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Abstract: Low temperature processed ZnO-TFTs on glass below 270°C for plastic substrate applications
were fabricated- and their electrical properties were investigated. Flims in ZnO-TFTs with bottom gate
configuration were made by RF magnetron sputtering system except for SiO, gate oxide deposited by
ICP-CVD. ZnO channel films were grown on glass with various Ar and O, flow ratios. All of the
fabricated ZnO-TFTs showed perfectly the enhancement mode operation, a high optical transmittance of
above 80% in visible ranges of the spectrum. In the ZnO-TFTs with pure Ar process, the field effect
mobility, threshold voltage, and on/off ratio were measured to be 1.2 cm*Vs, 8.5 V, and 5x10°
respectively. These characteristic values are much higher than those of the ZnO-TFTs of which ZnO
channel layers were processed with additional O, gas. In addition, ZnO-TFT with pure Ar process showed
smaller swing voltage of 1.86V/decade compared to those with Ar+O, process.
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Fig. 1. Schematic diagram of the bottom-gate type ZnO-
TFT. (a) Cross section and (b) top view.



RF Magnetron Sputtering® 2 Z3€ Zn0¢] £ EA 3} o}& 0|43 Thin Film Transistor 54 v 17

20 mTorr®2 FZA B, Ar:0, 7F2H]= 20:0, 18:
2, 16:42] 27ANAN 72t F2 st s e s
negative-photoresist (N-PR)S Al-&-3l] A9t &
A F9E HEd & F, [TOR AF AS5&
100nm 231 lift-off ¥4 & §3k ZnO F9
e EIRNZHE A&

Ar:0,9] B & wEhA A zHE ZnO uheke] A
Z-& X-ray Diffraction (XRD), Field emission-Scan-
ning Electron Microscopy (FE-SEM), Hall measure-
ment= 24, FAGE, Aol = Fol 54
& 77k BA i) 9, A2HE 700 £ uet
EWXAE £ semiconductor parameter analyzer
(HP4155A)E ©] &3t 713 548 718t e
™, & E 2] B Y& fAste] UV-VIS
& AHskH.

3.4gdEn 9 g
29 2 Ar0,8] U ol W} F2HE Zn0 uhe
o] XRD Z#o|t}, o] Aol B F YKo B
002)
3
)
%‘ FWHM = 0.84 @
5 A
= A
= st N FWHM = 0.90 )
f‘M“_j\\F‘WHM=0.9O (c)
20 2 m m 60
20 (degrees)

Fig. 2. X-ray diffraction patterns of ZnO films with
various gas flow rates, (a) Ar:0,=20:0, (b) Ar:O=
18:2, and (¢) Ar:0,=16:4, respectively.
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Table 1. Summarized electrical properties of ZnO films by Hall measurement

Ar:0, Ratio (scem)  Cartier Concentration (cm>)  Hall mobility (cm?*/Vs) ~ Resistivity (Qem)  Carrier Type
20:0 10 1~5 10° n
18:2 1013~101 1.25 10~10° n
16:4 10" 0.45 10° n
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Fig. 3. SEM images of the as- dep031ted Zn0 thin films dep051ted with the flow rates of (a) Ar:0,=20:0, (b) Ar:0,=18:2,

and (c) Ar:0,=16:4, respectively.
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Fig. 4. Transmittance of the fabricated ZnO TFTs with a
various gas flow rate. (a) Ar:0,=20:0, (b) Ar:0,=
18:2, and (c) Ar:0,=16:4.
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Fig. 5. Device characteristics of ZnO TFTs deposited with
pure Ar ambient. (a) Transfer characteristics (Iss-
Vg) at Vg = 3 V (b) The drain current with
variation of gate voltages.
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Fig. 6. 14V, characteristics of TFTs with ZnO channel
layers deposited with various Ar:O; gas flow rates.
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Ta'ble 2. Summarized I-V characteristics from various ZnO-TFTs

Ar:0O, Ratio (scem) On/off ratio Mobility (cm?/Vs)  Swing voltage (V/decade)  Threshold voltage )
20:0 5.0x10° 1.2 1.86 8.5
18:2 10 0.8 1.90 3
16:4 103 0.6 498 2
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