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ITO
230 °

-

,
10–8 –4

-

°C

T ,

ZnO MAO1 MOCVD O2 MgAl2O4 500 50 0
ZnO MAO2 MOCVD O2 MgAl2O4 600 230 0
ZnO C1 MOCVD O2 C- 500 50 0
ZnO C2 MOCVD O2 C- 600 210 0
ZnO R1 MOCVD O2 R- 500 40 0
ZnO R2 MOCVD O2 R- 600 140 0
ZnO Y1 MOCVD O2 Zr2O3(Y2O3) 600 100 0
ZnO RW1 MOCVD H2O R- 600 140 0
ZnO YW1 MOCVD H2O Zr2O3(Y2O3) 600 100 0

ZnO:Ga GaR1 MOCVD O2 R- 600 30 5 (Ga)
ZnO:Ga GaY1 MOCVD O2 Zr2O3(Y2O3) 600 60 1,7 (Ga)
ZnO:Ga GaR2 MOCVD O2 R- 600 60 7,2 (Ga)
ZnO:Ga GaY2 MOCVD O2 Zr2O3(Y2O3) 600 90 6,8 (Ga)
ZnO:Ga GaYW1 MOCVD H2O Zr2O3(Y2O3) 350 900 25 (Ga)
ZnO:Ga GaRW1 MOCVD H2O R- 350 950 21 (Ga)
ZnO:Ga GaCW1 MOCVD H2O C- 350 700 7 (Ga)
ZnO:Al Al-1 MS 70 100 2 (Al)1

ZnO:Al Al-2 MS 70 100 2 (Al)1

In2O3:Sn ITO RT MS 25 80
In2O3:Sn ITO 230 MS 230 80
In2O3:Sn ITO H+5 MS 5 H+ 250 75
In2O3:Sn ITO H+30 MS 30 H+ 250 60
In2O3:Sn ITO Oxy MS 60 80
ZnO:Co CoRW1 MOCVD H2O R- 500 70 0,4 (Co)
ZnO:Co CoRW2 MOCVD H2O R- 500 80 1,9 (Co)
ZnO:Co CoR1 MOCVD O2 R- 600 50 1,0 (Co)
ZnO:Co CoR2 MOCVD O2 R- 600 380 6,3 (Co)
ZnO:Co CoY1 MOCVD O2 Zr2O3(Y2O3) 600 700 2,3 (Co)

: 1 — .
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ó

,

,

n,
1019 –3 2

EF, l,
kFl

GaR2 6,7 38 240 3,3 3,9
GaY2 5,6 21 210 1,6 2,1
Al-1 140 9,83 1645 2,2 7,7
Al-2 63 6,28 965 1,09 2,89

ITO 230 49 37 768 4,4 12
ITO H+5 50 38 651 6,12 15

ITO H+30 148 22 1344 5,1 18

250 °C

- -

–

,

–4

-

-
– kFl >

-

-

-

22( , ) ( , , )e Dr C r r , (1)

7. GaR2, GaY2, Al-1,
Al-2, ITO-230 .
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Electron transport, low-temperature electrical
and galvanomagnetic properties of zinc oxide

and indium oxide films

V.A. Kulbachinskii, V.G. Kytin, O.V. Reukova, 
L.I. Burova, A.R. Kaul, and A.G. Ulyashin

The electrophysical and galvanomagnetic proper-
ties of undoped and doped zinc oxide films with galli-
um, aluminum and cobalt, and indium oxide films 
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doped with tin were investigated in wide temperature 
and magnetic field ranges. It was shown that the de-
crease of the film cristallinity caused by the method of 
film synthesis led to a change of the electron transport 
type from the band electron transport to the hopping 
electron one. The effective dimensionality crossover 
initiated by magnetic field in the films with the band 
type of electron transport was studied. The values of 
localization radius and density of states at the Fermi 
level of the films with the hopping mechanism of 
transport was evaluated.

PACS: 73.61.–r Electrical properties of specific thin
films;
73.50.–h Electronic transport phenomena in
thin films;
72.15.Rn Localization effects (Anderson or 
weak localization);
73.50.Jt Galvanomagnetic and other 
magnetotransport effects (including thermo-
magnetic effects).

Keywords: weak localization, positive magnetore-
sistance in ZnO:Co, hopping conductivity, thin films 
ZnO, ITO.
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