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2.1 IGZOB‘IHI%

KA FEH B (2-MOE, Alfa Aesar) /E N
#, K& L (Zn(CH3C00)-2H,0, Alfa Ae-
sar) fE BRI, KGR (Ga(NO3) 3-2H0, Alfa
Aesar) fE NI, KEWEKEH (In(NO3)3 - zH20,
Alfa Aesar) {ENHHIE, 8 LW (MEA, Alfa Ae-
sar) 1E A A & IGZO . HH, In @ Ga :
Zn R EEJRELA 5« (0.7/1.0/1.3/1.6) : 2, B4 B E
TR AR FFAE 0.3 mol/L, #5275 4 8 55 1 1 BE
IREEAT - 10 RS R AR In#v & 70 °C
Pirk2 b, = E 24 h, BA]3RAFE B VR 3K G
IGZO .

2.2 IGZO-TFT &I

SEOG ) % TR M IO k45 44 1 TFT 88 14,
WIE 1 Fr s, SEE ik H A4S EE N Corning 23 #] (1)
EAGLE-2000 335, 1 ERAK IR Z IS A BE - S 74 i A1
ZE KA, BT, K5 SR TR
Ve B G # F. R A & B HE AR Bk 5 Mo
% (180 nm) 1 Nk, 3 = H PECVD iR SiN,,
(200 nm)/SiOy (50 nm) fE M 4% 2. 1IGZOH
P2 K ekl 2%, iRl B, SR ML
A 3000 r/min, BFEIA 30 s, BEWRG 38 F e
P& 150 °CHE#% 10 min, §Eik 3R A5 30 nm
JE B IGZO #EME. R AE AN [R]R KGE BE (250, 300,
350, 380 F1400 °C) = <IB K 2 h. Y5 /I FE AR IE Ik
& FE AR R F #Z8 K &R 2545 100 nm 2 1) Al
HLB, TFT 48 {474 18 (1) 58 5 A0 5 45 50 2 1000 Fl

100 nm.
’In(}aZnO\

Glass

K1 IGZO-TFT 45k rE R

Fig. 1. Schematic diagram of IGZO-TFT.
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Fig. 2. (color online) Transmission spectrum of IGZO

films on glass.

B 3 BT AN AR KL IGZO I (In : Ga
Zn = 5:1:2) O 1s I XPS itk i, il 2k i i A 4
B %M A FEE R A Shirley B, #l & K F Gaus-
sian (20%) Al Lorentzian (80%). AT A F£ MO 1s
1) XPS i #8 A PSRRI 529.7 eV 4 0.2 eV
531.3 eV £+ 0.2 eV. B ALK, IGZO HE O 1sli
MRS & BEIE 2 02— 5 In, Ga Ml Zn 454 A 1)
e 1131, e 4 2 i 0 ot o AR B (1) BRIG ZO 2 1T
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3 (MTFIRA) REEKEE, IGZO i O 1s-XPS i fr il & 45 (a) 300 °C; (b) 350 °C; (c) 400 °C; (d) 450 °C
Fig. 3. (color online) O1 s-XPS spectra of IGZO films annealed at (a) 300 °C, (b) 350 °C, (c) 400 °C, (d) 450 °C.
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Fig. 4. (color online) Output characteristics of IGZO-TFTs annealed at (a) 300 °C, (b) 350 °C, (c) 380 °C, (d) 400 °C.
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3.2 BAEEXInGaZnO-TFT B 3434
oAl

K4 NIGZO-TFT (In: Ga : Zn =5 : 1 : 2)
TEAN AV IR JHR B TR i h R e il 2 AN )18 i 5
) TFT AL S35 n B R, B 5 A TIGZO-TFT
FEAS [RGB R BE R (1 3% R R PR it 2. IR JOR
N 350 °C B KA, TFT NigsRA; =T 350 °C,
TFT #AFERA. 1B KR KRS, TFT & H
TRV, 3X 1 K IR KR 1 IGZO 938 J2 Fa BH
K. B JGR FERI G I 2.2 T TFT RIMERE, 39K
T TFT WS H b, 34k, BEIR JCR R,
TET (1 B E % H IE 1) 81 67w 7 3, 32 B
IR KIEIN T IGZO F i s sk f, JCH A SO
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(RGN, V3D () 2 SR THT W P 4L IR X I P R 9
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F 15 L RS I il 2R 548 B A [RDE K
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{147 18] . F R R0 U R I % 26 R R B 11 AR Ak i
L6 s, RTLLE H, BE IR KGR FE R (W
300 ] 400 °C), WAL F M 0.01 cm?/(V-s) HK
$0.63 cm?/(V-s), M B E # 5 H6.74 VR
—0.62 V. F34b, 0 5B #28 ME B AE R R 3 ok
BN EOR. CHEMARME, St ETr
EREE R S e S VA Pt A NS P FA Y 8
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Fig. 5. (color online) Transfer characteristics of IGZO-

TFTs annealed at different temperatures.
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Fig. 6. Threshold voltage and saturation mobility of
IGZO-TFT with the increase of annealing tempera-

ture.

#1 AFEEBKRE T IGZO-TFT Fi4Z4

Table 1. IGZO-TFT characteristics according to the annealing temperature.

B KL NS 7 1 (B 0 HFNIT RS 26 TR
T/°C Vin/V SS/V-dec™? psat/cm2-V—1.g~1 Ton /ot
250 — — — —
300 6.74 2.24 0.01 4.4. x 10t
350 5.51 1.03 0.15 3.5. x 10°
380 —0.36 0.96 0.49 2.0. x 10%
400 —0.62 1.15 0.63 2.9. x 10*
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3.3 GaZd EXMIGZO-TFTH ¥4 M

S

Kl 7 N TIGZO-TFT 1B KN 380 °C, AN[FH
Ga & & IGZO-TFT Wi h e tEth 2. A A Ga &
B RYRI G 0 B RBEET N, B8 NAFE
Ga & &, IGZO-TFT H¥ Rtk th 2. M 8 ]
LIE H, B Ga & &30, IGZO-TFT 75 ik
N, BUE B A IE T M E). Ga & & KT 1.0,
IGZO-TFT HFER B Jy s 2. Ga7E 120 7R R
HH R A D IR 0 7 4% 1) TG ZO 85 4R U 1 9
FERIR/N. 1IGZO # I+ Ga & B AL 2 S8R
ALk, TR AL AR A 2 T B TR

12

IDs/].O‘G A

Vbs/V

ID5/1046 A

0 5 10 15 20
Vos/V

B7 (M%) AR Ga & ik IGZO-TET [ U5 i 2

(¢)5:1.3:2;(d)5:1.6:2
Fig. 7.
(b)5:1.0:2,(c)5:1.3:2,(d)5:1.6:2.

A4k 07 Fase T SR I 28 75 B IGZO B B
BE IR TR

K245 1 7 IGZO-TFT fifi Ga & & 48 L 1)
RS MNR2TLLE H, B Ga &1
B, IGZO-TFT (¥ 1% {5 B /& B —2.37 V3% K 2
3.49 V, M AT # % H0.71 cm?/(V-s) Jik /> 2
0.25 cm?/(V-s). X4&FNBE Ga & & RGN, IGZO
PR ) S S D AT A A5 B 4 2 6 7= AR 11
H TR UL S Ah, BT O LBl Ga & &)
HEhn e 3 K. ZA v H, In - Ga @ Zn [ EEIR
EoN5 1.3 0 20, WIEH] & K IGZO-TFT A
AR AR RE.

(b)
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(color online) Output characteristics of IGZO-TFTs for In : Ga : Zn ratios of (a) 5 : 0.7 : 2,

#£2 AF GaHEN IGZO-TFT FiES 4
Table 2. IGZO-TFT characteristics according to the Ga content.

s 91 AL NI4T (EEES ) TR A FOLH L
In: Ga: Zn FE/REL
Vin/V SS/V-dec™?! fsat/cm2-V—1.g—1 Ion ot
5:0.7:2 —2.37 1.89 0.71 1.1 x 10%
5:1.0:2 —0.33 0.96 0.49 2.0 x 104
5:1.3:2 1.22 0.78 0.43 4.7 x 104
5:1.6:2 3.49 0.70 0.25 2.1 x 10*

128502-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 38 % 3k Acta Phys. Sin.

Vol. 65, No. 12 (2016) 128502

10-5
o) e
10-7F
<t
3 L
g 10 ‘
J In:Ga:Zn molar ratios
10-9 ——5:0.7:2
—o—5:1.0:2
o= e ——5:1.3:2
—+—5:1.6:2
R | I I L L
0 —10 -5 0 5 10 - |

Vas/V

B8 (MFIEE) R Gad i IGZO-TFT M F A
HHZ&

Fig. 8. (color online) Transfer characteristics of IGZO-
TFT with different Ga content.

Al(115 nm)

IGZO(30 nm) |

SiN(200 nm)/SiOq(50 nm)

Mo(145 nm)

B9 (a) 380 °Cil kI IGZO ¥ M () 3K T SEM K;
(b) 380 °CIEX IGZO TFT KIRE#IE SEM &

Fig. 9. (a) Top view SEM image of IGZO film an-
nealed at 380 °C; (b) cross sectional SEM image of
IGZO TFT annealed at 380 °C.

B KR E N 380 °C, In : Ga : ZnE/RLEE N
5: 1.3 : 2/ IGZO ¥ 5 1) % 1H SEM K 118 9 (a)
Jizn. IGZO # 5 () SEM [ 26 B, 7 W0k 1] 4% 11
IGZO HMEAEIR KRB S BUE . B9 (b)
NI % IGZO-TFT () R 4 i SEM. K. %%
T SEM [ 2 B, ¥ Wi il % 19 IGZO ¥ i 76 3

/Mo /SiN,, /SiOo ¥ 2 [ 1% Ty i %, SiO2/IGZO
FIGZO /AL SRS, %A r= LR B R, iX
T OE T % TGZO TR SE bR R FH B4 € T BLAih.

4 % #

SR FH T R 1) 6 TR T 4 fik 784 TGZ2O 98 I i
W, WA T IR KR E (250400 °C) Fl Ga & &
(0.7—1.6) XF IGZO ¥ 5 F1 TFT H, 2% 1% g 19 5 1.
E 7] W6 X 35 (400—800 nm), IGZO ¥ R FE i (1
B RBIRT 80%. A IGZO Tifis b (R & ) R I
N AT A, IBKITE K% T IGZO-TFT
(LA R AR F e B IR IR FEE (8 o v 47 1 B
31, BE Ga £ & 134 I ) 1E 7 2 5l W ATIT RS %R
b Ga & 5= 9N/, 1X 2 BT Ga AE AR T
AR T IGZO M S R AL B R, B KR
FEA380 °C, In: Ga : Zn JEE/REL A5 : 1.3 ¢ 20,
IGZO-TFT RT3 f 1 H 2 P RE.
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Abstract

Oxide thin film transistor with an oxide channel layer is investigated to cater to the requirements of transparent
electronics for the high mobility, good uniformity, and large band gap. Owing to its special conduction mechanism, high
carrier mobility can be realized even in the amorphous phase. Oxide-based thin films have been prepared by using a
number of methods, such as pulsed laser deposition, chemical vapor deposition, radio-frequency sputtering and solution-
derived process. Solution processing is commonly used in TFT applications because of its simplicity and potential
application in printed device fabrication. In the solution process, the conductivity of multicomponent oxide films can
be controlled by incorporating charge-controlling cations. In this paper, bottom-gat topcontact thin film transistors are
fabricated by using solution processed InGaZnO channel layers. The effects of annealing temperature and Ga content
on the properties of thin film transistor are examined. Optical transmittance of InGaZnO thin film is greater than 80%
in the visible region. Electrical characteristics of InGaZnO thin film transistor are improved by increasing annealing
temperature. The threshold voltage of solution-processed InGaZnO transistor decreases from 6.74 to —0.62 V with
annealing temperature increasing from 250 to 400 °C, owing to the increase in electron concentration in the active
layer. A lower annealing temperature suppresses the generation of carriers outside of the control of Ga cations. X-ray
photoelectron spectrum measurement shows that the electron concentration increases because oxygen vacancies generate
electrons. The incorporation of Ga into a InZnO compound system results in reducing the carrier concentration of the
film and an off-current of thin film transistor. As the Ga ratio is increased at an identical In and Zn content, the carrier
concentration of the film decreases and the threshold voltage of thin film transistor shifts towards the positive direction.
As the content of Ga is increased in the oxide active layer of transistor, the subthreshold amplitude decreases, and the
on/off ratio is improved. This is a consequence of the Ga ions forming strong chemical bonds with oxygen as compared
with the Zn and In ions, acting as a carrier suppressor. The performances of thin film transistor with an atomic ratio of
In:Ga:Zn=5:1.3:2 are optimized as follows: saturation mobility of 0.43 cm?/(Vs), threshold voltage of —1.22 V,
on/off current ratio of 4.7 x 10, subthreshold amplitude of 0.78 V/decade.
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