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Fig. 1. (color online) Flexible and transparent TFT using IGZO fabricated on flexible PET substrate. Good

TFT performance with saturation mobility above 7 cm2-V—1.s

with a curvature radius of 30 mm [11.

—1 is maintained even after a bending test
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2.1.1  ZnO F F4k4#
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c/a = 1.5930—1.6035 '8, ZnO 56 I & H K (1
Bt AT BETE () /2 3.44 eV. R, FARAEIEH
JR % FE AL (LDA) J7 v 55 H SR Ak 56 5 ()
WA 0.23—1.15 eV 101, i B m HEAf B 5 92, 49 o
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Fig. 2. (color online) (a) Wuetzite structure of ZnO; (b) band structure of ZnO wurtzite structure estimated

by using sX fuctional analysis 201,
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4, Fortunato %5 [ & J& 1 — Fl 42 3% W 1) = 3 )
%M ZnO-TFT, #H4FMEB AR 20 cm?V 1s 1.
SRIM, BAREATTE G 50 R BT TR T, HIX
B E T B M PR, Lim & 2924
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— AN .
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Fig. 3. (color online) Graphical summary of required

e
o

carrier mobility for future displays [°2].

2.3 M@+ SR
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BESBT cm2 V- ls LR B FE A AL T
1 cm?V-ls™t IGZO IR TR EALVA K T Gadt
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SIR I — AN R R, (I RA R R m
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N T RE BRI TERE, IGZO-TFT s xt-FBH &
F R A 2 B 7T, 7E1GZO 1, In, Ga,
Zn BIFF A (n — 1)d0ns (s FE5 0, SR EAT0
TERZIRAFT, In 8 FEK (n = 5), HHAE
FHRG T E s HUBACZ, TR In 32 B 26 R T4
WA (R EE B R) MAEH; 1 GaflZn 5
TAREN (n = 4), A Zn W1 FH & 06§ LS
ih, ROA ZnO B & B 25 74 5 Inp O3 F1 Gap O3 58 &2
ANT) (ORI TH = oo A A 2 SR M R 4 ); Ga 1)
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B $0 ] = A BN Gadt B
FH, AR GEREAZNL. In, Ga, Zn &8N IGZO
VHEES 1403 B8 SR AN T IR FE I R i 4 P 5 s 9.
In/(Ga+Zn) 1 LLEIERR, #im 7Rk K, T
B S AR R, {H s R B TR 2 TFT #8448

(a)
Covalent semiconductor, for example silicon
crystalline

HMERWr (FFJE R, Vo, B, 55— 7T, Ga &+
HABTHESHR In 5 O MG A E R, BTl
BE# Ga & B AN, IGZO k& S 2, M
T A 28 1 R FAAEG, DRI R38N Ga e R & AT
PUE TFT 8 R IE R3],

Post-transiyion-metal oxide semiconductors
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Fig. 4. (color online) Schematic orbital drawings for the carrier transport paths (conduction band bottoms)

in crystalline and amorphous semiconductors [1: (a) Si; (b) oxide semiconductors.
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Fig. 5. (color online) The mobility (a) and turn-on voltage (b) obtained for TFTs with different oxide semiconductor

compositions, in the gallium-indium-zinc oxide system
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Fig. 6. (color online) Formation energy of oxygen vacancy of InpO3, SnO2 and ZnO obtained by different

calculation methods [73].
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Fig. 7.

(color online) (a) The energy level of oxygen vacancied of InOs3, SnO2 and ZnO by different

calculation methods; (b) oxygen vacancy formation energy of various hydrogen impurities.
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Fig. 8. (color online) (a) Partial density of states of single crystal IGZO; pseudo-band structures of (b) single crystal

and (c) amorphous IGZO; (d) Schematic models of subgap DOS in amorphous silicon; pseudo-band structures of

(e) single crystal and (f) amorphous silicon.
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Fig. 9. (color online) (a) Relationship between mobility and carrier concentration of various IGZO thin films;

(b) schematic diagram of the percolation conduction model; (c) electronic structure in the conduction band of

1GZO.
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Fig. 10. (color online) Device structures of oxide TFT: (a) Etch-stopper Layer structure; (b) back-channel

etched structure; (c) self-aligned coplanar structure; (d) double-gate structure.

-] @ /
Hysteresis Ld
10-6 L
f c=3nm

10-8
im — — Forward Vps =9.1 V
a
=~ —8— Backward

10—10 r

10-12 l

PSS {117 BT Y

—-30 —20 -10 0 10 20 30

Vas/V

10-4 (b) "ﬂ'

Thermal stress:

10-6
——RT
=13

L0-8 —— 40 °C @ nm
i Vps=9.1V
Z ©760 C
~

10-10 —&—380 C

—*—100 C r

1012

—14
10 —-30 —-20 -—10 0 10 20 30

Vas/V

11 (MFPR 6 SR BRI KRLF (¥ 77 2: 52 B 1) BCE 258 1064 TFT 1 (a) IEFRNET A0SR e it 28,

(b) FEAS FIRLFE T e R R i 2% 188

Fig. 11. (color online) Transfer curves of the IZO-TFTs with 3 nm-thick C barrier layer obtained from
reliability testing for (a) hysteresis and (b) thermal stress (881,
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Fig. 12. (a) Easiest pixel design for AMOLEDs;

(b) the corresponding circuit diagram of pixels in (a).
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Fig. 13. (color online) The PBS stability of TFTs without (a) and with (b) light illumination; the NBS
stability of TFTs without (c) and with (d) light illumination [105],
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Fig. 14. Energy band structure of PBIS (a) and NBIS (b) based on photogenerated holes-electron theory 1061

and charge distribution of PBLS (c) and NBIS (d).
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Fig. 15. (color online) Atomic relaxation models
around (a) Vo, (b) Vg, and (c) V?;; (d) the corre-

sponding formation energy of different kinds of oxgen

vacancies 110,
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Fig. 16. (color online) (a) The density of states of Vo (D) and V20+(Dh) in IGZO; (b) energy band diagram of Vg
and V3 in IGZO.
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Fig. 17. (color online) Schematic diagram of oxygen vacancy migration for formula (2) and (3) 1111,
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Fig. 18. (color online) (a) The relationship between hole concentration of IGZO and sputtering power; (b) the
relationship between NBIS stability of IGZO-TFT and sputtering power 1121,
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Fig. 19. (color online) IGZO back channel adsorption reaction with oxygen (a) and water (b) [117],
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Fig. 20. (color online) The NBIS stability of IGZO-TFT based on SiN, (a) and SiO2 (b); band structure
diagram based on IGZO/SiN, (c) and IGZO/SiO2 (d) [121].
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Abstract

Oxide semiconductor is regarded as one of most suitable active materials of thin-film transistors (TFTs) for driving
organic light-emitting diodes because of its advantages of high mobility, low-temperature processing, good electrical
uniformity, visible-light transparency, and low cost. Currently oxide TFTs have been successfully applied to the back-
planes of the flat-panel displays. This review gives a comprehensive understanding of the development process of oxide
TFTs. In the present article, we review the major trend in the field of oxide TFTs. First, the questions of how to
achieve high-mobility and high-stability oxide semiconductors are introduced, and the carrier transport mechanism is
also addressed. Next, the device structures and the fabrication processes of the oxide TFTs are introduced. The electri-
cal instability of the oxide TFTs is also discussed, which is critical for their applications in backplanes of the flat-panel
displays. Especially, the mechanism of the threshold voltage instability of the oxide TFTs under negative bias illuminant
stress is discussed in detail. Finally, the applications of oxide TFTs in flat-panel displays, such as active matrix organic

light-emitting diodes and flexible displays, are addressed.

Keywords: thin film transistors(TFTs), transport mechanism, fabrication, stability
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