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spreading lid that optimizes thermal interface resistance between the heat spreading lid and

68 multiple thermoelectric devices and methods of fabrication thereof are disclosed. In one
e embodiment, a thermoelectric heat exchanger component includes a circuit board and mul-

tiple thermoelectric devices attached to the circuit board. Heights of at least two of the ther-

moelectric devices are different due to, for example, tolerances in a manufacturing process

for the thermoelectric devices. The thermoelectric heat exchanger component also includes

a heat spreading lid over the thermoelectric devices and a thermal interface material

FIG. 3

between the thermoelectric devices and the heat spreading lid. An orientation (i.e., a tilt) of
the heat spreading lid is such that a thickness of the thermal interface material, and thus a
thermal interface resistance, is optimized for the thermoelectric devices.



WO 2013/1697:74 A2 |IIIWAT 00TV VAT 00O A

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ, Published:

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, . . . .
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, ;”ZlnoZééZfe;’Zj’,t;ZZf}{eseg;c’(lR’; o ‘;’;d))m be republished
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, P P P <&

SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).



10

15

20

25

30

WO 2013/169774 PCT/US2013/039945

THERMOELECTRIC HEAT EXCHANGER COMPONENT INCLUDING
PROTECTIVE HEAT SREADING LID AND OPTIMAL THERMAL INTERFACE
RESISTANCE

Related Applications

[0001] This application claims the benefit of provisional patent application
serial number 61/643,622, filed May 7, 2012 and provisional patent application
serial number 61/643,625, filed May 7, 2012, the disclosures of which are hereby
incorporated herein by reference in their entireties.

Field of the Disclosure

[0002] The present disclosure relates to a thermoelectric heat exchanger.

Background
[0003] Thin film thermoelectric devices are typically much smaller and more

fragile than comparable bulk-type thermoelectric modules. An area for a typical
thin film thermoelectric device is on the order of 140 square millimeters (mm?)
whereas an area of a typical bulk-type thermoelectric module is on the order of
1,600 mm?. Thin film thermoelectric devices can be disposed between heat
sinks to form a thermoelectric heat exchanger. A thermal resistance of a thermal
interface material between a thermoelectric device and an attached heat sink is
defined as I/kA, where | is a thickness of the thermal interface material, k is a
thermal conductivity of the thermal interface material, and A is an area of an
interface between the thermoelectric device and the heat sink. This means that
the thermal resistance of the thermal interface material between a thin film
thermoelectric device and a heat sink is on the order of 10 times higher than the
thermal resistance of the thermal interface material between a larger bulk-type
thermoelectric module and a corresponding heat sink. For thin film
thermoelectric devices and, in particular, thin film thermoelectric coolers, the
higher thermal resistance of the thermal interface material results in a higher hot
side temperature and requires a lower cold side temperature, which leads to
higher power consumption and/or inability to cool adequately.
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[0004] In addition, given their dimensions and material set, thin film
thermoelectric devices cannot withstand as much mechanical loading as bulk-
type thermoelectric modules. Further, thin film thermoelectric devices cannot
withstand uneven mechanical loading. However, heat sinks attached to both
sides of thin film thermoelectric devices tend to be quite large compared to the
thin film thermoelectric devices and are often constrained in a given product. As
such, it is difficult to get even, controlled loading on a thin film thermoelectric
device.

[0005] Therefore, there is a need for systems and methods for minimizing the
thermal resistance of the thermal interface material between thin film
thermoelectric devices while also protecting the thin film thermoelectric devices

from mechanical loading.

Summary
[0006] Embodiments of a thermoelectric heat exchanger component having a

heat spreading lid that optimizes thermal interface resistance between the heat
spreading lid and multiple thermoelectric devices and methods of fabrication
thereof are disclosed. In one embodiment, a thermoelectric heat exchanger
component includes a circuit board and multiple thermoelectric devices attached
to the circuit board. Heights of at least two of the thermoelectric devices are
different due to, for example, tolerances in a manufacturing process for the
thermoelectric devices. The thermoelectric heat exchanger also includes a heat
spreading lid over the thermoelectric devices and a thermal interface material
between the thermoelectric devices and the heat spreading lid. An orientation
(i.e., a tilt) of the heat spreading lid is such that a thickness of the thermal
interface material, and thus a thermal interface resistance, is optimized for the
thermoelectric devices, which in turn optimizes the thermal interface resistance of
the thermal interface material between the thermoelectric devices and the heat
spreading lid.

[0007] In one embodiment, the heat spreading lid includes a body and
multiple pedestals of equal heights relative to the body of the heat spreading lid
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that extend from the body of the heat spreading lid toward the thermoelectric
devices. Each of the pedestals is aligned with a corresponding one of the
thermoelectric devices. In this embodiment, the thermal interface material is
between a surface of each pedestal and a surface of the corresponding
thermoelectric device, and the orientation of the heat spreading lid is such that
the thickness of the thermal interface material between each pedestal and the
corresponding thermoelectric device is optimized. In one embodiment, the heat
spreading lid further includes a lip that extends from the body of the heat
spreading lid around a periphery of the heat spreading lid. In one embodiment, a
height of the lip relative to the body of the heat spreading lid is such that, for any
combination of heights of the thermoelectric devices within a predefined range, at
least a predefined minimum gap is maintained between the lip of the heat
spreading lid and the circuit board, wherein the predefined minimum gap is
greater than zero.

[0008] In one embodiment, the thermoelectric devices are attached to a first
surface of the circuit board, and the heat spreading lid is over surfaces of the
thermoelectric devices opposite the first surface of the circuit board. In another
embodiment, the thermoelectric devices are attached to a first surface of the
circuit board, and the heat spreading lid is over surfaces of the thermoelectric
devices exposed at a second surface of the circuit board through one or more
holes through the circuit board.

[0009] In another embodiment, the thermoelectric devices are attached to a
first surface of the circuit board, and the heat spreading lid is over surfaces of the
thermoelectric devices opposite the first surface of the circuit board. In this
embodiment, the thermoelectric heat exchanger component further comprises a
second heat spreading lid over surfaces of the thermoelectric devices exposed at
a second surface of the circuit board through one or more holes through the
circuit board.

[0010] In one embodiment, a thermoelectric heat exchanger component is
fabricated by attaching multiple thermoelectric devices to a circuit board. Two or
more of the thermoelectric devices have different heights due to, for example,
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tolerances in a manufacturing process of the thermoelectric devices. A thermal
interface material is applied to surfaces of the thermoelectric devices and/or a
heat spreading lid. The heat spreading lid is then positioned over the
thermoelectric devices, and a ball point force is applied to the heat spreading lid.
As a result of the ball point force, the heat spreading lid settles at an orientation
at which a thickness of the thermal interface material is optimized for the
thermoelectric devices.

[0011] Those skilled in the art will appreciate the scope of the present
disclosure and realize additional aspects thereof after reading the following
detailed description of the preferred embodiments in association with the

accompanying drawing figures.

Brief Description of the Drawing Figures

[0012] The accompanying drawing figures incorporated in and forming a part
of this specification illustrate several aspects of the disclosure, and together with
the description serve to explain the principles of the disclosure.

[0013] Figure 1 illustrates a thermoelectric refrigeration system including a
thermoelectric heat exchanger that itself includes a thermoelectric heat
exchanger component according to one embodiment of the present disclosure;
[0014] Figure 2 is a more detailed illustration of the thermoelectric heat
exchanger of Figure 1 according to one embodiment of the present disclosure;
[0015] Figure 3 is an exploded view of the thermoelectric heat exchanger
component of Figure 2 according to one embodiment of the present disclosure;
[0016] Figure 4 is a collapsed view of the thermoelectric heat exchanger
component of Figure 3 according to one embodiment of the present disclosure;
[0017] Figure 5 illustrates a cross-section of the thermoelectric heat
exchanger component of Figures 3 and 4 according to one embodiment of the
present disclosure;

[0018] Figure 6 is a flow chart that illustrates a process for fabricating the
thermoelectric heat exchanger component of Figures 3 through 5 according to
one embodiment of the present disclosure;
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[0019] Figure 7 illustrates a thermoelectric heat exchanger according to
another embodiment of the present disclosure; and

[0020] Figure 8 illustrates a thermoelectric heat exchanger according to yet
another embodiment of the present disclosure.

Detailed Description

[0021] The embodiments set forth below represent the necessary information
to enable those skilled in the art to practice the embodiments and illustrate the
best mode of practicing the embodiments. Upon reading the following
description in light of the accompanying drawing figures, those skilled in the art
will understand the concepts of the disclosure and will recognize applications of
these concepts not particularly addressed herein. It should be understood that
these concepts and applications fall within the scope of the disclosure and the
accompanying claims.

[0022] It will be understood that, although the terms first, second, etc. may be
used herein to describe various elements, these elements should not be limited
by these terms. These terms are only used to distinguish one element from
another. For example, a first element could be termed a second element, and,
similarly, a second element could be termed a first element, without departing
from the scope of the present disclosure. As used herein, the term "and/or"
includes any and all combinations of one or more of the associated listed items.
[0023] Relative terms such as "below" or "above" or "upper" or "lower" or
"horizontal" or "vertical” may be used herein to describe a relationship of one
element, layer, or region to another element, layer, or region as illustrated in the
Figures. It will be understood that these terms and those discussed above are
intended to encompass different orientations of the device in addition to the
orientation depicted in the Figures.

[0024] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of the disclosure. As used
herein, the singular forms "a," "an," and "the" are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further
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understood that the terms "comprises," "comprising," "includes," and/or
"including" when used herein specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0025] Unless otherwise defined, all terms (including technical and scientific
terms) used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this disclosure belongs. It will be further
understood that terms used herein should be interpreted as having a meaning
that is consistent with their meaning in the context of this specification and the
relevant art and will not be interpreted in an idealized or overly formal sense
unless expressly so defined herein.

[0026] Embodiments of a thermoelectric heat exchanger component having a
heat spreading lid that optimizes thermal interface resistance between the heat
spreading lid and multiple thermoelectric devices and methods of fabrication
thereof are disclosed. It should be noted that while much of the discussion
herein focuses on embodiments of a thermoelectric heat exchanger including
thermoelectric coolers (TECs), the concepts disclosed herein are equally
applicable to other types of thermoelectric devices such as, for example,
thermoelectric power generators (TEGS) utilized to generate power from
recovered heat.

[0027] While the embodiments of the thermoelectric heat exchanger
component can be utilized in any suitable thermoelectric system, Figure 1
illustrates a thermoelectric refrigeration system 10 that includes a heat exchanger
12 having a thermoelectric heat exchanger component 14 according to one
exemplary embodiment of the present disclosure. As illustrated, the
thermoelectric refrigeration system 10 includes the heat exchanger 12, a cooling
chamber 16, and a controller 18 that controls cooling within the cooling chamber
16. In this embodiment, the heat exchanger 12 includes a hot side heat sink 20,
a cold side heat sink 22, and the thermoelectric heat exchanger component 14
disposed between the hot side heat sink 20 and the cold side heat sink 22. The
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thermoelectric heat exchanger component 14 includes multiple thin film
thermoelectric devices, which in the thermoelectric refrigeration system 10 are
thin film TECs. Each of the TECs has a hot side thermally coupled to the hot
side heat sink 20 and a cold side that is thermally coupled to the cold side heat
sink 22. When one or more of the TECs are activated by the controller 18, the
activated TEC(s) operates to cool the cold side heat sink 22 and reject heat to
the hot side heat sink 20 to thereby facilitate heat transfer to extract heat from the
cooling chamber 16. More specifically, when one or more of the TECs are
activated, the hot side heat sink 20 is heated to thereby create an evaporator and
the cold side heat sink 22 is cooled to thereby create a condenser.

[0028] Acting as a condenser, the cold side heat sink 22 facilitates heat
extraction from the cooling chamber 16 via an accept loop 24 coupled with the
cold side heat sink 22. The accept loop 24 is thermally coupled to an interior wall
26 of the thermoelectric refrigeration system 10 that defines the cooling chamber
16. In one embodiment, the accept loop 24 is either integrated into the interior
wall 26 or integrated directly onto the surface of the interior wall 26. The accept
loop 24 is formed by any type of plumbing that allows for a working fluid, which is
referred to herein as a cooling medium (e.g., a two-phase coolant), to flow or
pass through the accept loop 24. Due to the thermal coupling of the accept loop
24 and the interior wall 26, the cooling medium extracts heat from the cooling
chamber 16 as the cooling medium flows through the accept loop 24. The
accept loop 24 may be formed of, for example, copper tubing, plastic tubing,
stainless steel tubing, aluminum tubing, or the like.

[0029] The condenser formed by the cold side heat sink 22 and the accept
loop 24 operates according to any suitable heat exchange technique. In one
preferred embodiment, the accept loop 24 operates in accordance with
thermosiphon principles (i.e., acts as a thermosiphon) such that the cooling
medium travels from the cold side heat sink 22 through the accept loop 24 and
back to the cold side heat sink 22 to thereby cool the cooling chamber 16 using
two-phase, passive heat transport. In particular, passive heat exchange occurs
through natural convection between the cooling medium in the accept loop 24
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and the cooling chamber 16. Specifically, the cooling medium is condensed
inside the cold side heat sink 22. The condensed cooling medium flows through
the accept loop 24 via gravity forces.

[0030] Within the accept loop 24, passive heat exchange occurs between the
environment in the cooling chamber 16 and the condensed cooling medium
within the accept loop 24 such that the temperature in the cooling chamber 16
decreases and the temperature of the cooling medium increases and/or
undergoes a phase change. When the temperature of the cooling medium
increases, the density of the cooling medium decreases, such as through
evaporation. Thus, in some embodiments, the accept loop 24 functions as an
evaporator when cooling the cooling chamber 16. As a result, the evaporated
cooling medium moves in an upward direction via buoyancy forces in the accept
loop 24 towards the cold side heat sink 22. The evaporated cooling medium
comes into thermal contact with the cold side heat sink 22, where heat exchange
occurs between the cooling medium and the cold side heat sink 22. When heat
exchange occurs between the cooling medium and the cold side heat sink 22,
the cooling medium condenses and again flows through the accept loop 24 via
gravity in order to extract additional heat from the cooling chamber 16.

[0031] As noted above, the heat exchanger 12 includes the thermoelectric
heat exchanger component 14 disposed between the hot side heat sink 20 and
the cold side heat sink 22. The TECs in the thermoelectric heat exchanger
component 14 have hot sides (i.e., sides that are hot during operation of the
TECs) that are thermally coupled with the hot side heat sink 20 and cold sides
(i.e., sides that are cold during operation of the TECs) that are thermally coupled
with the cold side heat sink 22. The TECs within the thermoelectric heat
exchanger component 14 effectively facilitate heat transfer between the cold side
heat sink 22 and the hot side heat sink 20. More specifically, when heat transfer
occurs between the cooling medium in the accept loop 24 and the cold side heat
sink 22, the active TECs transfer heat between the cold side heat sink 22 and the
hot side heat sink 20.
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[0032] Acting as an evaporator, the hot side heat sink 20 facilitates rejection
of heat to an environment external to the cooling chamber 16 via a reject loop 28
coupled to the hot side heat sink 20. The reject loop 28 is thermally coupled to
an outer wall 30, or outer skin, of the thermoelectric refrigeration system 10. The
outer wall 30 is thermally isolated from the accept loop 24 and the interior wall 26
(and thus the cooling chamber 16) by, for example, appropriate insulation. In
one embodiment, the reject loop 28 is integrated into the outer wall 30 or
integrated onto the surface (e.g., the interior surface) of the outer wall 30. The
reject loop 28 is formed of any type of plumbing that allows a working fluid, which
is referred to herein as a heat transfer medium (e.g., a two-phase coolant), to
flow or pass through the reject loop 28. Due to the thermal coupling of the reject
loop 28 and the external environment, the heat transfer medium rejects heat to
the external environment as the heat transfer medium flows through the reject
loop 28. The reject loop 28 may be formed of, for example, copper tubing, plastic
tubing, stainless steel tubing, aluminum tubing, or the like.

[0033] The evaporator formed by the hot side heat sink 20 and the reject loop
28 operates according to any suitable heat exchange technique. In one
preferred embodiment, the reject loop 28 operates in accordance with
thermosiphon principles (i.e., acts as a thermosiphon) such that the heat transfer
medium travels from the hot side heat sink 20 through the reject loop 28 and
back to the hot side heat sink 20 to thereby reject heat using two-phase, passive
heat transport. In particular, passive heat exchange occurs through natural
convection between the heat transfer medium in the reject loop 28 and the
external environment. Specifically, the heat transfer medium is evaporated
inside the hot side heat sink 28. The evaporated heat transfer medium flows
through the reject loop 28 via buoyancy forces. Within the reject loop 28, passive
heat exchange occurs between the evaporated heat transfer medium inside the
reject loop 28 and the external environment such that the temperature of the
evaporated heat transfer medium inside the reject loop 28 decreases such that
the density of the heat transfer medium increases such as through condensation.
Thus, in some embodiments, the reject loop 28 functions as a condenser when
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rejecting heat. As a result, the condensed heat transfer medium travels back
through the reject loop 28 to the hot side heat sink 20 via gravity forces.

[0034] In one preferred embodiment, the heat exchanger 12 is not in direct
thermal contact with the cooling chamber 16 and is instead thermally isolated
from the cooling chamber 16. Likewise, the heat exchanger 12 is not in direct
thermal contact with the outer wall 30 and is instead thermally isolated from the
outer wall 30. Accordingly, the heat exchanger 12 is thermally isolated from both
the cooling chamber 16 and the outer wall 30 of the thermoelectric refrigeration
system 10. Importantly, the insulation of the heat exchanger 12 and a thermal
diode effect of the accept and reject loops 24 and 28 when operating according
to thermosiphon principles prevents heat leak-back into the cooling chamber 16
when the TECs are deactivated.

[0035] The controller 18 operates to control the TECs within the
thermoelectric heat exchanger component 14 in order to maintain a desired set
point temperature within the cooling chamber 16. The controller 18 operates to
selectively activate/deactivate the TECs, selectively control an input current of
the TECs, and/or selectively control a duty cycle of the TECs to maintain the
desired set point temperature. Further, in some embodiments, the controller 18
is enabled to separately, or independently, control one or more and, in some
embodiments, two or more subsets of the TECs, where each subset includes one
or more different TECs. Thus, as an example, if there are four TECs in the
thermoelectric heat exchanger component 14, the controller 18 may be enabled
to separately control a first individual TEC, a second individual TEC, and a group
of two TECs (i.e., a first and a second individual TEC and a group of two TECs).
By this method, the controller 18 can, for example, selectively activate one, two,
three, or four TECs independently, at maximized efficiency, as demand dictates.
[0036] While not essential for understanding the concepts disclosed and
claimed herein, for more information regarding the thermoelectric refrigeration
system 10, the interested reader is directed to U.S. Patent Application Serial No.
13/836,525 entitted THERMOELECTRIC REFRIGERATION SYSTEM
CONTROL SCHEME FOR HIGH EFFICIENCY PERFORMANCE, filed March
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15, 2013; U.S. Patent Application Serial No. 13/888,791 entitled
THERMOELECTRIC REFRIGERATION SYSTEM CONTROL SCHEME FOR
HIGH EFFICIENCY PERFORMANCE, filed May 7, 2013; U.S. Patent Application
Serial No. 13/867,519 entitled SYSTEMS AND METHODS TO MITIGATE HEAT
LEAK BACK IN A THERMOELECTRIC REFRIGERATION SYSTEM, filed April
22, 2013; U.S. Patent Application Serial No. 13/867,567 entitled CARTRIDGE
FOR MULTIPLE THERMOELECTRIC MODULES, filed April 22, 2013; U.S.
Patent Application Serial No. 13/867,589 entitled PARALLEL
THERMOELECTRIC HEAT EXCHANGE SYSTEMS, filed April 22, 2013; U.S.
Patent Application Serial No. 13/888,799 entitled THERMOELECTRIC HEAT
EXCHANGE SYSTEM COMPRISING CASCADED COLD SIDE HEAT SINKS,
filed May 7, 2013; U.S. Patent Application Serial No. 13/888,820 entitled
PHYSICALLY SEPARATED HOT SIDE AND COLD SIDE HEAT SINKS IN A
THERMOELECTRIC REFRIGERATION SYSTEM, filed May 7, 2013; and U.S.
Patent Application Serial No. 13/888,833 entitled TWO-PHASE HEAT
EXCHANGER MOUNTING, filed May 7, 2013, all of which are hereby
incorporated herein by reference in their entireties.

[0037] Figure 2 is a more detailed illustration of the heat exchanger 12 of
Figure 1 according to one embodiment of the present disclosure. As illustrated,
the heat exchanger 12 includes the thermoelectric heat exchanger component 14
between the hot side heat sink 20 and the cold side heat sink 22. In this
embodiment, the thermoelectric heat exchanger component 14 is thermally and
physically coupled to the hot side heat sink 20 by a heat spreader 32. In one
embodiment, the heat spreader 32 may be part of the hot side heat sink 20. In
another embodiment, the heat spreader 32 is separate from the hot side heat
sink 20, in which case the heat spreader 32 is thermally and physically coupled
to the hot side heat sink 20 via an appropriate thermal interface material (e.g., a
thermal paste, a thermal grease, or the like). The heat spreader 32 is formed of
a material having a high thermal conductivity (e.g., copper or copper aluminum)
and operates to disperse heat generated at the hot sides of the TECs in the
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thermoelectric heat exchanger component 14, which have a relatively small
surface area, to a larger area.

[0038] In a similar manner, in this embodiment, the thermoelectric heat
exchanger component 14 is thermally and physically coupled to the cold side
heat sink 22 by a heat spreader 34. In one embodiment, the heat spreader 34
may be part of the cold side heat sink 22. In another embodiment, the heat
spreader 34 is separate from the cold side heat sink 22, in which case the heat
spreader 34 is thermally and physically coupled to the cold side heat sink 22 via
an appropriate thermal interface material (e.g., a thermal paste, a thermal
grease, or the like). The heat spreader 34 is formed of a material having a high
thermal conductivity (e.g., copper or copper aluminum) and operates to disperse
heat, or more specifically in this case cold, generated at the cold sides of the
TECs in the thermoelectric heat exchanger component 14, which have a
relatively small surface area, to a larger area. It should be noted that the heat
spreaders 32 and 34 are optional, at least in some implementations. More
specifically, as discussed below, the thermoelectric heat exchanger component
14 includes heat spreading lids that provide a heat spreading function, in which
case the heat spreaders 32 and 34 may not be needed.

[0039] Figure 3 illustrates the thermoelectric heat exchanger component 14 in
more detail according to one embodiment of the present disclosure. As
illustrated, the thermoelectric heat exchanger component 14 includes a circuit
board 36 (e.g., a printed circuit board). The circuit board 36 includes holes 38
that extend through the circuit board 36, i.e., from a first surface of the circuit
board 36 to a second surface of the circuit board 36. TECs 40 are electrically
and physically attached to the circuit board 36 over the holes 38 such that, in one
preferred embodiment, critical sides, which in this case are the hot sides of the
TECs 40, are facing away from the circuit board 36 and less critical sides, which
in this case are the cold sides of the TECs 40, are exposed at the second surface
of the circuit board 36 through the holes 38. As discussed below, the holes 38
enable direct thermal contact with the cold sides of the TECs 40.
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[0040] In this particular embodiment, the circuit board 36 includes a
conductive trace 42 that electrically connects the TECs 40 in series as well as
electrical contacts 44 that enable external circuitry to provide current to the TECs
40 to thereby activate the TECs 40. Note that while in this example there are
four TECs 40 connected in series, the thermoelectric heat exchanger component
14 is not limited thereto. The thermoelectric heat exchanger component 14 may
include any number of two or more TECs 40 connected in any desired manner.
For example, all of the TECs 40 may be connected in series. As another
example, two or more subsets of the TECs 40 may be connected in parallel (e.g.,
a setof 1 TEC 40 is in parallel with another set of 1 TEC 40 and a set of 2 TECs
40).

[0041] The thermoelectric heat exchanger component 14 also includes a heat
spreading lid 46 over the cold sides of the TECs 40. The heat spreading lid 46 is
formed of a material(s) having high thermal conductivity (e.g., copper or copper
aluminum). The heat spreading lid 46 is small enough to ensure planar contact
with the cold side heat sink 22 (or heat spreader 34) (Figures 1 and 2) but large
enough to spread heat from the small surface areas of the cold sides of the TECs
40 to a much larger thermal interface area with a negligible temperature drop.
The heat spreading lid 46 includes a body 48, pedestals 50, and a lip 52. The
pedestals 50 extend from the body 48 of the heat spreading lid 46 toward the
cold sides of the TECs 40. During fabrication, after the TECs 40 are attached to
the circuit board 36, the heat spreading lid 46 is positioned over the cold sides of
the TECs 40 such that the pedestals 50 are aligned with the cold sides of the
TECs 40 exposed through the holes 38. The pedestals 50 of the heat spreading
lid 46 are then thermally coupled to the cold sides of the corresponding TECs 40
via a thermal interface material. The thermal interface material is any suitable
thermal interface material. In one embodiment, the thermal interface material is
a thermal grease. In another embodiment, the thermal interface material is a
solder having high thermal conductivity.

[0042] The pedestals 50 of the heat spreading lid 46 are fabricated to have
the same height relative to the body 48 of the heat spreading lid 46 and are
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machined to have flat surfaces. The pedestals 50 can take any suitable shape.
In one embodiment, each of the pedestals 50 is a parallelepiped. In another
embodiment, each of the pedestals 50 is a frustum. The edges of the pedestals
50 are either vertical or sloped. Sloped edges can be used to allow thermal
interface material to flow along the wall of the pedestals 50 rather than toward
the TECs 40. For example, in one embodiment, the edges of the pedestals 50
are sloped at an angle of 45 degrees. At the interface between the pedestals 50
and the cold sides of the TECs 40, a surface area of each of the pedestals 50 is
preferably slightly less (e.g., 1 to 10 percent less) than the surface area of the
cold side of the corresponding TEC 40 exposed through the corresponding hole
38. In other words, the dimensions of each of the pedestals 50 at the interface
with the corresponding TEC 40 are slightly smaller than those of the surface of
the corresponding TEC 40. The slightly smaller surface area of the pedestals 50
ensures that excess thermal interface material collects on the pedestals 50 rather
than edges (i.e., legs) of the corresponding TECs 40.

[0043] The lip 52 of the heat spreading lid 46 extends around a periphery of
the heat spreading lid 46. The lip 52 extends from the body 48 of the heat
spreading lid 46 toward the circuit board 36. As discussed below in detalil,
heights of the TECs 40 relative to the second surface (which in this example is
the bottom surface) of the circuit board 36 can vary due to, for example,
tolerances in the manufacturing, or fabrication, process of the TECs 40 and or
the thermoelectric heat exchanger component 14. For example, the heights of
the TECs 40 relative to the second surface of the circuit board 36 may vary by
0.1 to 3 millimeters (mm). The lip 52 of the heat spreading lid 46 has a height
that ensures that at least a predefined minimum gap remains between the lip 52
and the circuit board 36. As discussed below, the gap between the lip 52 and the
circuit board 36 is filled with an epoxy or similar attach material to thereby
mechanically attach the heat spreading lid 46 to the circuit board 36.

[0044] In this embodiment, the thermoelectric heat exchanger component 14
also includes an insulating preform 54 that is positioned on the second surface
(which in this example is the bottom surface) of the circuit board 36. The
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insulating preform 54 is formed of a suitable thermally insulating material such
as, for example, a plastic material. The insulating preform 54 includes a hole 56
having dimensions that correspond to those of the heat spreading lid 46 such
that, when the insulating preform 54 is positioned on the second surface of the
circuit board 36, the heat spreading lid 46 passes through the hole 56 and the
insulating preform 54 is in direct contact with the second surface of the circuit
board 36.

[0045] In a similar manner, the thermoelectric heat exchanger component 14
also includes a heat spreading lid 58 over the hot sides of the TECs 40. The
heat spreading lid 58 is formed of a material(s) having high thermal conductivity
(e.g., copper or copper aluminum). The heat spreading lid 58 is small enough to
ensure planar contact with the hot side heat sink 20 (or heat spreader 32)
(Figures 1 and 2) but large enough to spread heat from the small surface areas
of the hot sides of the TECs 40 to a much larger thermal interface area with a
negligible temperature drop. The heat spreading lid 58 includes a body 60,
pedestals 62, and a lip 64. The pedestals 62 extend from the body 60 of the heat
spreading lid 58 toward the hot sides of the TECs 40. During fabrication, after
the TECs 40 are attached to the circuit board 36, the heat spreading lid 58 is
positioned over the hot sides of the TECs 40 such that the pedestals 62 are
aligned with the hot sides of the TECs 40. The pedestals 62 of the heat
spreading lid 58 are then thermally coupled to the hot sides of the corresponding
TECs 40 via a thermal interface material. The thermal interface material is any
suitable thermal interface material. In one embodiment, the thermal interface
material is a thermal grease. In another embodiment, the thermal interface
material is a solder having high thermal conductivity.

[0046] The pedestals 62 of the heat spreading lid 58 are fabricated to have
the same height relative to the body 60 of the heat spreading lid 58 and are
machined to have flat surfaces. The pedestals 62 can take any suitable shape.
In one embodiment, each of the pedestals 62 is a parallelepiped. In another
embodiment, each of the pedestals 62 is a frustum. The edges of the pedestals

62 are either vertical or sloped. Sloped edges can be used to allow thermal
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interface material to flow along the wall of the pedestals 50 rather than toward
the TECs 40. For example, in one embodiment, the edges of the pedestals 62
are sloped at an angle of 45 degrees. At the interface between the pedestals 62
and the hot sides of the TECs 40, a surface area of each of the pedestals 62 is
preferably slightly less (e.g., 1 to 10 percent less) than the surface area of the hot
side of the corresponding TEC 40. In other words, the dimensions of each of the
pedestals 62 at the interface with the corresponding TEC 40 are slightly smaller
than those of the surface of the corresponding TEC 40. The slightly smaller
surface area of the pedestals 62 ensures that excess thermal interface material
collects on the pedestals 62 rather than edges (i.e., legs) of the corresponding
TECs 40.

[0047] The lip 64 of the heat spreading lid 58 extends around a periphery of
the heat spreading lid 58. The lip 64 extends from the body 60 of the heat
spreading lid 58 toward the circuit board 36. As discussed below in detalil,
heights of the TECs 40 relative to the first surface (which in this example is the
top surface) of the circuit board 36 can vary due to, for example, tolerances in the
manufacturing, or fabrication, process of the TECs 40 and/or the thermoelectric
heat exchanger component 14. For example, the heights of the TECs 40 relative
to the first surface of the circuit board 36 may vary by 0.1 to 0.3 mm. The lip 64
of the heat spreading lid 58 has a height that ensures that at least a predefined
minimum gap remains between the lip 64 and the circuit board 36. As discussed
below, the gap between the lip 64 and the circuit board 36 is filled with an epoxy
or similar attach material to thereby mechanically attach the heat spreading lid 58
to the circuit board 36.

[0048] In this embodiment, the thermoelectric heat exchanger component 14
also includes an insulating preform 66 that is positioned on the first surface
(which in this example is the top surface) of the circuit board 36. The insulating
preform 66 is formed of a suitable thermally insulating material such as, for
example, a plastic material. The insulating preform 66 includes a hole 68 having
dimensions that correspond to those of the heat spreading lid 58 such that, when
the insulating preform 66 is positioned on the first surface of the circuit board 36,
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the heat spreading lid 58 passes through the hole 68 and the insulating preform
66 is in direct contact with the first surface of the circuit board 36. The insulating
preforms 54 and 66 operate to reduce thermal shorting and heat leakage
between the hot side and the cold side heat sinks 20 and 22. |n addition, the
insulating preforms 54 and 66 are relatively ridged structures that improve a
ruggedness of the thermoelectric heat exchanger component 14. Lastly, the
insulating preforms 54 and 66 can be easily removed as needed for rework or
service. A collapsed view of the thermoelectric heat exchanger component 14 of
Figure 3 is illustrated in Figure 4.

[0049] While not being limited by any particular advantages, the heat
spreading lids 46 and 58 provide several advantages. First, the heat spreading
lids 46 and 58 combined with the epoxy or similar attach material protect the
TECs 40 from mechanical forces when, for example, the thermoelectric heat
exchanger component 14 is attached to the hot side heat sink 20 and the cold
side heat sink 22. In addition, substantial force may be applied to the
thermoelectric heat exchanger component 14 when bolting the hot side and the
cold side heat sinks 20 and 22 together during assembly of the heat exchanger
12. Such forces would normally crush the TECs 40. However, in the
thermoelectric heat exchanger component 14, the forces are absorbed by the
heat spreading lids 46 and 58 and the epoxy or other attach material between the
lips 52 and 64 of the heat spreading lids 46 and 58 and the circuit board 36. In
this manner, the TECs 40 are protected.

[0050] In addition, as discussed below in detail, the heat spreading lids 46
and 58 enable the thermal interface resistance at the interfaces between the heat
spreading lids 46 and 58 and the TECs 40 to be optimized. More specifically, as
illustrated in Figure 5, heights of two or more of the TECs 40 may vary. Using
conventional techniques to attach the TECs 40 to the hot side and/or the cold
side heat sinks 20 and 22 would result in a less than optimal thermal interface
resistance for shorter TECs 40 because there would be a larger amount of
thermal interface material between those shorter TECs 40 and the corresponding
heat sink 20, 22. In contrast, the structure of the heat spreading lids 46 and 58
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enable an orientation (i.e., tilt) of the heat spreading lids 46 and 58 to be adjusted
to optimize the thickness of thermal interface material (TIM) 70, 72, and thus the
thermal interface resistance, between the pedestals 50, 62 and the
corresponding surfaces of the TECs 40.

[0051] In this example, TEC 1 has a height (h4) relative to the first surface of
the circuit board 36 that is less than a height (h,) of TEC 2 relative to the first
surface of the circuit board 36. As discussed below in detail, when the heat
spreading lid 58 is positioned over the TECs 40, a ball point force (i.e., a force
applied via a ball point) is applied to a center of the heat spreading lid 58. As a
result, the heat spreading lid 58 settles at an orientation that optimizes a
thickness of the thermal interface material 72 between each of the pedestals 62
and the corresponding TEC 40.

[0052] A height (hi1) of the lip 64 of the heat spreading lid 58 is such that, for
any possible combination of heights (h1 and hy) with a predefined tolerance range
for the heights of the TECs 40 relative to the first surface of the circuit board 36,
a gap (G4) between the lip 64 and the circuit board 36 is greater than a
predefined minimum gap. The predefined minimum gap is a non-zero value. In
one particular embodiment, the predefined minimum gap is a minimum gap
needed for an epoxy 74 to fill the gap (G,) while maintaining a predefined amount
of pressure or force between the heat spreading lid 58 and TECs 40.
Specifically, the height (hi+) of the lip 64 is greater than a minimum possible
height of the TECs 40 relative to the first surface of the circuit board 36 plus the
height of the pedestals 62, plus a predefined minimum height of the thermal
interface material 72, plus some additional value that is a function of a maximum
possible angle of the heat spreading lid 58 (which is a function of the minimum
and maximum possible heights of the TECs 40) and a distance between the lip
64 and the nearest pedestal 62. In this embodiment, by adjusting the orientation
of the heat spreading lid 58, the thickness of the thermal interface material 72,
and thus the thermal interface resistance, for each of the TECs 40 is minimized.
[0053] In a similar manner, TEC 1 has a height (h+’) relative to the second
surface of the circuit board 36 that is greater than a height (hy’) of TEC 2 relative
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to the second surface of the circuit board 36. As discussed below in detail, when
the heat spreading lid 46 is positioned over the TECs 40, a ball point force (i.e., a
force applied via a ball point) is applied to a center of the heat spreading lid 46.
As a result, the heat spreading lid 46 settles at an orientation that optimizes a
thickness of the thermal interface material 70 between each of the pedestals 50
and the corresponding TEC 40.

[0054] A height (h») of the lip 52 of the heat spreading lid 46 is such that, for
any possible combination of heights (hs’ and h’) with a predefined tolerance
range for the heights of the TECs 40 relative to the second surface of the circuit
board 36, a gap (Gz) between the lip 52 and the circuit board 36 is greater than a
predefined minimum gap. The predefined minimum gap is a non-zero value. In
one particular embodiment, the predefined minimum gap is a minimum gap
needed for an epoxy 76 to fill the gap (Gy) while maintaining a predefined amount
of pressure or force between the heat spreading lid 46 and TECs 40.
Specifically, the height (ho) of the lip 52 is greater than a minimum possible
height of the TECs 40 relative to the second surface of the circuit board 36 plus
the height of the pedestals 50, plus a predefined minimum height of the thermal
interface material 70, plus some additional value that is a function of a maximum
possible angle of the heat spreading lid 46 (which is a function of the minimum
and maximum possible heights of the TECs 40) and a distance between the lip
52 and the nearest pedestal 50. In this embodiment, by adjusting the orientation
of the heat spreading lid 46, the thickness of the thermal interface material 70,
and thus the thermal interface resistance, for each of the TECs 40 is minimized.
[0055] Inthe embodiment of Figure 5, the dimensions of the pedestals 50 and
62 are slightly less than the dimensions of the corresponding surfaces of the
TECs 40 at the interfaces between the pedestals 50 and 62 and the
corresponding surfaces of the TECs 40. As such, when applying the ball point
force to the heat spreading lids 46 and 58, the excess thermal interface material
70 and 72 moves along the edges of the pedestals 50 and 62 and is thereby
prevented from thermally shorting the legs of the TECs 40. It should also be
pointed out that any force applied to the heat spreading lid 46 is absorbed by the
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lip 52, the epoxy 76, and the circuit board 36, which thereby protects the TECs
40. Likewise, any force applied to the heat spreading lid 58 is absorbed by the
lip 64, the epoxy 74, and the circuit board 36, which thereby protects the TECs
40. In this manner, significantly more even and uneven forces can be applied to
the thermoelectric heat exchanger component 14 without damaging the TECs 40
as compared to a comparable heat exchanger component without the heat
spreading lids 46 and 58.

[0056] Figure 6 is a flow chart that illustrates a process for fabricating the
thermoelectric heat exchanger component 14 of Figures 3, 4, and 5 according to
one embodiment of the present disclosure. As illustrated, the TECs 40 are first
attached to the circuit board 36 (step 1000). As discussed above, the TECs 40
are attached to the circuit board 36 over the holes 38 in the circuit board 36 such
that bottom surfaces of the TECs 40, which are preferably the less critical or cold
sides of the TECs 40, are exposed through the holes 38. The TECs 40 are
attached to the circuit board 36 using any suitable electrically conductive material
such as, for example, solder. In addition, the thermal interface material 70, 72 is
applied to the pedestals 50, 62 of the heat spreading lid 46, 58 and/or the
appropriate surfaces of the TECs 40 (step 1002). For example, a thermal
grease, or thermal paste, may be screen printed on the surfaces of the pedestals
50, 62. In one embodiment, the thermal interface material 72 for the most critical
side of the TECs 40, which for the TECs 40 is the hot sides of the TECs 40, is a
solder material, and the thermal interface material 70 for the less critical side of
the TECs 40, which for the TECs 40 is the cold sides, is a more compliant
thermal interface material (e.g., thermal grease). This would relieve stresses
from Coefficient of Thermal Expansion (CTE) mismatch during thermal cycling
from hot to cold, typically seen during on/off cycles of the TECs 40.

[0057] Next, the heat spreading lid 46, 58 is positioned over the TECs 40
such that the pedestals 50, 62 are aligned with the corresponding TECs 40 (step
1004). A ball point force is then applied to the center of the heat spreading lid
46, 58 such that the heat spreading lid 46, 58 settles to an orientation, or tilt, that
optimizes the thermal interface resistance for each of the TECs 40 (step 1006).
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More specifically, by applying the ball point force to the center of the heat
spreading lid 46, 58, the ball point force is evenly distributed across the heat
spreading lid 46, 58. As a result, the heat spreading lid 46, 58 settles at the
orientation that, as best as possible, minimizes the thickness of the thermal
interface material 70, 72 for each of the TECs 40. In this manner, thermal
interface resistance is optimized across all of the TECs 40. The magnitude of the
ball point force can be optimized for the particular application. More specifically,
the magnitude of the ball point force can be selected such that a desired
minimum thickness of the thermal interface material 70, 72 is achieved while also
not damaging the TECs 40. This optimal ball point force will vary depending on
parameters such as the dimensions of the TECs 40, the material(s) used for the
TECs 40, the desired minimum thickness of the thermal interface material 70, 72,
and the material used for the thermal interface material 70, 72.

[0058] Lastly, while still applying the ball point force to the heat spreading lid
46, 58, the gap between the lip 52, 64 of the heat spreading lid 46, 58 and the
corresponding surface of the circuit board 36 is filled with the epoxy 74, 76 or
similar attach material (step 1008). The epoxy 74, 76 mechanically attaches the
heat spreading lid 46, 58 to the circuit board 36. Note that steps 1002 through
1008 may be performed separately for each of the heat spreading lids 46 and 58
or, alternatively, some or all of steps 1002 through 1008 may be simultaneously
performed for both of the heat spreading lids 46 and 58. After the process of
Figure 6 is complete, the insulating preforms 54 and 66, if desired, are positioned
directly on the corresponding surfaces of the circuit board 36 as illustrated in
Figures 3 and 4 either prior to or during assembly of the heat exchanger 12.

Note that while the discussion herein focuses on embodiments of the
thermoelectric heat exchanger component 14 having both of the heat spreading
lids 46 and 58, the thermal heat exchanger component 14 may include only one
of the heat spreading lids 46 and 58. However, using both of the heat spreading
lids 46 and 58 provides a completely encapsulated, hermetic structure.

[0059] Thus far, the discussion has focused on embodiments of the heat
exchanger 12 including the thermoelectric heat exchanger component 14. Figure
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7 illustrates another embodiment of a heat exchanger 78 that reduces thermal
interface resistance. In this embodiment, the heat exchanger 78 includes a cold
side heat sink 80, a hot side heat sink 82, and a number of TECs 84 disposed
between the cold side heat sink 80 and the hot side heat sink 82. As illustrated,
the TECs 84 have varying heights due to, for example, tolerances in a
manufacturing process of the TECs 84. Hot sides of the TECs 84 are thermally
and mechanically coupled to the hot side heat sink 82 via a thermal interface
material 86, and cold sides of the TECs 84 are thermally and mechanically
coupled to the cold side heat sink 80 via a thermal interface material 88. The hot
sides of the TECs 84 dissipate both heat rejected by the cold side of the TECs 84
and heat generated by the TECs 84 themselves (i.e., heat generated due to
power consumption of the TECs 84). As such, the hot sides of the TECs 84 are
referred to as critical sides of the TECs 84. Note, however, that for other
applications of thermoelectric devices, the cold sides of the thermoelectric
devices may be the critical sides.

[0060] In this embodiment, the hot sides of the TECs 84 (i.e., the critical sides
of the TECs 84) are attached to the hot side heat sink 82 such that a minimum
thickness of the thermal interface material 86 is achieved between each
individual TEC 84 and the hot side heat sink 82. In this manner, the thermal
interface resistance between each of the individual TECs 84 and the hot side
heat sink 82 is minimized. The thermal interface material 86 can be any suitable
thermal interface material such as, for example, thermal grease or paste, solder,
thermally conductive pads, or the like. Further, the hot side heat sink 82 (or
alternatively a heat spreader(s) between the TECs 84 and the hot side heat sink
82) may include features that hold the TECs 84 in place. In one embodiment, the
cold sides of the TECs 84 are exposed during attachment of the TECs 84 to the
hot side heat sink 82 and, as such, a force can be applied to each of the TECs
84 individually, which results in a consistent minimum bondline or thermal
interface material thickness between the hot sides of the TECs 84 and the hot
side heat sink 82 that is dependent only on the flatness of surface of the hot side
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heat sink 82, the flatness of the hot sides of the TECs 84, and the material
properties of the thermal interface material 86.

[0061] On the cold side (i.e., the less critical side), the bondline or thickness of
the thermal interface material 88 is a function of all of the aforementioned
parameters as well as the height variations of the TECs 84. As such, the
thickness of the thermal interface material 88 will be greater for shorter TECs 84
than for taller TECs 84, as illustrated. In one embodiment, the thermal interface
material 88 has a higher thermal conductivity than the thermal interface material
86 in order to at least partially offset the increased thickness of the thermal
interface material 88 with respect to at least some of the TECs 84.

[0062] The thickness of the thermal interface material between a TEC and a
heat sink is preferably as thin as possible in order to minimize thermal interface
resistance. Minimization of the thickness of the thermal interface material
between a TEC and a heat sink can be achieved, at least in part, by ensuring
that the heat sink is not tilted relative to the TEC. With a small TEC disposed
between much larger heat sinks, this can be a mechanical challenge. Typically,
this would require elaborate and potentially expensive mechanical structures to
ensure parallel surfaces throughout the structure with sufficient force to achieve
minimum thermal interface material thickness.

[0063] In this regard, Figure 8 illustrates a heat exchanger 90 that minimizes
thermal interface resistance between a TEC and corresponding heat sinks
according to another embodiment of the present disclosure. In this embodiment,
the heat exchanger 90 includes a cold side heat sink 92, a hot side heat sink 94,
and a TEC 96 disposed between the cold side heat sink 92 and the hot side heat
sink 94. The heat exchanger 90 also includes a separate pedestal 98 that
provides desired planarity and heat spreading. Note that the pedestal 98 may be
desired in applications where, for example, a thickness of an insulation between
the cold side and the hot side heat sinks 92 and 94 is greater than a thickness of
the TEC 96. As illustrated, the hot side of the TEC 96 is thermally and
mechanically coupled to the hot side heat sink 94 via a thermal interface material
100, the cold side of the TEC 96 is thermally and mechanically coupled to the
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pedestal 98 via a thermal interface material 102, and the pedestal 98 is thermally
and mechanically coupled to the cold side heat sink 92 via a thermal interface
material 104. The thermal interface materials 100, 102, and 104 may be any
suitable thermal interface material. Further, the thermal interface materials 100,
102, and 104 may be the same thermal interface material or, alternatively, some
or all of the thermal interface materials 100, 102, and 104 may be different
thermal interface materials.

[0064] Since more power is rejected at the hot side of the TEC 96, the
pedestal 98 is preferably between the TEC 96 and the cold side heat sink 92 as
illustrated. A cross-sectional area of the pedestal 98 is closer to a cross-
sectional area of the TEC 96 than that of the cold side heat sink 92, which in turn
makes it much easier to achieve parallelism (e.g., the pedestal 98 is much easier
to handle than a combined heat sink and pedestal and therefore can be more
easily, accurately, and precisely placed to achieve the desired planarity). The
pedestal 98 could be such that the surface of the pedestal 98 that is in thermal
contact with the TEC 96 is smaller than the surface of the pedestal 98 that is in
thermal contact with the cold side heat sink 92. There is then a thermal interface
between the pedestal 98 and the cold side heat sink 92 that, due to its larger
size, has a lower thermal interface resistance. As an example, the pedestal 98
may be in the shape of an upside down frustum of, for instance, a cone or a
pyramid. Further, the pedestal 98 can be formed of any suitable high
conductivity material. For example, the pedestal 98 can be formed of copper,
and the cold side heat sink 92 can be formed of aluminum. As a result, there is
heat spreading in the pedestal 98 due to the shape and the material. The
pedestal 98 and the interfaces between the pedestal 98 and the TEC 96 and the
cold side heat sink 92 can be optimized to improve heat spreading. In one
embodiment, dimensions of the pedestal 98 at the interface to the TEC 96 are
the same as or substantially the same as those of the TEC 96, and the
dimensions of the pedestal 98 at the interface to the cold side heat sink 92 are
larger.
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[0065] Those skilled in the art will recognize improvements and modifications
to the preferred embodiments of the present disclosure. All such improvements
and modifications are considered within the scope of the concepts disclosed

herein and the claims that follow.
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Claims
What is claimed is:
1. A thermoelectric heat exchanger component, comprising:

a circuit board;

a plurality of thermoelectric devices attached to the circuit board, wherein
two or more of the plurality of thermoelectric devices have different heights
relative to the circuit board;

a heat spreading lid over the plurality of thermoelectric devices; and

a thermal interface material between the plurality of thermoelectric devices
and the heat spreading lid;

wherein an orientation of the heat spreading lid is such that a thickness of
the thermal interface material is optimized for the plurality of thermoelectric

devices.

2. The thermoelectric heat exchanger component of claim 1 wherein:

the plurality of thermoelectric devices are attached to a first surface of the
circuit board;

the two or more of the plurality of thermoelectric devices have different
heights relative to the first surface of the circuit board;

the heat spreading lid is over first surfaces of the plurality of thermoelectric
devices opposite the first surface of the circuit board; and

the thermal interface material is between the first surfaces of the plurality
of thermoelectric devices and the heat spreading lid.

3. The thermoelectric heat exchanger of claim 2 further comprising:

a second heat spreading lid over second surfaces of the plurality of
thermoelectric devices exposed at a second surface of the circuit board through
one or more holes through the circuit board; and

second thermal interface material between the plurality of thermoelectric

devices and the second heat spreading lid;
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wherein an orientation of the second heat spreading lid is such that a
thickness of the second thermal interface material is optimized for the plurality of
thermoelectric devices.

4. The thermoelectric heat exchanger component of claim 2 wherein the heat
spreading lid comprises:

a body; and

a plurality of pedestals of equal heights that extend from the body toward
the first surfaces of the plurality of thermoelectric devices such that each
pedestal of the plurality of pedestals is aligned with a corresponding one of the
plurality of thermoelectric devices;

wherein the thermal interface material is between a surface of each
pedestal of the plurality of pedestals and the first surface of the corresponding
one of the plurality of thermoelectric devices, and the orientation of the heat
spreading lid is such that the thickness of the thermal interface material between
each pedestal of the plurality of pedestals and the first surface of the
corresponding one of the plurality of thermoelectric devices is optimized for the
plurality of thermoelectric devices.

5. The thermoelectric heat exchanger component of claim 4 wherein the
thermal interface material is one of a group consisting of: solder and thermal

grease.

6. The thermoelectric heat exchanger component of claim 4 wherein each
pedestal of the plurality of pedestals is a parallelepiped with edges that slope
outward relative to the surface of the pedestal.

7. The thermoelectric heat exchanger component of claim 4 wherein each
pedestal of the plurality of pedestals is a frustum with edges that slope outward
relative to the surface of the pedestal.
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8. The thermoelectric heat exchanger component of claim 4 wherein an area
of the surface of each pedestal of the plurality of pedestals is in a range of and
including 1 to 10 percent smaller than an area of the surface of the

corresponding one of the plurality of thermoelectric devices.

9. The thermoelectric heat exchanger component of claim 4 wherein the heat
spreading lid further comprises a lip that extends from the body of the heat

spreading lid around a periphery of the heat spreading lid.

10.  The thermoelectric heat exchanger component of claim 9 wherein a height
of the lip relative to the body of the heat spreading lid is such that, for any
combination of heights of the plurality of thermoelectric devices within a
predefined tolerance range, at least a predefined minimum gap is maintained
between the lip of the heat spreading lid and the first surface of the circuit board,

wherein the at least the predefined minimum gap is greater than zero.

11.  The thermoelectric heat exchanger component of claim 10 further
comprising an attach material that fills the at least the predefined minimum gap
between the lip of the heat spreading lid and the first surface of the circuit board

around the periphery of the heat spreading lid.

12.  The thermoelectric heat exchanger component of claim 11 wherein the lip
of the heat spreading lid and the attach material absorb force applied to the heat

spreading lid so as to protect the plurality of thermoelectric devices.

13.  The thermoelectric heat exchanger component of claim 11 wherein the

attach material is an epoxy.

14.  The thermoelectric heat exchanger component of claim 11 further
comprising a thermal insulator preform having a hole with dimensions that

correspond to dimensions of the heat spreading lid, the thermal insulator preform
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being positioned over the circuit board such that the heat spreading lid passes
through the hole in the thermal insulator preform.

15.  The thermoelectric heat exchanger component of claim 1 wherein:

the plurality of thermoelectric devices are attached to a first surface of the
circuit board;

the heat spreading lid is over surfaces of the plurality of thermoelectric
devices that are exposed at a second surface of the circuit board through one or
more holes through the circuit board;

the two or more of the plurality of thermoelectric devices have different
heights relative to the second surface of the circuit board; and

the thermal interface material is between the surfaces of the plurality of

thermoelectric devices and the heat spreading lid.

16.  The thermoelectric heat exchanger component of claim 15 wherein the
heat spreading lid comprises:

a body; and

a plurality of pedestals of equal heights that extend from the body toward
the surfaces of the plurality of thermoelectric devices such that each pedestal of
the plurality of pedestals is aligned with a corresponding one of the plurality of
thermoelectric devices;

wherein the thermal interface material is between each pedestal of the
plurality of pedestals and the surface of the corresponding one of the plurality of
thermoelectric devices, and the orientation of the heat spreading lid is such that
the thickness of the thermal interface material between each pedestal of the
plurality of pedestals and the surface of the corresponding one of the plurality of
thermoelectric devices is optimized for the plurality of thermoelectric devices.

17.  The thermoelectric heat exchanger component of claim 16 wherein the
thermal interface material is one of a group consisting of: solder and thermal

grease.
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18.  The thermoelectric heat exchanger component of claim 16 wherein each
pedestal of the plurality of pedestals is a parallelepiped with edges that slope
outward relative to a surface of the pedestal.

19.  The thermoelectric heat exchanger component of claim 16 wherein each
pedestal of the plurality of pedestals is a frustum with edges that slope outward
relative to a surface of the pedestal.

20.  The thermoelectric heat exchanger component of claim 16 wherein an
area of a surface of each pedestal of the plurality of pedestals is in a range of
and including 1 to 10 percent smaller than an area of the surface of the

corresponding one of the plurality of thermoelectric devices.

21.  The thermoelectric heat exchanger component of claim 16 wherein the
heat spreading lid further comprises a lip that extends from the body of the heat

spreading lid around a periphery of the heat spreading lid.

22.  The thermoelectric heat exchanger component of claim 21 wherein a
height of the lip relative to the body of the heat spreading lid is such that, for any
combination of heights of the plurality of thermoelectric devices within a
predefined tolerance range, at least a predefined minimum gap is maintained
between the lip of the heat spreading lid and the second surface of the circuit
board, wherein the at least the predefined minimum gap is greater than zero.

23.  The thermoelectric heat exchanger component of claim 22 further
comprising an attach material that fills the at least the predefined minimum gap
between the lip of the heat spreading lid and the second surface of the circuit

board around the periphery of the heat spreading lid.
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24.  The thermoelectric heat exchanger component of claim 23 wherein the lip
of the heat spreading lid and the attach material absorb force applied to the heat
spreading lid so as to protect the plurality of thermoelectric devices.

25.  The thermoelectric heat exchanger component of claim 23 wherein the
attach material is an epoxy.

26.  The thermoelectric heat exchanger component of claim 23 further
comprising a thermal insulator preform having a hole with dimensions that
correspond to dimensions of the heat spreading lid, the thermal insulator preform
being positioned over the circuit board such that the heat spreading lid passes
through the hole in the thermal insulator preform.

27. A method of fabricating a thermoelectric heat exchanger component,
comprising:

attaching a plurality of thermoelectric devices to a circuit board, wherein
two or more of the plurality of thermoelectric devices have different heights
relative to the circuit board;

applying a thermal interface material to at least one of a group consisting
of: the plurality of thermoelectric devices and a heat spreading lid;

positioning the heat spreading lid over the plurality of thermoelectric
devices; and

applying a ball point force to the heat spreading lid such that, under the
ball point force, the heat spreading lid settles at an orientation at which a
thickness of the thermal interface material is optimized for the plurality of
thermoelectric devices.

28.  The method of claim 27 further comprising, while the ball point force is still
applied to the heat spreading lid, filling a gap between a lip of the heat spreading
lid and the circuit board with an attach material to thereby attach the heat
spreading lid to the circuit board.
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29. The method of claim 28 wherein the heat spreading lid comprises a body
and a plurality of pedestals of equal heights that extend from the body toward
surfaces of the plurality of thermoelectric devices such that each pedestal of the
plurality of pedestals is aligned with a corresponding one of the plurality of
thermoelectric devices, and:

applying the thermal interface material comprises applying the thermal
interface material to at least one of a group consisting of: the plurality of
thermoelectric devices and the plurality of pedestals of the heat spreading lid;

positioning the heat spreading lid comprises positioning the heat
spreading lid such that each pedestal of the plurality of pedestals of the heat
spreading lid is aligned with a corresponding one of the plurality of thermoelectric
devices; and

applying the ball point force comprises applying the ball point force to the
heat spreading lid such that the heat spreading lid settles at an orientation at
which a thickness of the thermal interface material between each pedestal of the
plurality of pedestals and the corresponding one of the plurality of thermoelectric

devices is optimized for the plurality of thermoelectric devices.

30. The method of claim 29 wherein the heat spreading lid further comprises a
lip that extends from the body of the heat spreading lid around a periphery of the
heat spreading lid, and a height of the lip relative to the body of the heat
spreading lid is such that, for any combination of heights of the plurality of
thermoelectric devices within a predefined tolerance range, at least a predefined
minimum gap is maintained between the lip of the heat spreading lid and the
circuit board, wherein the predefined minimum gap is greater than zero.
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