2012140483 A1 I 000 00O O O 00

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

18 October 2012 (18.10.2012)

WIPOIPCT

(10) International Publication Number

WO 2012/140483 A1l

(51) International Patent Classification: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HOIL 35/26 (2006.01) HOIL 35/22 (2006.01) HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
HOIL 21/02 (2006.01) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

. . MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(21) International Application Number: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,

PCT/IB2012/000689 SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(22) International Filing Date: TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

4 April 2012 (04.04.2012) (84) Designated States (uniess otherwise indicated, for every

(25) Filing Language: English kind of regional protection available): ARIPO (BW, GH,

) GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(26) Publication Language: English UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

(30) Priority Data: TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
1153250 14 April 2011 (14.04.2011) FR DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(71) Applicant (for all designated States except US): SOITEC SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
[FR/FR]; Chemin des Franques, Parc Technologique des GW, ML, MR, NE, SN, TD, TG).
Fontaines, F-38190 Bernin (FR).
Declarations under Rule 4.17:
(72) Inventors; and B , .
(75) Tnventors/Applicants (for US only): DELPRAT, Daniel as to applicant'’s entitlement to apply for and be granted a

31

[FR/FR]; 19 Impasse des Courlis, F-38920 Crolles (FR).
FIGUET, Christophe [FR/FR]; 438 Rue Hector Berlioz,
F-38920 Crolles (FR). KONONCHUK, Oleg [US/FR];
Rue Montgoye, F-38570 Theys (FR).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: QUANTUM WELL THERMOELECTRIC COMPONENT FOR USE IN A THERMOELECTRIC DEVICE

1

S

7/

FIG 1

(57) Abstract: A quantum well thermoelectric component for use in a thermoelectric device based on the thermoelectric effect, ©
comprising a stack (1) of layers (3, 4) of two materials respectively made on the basis of silicon and silicon-germanium,  the first of
said two materials, made on the basis of silicon, defining a barrier semiconductor material and « the second of said two materials,
made on the basis of silicon-germanium, defining a conducting semiconductor material, * said barrier semiconductor material having
a band gap higher than the band gap of said conducting semiconductor material, wherein * the conducting semiconductor material is
an alloy comprising silicon, germanium and at least a lattice matching element, said lattice matching element(s) being present in or -
der to control a lattice parameter mismatch between the barrier layer (3) made of the barrier semiconductor material and the conduct-
ing layer (4) made of the conducting semiconductor material.
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QUANTUM WELL THERMOBLECTRIC COMPONEUT FOR LSE IN A
THERVMOERLECTRIC DRVICE '

This invention relates to thermoelectric devices based on the thermoelectric effect
and in particular to thermoelectric materials and hthermoel\ectric components for

such devices.

Thermoelectric devices aré used for cooling and heating and the generation of
electricity. Generation of electricity .in a thermoelectric device is based on the
Seebeck effect, and uses a cold side and a hot side. Thermoelectric conversion
efficiency is measured by the following formula:

AT 1+ ZT ~1 .
T T Tcold with AT:Tho/ _T()Ia' and T=£_+—T€"_/i

hot
c

bt N1+ ZT +

hot
where T, is the temperature of the hot side and T,y is the temperature of cold
side, and Z is called the figure of merit and is defined by:
. .

Z:Sa
K

where § is the Seebeck coefficient S=—i—;, o is the material electrical

conductivity, k is the material thermal conductivity. The higher the Z value, the
higher the conversion efficiency n. A conventional material is Bi,Tes. Other materials

such as Biy..Sb, or PbTe are also used.

Semiconductor superfattices, made of multilayer layers of semiconductor material,
are possible structures to serve for thermoelectric devices. A quantum well (QW) is
created where a layer of semiconductor conducting material with a first band gap is
sandwiched between two layers of barrier semiconductor material having a higher
band gap than the band gap of said conducting material. Superlattices can thus
define multiple quantum wells (MQW). ‘

Quantum wells are intended to confine carriers in the conducting layer. An increased
Seebeck coefficient and electrical conductivity is expected, resulting in particular
from an increase of density of states through quantum confinement. This leads to an

increase of the Z value and consequently an improved thermoelectric conversion.

Different types of materials have been considered up to now to provide superlattices
for thermoelectric applications, such as successive layers of B4, and BsC. A
superlatfice made of alternating layers of Si/Si;sGeg; seems to be a good candidate

for thermoelectric applications.

SUBSTITUTE SHEET (RULE 26)
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A high quality semiconductor material is required since the carrier diffusion due to

crystal defects is detrimental to the thermoelectric properties of the material.

Prior art discloses Si1.xGe,/Si multiple quantum wells system manufactured mainly by
using: _

- sputtering; or

- epitaxial growth techniques.

Sputterihg techniques cannot ensure the continuation of the crystal structure of the
seed. In order to achieve the growth of a mono crystal structure where the crystal
quality is controlled, epitaxial growth techniques are preferred, although they might

be more expensive.

However, even epitaxial growth techniques may result in a very defective material
because of defects such as dislocations that can appear in the material.

The dislocations are more likely to appear in a material where thicknesses of the
layers are beyond a threshold thickness called the critical layer thickness and/or
where the stack of layers becomes too thick.

This critical layer thickness depends on many parameters, such as the intrinsic
properties of the material, the strain the material is subjected to, the other
materials the surrounding. layers are made of and their respective properties and

thicknesses, or the overall thickness of a stack of layers.

Therefore, an epitaxially grown material whose layer thickness is beyond critical
thickness shows defects such as dislocation. These defects may degrade significantly
the material performance such as electrical conductivity, and consequently

thermoelectric conversion efficiency.

In the case of a thermoelectric generator, including Si, sGey,/Si grown on Si wafer,
with a barrier and conducting layer thickness of around 10 nm, and a superlattice

thickness of a few micrometers (typically 10um), defects such as dislocations appear

in the material.
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Therefore there is a need for an epitaxially grown thermoelectric material with a
critical layer thickness above the required operational thickness in order to obtain a

‘material with a high figure of merit Z.

When lattice parameter of an epitaxial layer is different from the lattice parameter
of the substrate upon which the layer grows, the layer lattice deforms to adjust its
lattice parameter to match the lattice parameter of the substrate. This causes an
increase of elastic energy in the layer. At critical layer thickness, this elastic energy
is higher than the energy needed to create crystal defects (such as dislocations), and
the overgrown layer starts to relax elastic energy by nucleating dislocations.

The present invention pr;)vides a high quality epitaxially grown stack of layers,
“comprising a lattice matching element for controlling the mismatch of the lattice
‘parameters of said layers. For example the conducting layers include a lattice
matching element to match the lattice parameter of the barrier layers and/or the

substrate. o

According to a first aspect, the present invention thus provides a quantum well
thermoelectric component for use in a thermoelectric device based on the
thermoelectric effect, |
e comprising a stack of layers of two materials réspectively made on the basis
of silicon and silicon-germanium,
e the first of said two materials, made on the basis of silicon, defining a barrier
semiconductor material and
e the second of said two materials, made on the basis of silicon-germanium,
'defining a conducting semiconductor material,
e said barrier semiconductor material having a band gap higher than the band
gap of said conducting semiconductor material, wherein
e the conducting semiconductor | material is an alloy comprising silicon,
germanium and at least a lattice matching element, said lattice matching
element(s) being present in order to cdntrol a lattice parameter mismatch
between the barrier layer mé‘de.of the barrier semiconductor material and
the conducting layer made of the conducting semiconductor material.
Other preferred, although non limitative, features of the thermoelectric component are
as follows: )
- the latti‘ce matching element is carbon, or boron, or a mix of carbon and boron;
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- said conducting semiconductor material is Si;..Ge,...sCoBs, Wherein

-0<x<1

-0<asx/9

-0<B<x/9

-0<a+B < x/9
and

-0<a<0.04

-0<B8<0.01

-0 <a+B <0.05
- the total number of atoms of. said lattice matching element(s) is comprised
between 9% and 10% of the number of atoms of germanium;
- the quantum well thermoelectric component: further comprises a substrate on
which the stack of layers is arranged; ‘
- the substrate is a low thermal conducting substrate having a thermal conductivity
under 2 W-m™.K"; ‘
- the substrate is made of glass;
- the stack of layers comprises‘at least 50 layers, the thickness of said layers being
comprised between 50 A and 300 A.

According to a second aspect, the present invention also provides a method for
manufacturing a quantum well thermoelectric component according to the first

aspect, wherein the stack of layers is grown by epitaxy on a substrate of silicon.

The method mayvfurther'comprise the following features:

- the stack of layers can be then transferred onto a low thermal cdnductive
substrate, or '

- the substrate of silicon can be a mono crystalline silicon layer disposed at the
surface of a low thermal conductive substrate before the grbwth by epitaxy of the

stack of layers.

According to a third aspect, the present invention also provides a thermoelectric
device comprising at least a quantum well thermoelectric component according to

the first aspect of the invention.

Other aspeéts, objects and advantages of the present invention will become better
apparent upon reading the following detailed description of preferred embodiments
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thereof, given as non-limiting examples, and made with reference to the appended
drawings wherein | _

- Figure 1 is a schematic illustration of the structure of the quantum well
thermoelectric component for use in a thermoelectric device according to the first
aspect of the invention.

- Figure 2 is a graph showing the critical layer thickness in A in a logarithmic
scale in regard to_the percentage of germadm'um in the conducting semiconductor
material for different percentage of carbon added to said conducting semiconductor
material. ' '

- Figure 3 is a schematic illustration of the structure of a thermoelectric
device incorporating said quantum well thermoelectric component. |
A therhlwoelectric component for use in a thermoelectric device is provided and will
now be described with reference to figure 1. A thermoelectric component is a
component for a thermoelectric device, said component having thermoelectrical
properties suitable for the thermoelectric device. This thermoelectric component
corﬁprises ‘a stack of layers 1 of semiconductor materials, thus defining a

semiconductor superlattice.

The stack of layers 1 comprises layers 3, 4 of at least two different semiconductor
materials: a first semiconductor material and a second semiconductor material,
respectively made on the basis of silicon and silicon-germanium. A material-made on
the basis of a chemical element is a material comprising a majority of atoms of this
chemical element, pdssibly with the addition of atoms of one or more other chemicat

elements.

The first semiconductor material has a band gap higher than the band gap of said
second semiconductor material. The first of said two materials thus defines a barrier
semiconductor material and the second of said two materials defines a conducting

semiconductor material.

Alternating layers 3, 4 of said barrier semiconductor material and said conducting
semiconductor material define respectively barrier layers 3 and conducting layers 4,

thus defining a quantum well structure.
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Alternatively, layers constituted of other materials may be located in this stack of
layer 1, provided they do not prevent the stack 1 of layefs from defining a quantum
well structure.

The thickness of the layers 3, 4 ié preferably comprised between 50 and 300 A, but
may be of any value suitable to achieve a quantum well superlattice. The thickness
may be chosen different, depending on the materials used and the properties
intended to be achieved.

In order to achieve a quantum well stack 1 of layers thick enough to be used in a
thermoelectric device, the barrier semiconductof material ‘and the conducting
semiconductor material are chosen to have the same crystal structure. For example,
both silicon, as the barrier semiconductor material, and an alloy of silicon and

germanium, as conducting semiconductor material, have a cubic crystal structure.

However, silicon and germanium have different lattice parameters, resulting in an
alloy of silicon and germanium having a lattice parameter different from the lattice

parameter of pure silicon.

In the case of a monocrystal stack 1 of layers grown by epitaxy, the‘lattice
parameters of the semiconductor materials of the layers 3, 4 constituting the stack 1
of layers may be different from the normal intrinsic lattice parameters of said
semiconductor materials. Indeed, the lattice parameters of the material of each

layer 3, 4 adapt to ensure a continuity of the lattice parameter.

As a consequence, alternatingv layers 3, 4 of materials such as silicon and silicon-
germanium will result in layers 3, 4 being strained, thus likely to shows strain-
induced defects such as dislocations if their thicknesses exceed their critical layer

thicknesses.

In order to prevent sUch defects from being caused by non-matched lattice
parameters between the lattice parameter of the conducting material constituting
the conducting layers 4 and the lattice parameter of the barrier material constituting
the barrier layers 3 and/or the substrate, atoms of at least one lattice matching
element is present in some layers of the stack 1, for example in the conducting

layers 4.
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Lattice‘matching élement atoms take place in the crystal structure of the
semiconductor material. The lattice matching element is chosen to be able to modify
the lattice parameter of the conducting layer 4 material so as to reduce the
difference between the lattice parameters of the barrier semiconductor layer 3
material and the conducting semiconductor layer 4 material. The atoms of said
lattice matching element(s) replace some of the atoms of the crystal structure of the
semiconductor material they are incorporated in, without altering the type of crystal

structure of said semiconductor material.

The amount of vlattice matching element incorporated in the conducting material
depends on the respective lattice parameters of the barrier semiconductor layer 3
material and the conducting semiconductor layer 4 material.

For example, when considering a stack of layers 1 made of alternating layers of
silicon (Si) as the barrier material and silicon-germanium (5i;.xGe,) as the conducting
material, the lattice matching element may be carbon (C). Carbon atoms replace
germanium atoms on the same place in the crystal structure of the condutting layér
4,

Figure 2 is a graph showing the critical layer thickness in A in a logarithmic scale in
regard to the percentage of germanium in the conducting semiconductor material for
different percentage of carbon added to said conducting semiconductor material.
The abscissa axe represents the percentage of germanium (Ge) in a ternary alloy of
silicon, germanium and carbon constituting the conducting layers 4 of a stack of
tayers 1.The ordinate axe represents the thickness in A in a logarithmic scale.
The curves show the critical layer thickness for different carbon content in the "
conducting semiconductor material:

- the thick curve 11 for 0% of carbon;

- the thin curve 12 for 1 % of carbon;

- the dotted curve 13 for 2 % of carbon;

- the dashed curve 14 for 3% of carbon.

The-bandlstructure of SiGe or SiGe layers 4 alternating with Si layers 3 allows the
confinement of holes in the conducting layers 4. The holes confinement is improved
with high Ge contents. Therefore, it is highly desirable to have a high Ge content.
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Typically, Ge content is intended to be above 1% of the total number of atoms of the
conducting semiconductor material.

However, without a lattice matching element as illustrated by the thick curve 11, the
critical layer thickness decreases as the Ge content increases.

As illustrated by figure 2, the carbon atoms in the conducting material allow a higher
critical layer thickness for higher Ge contents than without carbon (thick curve 11).
Consequently, it is possible to have a high Ge content while having a high critical

layer thickness by virtue of a lattice matching element, such as carbon.

Further, the critical layer thickness is significantly raised by introducing a number of
carbon atoms comprised between 9% and 10% of the number of atoms of germanium.
As an example, for an Si-Ge alloy with 20% of germanium as a conducting layer
material, it is desirable to add from 1.8% to 2% of carbon atoms to have an increased
critical layer thickness for this layer. Therefore, it is desirable to have a total
number of atoms of said lattice matching element(s) comprised between 9% and 10%

of the number of atoms of germanium.

By introducing carbon atoms, the lattice parameter of the silicon-germanium
conducting layer 4 material is changed to match the lattice parameter of the silicon
material constituting the barrier layer 3 so as to reduce the strain induced by the

mismatch of the intrinsic lattice parameters of the two materials.

This allows the epitaxial growth of stacks 1 of layers 3, 4 with layer thicknesses
below the critical layer thickness. Therefore, thicker layers 3, 4 and thicker stacks 1

of layers 3, 4 can be obtained without crystal defects.

Further, by growing the stack of layers on a thin mono crystalline silicon layer 5, the
lattice parameters of the conducting semiconductor layers 4, the barrier

semiconductor layers 4 and the silicon layer 5 will be matched.

Boron (B) may also be used as a lattice matching element. Indeed, boron atoms have
a radius close to the radius of carbon atoms. In fact, boron atoms may be used with
the same propoftion as carbon atoms, namely a number of boron atoms comprised

for example between 9% and 10% of the number of germanium atoms.
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Carbon as a lattice matching element has no substantial effect on the electrical
properties of the silicon-germanium conducting material. On the opposite, boron will

have a doping effect on the semiconducting properties of the material.

A mix of carbon and boron may be used as a lattice matching element in order to
achieve desired semiconducting properties for the conducting semiconductor
material. The matching of the lattice parameters requires that the same proportion
is to be observed for the mix of carbon-boron as for carbon or boron alone. In other
words, the sum of the number of atoms of carbon and of the number of atoms of
bdron is preferably to be comprised between 9% and 10% of the number of

germanium atoms.

However, the proportion of matching element may differ from what is needed for
matching the laltice parameter in order to keep a strain in the conducting
semiconductor layers 4. A strain may be desirable t6 improve the electrical mobility.
The amount of lattice matching element incorporated into the conducting
semiconductor material must nevertheless be high enough to ensure that the critica‘l
layer thickness is raised beyond the thickness of the layers 3, 4. '

The proportion atoms of lattice matching element is preferably above 0,1 % of the
total number of atoms of the conducting semiconductor material.

.Following the same example of an alloy of silicon, germanium and at least a lattice
~matching element as the conducting semiconductor material, said conducting
material may cgmprise silicon (Si), germanium (Ge), carbon (C) or ‘boron (B)
according to the following formula: Si; Ge,qsCqBs, wherein x, -a and B are real
numbers and

-0<x<1

-0<asx/9

-0<B= x/9

-0<a+B < x/9.
Further, the respective maximum solubility of carbon and boron must be considered,
i.e. their respective maximum amount that can be incorporated in a Si-Ge alloy. The
maximum amount of carbon in percentage of atoms in the final alloy is about 4%,

whereas the maximum amount of boron in percentage of atoms in the final alloy is
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about 1%. The.refore, the maximum amount of the mix of carbon-boron in percentage
of atoms in the final alloy is about 5%. . ‘
As a consequence, the numbers a and B also have the corresponding boundaries:

-0<a<0.04

-0<B8<0.01

-0<a+B <0.05

Preferably, 0.001 < a+8 so as to allow an efficient lattice matching and 0.01 < x so as
to allow an efficient hole confinement. Further, it shall be noted that, necessarily,

a+B<x.

Preferably, the total proportion of matching element(s) a+B is superior or equal to
x/10: _
-x/10 < a+B < x/9

The quantum well thermoelectric component according to the first aspect of the
invention may further comprise a thin monoCrystalline silicon layer 5 on which the
stack 1 of layers 3, 4 is arranged, said thin monocrystalline silicon tayer 5 being
disposed or formed, e.g. by deposition, on a substrate 2. i
The substrate 2 is preferably a low thermal conducting substrate, preferably below 2

W- m™"-K", such as a glass substrate.

Figure 3 shows a part/: of a thermoelectrié device where a hot side 21 and a cold side
22, generally of metal, are separated by a plurality of quantum weﬂ thermoelectric
components 23, 24 as described above. _

The thermal flow is directed from the hot side 21 to the cold side 22 if the
thermoelectric device is uséd aé a generator. The thermal flow is directed from the
‘cold side 22 to the hot side 21 should the thermoelectric device be used as a heat

exchanger.

The plurality of quantum well thermoelectric components 23, 24 can be classified in
two types of components, the n-type component 23 and the p-type component 24,
depending on the dopants incorporated in the semiconductor materials constituting

the layérs.
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Doping is wetl-known by the person having ordinary skill in the art. For example, the
aforementioned Si-Ge layers may be boron doped for p-type component, and
phosphorous, arsenic or antimony doped for n-type component. Alternatively,
different semiconductor material may be used for p-type and n-type components 23,
24.

‘The. n-type quantum well thermoelectric coﬁwponents 23 and the p-type quantum
well thermoelectric componen'ts 24 are alternately disposed and electrically
connected by an .electrically conductive material 25 so as fo pair, or couple, a first
end of an n-type component 23 with a first p-type component 24 and a second end of
an n-type component 23 with a second p-type component 24 and vice versa. The
layers 6f said components 23, 24 are perpendicular to the conductive material 25 and
parallel to the thermal flow. ’

According to a second éspect, the present invention also provides a method for
manufacturing a stack of layers of a quantum well thermoelectric component, said
stack of layers comprising at least two different semiconductor materials
respectively made on the basis of siticon and silicon-germanium, the first of said two
materials defining a barrier semiconductor material and the second of said two
materials defining a conducting semiconductor material, said barrier semiconductor
material having a band gap higher than the band gap of said conducting

semiconductor material.

The stack of layers is grown by epitaxy on a Si substrate. Every suitable epitaxy
technique may be used, such as chemical vapor deposition (CVD) or molecular beam
epitaxy (MBE). As described above, epitaxy is employed in order to obtain a high
quality material without crystal defects. '

At least one lattice matching element is incorporated to the conducting
semiconductor material to control the lattice parameter of the conducting
semiconductor matérial, said lattice matching element being able to modify the
lattice parameter of the conducting semiconductor material.

The barrier semiconductor material is made on the basis of silicon and the
conducting semiconductor material is made on the basis of silicon-germanium. More

precisely, the conducting semiconductor material is an alloy corhprising silicon,
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germanium and at least a lattice matching element, said lattice matching element(s)
being present in order to control a lattice parameter mismatch between the barrier
layer 3 material and the conducting layer 4 material.

In this case, the total number of atoms of said lattice matching element is preferably
comprised between 9% and 10% of the number of atoms of germanium. However, the
broportion may differ to keep a strain in the conducting semiconductor material. A
strain méy be desirable to improve the electrical mobility. The amount of lattice
matching element incorporated into the conducting semiconductor material must
nevertheless be high enough to ensure that the critical layer thickness is raised
beyond the thickness of the layers.

The lattice matching element(s) may be carBon; boron, or a mix of carbon and
boron. Following the same example of a conducting semiconductor material
comprising an alloy of silicon, germanium and at least a lattice matching element as
the conducting semiconductor material, said conducting material may comprise
silicon (5i), germanium (Ge), carbon (C) or boron (B) éccording to the following
formula: Sii.«Gex.q.CaBs, Wherein x, a and B are real numbers and

-0<x<1

-0<asx/9

-0<B< x/9

-0<a+B s x/9
and

-0=<a<0.04

-0<B<0.01

-0<a+B <0.05
Preferably, 0.001"< a+B so as to allow an efficient lattice matching and 0.01 < x so as

to allow hole confinement.

Preferably, the total proportion of matching element(s) a+8 is superior or equal to
x/10:
-x/10 < a+B < x/9

The thickness of the layers is preferably comprised between 50 and 300 A, but may

be of any value appropnate for quantum well superlattices.
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In the case of Si-SiGe superlattice, the stack 1 of layer 3, 4 is to be grown on a sflicon
substrate. This silicon substrate may be a thin mono crystalline silicon layer 5

disposed or formed on a low thermal conductive substrate 2 such as glass.

Alternatively', the stack of layers can be transferred from the silicon substrate on
which it has been grown onto a low thermal conductive substrate 2, by ahy suitable.
method employed in silicon-on-insulator techndlogy (SOh. For example, the Smart
Cut™ or Smart Stacking™ technology developed by SOITEC may be used.

t™ process, a device layer disposed on a donor substrate is

According to the Smart Cu
bonded onto a handle substrate, then the device layer is separated from the donor
substrate by the expansion of hydrogen atoms implanted in a portion of the donor

substrate. The device layer is then transferred onto the handle substrate.

According to the Smart Stacking™ process, a device layer disposed on a donor
substrate is bonded onto a handle substrate. Then, the donor substrate is removed by
a combination of wafer grinding and chemical etching. The device layer is then
transferred onto the handle substrate.
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- : : Claims

1. A quantum well thermoelectric component for use in a thermoelectric device
based on the thermoelectric effect, '
5 e comprising a stack (1) of layers (3, 4) of two materials respectively made
on the basis of silicon and silicon-germanium,
e the first of said two materials, ma>de on the basis of silicon, defining a
barrier semiconductor material and
e the second of said two materials, made on the basis of silicon-germanium,
0 defining a conducting semiconductor material,
e said barrier semiconductor material having a band gap higher than the
band gap of said conducting semiconductor materia‘l,
characterized in that
e the conducting semiconductor material is an allby comprising silicon,
5 germanium and at least a lattice matching element, said lattice matching
element(s) being present in order to control a lattice parameter mismatch
between the barrier layer (3) made of the barrier semiconductor material
and the conducting layer (4) made of the conducting semiconductor

material.
0
2. The quantum well thermoelectric component acco'rding to claim 1, wherein
the lattice matching element is carbon.
3. The quantum well thermoelectric component according to claim 1, wherein
5 the lattice matching element is boron.

4. The quantum well thermoelectric component according to claim 1, wherein

the lattice matching element is a mix of carbon and boron.

0 5. The quantum well thermoelectric component according to claim 1, wherein
said conducting semiconductor material is Si;.xGey.q-sC4Bs, Wherein
-0<x<1
-0 =<asx/9
' -0<B=x/9
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-0<a+B < x/9
and '
-0 <a<0.04
-0<B<0.01
5 -0<a+B <0.05

6. The quantum well thermoelectric component according to any preceding
claim wherein the total number of atoms of said lattice matching element(s)
is comprised between 9% and 10% of the number of atoms of germanium.

7. The gquantum well thermoelectric component according to any preceding
claim, further comprising a substrate (2) on which the stack (1) of layers (3,

~4) is arranged.

5 8. The quantum well thermoelectric component according to claim 7, wherein
the substrate (2) is a low thermal conducting substrate having a thermal -

conductivity under 2 W-m"-K".

9. The quantum well thermoelectric component according to either claim 7 or

0 8, wherein the substrate (2) is made of glass.

10. The quantum well thermoelectric component according to any preceding
claim, characterized in that the stack of layers (1) comprises at least 50
layers (3, 4), the thickness of said layers (3, 4) being comprised between 50 A

5 and 300 A.

11. A method for manufacturing a quantum well thermoelectric component
according to any precedir_1g claim, wherein the stack (1) of layers (3, 4) is

grown by epitaxy on a substrate of silicon.

12. The method according to cléim 11,' wherein the stack (1) of layers (3, 4) is

then transferred onto a low thermal conductive substrate (2).
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13. The method according to claim 11, wherein the substrate of silicon is a mono
crystalline silicon layer (5) disposed at the surface of a low thermal
conductive substrate (2) before the growth by epitaxy of the stack (1) of
layers (3, 4). ’

14. The thermoelectric device comprising at least a quantum well thermoelectric
" component (23, 24) according to any one of claims 1 to 10.
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