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Diverse Applications of Oxide Films

Oxides 

Films

CMOS, Memory

Gas sensor

Bio sensor

Solar energy 

application

TCO, OTFT

Coating

Non-volatile

memory

Memristor

http://upload.wikimedia.org/wikipedia/en/9/9f/Memristor.jpg
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Diverse Applications of Transparent Oxide Films

OPVs
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Transparency?

Transparency?

 Reflection, Absorption, Transmission

 Transmission of incident light ↑ (Visible light, 300nm ~800nm)

 Absorption of incident light ↓ (Bandgap < 3.5eV)



- 9 -

Semiconducting? Conducting?

- Semiconducting

 Region between conductor and insulator, Change of conductivity depending

on conditions, Bandgap

- Conducting

 High conductivity, Free electrons, No bandgap

http://upload.wikimedia.org/wikipedia/commons/c/c7/Isolator-metal.svg
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Transparent Conducting Oxides (TCO)

High transparency

High mobility ＆ High concentration

(High conductivity)

Low cost & Low Temp. & Large area

▪ Resistivity < 10-3 Ω∙cm

▪ Sheet resistance < 103 Ω/sq

▪ Transmittance > 80% (380nm~780nm visible range)

▪ Key components for FPD, Photovoltaic, Touch panels and Electronics

▪ Cost-efficient materials
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Issues

▪ Resistivity: 10-4 Ω∙cm

▪ Sheet resistance: 1 Ω/sq

▪ Optical Transmittance: > 85%

▪ Work function: > 4.8 eV

▪ RMS roughness: 2nm

▪Chemical stability

▪ Stability against humidity: 85oC, 85%

▪ Good wet etching

▪ Low cost element

▪ High Transparency: >85%

▪ Sheet resistance: 400~500 Ω/sq

▪ Uniformity

▪ Reliability against temperature and moisture

▪Haze properties

▪ Chemical and mechanical stability

▪ Continuous process 

ηEQE = ηA ηIQE = ηA ηED ηCT ηcc

ηA : Photon absorption

ηcc : Collection of Carrier

▪ High Transparency: >85%

▪ Very low resistivity: ~ 10-4 Ω∙cm

▪ Smooth morphology

▪ Low cost (indium free-TCO)

▪ Superior flexibility

▪ Low temperature process

▪ Chemical stability against acid solution

▪ R2R based Large area coating technique

▪ Reliability

AMOLED Touch Panel

Solar Cell

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://pinu.com.ua/novyny/it/12-12-14/yak-stvoriti-sviy-iphone-dodatok-chastina-2&ei=mo3UVObpLaK2mwWHhYKwCA&bvm=bv.85464276,d.dGY&psig=AFQjCNGF3y_mWeDVYmA3Za5OSLxBgRAYQg&ust=1423301989040346
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://bungq.com/1455&ei=3prUVOurFaTpmQXQhoGoAg&bvm=bv.85464276,d.dGY&psig=AFQjCNEnr4S_uefiiqvvB7P8oz-3EnvK-w&ust=1423305727411020
http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0CAcQjRw&url=http://www.quazoo.com/q/Thin-film cell&ei=T5LUVIL0AcTEmQX9i4KgAQ&bvm=bv.85464276,d.dGY&psig=AFQjCNFTj7ZZImBvp7sqw5Fmu_ZC8TcLpg&ust=1423303487050627&cad=rjt
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Candidates of TCO

• Multicomponents TCO to reduce in composition

• InZnSnO (IZTO), InAlZnO, InAlSnZnO,  

InGaSnO, InGaZnO, TilnSnO (TITO)

• Oxide/Metal/Oxide

• ITO/Ag/ITO, IZO/Ag/IZO, IZTO/Ag/IZTO,    

GZO/Ag/GZO,  AZO/Ag/AZO, NTO/Ag/NTO, 

BZO/Ag/BZO, TiO2/Ag/TiO2 출처 : 2011 Displaybank 교육자료

• ZnO, TiO, SnO2 based TCO

• Al-ZnO, Ga-ZnO, B-ZnO, F-SnO2, Zn-SnO2, 

Sb-SnO2, Nb-TiO2(NTO), Ta-TiO2, Nb-Ta2O5
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Transparent Oxide Semiconductor

High transparency

High mobility ＆ High concentration

High quality & controllability

(Density of State)

a-Si TFT poly-Si TFT Oxide TFT

Semiconductor Amorphous Si Polycrystalline Si Amorphous oxide

Transparency No No Yes

TFT uniformity Good Poor Good

Channel mobility 1 cm2/Vs ~100 cm2/Vs 10~100 cm2/Vs

Pixel circuit Simple (1T+1C) Complex (5T+2C) Simple (2T+1C)

Cost/Yield Low/High High/Low Low/High

Process Temp. ~250˚C >250˚C RT~250˚C

ΔVth (@IDS=3µA) >30V <0.5V ~1.7V
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History



- 15 -

Oxygen vacancy
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Issues

Bias Instability

Ilumination Instability

Environment Instability
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Candidates of TOS
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Characterization Issues

Physical Properties 

(cleaning, growth)

Thermal Stability 
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Importance of electronic structure

Answers how the electrons behave in matter.  Intrinsic material property, 

conducting & transport mechanism, reliability

http://upload.wikimedia.org/wikipedia/commons/1/11/Electron_orbitals.svg
http://upload.wikimedia.org/wikipedia/commons/c/c7/Isolator-metal.svg
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Electronic Structures of Solid

 Importance of understanding for Electronic Structure!!
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Analysis of Electronic Structure

Spectroscopic analysis by SE, XAS, XPS, XES in PAL, SSRL, PF
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AlZnO

Relation between electrical property and electronic structure 

(conduction band & bandgap & band offset)
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GaZnSnO
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Relation between electrical property and electronic structure (band 

edge & electronic structural boundary)
Chung et. al. APL 104, 182106 (2014)
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ZnO by thermal treatments 

 Changes of electrical properties by thermal treatments 
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ZnO by thermal treatments 

Deep level : mobility

Shallow level : carrier concentration
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TiO2-x TFT

Chung et. al. APL 99, 142104 (2011)

Device operation of TiO2-x annealed above 450oC

 Anatase structure

 Changes in molecular orbital ordering

 Decrease of conduction band offset
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TiO2-x reliability

Chung et. al. JVST-B 31, 021204 (2013)

Relation between device reliability and 

band edge state
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Nb or Ta-doped TiO2-x TFT 

 Device operation at lower  temperature (300oC)

 Ordering of MO structure of Ta doped TiO2-x
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InGaZnO TFT

Chung et. al. JPD 45, 415307 (2012)
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TaInZnO TFT (Process pressure)
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Relation between device performance, stability 

and vacancies, band edge states, band alignment

Chung et.al. APL 102, 102102 (2013)
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WInZnO TFT (W concentration)
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The role of carrier controller 

is important for improving the 

stability of the oxide TFTs
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WInZnO TFT (active layer thickness)
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Two Theta (Degree)

10 nm

Target thickness

(nm)

Physical properties

Real thickness

(nm)

Film density

(g/cm3)

Interface roughness

(nm)

Surface roughness

(nm)

10 10.59 6.11 0.32 0.72

20 21.99 5.95 0.49 0.82

50 54.06 5.91 0.51 1.23

80 85.06 5.88 0.53 1.39

100 104.96 5.87 0.56 1.60

Relation between device performance 

and film density, interface roughness, 

interface trap density
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Homojunction structure is a method that can improve the device 

performance and Stability

WInZnO TFT (Homojunction structure)
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Analysis of Electronic Structure
 Conduction band, Band edge states, Band alignment, 

Binding states, Molecular orbital ordering

Summary

conduction band edge

valence band edge
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Thank you for your attention!!


