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Common traits

Functional oxides materials (cost, availability, environmental friendliness)
Nanostructuration (performance)

Thin film (in case CRM are present)

Integration with (MEMS) silicon technologies
Scalability

MEMS offers micromachining and extended material compatibility
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Harvestore - Energy HarveStorers for Powering the loT

Thermogalvanic battery  lon-gated thermoelectrics  SOC + PV cells

What?

Powering loT nodes from light and heat
Footprint below 1cm3

Who?

Micro-Sources able to harvest and store
at the same time: pHarveStorers

How?

All solid oxide devices integrated in Silicon
Synergy Nanoionics/lontronics/MN&T
Nanoionics for enhancing batteries
lontronics for enhancing harvesters (TE, PV)
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MN&T for integrating the synergistic enhancement and coupling with the enviroment

Why?
- Massive deployment of future loT nodes needs highly dense features and scalability




Harvesting
Light is converted to an electric voltage

!

Storing
The voltage is used to synthesize a fuel

!

Releasing
The fuel powers the device
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what>
- Renewable power storage solution R sy

Electrolyser
- P2G and standalone P2P —

| —
Who? ]
- Thin Film Reversible (TF-rSOC) Fuel Cell

- Pocket-size kW-range stacks (3cmx3cmx3cm) . P2P

500-800 °C
How?
- All-thin-film devices integrated in cheap substrates
- New nanoscale concepts and materials (HF electrolytes, VANs, ex-solution, HEOs)

Why?
- Need for seasonal energy storage scalable solutions with an ultralow content of CRMs
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. TFs nanoscale breakthrough TF-rSOC on SoN TF-rSOC on metal 1kW pocket-sized stack

Total Power 1| Footprint  Specific power P2G (SOEC) P2P (rSOC) CRMs

kW (SOEC)  500°C  5bar 27 cm¥kW 2 5kWikg 8kWhh  n>95% 5kWhh  n>65%  0.05gkW
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Epistore - Thin Film Reversible Solid Oxide Cells for Ultracompact EES

H (. i)
. e VAN: (YSZ, CGO)/(LSM, LSC, LSF, SSC)
Oxygen electrode = HEO/VAN+ex-solution ~ HEO: (La, Sm, Sr, Ca)(Co, Cr, Fe, Mn)O,
i Oxdem Fuel electrode Ex-solution: Ag, Co
K Electrolyte TF and TF-HEO YSZ, (Ce, Zr, La, Sm, Pr, Y)O2

HEOQ g0t / VAN: (YSZ,CGO)/(LCaNT,LCeNT, STF)

E C.>~.\ \ —1 Electrolyte Fuel Electrode HEO/VAN+ex-soluion ~ HEO: (Gd, La, Nd, Sm, Y)(Ti, Cr, Ni, Fe)O,
O-©O ‘ f Ex-solution: Ni, Fe and alloys

CO-~CRD tl Hm YSZ: ZrO,-Y,0,; CGO; CeO,-Gd,03
VANm /|| Ox| electrode LSM: La,Sr, ,MnO,; LSC:La,Sr,,CoO, LSF: La,Sr, ,FeO;; SSC: Sm, ;Sr;5Co0;,
' / LCaNT: La,Ca,,Ni Ti; O, LCeNT:La,Ce,,NiTi, O ;STF: SrTi;,FeO;

S“AAAN K p++-Si/J
TFs nanoscale breakthrough TF-rSOC on SoN TF-rSOC on metal 1kW pocket-sized stack

Total Power T Footprint  Specific power P2G (SOEC) P2P (rSOC) CRMs

1KW (SOEC)  500°C  5bar 27 cm3kW 2 5kWikg 8kWhh n>95% 5kWhh  n>65%  0.05g/kW
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Epistore - Thin Film Reversible Solid Oxide Cells for Ultracompact EES

Silicon-on-Nothing for TF-devices Large-area fabrication of TF-SOCs

Fabrication of Shape evolution Growth of Transfer of

Ge substrate porous Ge by annealing 11-V solar cell I1I-V solar cell

Substrate reuse

L

Spherical voids Plate-shaped voids
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CONCLUSIONS

Challenge of the IoT: miniaturized power sources
Combination of Harvesting and Storage in silicon MEMS
Working on a new family of devices: HARVESTORE / EPISTORE

« along the way:. MNT for all-solid power sources and new characterization

tools (high resolution and in-situ / in operando)
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