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THIN FILM TRANSISTOR MATERIALS

• amorphous

• magnetron sputtering

• room temperature deposition

flexible transparent AMOLEDs

[Samsung-electronics2016]

[hothardware.com]

[Görrn2008]

Ԧ𝑗 = 𝑒𝑛μ𝐸

• wide bandgap material • high field effect mobilities

µ > 20 cm2/Vs [1]

[1] J. Wager, Inf. Display 30, 26 (2014)



IONIC OXIDE SEMICONDUCTORS

crystalline

amorphous

covalent ionic

metal: (n-1)d10ns0 (n≥5)

H. Hosono et al., Non-Cryst. Solids, 352, 851 (2006)



IONIC OXIDE SEMICONDUCTORS

crystalline

amorphous

covalent ionic

metal: (n-1)d10ns0 (n≥5)

H. Hosono et al., Non-Cryst. Solids, 352, 851 (2006)



III IV V9 10

POSSIBLE TRANSITION METALS

[Schlupp2018]



III IV V9 10

POSSIBLE TRANSITION METALS

€€€

[Schlupp2018]



III IV V9 10

POSSIBLE TRANSITION METALS

€€€

[Schlupp2018]



III IV V9 10

POSSIBLE TRANSITION METALS

€€€

[Schlupp2018]

critical raw materials

European Comission, The 2020 EU Critical Raw Materials List, 3rd Sep. 2020



III IV V9 10

POSSIBLE TRANSITION METALS

€€€

[Schlupp2018]

critical raw materials

European Comission, The 2020 EU Critical Raw Materials List, 3rd Sep. 2020



ZINC OXIDE

[1] H. Kim et al., Sci. Rep. 3, 1459 (2013)

ZINC OXYNITRIDE

[1]

[wikipedia.org]



• a-InGaZnO µ = 20 cm2/Vs
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• a-InGaZnO µ = 20 cm2/Vs

• a-ZnSnO µ = 13 cm2/Vs

cationic disorderanionic disorder

• a-ZnON µ = 100 cm2/Vs

AMORPHOUS OXIDE SEMICONDUCTORS

Combining cationic and

anionic disorder ?

[Lahr2020]
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Mg2++ = ???



Goal: deposition of ZnMgON thin films

[Kim2013]

Mg2++ = ???
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FROM MATERIAL DEPOSITION TO DEVICE FABRICATION

Percolation 
description of 

charge transport in 
a-ZnON and a-ZTO

Material design of

ZnMgON thin films

ZnMgON based pn-

heterodiodes



MAGNETRON CO-SPUTTERING



How to vary the chemical composition of the thin films?

MAGNETRON CO-SPUTTERING



CHEMICAL COMPOSITION

Variable power approach
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CHEMICAL COMPOSITION

Continuous composition spreadVariable power approach
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ELECTRICAL PROPERTIES
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FIGURE OF MERIT
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What is the effect of cationic substitution?



DESCRIPTION OF CHARGE TRANSPORT -

COMBINATION OF THEORY AND EXPERIMENT 

1) Deposition of thin films with varying doping

2) Measuring temperature dependent electrical properties

3) Applying a suitable theoretical model

4) Extracting parameters giving new material insights
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DESCRIPTION OF CHARGE TRANSPORT -

COMBINATION OF THEORY AND EXPERIMENT 

2)  Measuring temperature dependent electrical properties
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DESCRIPTION OF CHARGE CARRIER TRANSPORT -

COMBINATION OF THEORY AND EXPERIMENT 

4) Extracting parameters giving new material insights

a-ZnON a-ZTOa-IGZO

ҧ𝛿 = 38.5meV ҧ𝛿 = 60meV𝛿 ~ 20 meV

Multi-anion compound show less potential 

fluctuations than multi-cation compounds



AMORPHOUS PN HETERODIODE

A. Jörns, master thesis (2020)



AMORPHOUS PN HETERODIODE
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A. Jörns, master thesis (2020)

• n-type ZnMgON and p-type 

Zinc cobalt oxide (ZCO)

• high tunneling currents in 

backwards direction

• enhancement of rectification

ratio



SUMMARY

• Deposition of a continuous composition spread

• Electrical properties of a-ZnON are tunable by 

magnesium cation substitution between 

n=1019cm-3 and n=1015cm-3
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• Percolation theory can be applied to determine 

the distribution of the conduction band edge
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• Amorphous pn heterodiode n-ZnMgON/p-ZCO
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• Percolation theory can be applied to determine 

the distribution of the conduction band edge
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a-Si:H pc-Si amorphous

oxides

electron mobility 1 cm2/Vs 30-100 cm2/Vs 1-100 cm2/Vs

process
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substrate glass glass glass and plastic

uniformity yes no yes

cost low high low
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OPTICAL PROPERTIES
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STRUCTURAL PROPERTIES



MAGNETRON CO-SPUTTERING

• reactive in nitrogen

and oxygen

atmosphere

20sccm:1sccm


