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Amorphous (a-)SnO2 transparent conductive oxide (TCO): A promising
In2O3-based TCO alternative for silicon heterojunction (SHJ) solar cells.

Indium-containing TCOs are commonly used in SHJ solar cells, but the
limited availability and economic instability of indium have hindered their
widespread use. To address this, researchers have explored In-lean and In-
free window electrodes, including In2O3-based TCO/dielectric layers and
ZnO-based TCO/dielectric layer stacks. However, these multilayered
structures increase the manufacturing cost and require verification of damp-
heat stability. In this study, we investigate the feasibility of using a-SnO2 TCO
fabricated by reactive plasma deposition (RPD) as a stable, indium-free
alternative to In2O3-based TCO in SHJ solar cells, while maintaining
compatibility with current production lines.
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• a-SnO2 TCO thin films fabricated by RPD exhibit good electrical 
conductivity (> 1 × 103 Scm-1) and high DH stability.

• The a-SnO2 films exhibit a larger optical band gap compared to a-In2O3-
based TCOs like a-IZO and a-ITO.

• Incorporation of a-SnO2 in SHJ solar cells shows minimal negative impact 
on FF, VOC, and JSC compared to solar cells with ITO layers. 

• Rear junction SHJ solar cells with a-SnO2 exhibited an efficiency of 22.2%, 
highlighting the potential of a-SnO2 as a cost-effective and sustainable 
alternative to conventional In2O3-based TCOs in solar cells and other 
applications. 
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Why?

ALD (Atomic Layer Deposition)
High ρ at low Tdepo. (~200°C) 
Impurity, Density, etc.

MS (Magnetron Sputtering)
Lowest ρ: 3−5E-3 Ωcm
Defects like Oi and Sn2+?

RPD (Reactive Plasma Deposition)
No reports on a-SnO2 films
Low impurity & High density like MS
Higher ionization ratio
Less ion bombardment

Still high Rsheet for SHJ cells
400−670 Ω/sq. @75nm-thick
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Our
approach

Tablet: SnO2 ceramic
Tg: w/o heating
Post-annealing: 
200°C, 30 min, N2
Thickness: ~75 nm

An in-line RPD system is used in current SHJ cell production 
line. In this experiment, we have just changed the ceramic 
tablet from conventional In2O3-based materials to SnO2. 
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