. The indium films are charac-
terized by grain structure with a particle size from 10 to 70 nm, the bulk

(80%) accounted for the interval from 15 to 50 nm. The formation of oxide
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film on a silicon substrate is accompanied by a decrease in the amount of
fine particles and increased the content of particles of larger size, the bulk of
which (~ 80%) are in the range of 20-55 nm, with the maximum in the
range of 30-35 nm.

X-ray photoelectron spectrum of indium is characterized by the pres-
ence of two spectral lines with binding energies of 444.4 and 452 eV due to
multiplet splitting of the 3d level. The chemical shift of the line In 3d5/2 in
the oxide film relative to the In’ (reference data for the average binding
energy of 443.5 e¢V) is 0.9 eV, which can be attributed to the state of In**
(change in the binding energy of the oxidation of In, In,O;, by reference da-
ta, is +0,8-1,2 eV).

Temperature dependence of the conductivity (Fig. 1) shows that the
conductivity of indium oxide films increases as the desorption of oxygen.
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Figure.1. Temperature dependence of the conductivity of films in vacuum In,O;
on cooling from temperatures of 120° (1), 140° (2) and 160° C

Activation energy of conductivity is not changed and its value is set to
10 meV. Therefore, increase of conductivity, which is associated with a de-
crease in the concentration of adsorbed oxygen, due to the fact that oxygen is
adsorbed by carrier scattering centers. Reducing its concentration results in
increased charge carrier mobility. This effect could be of practical use to
create adsorption-resistive oxygen sensors

The structure, phase structure, morphology of a surface and a mechan-
ism of conductivity received films have been investigated by methods of

121



electron diffraction, scanning electron microscopy, X-ray photoelectron
spectroscopy.  The temperature dependence of the conductivity of these
films was measured at a constant oxygen concentration using of the method
of cyclic thermal desorption. The conduction mechanism is proposed based
on the results of research. The obtained results can be used in microelectron-
1C sensors.
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MHNPUCAAKHU JJISA TIOBBIINEHUSA KAYUECTBA TOIIJIMBA

C pa3BuTHEM MHUPOBOW HMHIYCTPHAIM3AIMA W TIOSIBICHUEM BCE
OOJBIIETO YKCIIa MPOMBIIUICHHBIX MPEINPUATANA BO3HUKIM TMPOOIIEMBI,
CBSI3aHHBIE C 3arpsA3HEHHEM OKpY’Kalolled cpenbl. YBeIMueHUE KOHIEH-
Tpalii BpeIHbIX BEIIECTB B aTMOC(epe MPOUCXOAUT 3a CUET YBEITUUCHUS
OTXOJIOB TMPOMBIIIICHHBIX MPEANPUATHI, a Tak ke OTpabOTaBIIUX Ta30B
JIBUTATEJICH BHYTPEHHETrO Ccropanus. EXerogHo cKuraHue TOprOYMX HMCKO-
AaeMbIX COIPOBOXKAAETCSA BHIOPOCOM B aTMOchepy 5 MIIpJ. T. YTIEKUCIOTO
rasa, coJep>kaHue KOToporo Ha HeiHemHui roj cocrasisieT 0,08 %.

Copep:xaHre BpEIHBIX BEIIECTB B OTPAOOTABIIMX ra3ax JBUTaTelei
BHYTPEHHETO CTOpaHUsl 3aBUCUT OT 3arpsi3HEHHOCTH TorumBa. Jlois 3a-
rpsi3HenHns aTMoc(epbl aBTOTpaHCHopToM cocTasisieT 39 %, sta npobiema
obocTt 1 Bc€ OObllIe B CBSI3M C HENPEPHIBHBIM YBEIMYEHUEM aBTO-
TPAHCTIOPTHBIX CPEJICTB.

B nacTosiiiee BpeMsi CyIIeCTBYIOT HECKOJIBKO aJIbTEpHATUB OCH3UHY
— 3TO ra30BO€ TOTUIMBO U 3JieKTpomMoOunu. OpHako ra3, B OTJIMYMe OT OCH-
3UHa, MOXET TPUBECTH K CEPbE3HOMY B3PBIBY NpPH YTEUKE, OJIUH JIUTP
CKIDKEHHOTO ra3a IpU McnapeHuu npespaiiaercs B 250 1 ra3o00pa3Horo.
Kak u razoBoe TOIUIMBO, 3JIEKTPOMOOMIIN UMEIOT Psii HEAOCTATKOB: 0OJIb-
miasi CTOUMOCTh JIEKTPUUECTBA; KOPOTKUN MPOOEr W OrpaHUYEHHAs CKO-
pocTh; OOJIBLIOE BpeMsl IMOJIHOM Mepe3apsaKu aKKyMyJaTopa; HeoOXOoau-
MOCTb MEHSITh OaTapero Kaxable Tpu roja. [loaromy OeH3MH Ha ceroHsII-
HUI JIeHb SBISIETCS CAMBIM BOCTPEOOBAHHBIM BHJIOM TOIUIHBA.

[Ipu cropanuu TOMIMBA B IIJIMHAPAX JABUTATENICH BHYTPEHHETO CTO-
paHusi 00pa3yrTCs TOKCUYHBIE BEIleCTBa — OKUCH yriepoaa (10 10 %), yr-
neBoopobl (110 3 %), okuck azora (g0 0,5 %), ansaeruast (10 0,03 %) u
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