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W8 SE K (W/L) %} 1ZTO TFT %% 14 ¥ BE i
oM, AL HE TR 1ZTO TFT BWEsRFTE)
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B/ K G SRS (InNO5-6H,0) . — /KA B R 4T
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TR TR AL 24 h, &R 12TO0 Hi 8Kk
RFTER AR K. B/ UK — 4 fksh (HECL,0-8H,0, Alfa-
Aesar, 98%) Fl = f T B 45 (A1(OC,Hy)s, Sigma
Aldrich, 97%) & FUEE IR FE 2:1 3 BV R AE & —
fist g PGB R R 0.3 mol /L B4R ER A ALY
(HfAIO, HAO) %K.

2.2 HENFZEHE

ZLTAR R RN ES KR IE TR 4 in
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Fig. 1. Microscope images of the IZTO TFT device, where
the inset shows the schematic cross section.
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100 — Single solvent, ¢ = 0.2 mol/L 10

—— Double solvents, ¢ = 0.2 mol/L .

— Double solvents, ¢ = 0.4 mol/L n
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Fig. 2. The TGA curve (solid lines) and DTG curve (dot-
ted lines) of IZTO precursor ink.
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o BB () AR K W BRER M (RPE T | BHEE L Rk
71). 3¢k [23]) HH Ohnesorge $UREIEL (2) 2KE
W e FEL I SR T B A SR AR 1, T AT BN AR /K BRI
TE 1—10 BB, 88KE Z BRI A=0HE:
7=V 1)

)

n
Hirp o (BEHEINAR) N 21 um, p J2%E, v JE R mk
J1,n R BR R, F 1 M TR 3 R ERK
FESL I BRS. 3 R B KRS TR Z 18455
4 6.59, 4.14 F1 3.48, T4 X LLHRTE AT T ENVE .
K1 AR BH TR IZT0 Bk RS

Table 1. Structural parameters of IZTO ink of different

concentration and solvents.

IZTORKKES  p/(grem®)  n/cP 7/(mN-m') 7

¢ = 0.2 mol/L, . _
2-MOE 1.04 4.05 34.4 6.59
¢ = 0.2 mol/L,
2-MOE+EG 1.07 6.90 38.1 4.14
¢ = 0.4 mol/L,
2-MOE+EG 1.10 8.44 39.1 3.48

R T I FN 2 L) B 1 R 1 o JE %o EfD Rl
J& 1ZTO W BIE AR, & 3 B/R T 3 Fhsk
JKERNIAY IZTO R R EFEER L. & 3 rhif—i
FR) B8 AT EJD S PR 28 22 v [RIAI L 7 0 8 Y R obR
JER B 585 1R FH o AR B (binary solvents,
0.2 mol/L) A& 7K $T B[ it v B 151 22 W) 2 30 °F- 31 1Y
FRRFR I R =Tl A S B (binary solvents,
0.4 mol/L) S7KF] B (1% 7 A5 151 22 Dl 52 30 T e AR
JHFM. WA YW TS, TERE AL R O fE
PRI, BV B — A P M RO R ZOE
J T ™ T HR A

—=— Double solvents, ¢ = 0.4 mol/L
80 I —=— Double solvents, ¢ = 0.2 mol/L
—=— Single solvent, ¢ = 0.2 mol/L
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Fig. 3. Surface profiles of IZTO films with different solvents

and concentrations.
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Fig. 4. Mechanism about gelation process of the printing

film.
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A, X 1ZTO S/KITENHIEIET XPS Jliat. & 5(a),
(b) 43 7R 1 B R o R R AP 1ZTO
2K QR O 1s i Sk g g C
15(284.8 eV) #EATHHE, O 1s IE7E (530.0+0.2) eV,
(530.8+0.2) eV Fl (531.7+0.2) eV Z55HE LAY 3 4>
TUEEY B X 4 - AL EE (O, M—O), A& AL
(On, OV) H5& )& -2 AWt (O, M—OH). #
i XPS By &5 RAED ), M7E )5 A . — %50 2ME
(LAl _E VR EG RIS, O, O, O #E1H 4
F(E G B ARk, B BG w57 B3 InfE 48 &1k
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(a) Single solvent/
0.2 mol/L
O Raw

—— Fitting
Background

—=— Oy (66.2%)

—— Orr (21.8%)

—— Oq (12.0%)

Intensity /arb. units

536 534 532 530 528 526
Binding energy/eV

(b) Single solvent/
0.2 mol/L
O Raw

—— Fitting
Background

—=— Og (66.9%)

—a— Oy (22.4%)

- OIII (107%)

Intensity/arb. units

536 534 532 530 528 526
Binding energy/eV

B 5 (a) IR (b) ZoniE I £ 1ZT0 MK AY O 1s
I ) XPS Sk
Fig. 5. XPS spectra of O 1s peaks of I1ZTO films prepared

with (a) single solvent and (b) binary solvents.
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10-15 \ \ f A | h
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Bl 6 IZTO TFT #e{4#e 8 frtk i 2
Fig. 6. Transfer characteristic curves of IZTO TFT devices.
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REMI8 201, RAPLERY 1Z2TO 2okl & TFT B
AL Y 10 A 0F, FRrErk i Zean &l 8

128501-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 12 (2024)

3
(a) —— V(;s =0.1V
—o—Vgs=11V
—a— Vgs=2.1V
i oL v+ Ves=3.1V
~
+
=
[
-
—
=
3]
=
@
-
A
0 oo eos e
0 0.5 1.0 1.5 2.0 2.5 3.0
Drain voltage/V
103 20
I_(C) VDS =1V
- RSB
10-°F AR
p 3 15
T 107f =
g s =
2 109 J10 &
© —
4 4 <
I} Q)
= 10~ )
A 15 =
10-13F
3
15 f . 0
10 -2 —1 0 1 2 3
Gate voltage/V
K7

IZTO TFT &4 1 (a), (b) § 5 (c), (d) Rk

Gate voltage/V

128501
120
(b) —a— Vgs=0.1V
L —o— Vgs=11V
100 —a— Vgs=2.1V
ﬂ v+ Ves=3.1V
Z 80f
=
a
15}
5 60
=
o
a
= 40
-
a
20
0 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3.0
Drain voltage/V
10-3 10
|_(d) Vbs=1V
)54
10-°F 1
<
> 1077
=]
=
3 10-9 15
£
]
= 10-1
[a)
10-13
3
_15 L L 0
10 -2 —1 0 1 2 3

(a), (c) MARFERE; (b), (d) IR

IY2/(1072 AV/?)

Fig. 7. (a), (b) Output and (c), (d) transfer curves of IZTO TFT device: (a), (¢) Convex profile and (b), (d) uniform flat profile.

2 WERFTENANE TET g Fr xS L
Table 2. Performance comparison of TFT devices prepared by inkjet printing method.
ST = Hsar/ (e V 1sT) Vin/V S.S/(V-dec?) Low/Lost FAHL /A SCHkK
ISR FTE 4.63 ~1.44 0.18 =107 <1012 8]
It RRATEN 1.3 0.14 0.44 2.3x104 <107 [10]
IS4 TEN 4.6 0.9 — >10° 1x10710 28]
ISR FTE 3.0 -0.51 0.21 1.59%107 5%10°18 [29]
AR 13.6 1.04 0.18 5.65x 106 2x10°12 (30]
TR TE 16.6 0.84 0.24 1.21x10° <101 AL
fir o, B TET 88 F W E M s Kt (W/L) A o5
e S Y 10-°
W& S.SIEAMEIC B T3 3 . 45 3R, Lt .
~ _ —=— Sample 1
BRI T2, A7 K ARG 45 T e A 1 R4 s 07 e Sample 2
I —a— S le 3
(f) 1ZTO TFT [31. T 7 Sample 4
" PPN - Sample 5
%3 WUBITEIIZTO TFT (MM PERESEOT § oom PO
Table 3. Average electrical performance paramet- A —»— Sample 7
ers of inkjet printed IZTO TFT. 10-1 -~ 22232 N
if(cm? Vst Vig/V  S.S/(mV-dec?) i . ., = Samplel
-2 —1 0 1 2 3 4 5
Average value 11+2 0.6 4+ 0.15 90 + 15 Gate voltage/V
Bl 9 R R WIE SR L (W/L) 4351k 50/30, K8 WiEBITE] 10 4> 1ZTO TFT 48 14 B9 5k ph 2k 30

50/20, 50/10 I fIFTEN IZTO TFET #8041 55 % 4
PR, Ho WIESERE WS 50 pm, Vpg THAE
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Horb Ing AL, G N BRALHLZE, ANTE 9 n] A,
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T, WIE A AR 2 5 e 3 94 38 HL R R/, AT
ar Rt e RE, RIVRRIIE AL | 0 S (420 LA &
15 1 H R AE AT
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Fig. 9. Transfer characteristic curves of IZTO TFT devices

with different aspect ratios.

# 4 AFEWEIEK LR 1ZT0 MAR)Z TFT 4%
PEMEREXT L
Table 4.  Structural parameters of IZTO TFT

devices with different aspect ratios.

W/L f/(em®V'5") Vig/V S.S/(Vedee ) Lu/L
50/30 16.6 0.84 0.24 1.21x10°
50/20 14.9 0.73 0.15 2.79%10°
50/10 11.5 0.57 0.10 3.74x10°
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Fig. 10. Total resistance vs. channel length (Ry-L) plots ob-
tained from IZTO TFTs with a channel length of 10-30 pm.
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Abstract

Metal oxide thin film transistor has been widely used in flat panel display industry because of its low
leakage current, high mobility and large area uniformity. Besides, with the development of printed display
technology, inkjet printing process can fabricate the customizable patterns on diverse substrates with no need of
vacuum or lithography to be used, thus significantly reducing cost and receiving more and more attention. In
this paper, we use inkjet printing technology to prepare a bottom gate bottom contact thin film transistor
(TFT) by using indium-zinc-tin-oxide (IZTO) semiconductor. The surface morphology of the printed IZTO film
is modified by adjusting the solvent composition and solute concentration of the printing precursor ink. The
experimental result show that the use of binary solvents can effectively overcome the coffee ring shape caused
by the accumulation of solute edge in the volatilization process of a single solvent, ultimately presenting a
uniform and flat contour surface. Further increase in solute concentration is in favor of formation of convex
surface topology. The reason for the formation of the flat surface of the oxide film is the balance between the
inward Marangoni reflux of the solute and the outward capillary flow during volatilization. In addition, IZTO
thin film transistor printed with binary solvents exhibits excellent electrical properties. The ratio of
width/length = 50/30 exhibits a high on-off ratio of 1.21x10° a high saturation field-effect mobility is
16.6 cm?/(V-s), a low threshold voltage is 0.84 V, and subthreshold swing is 0.24 V/dec. The uniform and flat
active layer thin film pattern can form good contact with the source leakage electrode, and the contact
resistances of TFT devices with different width-to-length ratios are less than 1000 Q, which can reach the basic
conditions of high mobility thin film transistors prepared by inkjet printing. Therefore, using solvent mixture
provides a universal and simple way to print oxide films with required surface topology, and present a visible

path for inkjet printing of high-mobility thin film transistors.
Keywords: inkjet printing, metal oxide semiconductor, coffee ring effect, thin film transistor
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