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(54) THERMOELECTRIC MODULE

(57) Disclosed is an embodiment is a thermoelectric
module comprising: a first thermally conductive plate; a
thermoelectric element arranged on the first thermally
conductive plate; a second thermally conductive plate
arranged on the thermoelectric element; and a cover
frame, which is arranged on the first thermally conductive
plate, and has an accommodation space such that the
thermoelectric element is accommodated in the accom-
modation space, wherein the thermoelectric element in-
cludes: a first substrate; a plurality of thermoelectric legs
arranged on the first substrate; a second substrate ar-
ranged on the plurality of thermoelectric legs; and elec-
trodes comprising a plurality of first electrodes arranged
between the first substrate and the plurality of thermoe-
lectric legs; and a plurality of second electrodes arranged
between the second substrate and the plurality of ther-
moelectric legs, and the cover frame includes: an outer
frame arranged to be spaced from the thermoelectric el-
ement on the first thermally conductive plate; and an up-
per frame extending toward the second thermally con-
ductive plate so as to be inclined from the upper end of
the outer frame toward the downward direction thereof.
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Description

[Technical Field]

[0001] The present invention relates to a thermoelectric module, and more particularly, to a thermoelectric module
with improved heat flow performance therein.

[Background Art]

[0002] A thermoelectric effect is a phenomenon caused due to movements of electrons and holes in a material and
means direct energy conversion between heat and electricity.
[0003] A thermoelectric element is a generic term for a device which uses a thermoelectric effect and has a structure
in which a P-type thermoelectric material and an N-type thermoelectric material are disposed between metal electrodes
and bonded to form a pair of PN junctions.
[0004] The thermoelectric element may be classified into an element using a temperature variation in electrical resist-
ance, an element using the Seebeck effect in which an electromotive force is generated due to a temperature difference,
and an element using the Peltier effect which is a phenomenon in which heat absorption or heat radiation occurs due
to a current and the like.
[0005] Thermoelectric elements are widely applied to household appliances, electronic parts, and communication
parts. For example, the thermoelectric elements may be applied to cooling devices, heating devices, power generation
devices, and the like. Accordingly, the demand for thermoelectric performance of the thermoelectric elements is gradually
increasing.
[0006] The thermoelectric modules can be applied to refrigerators or water purifiers when used for cooling, but there
is a problem in that the thermoelectric elements are corroded by condensation and moisture due to low temperature
implementation. In order to solve the above problem, in the related art, a sealing material is directly disposed on a side
surface of a thermoelectric element to prevent moisture infiltration. However, since the sealing material is directly bonded
to the thermoelectric element, there is a problem in that heat flow performance is degraded in the thermoelectric module.

[Disclosure]

[Technical Problem]

[0007] The present invention is directed to providing a thermoelectric module with improved heat flow performance
therein by securing a heat flow space in a side surface of the thermoelectric element.
[0008] Problems to be solved in the embodiments are not limited to the above-described problems, and objects and
effects which can be determined from the solutions and the embodiments of the problems described below are also
included.

[Technical Solution]

[0009] One aspect of the present invention provides a thermoelectric module including a first thermally conductive
plate; a thermoelectric element disposed on the first thermally conductive plate; a second thermally conductive plate
disposed on the thermoelectric element; and a cover frame disposed on the first thermally conductive plate and configured
to form an accommodation space to accommodate the thermoelectric element in the accommodation space, wherein
the thermoelectric element includes a first substrate; a plurality of thermoelectric legs disposed on the first substrate; a
second substrate disposed on the plurality of thermoelectric legs; and electrodes including a plurality of first electrodes
disposed between the first substrate and the plurality of thermoelectric legs and a plurality of second electrodes disposed
between the second substrate and the plurality of thermoelectric legs, and wherein the cover frame includes an outer
frame disposed to be spaced apart from the thermoelectric element on the first thermally conductive plate, and an upper
frame extending to the second thermally conductive plate to be inclined downward from an upper end of the outer frame.
[0010] An angle between the outer frame and a top surface of the upper frame may be an acute angle.
[0011] The thermoelectric module may further include a first sealing member disposed between the outer frame and
the first thermally conductive plate, and a second sealing member disposed between the upper frame and the second
thermally conductive plate.
[0012] The upper frame may be separated from the second thermally conductive plate, and the second sealing member
may be disposed between the side surface of the upper frame and the side surface of the second thermally conductive
plate.
[0013] The second sealing member may be disposed between a top surface of the upper frame and the side surface
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of the second thermally conductive plate.
[0014] The thermoelectric module may further include lead lines including a first lead line electrically connected to at
least one among the plurality of first electrodes and a second lead line electrically connected to at least one among the
plurality of second electrodes, and the lead line may pass through a through-hole of the outer frame or a through-hole
of the upper frame.
[0015] The second thermally conductive plate may include a first side surface, a second side surface, a third side
surface and a fourth side surface, the upper frame may include a first upper frame corresponding to the first side surface
of the second thermally conductive plate, a second upper frame corresponding to the second side surface of the second
thermally conductive plate, a third upper frame corresponding to the third side surface of the second thermally conductive
plate, and a fourth upper frame corresponding to the fourth side surface of the second thermally conductive plate, and
a length of the first upper frame may be greater than that of each of the second upper frame, the third upper frame, and
the fourth upper frame.
[0016] The through-hole of the upper frame may be disposed in the first upper frame.
[0017] A first angle between the outer frame and a top surface of the first upper frame may be greater than a second
angle between the outer frame and a top surface of each of the second upper frame, the third upper frame, and the
fourth upper frame.
[0018] The first substrate may include a first side surface, a second side surface, a third side surface, and a fourth
side surface, the outer frame may include a first outer frame corresponding to the first side surface of the first substrate,
a second outer frame corresponding to the second side surface of the first substrate, a third outer frame corresponding
to the third side surface of the first substrate, and a fourth outer frame corresponding to the fourth side surface of the
first substrate, and a thickness of the first outer frame may be greater than that of each of the second outer frame, the
third outer frame, and the fourth outer frame.
[0019] The through-hole of the outer frame may be disposed in the first outer frame.
[0020] The thermoelectric module may further include a third sealing member disposed between the through-hole and
the lead line.
[0021] A center of the side surface of the second thermally conductive plate may be disposed to be collinear with a
corner formed by the top surface and the side surface of the upper frame in a height direction.
[0022] A corner formed by a bottom surface and the side surface of the second thermally conductive plate may be
disposed to be collinear with a corner at which a bottom surface and the side surface of the upper frame meet.
[0023] A corner formed by the top surface and the side surface of the upper frame may be disposed below a center
of the side surface of the second thermally conductive plate in the height direction.
[0024] A corner formed by the bottom surface and the side surface of the second thermally conductive plate may be
disposed to be collinear with a center of the side surface of the upper frame in the height direction.
[0025] A corner formed by the top surface and the side surface of the upper frame may be disposed below a center
of the side surface of the second thermally conductive plate in the height direction.
[0026] An area of the first thermally conductive plate may be larger than that of the second thermally conductive plate,
the first thermally conductive plate may be disposed at a hot side of the thermoelectric element, and the second thermally
conductive plate may be disposed at a cold side of the thermoelectric element.

[Advantageous Effects]

[0027] In accordance with embodiments of the present invention, a thermoelectric element with excellent waterproof
performance and excellent dust-proof performance can be provided. In particular, in accordance with the embodiments
of the present invention, a thermoelectric element with improved heat flow performance can be provided.
[0028] Various beneficial advantages and effects of the present invention are not limited by the detailed description
and should be easily understood through a description of a detailed embodiment of the present invention.

[Description of Drawings]

[0029]

FIG. 1 is a top view illustrating a thermoelectric module according to one embodiment of the present invention.
FIG. 2A is a perspective view illustrating the thermoelectric module according to one embodiment of the present
invention.
FIG. 2B is a perspective view illustrating a thermoelectric element according to one embodiment of the present
invention.
FIG. 3 is a cross-sectional view taken along line A-A’ of FIG. 1.
FIG. 4 is a cross-sectional view taken along line B-B’ of FIG. 1.
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FIG. 5 is a top view illustrating a cover frame in FIG. 1.
FIG. 6 is a cross-sectional view illustrating a thermoelectric module according to another embodiment of the present
invention.
FIG. 7 is a cross-sectional view illustrating a thermoelectric module according to still another embodiment of the
present invention.
FIGS. 8A to 8C are cross-sectional views illustrating a thermoelectric module according to yet another embodiment
of the present invention.
FIG. 9 is a diagram illustrating an example in which the thermoelectric element according to the present invention
is applied to a water purifier.
FIG. 10 is a diagram illustrating an example in which the thermoelectric element according to the present invention
is applied to a refrigerator.
FIGS. 11 to 13 are diagrams illustrating an example of a thermoelectric leg of the thermoelectric element according
to another embodiment of the present invention.

[Modes of the Invention]

[0030] The present invention may be modified into various forms and may have a variety of embodiments, and,
therefore, specific embodiments will be illustrated in the accompanying drawings and described. The embodiments,
however, are not to be taken in a sense which limits the present invention to the specific embodiments, and should be
construed to include modifications, equivalents, or substitutes within the spirit and technical scope of the present invention.
[0031] Also, terms including ordinal numbers such as first, second, and the like used herein may be used to describe
various components, but the various components are not limited by these terms. The terms are used only for the purpose
of distinguishing one component from another component. For example, without departing from the scope of the present
invention, a second component may be referred to as a first component, and similarly, a first component may also be
referred to as a second component. The term "and/or" includes a combination of a plurality of related listed items and
any one item of the plurality of related listed items.
[0032] When a component is referred to as being "connected," or "coupled" to another component, it may be directly
connected or coupled to another component, but it should be understood that still another component may exist between
the component and another component. On the contrary, when a component is referred to as being "directly connected,"
or "directly coupled" to another, it should be understood that still another component may not be present between the
component and another component.
[0033] The terms used herein are employed to describe only specific embodiments and are not intended to limit the
present invention. Unless the context clearly dictates otherwise, the singular form includes the plural form. It should be
understood that the terms "comprise," "include," and "have" specify the presence of stated herein features, numbers,
steps, operations, components, elements, or combinations thereof but do not preclude the presence or possibility of
adding one or more other features, numbers, steps, operations, components, elements, or combinations thereof.
[0034] Unless otherwise defined, all terms including technical or scientific terms used herein have the same meaning
as commonly understood by those skilled in the art to which the present invention pertains. General terms that are
defined in a dictionary should be construed as having meanings that are consistent in the context of the relevant art and
are not to be interpreted as having an idealistic or excessively formalistic meaning unless clearly defined in the present
application.
[0035] Hereinafter, embodiments of the present invention will be described in detail with reference to the accompanying
drawings, the same reference numerals are given to the same or corresponding components regardless of a number
of the drawing, and a duplicate description thereof will be omitted.
[0036] FIG. 1 is a top view illustrating a thermoelectric module according to one embodiment of the present invention,
FIG. 2 is a perspective view illustrating a thermoelectric element according to one embodiment of the present invention,
FIG. 3 is a cross-sectional view taken along line A-A’ of FIG. 1, FIG. 4 is a cross-sectional view taken along line B-B’ of
FIG. 1, and FIG. 5 is a top view illustrating a cover frame in FIG. 1.
[0037] Hereinafter, a thermoelectric module 100 according to one embodiment of the present invention will be described
with reference to FIGS. 1 to 5.
[0038] Referring to FIGS. 1 to 5, the thermoelectric module 100 according to one embodiment of the present invention
includes a first thermally conductive plate 10, a second thermally conductive plate 20, a thermoelectric element 100, a
cover frame 200, a first sealing member 300, and a second sealing member 400.
[0039] The first thermally conductive plate 10 and the second thermally conductive plate 20 are opposite to each other
by interposing a thermoelectric element 100 therebetween. The first thermally conductive plate 10 and the second
thermally conductive plate 20 may each be made of a metal material having excellent thermal conductivity. For example,
each of the first thermally conductive plate 10 and the second thermally conductive plate 20 may be a plate made of at
least one among aluminum (Al), an Al alloy, copper (Cu), and a Cu alloy.
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[0040] Here, as shown in the drawings, an area of the first thermally conductive plate 10 may be larger than that of
the second thermally conductive plate 20. In this case, the area of the first thermally conductive plate 10 may be 1.2 to
5 times the area of the second thermally conductive plate 20. Here, the first thermally conductive plate 10 may be
disposed on a heat radiation surface of the thermoelectric element 100, that is, at a hot side thereof, and the second
thermally conductive plate 10 may be disposed on a heat absorption surface of the thermoelectric element 100, that is,
at a cold side thereof. Since the first thermally conductive plate 10 is installed between the heat radiation surface of the
thermoelectric element 100 and a surface of a heating part (not shown), heat generated from the heating part (not shown)
may be conducted to the first thermally conductive plate 10. When the area of the first thermally conductive plate 10 is
larger than that of the second thermally conductive plate 20, a contact area between the heating part (not shown) and
the first thermally conductive plate 10 increases so that a transfer efficiency of the heat, which is generated from the
heating part (not shown), to the heat radiation surface of the thermoelectric element 100 through the first thermally
conductive plate 10 may be increased.
[0041] When the first thermally conductive plate 10 is used, the first thermally conductive plate 10 may increase a
heat transfer area to reduce a temperature gradient. Most of all, a gap between the heating part (not shown) and the
second thermally conductive plate 20 bonded in a direction of the heat absorption surface of the thermoelectric element
100 is intentionally widened so that a difference in temperature between the hot side and the cold side may be increased.
[0042] Although not shown in the drawings, when a fan unit is further disposed to be spaced apart from the second
thermally conductive plate 20, a difference in temperature between the hot side and the cold side may be further increased.
[0043] In this specification, although a thickness of the first thermally conductive plate 10 has been illustrated as being
equal to that of the second thermally conductive plate 20, the present invention is not limited thereto. The thickness of
the first thermally conductive plate 10 may be larger than that of the second thermally conductive plate 20, or the thickness
of the second thermally conductive plate 20 may be larger than that of the first thermally conductive plate 10. For example,
a ratio A1/A2 of the thickness A1 of the first thermally conductive plate 10 to a thickness A2 of the second thermally
conductive plate 20 may range 0.4 to 5, preferably 0.5 to 5, and more preferably 1.25 to 5.
[0044] Table 1 shows results of measuring power consumption of the thermoelectric element 100 when the first
thermally conductive plate 10 is disposed at the hot side of the thermoelectric element 100, and the second thermally
conductive plate 20 having an area that is smaller than that of the first thermally conductive plate 10 is disposed at the
cold side of the thermoelectric element 100. Here, a width *height of the first thermally conductive plate 10 was 75 mm∗69
mm, and a width ∗height of the second thermally conductive plate 20 was set to 55 mm∗55 mm.

[0045] Referring to Table 1, in a condition in which an area of the first thermally conductive plate 10 was larger than
that of the second thermally conductive plate 20, when the ratio A1/A2 of the thickness A1 of the first thermally conductive
plate 10 to the thickness A2 of the second thermally conductive plate 20 was in the range of 0.4 to 5, it can be seen that
power consumption exhibited 81 kWh/month or less. In addition, for example, in a condition in which the thickness of
the first thermally conductive plate 10 was larger than that of the second thermally conductive plate 20, when the ratio
A1/A2 of the thickness A1 of the first thermally conductive plate 10 to the thickness A2 of the second thermally conductive
plate 20 was in the range of 1.25 to 5, it can be seen that the power consumption exhibited 75 kWh/month or less.
Further, when the thickness of the first thermally conductive plate 10 was equal to that of the second thermally conductive
plate 20 or the thickness of the first thermally conductive plate 10 was smaller than that of the second thermally conductive
plate 20, it can be seen that, even when the thickness of the second thermally conductive plate 20 was increased, the
power consumption is kept constant.
[0046] Here, although the first thermally conductive plate 10 has been described as being set as the heat radiation
surface and the second thermally conductive plate 20 has been described as being as the heat absorption surface, the
heat absorption surface and the hear radiation surface may be interchanged according to a direction of a current applied
to the thermoelectric element.
[0047] In addition, referring to FIG. 2B, the thermoelectric element 100 includes a P-type thermoelectric leg 120, an
N-type thermoelectric leg 130, a lower substrate 140, an upper substrate 150, a lower electrode 161, an upper electrode
162, and a solder layer (not shown).
[0048] The lower electrode 161 is disposed between the lower substrate 140 and lower bottom surfaces of the P-type
thermoelectric leg 120 and the N-type thermoelectric leg 130, and the upper electrode 162 is disposed between the
upper substrate 150 and upper bottom surfaces of the P-type thermoelectric leg 120 and the N-type thermoelectric leg

[Table 1]

Thickness (T) of first thermally conductive plate 10 2 5

Thickness (T) of second thermally conductive plate 20 2 4 5 1 4

Power consumption (kWh/month) 80.2 80.3 80.4 74.3 73.2
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130. Accordingly, a plurality of P-type thermoelectric legs 120 and a plurality of N-type thermoelectric legs 130 are
electrically connected by the lower electrode 161 and the upper electrode 162. A pair of the P-type thermoelectric leg
120 and the N-type thermoelectric leg 130, which are disposed between the lower electrode 161 and the upper electrode
162 and electrically connected to each other, may form a unit cell.
[0049] For example, when voltages are applied to the lower electrode 161 and the upper electrode 162 through lead
lines 181 and 182, a substrate in which a current flows from the P-type thermoelectric leg 120 to the N-type thermoelectric
leg 130 due to the Peltier effect may absorb heat to serve as a heat absorption part, and a substrate in which a current
flows from the N-type thermoelectric leg 130 to the P-type thermoelectric leg 120 may be heated to serve as a heat
radiation part.
[0050] Here, each of the P-type thermoelectric leg 120 and the N-type thermoelectric leg 130 may be a bismuth telluride
(Bi-Te)-based thermoelectric leg containing Bi and Te as main raw materials. The P-type thermoelectric leg 120 at 100
wt% may be a thermoelectric leg which includes 99 to 99.999 wt% Bi-Te-based main low material containing at least
one among antimony (Sb), nickel (Ni), Al, Cu, silver (Ag), lead (Pb), boron (B), gallium (Ga), Te, Bi, and indium (In) and
includes 0.001 to 1 wt% mixture containing Bi or Te. For example, the P-type thermoelectric leg 120 at 100 wt% may
include Bi-Se-Te as the main raw material and may further include 0.001 to 1 wt% Bi or Te. The N-type thermoelectric
leg 230 at 100 wt% may be a thermoelectric leg which includes 99 to 99.999 wt% Bi-Te-based low material containing
at least one among selenium (Se), Ni, Al, Cu, Ag, Pb, B, Ga, Te, Bi, and In and includes 0.001 to 1 wt% mixture containing
Bi or Te. For example, the N-type thermoelectric leg 130 at 100 wt% may include Bi-Sb-Te as the main raw material
and may further include 0.001 to 1 wt% Bi or Te.
[0051] Each of the P-type thermoelectric leg 120 and the N-type thermoelectric leg 130 may be formed in a bulk shape
or a stacked shape. Generally, a bulk-shaped P-type thermoelectric leg 120 or a bulk-shaped N-type thermoelectric leg
130 may be obtained by heat-treating a thermoelectric material to produce an ingot, crushing and sieving the ingot to
obtain a thermoelectric leg powder, sintering the thermoelectric leg powder, and cutting the sintered body. A stack-
shaped P-type thermoelectric leg 120 or a stack-shaped N-type thermoelectric leg 230 may be obtained by applying a
paste containing a thermoelectric material on sheet-shaped substrates to form unit members, stacking the unit members,
and cutting the stacked unit members.
[0052] In this case, the pair of the P-type thermoelectric leg 120 and the N-type thermoelectric leg 130 may have the
same shape and height or may have different shapes and volumes. For example, since electrical conductivity charac-
teristics of the P-type thermoelectric leg 120 and the N-type thermoelectric leg 130 are different, a cross-sectional area
of the N-type thermoelectric leg 130 may be formed differently from that of the P-type thermoelectric leg 120.
[0053] Meanwhile, insulators (not shown) may be disposed on side surfaces of the P-type thermoelectric leg 120 and
the N-type thermoelectric leg 130 in a height direction (Z-axis direction).
[0054] Meanwhile, performance of a thermoelectric element according to one embodiment of the present invention
may be expressed by a Seebeck index. A Seebeck index ZT may be expressed by Equation 1. 

[0055] Here, α is a Seebeck coefficient (V/K), σ is electrical conductivity (S/m), and α2σ is a power factor (W/mK2).
Further, T is a temperature, and k is thermal conductivity (W/mK). k may be expressed as a·Cp·ρ, a is thermal diffusivity
(cm2/S), cp is a specific heat (J/gK), and ρ is a density (g/cm3).
[0056] In order to obtain a Seebeck coefficient of a thermoelectric element, a Z value (V/K) is measured using a Z-
meter, and a Seebeck index ZT may be calculated using the measured Z value.
[0057] Here, the lower electrode 120 disposed between the lower substrate 140, the P-type thermoelectric leg 120,
and the N-type thermoelectric leg 130, and the upper electrode 162 disposed between the upper substrate 150, the P-
type thermoelectric leg 120, and the N-type thermoelectric leg 130 may each include at least one among Cu, Ag, and Ni.
[0058] In addition, the lower substrate 140 and the upper substrate 150 opposite to each other may be insulating
substrates or metal substrates. The insulating substrate may be an alumina substrate or a polymer resin substrate having
flexibility. The polymer resin substrate having flexibility may include various insulating resin materials such as high
permeability plastic and the like such as polyimide (PI), polystyrene (PS), polymethyl methacrylate (PMMA), cyclic olefin
copoly (COC), polyethylene terephthalate (PET), and a resin. Alternatively, the insulating substrate may be a fabric. The
metal substrate may include Cu, a Cu alloy, or a Cu-Al alloy. In addition, when the lower substrate 140 and the upper
substrate 150 are metal substrates, a dielectric layer may further be formed between the lower substrate 240 and the
lower electrode 161 and between the upper substrate 150 and the upper electrode 162. The dielectric layer may include
a material having thermal conductivity ranging from 5 W/K to 10 W/K.
[0059] In this case, sizes of the lower substrate 140 and the upper substrate 150 may be formed to be different from
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each other. For example, a volume, a thickness, or an area of one among the lower substrate 140 and the upper substrate
150 may be formed to be larger than that of the other one thereamong. Consequently, heat absorption performance or
heat radiation performance of the thermoelectric element may be improved.
[0060] Meanwhile, as shown in FIG. 2, the lower substrate 140 may be formed to have a first length D1 in a first
direction, and the upper substrate 150 may be formed to have a second length D2 in the first direction.
[0061] Here, since the first length D1 is formed to be larger than the second length D2, the lead lines 181 and 182 are
easily connected to the lower electrode 261 formed on a distal end of the lower substrate 140 in the first direction.
[0062] Here, an electrical connection between the lower electrode 261 and the lead lines 181 and 182 may be imple-
mented by at least one among various methods such as a welding method, a mechanical engagement method, and the
like.
[0063] A plurality of lower electrodes 161 and a plurality of upper electrodes 162 electrically connect P-type thermo-
electric legs 120 and N-type thermoelectric legs 130 using electrode materials such as Cu, Ag, or Ni. A thickness of
each of the lower electrode 161 and the upper electrode 162 may be formed in the range of 0.01 mm to 0.3 mm. More
preferably, the thickness of each of the lower electrode 161 and the upper electrode 162 may be implemented in the
range of 10 mm to 20 mm.
[0064] In addition, the plurality of lower electrodes 161 and the plurality of upper electrodes 162 may each be disposed
in the form of an m∗n array (here, each of m and n may be an integer of 1 or more, and m and n may be the same or
different from each other), but the present invention is not limited thereto. The lower electrode 161 and the upper electrode
162 may each be disposed to be spaced apart from another lower electrode 161 and another upper electrode 162
adjacent thereto. For example, the lower electrode 161 and the upper electrode 162 may be disposed to be spaced
approximately 0.5 mm to 0.8 mm from other lower and upper electrodes 161 and 162 adjacent thereto.
[0065] In addition, a pair of the P-type thermoelectric leg 120 and the N-type thermoelectric leg 130 is disposed on
the lower electrode 161, and the pair of the P-type thermoelectric leg 120 and the N-type thermoelectric leg 130 is
disposed below the upper electrode 162.
[0066] That is, a bottom surface of the P-type thermoelectric leg 120 may be disposed on the lower electrode 161 and
a top surface thereof may be disposed on the upper electrode 162, and a bottom surface of the N-type thermoelectric
leg 130 may be disposed on the lower electrode 161 and a top surface thereof may be disposed on the upper electrode
162. When the P-type thermoelectric leg 120 of the pair of the P-type thermoelectric leg 120 and the N-type thermoelectric
leg 130 which are disposed on the lower electrode 161 is disposed on one lower electrode 161 among the plurality of
lower electrodes 162, the N-type thermoelectric leg 130 may be disposed on another lower electrode 162 adjacent to
the one lower electrode 161. Accordingly, the plurality of P-type thermoelectric legs 120 and the plurality of N-type
thermoelectric legs 130 are electrically connected in series through the lower electrodes 161 and the lower electrodes 162.
[0067] In this case, a pair of lower solder layers (not shown) may be applied on the lower electrode 161 to bond the
pair of the P-type thermoelectric leg 120 and the N-type thermoelectric leg 130, and the pair of the P-type thermoelectric
leg 120 and the N-type thermoelectric leg 130 may be disposed on the pair of lower solder layers.
[0068] In this case, a pair of upper solder layers (not shown) may be applied on a lower portion of the upper electrode
162 to bond the pair of the P-type thermoelectric leg 120 and the N-type thermoelectric leg 130, and the pair of the P-
type thermoelectric leg 120 and the N-type thermoelectric leg 130 may be disposed below the pair of upper solder layers
172.
[0069] The cover frame 200 forms an accommodation space S on the first thermally conductive plate 10, and the
thermoelectric element 100 may be accommodated inside the accommodation space S. Here, the accommodation space
S may be formed in the range of 1.1 to five times a volume of the thermoelectric element 100. More preferably, the
accommodation space S may be implemented in the range of two to three times the volume of the thermoelectric element
100.
[0070] When the accommodation space S of the cover frame 200 is 1.1 times or less the volume of the thermoelectric
element 100, since a heat flow space is not secured in a side surface of the thermoelectric element 100, it is not expected
to improve heat flow performance. When the accommodation space S of the cover frame 200 is five times or more the
volume of the thermoelectric element 100, there is a problem of increasing the volume of the thermoelectric module
1000 without expecting improvement in the heat flow performance due to expansion of the accommodation space S.
[0071] That is, the thermoelectric module 1000 according to one embodiment of the present invention may expand a
heat flow, which is generated due to a difference in temperature between the lower substrate 140 and the upper substrate
150 of the thermoelectric element 100, to a side portion of the thermoelectric element 100 so that reliability may be
secured even when heat flows.
[0072] The cover frame 200 may be made of an insulating synthetic resin insulator having low thermal conductivity
and maintaining structural rigidity and may include an outer frame 210 and an upper frame 220.
[0073] The outer frame 210 has a quadrangular column shape according to a shape of the thermoelectric element
100 and includes a first outer frame 211, a second outer frame 211, a third outer frame 213, and a fourth outer frame 214.
[0074] Here, the first outer frame 211 corresponds to face a first side surface of the lower substrate 140, the second



EP 3 723 146 A1

8

5

10

15

20

25

30

35

40

45

50

55

outer frame 212 corresponds to face a second side surface of the lower substrate 140, the third outer frame 213
corresponds to face a third side surface of the lower substrate 140, and the fourth outer frame 214 corresponds to face
a fourth side surface of the lower substrate 140.
[0075] The first outer frame 211, the second outer frame 211, the third outer frame 213, and the fourth outer frame
214 are vertically disposed substantially perpendicular to a top surface of the first thermally conductive plate 10.
[0076] Here, the first outer frame 211, the second outer frame 211, the third outer frame 213, and the fourth outer
frame 214 are disposed to be spaced apart from the thermoelectric element 100, thereby forming a separation space
between the outer frame 210 and the thermoelectric element 100.
[0077] Meanwhile, the first sealing member 300 is disposed between the first thermally conductive plate 10 and a
bottom surface of the outer frame 210 pressed against the first thermally conductive plate 10 to seal the cover frame
200, thereby preventing moisture from infiltrating into an interior of the cover frame 200.
[0078] Here, the first sealing member 300 may be made of waterproof tape, waterproof silicone, a rubber or resin
material, or adhesive, and preferably, the first sealing member 300 may be made of the waterproof tape in order for
adhesion and sealing between the first thermally conductive plate 10 and the outer frame 210 and in order for convenience
in work.
[0079] The upper frame 220 extends from an upper end of the outer frame 210 to the second thermally conductive
plate 20, and a top surface or both of the top surface and a bottom surface of the upper frame 220 have an inclined
surface which is inclined at a predetermined angle in a downward direction. That is, an angle between the top surface
of the upper frame 220 and the outer frame 210 is formed as an acute angle.
[0080] Here, the angle between the top surface of the upper frame 220 and the outer frame 210 may be set in the
range of 10 degrees to 80 degrees, preferably in the range of 20 degrees to 70 degrees, and more preferably in the
range of 30 degrees to 60 degrees. Accordingly, a volume and a shape of the accommodation space S may be determined,
and, although not sufficient, a heat exchange path between the first thermally conductive plate 10 and the second
thermally conductive plate 20 through the upper frame 220 and the outer frame 210 may be efficiently controlled. The
upper frame 220 includes a first upper frame 221, a second upper frame 221, a third upper frame 223, and a fourth
upper frame 224, which extend from the first outer frame 211, the second outer frame 211, the third outer frame 213,
and the fourth outer frame 214.
[0081] Here, the upper frame 220 corresponds to face a first side surface of the second thermally conductive plate
20, the second outer frame 212 corresponds to face a second side surface of the second thermally conductive plate 20,
the third outer frame 213 corresponds to face a third side surface of the second thermally conductive plate 20, and the
fourth outer frame 214 corresponds to face a fourth side surface of the second thermally conductive plate 20.
[0082] Meanwhile, as described above, as compared with the upper substrate 150, the first side surface of the lower
substrate 140 further extends, and the lead lines 181 and 182 may be connected to the lower electrode 161 on the
extending first side surface. In this case, a through-hole 220a may be formed in the first upper frame 221 formed at a
first side position at which the lead lines 181 and 182 are disposed, and the lead lines 181 and 182 may pass through
the through-hole 220a to be exposed to the outside of the cover frame 200.
[0083] Meanwhile, the first upper frame 221 in which the through-hole 220a is formed has a third length D3 for securing
a region and a structural rigidity of the through-hole 220a, and the third length D3 may be formed to be longer than a
fourth length D4 of each of the second upper frame 221, third upper frame 223, and fourth upper frame 224.
[0084] In addition, inner end portions facing each other in the upper frame 220 should be formed at the same height.
Since the third length D3 of the first upper frame 221 is longer than the fourth length D4 of each of the upper frames
222, 223, and 224 of other side surfaces, a first angle θ1 between the top surface of the first upper frame 221 and the
first outer frame 211 may be formed to be greater than a second angle θ2 between upper surfaces of the upper frame
222, 223, and 224 of other side surfaces and the outer frames 212, 213, and 214 of other side surfaces.
[0085] Meanwhile, the upper frame 220 may be spaced a separation distance D5 from the side surface of the second
thermally conductive plate 20.
[0086] In addition, the second sealing member 400 may be disposed between the upper frame 220 and the second
thermally conductive plate 20.
[0087] The second sealing member 400 may be formed of waterproof tape, waterproof silicone, an adhesive made of
a rubber or resin material, or the like. It is preferable to implement the second sealing member 400 with waterproof
silicone or the like which is capable of, before curing, flowing along the top surface (the inclined surface) of the upper
frame 220 to be introduced into a separation gap between the upper frame 220 and the second thermally conductive
plate 20.
[0088] Here, the separation distance D5 between the upper frame 220 and the side surface of the second thermally
conductive plate 20 may be set in the range of 0.1 mm to 0.5 mm according to viscosity of the second sealing member
400 before curing. When the separation distance D5 is less than or equal to 0.1 mm, since the second sealing member
400 is not introduced, waterproof performance between the upper frame 220 and the second thermally conductive plate
20 is not reliable, whereas, when the separation distance D5 is greater than or equal to 0.5 mm, there is a problem in
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that the second sealing member 400 should be introduced more than necessary so as to seal between the upper frame
220 and the second thermally conductive plate 20.
[0089] Meanwhile, in one embodiment of the present invention, after curing, the second sealing member 400 has a
first height H1 at an end portion of the upper frame 220. Here, the first height H1 is a minimum height which allows the
second sealing member 400 to be introduced into the through-hole 220a of the upper frame 220 to seal a gap between
the through-hole 220a and the lead line 180. That is, in a single sealing process, the second sealing member 400 may
be introduced into the gap between the first cover frame 211 and the side surface of the second thermally conductive
plate 20 and introduced into the through-hole 220a to perform sealing of the upper frame 220.
[0090] Hereinafter, a thermoelectric module according to another embodiment of the present invention will be described
with reference to FIG. 6.
[0091] FIG. 6 is a cross-sectional view illustrating a thermoelectric module according to another embodiment of the
present invention.
[0092] As compared with the thermoelectric module 1000 according to one embodiment of the present invention shown
in FIG. 3, a thermoelectric module 2000 shown in FIG. 6 has a different configuration including a second sealing member
400 and a third sealing member 500. Thus, hereinafter, only the different configuration including the second sealing
member 400 and the third sealing member 500 will be described in detail, and detailed descriptions of duplicated reference
numerals in the same configuration will be omitted herein.
[0093] In the thermoelectric module 2000 according to another embodiment of the present invention, after curing, the
second sealing member 400 has a second height H2 at an end portion of an upper frame 220. Here, the second height
H2 is a minimum height which allows the second sealing member 400 to seal a gap between the upper frame 220 and
a side surface of the second thermally conductive plate 20. That is, since consumption of the second sealing member
400 may be reduced and may not need to fill to the first height HI, a process time may be reduced.
[0094] Meanwhile, the third sealing member 500 may fill a through-hole 220a when a filling process of the second
sealing member 400 is performed.
[0095] Here, the third sealing member 500 may be made of the same material as the second sealing member 400
and may be a separate component from the second sealing member 400.
[0096] Alternatively, the third sealing member 500 may be made of a material having superior thermal conductivity as
compared with that of the second sealing member 400 or may include a thermal conductivity additive to easily discharge
heat of an accommodation space S in a cover frame 200 or resistance heat generated from a lead line 180 to the outside.
[0097] Hereinafter, a thermoelectric module according to still another embodiment of the present invention will be
described with reference to FIG. 7.
[0098] FIG. 7 is a cross-sectional view illustrating a thermoelectric module according to still another embodiment of
the present invention.
[0099] As compared with the thermoelectric module 1000 according to one embodiment of the present invention shown
in FIG. 3, a thermoelectric module 3000 shown in FIG. 7 has a different configuration including a first outer frame 211’,
a first upper frame 221, a through-hole 210a, and a third sealing member 510. Thus, hereinafter, only the different
configuration of the first outer frame 211’, the first upper frame 221, the through-hole 210a, and the third sealing member
510 will be described in detail, and detailed descriptions of duplicated reference numerals in the same configuration will
be omitted herein.
[0100] In the thermoelectric module 3000 according to still another embodiment of the present invention, a thickness
T1 of the first outer frame 211’ is larger than a thickness T2 of each of a second outer frame 212, a third outer frame
213, and a fourth outer frame 214.
[0101] In addition, as described above, as compared with an upper substrate 150, a first side surface of a lower
substrate 140 further extends, and a lead line 180 may be connected to a lower electrode 161 on the extending first side
surface. In this case, a through-hole 210a may be formed in the first upper frame 211’ formed at a first side position at
which the lead line 180, and the lead line 180 may pass through the through-hole 210a to be exposed to the outside of
the cover frame 200.
[0102] As described above, a first thermally conductive plate 10 is connected to a surface of a cooling side (not shown),
and thus it is easy to arrange a circuit board and a power supply line to a side at which the first thermally conductive
plate 10 is disposed.
[0103] Therefore, in the thermoelectric module 3000 according to still another embodiment of the present invention,
the through-hole 210a is formed in the first outer frame 211’, and the lead line 180 is directly extracted to the first outer
frame 211’ so that a line pattern of the lead line 180 may be efficiently implemented.
[0104] In addition, the thickness T1 of the first outer frame 211’, on which the through-hole 210a is formed, is formed
to be larger than the thickness T2 of each of the outer frames 212, 213, and 214 on other sides so that it is possible to
prevent disconnection of the lead line 180 in the through-hole 210a and maintain structural rigidity of the first outer frame
211’ .
[0105] The third sealing member 510 may be made of the same material as a second sealing member 400 and may
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be a separate component from the second sealing member 400.
[0106] Alternatively, the third sealing member 510 may be made of a material having excellent thermal conductivity
or may include a thermal conductivity additive to easily discharge heat of an accommodation space S in the cover frame
200 or resistance heat generated from the lead line 180 to the outside.
[0107] Here, the third sealing member 510 may include a cured contraction tube. For example, the lead line 180 may
pass through the through-hole 210a formed in the first outer frame 211’, and alternatively, may pass through the through-
hole 210a in a state of being surrounded by the contraction tube. Thereafter, a sealant seals between the first outer
frame 211’, the through-hole 210a, and the contraction tube and then is dried. In addition, a pump is connected to the
contraction tube, air in the thermoelectric module 3000 is discharged, and then heat is applied to the contraction tube
so that the contraction tube may be contracted. Accordingly, an interior of the thermoelectric module 3000 may enter a
vacuum state.
[0108] An example in which a sealing member includes a thermally cured contraction tube may be applied not only
to the embodiment shown in FIG. 7, but also to other embodiments in this specification.
[0109] Hereinafter, a thermoelectric module according to yet another embodiment of the present invention will be
described with reference to FIGS. 8A to 8C.
[0110] FIGS. 8A to 8C are cross-sectional views illustrating a thermoelectric module according to yet another embod-
iment of the present invention.
[0111] As compared with the thermoelectric module 1000 according to one embodiment of the present invention, the
thermoelectric module shown in FIGS. 8A to 8C has a different connection structure between an upper frame 220 and
a second thermally conductive plate 20. Thus, hereinafter, only a different configuration of the upper frame 220 and the
second thermally conductive plate 20 will be described in detail, and detailed descriptions of duplicated reference nu-
merals in the same configuration will be omitted herein.
[0112] First, referring to FIG. 8A, in the thermoelectric module according to yet another embodiment of the present
invention, a corner formed by a top surface and a side surface of the upper frame 220 is located to be collinear with an
imaginary center line CL1, which extends from a center of the second thermally conductive plate 20, in a height direction.
[0113] Thus, an accommodation space S may be expanded due to the cover frame 200, and a contact area between
the upper frame 220 and the second thermally conductive plate 20 may be secured so that structural reliability and
sealing efficiency of the thermoelectric module may be secured.
[0114] In addition, referring to FIG. 8B, in the thermoelectric module according to yet another embodiment of the
present invention, a corner formed by a bottom surface and a side surface of the upper frame 220 is located to be
coplanar with a bottom surface of the second thermally conductive plate 20.
[0115] Here, the corner formed by the upper surface and the side surface of the upper frame 220 is preferable to be
located below the imaginary center line CL1 extending from the center of the side surface of the second thermally
conductive plate 20 in the height direction so that a contact area between the upper frame 220 and the second thermally
conductive plate 20 can be reduced as much as possible while securing structural reliability.
[0116] Therefore, the accommodation space S expands using the cover frame 200, and the contact area between the
upper frame 220 and the second thermally conductive plate 20 is secured. Consequently, the structural reliability and
sealing efficiency of the thermoelectric module may be secured as well as heat exchange between a heat radiation
surface and a heat absorption surface of the thermoelectric module may be prevented using the upper frame 220 as
efficient as possible.
[0117] In addition, referring to FIG. 8C, in the thermoelectric module according to yet another embodiment of the
present invention, a bottom surface of the second thermally conductive plate 20 is located to be collinear with an imaginary
center line CL2 extending from a center of the upper frame 220 in the height direction.
[0118] Here, the corner formed by the upper surface and the side surface of the upper frame 220 is preferable to be
located below the imaginary center line CL1 extending from the center of the side surface of the second thermally
conductive plate 20 in the height direction so that a contact area between the upper frame 220 and the second thermally
conductive plate 20 can be reduced as much as possible while securing structural reliability.
[0119] Consequently, in a condition of preventing the heat exchange between the heat radiation surface and the heat
absorption surface of the thermoelectric module using the upper frame 220 as efficient as possible, the accommodation
space S expands using the cover frame 200 as much as possible, and the contact area between the upper frame 220
and the second thermally conductive plate 20 is secured at a required level or more so that the structural reliability of
the thermoelectric module may be secured.
[0120] Hereinafter, an example in which the thermoelectric element according to the present invention is applied to a
water purifier will be described with reference to FIG. 9.
[0121] FIG. 9 is a diagram illustrating an example in which the thermoelectric element according to the present invention
is applied to a water purifier.
[0122] A water purifier 1 to which the thermoelectric element is applied includes a raw water supply pipe 12a, a water
purification tank inlet pipe 12b, a water purification tank 12, a filter assembly 13, a cooling fan 14, a heat storage tank
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15, a cold water supply pipe 15a, and the thermoelectric module 1000.
[0123] The raw water supply pipe 12a is a supply pipe for supplying water, which is a purification target, from a water
source into the filter assembly 13, the water purification tank inlet pipe 12b is an inlet pipe for introducing the water,
which is purified in the filter assembly 13, into the water purification tank 12, and the cold water supply pipe 15a is a
supply pipe for finally supplying cold water, which is cooled at a predetermined temperature due to the thermoelectric
module 1000 in the water purification tank 12, to a user.
[0124] The water purification tank 12 temporarily stores and supplies the water, which is purified by passing through
the filter assembly 13 and is introduced through the water purification tank inlet pipe 12b, to the outside.
[0125] The filter assembly 13 includes a precipitation filter 13a, a pre carbon filter 13b, a membrane filter 13c, and a
post carbon filter 13d.
[0126] That is, the water introduced into the raw water supply pipe 12a may be purified while passing through the filter
assembly 13.
[0127] The heat storage tank 15 is disposed between the water purification tank 12 and the thermoelectric module
1000 and stores cold air formed in the thermoelectric module 1000. The cold air stored in the heat storage tank 15 is
applied to the water purification tank 12 to cool the water accommodated in the water purification tank 12.
[0128] In order to facilitate transfer of the cold air, the heat storage tank 15 may be in surface contact with the water
purification tank 12.
[0129] As described above, the thermoelectric module 1000 includes the heat absorption surface and the heat radiation
surface, and one side of the thermoelectric module 1000 is cooled and the other side thereof is heated due to electron
movements in a P-type semiconductor and an N-type semiconductor.
[0130] Here, the one side may be a side of the water purification tank 12, and the other side may be a side opposite
to the water purification tank 12.
[0131] In addition, as described above, the thermoelectric module 1000 has excellent waterproof and dust-proof
performance and improved heat flow performance so that the thermoelectric module 1000 may efficiently cool the water
purification tank 12 in the water purifier.
[0132] Hereinafter, an example in which the thermoelectric element according to the present invention is applied to a
refrigerator will be described with reference to FIG. 10.
[0133] FIG. 10 is a diagram illustrating an example in which the thermoelectric element according to the present
invention is applied to a refrigerator.
[0134] The refrigerator includes a deep temperature evaporation chamber cover 23, an evaporation chamber partition
wall 24, a main evaporator 25, a cooling fan 26, and a thermoelectric module 1000 in a deep temperature evaporation
chamber.
[0135] An interior of the refrigerator is divided into a deep temperature storage chamber and the deep temperature
evaporation chamber by the deep temperature evaporation chamber cover 23.
[0136] Specifically, an inner space corresponding to a front side of the deep temperature evaporation chamber cover
23 may be defined as the deep temperature storage chamber, and an inner space corresponding to a rear side of the
deep temperature evaporation chamber cover 23 may be defined as the deep temperature evaporation chamber.
[0137] A discharge grille 23a and a suction grille 23b may be formed on a front surface of the deep temperature
evaporation chamber cover 23.
[0138] The evaporation chamber partition wall 24 is installed at a position separated from a rear wall of an inner cabinet
to the front side, thereby partitioning a space in which deep temperature storage system is provided from a space in
which the main evaporator 25 is provided.
[0139] Cold air cooled by the main evaporator 25 is supplied to a freezing compartment and then returned to the main
evaporator.
[0140] The thermoelectric module 1000 is accommodated in the deep temperature evaporation chamber and has a
structure in which the heat absorption surface faces a drawer assembly and the heat radiation surface faces an evaporator.
Thus, a heat absorption phenomenon generated due to the thermoelectric module 1000 may be utilized to rapidly cool
food stored in the drawer assembly at an ultra-low temperature that is less than or equal to -50 degrees Celsius.
[0141] In addition, as described above, the thermoelectric module 1000 has excellent waterproof and dust-proof
performance and improved heat flow performance so that the thermoelectric module 1000 may efficiently cool the drawer
assembly in the refrigerator.
[0142] Hereinafter, an example of a thermoelectric leg of the thermoelectric element according to another embodiment
of the present invention will be described with reference to FIGS. 11 to 13.
[0143] FIGS. 11 to 13 are diagrams illustrating an example of a thermoelectric leg of the thermoelectric element
according to another embodiment of the present invention.
[0144] In another embodiment of the present invention, a structure of the above-described thermoelectric leg may be
implemented as a structural body having a stacked structure instead of a bulk structure, thereby further improving
thinness and cooling efficiency.
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[0145] Specifically, a structure of each of the P-type thermoelectric leg 120 and the N-type thermoelectric leg in FIG.
11 is formed such that a plurality of structures, each of which is formed by applying a semiconductor material on a sheet-
shaped substrate, are stacked to form a unit member, and then the unit member is cut. Thus, it is possible to prevent
material loss and improve an electrical conductivity characteristic.
[0146] In this regard, referring to FIG. 11, FIG. 11 illustrates a conceptual diagram of a process of manufacturing a
unit member having the above-described stacked structure.
[0147] Referring to FIG. 11, a material including a semiconductor material is prepared in the form of a paste, and the
paste is applied on a base substrate 1110 such as a sheet, a film, or the like to form a semiconductor layer 1120 so that
one unit member 1100 is formed. As shown in FIG. 11, the unit member 1100 is formed as a stacked structure by stacking
a plurality of unit members 1100a, 1100b, and 1100c, and then the stacked structure is cut to form a unit thermoelectric
element 1200. That is, the unit thermoelectric element 1200 according to the present invention may be formed in a
structure in which a plurality of unit members 1100, in which the semiconductor layer 1120 is stacked on the base
substrate 1110, are stacked.
[0148] In the above-described process, the applying of the semiconductor paste on the base substrate 1110 may be
implemented using various methods. For example, the applying of the semiconductor paste may be implemented by
tape casting, that is, by a process of mixing a very fine semiconductor material powder with an aqueous or non-aqueous
solvent and any one selected from a binder, a plasticizer, a dispersant, a defoamer, and a surfactant to prepare a slurry
and then forming the slurry on a moving blade or a moving carrier substrate according to a purpose with a predetermined
thickness. In this case, a material, such as a film, a sheet, or the like, having a thickness in the range of 10 mm to 100
mm may be used as the base substrate, and the P-type material and the N-type material for manufacturing the above-
described bulk-type element may also be directly applied as the semiconductor material being applied.
[0149] The unit members 1100 may be formed in a stacked structure by being compressed at a temperature ranging
from 50 °C to 250 °C through the process of arranging and stacking the unit members 1100 in a multilayer. In an
embodiment of the present invention, the number of the stacked unit members 1100 may range from two to fifty.
[0150] Thereafter, a cutting process may be performed in a desired shape and size, and a sintering process may be
further performed.
[0151] A unit thermoelectric element formed by stacking the plurality of unit members 1100 manufactured according
to the above-described processes may secure uniformity in thickness, shape, and size. That is, the existing bulk-shaped
thermoelectric element is manufactured by pulverizing an ingot, finely ball-milling the pulverized ingot, and cutting a
sintered bulk structure. Thus, there is a problem in that much material is lost, cutting in a uniform size is difficult, and
thinness is difficult due to a thick thickness ranging from 3 mm to 5 mm. The unit thermoelectric element having the
stacked structure according to the embodiments of the present invention is manufactured by stacking the sheet-shaped
unit members in a multilayer and cutting the sheet-shaped stacked structure. Thus, a material is hardly lost and has a
uniform thickness so that uniformity of the material may be secured, a thickness of the entire unit thermoelectric element
may be reduced to 1.5 mm or less to achieve thinness, and the unit thermoelectric element may be applied in various
shapes. Like the structure of the above-described thermoelectric leg according to one embodiment of the present invention
in FIG. 2A, the finally implemented structure may be implemented by being cut into a regular hexahedral structure or a
rectangular parallelepiped structure.
[0152] In particular, in the manufacturing process of the unit thermoelectric element according to another embodiment
of the present invention, during the process of forming the stacked structure of the unit member 1100, the manufacturing
process may be implemented to further include a process of forming a conductive layer on a surface of each unit member
1100.
[0153] That is, a conductive layer may be formed between the unit members of the stacked structure in FIG. 11C. The
conductive layer may be formed on a surface opposite to a surface of the base substrate on which the semiconductor
layer is formed. In this case, the conductive layer may be formed as a patterned layer to form a region in which the
surface of the unit member is exposed. As compared with a case in which the conductive layer is applied on the entire
surface of the base substrate, it is possible to realize an advantage of increasing electrical conductivity, improving
adhesion strength between unit members, and reducing thermal conductivity.
[0154] That is, FIG. 12 illustrates various modified examples of a conductive layer C according to an embodiment of
the present invention. The pattern that the surface of the unit member is exposed may be designed by being variously
modified as a mesh type structure including closed-type opening patterns c1 and c2 shown in FIGS. 12A and 12B, or a
line type including open-type opening patterns c3 and c4 shown in FIGS. 12C and 12D. As described above, the
conductive layers implement an advantage of improving the adhesive strength between the unit members in the unit
thermoelectric element formed of the stacked structure of the unit members, reducing the thermal conductivity between
the unit members, and improving the electrical conductivity. Thus, as compared with the conventional bulk type thermo-
electric element, a cooling capacity Qc and ΔT are improved and, particularly, a power factor is increased 1.5 times,
that is, the electrical conductivity is increased 1.5 times The increase in electrical conductivity is directly related to
improvement of thermoelectric efficiency so that cooling efficiency is increased. The conductive layer may be formed of
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a metal material, and all of metal-based electrode materials such as Cu, Ag, Ni, and the like may be applied.
[0155] When a unit thermoelectric leg having the above-described stacked structure in FIG. 11 is applied to the
thermoelectric element shown in FIG. 2, that is, the thermoelectric element according to the embodiment of the present
invention is disposed between the lower substrate 140 and the upper substrate 150 and the thermoelectric module is
implemented as a unit cell with a structure including an electrode layer, a total thickness Th may be formed in the range
of 1 mm to 1.5 mm so that it is possible to implement significant thinness as compared with using the existing bulk-type
element.
[0156] In addition, as shown in FIG. 13A, the thermoelectric element in FIG. 11 is horizontally aligned in an upward
direction and a downward direction and cut as shown in FIG. 13C so that the thermoelectric element according to the
embodiment of the present invention may be implemented.
[0157] The structure shown in FIG. 13C may form a thermoelectric module with a structure in which surfaces of an
upper substrate, a lower substrate, a semiconductor layer, and a base substrate are disposed adjacent to each other.
However, as shown in FIG. 13B, the thermoelectric element also has a structure in which the thermoelectric element is
vertically erected to allow a side surface of a unit thermoelectric element to be disposed adjacent to the upper substrate
and the lower substrate. In such a structure, as compared with a horizontal arrangement structure, a distal end portion
of the conductive layer is exposed on the side surface and it is possible to reduce thermal conductivity efficiency in a
vertical direction and, simultaneously, improve an electrical conductivity characteristic so that cooling efficiency may be
further increased.
[0158] As described above, in the thermoelectric element applied to the thermoelectric module of the present invention,
which may be implemented in various examples, shapes and sizes of the P-type thermoelectric legs and the N-type
thermoelectric legs facing each other are the same. In this case, in consideration that the electrical conductivity of the
P-type thermoelectric leg and the electrical conductivity of the N-type thermoelectric leg are different from each other to
act as a factor degrading the cooling efficiency, it is also possible to form a volume of one semiconductor device to be
different from that of the other semiconductor device opposite to the one semiconductor device, thereby improving
cooling performance.
[0159] While the present invention has been mainly described with reference to the exemplary embodiments, it should
be understood that the present invention is not limited to the disclosed exemplary embodiments, and various modifications
and applications can be devised by those skilled in the art to which the present invention pertains without departing from
the gist of the present invention. For example, each component specifically shown in the exemplary embodiments can
be modified and implemented. It should be construed that differences related to these modifications and applications
will fall within the scope of the present invention defined by the appended clams.

[Description of Reference Numerals]

[0160]

Claims

1. A thermoelectric module comprising:

a first thermally conductive plate;
a thermoelectric element disposed on the first thermally conductive plate;
a second thermally conductive plate disposed on the thermoelectric element; and
a cover frame disposed on the first thermally conductive plate and configured to form an accommodation space
to accommodate the thermoelectric element in the accommodation space,
wherein the thermoelectric element includes:

a first substrate;
a plurality of thermoelectric legs disposed on the first substrate;

10: first thermally conductive plate 20: second thermally conductive plate
100: thermoelectric element
120: P-type thermoelectric leg 130: N-type thermoelectric leg
140: lower substrate 150: upper substrate
161: lower electrode 162: upper electrode
200: cover frame
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a second substrate disposed on the plurality of thermoelectric legs; and
electrodes including a plurality of first electrodes disposed between the first substrate and the plurality of
thermoelectric legs and a plurality of second electrodes disposed between the second substrate and the
plurality of thermoelectric legs, and

wherein the cover frame includes:

an outer frame disposed to be spaced apart from the thermoelectric element on the first thermally conductive
plate; and
an upper frame extending to the second thermally conductive plate to be inclined downward from an upper
end of the outer frame.

2. The thermoelectric module of claim 1, wherein an angle between the outer frame and a top surface of the upper
frame is an acute angle.

3. The thermoelectric module of claim 1, comprising:

a first sealing member disposed between the outer frame and the first thermally conductive plate; and
a second sealing member disposed between the upper frame and the second thermally conductive plate.

4. The thermoelectric module of claim 3, wherein:

the upper frame is separated from the second thermally conductive plate;
the upper frame includes a side surface opposite to a side surface of the second thermally conductive plate; and
the second sealing member is disposed between the side surface of the upper frame and the side surface of
the second thermally conductive plate.

5. The thermoelectric module of claim 4, wherein the second sealing member is disposed between a top surface of
the upper frame and the side surface of the second thermally conductive plate.

6. The thermoelectric module of claim 1, further comprising lead lines including a first lead line electrically connected
to at least one among the plurality of first electrodes and a second lead line electrically connected to at least one
among the plurality of second electrodes,
wherein the lead line passes through a through-hole of the outer frame or a through-hole of the upper frame.

7.  The thermoelectric module of claim 6, wherein the second thermally conductive plate includes a first side surface,
a second side surface, a third side surface, and a fourth side surface,
wherein the upper frame includes:

a first upper frame corresponding to the first side surface of the second thermally conductive plate;
a second upper frame corresponding to the second side surface of the second thermally conductive plate;
a third upper frame corresponding to the third side surface of the second thermally conductive plate; and
a fourth upper frame corresponding to the fourth side surface of the second thermally conductive plate, and
wherein a length of the first upper frame is greater than that of each of the second upper frame, the third upper
frame, and the fourth upper frame.

8. The thermoelectric module of claim 7, wherein the through-hole of the upper frame is disposed in the first upper frame.

9. The thermoelectric module of claim 7, wherein a first angle between the outer frame and a top surface of the first
upper frame is greater than a second angle between the outer frame and a top surface of each of the second upper
frame, the third upper frame, and the fourth upper frame.

10. The thermoelectric module of claim 6, wherein the first substrate includes a first side surface, a second side surface,
a third side surface, and a fourth side surface,
wherein the outer frame includes:

a first outer frame corresponding to the first side surface of the first substrate;
a second outer frame corresponding to the second side surface of the first substrate;
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a third outer frame corresponding to the third side surface of the first substrate; and
a fourth outer frame corresponding to the fourth side surface of the first substrate, and
wherein a thickness of the first outer frame is greater than that of each of the second outer frame, the third outer
frame, and the fourth outer frame.

11. The thermoelectric module of claim 10, wherein the through-hole of the outer frame is disposed in the first outer frame.

12. The thermoelectric module of claim 6, further comprising a third sealing member disposed between the through-
hole and the lead line.

13. The thermoelectric module of claim 4, wherein a center of the side surface of the second thermally conductive plate
is disposed to be collinear with a corner formed by the top surface and the side surface of the upper frame in a
height direction.

14. The thermoelectric module of claim 4, wherein a corner formed by a bottom surface and the side surface of the
second thermally conductive plate is disposed to be collinear with a corner at which a bottom surface and the side
surface of the upper frame meet.

15. The thermoelectric module of claim 14, wherein a corner formed by the top surface and the side surface of the upper
frame is disposed below a center of the side surface of the second thermally conductive plate in a height direction.

16. The thermoelectric module of claim 4, wherein a corner formed by the bottom surface and the side surface of the
second thermally conductive plate are disposed to be collinear with a center of the side surface of the upper frame
in a height direction.

17. The thermoelectric module of claim 16, wherein a corner formed by the top surface and the side surface of the upper
frame is disposed below a center of the side surface of the second thermally conductive plate in the height direction.

18. The thermoelectric module of claim 1, wherein:

an area of the first thermally conductive plate is larger than that of the second thermally conductive plate; and
the first thermally conductive plate is disposed at a hot side of the thermoelectric element, and the second
thermally conductive plate is disposed at a cold side of the thermoelectric element.
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