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Silicon Thermoelectric Device Technology

Moongyu Jang

Thermolectric devices could convert temperature gradient into
electricity (Seebeck effect) and electric power into temperature
gradient across the themoelectric element (Peltier effect). Bi,Te; has
been widely used as thermoelectric material for more than 40 years,
due to the superior thermoelctric characteristics. However, Bi and
Te materials are predicted to face supply shortage, giving strong
necessity for the development of new thermoelctric materials.
Based on the theoretical prediction, nanostructure are expected
to give dramatic enhnacement of thermoelectirc characteristics
by controlling phonon propagation. Thus, silicon, which had been
considered as improper material for thermoelectricity, is now being
considered as strong cadidate material for thermoelectricity. This
review will focus on the nanotechnology applied research activities
in silicon as thermoelectric materials.
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[Fig.1] Thermoelectric properties of silicon nanowire



[Fig. 2] SEM images of holey silicon

F| ol oA A Wi AR ofy e, 231 A
2 20| Ei=o] At = Sl 5% 2 E WHE A
O8 YHEoRHA Ao R AREE a7, o]
of wa} 243t ZJTEAS Hilsts A7EE 4350l 9)
tHel. ool 19 2= %70 100 nm A g2 SOI(silicon
on insulator) ¥raho]] 350, 140 ¥ 55 nm<| pitchZ 7}
A= Tkt hole2 A3 holey silicon BHFe] SEM ©]
o) zjo|et, A dhdkel] F/dE hole?| pitchi Zi=9]
BHAHYE (mean free path)ol] whebs] |43} wojof
St Waoltt

13 32 holey silicon ¥f2to)| A 24 E GAEEE
R, pitch7F 55 nmQl 7 2|49 g2 7HA]™, o=
amorphous SiO, ¢t 4% 72 7S & = ). &
o] 7490 Zi=o] F53| AbkE|o] & XY= R] ok

°

l

e

©
ox
=2
>
=L
Eic)
Y
lo
Hu
i
M
e

vk} o] Al Ulet
%2 o]83t AAAR S EAL BiTeo} v]uE HEo
wo

=
Lo B4 RS O 4 Ytk YoRt HuE e

80 — T W L T
D - gy et R . [ ]
- .'l
60 L " .I. <
— -
o “s
» . = non-holey 3 |
< E a0 " * 350 nm-pitch holey
i . = 140 nm-pitch holey ]
E_ " = 55 nm-pitch holey
v " amorphous Si0
20 - '

..-.I.l
0 ARFRRRRARARAS RS S SRE "

0 50 100 150 200 250 300
Temperature (K)

[Fig. 3] Thermal conductivity of holey silicon

[Fig. 4] The process flow for silicon thermoelectric device using CMOS
process
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[Fig. 5] Micro silicon thermoelectric device
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[Fig. 6] Output characteristics of micro silicon thermoelectric device
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