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MPROVED MECHANICAL SUPPORY FOR A
THIN-FILM THERMOELECTRIC COGLING DEVICE

CROSE REFERENCE TO RELATED SAPPLICATIONS

{80013 This application claims the benafit of U8, Provisional Paterd
Application No. 81/322,724 filed April 8, 2010, which is incorporated herein by reference
in s entivety ag if fully set forth hersin.

FIELD OF THE INVENTION

{8003} The present invention relates generally to thinfilm thermoelectric
cooling devices and particularly to thin-film thermoelectric cooling devices for personal
heat control applications. Mora specifically, the present invention relates o an improved
machanical support for a personal heat control device employing a thin
thermoslectric cooling apparatus which may be worn by an individuad to control his or

her budy femperature

BACKGROUND OF THE INVENTION

o]

0003} The use of thinfilm thermosiectric cooling devices (hereinafier, "TEC
or TEC's) employing the Peltier effect for controliing the temperature of elechronic,
slectro-optical and electro-mechanical devices is known in the art. The Pellier effectis
applied to heating andfor cooling situations in which heat is either drawn from or
directed to an inferface betwesn two different conducting materials in response o a fow

of electrical current therebebween.

{0004 By way of example, one such device is disclosed by Weilgertat sl in
U.S. Patent Application Publication No. US 2005/0138834 for “Optoslecironic
Component with & Peltier Cooler, published on June 30, 2005, The Weigsert publication
disclosss an aploslacironic assembly including a cooling elemeant comprising a Pellier
cooler of a thickness of less than one nanometer which is embedded in siicon and
which may be either coupled diractly to the optical component or mounted on a

substrate material coupled o the optical component,
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[8005] Ancther example of the application of a Pellier effect cocler is
disclosed by Bitiner st al. in U 8. Patent No. 7,084,502 issusd August 1, 2006 for
“Microslectromachanical Device and Method for Producing 8.7 The ‘502 patentd
discloses a thermosleciric cooling apparatus for cooling a microeleciromechanical

device which addresses the problems associaled with lateral mechanical stresses

generated between thin thermoelectric conler layers as a result of differences between

the coeflicients of thermal expansion of the subsirate matsrials.

100081 innovative applications of thinfilm TEC's have extended indo using
Peltier sffect-based systems to cool the human body. One such system is disclosed by
Amald in U8, Patent Application Publication No. US 2008/0141881 published on June
19, 2008. This system may bs wormn by an individual either as a stand-alone
independent device oy, alfernatlively, integrated into an ariicle of clothing, 1o monitor the

temperature of the surface of the skin and o control iis and the wearey’s body

femperature.

{8007 One problem associated with such cooling devicas, particularly as the
size and thickness of the device s minimized, arises out of the balance between
providing sufficient structural support for the cooling unit and, simultaneously,
maximizing s operating efficiency. Tvpically, such devices incorporate a mechanical
support for the TEC constructed of a material having physical property characteristios
designed to support and minimize strain within the TEC caused by thermal expansion
and contraction. However, the thermal resistance of materials having the deskrable

structural requirements may be such that the TECs efficiency is reduced significantly.

{o008] Ancther problem associated with prior ant TEC assemblies is the so-
called “graening” of the copper material typically employed in such devices. Coppear and
its alloys possess desirabls thermal conductivity properties and, accordingly, are
advaniageously used in TEC applications. However, the unatiractive greening or
discoloration results from a chemical reaction between the copper and s surface
oxides and other dissimilar matlerials which may be incorporated into the spparalus,

therebhy impairing the efficiency of the cooling device.
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10068] Accordingly, a need has arisen for & mechanical support system for
TEC's which possesses not only the physical properties required to provide adeguate
structural support for thin-film TEC’s, but also possesses a low thermal conductivity o
enhance the TEC sfficiency and which will minimize or sliminate completely surface

discolaring reactions.
SUMMARY OF THE INVENTION

o010y it is therefore an object of the present invention to provide an
mproved mechanical support system for a thindilm thermoelactiic cooling device having
propertiss of strength and rigidity sufficient to provide adequate structural support, and
which also possesses thermal conductivity characteristics and chemical reactive
properties which will enhance the operating sfficiency of the device and minimize

surface discoloration.

{60111 in one ambaodiment, the mechanical support system of the presen
fnvention addresses the aforementioned problems associated with the prior art by
providing a mechanical suppaort for a TEC having sufficient holes or cutout regions
formed therein o increase the thermal resistance between the hot and the cold sides of
the TEC.

o n another embodinent, 8 mechanical support system is provided
which includes a pyrogel insulation laver disposed in a recess formed in the mechanical
3

support system between that mechanical support system and the composite heat
spreader assembly.

R In vet ancther embodiment, a mechanical support system is provided
which includes g thermally insulating mechanical support disposed intermediale the

TEC and the composite heat spreader assembly.

100141 in the above smbodiments, portions of the composite heat spreader
assembly may be formed of copper or a copper alloy and may further include an

exposead silicon pad or Sl Pad positioned on the cooling face of the device to prevent
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the greening or discoloration of copper materials emploved in the consiruction of the

device.

fo018} These and other objects and features of the present invention will be
apparent from the accompanying drawings, description of the invention and

supplemental supporting matsrials provided herain,

BRIEF DESCRIPTION OF THE DRAWINGS

{2048} Fig. 1 is a cross-sectional side elevational view of a prior art

thermosisctric cocling device and mechanical support system;

{9047y Fig. 2 Is a cross-sectional side elevational view of a thermoeelectric
cooling device and mechanical support system of an embodiment of the present

invention:

{0048} Fig. 3 is a cross-sectional side elevational view of a thermaelectric
cooling device and mechanical support system in accordance with another embodiment

of the present invention; and

(R

Fig. 4 is a cross-sectional side slovational view of a thermoeleciric

P

sooling device and mechanical suppaort system in accordance with yet another

embodiment of the present invention.

DESCRIPTION OF THE INVERTION

0024] it should be noted that the present description is by way of llustration
only, and that the concepts and examples presented herein are not fimited fo use or
application with any single thermoelectric cooling device. Hence, while the details of the
TEC mechanical support system described herein are for the convenience of lustration
and explanation with respect {o the exsmplary smbodiments, the principles disclosed
may be applied fo ofher types of TEC mechanical support systems without departing

from the scope of the present invention,

o021} Referring now to Fig. 1, an sxemplary thin-film thermoslectric cooling

device is shown generally at 10, The device includes a heal sink 12, a heat pump 14
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having & hot side 16 and a cold side 18, a mechanical support structure 20 and 2 heat
spreader assambly 22 forming the cooling side of the device constructed as a
compasite unit of a copper spreader layer 24 and a protective layer 28 an exposed face

25. The heat pump shown is 2 UPF Mode! 40 designed and manufactured by Nexdreme

wention.

vy

e The heat pump 14 comprises a TEC unit 28, by way of example, a
CP20181 module (which is not a thin-film TEC) that is commercially available from CU,
inc.; although, other commercially available TEC modules may be used. The spreader
fayer 24 is positioned on the cold side 18 of the device o spread the heat over a larger
surface area. The spreadey layer 20 is typically manufactured fromy copper or a copper
alloy due to their high thermal conductivity properties; however, other malerials having
comparable thermal properties may be used in this application as well. As described
above, spreader layer 24 is overlaid with a protective layer or pad 26 generafly known to
those skilled in the art a3 a S pad, the primary funclion of which is {o profect the
supper layer from so-called “greening”. Greening is an undesirable surface discoloration
attributable o chemical reactions which occur at the surface of the copper laveras a

result of contact with other materials, moisture and oxygen.

o023 The mechanical support structure 18 provides a parasitic shunt

frrry
22953

tharmai path between the hot and the cold sides of the TEC, thereby reducing #s

@

atficiency. Accordingly, it is desirable to increase the thermal rasistance of the support
structure which may bs accomplished by decreasing the area of support, or by
ntroducing a laver of material having a low thermal conduchivity, as will be described in

greater detail below.

0024} Referring to Fig. 2, a thindilm thermoslectic cooling device employing

w

gy

a mechanical support system in accordance with an embaodiment of the present
mnvention is shown generally st 50, The device includes a heat sink 52 forming a hot
side 54 of the TEC, a thin-film Peltier cooler or heat pump 58 and a mechanical suppaort

structure 58, In the instant embodiment, the improved mechanical support structure 58

8
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having sir-filled apertures 80 formed thereln is disposed intermadiale & heat spreader
assembly 62 {of substantially the same construction as the heatl spresder assambly of

the embadiment of Fig. 1} and the hotl side 54 of the heat sink 82 o rsduce the surface

o)

rea of the supporting material and {o, in effect, reduce the thenmal ssm‘saﬁévéiy of the
support structure, The reduction in thermal conductivily increases the overall efficiency
of the TEC, Stationary mambears 84 are disposed betwean the heat pump 58 and 2
sormesponding one of the mechanical support structuras S8 o form the air-filled
apartunes 84

s

T00Esy A thin-film thermoelachic cooling device employing a mechanical
support systam in goecordance with yet another ambodiment of the instant invention is
Hhustraled gewem“&y by the numeral 150 In Fig. 3. The dsvice includes 3 heat sink 152, &
thin-film Peitier cooler or heat pump 158 having a hol side 154 and a cold side 155, and
3 mechanical support structurs 188, 38 hereinabove desoribad with respect o the
embodiment of Fig. 2. However, in the instant embodiment, the mechanical support
structure 158 includas recessed aress 170 formead tharein containing an insulating
membser 158 dispused intermediate & heat spreader assembly 162 and the support
structure 158 on the cold side 185 of the TEQC, The insulaling member 158 includes
insulating material such as a pyroge! or nther suitable material having a low thermal
conductivity. The recesses 170 reduce the surface area of the supporting matenal, and
the insulating member 158 positioned in the recessed areas 170 cooperates therawith
o sffectively reduce the overall theymal conductivity of the support structure, thereby
snhancing the efficiency of the TEC, The mechanics! suppor structure 158 further
includes an exisnsion member 172 exending inwardly so that an end portion of the
extension member is disposed adiacent the heat pump 188, The sxtension mamber
172 is coupled to the ot side 154 on one side and coupled o the insulating member

188 on ancther side,

{0028} Referring to Fig. 4, a thin-film thermoslectric cooling devic

«9, {i}
3
=

©OE
%]
‘&
pos
ie

a mechanical support sysiem in ancordance with yet another smbodiment o
invention is flustrated gensrally by the numeral 250 The device includes a heat sink
252, a thin-fim Peallier cooler or hast pump 258 having a hot side 254 and a cold side

i
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2585, and a mechanical support structure 258, as hereinabove described with respect o
the embodiments of Fige. 2 and 3. In the embodiment of Fig. 4, the mechanical support
structurs 258 i of a simplified, generally rectangular configuration when compared to

the mschanical support structurs configurations of the embaodiments described sarlier
herein or the prior art and includes enlarged apertures 2680, The apertures 280 do not
contain any insulating material {other than the ambient atmosphere) and serve

reducs the tharmal conductivity or the support structure, thereby increasing the overall
gfficiancy of the TEC.

T08ETY Changes may be made in the above methods, devices and structurss
without departing from the scope hereof. i should thus be noted that the matter
contained in the abhove description andfor shown in the accompanying drawings should
oo interpreted as tustrative and not in & imiting sense. The following claims are
indended 1o cover all generic and specific features described hergin, as well as sl

statements of the scope of the prasent method, device and structure, which, as g matier
of languags, might be said o fall thers belween.
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CLANS
WHAT |8 CLAIMED &
1. An improved mechanical support for a personal heat control devics

COMmprising:

& heat sink having a hot side;

3

& heat spreader assembly disposed adjacsnt the heat sink at the hot sidey;

& heat pump disposad st the hot side; and

& plurality of mechanical support structures configured and arranged o support
the heat sink an the heat spreader azsembly.

2. The improvaed mechanical support of claim 1, further comprising stationary

membars each dispossd betwaen one of the mechanical support structures and a side

of the heat pump.
3. The improved mechanical support of claim 1, further comprising an

insulating member disposed betwaen one of the mechanical support structwes and &

side of the heat pump.

4. The improved mechanical support of claim 3, wherein the insulgting

member includas an insulating material,

& The improved mechanical support of clgim 4, wherain the insulsting

materiad includes pyrogetl.

8. The improved mechanical support of claim 1, wherein the mechanical

support structurs includes an extansion membsy extending therafrom,

7. The improved mechanical support of claim 8, wherein an end of the

extension mamber s disposed adiacsnt the heat pumg.

8. The improved mechanical support of claim 1, wharein the mechanical

support includes a recessed arsa.

w
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8. The improvad mechanical support of claim 8, whersin 2 porfion of the heat

spreadsy assembly is disposed thersin,

14, The improved mechanical support of olaim 8, further comprising an

i

nsulating member disposed hehweean one of the mechanical support structures and a

side of the heat pump and wherain the insulating member is disposed in the recsssed

10
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