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Thin film and nanowire sensors 

 SnO2-thin films 

 SnO2-NWs (n-type) 

 CuO-NWs (p-type) 

 ZnO-NWs (n-type) 

Target gases: 

CO, H2, H2S, O3 

CO2, VOCs, NO2 

In dry and humid air 

1. Overview MCL 



4 

 CuO NW sensor fabricated by 

optical lithography 

 2-point measurement 

 L ~ 6,5 µm, diameter ~120 nm 

 

 CuO NW sensor fabricated by 

e-beam lithography 

 4-point measurement 

 L ~ 900 nm, diameter ~ 50 nm 

 

Single NW-devices (SnO2, CuO, ZnO) 
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Multi NW-devices (SnO2, CuO, ZnO) 

 SnO2 nanowires locally 

synthesized on 200 µm wide 

metal stripes 

 Thermal oxidation at 400oC in 

ambient atmosphere for 1h 

 ZnO NWs bridging the gaps 
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 500 nm Cu on CMOS - Gap 2µm 

 Thermal oxidation process on CMOS µhp 

 350oC for 1h in air (< 400oC!) 

 Post processing 

 Spray pyrolysis 

 50nm SnO2 film (Tmax = 400oC) 

Integration on CMOS µhp (SnO2 thin film, SnO2, CuO, ZnO-NWs) 



Project No: 611887 
Ypur institutions  

logo 

MSP - Multi Sensor Platform 
for Smart Building Management 

2. Overview MSP Project 
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Information and Communication Technologies ICT 

FP7-ICT-2013-10 
GA no: 611887 

 Platform chip as basic “LEGO™” building block for 3D-

integration to MSP Multi Sensor Systems 

 Development of processes and technologies for 3D-

integration of sensors and devices 

 “Other than CMOS compatible materials” (GaN, CNTs,…) 



9 

Indoors 

CO, CO2, VOCs, PM  

Outdoors 

NO2, O3, CO, PM10, PM2.5, UFPs 

Target Parameters 
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 17 partners from 6 countries     
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MSP Concept & Objectives 

 CMOS technology as sound foundation to ensure cost 

efficient mass fabrication 

 Take-up of Key Enabling Technologies for new 

components and devices 

 Integrating heterogeneous technologies for realization of 

smart systems 
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MSP-specific KETs: Nanotechnology 

 APPS: SnO2 film  

 MCL: SnO2 thin film + (SnO2, CuO, ZnO)-NWs 

 IMEC: GaN/AlGaN 

 UCAM: Graphene & CNTs 

 ALU-FR: (bi)metallic Nanoparticles 

 UCL: Graphene 

 UNIBS: SnO2, CuO, ZnO, RuO-NWs 
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APPS: SnO2 film 

MCL: SnO2 film & NWs 
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UCL: Graphene 

UNIBS: Nanowires 

 Vapour Phase Growth (PVD)  

 Thermal Evaporation 

 Thermal Oxidation 

 Anodization 
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 Versatile tools for many applications ! 

 Variety of materials (Si, III-V, polymers, CNTs, metal 

oxides,…) 

 Different geometries (length, diameter, shape,…) 

SnO2 CuO 

3. Metal Oxide Nanowires 
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SnO2 CuO 
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SnO2 ZnO 
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Single crystalline,…. 

SnO2 CuO 

Centre for Electron 

Microscopy Graz 
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 Growth of NWs and harvesting in Isopropanol 

 Transfer of SnO2-NWs on SiO2/Si-Substrate 

 Spin coating of NW suspension 

 Photolithography 

 200 nm Ti-Au + lift-off 

3.1 SnO2-NW Gas Sensor 
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Device fabrication 

 Optical Lithography 

 Spin coating of CuO NWs 

 SEM imaging of NW 

 Spin coating e-beam resist 

 Writefield alignment 

 E-beam exposure 

 Metallization + lift-off 
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Single NW-devices 
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Problems ?  

Yes ! 

Lot of problems with NWs 

concerning reproducibility and 

reliability! 
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Problems 1  

Elise Brunet, PhD Thesis: 

“Fabrication of tin oxide 

nanowire gas sensors” (2014) 

 Reproducibility ! 

 Each device is a unique device ! 
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Problems 1  

 Reproducibility ! 

 Each device is a unique device ! 
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Problems 1  

 Reproducibility ! 

 Each device is a unique device ! 
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Problems 1  

 Reproducibility ! 

 Each device is a unique device ! 
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Problems 2  

 Metal contacts ! 

  I-V characteristics (RT, no annealing) 
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Problems 2  

 Metal contacts ! 

  I-V characteristics (RT, annealing 5 min 400OC) 
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Problems 2  

 Metal contacts ! 

  I-V characteristics (200OC, annealing 5 min 400OC) 
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Problems 2  
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no annealing annealing 400°C annealing 400°C

room temperature room temperature 200°C

I-V Characteristics 16 12 28

bad contact 1 0 0

diode 13 2 2

almost symmetric 2 8 13

linear 0 2 13

Temperature 90 ppm CO Response [%]  

d ~ 70 nm 

90 ppm CO Response [%]  

d ~ 90 nm 

200°C 44 23 

250°C 42 27 

300°C 54 46 

Problems 2  
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Problems 3  

 Conductivity ! 

 No clear correlation with diameter of NW (200oC)  
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Problems 3  

 Conductivity ! 

 No clear correlation with diameter and length of NW  
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Problems 3  

 37 SnO2 NW sensor investigated (2-point configuration) 

 Length 1,4 – 5,2 µm 

 Diameter 55 – 200 nm  
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1 0 0  n m

Centre for Electron 

Microscopy Graz 

Problems 4  

 Additional barriers and crystallographic orientation 
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Problems 4  
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2 0  n m

FFT 

[1 0 0] 

P2 

FFT 

2 0  n m

Q7 

[1 1 1] 

Different crystalline orientations of NWs 
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More experiments required, but extremely 

time (and cost) consuming ! 
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 Evaporated Pt metallization layer 

 Annealing at T=400OC for 30 min 

 2-point measurement 

 Strong variation of conductivity (factor 5) ! 

 

3.2 CuO-NW Gas Sensor 
Stephan Steinhauer, PhD 

Thesis: “Gas Sensing Properties 

of Metal Oxide Nanowires and 

Their CMOS Integration” (2014) 
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Electrical Characterization 

 Conductivity of 10 NW devices tested 

 No significant correlations with diameter or length of NW! 
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 D: 75 – 211 nm 

 L: 5,2 – 25,4 µm 

 s: 0,2 – 20 S/m 
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TEM reveals twinning defect 
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NPs on SnO2-NW for sensor optimization 

 Au, AuPd, AuPt, PtPd 

 Interface? Long term stability? etc. 
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NWs are very useful components for gas sensor devices ! 

 Very good for basic characterization 

 

Single NW-Devices are problematic: 

 Reproducibility 

 Metal contacts 

 Conductivity 

 Different crystal growth directions 

 Control is extremely difficult ! 

4. Summary & Outlook 
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Multi-NW approach 

 Numerous NWs with different diameter and length 

 Statistic helps to „average“ properties 



47 

Multi-NW approach 

 Numerous NWs with different diameter and length 

 Statistic helps to „average“ properties 
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Need for R&D projects dedicated to reliability 

issues of NW-based (gas) sensor devices ! 

 Integration on CMOS feasible 400oC (CuO, ZnO) 

 Transfer processes have to be developed (SnO2) 
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NWs are beautiful 

devices but cause 

lot of problems ! 



nanoFIS 2014 contributes to European  
Micro- & Nanoelectronics and increases visibility in particular  

in the More-Than-Moore domain. 






