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FIG. 1

(57) Abstract: A sensing element for sensing a temperature of an electrically heated window includes a coil of filament wire having
a first end and a second end, the coil having a resistivity that changes based on temperature, a first substantially flat conductive ma-
terial electrically coupled to the first end of the coil, a second substantially flat conductive material electrically coupled to the second
end of the coil, a first lead wire electrically coupled to the first substantially flat conductive material and extending outwardly, and a
second lead wire electrically coupled to the second substantially flat conductive material and extending outwardly.
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TEMPERATURE SENSING ELEMENT AND HEATED WINDOW ASSEMBLY
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[B001]  The present ipvention relates to temperature sensing elements and, in particolar, a
ternperature sonsing slement for sensing a temperature of an electrically heated window.
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6621 Fxisting sensors for use in heated windows are prons t© faifore from stress and other
vilnerabilities. Use of such sessors in alrorafl windows exposes the sensors and the
componerts thereof {0 extreme changes in tempersture and other conditions that lesd ©
premature failure,  As an example, solder {oints are oficn subject to considerable stress and
tend to loosen. Without & relighle temperature sensor, the temperature of a heated window
cannot be properly regulated and ice andior fog can form, Accordingly, there is aneed for g
more relisble tomperature senser that overcomes some or gl of the technical problems of the

prior art,
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180031 Generally, provided is an buproved seossing clement for sensing the tempersture of
an electrically hosted window that overcomes some or sll of the drawbacks of the prior art.
[G004] A sensing clement senses 2 tempersiure of an electrically heated window, The
sensing element comprises: 3 coil of filament baving a first end and 2 second end, the ool
having a resistivity thet changes baved on temperature; 8 first substantially flat conductive
material slectrically coupled to the first end of the coil; a second substantially flat conduciive
material electrically coupled to the sccond end of the coll; g frst lead wire electrically couplad
to the first substandially flat conductive material and extending outwardly; and 2 second load
wire electrically coupled to the second substantistly flat conductive material and extending
gutwardly.

I0a8%] A heated window assembly comprisce: g first tramsparent material, & second
transparent material, and 3 transparent interlayer disposed betweon the frst ransparent material
and the second transparent material, whevedn at least one of the interdayer, the first transparent
materigl, and the second trangparent material comprises an eloctrically conductive material
adapted to generate heal when elecirictty is applied; and 2 sensing element disposed hetwoen
the firet trapnsparent material and the second transparent material, the sepsing element

comprising two electrical leads, s Slament having 8 resistivity that chaopes based on 2

H
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temperaiure, and two portions of s substantially flat conductive material, wherein the flament
comprizes a first end and 8 seoond end, wherein the first end and the second end of the flament
are each elecirically coupled to one of the portions of substantially flat conductive material,
and whereln each of the two electrical leads is electrically coupled to a portion of the
substantiatly flat conductive material.

IB086] A sensing clement for sensing a tempersture of gan electrically heated window
includes 3 top layer, 8 bottom layer, and a cofl of Blament disposed between the top layer and
the bottoms layer, the cotl of flament baving a first end and a second end, wherein a resistivity
of the coil of filoment changes based on temperatiwe. The sensing eloment further includes a
first lead electrically connected to the frst end of the coll of filament, the first lead comprising
a first portion disposed between the top layer and the botlom layer, and a second portion
external to the top layer and botiom layer, wherein the first portion comprises a bend. The
sensing element slso inchudes 8 second lead electrically connected to the second end of the ool
of flament, the second lead comprising a Srst portion disposed between the top layer and the
hottom laver, and a second portion extornal to the top layer and bottom layer, wherein the first
portion comprises a bend.

(08071 A sumenary of the present invention is provided in fhe following munbered clauses:

0881 Clanse 1t A sensing clement for sensing a ioroperstore of an electrically heated
window, comprising: a ool of filament having a first end and 2 second end, the cotl having a
resistivity that changes based on tomperature; 2 frst substantially Hlat condoctive material
slectrically coupled fo the first end of the coil; 2 second substantially flal conductive material
glectrically coupled to the second end of the coil; & first lead wire electrically coupled to the
first substantially flat conductive material and extending cutwardly; and a second lead wire
electrically coupled o the sccond substantially flat conductive material snd extending
outwardly.

10809 Clause 2: The sensing clement of clause 1, wherein the coil of filament is wrapped
around a2 winding card, and wherein the winding card is disposed between two pleces of 2
second maderial,

06181 Clause 3: The sensing element of clanse 2, wherein the seeond material comprises
seryiie.

00111 Clause 4 The sensing element of clauses 2 or 3, firther coroprising at least one spacer
adiacent the winding card and parallel to the coil of filament wirs, the al least one spacer
disposed between the two pleces of the second material, wherein a portion of the first lead wire

and g portion of the second lvad wire are anchored to the at least one spacer.
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[B013]  Clause 5 The sensing clement of any of clauses 1 to 4, wherein the first lead wire
arvd the second lead wire each comprise a bend, such that the first lead wire and the second lead
wire each extend from the sensing clement substantially perpendicularly to the coil of Slament
WITE.

18813 Clase 6: The sensing element of clanse 5, wherein the bend {5 disposed between two
pieces of & second material that encompass the coll of Blament wire,

B014]  Clause 7: The sensing element of ¢lauses 3 or 6, whersin the bend is substantially 30
degroes.

{0151 Clanse 8: The scnsing element of any of clauses 1 to 7, wherein the first substantially
flat conductive material and the second substantislly flat conductive malerial comprise
conductive foil.

(0161 Clause & The sensing slement of clause 8, whersin the conductive foil comprises
Culi foil.

{00177 Clause 10: The sensing element of any of clauses 1 {o 9, wherein the coil of flament
comprises 2 filament wire haviog g dismeter between 0.0015 inches and 0.0018 inches (0.0038
o and 0.0046 om).

{0181 Clause 11 A hegted window assemably, comprising: a first fransparent material; a
second fransparent material; 8 transpavent interlayer disposed between the frst transparent
material and the second transparent materisl, wherein at least one of the interlayer, the first
transparent material, and the second transparent material comprises an electrically conductive
materia] adapied to generaie heat when electricity is appHed; and g sensing element disposed
hetween the first ransparens material and the second fransparent material, the sensing element
comprising two elecirical leads, a filwnent having a resistivity that changes based on a2
temmperaties, and two portions of g substantially flat conductive material, wherein the filament
comypwises a first end and g second end, wherein the frst end and the second end of the flament
are sach clectrically coupled 1o one of the portions of substantially flet conductive material,
and wherein each of the bwo eslectrical leads are electrically coupled to 8 portion of the
substantially fat conductive material,

0191 Clause 12: The heated window sszembly of clause 11, wherein the fivs! transparvent
material and the second iransparent materisl comprise acrylic,

160261 Clause 13; The heated window assombly of clanzses 11 or 12, wherein the filament

comprises 4 ooil of Blament wire wrapped around 2 winding card.
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031 Clause 14 The heated window assembly of any of clagges 11 to 13, wherein the
filament has a dismeter of between 0.0015 inches and 0.0018 inches {0.0038 cm and 0.0046
ey,

3822 Clauss 15; The heated window assembly of any of clauses 11 to 14, wherein sach of
the two portions of substantially flat conductive material comprises a foil,

0231 Clause 16; The heated window sseembly of clanse 15, wherein the foil comprises
Cubi il

18024} Clause 17: The heated window assembly of any of clauses 11 to 16, wherein the
zensing clement comprises 2 top layer and a bottom layer, and wherein the flament s disposed
hetween the top layer and the bottom layer,

{86381 Clause 18: The heated window assombly of clanse 17, wherein each of the two
electrical leads comprises a bend disposed between the top laver and the bottom layer, and
wherein a portion of each of the two electrical leads extends away from the scosing element
and is external to the top layer and the bottom laver,

90261 Clauge 19 The heated window assembly of clsuses 17 or 18, wherein the bend s
substantially 20 degrees.

0827 Clause 200 The heated window assembly of any of clauses 11 fo 19, fusther
comprising 2 control system adapted 1o be connected 1o the two clecirical leads, the control
system configured o determine 3 tomperature based on resistance of the flunent.

80281 Clause 21 4 sensing clement for sonsing s toaperature of an electoieally heated
window, comprising: a top layer; 2 bottom layer; 2 coll of filarment disposed between the top
laver and the bottom layer, the coil of Blament having a Hrst end and 2 second end, wherein g
resistivity of the coil of flament chonges based on temperature; a first lead clectrically
connected to the frst end of the coil of Slament, the first lead comprising a first porhion
disposed between the top layer and the bottom layer, and & second portion extornal to the top
layer and bottom laver, wherein the first porton comprises a bend; and a second lead
gleotrically connected o the second end of the coil of filament, the second lead comprising a
first portion disposed betwoon the top laver snd the bottom layer, and 8 second portion external
1o the top layer and bottom layer, wherein the first portion comprises a bend.

[06297  Clause 22 The sensing clement of clause 21, fiether comprising: a flrst substantially
flat conductive material, wherein the first end of the cotl of filament i3 olectrically coupled 1o
the first schstantially flat condective material, and wherein the first substantially fat
conductive material is elecirically coupled to the Hrst jead; and g second sghstentially fiag

conductive material, wherein the second end of the ool of filament i electrically coupled to

sl
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the second substantislly flat conductive material, and wherein the second substantially fat
conductive material is glectrically coupled to the seoond lead.

F0638]  Clause 23: The sensing clement of clause 23, whereln the first substentially fat
conductive material and the second substantially flat conduetive material comprise elecirically
conductive foil.

{38311 These and other features snd cheracteristics of the present invention, as woll as the
methods of operation and fanctions of the related cloments of structures and the combination
of parts and economiss of manufacturs, will become more apparent upon considerstion of the
{ollowing deseription and the sppended claims with reference to the accompanying drawings,
all of which form 2 part of this specification, wherein like reference numersls designaie
corresponding parts in the various figores. It is to be sxprossly understood, however, that the
drawings are for the purpose of illustration avd description only and are not intended a8 2
definition of the Burdts of the Invention, As used in the specification wnd the claims, the singular
form of “8”, “an”, and “the” include plursl referents unless the context clearly dictates

otherwise.
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[832] PG 1. ilhsstrates an exploded view of a sensing clement for a hested window
acoording to the principles of the present invention;

033 FIG. 2 Hlustrates 2 portion of 2 sensing element for 2 heated window according to the
principles of the present invention; and

[0034]  FIG. 3 illustrades another portion of g sensing slement for g heated window according

o the principles of the present nvention
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DESCRIFTION OF THE INVENTION

L0300 L BANY

B035]  For purposes of the description hercinafier, the terms “upper”, “lower”, “right”,
“left”, “vertical”, “horizonisl”, “top”, “hotiom”, “lateral®, “lonpiudingl”, and derivatives
thereof shall relate to the Invention 2 it is oriented In the drawing fgures, However, Histobe
mdersiood that the invention may assume varions alicrnative varigtions mnd step sequences,
sxoept where expressly specified to the contrary. It is also to be undersiood that the spectfic
devices and processes ilustrated in the attached drawings, and described in the bllowing
specification, are simply exemplary embodiments of the invention. Heoce, specific dimensions
and other physical characteristics related o the smbodiments disclosed herein are not 1o be

considerad as Hmdting,
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(00361 The torm “slectricslly coupled”, s used herein, vefors to a divect oy indirect elecirical
connection between we or more components or elemonts.  For example, a first component
may be electrically coupled t0 a second component i both components are indiroctly oonnected
through a third compponent that allows for signals or any form of electricity to flow between
the frst and second components, A frst component roay alse be eloctrically coupled 1o 2
second component by mesns of a direct solder joint, twist-on wire connecior, Printed Cirout
Board (PCH) connection, and/or the Hke.

3T A sensing element is used in a hested window assembly that may be used, for
example, in an aireraft where windows are prong fo acoumulsting ive and/or fog due to
eRposurs (o extrems temperatures, I will be appreciated that other uses are also possible, The
sensing element may be placed in a wansparent interlaver material disposed between two or
more outer phies of transparent material of a window assembly. One or more of the outer plics
of fransparent materisl may be coated with an electrically conductive material, such as a
transparent conductive coating, that genersies heat when slectrigity i applied o electrodes,
bus bars, and/or other bke power distribution devices. For example, the conductive costing
can be applied to the interior side of one of the ouwter transparent plies such that the costing is
adjacent both the interlaver and the owler plv. However, it will be appreciated that the
conductive coating or other heating mechanism may be tocated st any effective location in the
window assembly, The sensing clement {3 used to measure the teroperature of the heated
window assembly so thet the termperature can be regulsted. Heated window assemblics and
sensing elements are described by US, Patent Nos, 3,789,191 and 3,789,192, which are hereby
Incorporated by reference in their entirety.

IBO38] An exemplary senging clement 100 s shown in FIG. 1. The ccosing ¢lement 100
includes a flament wire 102 wrapped around 3 winding card 106, The two ends of the flanent
wire 102 are electrically coupled to 2 substantiglly flat conductive material 104 at 2 solder joint
108, Two elechrical leads 110 extend from the sensing element 100 and are also electrically
coupled to the substantially fat conductive material 104 at ancther solder joint 108, The coil
of filament wire 102 is disposed between o top laver 112 and a bottom laver 114 of the sensing
slement 100, such that the elecirical leads 110 extend away from the sensing element 100,
(3038 With contimued reforence to FIG. 1, the fllament wire 102 may be insulated and have
a dismeter that improves the tensile strength st the solder joint 108, Por example, the diamster
of the flament wire 102 may be approginately 0.0016 inches {0,004 om) or greater, [t will be
appreciated, however, that any suitsble Hlament wive 102 may be used.  An expansion loop

114 may be located at both ends of the Blament wire 102, betwsen the cotl of filsment wire

i
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102 and the solder joint 108, or other eleotrical connection 10 the substantially flat material 104,
The cxpansion loops 116 provide fleathility for therroal cxpapsion or contraction that may
gocur in an electrically beated window, thus reducing any temperatore-induced stross that conld
tead o failure of the solder joint 108 or other slectrical conpection.

[B0407 Sl reforring fo FIG. 1, the top laver 112 and bottom laver 114 may be of variows
thicknesses, such that the sensing clement 100 can be inserted into an interlaver material of g
heated window assembly. Fach of the top laver 112 and botiom layer 114 can include two
layers of acrvlic that are each spproximately 0.003 inches (0.008 om) thick, For example,
Korad® acrvlic film may be used a3 the top layer 112 andfor bottorm laver 114, The dimensions
of the top layer 112 and bottom layer 114 may be larger thao the coll of flament wire 182 to
fully encompass the coil. Por example, the top laver 112 and botiom layer 114 may cach be
approximately 1.33 0 1.37 inches {3.3% om to 3.48 om) wide and 0.53 10 (.57 inches (1.35 om
0 1.45 om) wide. However, # will be appreciated that different materials, thicknesses, and
rumbers of lavers may be used thet are appropriate for such an opersting environment,

{6411 In the example shown in FIG, 1, the Blament wire 102 is wrapped around the winding
card 106 o form a coil. The winding card 106 may be any suitable material and dimgension.
For sxample, the winding card 106 may be a polvcarbonate sheet approximately 8.01 inches
{0025 o) thick and 0.3 inches {0.76 om) wide., Further, spscers 118 may be disposed slong
the outer edge of the winding card 106 such that the winding card 106 and the spacers 118,
igken together, are of & substantislly similar dimension o the top layver 112 and bottom layer
114, Accordingly, the spacers 118 may have g thickness that is substantially simdler to the
thickness of the winding card 106, The spacers 118 may algo be any suftable material such as,
but not lmited to, polvearbonste.

(80421 Referring to the example In FIG. 1, the substantially flat conductive material 104 can
be g conductive foil, The conductive material 104 is electrically connected to the filument wire
102 and electrical leads 110, In this mannor, the solder joint 108 dlechrically comnects the
Rlarsent wire 102  the conductive muaterial 104 instead of divectly connecting the filament
wire 102 with the electrical leads 110, A copper nicke! {CulNi} foil may be used as the
substantially flat conductive material 104, although 4 will be appreciated that other types of
conductive foile and materials may also be used. The wse of the substantislly flat conductive
material 104 allows for the flament wire 102 and clecirical leads 114 1o be electrically couplad
while reducing the stress on the connection joints and, thus, preventing faiture duning operstion.
(00431 As shown in FIG. 1, two electrical loads 110 extend from the sensing oloment 100

The electrical leads are esch elecirically conpscted to the respeciive subsisntislly flat



WO 2016/209457 PCT/US2016/033758

slesirically conductive malerial 194 and, through the material 104, fo separate ends of the
filament wire 102, The eloctrics] leads 110 may be any suitable material and have any suitable
diameter, For exampls, the electrical leads 110 can be insulated copper wires having 3 gange
of 2BAWG (American Wire Gaups). H will be appreciated, however, that any type of wirg or
icad may b used, The clectrical leads 110 extend away from the sensing element 100 and can
be connected 1o a control svstem (oot shown),

[8844] A portion of the electrical leads 110 extends along the spacers 118 and then cutwardly
at an angle. In this manner, 5 portion of the electrical leads 110 are encased by the top layer
112 and bottom laver 114 bhefore extending oniside of the sensing elememt 108, The
sneasement of 2 portion of the electrical leads 118 securely anchors the elecirioal leads 110
within the sensing clement 100 and lessens the chance of g sivess-induced faihue. Morsover,
the slectrica! leads include a bend o decresse the stress on the slectrical connection to the
conductive matorial 104 and, through the material 104, the flament wire 102, Thus, if the
extornal portions of the electrical Isads 110 are pulied or otherwise strained, the strain on the
glectrical connections will be diffused, Although FIG. 1 illustrates a substantially 90 degree
bend in the electrical lead 110, one skilled in the art will appreciste that variations in the angle
will mlep lessen any stradn on the electrical connections. In the example shown in FIG. 1, the
electricg] loads 110 extend along the spacer 118 and the bent portion is on the spacer 118, In
this manner, the bend is disposed and secured betweoen the top layver 112 and bottom layer 114,
The portions of the electrical leads 110 extending fom the sonsing element may be spaced
apart as desirable for connection 1o 2 conirol system. For example, In FIG, 1 the extending
portions of the slectrical leads 110 are perallel and approgimately .25 inches (0.64 am) apm:t,
Yarious other arrangements are possible.

[B845] Referting now to FIG. 2, a pariial view of the sensing element 100 is shown, The
filament wire 103 {8 shown wrapped around 8 winding card 106 and clectrically coupled o the
substantially fat electrically conductive material 104, The elecirical lead 110 is shown
glectrically coupled to the material 104 via 5 solder jobnt 108 and extending substantially
parailel o the coil of Slament wire 102 along the spacer 118

146} Referring now o FIG. 3, another partisl view of the sensing slement 100 18 shown.
The electrical leads 110 are shown n FIG, 3 extending away from the coil of fRlament wire 102
at a substantially 20 degree angle. Two wire anchors 120 support the clectrical leads 110 and
hold them in place. The wire anchors 120 may be disposed on the spacer 118 andior the
winding card 106, It will be appreciated that the bond of the electrical leads 110 may be st any

suitable angle to diffuse the stress on the solder joint.

8-
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[B047]  The sonsing oloment 100 can be capable of withstanding exposure to ambient
temperatures ranging from =75 dogrees F to 160 degroes F (-39 10 71 degrees C). When inserted
into the mterlaver of a heated window assembly, the sensing element 100 19 capsble of
withstanding conditions nciuding pressures of up to 200 psi (1,378,952 Pa) at temperatures
ranging from 70 degrees F 1o 325 degrees F (21 1o 163 degrees C). Moreover, since the sensing
slement is placed into the interlaver of g heated window assembly, it is capable of withstanding
solar radiation exposure.

(60487  The clectrical leads 110 may be coupled to a confrol system that detormines
termpersture values from a detected slectrical reststance. The codl of Slament wire 102 acts as
3 resistor such that, the higher the iomperature, the higher the electrics! resistance. In this
nanner, & temperature control system can compute an actuad temperature velne vaing one or
morg algorithms, The eguations and variables used may depend on the material of the filament
wire 102, For example, for 2 floment wive made of 70%6 nickel and 30% iron, the Temperature
Coefficient of Resistance (TCR} is 0.00474 L¥ £3/°C nominal, 0.0044 {¥/ (V°C mintmun, and
0049 £ £3°C maxbmonm.  In other words, TOR is an average resistance change per *C overs
rangs of 0°C to 100°0, divided by Reec. TCR (¥ (70 = ({Rigre — Rove ¥Ry {100°C —
0°, where Koo 18 resistance at 100°C and Roeo Is resistance at 0°C. Further, the unitless
ratio of TCR of the nicke! and iron flament wire may be 1.44 10 1,49, where TCR {unitless) =
{Riow / Reegd. The sensitivity of the fillament wive (£3°C) may be caloulated where (3°C =
{Ricoee £ Reey/(1O0°C - B0

{08481 Although the invention has been described in detadl for the porpose of illustration
based on what is currently considered to be the most practics! and preferved examples, it is
be undersiond that such detail is solely for that purpose and that the invention is not limited 1o
the disclosed examples, but, on the contrary, is infended to cover modifications and eguivalent
arrangements that are within the spirtt and scope of the appended claima. For sxample, it i3
be understood that the present invention contemplates that, o the exient possible, one or mores

features of any example can be combined with one or more features of any other sxample,
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THE INVENTION CLAIMEDR I8

i A sensing element for sensing a temperatize of an elecirically heated
window, comprising:

a coil of flament wire having a first end and 2 second ond, the coil having 2
resistivity thet changes based on lemperaturg;

z first substantislly fiat conductive material slectrically coupled to the first end
of the coil;

a second suhetantislly fiat conductive material elecirically coupled to the sscond
end of the codl;

a first lead wire elecirically coupled to the first substantially Hat conductive
material and extending cutwardly; and

2 second lead wire electrically coupled to ithe second substentially flat

conductive material and extending cutwardly,

2. The sensing clement of claim 1, wherein the coil of Slament is wrappsd

around 2 winding card, and wherein the winding card is disposed between two pieces of 2

second material,

3 The sensing element of claim 2, wherein the scoond material comprises
acrylic.

4. The sensing clement of claim 2, further comprising al least one spacer

adjacent the winding card and parallel o the coil of flament wire, the at least one spacer
disposed between the two pleces of the second material, wherein 2 portion of the first lead wire

and a portion of the second lead wire are anchored to the gt least one spaces.

5 The sensing clement of clalm 1, wherein the fret lead wire and the
second lsad wire each comprise 8 bend, such that the first lead wire and the second lead wire

each extend from the sensing element substantially perpendicularty to the coil of Rlament wire,

&, The sensing clement of claim §, wherein the bend iz disposed betwean

two pleces of a sepond materal that encompass the cuil of flament wire,

7. The sensing element of claim 6, wherein the bend is substantially 90

dogrees.

Ny
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8. The sensing olement of claim 1, wherein the first substantially flat
conductive materia! and the second substantially flat conductive material corpprise conductive

foil,

8. The sensing element of clalim §, whersin the conduetive foil comprises

CuNi foil.

10, The sensing clement of claim 1, whersin the codl of filament comprises
a Blament wire having 2 diumeter between 0.0015 inches and 0.0018 inches (0.0038 om and

0.0046 om).

11, A heated window assombly, comprising:

a first transparent material;

& second transparent material;

2 transparent interlayer disposed between the Hret transparent material and the
second iransparent matedsl, whereln at least one of the interlayer, the first transparent material,
andt the second transparent materis! comprizes an clectrically conductive material sdapted to
generats heat when dlectricity is applied; and

a sensing element disposed between the first transparent material and the second
transparent rmaterial, the sensing element comprising two electrical leads, a Slament having &
registivity that changes based on & temperaiurs, and two poriions of a substantially flat
conductive material, wherein the filament comprises a first end and 2 second end, wherein the
fiest end and the second end of the filament are sach elecirically coupled to one of the portions
of substantially fat conductive material, and wherein each of the two electricsl loads is

electrically coupled 1 a portion of the substentially flat conductive material,

1% The heated window assembly of claim 11, wherein the frst ranspacent

material and the second transparvent material comprise aervlic.

13, The heated window assembly of clalm 11, wherein the flament

gomprises a coil of fHlament wire wrapped around a winding card.

14, The hested window assembly of olaim 13, wherein the filoent has a

dismeter of between 0.0018 inches and .0018 inches (0.0038 om and 00046 am).

11
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15, The hested window assembly of claim 11, wherein sach of the two

portions of substantially flat conductive matertal comprises a foil.

16, The heated window assemblv of claim 15, whereln the foil comprises

Culdi foil.

17.  The heated window sssembly of claim 11, wherein the sonsing slement
comprises a top laver and a botiom laver, and wherein the Hlament iz disposed between the top

laver and the bottom laver.

18.  The hested window assembly of claim 17, wherein cach of the two
electrical leads comprises a bend disposed between the top layer and the bottors Iayer, and
wherein a portion of each of the two clectrical leads exlends away from the sensing element

and is exiernal 1o the top laver and the boltom laver.

19.  The heated window assembly of claim 18, wherein the bend is

substantially 20 degrees.

0. The heated window assembly of claim 11, further comprising & control
system adapted to be connected to the two electrical leads, the control system configured to

determine g temperature based on resistance of the Hlament.

21. A sensing clement for sensing a temperative of an electrically heated
window, comprising:

a top layer;

a bottom layer;

a coil of flament disposed between the top layer and the bottom layer, the coil
of filament having a first end and 2 second end, whercin a resistivity of the codl of filament
changes based on tempersture;

a first load electrically cormected to the first end of the coil of filament, the first
fend comprising 2 first portion disposed beitween the top layer and the bottom layer, and 2
second portion external to the top layer and the bottom layer, wherein the first portion
comprises 8 bend; and

2 second fead electrically comnected 1o the second end of the ouil of Hlament,

the second lead comprising a first portion dsposed between the top laver and the botiem layer,
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and & second portion external o the top laver and the bottom layer, wherein the frst portion

comuprises o bend.

22, The sensing clement of olain 21, further comprising:

g first substantislly flat conductive material, wherein the first end of the coll of
flament is electrically coupled to the fivst substantially flat condoctive msterial, and wherein
the fivst substantially flat conductive matedal is slectrically coupled to the first lead; and

a second substantially flst conductive material, wherein the second end of the
codl of filmnent is electrically coupled to the second substantially flat conductive materisl, and
wherein the second substantially flat conductive material Is dlectrically coupled fo the second

lead.

23, The scosing element of olaim 22, wherein the frst cubsiantially fat
conductive material and the second substantially flat conductive material comprise electrically

conductive foil.
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