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Context: nanostructured materials for TE

G.J. Snyder et al., N at |“ lat. 7, 105 (2008)
C.J. Vineis et al., Adv. Mat. 22, 3970 (2010)
: : K. Koumoto et al., J. Am. Ceram Soc 96, 1 (2013)
Material challenges/requirements:
ZT =0S?T/ (K, +K) ZT>1
» Semi-conductor materials =>large o, S
« Nanostructured => Decrease
uP laptop
e Efficiency / Reliability (oxidation/intermixing...) , Transceiver Blutooth

Miniature FM receiver

* Non toxic / Abundant elements Hearing aid

RFID tag
e Integration...

Electronic watch
100 nW
32 kHz quartz oscillator
10 nW
Standby
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@l NANOLYON technological platform
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To develop novel
(nano)materials
& novel concepts of
devices
& characterizations

New clean rooms
in 2013
(500 m?)

MBE
Sputtering
Sol-gel
Lithography
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@l Oxide Films and Nanostructures /Si

1. Thin films: n-type doped SrTiO,

2. Nanowires: Hollandites (BaMngO,;)
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3. Pyroelectric epitaxial thin films...

& r, K
@ meter
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1. n-type doped SrTiO, /Si

SrTiO;: a model for oxide electronics

Tuning o (& S)
By doping

» Doped by oxygen vacancies:

10°————
o @ ", 10° mbar
10°1 107 mby
& 10%
© 10° mbar
107,
1045 10 50 100

T(K)
G. Herranz et al. PRL 98, 216803 (2007)
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» Doped by aliovalent cations

] ® |5], film (this work)
La'STO Q |5, single crystal {Okuda et al.)
. © |5, single crystal {Frederikse et al.)
(La[3+],sr[2+])T|03 O o, film (this work)
O o, single crystal (Okuda et al.)
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B. Jalan & S. Stemmer, APL 97, 042106 (2010)
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1. n-type doped SrTiO,; /Si

Increasing interfaces at the nanoscale

» Superlattices « (Nano)Polycrystalline
Nb-STO: Sr(Ti**1NbB*1)O, 20%Nb-doped SrTiC,
00 grain boundary (GB)
] T=2300K .
11 20 periods
200 ] —SrTi0y4 layer
i | Yunitcells
400
= 1 1,2,4,8 16
% 3007 2 unit cells
= :  m—
200
§ Fig. 21. 3D superlattice STO ceramics.
100 - - ZTa0ok > 1 with
i 151, = 108 pV K- Kiin ~ 1.4 W.m1K?
0 i ."'.'E =2.4 x 1021 EITI‘E SbU"( =61 HVK-l,
A I A R A R B n=2-410*cm3;n < 10% cm3
o 1 2 3 4 5 6 7 undoped
Thickness of SrTi; gNb, ,0 layer (nm)
H. Ohta et al., Nat. Mat. 6, 129 (2007) K. Koumoto et al.,
S. Ohta et al., APL 87, 092108 (2005) J. Am. Ceram. Soc. 96, 1 (2013)
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1. n-type doped SrTiO,; /Si

14 ML

Epitaxial SrTiO,/Si... Doped by oxygen vacancies

STO(110)
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1. n-type doped SrTiO, /Si

Electrical measurements (I-V) on p-type Si(001):

=> p-n junction

TE measurements: in progress

(o, S, K)

Collab: Fransisco Rivadulla (CIQUS, Spain)
(Univ. Santiago de Compostela)

Perspectives:

- Full TE measures

- SL polycristalline - doped / undoped...
- p-type thin films

Institut des Nanotechnologies de Lyon UMR CNRS 5270

Superlattices and 2DEGs
LAO/STO SLs

-
\f_-__‘ 4 o-‘,_.f_‘('—

-

Sowmarty-miuest) 4 nm

C. Merckling et al.
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2. Oxide Nanowires of Hollandites

Integration of 1D oxide nanowires in confined geometries (CSD)

1. Synthesis: track-etched polymer template assisted elaboration

700-1000°C

Precursor

Pore size from 10 nm )
solution

ip PORE *

track-etched m

Silicon

A. Carretero-Genevrier et al.,
Chem. Soc. Rev. (2013)
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2. Oxide Nanowires of Hollandites

2. Some results

10 LLmn Silicon 5 Juin _ % S pm Silicon

S300x = 20 uV/K

A. Carretero-Genevrier et al.,, Chem. Soc. Rev. (2013) PF?OKZ 30 L;W/cm-K2
n= cm-
Chem. Mater (2013) Phys.Rev. B 79 085207 (2009
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2. Oxide Nanowires of Hollandites

3. Perspectives

AT#0
Thermoélectricité

» Measuring TE parameters

« Composite materials (NWs + SC Matrix) ‘__j’“_a“d“esmatﬂce 7
eI -Gonductnce L

* n- & p-type materials...

Silicium

* Integration in modules (structuring, contacts,...)
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3. Pyroelectric epitaxial thin films

« Thermal energy harvesting for electrical conversion

AT#0
Thermoélectricité

i olia'ndités/Matrice
semi-conductrice

With Thermoelectrics

| = (AT)
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(b)

Electrode

With Pyroelectrics

| = f (dT/dt)
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3. Pyroelectric epitaxial thin films

(b)

_—— Pt

Electrode

BST
{ PZT
PMN-PT COLD ISOTHERM T,
P SRO £
\{ La-STO 55
i Electrode LNO "
'O"ﬁ' . Buffer T~ <
e 10 =
Qe A ©
9 o o« %[ 5i(001) \ Si
{ sol | 1
GaAs

V/, APPLIED VOLTAGE v,

Polycristalline Single-crystalline

Bulk materials ref +
Thin films + ++7?

= >1 mW/cm?3 for temperature variations of 10°C
= PhD thesis starting (R. Moalla): Collab. with LGEF-INSA (G. Sebald, D. Guyomar)

S.B. Lang, Phys. Today 58, 31 (2005)
G. Sebald et al., Smart Mater. Struct. 18, 125006 (2009)
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Conclusions

» Sr'TiIO5-based TE thin films by physical method
control of o, S by doping & reducing K, by nanostructuring

» Hollandites Nanowires by original chemical method
control of density, diameter, chemical compaosition..

 Need of full TE characterizations...

e Alternatively, promising single-crystalline Pyroelectric films
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