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Figure S1. (a) XRD pattern of undoped Cu,0O lower intensity random oriented grains and Sb:
Cu,O strong intensity along [111] preferred orientation, (b),(c) Selected area diffraction
patterns obtained from Sb:Cu,0O and undoped Cu,O films, respectively, (d) shows comparative

aging time histogram of undoped Cu,0O and Sb:Cu,O for 14 days’ time duration, and (e) hall-
effect measurements.
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Figure S2. Shows transfer curve and the performance of the transistor based on channel

thickness, (a) transfer curve of Sb doped Cu,O for 2 um thickness, and (b) transfer curve of Sb
doped Cu,O for 0.5 um thickness.
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Figure S3. Output curves of p-type Cu,O vertical transistors with different channel thicknesses:
(a) 0.5 pm, (b) 1 pm, and (c) 2 um.



(b) Standard error of mean (SEM)

st A

SEM : 0.5

R N

=

T
[“N “N *]
SaarEREEY

SEM : 0.2

SEM : 0.07
ok . y 1 T

MrE Vin 8.8
TFT parameters

S

o
=3

Figure S4. Reproducibility and reliability of p-Cu,O vertical transistors from 20 devices (a)
transfer curve, and (b) Standard error of mean and variance of transistor parameters.



(@) 1 air-pBS (®) 1 aic-NBs

10° 10°
@ 0s @ 0s
° 500s | oy E o 500s
] ° 1000s ° 1000s
. 10°f e 2000s 10 e 2000s
< e 4000s < o 4000s
e r s 6000s = s 6000s
! H ° 72005 i o 72005
10°} 2 10° 3
|' Ve=+10V : Ve=-10V -
o 3 = s
F Vp=-5V AR o Vp=-5V :
ID-IZ 1 IJ a:&@m 10-12 L 29 2 1
-10 -5 0 5 10 -10 5 0 5 10
Ve (V) Ve (V)
() (d)
In vacuum - PBS In vacuum - NBS
10° 103
e 0s ° 0s
o 500s o 500s
J e 1000s e 1000s
10 ° 2000s 10k o 2000s
< |' <
o 4000 s o 4000s
N r S
2 > 6000 s & s 6000s
] % e T200s ° T200s
10°F ‘g 10°
Ve=+10V
Vp=-5V
Vb
1012 . Lom 0.9 “v""ﬁo 1012 2.1 :a% o
-10 -5 0 5 10 -10 5 10
Vi (V) Ve (V)

Figure S5. Shows stability tests performance for the Sb doped Cu,O transistor in air and
vacuum environment, (a) positive bias test in air environment, (b) negative bias test in air
environment, (c) positive bias test in vacuum environment, and (d) negative bias stress test
vacuum environment.
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Figure S6. Electrical properties of n-type IGZO TFTs: (a) transfer curve, (b) output curve, and
(c) positive bias stability tests at Vg =10 V and Vp =5 V for 2 h in air atmosphere.
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Figure S7. Power consumption characteristics of the CMOS inverter for Vpp = 2, 3, 4, and 5
V.
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Figure S8. Schematic of our CMOS inverter using p-Cu,O vertical TFT and n-IGZO TFT. (a)
Top-view and (b) cross-view of the structure.
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Table S1. Comparative electrical properties of thin film transistor using p-type oxide
semiconductors.

Material S.S (V/dec) P (cm?/Vs)
Cu,0 0.4 0.24 8 2 x 108 Our work
SnO, -1.3 1.7 08 8.1 x 10° 1

Ga:Cu,0 -4.56 7.72 0.74 1.06 x 10° 2
Cu,O - 0.11 0.75 2.81 x 108 3
SnO ~1.2 ~10 ~14-18 10¢ 4
Cu,0 -8.83 £ 1.99 23510 - 4.1 x 108 5
Cu,0 -13.0 29.2 1ESEa1 0 5 x 103 6
Cu,O 0.3 0.137 2.7 1.5 x 106 7
SnO -1 - 6.75 6 x 103 8
SnO -0.71 0.143 6.54 >10% 9
Cu,0 -1.88 0.75 5.64 1.79 x 10° 10
Cu,O - 0.19 257 2 x 10° 11
SnO - 0.14 7.6 3 x 10* 12
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