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Thermoelectric energy harvesting with silicon nanowires

Si NWs are promising materials TE
energy harvesting because:

« Their high ZT with respect bulk

« The high availability of silicon

* The easy integrability in micro-technology

(which is silicon-based!)
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Thermoelectric energy harvesting with silicon nanowires

Integrating NWs in thermoelectric devices presents challenges:

« Contacting dense arrays of NWs / cm? _ _ _

«  NWs with low contact resistance For this we use a micro-machined

. Submitting NWs to large AT planar thermoelectric generator (WTEG)

» Using technology friendly techniques

Length:10 ym
* Diameter: 100 nm
Density: 1-5 NWs/um?
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Silicon nanowire morphology control
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Silicon nanowire morphology control
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Integration in devices and effect of diborane flow
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Integration in devices and effect of diborane flow
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Single NW electrical measurements
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» The thermal afm tip can inject a

WA

Single NW thermal AFM measurements
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Topography

Thermal AFM image
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Single NW thermal AFM measurements
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Conclusions

111 Si NWs were grown. Their properties could be controlled through:
— Au catalyst deposition (selective deposition, density and size)
— CVD growth (length, doping)
+ Si NWs arrays were integrated in thermoelectric microgenerators and characterized
— Seebeck coefficient was 620 yV/K
— Higher dopant flow leaded to higher power (25 yW/cm?2)
+ Single Si NWs were integrated in thermoelectric characterization structures
— Electrical resistivity was 5.3-10-3 Q-cm and negligible electrical contact resistance
— Thermal conductivity was 4 W/m-K by, by means of thermal AFM along a single wire

* Combining the results a ZT of 0.54 at room temperature was obtained. ~ 25 times higher than

bulk silicon value

IREC”

Ili‘{»x:ml_.l-y[Ly




Acknowledgements

* A. Morata * M. Salleras
« J.D. Santos « D. Davila

* |. Domnez L. Fonseca
« C. Calaza « A. Tarancon

And to IRECs NI-SOFC group

Institut de Recesca en Enengia de Catalunya
Catalonia Instituts for Energy Research
L

S W il G e e e

Institud de Recerca en Energia de Catalunya
Catalonla Institute for Energy Research



IREC®

Inslllu‘ de E!eoen:a en Enerma de Calall.myn
for Energy R




IREC®

Inslllu‘ de E!eoen:a en Enerma de Calall.myn
for Energy R




Device in harvesting mode
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Growth of Si-Ge NWs for future integration in pTEG
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Si-Ge allowing should lead to a drastic
reduction in NW thermal conductivity

400 °C

* No nucleation at all
* No pSiGe layer

n Energia de Catalunya

Energy R

Effect of SINYY (hermal conauctvily

ATTT

140 .lh'ﬁ
. TWmK ris
- & 10'WimK * “
4 " - -
® 50 WimK
oo 4 =— 750 Wimk - - J
-
s .
= & -
— - -
- -
a &a 4 - 4
a‘ -
40 2 - -
a =
= *
29 4 ® ] 3-- - = -
= s
- -
" . . = Ao *
[+ a1 1 10 100

Implementation in devices is expected

to increase the power by a factor of 5-10
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