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Supporting Information

Captions

Figure S1 (a-e) Cross-section height profile of film deposited (using Zinc acetate
dihydrate precursor) at the heating substrate in the range of 125°C-390°C. (f) Average
diameter plot of the films corresponding (a-e) samples.

Figure S2 TGA curve of Indium acetate anhydrous and Magnesium acetate
tetrahydrate powder respectively that tested under air at a scan rate of 10°C/min.
Figure S3 3D (a) and 2D (b) morphology image of the IMZO films deposited at the

heating substrate in the range of 125°C-395°C.



Figure S4 SEM image of patterned IMZO films deposited at the heating substrate at
(a) 125°C (Inset: high-magnification of sample in (a)), (b-¢) 395°C.

Figure S5 Morphology images of ZnO, MZO, MgO, ZnO-1, IZO and IMZO film: (a)
large-scale film (scale bars: 500 um), (b) patterned film (scale bars: 200 um).

Figure S6 AFM images of films including the height and line-scan profile: (a) ZnO,
(b) MgO, (¢) MZO, (d) ZnO-1, (e) 1ZO, (f) IMZO (scale bar: 200 nm).

Figure S7 EDS analysis of the films corresponding to Figure 3¢ samples: (a) ZnO, (b)
MgO, (¢) MZO, (d) ZnO-1, (e) 1ZO, (f) IMZO.

Figure S8 Cross-section height profile of ZnO, MZO, ZnO-1, 1ZO and IMZO films
corresponding to Figure 3 (e-i) samples respectively.

Table S1 Performance parameters of experimental data (white bar) and simulation
model (blue bar) for ZnO, MZO, ZnO-1, IZO and IMZO TFTs. The channel
length/width of transistors was kept 40 um/200 ym.

Table S2 Comparisons of electrical parameters of reported metal oxide based TFTs.
Figure S9 Transfer (V=5 V) characteristics of metal oxide TFTs corresponding to
Figure 5 (a-e) samples. The black dashed and green lines indicate the slopes for the
calculation of field-effect mobility and effective mobility respectively.

Figure S10 (a) Field effect mobility (,,), (b) Threshold voltage (V) and (c)
Subshreshold swing (SS) distribution for 24 nm-ZnO, 24 nm-MZO, 5 nm-ZnO-1, 5
nm-I1ZO and 5 nm-IMZO TFTs respectively. (V4=5 V and Vg=-40 V-60 V).

Table S3 Parameters for simulations of ZnO TFTs with different ratio of In or Mg

contents. The channel length/width of transistors was kept 40 yum /200 ym.



Table S4 Performance parameters of experimental data (white bar) and simulation
model (blue bar) for ZnO and IMZO TFTs with different thickness. The channel
length/width of transistors was kept 40 um /2000 um.

Table S5 Parameters for simulation of ZnO and IMZO TFTs with different thickness.
The channel length/width of transistors was kept 40 ym /200 pm.

Figure S11 SEM image of different thickness of patterned ZnO films: (a) 10 nm, (b)
21 nm, (¢) 24 nm, (d) 35 nm. The insets show the cross-section height profile of
corresponding ZnO films.

Figure S12 SEM image of different thickness of patterned IMZO films: (a) 5 nm, (b)
6 nm, (¢) 7 nm, (d) 8 nm. The insets show the cross-section height profile of

corresponding IMZO films.
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Table S1

Sample Lo/l Hrg Mpr (cm?V- Lon Lon SS SS Vi Vi

(em?V-lsT) Ish) (A) (A) (V-dec) (V-dech) 2 V)

ZnO 2.73%10° 15.03 15.90 2.73x104 2.85x10* 1.93 2.20 16 15
MZO 3.12x10° 3.02 2.95 4.68x10° 4.42x10° 1.44 1.23 19 20
Zn0O-1 5.57x10° 0.012 0.011 1.67x107 1.86x107 3.66 4.17 18 18
170 3.60x10° 14.25 16.42 3.56x10+ 4.16x10+ 2.09 2.04 -2 1
IMZO 7.19x107 26.67 23.74 7.24x10% ~ 7.19x10* 0.87 0.66 -1 1



Table S2

Material Thickness Method Gate Lo/Loy HrE SS Vi Ref. Year
(nm) dielectric (cm?V-ist)  (V-dec) %
Zn0O 40 Spray HfO, 107 40 6 m 2015
In;0; 6-8 Spray AlOx/ZrO, 7% 100 16 ~0.4 21 2015
Sor/IGZO 10-11 Combustion SiO, 10°-107 7.50 1.7 131 2016
wo Spin coating  AlOy/SiO, 5% 107 15.3 0.068 2 141 2016
In;0; 10 Spray SiO, 38.5 -10 151 2017
IGZ0 25 Sputtering Si0, 4.0x107 26.4 0.53 2.8 161 2017
1GZO0 40 Sputtering Si0, 1.6x108 10.23 0.36 0.5 m 2018
Zn0 20 Spray Si0, 10° 14.7 0.49 3.5 181 2019
MZO 6 Spin coating AlOx 4.0 0.21 2.53 11 2019
IMZO Spin coating Si0, 2.2x107 1.97 0.69 -7.1 1101 2019
InSmO 5 Spin coating Si0, >108 ~21.51 ~0.66 ~2.14 i 2020
IMZO 5 Spray SiO, 7.19x107 26.67 0.87 -1 This work ~ This work
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The reliability factor r can be expressed as Equation S1 indicating the ratio of

maximum channel conductivity from transfer characteristic data at maxiumum y,

(black dashed line) to the ideal maximum conductivity (green line).

NTAEEN T

Vel
r= Equation S1

O\l L |
oV,

Where, |7, [™ is the drain current value at maximum y,from transfer characteristic

data. |7, ['1s the drain current value at y_=0.
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Table S3

Symbols (units) Zn0 MZO Zn0-1 1Z0 IMZO
W (um) 200 200 200 200 200
L(ym) 40 40 40 40 40

Nt (emeV-) 9.3x10M 9.3x10M 9.3x10™ 9.3x10'¢ 9.3x1016

KTyt (V) 0.05 0.05 0.05 0.05 0.05
Noa (cmeV-) 8.0x101 8.0x101 8.0x1012 8.0x1013 8.0x101?
KTo(cV) 0.3 0.3 0.3 0.3 0.3
Ey(eV) 1.7 1.7 1.7 1.7 1.7
£ (nm) 24 24 5 5 5
£ (nm) 100 100 100 100 100
Vi (V) 25 -1 -13 7.8 -6
C,. (Flem?) 3x10° 3x10° 3x10° 3x10° 3x10°

a () 0.40 0.42 0.19 0.47 0.49
X! 0.90 0.90 0.50 0.95 0.97
k() 40 30 0.1 30 38
k() 0.001 0.001 0.0005 0.001 0.001
a ) 0.001 0.001 0.0005 0.001 0.003
3.2 2.48 1.5 2.995 3.4

b; ()



Table S4

Sample L/Ly g (em?VsT g (cm2V-lse L, (A) Lon (A) SS (V-dec SS Vi Vi
D) D) " (Vedec) (V) (V)
IMZO-5 nm 3.76x107 22 22.92 3.76x10* 3.65x10+ 0.865 0.66 -1 1
IMZO-6nm  2.98x107 17 19.94 2.98x104  2.92x10% 0.994 0.86 1 35
IMZOT nm 1.19%107 12 15.65 1.19x104  2.02x10+ 0.933 0.89 2 s
IMZOSnm  4.23x108 3.58 3.68 423x105  4.19%10% 0.877 139 8 7
Z00-1onm  8.45%103 2.06 112 5.53x105  1.08%10% 1280 1.51 18 16
70021 nm 277108 6.51 5.05 126x105  521x10° 1285 1.54 16 15
TnO24nm  6.90x108 12.48 8.23 138x104  8.60x10° 1.928 220 16 15

InO35nm  8.50x108 15.12 1527 1.73x104  1.95x10* 2.025 1.64 8 8



Table S5

Symbols IMZO IMZO IMZO IMZO Zn0O ZnO Zn0O ZnO
5 nm 6 nm 7 nm 8 nm 10 nm 21 nm 24 nm 35 nm
W (um) 200 200 200 200 200 200 200 200
L (ym) 40 40 40 40 40 40 40 40
Npg(em?eV- 9.3x106  9.3x10!6 9.3x1016 9.3x10!'6 9.3x10™  9.3x10™ 9.3x10M 9.3x10M
D)

KTy, (eV) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Ng, (e 8.0x1013 8.0x103  8.0x10" 8.0x1013 8.0x1013 8.0x1013 8.0x1013 8.0x1013

3eV-l)

KTos(eV) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
EoeV) 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
() 5 6 7 8 10 21 24 35
fo. (nm) 100 100 100 100 100 100 100 100
37, (V) -6 -6 -5 -4 2.5 2.5 2.5 -5

C,. (Flem?) 3x10°8 3x10°% 3x10° 3x10°8 3x10° 3x10° 3x10° 3x10°

a O 0.49 0.47 0.46 0.40 0.30 0.40 0.40 0.46
50 0.97 0.97 0.95 0.90 0.70 0.88 0.90 0.90
k() 38 38 38 35 30 40 40 40
b () 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
@) 0.003 0.003 0.003 0.001 0.001 0.001 0.001 0.001
by () 3.4 3.3 32 28 2.88 3.0 32 32
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Figure S12
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