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Bi-layer thin film transistors (TFTs) have been fabricated with a channel structure comprising a dielectric layer,
a semiconducting amorphous-Si-In-Zn-O (a-SIZO) layer, and a semiconducting amorphous-Si-Zn-Sn-O (a-SZTO)
layer, aiming to improve field effect mobility and stability. These films were deposited using RF sputtering at
room temperature. The TFTs with a bottom gate top contact, processed at 500 °C, exhibited high mobilities
(>32 em? V! s71) along with a current on/off ratio of approximately 10® and a subthreshold swing (SS) value

below 0.5 V decade™! primarily because of reduced trap density and presence of highly conducting ultrathin
a-SIZO layer. Furthermore, the bi-layer TFTs demonstrated notable stability under negative and positive bias

temperature stress conditions.

1. Introduction

Oxide Semiconductors are some of most used materials for thin
film transistors (TFTs) [1-3]. Among all oxide semiconductors, amor-
phous oxide semiconductors (AOS) stand out as the most promising
materials for their application in various advanced display technolo-
gies, sensors, and related fields [4,5]. AOS display exceptional optical
transparency, excellent uniformity, superior electrical properties, and
flexibility. Room temperature fabricated AOS exhibit hall mobility
similar to those of crystalline materials. High mobility in these AOS
materials is due to overlap among neighboring metal ns orbitals. The
amorphous nature, coupled with high mobility in these materials, opens
up possibilities for their utilization in various flexible electronics [6]. In
2003, Nomura et al. epitaxilly grown a complex InGaO;(ZnO)s (GIZO)
single-crystalline semiconductor on yttria-stabilized zirconia substrate
and fabricated TFT with effective mobility of 80 cm? V-! s~! and
on/off ratio of 10° [7]. However, the process required temperature as
high as 1400 °C to obtain a high performing TFT. Further in 2004,
Nomura et al. successfully fabricated the first transparent and flexible
oxide based TFT which have attracted considerable interest of lot
of researchers from all over the world [8]. In comparison to amor-
phous Si (a-Si:H) TFT and low-temperature polysilicon (LTPS), AOS
require low processing temperatures, show enhanced stability, and are
compatible with innovative materials such as polymer ferromagnetic

* The review of this paper was arranged by Sorin Cristoloveanu.

materials. AOS is held as next-generation technology and has poten-
tial to replace Si-based Complementary Metal-Oxide-Semiconductor
(CMOS) circuits [9-111.

Despite several advantages, most AOS exhibit poor stability and
electrical performance. AOS performance is primarily limited by the
intrinsic mobility and the limitation to efficiently turning off the de-
vice [12]. Various strategies have been explored to address these issues,
including the incorporation of high-k insulators, in situ metal oxide
capping, and the utilization of low dimensional semiconducting het-
erostructures [13,14]. In particular, the use of multilayers of different
materials has become very interesting for its potential in enhancing the
electrical performance of TFTs based on AOS. This approach could help
in overcoming some of limitations associated with AOS and could lead
to advancement in TFT technology. Over the last decade, numerous
studies have been conducted on bi-layer channel structures, incorpo-
rating various AOS as the channel layer. These TFT show improved
electrical properties with enhanced stability [15-19]. However, it is
noteworthy that most of AOS-based TFTs demonstrate instability under
temperature, negative bias temperature stress (NBTS), and positive
bias temperature stress (PBTS). The stability under both negative and
positive bias conditions is crucial for the successful application of
TFTs in active-matrix organic light-emitting diodes (AMOLED) and
active-matrix liquid-crystal display (AMLCD) devices [20].
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Fig. 1. Cross-sectional schematic of the bi-layer structure of the TFT devices. The thickness of the bottom SIZO layer has been varied from (2.5+0.5) to (7+0.5) nm. The top SZTO
thickness has been adjusted to fabricate TFT devices with thicknesses of (12 + 1), (22 + 1), and (42 + 1) nm.

The TFTs based on amorphous SilnZnO (a-1SIZO, where Si is 1%
by wt in the composite material) with a bottom gate and top elec-
trode show outstanding performance but suffers from high instability
in ambient conditions. This instability is primarily attributed to the
absorption of O, from the air on the channel surface, leading to
increased trap density and subsequent degradation of the SS (sub-
threshold swing) value [21]. To address this issue, we introduced a
more stable amorphous SiZnSnO (a-0.5SZTO, where Si is 0.5% by wt
in the composite material) passivation layer with similar electrical
properties, aiming to enhance overall TFT device performance. In this
study, we successfully fabricated TFTs with a heterojunction channel
layer of a-SIZO/a-SZTO, demonstrating excellent electrical properties
and high stability under negative and positive bias temperature tests.
The bi-layer channel TFTs exhibit a maximum field-effect mobility of >
32 cm? V-1 s with an on/off current ratio of > 10® and operational
stability in negative and positive bias stress.

2. Experimental

Bottom gate bilayer TFTs were fabricated using RF magnetron sput-
tering at room temperature. The devices were configured as shown in
Fig. 1. The bilayer structure was created with different thicknesses of
0.5 wt % SiZnSnO (0.5SZTO) and 1 wt % SiInZnO (1SIZO). Deposition
was carried out on a 100 nm SiO,/p**-Si substrate, with SiO, serving
as the gate insulator. The SiO,/p**-Si substrates underwent sequential
cleaning with acetone, methanol, and DI water for 10 min each in an
ultrasonication bath, followed by drying with N, gas.

The deposition chamber’s base pressure before each deposition was
approximately 5 x 10~® T. Deposition power, pressure, and Ar flow for
all 0.5SZTO depositions were maintained at a constant 50 W, 6 mT, and
40 sccm, respectively. For 1SIZO films, deposition power, pressure, and
Ar flow were kept constant at 60 W, 12 mT, and 40 sccm, respectively.
Deposition times were varied to achieve the desired film thickness,
as illustrated in Fig. 1. Three batches of devices were fabricated with
bilayer channel thicknesses of (12.0 + 1) nm, (22.0 + 1) nm, and
(42.0 + 1) nm, corresponding to 1SIZO thicknesses of (2.5 + 0.5) nm,
(4.5 + 0.5) nm, and (7.0 + 0.5) nm.

After deposition of 0.5SZTO/1SIZO, the bilayer thin film underwent
wet etching process to form channel with width of 250 pm and length
of 50 pm. Following channel pattering, films were annealed in air at
500 °C for 2 h. The source and drain electrodes (S/D) were deposited

via e-beam evaporation (10 nm Ti) and thermal evaporation (40 nm
Al) followed by lift-off process.

The electrical characteristics and the stability were carried out in
the dark box using a semiconductor parameter analyzer (HP 4156C)
and a vacuum probe station (MS Tech with HP 4145B (Keysight)
analyzer), respectively. The transmittance of bi-layer film deposited on
glass substrate was analyzed by UV-Vis optical spectrometer (Carry
5000 UV-Vis-NIR, Agilent). High-resolution transmission electron mi-
croscopy (TEM) images were captured using the TEM-Titan instrument.

3. Results

The device structure employed in the present study is illustrated in
Fig. 2. This figure exhibits cross-sectional TEM images, including an
enlarged perspective of one of the bi-layer channel layers. TEM imaging
was conducted on the bi-layer channel, featuring a 1SIZO thickness of
(2.5 + 0.5) nm and a 0.5SZTO thickness of (10 + 0.5) nm. Upon closer
examination using TEM, it is evident that the SiO, thickness measures
100 nm. Additionally, the thickness of 1SIZO is approximately 2.54 nm,
while the thickness of 0.5SZTO is measured at 10.5 nm. These findings
are consistent with our deposition predictions. Further, TEM images
play a dual role in not only affirming the thickness measurements but
also offering a visual confirmation of the uniformity observed in the
thin film deposition.

Fig. 3 shows transfer curves of bi-layer TFTs. Transfer curves were
measured with varying gate to source voltage from -30 V to 30 V at
constant drain to source voltage (Vg) of 5.1 V. Fig. 3(a), (b), and (c)
show Ipg versus Vg curves of (12.0 = 1) nm, (22.0 + 1) nm, and
(42.0 + 1) nm thick 1SIZO/0.5SZTO bi-layer TFT with different thick-
nesses of 1SIZO and 0.5SZTO. Fig. 4(a), (b), and (c) show all extracted
device parameters. For all TFTs, threshold voltage (V,,) decreases with
increasing the thickness of 1SIZO from (2.5 + 0.5) to (7 + 0.5) nm and
subsequent increase in OFF-current is also observed. This indicates that
when the 1SIZO layer is thicker, it allows more current to flow when the
device is in off state. This happens due to presence of more electrons in
the E 5 (conduction band), making it easier for them to move. The field
effect mobility was determined at V¢ = 5.1 V by employing following
equation [22]:

Lg,

HFE =y e

COX (1)

where g, is transconductance, C,, is capacitance of the oxide gate

electrode, and L and W are channel length and width, respectively.
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Fig. 2. Cross-section TEM image of bi-layer channel. The bi-layer consist of 1SIZO and 0.5 SZTO layer.
L (a)  (b)
10"k r
3 r
-
107k § r
i
3 F (12+1)nm TFT
P 3
10°L i ! L p (22+1)nm TFT
!
P 1
E ° ,’ 4 ]
10™ ' s )
W ~0— (2.5 0.5)1m 1SIZ0/(10 £ 0.5)nm 0.5SZTO r 'Y e
oy 2 @52 - (2.5 + 0.5)nm 1SIZ0/(20 = 0.5)nm 0.5SZTO
i e ST |1 5-05midkoliatosm oserto
ol o | —@— (7.0 £ 0.5)nm 1SIZO/(15.0 + 0.5)nm 0.5SZTO
10'12 & ! L 1 L L s L L '
r(c)
10

Drain Current (A)

10"

-f
e

~— (2.5 + 0.5)im 1SIZO/(40  0.5)nm 0.58ZTO
@ (4.5 + 0.5)nm 1SIZ0/(37.0 + 0.5)nm 0.5SZTO
@ (7.0:+ 0.5)n0m 1SIZ0/(35.0 + 0.5)nm 0.5SZTO

(42 + 1) nm TFT

-12 1 !
e -30 -20 -10

0 10 20 30

Gate Voltage (V)

Fig. 3. Transfer characteristics of bi-layer TFTs with thickness of (a) (12+1) nm, (b) (22+1) nm, (c) (42+ 1) nm. The scale on the y-axis and the x-axis remains consistent across

all plots.

The field effect mobility of 0.5SZTO TFT without an 1SIZO layer was
~ 20 cm? V-! s71 as shown in supplementary Fig.S1. Whereas, the
field effect mobility for bi-layer 0.5SZTO stacked with ultra thin 1SIZO
layered TFT was increased to > 30 cm? V-1 s~1. However, further
increase in 1SZTO thickness does not improve the mobility and it
saturates at ~ 30 cm? V~1 s~!. Furthermore, increase in 1SIZO thickness
also degrades SS from 0.45 to 2.5 V decade™!, and on/off ratio also
deteriorated considerably from 10% to 10*. It is noteworthy that, an
1SIZO layer thicker than (4.5 + 0.5) does not yield an increase in
mobility. A more discussion on enhancement of field-effect mobility is
provided in the subsequent sections, particularly during the analysis of
bias dependent stress test in this manuscript. Table 1 shows extracted
device parameters of all single and bi-layer devices.

Among all TFT parameters, SS value is a primary indicator of total
trap density (N,). N, is consists of bulk trap density (N,,,) and interface
trap density (D;). The total trap density (N,) was calculated using

following equation [22]:

_ [SSlog(e) B 1] Cox
L kT/q q

where S'S is subthreshold swing, kT is thermal energy, g is the elec-
tronic charge, and C,, is the dielectric capacitance of the oxide gate
electrode. The calculated total trap density for (2.5 + 0.5) nm and
(4.5 + 0.5) thick 1SIZO based TFT are between 1.5 to 2.5 x 1012
cm~2 whereas for device with (7 + 0.5) nm thick 1SIZO it increases
to as high as 8.9 x 10!2 ecm™2. Moreover, the high field effect mo-
bility in bi-layer devices can also be ascribed to the low trap density
along the drain-source current path in the conduction band region
of the 1SIZO/0.5SZTO junction interface. The introduction of a high-
conducting ultra-thin layer of a-1SIZO between 0.5SZTO and SiO,
facilitates a smooth interface and establishes a highly conducting path,
resulting in reduced trap density and significantly improved field effect
mobility. This phenomenon can be attributed to lower effective carrier
confinement at the 1SIZ0O/0.5SZTO interface. Further, the devices show
gate leakage current in order of 107° A.

@
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Fig. 4. Extracted device parameters of bi-layer TFTs of different thickness (a) Threshold voltage. (b) Field effect mobility. (c) SS value. (d) on/off ratio.

Table 1

Extracted device parameters of single and dual-active-layered amorphous Si-Zn-Sn-O/Si-In-Sn-O thin film transistors TFTs with different layer

thicknesses.
1SIZO 0.5SZTO HrE Vi (V) Lu/Tos s SS N,
(nm) (nm) (em? V-1 s71) (V decade™) (x10'2 cm~2)
0 23+1 2021+ 1.5 —2.27 +0.50 ~ 108 0.49 +0.05 1.57 +£0.03
25+ 0.5 10.0+0.5 37.54 +2.11 —28.27 + 1.61 ~ 108 0.74 £0.19 2.47+0.47
25+ 05 20.0+0.5 3222 +3.57 —-15.79 + 1.79 ~ 108 0.48 +0.06 1.53 +£0.02
25+ 0.5 40.0+0.5 19.27 +0.81 —12.65 + 1.96 ~ 108 0.51 +£0.08 1.64 +0.09
4.5 + 0.5 70+£0.5 29.99 +0.46 —16.40 + 1.28 ~ 108 0.44 +£0.05 1.39 +£0.04
45 + 0.5 17.0+0.5 2827 +1.52 —12.61 +1.89 ~ 108 0.47 £ 0.06 1.51 +0.09
4.5 + 0.5 37.0+0.5 25.35+0.92 —12.75 +0.74 ~ 108 0.48 +0.04 1.55 +0.09
7.0 + 0.5 50+0.5 3237+0.71 —10.66 +0.52 ~ 108 0.70 £ 0.24 2.34 +£0.64
7.0 £ 0.5 150+0.5 28.66 + 1.50 —8.65 £ 0.50 ~ 10* 2.47+0.20 8.79 +0.50
7.0 +£ 0.5 35.0+0.5 26.90 + 1.40 —8.08 = 0.50 ~ 104 2.50 +£0.25 8.90 +0.50

Fig. 5(a)—(g) show drain-source current (Ig) versus drain-source
voltage (V). Vs was varied from 0 to 40 V, and gate-source voltage
(V) was increased in 10 V steps from 0 to 40 V. Output characteristics
show that TFT with higher field effect mobility have high I, ¢ in linear
region.

To assess the temperature and electrical stability of the bi-layer
TFTs, we investigated the influence of the temperature and prolonged
gate bias on the drain current. The temperature was incrementally
increased in 10 °C steps from room temperature to 60 °C. The transfer
characteristic of the bi-layer TFTs were recorded at each temperature,
with a drain bias of 5.1 V, while sweeping the gate bias from -30 V to
+30 V. The source electrode was grounded during these measurements.
Upon reaching 60 °C, both positive and negative gate voltage bias
were applied for fixed time interval, and subsequent transfer curves
were recorded. Typically, under gate bias stress, a change in V,;, is
observed due to trapping of electrons in the traps located at the
bulk and interface. The trapped electrons screen the applied electric
field, leading to a reduced effective applied gate voltage [23,24]. The
threshold voltage of the reference single-layer 0.5SZTO-based device
remains unchanged under temperature stress, while under negative
bias, it exhibits a negative shift of approximately 2 V as shown in
Supplementary Fig. S2.

For the temperature and bias stress tests, we randomly selected
two bi-layer TFTs with different thicknesses of 1SZTO and 0.5SZTO.

Fig. 6 shows the transfer curves by temperature stress and positive
and negative gate bias stress of +20 V. In Fig. 6(a) and (c), the
device with (2.5 + 0.5) nm thick 1SIZO has slight degradation in SS
value, while the TFT with (4.5 + 0.5) remains quite stable with an
increase in temperature. A subtle degradation in SS with increasing
temperature can be attributed to a formation of field-induced interface
states. However, when applying positive and negative gate bias stress
to the gate electrode, as depicted in Fig. 6(b) and (d), transfer curves
remain almost unchanged. No variation in V,;, for bi-layer devices under
both positive and negative bias stresses suggests that the underlying
ultra-thin 1SIZO layer not only establishes a highly conducting path
but also mitigates the interface trap density.

4. Conclusion

In summary, we have successfully developed a high-quality low
temperature RF-sputtering process for manufacturing of bi-layer oxide
semiconductor TFT, comprising amorphous SZTO semiconductor with
SIZO buffer layer to gate dielectric. The incorporation of a optimized
ultra-thin film of 1SIZO between 0.5SZTO and the gate insulator has
led to a reduction in trap density, consequently resulting in an en-
hancement of the field-effect mobility and stability. The thickness of
both 1SIZO and 0.5SZTO layers significantly influenced TFT param-
eters. For bi-layer TFTs, optimal thicknesses were determined to be
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Fig. 5. Output characteristics of SIZO/SZTO bi-layer devices at different gate voltages. The scale on the y-axis (0 to 12 mA) and the x-axis (0 to 40 V) remains consistent across
all plots.
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approximately (2.5 to 4.5 + 0.5) nm for 1SIZO and (7 to 20 + 0.5)
nm for 0.5SZTO layers. TEM images validated the thickness of the
deposited bi-layer channel. The optimized bi-layer thin-film transistors
(TFTs) demonstrated superior mobility (>32 cm? V-1 s~1) and lower
SS values compared to single-layer a-0.5SZTO TFTs. The on/off ratio
for devices with a reduced thickness of 1SIZO exceeded >108. Fur-
thermore, we investigated device stability under positive and negative
bias conditions. The bi-layer TFTs exhibited exceptional stability under
temperature and bias stresses of +20 V. This remarkable stability can
also be attributed to the presence of the a-0.5SZTO layer, which also
functions as an effective passivation layer.

CRediT authorship contribution statement

Sandeep Kumar Maurya: Writing — review & editing, Writing —
original draft, Visualization, Validation, Resources, Methodology, In-
vestigation, Formal analysis, Data curation, Conceptualization. Sang
Yeol Lee: Writing — review & editing, Supervision, Conceptualization.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing inter-
ests: Sandeep Kumar Maurya reports financial support was provided
by Gachon University. Sandeep Kumar Maurya reports a relationship
with Gachon University that includes: employment. If there are other
authors, they declare that they have no known competing financial in-
terests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Appendix A. Supplementary data

Supplementary material related to this article can be found online
at https://doi.org/10.1016/j.sse.2024.108952.

References

[1] Hosono H, Yasukawa M, Kawazoe H. Novel oxide amorphous semicon-
ductors: Transparent conducting amorphous oxides. J Non-crystalline Solids
1996;203:334-44.

[2] Fortunato E, Barquinha P, Martins R. Oxide semiconductor thin-film transistors:
A review of recent advances. Adv Mater 2012;24(22):2945-86.

[3]1 Lee SY. Comprehensive review on amorphous oxide semiconductor thin film
transistor. Trans Electr Electron Mater 2020;21:235-48.

[4] Park JS, Maeng W-J, Kim H-S, Park J-S. Review of recent developments in
amorphous oxide semiconductor thin-film transistor devices. Thin Solid Films
2012;520(6):1679-93.

[5]

[6]

[7]

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Solid State Electronics 218 (2024) 108952

Hosono H. Transparent amorphous oxide semiconductors for display applications:
Materials, features, progress, and prospects. In: Amorphous oxide semiconduc-
tors: IGZO and related materials for display and memory. Wiley Online Library;
2022, p. 1-20.

Kamiya T, Nomura K, Hosono H. Origins of high mobility and low operation
voltage of amorphous oxide TFTs: Electronic structure, electron transport, defects
and doping. J Disp Technol 2009;5(7):273-88.

Nomura K, Ohta H, Ueda K, Kamiya T, Hirano M, Hosono H. Thin-film tran-
sistor fabricated in single-crystalline transparent oxide semiconductor. Science
2003;300(5623):1269-72.

Nomura K, Ohta H, Takagi A, Kamiya T, Hirano M, Hosono H. Room-temperature
fabrication of transparent flexible thin-film transistors using amorphous oxide
semiconductors. Nature 2004;432(7016):488-92.

Carey PG, Smith PM, Theiss SD, Wickboldt P. Polysilicon thin film transistors
fabricated on low temperature plastic substrates. J Vacuum Sci Technol A:
Vacuum Surf Films 1999;17(4):1946-9.

Yang C-S, Smith L, Arthur C, Parsons G. Stability of low-temperature amorphous
silicon thin film transistors formed on glass and transparent plastic substrates. J
Vacuum Sci Technol B: Microelectron Nanometer Struct Process Meas Phenomena
2000;18(2):683-9.

Wang S-C, Yeh C-F, Huang C-K, Dai Y-T. Device transfer technology by backside
etching (DTBE) for poly-Si thin-film transistors on glass/plastic substrate. Japan
J Appl Phys 2003;42(9A):L1044.

Ito M, Kon M, Miyazaki C, Ikeda N, Ishizaki M, Matsubara R, et al. Amorphous
oxide TFT and their applications in electrophoretic displays. Phys Status Solidi
(a) 2008;205(8):1885-94.

Kim SI, Park J-S, Kim CJ, Park JC, Song I, Park YS. High reliable and
manufacturable gallium indium zinc oxide thin-film transistors using the double
layers as an active layer. J Electrochem Soc 2009;156(3):H184.

Tiwari N, Nirmal A, Kulkarni MR, John RA, Mathews N. Enabling high per-
formance n-type metal oxide semiconductors at low temperatures for thin film
transistors. Inorganic Chem Front 2020;7(9):1822-44.

Rim YS, Chen H, Kou X, Duan H-S, Zhou H, Cai M, et al. Boost up mobility
of solution-processed metal oxide thin-film transistors via confining structure on
electron pathways. Adv Mater 2014;26(25):4273-8.

Jeon S, Kim SI, Park S, Song I, Park J, Kim S, et al. Low-frequency noise
performance of a bilayer InZnO-InGaZnO thin-film transistor for analog device
applications. IEEE Electron Device Lett 2010;31(10):1128-30.

Barquinha P, Pimentel A, Marques A, Pereira L, Martins R, Fortunato E. Influence
of the semiconductor thickness on the electrical properties of transparent TFTs
based on indium zinc oxide. J Non-crystalline Solids 2006;352(9-20):1749-52.
Lee JH, Jang NW, Yun Y, Kim CY, Lee JH, Kim J-G, et al. A study of elec-
trical enhancement of polycrystalline MgZnO/ZnO bi-layer thin film transistors
dependence on the thickness of ZnO layer. Current Appl Phys 2015;15(9):1010-4.
Lee JY, Lee SY. Mechanism of extraordinary high mobility in multilay-
ered amorphous oxide thin film transistor. IEEE Trans Electron Devices
2021;68(11):5618-22.

Jeong JK. Photo-bias instability of metal oxide thin film transistors for advanced
active matrix displays. J Mater Res 2013;28(16):2071-84.

Chong E, Chun YS, Lee SY. Amorphous silicon-indium-zinc oxide semiconductor
thin film transistors processed below 150°. Appl Phys Lett 2010;97(10).
Schroder DK. Semiconductor material and device characterization. Hoboken, New
Jersey: John Wiley & Sons, Ltd; 2005, p. 185-250.

Libsch F, Kanicki J. Bias-stress-induced stretched-exponential time dependence
of charge injection and trapping in amorphous thin-film transistors. Appl Phys
Lett 1993;62(11):1286-8.

Lee J-M, Cho I-T, Lee J-H, Kwon H-I. Bias-stress-induced stretched-exponential
time dependence of threshold voltage shift in InGaZnO thin film transistors. Appl
Phys Lett 2008;93(9).


https://doi.org/10.1016/j.sse.2024.108952
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb1
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb1
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb1
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb1
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb1
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb2
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb2
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb2
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb3
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb3
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb3
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb4
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb4
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb4
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb4
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb4
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb5
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb5
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb5
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb5
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb5
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb5
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb5
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb6
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb6
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb6
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb6
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb6
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb7
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb7
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb7
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb7
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb7
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb8
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb8
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb8
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb8
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb8
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb9
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb9
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb9
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb9
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb9
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb10
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb10
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb10
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb10
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb10
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb10
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb10
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb11
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb11
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb11
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb11
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb11
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb12
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb12
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb12
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb12
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb12
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb13
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb13
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb13
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb13
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb13
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb14
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb14
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb14
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb14
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb14
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb15
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb15
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb15
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb15
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb15
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb16
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb16
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb16
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb16
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb16
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb17
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb17
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb17
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb17
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb17
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb18
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb18
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb18
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb18
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb18
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb19
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb19
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb19
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb19
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb19
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb20
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb20
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb20
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb21
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb21
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb21
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb22
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb22
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb22
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb23
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb23
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb23
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb23
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb23
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb24
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb24
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb24
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb24
http://refhub.elsevier.com/S0038-1101(24)00101-1/sb24

	Enhancement in electrical properties of dual-active-layer amorphous SiZnSnO/SiInZnO thin film transistors
	Introduction
	Experimental
	Results
	Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Appendix A. Supplementary data
	References


