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Electrical Properties of Oxide TFT with an IGZO/AIOx Stack

Grown by Non-Vacuum Mist Chemical Vapour Deposition
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— Motivations — - Mist Chemical Vapour deposition (Mist CVD) -
"The electric power ratio of semiconductor plant A. “Stable materials®

can be used as “gas” A. “Stable materials™ can be used as “gas™ .

m— B. Selection operation of CVD and spray.

C. High experimental efficiency.

D. Less oxide-defect oxide thin film can be grown.
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A lot of electric power 1s needed 1n order to
keep vacuum state. The burdens of the environ-
ment can be directly reduced by shifting vacuum

B. Selection operation of CVD & Spray.

A. Mist droplet directly aftfach to the substrate
B. Mist droplet evaporates before attaching to the substrate.
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Thus, we had attempted to convert TFT fabri R e N Y thin film

cation process to non-vacuum process with gate
insulator and channel layer grown by mist CVD.

— = Fabrication of AlOx and IGZO
(a)

///,’/////////subs’rra’re/
© O O O O Oheater©

hin fil by Mist CVD
thin {nims grown by Mist - -
(b) Temperature (K) (c) (d)
Table 1. Deposition conditions of AlOy thin films 800 700 600
Solute Aluminum acetylacetonate (AlAcacs) ] B | | | -
Solvent (mixing ratio) Distillated water, Methanol (10 : 90) g I —_ - . . i ' ' ' i ! | ' |
Solution concentration 0.020 mol/L S _ E 50 Ea = — = 4 60 _—_Q_ S
Thickness ~ 50 nm, 200 nm ~ T O i - 225240 kJ/ 1 . i ] <> <> <> <>
. ! A = . . mo i i
Substrate temperature 300, 350, 400, 430 °C > N /\ T - i | —_ 1~
Substrate p+-Si z = 6 A A @ é— = & ~ \ = 2 - Mist SPT y
Growth system 100 mm ver. FC type mist CVD system o 11 - < '
vih sy ¢l . yp y ~ = A < i | | =
Carrier gas / flow rate Air, 2.5 L/min x 2 QS ~—— [] ], - 240
Dilution gas / flow rate ~ Air, 10.0 L/min x 2 ij s Q 2 T o 1 B B A — Ga | 7
Ultrasonic transducer 2.4 MHz,24 V-0.625 A, 6 N a 4k _ = Gd) 10 ]~ E‘g / SPT-IGZO ] S 0 — Zn
E Q O ~ = — | |:|\ ~ ~ = S — 0
Table 2. Deposition conditions of IGZO thin films L 8 g e - | T é‘ — — 8 ]
Solutel Indium acetylacetonate (InAcacs) — ' E g - | Lz é g 20 L [ ] L] ]
Solute2 Gallium acetylacetonate (GaAcacs) = 15 pa= — A Y, 5 ! — ) ]l 0 N _g_ )
Solute3 Zinc acetylacetonate (ZnAcac,) % O O O & - | - -E i E AN AN
Solvent Distillated water, Methanol (10 : 90) P _ o 1 F AT T T T oS TT T T
Solution concentration 0.030 (1:1:1) mol/L E L rO 8 i ] — i M ;GZO’ 350°C ] 8 g O O O O
Thickness ~ 200 nm 8 - 0 | | 7 | | | - 0 | |
Substrate temperature 150, 200, 250, 300, 350, 400, 430 °C N T U | | | ' ' ! !
Substrate Quartz, Eagle XG aa 300 400 1.2 14 16 1.3 20 40 60 30 300 400
Growth system ¢100 mm ver. FC type mist CVD system Temperature (O C) 1000/T (KI) 20 Cu Ka (de gree) Temperature (OC)
Carrier gas / flow rate Air, 2.5 L/min x 2 ) . . .
Dilution gas / flow rate~ Air, 10.0 Liin » 2 (a) Breakdown field (Epp), dielectric constant (k), and (c) XRD 20/ spectra and (d) composition ratio of the IGZO
Ultrasonic fransducer 2.4 MHz, 24 V0.625 4, 6 (b) Deposition rate of AlO, thin films grown by mist CVD. thin films grown by the mist CVD

— = Fabrication of Oxide TFT with an IGZ0O/AlOx stack by mist CVD - -

- Fabrication process - - The drive of the first prototype -
(1) Fabrication of gate electrode (2) o WIL=30/A5 0 (b) g4 | WL =30/45
Substrate : 0 " good ohmic contact | B
(Eagle XG glass) sputlering, .50 nm [50°C < 15 Ve=20V - Vp=20.1¥
glic_Al glass)  (Cr Patterning: Wet etching < 10 -8 =
\ S f_:/iﬁ/ — g
: : . N I Q E
(2) Fabrication of gate insulator S ol 175V 1 =108 6 2
= n =IR= T
. S =
iy 430°C, = 100 nm 5 | 1 55 %
Patterning: Wet etching g 57 125V 1 B % , -
(3) Fabrication of channel layer 5t 10.0 V S 9101 ¢ Yo, 122
1GZO (111) mist CVD (1 atm) , E—— 250y e bl bR G
2 S 350°C, ~ 50 nm N D 10 0 10 20
Patterning: Wet etching taih votage, v Gate voltage, Vg (V)
o o - 111 2\/-1¢-1 1 .
(4) Fabrication of source & drain electrode Mobility g (em?*V-is™)  linear = 2 4.2 , ,
ITO | B saturation 04309 The oxide TFT was driven
ﬁ g sputtering, 50 nm, RT gG{/%IDS =1 {I(I)Axl((}g) A 055 with low leakage current & good on/off ratio.
Patterning: Wet etching (Videc,) @ 10-100 p e
_a— lift-of Hysteresis AVy (V) ;. 0.68 & AV h : "
| (lift-oft) Lo/ Lyt Vs = 30/-10 V L > 108 1 are worse than previous reports
(5) Post anneallil}g% )+ N, 350°C, 1 h Gate leakage current @ Vg =20V : <1012
2 29 ’
(a) Output and (b) transfer characteristics of oxide TFT with a IGZO/A1Ox stack fabricated by mist CVD.
- J

1) Oxide TFT consisting of both channel layer (IGZ0O) and gate insulator (AlOx) grown by mist CVD ‘
which 1s one of suitable techniques for growing thin films continuously under atmosphere was fabricated.

2) The index of non-vacuum process conversion of the TFT fabrication process was demonstrated with
fabricating the oxide TFT with an IGZO/AlOy stack grown by the mist CVD.




