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Abstract: In order to improve the electrical performance of oxide thin film transistors, In-doped ZnO thin film
transistors (1ZO TFT) were prepared by using a sputtered 1ZO thin film as the active layer and an Al,O; thin film
deposited by atomic layer deposition (ALD) as the gate dielectric layer. The effects of the ratio of argon and oxygen,
sputtering gas pressure, and annealing temperature on the electrical properties of 1ZO TFT were investigated
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during the 1ZO film preparation process. The results indicated that the 1ZO TFT, which was prepared at the

appropriate argon-oxygen ratio and reaction pressure under relatively high annealing temperatures, shows

excellent electrical characteristics. When the argon oxygen flow rate ratio was 60:20 sccm, the sputtering gas

pressure was 0.5 Pa, and the air annealing temperature and time were 250 °C and 1 hour, respectively. The
electrical properties of the IZO TFT were relatively better with a carrier saturation mobility of 31 cm*(V-s) and a high
on-off current ratio of 10°. A relatively too-low or too-high argon-oxygen ratio could cause too-low or too-high

oxygen vacancies in the active layer of 1ZO, thus reducing TFT device performance. The low annealing temperature
couldn't transform the Al-OH bonds in the gate dielectric layer into Al-O bonds, and was difficult for oxygen in the air
to diffuse into IZO and passivate oxygen vacancies, thus leading to poor device performance.

Keywords: indium zinc oxide; thin film transistor; process parameters; electrical performance
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Fig. 1 Structure and physical image of the IZO TFT. (a) Structure of the IZO TFT; (b) Physical image of the IZO TFT
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Fig. 2 AFM and XRD images of the 1ZO thin films. (a) AFM; (b) XRD
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Fig. 3 Electrical properties of a type IZO TFT. (a) Output characteristics; (b) Transfer characteristics

240077-3


https://doi.org/10.12086/oee.2024.240077

T, 4. S TR, 2024, 51(6): 240077

https://doi.org/10.12086/0ee.2024.240077

YR T R A TR T ARSI, Skt Fn
HLTE T PTFER (1) MO RITE, 20h v, M B(E
JE, pr ARURIZRON TE RS2 . Ry (8 15 B A
B BE BV, ARS8 TS R w,, Bl 3(b)
B THG V. 5L MMEXR, w, THER ©2)
AR, b B RILL S Vi, KR PR IX 1
ZERHE (B = 0(Ips)*/ 0Vy)o

w
ID,sat = ﬁﬂsatcox(vgs - ‘/lh)z ) (1)
2LB?
Msat = W . (2)

SEHMIFFZ 12O TFT #:F 1 ALO, HiY 5t 2 Fiir
TAHLZS C o 0.04 pF/em’, MR (2) A& 1%
1ZO TFT #& 14 M1 AT B8 % (1) H 31.0 em’/(V's),
B LR (V) 4 0.0 V, SEBIEHRIE (SS) 4 0.1 Videc,
FFRER I (L, /L) A 1.7%10°%

Pl d(a) 25 T ZE R TR SR B AR TR A
1) 1ZO TFT #e 6 B pet i & B . M E ] I,

Bl 2 S AR SRR I B A6 N, 12O TFT #8419
FERRPE I i e IEME Dy 1B ol s ELRE A
(IBENN, 1ZO TFT 44 A e AR AT 300 22 A 20 0/
Fkas BEE ARG, 1Z0 TFT $8FCS e
BN N A =k

R T 25 A3 T S A S S B L SR R
R S R B L N FERLA 5] 4(b, o) 4511 T 1ZO
TFT #R e MM TR 7S F T BB LR (V) 16
AP TR (1) TP (L, /e . TWHIE
R (SS) BETR S AR A i fb i 2k . FER 4
&= bl 60:0 scem 38 F] 60:40 scem FY 3 2 7,
1ZO TFT a4 1Y proo BT IR/ 5 2580 A 0 scem
A% 40 scem, 1ZO TFT #5141 M 47.8 cm’/V-s
FE MR ARE] 9.8 cm’/V-s, IE AL M-3.8 V EhHE N
8.0V, AN M 0.28 Videc JEid/NE 0.11
V/dec (%4 <& N 20 scem BF), P hIZE 0.18
Videc. Fifi 5 I 50 b AU B B R, A R
i WS N TR, 120 TFT g4t B/ As Sy 1

(Vye=10.1V)
—=— 60:0

—e— 60:10
—+— 60:20
—v— 60:30
—+— 60:40

a..
10 |
10 |
10 |
107 |
10 |
<
3100 |
100}
10
102}
10}
10714 N
10 -5 0
n 50 0.30
.
451
40t —— e loos
35 —8s— 8§
230} o
2 1020 3
5 25 . z_/
3207 3
15} . 1018
10}
L)
51 ./657 10.10
0 1 1 1 1

1
60:0 60:10 60:20 60:30 60:40
Ar/O,

5 10 15 20

VIV
. 2.0E+8
(o] gl
6l / 11.6E+8
o
4l
— Vi {1.2E+8
> = Lot R :%
3 2 3
18.0E+7
ot E } .
-2t / 14.0E+7
-4 |
0E+0

60:0 60:10 60:20 60:30 60:40
Ar/O,

B4 REBRMBEAZTIT 41409 1IZO TFT it k. (a) #8450, (D) o 72 SS; (C) Vin 7 Lo/ Ly
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The influence of active layer sputtering process
and annealing temperature on the electrical
properties of IZO TFT

Wang Cong"’, Ding Youkun®, Liu Yurong™

Physical image of the IZO TFT

Overview: In order to improve the electrical performance of oxide thin film transistors, In-doped ZnO thin film
transistors (IZO TFT) were prepared by using a sputtered IZO thin film as the active layer and an ALO, thin film
deposited by atomic layer deposition (ALD) as the gate dielectric layer. The effects of the ratio of argon and oxygen,
sputtering gas pressure, and annealing temperature on the electrical properties of IZO TFT were investigated during the
IZO film preparation process. The results indicated that the IZO TFT, which was prepared at the appropriate argon-
oxygen ratio and reaction pressure under relatively high annealing temperatures, shows excellent electrical
characteristics. When the argon oxygen flow rate ratio was 60:20 sccm, the sputtering gas pressure was 0.5 Pa, and the air
annealing temperature and time were 250 “C and 1 hour, respectively. The electrical properties of the IZO TFT were
relatively better with a carrier saturation mobility of 31 cm’/(V-s) and a high on-off current ratio of 10°. A relatively too-
low or too-high argon-oxygen ratio could cause too-low or too-high oxygen vacancies in the active layer of IZO, thus
reducing TFT device performance. The low annealing temperature couldn't transform the Al-OH bonds in the gate
dielectric layer into Al-O bonds, and was difficult for oxygen in the air to diffuse into IZO and passivate oxygen
vacancies, thus leading to poor device performance. The IZO TFTs couldn't exhibit gate voltage control characteristics.
When the annealing temperature was higher, it was beneficial to increase the density of IZO thin films, reduce the defect
states inside and on the surface, and thus obtain high-performance IZO TFTs.
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