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In this study, we examined sputtering conditions and post-deposition annealing conditions for
tin oxide (SnOy) exhibiting ambipolar conduction, and investigated finding the optimized
condition for p-type behavior. In order to study the behavior of carrier injection influenced by a
redox reaction at the interface between metal electrode and SnOy film, we then fabricated diode
structure using three kinds of metals with different Gibbs free energies. A p-type SnOx with
Hall mobility of 1.38 cm?/Vs and carrier density of 9.7 x 10 cm was obtained by adjusting
the oxygen partial pressure during sputtering deposition. On the metal-semiconductor junction
diode fabricated based on the investigation of the sputtering conditions, it is suggested that
current injection into SnOy is more affected by a self-formed oxide layer at the contact interface
than by the work function alignment with the metal electrode.
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R L {zé* 77V Fig.1 Process flow of SnOy-metal diode structure. The

&0 SnO« % 110 nm HERT S 72, inset shows a schematic cross-sectional diagram of

IR O, 1.3, 2.7, 3.1 the diode.
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Fig. 2 Evolution of the carrier density and resistivity for SnOy thin-films deposited at different oxygen
partial pressures with various post-treatment conditions: (a) and (d) for as-deposited, (b) and (e)
for annealed in air at 300 C for 60 min, (c) and (f) for annealed in Ar/H; at 550 C for 60 min. Only
the as-deposited films showed p-type behavior with a narrow O, partial pressure range.
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725912, as-depo ROEEDARD r — AT, B ;; , e
FHED LRI, S BBt L. —HT, 8 |
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EEERIC AL E V2B E 0 VR R T Al B — —
contact ® 7 — A Tl Fig. 2 (d) D4 & ITH IR (b) ///
R B TEDSE K R B 1 P R T AR E oo <= 100, W contact //
oo L L%aDS, ikl L TERBEDMAT L, : [/
FT-L LCOMPIREAT. SR, A/SnO B o a
[Ai T Al %5 SnOy Bl 2> 5 R % 2 5] 23K Z #fifs 1k o g /
A A BBLTWA L EZ OGNS, Ks, A 3™
DEL(300 K) TOF 7 2 BT AL F— (1059 L
kJ/mol) # ZRE L TATH 2V, Sn0, OMFEA S Sor ' ;
HET AL F— (528 KI/mol 2 Lo leken s, Ay O /
Sn0, M SMEEE - TRALL STz esme § 7 |
ENb. Fig. 4(b) 12773 W contact DA b FEEIZ, ;:g . 7
Fig. 2 (d) T/R L7z Hall A DFER & R ), R 5
BRI 2 B o BB B2y F o
DO, ELIRENER LFRE TIIEERILL y
72. Poy = 1.3 mPalZB1F Z2FIMAEE 0.8 VAHLT e
DI LA DOEFHIZOWTIIR THEWRT 5. D Voltage )
(2%} LT Zn contact [Fig. 4(c)] Ti&, Hall Ml DHS Fig.4 Current density-voltage (J-V)
W [Fig.2(d) ] # KWL L7-. 24Uk, Zn ® 300 K I characteristics of fabricated SnOy-
BUA ¥ 7 A A AL F— 18, =320 KI/mol & metaldiodes vith diffrent contact
SnOy OF A BT AV F — LHAT/hE <, Zn. These electrical measurement
Zn ¥ SnO M2 SR FEZ 5] T3, HmiZikib was carried out on the as-deposited
i@ 2 T E w0, BIEOATHE L2EE condition. The black, red, and blue
Y RREOB A R L 22 R D, lines indicate the oxygen partial

pressure at which the SnOy layer
was deposited.
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D B3I HA IR\ BRAR 57 LT T Hall 228y 5 1.38 Fig.5 Comparison of J-V characteristics
cm?/Vs, ¥x 1) 7HEEI.7 x 102 cm=> 2Hop M of the as-deposited and annealed
frE %R L7z, I, 3MH O &R EM (AL, W, Zn) SnOx-metal diodes with different
£33 57} S SnOcmetal #iby £ — oy Conact clecrodes: @ AL ©) W
JVIEC BT, AL, AL T > 5 7 M IEHRRIE, deposited at 1.3 mPa of oxygen
War¥y 7 MIEPA LZEE), Zna > ¥ 7 M partial pressure in all cases.
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DTy F U AL LTV —ACEAHEL T4 2 LT, 7t ADfiingft, %k
HROEEB L OET O fF T & 5.
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