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Micro‐Solid Oxide Fuel Cell (µSOFC) MembranesMicro Solid Oxide Fuel Cell (µSOFC) Membranes

µSOFCs: Replacement of Li‐ion batteries in portable electronicsµSOFCs: Replacement of Li‐ion batteries in portable electronics
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• High efficiency & energy density, fuel flexibility, geographically independence
• Per membrane > 400 mW/cm2 at 200‐550°C
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Bieberle‐Hutter, A., et al., A micro‐solid oxide fuel cell system as battery replacement. Journal of Power Sources, 2008. 177(1): p. 123‐130.
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From thin films to power delivering µSOFCs

SOFC thin film properties: 
thermal, electric & 
thermodynamic ??? 

How to electrochemically
test a µ‐SOFC membrane

???
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anode
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Maximum 
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??? 

??? 

collector
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Mechanical and
thermal stability

of µ‐SOFC 
membranes ??? 
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Plenty unsolved questions: From fundemental thin film properties to power delivering µSOFC
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The simplest µSOFC thin film material conceptThe simplest µSOFC thin film material concept
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Only 2 film materials Pt and Y0.08Zr0.92O2‐x : Microstructures & electric properties triggered via annealing.



Platinum Thin Film ElectrodesPlatinum Thin Film Electrodes
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Pt thin film dewetting is strongly f(film thickness, temperature)  trigger the electrode ASR
on‐going PhD thesis: Henning Galinski & Thomas Ryll, P. Elser, Nonmetallic Inorganic Materials, ETH Zurich



400 nm

Cathode thin film

In plane
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Si3N4

Si

SiO2Cross plane

OxygenOxygen 
reduction

LSCF
Ta/Pt

1 cm
Pt contact pads and conductive paths

Special electrochemical test‐chips developed for µSOFC electrode characterization
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Special electrochemical test chips developed for µSOFC electrode characterization

on‐going PhD thesis: Thomas Ryll, Nonmetallic Inorganic Materials, ETH Zurich



Y0 08Zr0 92O2 Electrolyte – Electrical Conduction
on‐going PhD thesis: Barbara Scherrer, Nonmetallic Inorganic Materials, ETH Zurich

Y0.08Zr0.92O2‐x Electrolyte Electrical Conduction
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Y0 08Zr0 92O2 Electrolyte – Electrical Conduction
on‐going PhD thesis: Barbara Scherrer, Nonmetallic Inorganic Materials, ETH Zurich

Y0.08Zr0.92O2‐x Electrolyte Electrical Conduction
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Conduction scatters 3 orders of magnitude eV scatters up to 30 %
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Y0 08Zr0 92O2 Electrolyte – Electrical Conduction
on‐going PhD thesis: Barbara Scherrer, Nonmetallic Inorganic Materials, ETH Zurich

Y0.08Zr0.92O2‐x Electrolyte Electrical Conduction
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Conduction scatters 3 orders of magnitude eV scatters up to 30 %
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one material, but differencent: grain size, degree of crystallinity, strain…



Y0 08Zr0 92O2 ElectrolyteY0.08Zr0.92O2‐x Electrolyte
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Dense films result after annealing, but grain microstructure is influenced by initial processing.

on‐going PhD thesis: Barbara Scherrer, Nonmetallic Inorganic Materials, ETH Zurich



Y0 08Zr0 92O2 Electrolyte

200 nmNon‐Vaccuum‐technique:
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µSOFC electrolyte microstructures is engineerable via annealing and use of different deposition techniques

on‐going PhD thesis: Barbara Scherrer, Nonmetallic Inorganic Materials, ETH Zurich
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100 nm 20 °C
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pyrolysis films
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100 nm 600 °C
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spray pyrolysis film
after annealing
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Y0 08Zr0 92O2 Electrolyte
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Total electrical conductivity increases with increasing crystallinity.
on‐going PhD thesis: Barbara Scherrer, Nonmetallic Inorganic Materials, ETH Zurich
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Foturan glass‐ceramic wafer piece
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Sputtered current collectors
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UV radiation

UV radiation

after UV light:
area with Foturan glass
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masked ‐ no UV light:
area with Foturan ceramic



anode thin film depositions
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electrolyte thin film depositions
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cathode thin film depositions
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Etching of Foturan glass
In 10% HF‐acid



free standing membranes covered with photoresist
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free standing SOFC membranes
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free standing SOFC membranes before cell testing
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free standing SOFC membranes after cell testing at 550 °C
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Micro‐SOFC membranes on Foturan substrates are feasible: 200 µm wide & < 1 µm thin 
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Impact of µSOFC electrolyte‐microstructure on cell performanceImpact of µSOFC electrolyte microstructure on cell performance

200 nm

SEM: Y0.08Zr0.92O2‐x thin films
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on‐going PhD thesis: Rene Tölke, Nonmetallic Inorganic Materials, ETH Zurich



Impact of µSOFC electrolyte‐microstructure on cell performanceImpact of µSOFC electrolyte microstructure on cell performance
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SEM: Y0.08Zr0.92O2‐x thin films
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amount of alternating layers (columnar & brick‐like)

on‐going PhD thesis: Rene Tölke, Nonmetallic Inorganic Materials, ETH Zurich



Impact of µSOFC electrolyte‐microstructure on cell performanceImpact of µSOFC electrolyte microstructure on cell performance
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⇒ Free‐standing membrane operates with 237 mW/cm2 at 550°C
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⇒ Free standing membrane operates with 237 mW/cm at 550 C
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Impact of µSOFC electrolyte‐microstructure on cell performanceImpact of µSOFC electrolyte microstructure on cell performance
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better sealing, longer annealing steps
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SummarySummary

Micro‐Solid Oxide Fuel Cells are feasible: 210 mW/cm2 at 550 

°C per membrane.

Performance is highly affected by the choice of SOFC thin film 

material and its microstructure.  
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New: Si‐based µSOFC chip
up to 30 single & parallel connected µSOFC membranes

200 nm

single membraneg
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To do next: increasing cell performance by better suited cathodes

LaNiO

800 nm300 nm

LaNiO3La0.6Sr0.4Co0.2Fe0.8O3‐δ

200 nm200 nm

Bi3Ru3O11
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