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Abstract: For decades, sputtering as a physical vapor deposition (PVD) method has been a widely used technique for film

coating processes. The sputtering enables oxides, metals, alloys, nitrides, etc to be deposited on a wide variety of substrates from

silicon wafers to polymer substrates. Meanwhile, transparent conductive oxides (TCOs) have played important roles as electrodes

in electrical applications such as displays, sensors, solar cells, and thin-film transistors. TCO films fabricated through a sputtering

process have a higher quality leading to an improved device performance than other films prepared with other methods. In this

review, we discuss the mechanism of sputtering deposition and detail the TCO materials. Related technologies (processing

conditions, materials, and applications) are introduced for electrical applications.
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Tt oot A UH A s AR R 38
glof] gigt 5872 B2 XL Q= d&oltt. &2
+ Al AEY(IoT), 2% &3, YHol, At&33 7=,
AFAIS(AD 7= 59 dZo] & A AA SrteA] 8
ghito s Q] vreA ol A2 Gt 4 FA=
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(deposition), CMP (chemical mechanical Polishing)
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Fig. 1. Schematics of sputtering operation process.
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Fig. 2. Technology progress trend for sputtering.
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Fig. 4. A schematic of three types of magnet configuration in planar magnetron sputtering discharges: (a) balanced type (conventional
magnetron), (b) unbalanced (Type I), and (c) unbalanced (Type II) (reprinted with permission [12] with copyright 2020 IOP publishing).
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Fig. 5. (a) Schematic diagram of HiPMS, (b) XRD patterns for the IGZO films deposited at different process pressure, (c) carrier density and
mobility in IGZO films with process pressure, and (d) cross-sectional TEM images and EDX elemental mapping of the cross-section of
IGZO/Si sample (reprinted with permission [16] with copyright 2023 Elsevier).
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Fig. 6. (a) schematic diagram of the deposition chamber, (b) TEM image of pure TiBx film, and position A: (c) schematic diagram, (d) film
growth mechanism and (e) TEM image, (f) EDX mapping, and (g) high magnification micrograph and position B: (h) schematic diagram, (i)
formation mechanism and (j) TEM image, (k) EDX mapping, and (1) high magnification micrograph (reprinted from [18] with copyright 2023

Elsevier).
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ce: Magnetic flux density norm (T)

(d)
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Fig. 7. (a) Schematic of the facing targets sputtering (FTS) system, (b) magnetic simulation resulted by COMSOL Multiphysics, (c) photo of
discharged plasma, and (d) color changes of thermal sensitive label attached in each substrates of conventional sputtering system and FTS:

before and after sputtering: @O, @ before and after DC sputtering and @, @ before and after FTS sputtering (reprinted from [19] with copyright

2022 MPDI).
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Fig. 8. (a)-(e) FE-SEM images of AZO (Al doped ZnO) films on the amorphous silicon (a-Si) as a function of input power by RF magnetron
sputtering, (f) grain size of AZO films, and (g)-(h) electrical properties of AZO films properties of AZO films on the silicon wafer: (g) resistivity
(R), (h) hall mobility (x) and carrier concentration (N) (reprinted from [22] with copyright Elsevier).
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Fig. 9. Structure-zone diagrams (center) and FE-SEM images of CuzO films deposited at the various substrate temperature (100~1,000°C)

(reprinted from [24] with copy-right 2015 John Wiley and Sons).
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Table 1. Properties of N-type transparent conductive oxide (TCO) materials.

o n

u T Eg

Materials Method (Q-cm) (em) (em/V-s) %) V) Ref.
ITO RF 1.5%x10° 1.0x10%° 380 >90 3.54 [33]
Zn0O RF 3.2x1073 5.1x10" 38 >85 - [34]
ZnO:Al RF 2.0x10* 1.5x10?! 22 >85 - [34]
ZnO:B RF 6.4x10* 2.5%102° 39 >85 - [34]
Zn0:Ga RF 5.1x10* 4.4x10%° 28 >85 - [34]
ZnO:In RF 8.1x10* 4.0x10%° 20 >85 [34]
Zn2In20s RF 3.9x10* 5.0x10%0 >10 >85 2.9 [35]
Cd2SnO4 RF 1.5x10% >10%! 50 >85 2 [36]
p: Resistivity, n: Carrier concentration, p: Hall mobility, T: Transmittance (400~800 nm), Eg: Energy band gap.
Table 2. Properties of P-type transparent conductive oxide (TCO) materials.
. o n u T Eg
Materials Method (S/em) (cm?) (cm/V's) %) V) Ref.
BaCuzS2 RF 17 >10" 3.5 90 3 [37]
CuAlO2x RF 5 1.3x10'7 >24 35 - [38]
CuScO2 RF 30 - - 40 3.3 [39]
Ca:CuYO2 RF 8 - - 55 0.59 [40]
Cu:ZnS RF 752 6x10%° 0.6~1.6 75 2.5 [41]
Mg:CuCrO> RF 180 - <1 35 3.1 [42]
Zn0O:Rh20; RF 1.9 - - 45 2.1 [43]

o: Conductivity, n: Carrier concentration, p: Hall mobility, T: Transmittance (400~800 nm), Eg: Energy band gap.
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