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v Bulk Thermoelectric Materials Performance
of Glasgow
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Nature Materials 7, 105 (2008)

Q Bulk n-Bi>Tes and p-Sbh.Tes used in most commercial
thermoelectrics & Peltier coolers

Q But tellurium is 9t rarest element on earth !!!

Q@ Bulk SiixGex (x~0.2 to 0.3) used for high temperature
satellite applications
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Q]FGlang\z ZT versus Temperature

p-type n-type

© Nanostructures can improve Seebeck coefficient and/or
decrease thermal conductivity
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éfa University Seebeck Enhancement at Low Dimensions
J of Glasgow

© Increase a through enhanced DOS:

_ 7% y2 din(u(E)g(E))
a = —3 kgT { dE }E:EF
3D 2D 1D oD
bulk quantum well quantum wire quantum dot

g(E)

a increasing ——————————

M. Cutler & N.F. Mott, Phys. Rev. 181, 1336 (1969)
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J.R. Watling & D.J. Paul,
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Key wavelengths for scattering phonons 1.2 to 4 nm




Superlattice Designs: 4.5 ym Thick




» A

Universit ' ini
uk @Fréﬁesgo ty Narrow QW Superlattice Minibands

Conduction bands Miniband dispersions

© Only L-valley electrons form minibands
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Superlattice N —

QW: mass density pa,
phase velocity va

cosqz(a+ b) = cosqaacosqpb —

[GisivESa' Al Rytov 1D Continuum Model for Layered Materials
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S.V. Rytov, Sov. Phys. Acoustics 2, 67 (1956)
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Single barrier Three barriers
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@fréﬁesgé v O type vertical Design 6 (8722)

3 barriers with wide Ge QWs




OSSN Vertical structure characterisation device
J of Glasgow

30 nm Si3Ng4

50 nm SisN4

Heater
Top
Thermometer
Bottom

Thermometer
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T RSSVG S 45 nm Wide n-Silicon Nanowires
(nylasgow
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o =20,300 S/m
4 terminal

K=7.78 WmK

= 271 pVIK

ZT = 0.057

2.5mm x350 SE(M) 2/20/13 16:06

© ZT enhanced by x117

o 020 = 1.49 mW m-1K-2

Q@ What enhancements
with SiGe ?
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n & p-doped wafers
Npa =101 cm-3

20 ym Sio.7Geo.3

3 um graded SiGe

55 nm i-Si

J.P. Dismukes et al., J. Appl. Phys., 35, 2899 (1964)



[Gnvesiaal |LPCVD SiGe Wafer Growth
of Glasgow

ASM 2000E LPCVD system

few ym deep

pits
200 mm SOITEC 55 nm Si,
155 nm box substrates
n & p-doped wafers
Npa =101 cm-3
20 ym Sio.7Geo.3
B 3 bm graded SiGe
Slip planes 55 nm i-Si
| cracks

200 ym




O CNAl Module Design: Heat Flow, Q
J of Glasgow
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© Fourier’s law of heat conduction

heat source T
Q=—kVT

metal
Q:
l nl |p Q@ Assume 1D heat flow o
metal | [ metal] Q. = _K(T)a
Fourier heat conduction Peltier effect
Ty —Tc
QzAchip — _/{SiGe(T)NlegsAlegs L | Nleg&(T)ITH
Ty —Tc
_Rint (T)I2 + /fairAair L | hCAair(TH — TC)
Joule thermal conduction thermal convection

heating through air through air
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@Fgﬁiléscl)vg Simulation of Performance @ Th =500 C

Q Input heat, Q. = 5 W/cm?

O Operating temperature, T = 500 °C

© Shorter legs better for high P but need to consider k to maintain AT



eshvesal Microfabricated Legs & Thermometers
of Glasgow

68 pairs TE legs

=~ 200 x 200 pm
\ TE Leg

Integrated thermometer
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In bumps
Flip chip

| —

= .
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(nylasgowy Final Module & Test

Heater & 2 Peltiers
used to drive heat through
module

Microfabricated
thermometers measure AT
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e Vg Issues and Future Work
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Q@ Material cracks limit yield & .. legs: requires better epitaxy
(limited area epitaxy?)

Q In bumps limit TH & dominate leg R

O High temperature bumps & flip-chip bonding in development

Present silicides limited to < 400 "C: new high T silicides
e.g. TiSi2 or WSi: stable to > 700 "'C

© Ohmicto bumps requires better diffusion barrier => TiIiN
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Si/SiGe heterostructures for engineered electron
& phonon transport towards enhanced thermoelectrics

New test structures for a and k developed

ZT and power factor enhanced over bulk Si, Ge and SiGe values

Prototype modules delivered: optimisation required

http://www.greensilicon.eu/GREENSilicon/index.html
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