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Ga A7FE ZnO(GZO) dHoHE 5.7 wt%®] Ga,0,8 ZnOo] H7HE MY GZO ele AHEste] FF nfayl 25 EHd
olg) HA&e] fa 7|ugo) AU ztzt AFo) M2 THE Ne, Ar, Kr 7F22] thakgh M (total gas pressure)oll A =2}
g GZO Yetol thdled, el d 23 d9BF ) vdzd d9AFD) uFgste gt d99] M3 E4E =
AT b2 FH59 BARel B 999 EgREEL vl E2E J93 HnsA, & olex e Flelo] e A 93|
AEes & vAYIE BHh Ne 7F2E ARE§ 3¢, GZO gtehe 7 =& vAE vebd i, Kr 7k
& AMgste] AFE GZO gk Auid oz b W v EEE 2t GZO vtk M713 AL vhube) AARA
of A Ed UL S Ysko uiuke] Ar|H EAF AP AE doJle AAEA 4AF wEtgHe 3
E3to] giubol] &AL YUslE ZAUA YAE E F AT Ne, Ar, Kr 7129] AL 4 459 9 =]E Monte Carlo
simulationol] 9% AAE Ade A Afe} & XNFE & F UAJTH

ABSTRACT

Gallium-doped ZnO (GZO) films were deposited on soda-lime glass substrate without heating using Ne, Ar, or Kr gas. Electrical
properties of GZO films deposited at various total gas pressures were investigated for the film positions corresponding to the erosion
region (region B) and outside the erosion region (region A) of the target. Region B showed high resistivity, which was attributed to
the decrease in carrier density and Hall mobility, compared to region A. GZO films deposited using Ne gas showed the degradation
in resistivity and crystallinity, whereas, GZO films deposited using Kr gas showed the improvement in resistivity and crystallinity. This
degradation in film properties could be attributed to the film damage caused by the bombardment of high-energy particles. Especially,
the energies of recoiled neutral atoms (Ne°, Ar°, Kr°) calculated by Monte Carlo simulation corresponded to experimental results.
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Fig. 1. Schematic illustration of the configuration of the target
and the substrate for dc planar magnetron sputtering.
The A and B represent substrate positions in front of the
outside of the erosion region and the erosion region on
the target, respectively.
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Fig. 2. Carrier density, Hall mobility, resistivity of GZO films
deposited using Ar gas under various total gas pressures
(P,,). Squares and triangles represent region A and
region B, respectively.
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Fig. 3. Crystallite size of GZO films deposited using Ar gas at
various total gas pressures (Pyy,).
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Fig. 4. Carrier density, Hall mobility, resistivity of GZO films
deposited using Ne gas under various total gas
pressures (Py). Squares and triangles represent region
A and region B, respectively.
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Fig. 5. Crystallite size of GZO films deposited using Ne gas at
various total gas pressures (Pyy,).
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Fig. 6. Carrier density, Hall mobility, resistivity of GZO films
deposited using Kr gas at various total gas pressures
(P;op)- Squares and triangles represent region A and
region B, respectively.



Ne, Ar, Kr 7128 AME3le] A2 298] Gallium =2 ZnO B}9}9] 1713 54 939

719] Hujgh 3.0 PacilA AJF3E vhatelx] Fojgon 2}
z} 202 nm$} 12.6 nm%A . ©| AL Arg AME-st AlEE
Fig. 39 A3} vlzs)] & of, 24A 2771 24 24
e & 4 AUtk WA, Ne 7120l 9l Alehe Arol
o3t A B} giupe] AR GAGo] JAEHe T2 A Lo,
£3] & olsxst A Fadhs AL wete] AR
Aslo] W YA Ake] Fviel s)elsitky Ao

3.3, Kr 7t20| 28t M=t

Fig. 6& Kr 7}28 AHg3l] thdgh P (0.25 Pa~2.5 Pa)
oA Aol 7] Ao Al GZO v Ao U,
T ol x R HAFYY FA AFjo|H, AHAEH A
9] rlae 99 A9} 99 Bell tist Aot} sl &
EE 99 A, B 27 UM Pyl FUte A ©@=
A4 #4TE BG4 ol8d Flgo] 2xe Wsle Ar
o elg A(Fig. 2) 2 Neol &1 A h(Fig. 4)2t w23
A ol¢ EHA Azt & 4 Ut F, Fig 29} Fig.
49 X= Pyol F7Heel wa Flge] dxe 94 S0t
g F oA ZA 3] g Aol Bxe Higke |
e EA 9 P (Ar: 2.0Pa, Ne: 3.0Pa)o] ZAHPAW
Kre] A% 283 £ p 2 3% & & o =3,
49 A9 BY o] Dxe] Aol g Fon, po]
Z7k e 2 Apol® AAH A & ¢ Atk 2L
Nelel A=) Hulge Ay e= w2 025PacA o
ol@om, 1 zte 5.8x10%°cm |tk o] e Arst Ne
o} 23k Agtel UM zhzhe] HuiR)Ql 1.51x10% cm™ =
£ 1.05x10%em™# vis) B o, A =7} ZA
F7MeE ¢ 5 Adh

H, & olExe ALE Ao dxe] HAie) mipzt
TR Z, Pl F71e} 3 99 A9 B BT 92§A
& 3en, 49 A, B Aol HAH 7A2x¥WE B F
ATt ol#F & olFxe ZAAE AWt Je A=
ofe] A7) A, Ao Hex A a3
A7) A&l A 0]23 BgE A T4 g Rol
olU, A4 E4E A 4 e g4A A o3t
Zolgz A7 Holdk!) 22z, & o]5xe] e
16.2 cm*/Vsec2A Are] 7<% 34 cm*/Vsec F= Nedl 7
9 1.1em*/Vsectt HIaA A FIEL ¢ F UATH

vl gte] A% JA] Pl 7t A dxEA F
7 o, 49 A, B7H] Aok HF 7ATES B
a3 HA e HAgE Ao Bxe & olF5EY F
7Yl Q) 025 PacllA A &gt Tl A dojron 2 3}t
& 8.1x107 Qemolth. S, Ardt Neoll 9jg #Ajuto)
olA zhzhe] HAg 22x107 Qem 2 8.0x107 Qem
o} vl & A, Kroll o A9k A7 FAdo] v 4
38 ¢ F Utk

Fig. 7€ 719 71¥ g§lo] Kr 7}28 ARR3Sta] 0.25 Pa~

T
- —@ regionA 1
E 40 |- —&— regionB |
4 r -
83 -
P b -
7] -

)

[ \ | ]

—r 'l I
0 1 2 3

P (Pa)

Fig. 7. Crystallite size of GZO films deposited using Kr gas
under various total gas pressures (P,g,).
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Fig. 8. Mean energy of sputtered Zn atoms calculated by
Monte Carlo simulation for different total gas pressures
of Ne, Ar, or Kr gas.
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Fig. 9. The variation in cathode current and voltage as a
function of total gas pressure (P,,) for Ne, Ar and Kr
discharge.
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Fig. 10. Mean energy of recoiled sputtering gas neutrals
calculated by Monte Carlo simulation for different
total gas pressures (P,,) of Ne, Ar or Kr gas.
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