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Thermoelectric Effect
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Possible applications of TE

* |ntegrated on-chip energy harvesting
* Power autonomous systems such as human body sensors
» Automobile waste-heat recovery

= Wrist-watches (Seiko Thermic)

» Combined heat and power system (CHP)
= Peltier coolers
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Efficiency of a Thermoelectric Material: The

Figure of Merit ZT
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p-type Thermoelectric Materials

= Bi,Te;
+ Rare materials :
+ Difficult to integrate onto silicon chips .
= Siand SiGe “
¢+ Compatible with backend CMOS and MEMS processing [http://www.jpl.nasa.go\

+ Best performances for high temperature (above 500°C)

+ Most prominent application: radioisotope thermoelectric generators
(RTG) in deep space applications (e.g. Voyager 1&2, Cassini, ...)

Material K

atzo0k NIem?l  plOml  aluvKT S ZT (300K)
(BiSb), Te, _ 1.2x10°5 175 2.0 0.375
Si 1.5x1019  9.0x10-% 148 148 0.00049
Ge 1.0x1019  2.8x10-5 280 59.9 0.014
Siy,G€0,5 3.4x101%  4.0x10°5 245 6.5 0.069
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J 2D Approach for Figure of Merit
Improvements: Superlattice Structure

Increase the TE figure of merit using superlattices (SL) structures
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[L. D. Hicks, M. S. Dresselhaus, Phys. Rev. B 47, 12727 - 12731 (1993)]
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Lateral p-type Ge/SiGe Superlattice
Thermoelectric Design
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Active Layer Requirements

= Maximize the generated power: P o NP

— ~10 ym Ge/Si,_Ge, strain-
symmetrised superlattice structure

. _ r .
= |ncrease the thicknesses ratio —g<ive
!

substrate

— SOl substrates

» Not trivial design for SiGe structures
— high-quality interfaces

— thicknesses control
— strain-symmetrised structures
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Low Energy Plasma Enhanced Chemical
Vapor Deposition (LEPECVD) - Basics

Primary coil

Gas-source plasma-assisted O .
p ro Ce S S “Wobblers”
“Wobblers” :
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{
Film composition and growth rate

are independent from substrate
temperature

.........
.....

Primary coil

Plasma source

High density - low energy plasma
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LI
HR-XRD: Structural Characterization
of SiGe Heterostructures [1]

= Alloy composition

Film relaxation

Material and structures quality

+ Crystal quality (peaks intensity)
+ Interface quality (# of peaks)
¢ Period (fringes period)

qy [nm™]

Complete characterization of
SiGe heterostructures
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HR-XRD: Structural Characterization
of SiGe Heterostructures [2]
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of SiGe Heterostructures [3]

HR-XRD: Structural Characterization :
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HR-XRD Characterization:
Structure Quality vs Temperature
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Intensity [ counts/s ]

HR-XRD Characterization:
Structure Quality vs Deposition Rate

8579: Lowrate  8618: Intermediate rate
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N | HRTEM Investigation

Profile Of HRTEM top layers

Determination of layer
thicknesses

Intensity profiles along the growth
direction (being averaged parallel to
the interfaces over 200 pixels) were
used. The faint blue frame in the
HRTEM image indicates from which
the intensity profile was taken.
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N Lateral TE Device: Fabrication Features 17

thermometers

heaters

Free standing devices —
thermal isolation

2mm x301 SE(M) 3/22/11 16:02 100um x1.80k SE(L) 41,11 11:17
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Thermal Conductivity Reduction:

Phonon Engineering [1]

Additional phonon scattering at o T T T

— Germanium

heterointerfaces also modify W-F * -~ Silicon
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[S.T. Huxtable et al. Appl. Phys. Lett. 80, 1737 (2002)]
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.
Thermal Conductivity Reduction:
Phonon Engineering [2]

50nm —————

' E 360.9 nm
350.0 nm

= Use a range of different QWs
and barrier thicknesses between Compared to flat superlattices

1.2 and 3 nm could block 94.1% nanocrystals (with lateral size of

of acoustic phonons (short ~10 nm) scatter efficiently also
wavelenght acoustic phonons phonons with relatively long
transport more thermal energy wavelengths

due to the higher density of

states)
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| .
Conclusions
[ |

= |Low dimensional structures
can improve both figure of merit
ZT and generated power

heat absorber

= With LEPECVD technique it’s
possible to grow 10 um Ge/SiGe
strain-symmetrised superlattices matal

electrical
connections

= HR-XRD is an indispensable
instrument for structures
characterization and growth
parameters choice

thermoelectric
elements

nanowire
elements

= HRTEM analysis confirmed
high quality of material and
interfaces grown by LEPECVD
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Thank you for your attention
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...Questions?
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