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Properties of Transparent Conducting Zinc Oxide Films Prepared by RF Sputtering
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Department of Materials Science and Engineering, Kumoh National Institute of Technology
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Abstract Ga-doped polycrystalline ZnO films on glass substrates were prepared by sputtering the tar-
gets, which had been prepared by sintering discs consisting of ZnO powder and various amounts of Ga;0O
3, to investigate the effects of gallium doping and sputtering conditions on electrical properties. Optimiz-
ing the RF power density, argon gas pressure and gallium content, transparent Ga-doped ZnO films
with resistivity less than 107° ohm-cm are obtained. Electron concentration of undoped and Ga-doped
ZnO films are order of 10'® and 10?"/cm® respectively. After heat treatment in air and N; atmosphere, the
resistivity of Ga-doped ZnO films increases by about two orders of magnitude. The optical transmission is

above 80% in the visible range and the optical band widens as the Ga content increases.
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Fig. 1. Dependences of resistivity and deposition
rate of bwt% Ga,0;-doped ZnO films prepared at

an argon gas pressure of 5mTorr sputtering power
density.
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Fig. 2. Variation in the deposition rate and electri-
cal resistivity of 5wt% Ga:03;-doped ZnO films
with argon gas pressure.

3.3 Ga dopant &Rat o|&4o
Ga dopant H7}Zo] We A, 7ol
T 2 olFE T& 5AHT Aol Fig. 3ot

Deposition rate (R/min)

FEAREIA AM2AE 55 (1992)

Fig. 38 X9 Ga,0; H7}&o] bwi% B =7}
st vl AFE FH3] Ao ola
Arbste eslE FUbske dAYe &
o,

Undoped ZnQ9¢] AHRA}FE=+ 7.5x10"cm™3
olH, Ga,0:%& S5wi%7tA Frtshd HAxg
T #3838 F7idhd, 2ol Hukstw %
10%em™ AEZ 1 o FrtstA deth
vl Azpe] ol g e Ga0; gl F7t
B AEHA Zasth FoA Axde
density of state, Nc #t& ZieglerE¥e| )3}
A @2 45x10%m™2 $FH o,
Ga,0y-doped 7ZnO wl#re] A9 ARFLE
10%cm ol Aol 22 QA AN A trap density
Efye FAHo] degenerate ¥l A T 4=
At

2~

F 3

Resistivity 9 (ohm-cm)
Hall moblity u (cm/ Vs)

Carrier concentration n (criv?)

Gallium oxide content (wt%)

Fig. 3. Dependences of electrical resistivity, elec-
tron concentration and Hall mobility on Ga;0; con-
tent in the target of the films.
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Fig. 4. X-ray diffraction pattern of (a) undoped,
(b) 7.5wt%, and (c) 15wt% Ga-doped ZnO films
with the thickness of approximately 3000 A° de-
posited at RF power density of 0.84W/cm? and Ar
gas pressure of 5Smm Torr.

Table 19l €89 600°C, lhr @& 3

Tabel. 1 Resisivities, mobilities and carrier concentrations of undoped and Ga-doped ZnO thin films

before and after heat treatment

9 A4 o A : S R O
600C, lhr in N; 600C, 1lhr in air
Sample | H]A 8 | o]z x (Ao | WA | o]lF% |Aedex| HAF | o]lFx |Fdosx
No (2.cm) [(em®V'S™) | (em™®) | (£.cm) | (emV 'S ! (em™3) | (2. cm) | (em®V'S)| (cm™)
Zo-7 | 6x107'| 4 3x10"% [2x107! W | _ “
(Undoped) 3 1x10
Z5-5
(5wt% Ga 6 x107¢ 9 1.1x10%12.2%x1072 1.3 2.3%x10%|3.8x107® 7.3 2.3%x10%
doped)
7Z5-15
(5wt% Ga 1x107° 8.4 6.8x10%|8.4 x 1072 0.2 4.4x10%|9.5x1073 1.4 4.8 x10%
doped) .
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Fig. 5. Optical transmission spectra for films de-
posited by sputtering targets that contained vari-
ous amounts of Ga;0; at RF power density of 0.
84Wem™2 and an argon gas pressure of 5m Torr.

ZB M9 Auger Electron Spectroscopy® A}
g3sted, O Axg godd Aol Table 20]t}

Table 2o} 2] 3}A vl o] relative Ga LMM
Auger peak-to-peak intensitiesE E}l Ej o]
Ga,0; ¥-A¥ & He #Zokow, o3 #H
£ sputtered Whje] AEFH A EU Y
AR TUT Heog AAZ

-

Table. 2 Ga LMM AUGER electron-spectros-
copy peak-to-peak intensitles of Ga,O;-doped
ZnO thin films

Amout of |Amount of |{Ga  LMM |Normalized
Ga;0; In|Ga in the |Auger peak peak - to -
the target [target to-peak In- |peak inten-

(wt. %) (wt.%) tensity sity
2 1.86 12 1.86
5 4.65 30 4.65
10 8.48 57 8.84
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Fig. 6. Optical band gap shift as a function carrier
concentration in ZnO films.
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