LAYERED HEATER SYSTEM HAVIi NG CONDUCTI VE OVERLAYS

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This
wa@p@iocsdi on cl ains the benefit of U S Provi sipemEiUS2007/073863

Application, Serial No. 60/832,053, filed July 20,

2006, and lilted "Layered Heater System Having

Conduct i ve CNe[hgys " The disclgsyre of the above

app! i*€ati O S Hdoeper AibdAHBH LY THyUE SR BWESLANELD

[0002] The present disclosure relates generally to

el ectric heaters, and nore particularly to | ayered

heaters a d rel ated met hods to reduce current crowding

wi thi n curv@dSgorEiohsNef B RedisERAFRREY nghel enent

trace BACKGROUND | 0003] The statenents n this section

nedeP§ i lpr oVl estrasRigronmds Atormaetion’ el aPedidena Renplication,

present disclosure and nmay not constitute prior art
SenpoUp4flEdy EFadiipdatier 0.af@% wariddieRy Lasegd ipater System Having

applications where space is linmted when heat output
vO”ﬁééﬁ§\Vﬂ?@“écr6§sm§“gmﬁﬁé%év’ﬁﬁ@ﬁ@ﬁpaﬁﬁé“b$éﬁﬁﬁwﬁ?“@ 1y by

response is desirous, or in ultra-clean applications
rsfe@RePe noisture or other contaminants can mgrate into

conventional heaters. A |layered heater generally

conprises layers of different matenals. nanely, a

dl eiectnc and a resistive materia!, which are applied

to a substrate. The diel ect’FiB material is appl i ed

first to the substrate and provides electrica

i saPBfilon boe wessnnt Hecissibstriates magrailide eisciic heaters, and more

electrically-live resistive material and al so reduces
parigusrient insakagesess groundiaumistiigdogerativencuTg crowding within

resistive material is applied to the dielectric
cunvgtitertivag of A rasiphederinpieisegnplieter n and provi des a

resistive heater circuit. The |ayered heater al so

i ncludes | eads that connect the resistive heater

circuit to an electrical power
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mitad, when heat outpu needs vary aoross g surface, whers rapid thermal response (s

degivous, or in ultra-clean applications where muisture or ather contaminards can migrale

The dislsolric matenal i3 applied fiest o the substrate and provides eleciriond isolation

between the substrate and the slecricaly-iive resistive matedal and also reduces curren
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material it g pradedernmined paters and provides a resistive heater oircuil, The laverad

heatar also inchdes leads that connect the resistive healer airoull o an slscirical power

urce, which is typically cycied by & temperaturs controller. The lead-io-resistive oivouit



source, which is typically cycled by a tenperature
controller. The iead-to-resis ve circuitinterface |Is
wW@b@e/otpi ca y protected both nechanical |y andPCT/US2007/073863
electrically from extraneous contact by providing
strain relief and electrical so a rs through s
protective |ayer. Accordingly, |ayered heaters are
éniefﬁe:'g“:ﬁe Al BB Y S5acted rboih q}“@&f’z@wyaiﬁf ?r}%g‘ef:ﬁﬁﬁa* f from axivansous
applications [ GQO0S] Layered heaters may be "thick"
SonipEl RY IMERERD $iaip rgHed ?%ﬁmﬁ?%ﬁ $pve W@d?““ﬁﬁh@n grotective layer.
ot hers, wherein the rlnar di fference between these
ACCHTEY' 6%"31333)/”@%% REate %ﬁ“§§~3‘f‘ﬁ@"¥r“ei@ﬁ§df”i“‘ﬁu\r’v}1F‘éﬁ‘f foppiications.
layers are fornmed. For exanple, the |ayers for thick
fi i¥¥ESiheataesedipeateippinanbrytnfasr st ST Ay procusgedy sprayed”
such as screen printing, decai application, or f Im
amogh Spens Wegrhie s 1 “‘awmgfff@t&ﬁeﬁé» S hges &oppe! tavprpd heaters is
filmheaters are typically formed using deposition
he provdssasicbibh lavery om fpinaad. niter epudite tinigrerdnt Sk fim heaters
vapor deposition (CVD) and physical vapor dep05| tion i
are YPVBYY fanmosgdiherosesaast sighasherese piiagicofiepioopggdisng or Him
st nct fromthin and thick filmtechni ques are those
dispRuown fasde. rerend cdprayithy 'piest 8558 Hinvpaitrspay oically forme
i ncl ude by way of exanple flane spraying, plasma »
using prapb g WiBskesay cushrayPndgat %}wl—W%fﬂﬁgﬁ“\Y@Féiﬂ gopr deposition
Oxygen Fuel ), anong others, L°OQJ6 The resistive
(CVRBaithg e e’ tlesstipayBrod wearerd s's gSpepappyr seres of
formed as a pattern or a traca with curved or bend
progperey emsncieirgmnm [ardeick e fedairentara ribass ﬁ@o‘éf‘t?em"‘” e
occurs. Cenerally, current crowding refers to a
SUTRYOE- DITCRTIGR AT MBUt Pt auMeene! gersie yiatkr reTRHE. HE
current tends to build up or increase near geonetric
sprafygt wire srt Rakyips evehitvobdHad! \esoay (verd LRl cmeanpthers.
flow, i - e bend portions, in operation, as the current
t r VIS ar Enﬂd‘ma\sb\emd"aabml E g0 t}héﬁ%arweﬁr"\exmibi&t & guenerally
tendency to b up. or crowd, around the inner port o of
forviciene wy patims dit & nekeswilt suway o burd peienbend. pontinew, whers
Due to this current crowding effect, the heM portions
surraniecousiteptidl ectwsanGenerdasedranirrenging entitg yio & non-uniform
causi ng burning, which can lead o premature failure
distofuiithen’r agist idresheatiieny hayersantkbrrhus bl ovekalfrease near
heat er syst em
guometrio features that presant obstacies {o a smocth current flow, Le. bend portions, in
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op . 83 the current travels around a bend portion, the current exhibils a tendency
o build up, o crowd, arpund the ner portion of the curve as It makes 88 way around
the bend portion. Due to this current crowaing effect, the bend portions are susceptidle

o an inoreased current density, causing burning, which can lsad {o prematurs faflure of

the resistive healing layer and thus the pverall healer system,
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SUMVARY [0007] in one preferred form a |ayered heater
is provided that conprises resistive |layer having a
WO 2®B®1ISVE circuit pattern. The resistive cirCRET/US2007/073863
pattern defines atl east one bend portion having a top
surface and a bottom surface. A conductive overlay is
rovided o at |east one of the tog surface and the )
ashptd oRTS OFTAE E2VPS FHEPBERBCHBIE R ORI THEdaR e A\ctinFafitve overlay
._.crowding [0008] n_ another form a method of
S PIRAGE acmrft%?gf“h‘“ Fb&*@riéﬁ “h@%‘t&‘eﬂ?f “‘éﬁ’é\?i gediEcTRe Yivpbdsgeortion
conprises fornmng a resistive layer having a circuit
2 TE5EET BF WY RVEES ast one bend portion, fol lowed by
form ng a conductive overlay on the bend portion. [ ,
OOSpU% % st i BREWH6t Hernf 8r iptheds et SNURtHDE of 'syersd healer &
manuf acturing a | ayered heater is provided. The nethod
SrOEBRpr I SesShOR P AGTES T BRI IS AreSEVR ENEY AWET & CeCberriterTs with
portion of a circuit pattern of a resistive |layer s to
cashand FHRECTHOT GPHIRG IHHeMEs isstngacva BT RAOT Ay Pend portion.
circuit pattern with the bend portion on the overl ay
[ 063835} nirakfepnate formotethe predsshe! digelosrtpes layered
the overlay is fornmed both bel ow and above the
healeesi el ayermpirediovatnsiseh B pERda perdicsne overlay wheve a bend
Optionally, dielectric layers may be formed between a
pertigobE iy areddangstrhet %é%iif%tt‘swéyﬁifayé“r ba e e B Retring the resistive
resistive layer, if required. | 001 1] Additionaly
ayeanatinerh \‘—’r\!éflﬁh@@i%‘éﬁ”f\éﬁﬁ‘ﬁ@“’Pﬂ&?éiﬁ@ﬁ ohidag evetiay. provi ded
thai conprises formng a continuous resistive |ayer
ovéRSH B ubbt patdafretaiany ciohdustiare dovershimy shd mvsriay s formed
predeterm ned areas of the resistive |ayer, and
bolly erigwi Bgd portizotis ofsitiie leont prouotse rigsi stidv gottaper Uptionaly
betvveen the conductive overlays to forma plurality of
sitmgkeseutsy ex fenddngibetwe enbithie: eoh thuctisvavoiage! aybover th
The single cuts extend through the continuous
resintesiister verdaayes. bet ween t he conductive overlays and
longitudinally into a portion of the correspondi ng
codBtty veaduienthays anRhef erahldysf bheingi mglversciutssiar @ provided
f or med
that comprises. forming a continuous resistive iayer over a substralg, forming conductive
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sontinyous resistive layer over g subsirate, forming conductive overla

petween the conductive overlays 1o form a plurality of paralisl cuds exiending belwesn
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using a laser [0OD12] in yet another nmethod a | ayered
heater is created by form ng a continuous resistive
WO 2008011602r a substrate, form ng conductive ovBCT/HY®07/673863
predeterm ned areas of the resistive |ayer, and
renovi ng portions of the continuous resistive |ayer
_between the conductive overlays to forma plurality_of
FOigINP ATSEPNE SO RKEHEITHE B FRESRA PANE ERBUREVS Reiays.” Preferadly,
~conductive overlays. The parallel cuts extend through
the $318Y% SHEIHE SUBTEELISEE ¥ 85fayer and do not extend into
anﬁ%gg_qgﬂti on of the conductive overlays. Preferab y t e
pafdf 18l cUMEr @93 nid Jasieay™ sy '4lePefobe3prpett efom the
areas of applicability wit beconme apparent fromthe
dese@ser IO PRSI dEchekebn Mgkl GebBsutrersivognd specilic
that the description and specific exanples are
eXMPRES Ade S PHRDEE pesssed ! HHFRICPATVORMO AT M ENTeaFed Hotmi the
intended to |lim the scope of the present disclosure.
SCOMPFAVR NESeP 004 UTRe drawi ngs described herein are for
illustration purposes only and are not intended to
limt the scope of the present disclosure sn any way.
[DO1S] G 1is a plan view of a |ayered heater with
resistive circuit patteri#AV&¥esr dance it a prior art
| ayered heater; |Q1 b] FiG 2 is a cross-sectional
vi ¢ 14k ehhaliongngs desgived gfergh Gre forofludrgtigy apaepses only and
heater In accordance with a prior art |ayered heater:
are PEOTRTCF § GRS sgopp ahthviretpest Jgcipayered hedrer with
a resistive circuit pattern constructed in accordance
wi fh31$e pFithcl plegisofiswhed presedt el clidsuraistifogrg)s patten
FIG 4 is a cross-sectional view, takers along sine
in sdofofePRG a Siwfardajapehedicheater wWith a resistive
circuit pattern in accordance with the principles of
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cordance with a prior art layered heater,
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FiG. 3 s a plan view of 8 layeren healer with a resistive oiroult patiem
c . 4 x el ey : Y W N P . o T T T R T e
congtructed in accordances with the wrincipies of the present disclosure;
2 g ol { ‘ b teveves lirier A ~F & W
WHMRY FHS 4 s & cross-sectional view, iasken along line 444 of FIG. 3 of &

favered healer with o resistive circull palters in acoordancs with the principles of the
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a band porlion of a resistive layer i accordance with an alternats
forrg of the present disclosure;

HOEDY FIG 83 @ wross-sactional view, simiflar to FIG. 4, showing overtays on
woth of & fop surface and 2 bottom surface of @ bend portion of a resistive layer in
scoordante with another alternaie Torm of the present disclosure;
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FIG. T is an enlarged

3, showing g conductive overlay with a uniforn thickness formed on a top swface of a



[0019] FIG S is a cross -sectional view, simlar to
FIG 4 . show ng overlays on a bottom surface of a
whendopenti on of a resistive layer in accordane€r/uyxnTior3se3
an alternate formof the present disclosure; [0020]
FIG6 is a cross -sectional viewsimlar to FIG A
. showi ng overlays on both of |op surface and a bottom ‘
Do T Ete Cof? ASHERNG PRt ifdrRepignee syt e wrigyelesi of the present
. _accordance with another alternate formof the present
HSCEREYe osure; [0021] FIG 7 is an enlarged
cross-sectional view taken along line 7-7 of FIG 3,
shdWF#g a TEhdBIcE s eloy ety Wi TH. o’ usidorina kibekingss overlay
formed on a top surface of abend portion of a )
defifed By ey HY@Perh 2atEs rdane® Wit foriel pr isnspluwgcpfel & bend
the present disclosure; !0022]. FIG 8is aview o
POSN NF| AreHEHEf BYPT SHBWNGUaClednd FEEIVenew efhayedarivieg »f the
a ar ab e thickness across its width and forned on a
prespgpRisuETaee of a bend portion of a jesis ive layer and
constructed in accordance with the principles of the
pr é8@atl di S8} cslareyiaf die@d]e FGed Gepier oplegnisirgenthefmal spray
| ayered heater forned ussrsg a thernmal sprayprocess
proceay hag e ontietiy evovay s [Geapesell sisosetie grans wintre careaistrowding is
where current crowding is likely to occur and
Hetgopstrmet el | wwnatededancecwirddnceheithr e bphesienfolt e present
~ present disclosure, [0024] FIG 10 is an enlarged
discger@i | v;ew of the layered heater of FfFG S in
accordance with the principles of the present
di §ePS8ur eFiG 002B] arFbGargbt Sxaibviplvant e duysodd dpater of FIG. & in
alternate formof a | ayered heater having conductive
acomuerisays: Gkongostasaif ghe preeetticomsssafe;t he resi stive
circuit pattern and constructed n accordance wsi h the
pr EHBERY es+wf. tihe pries ehty di schiosuae,;fofd026aeir hdRear having
Is a schematic flow diagram of a net hod of
condaniud acttave pgyd siraight portfons of the resistive ciroult pattern and sonstructed

wincistes of the present disciosure;
¥ § b

THROTISR R T T Lo T PO H o odi o - T TR g ST S .
(8028 FiG. 12 s & schematic How diagram of & method of manfaciuning a

digtdosurs
AR TR TS - N b g R =] N i o ST 55 3 &
08 Fi3. 123 8 g schemalic fow disgram of gnother msthod of
& e hye - $eny o o e b o e ~ i pamn ~ o e N R g A N Y g v A L o
manufactring 8 layersd healsy with conduative overlays i scoordance with the

Arireirdas AF e mrse ¥ oedioeismy .
DINCIHIES OF WIS BraSant GIRIGsuE,

FHasy foe 24 ¢ ! ¥ LH. $ S8k n &3 ¢ =
OR8] ®IG. 4 8 3 schematic flow disgram of ancther methed  of

N ¥ I T Ry > H P ~ 3 b3 - v . H hren i B pex H " ey gy 2 G ¥
manufaciring & layered hester with condustive overlays In sccordance with the
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1§ a pan view of g layered heater canstructed i gocardance
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ay red heater with copductsve overlays in accordance
with the principles of the present disclosure; [0027]
wa-L@s/01301 s a schematic fl ow di agram of anot hePCTrES100TI073863
of manufacturing a | ayered heater with conductive
overlays in accordance with the principles of the
present disclosure; [0028] FiG 14 ss schematic flow
di 4g8a of Fahother arechoesf vimanusiast wiihnglatdiager ol FiG.
heater wi th conductive overlays in accordance wsth the
Huspringcihp kesioofut hecpragmatwith be posuples of 0828ksFi dscipgurs,
is a plan view of a | ayered heater constructed i
acdd@anceriht ¥ & metdsodcetipldyisng tsiarghlenglips 17-17 of Fiz 18,
according to the principles of the present dlsclosure,
Husfree8 0 FnGe c18i socantisent afig dtk wirevgies alden owiseht wsDetas;
A-A of FiG 15, illustrating the single cut in
acdfBANCceruk t 18 khe plini ok pf essafred healpr eseritucted in sccordance
di scl osure; [0031] FiG 1? is a cross sectinai view,
witht akentaldorgpidvive; baediEl ebisFia@ordBy id bustoratiedst he the present
ssngle cut in accordance Wth the principles of the
discpsesent di sclosure; |0032] FIG 18 is a plan view of a
| ayered heater constructed n accordance with a nethod
emtoging pakakbak Suksizageor@iNgate: Weirplsngi ples:fdfiG. 18,
t he present disclosure; [0033] RG 19 is an enl arged
Hus¥EeW iHeakeRisMdubl 1 BebaidneByvBihofe RlBoindl, ofl hk ysteat idhgiosure;
the parallel cuts in accordance with the principles of
andt he present disclosure; and 100341 FIG 20 rs a cross
sectional view, taken alon a Iine 20-20 of FSG 19,
i | iugbaat i pgsthe paraidselecotts vidl agear dangnwiznhed beris. 19,
principles of the present disclosure. [003S]
sustansespondirganeferene@mymBnahs phindbieabbths prasent disclosurs.
cor respondi ng parts

O3S Comres ing reference numersles indicale corgsponding  parts

S
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Hroughout the several views of the drawings.

DETAMLED DESCRIPTION
{0038] The following description is merely exemplary it aatwe snd is not
intended to limit the present disclosure, application, or uses.
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HO3TY] Referring to FIGS. 1 and 2, b art i

3 4 Fiet H F - = raoiat svme AR Madinime @

fnat includes @ substrate 12, & first dislecttic layer 14, a8 resistive layer 13 defining a
rogistive oiroull pattem formed on the first dislectrde layer 14, and g second diglectric
- ~ Fonere oy . Fhye o P iy fom o 8 o m r o e v = r.v\ '—
faver 18 formed over the resistive layer 18, Generaily, the resistive cioult patlerrn is

shown $o have § serperding patlern and has g uniform thickness throughout the resistive
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WH3RY Referming now to FIGE. 3 and 4, a layered healer in accordance with
Ak N 3 oo D . 3 } . T LRI SR B N S : vaernoneeend Y T e
ihe present dizcloswrs i3 Hustrated and generally indicated by reference numeral 20, The
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i of mamenF ey § P YT o wn w v des ) ~ A it feien ) "RA “
avered healer 20 comprises a substrate 22, & first dislectric layer 24 formed over the



t hroughout the several views of the draw ngs. DETAI LED
DESCRI PTION [ Q3 b] The foll owi ng description is
worznebyisexenpl ary in nature and i s not intendeRlCT/US2007/073863
limt the present disclosure, application, or uses
[0037] Referring to FIGS, 1 and 2 , prior art |ayered
_heater 10 s illustrated that includes substrate 12, ‘
SUDRIRS E20F EPRERRIRYAT AR PTIAY O¥eBE e s iy epvet 64 and a second
defining a resistive circuit pattern forned on th -
el Gy RS @ BERRT BvdrayRresdive a?ﬁf&" at §@€6ﬁ?ﬁ*‘&t %r BEY! eﬁ' 4. The
| ayer 18 fornmed over the reS|st|ve | ay er
Test %eﬁe?"af ) Js preEsrpig inedad ot et t*“*‘ﬁﬁ?t‘@r‘ §‘ Whgwisiange sufficient
have a serpentine pattern and has a uniformthi ckness
© WWRPSUGRGUESERE PEST %t § @@&f“"ay%‘r”‘fs IFEUAST SREIEFT PG owsistive
tao F|GS 3 and 4 |ayered heater in accordance with the
ayeprEsERt el 8 AERUTES| BT (St PRHEU SARATGEREY &1 PYTRNY o straight
indicated y reference numeral 20. The |ayered heater . ..
portops CorpRieesd &Y SUBSE YIS 5999 REENF oF areirects FEFAY ‘“?t*“‘ A
- 24 fornpd over thesubstrage 22, a resi st I ve Iaye\ ich
The SEFHERF BV TRE SAFT StPEISSTRESE B8 PE8 AT B R 8 %fbfﬁ‘%j whic
dleLectrlc ger 28 forned over the resrstlve ay
VIR P EFTVE LI et &t A ROTRYyHTEA ITOTRECHBS IS FPVE™SH ay*%r*“ sclric
28tjs preferably made of a conductive naterlal of hi gh
Srole BUSTAne E8 BPMRE N #8 HRRERIEN S 8% esi st i ve
heating element. In this illustrative enbodi nent, the
res¥di¥ive Tayeduorshgericaes' arsey peniditie (patreasies gsbiove in the
shown and i ncl udes a pIurallpy of straight portions 30
Cwﬁwe%ﬁeﬁwﬁy sgPlpTalival tyriars BeddGpor #isgRgvided pyadmate the hend
conplete a circuit pattern 33. The circuit pattern 33
partiggs EaGhoieHipt RidEhge! EoHEEred 18 BSPEF FUORIYL BT Wafiound the
pads 34, which connect the resistive |ayer 26 to a

benP WSS S0t c eVERORS SRERATEE UM EE AR SRR gortions 32, the
circuit, thus providing power to operate the |ayered ‘
nCrefsateru DY (D899 o It SHRICENS He EFFRERS ghrighpdinpoth the bend
crowdi ng, (as descrl bed above in the Background X
portigas tiZof) Neadiphiirald by ofsverfapbichen ?*FF‘@‘“‘ $p fped the layered
Proyrded proxi mate the bend
IG040)  As shown, the bend portions 32 each have a top swiace 38 and a

pottom surtace 40, The overdays 36 may be formed on he top sufaps 38 as shown o

SO 3 o 3§ e o F Y ey = gy +3 +4 ~ "7*‘

FIG, 4 or g {he bottars swface 40 as shown in FIG. 8, Alternalively, the ovariays 38
§ et A el T by e . el

nay be provided on both of the fop surface 38 and the bottom surface 40 as shown in

\‘“;.,"‘\ s

ks,
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G081 Referring fo FERE 7 and 8. the overlay 36 may bs formed o have a
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uniform thickness as shown in FIG. 7 or a varsbie thickness as shown it FIG. 8. Such
.

C ey ciot oy e < ¥ TR
variable thickness technigues are shown and desornbed in U S Patent No. 735828

arh R R S R S - S ® “ e LT aTET B e
Hed “Variable Walt Densty Layered Healer” issusd on November 7, 3008 which i
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- \ . . ‘ el T o . £ i
sonnmonly assigned with the present application and the contents of which ar

rated herein by reference in their entirety.
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portions 32 to provide additional resistance to the
el ectric current passing around the be d portions 32
WORMR/0113e7 | ncreased resi stance around t he bendP@DU$100TI673863
32, the ~creased current density due to crowding is
di stributed throughout both the bend portions 32 of
the circuit and the overlays 38, which increases the X
i i FR0BH t he TS &t dioe maaiasr S haf 0D BToyS SRewaS e area of the
bend portions 32 each have a top surface 38 and a bo
bang BORER PACEIADRASTHE SoVEPHAFEUSS! FayelE fOCRBHBHE PHay 36 with
‘top surface 38 as shown in FiG 4 or on the bottom i
varialig FAeER80 RSFROMRER IFENEs actesimaiaty dhy chnent crowding effedt
overlays 36 ay be provided on both of tha top surface
ose@BnA N h e o B BT Be 62 40083 18hbRn SPeit Gagiuy gbatjvature.
Referring to FIl GS 7 and 8 the overlay 36 may be '
Morpgiened s to e Rave R cinhe orivitth ot Kivehy e §HswWAe FRFiaGhaye o bave
_or a variable thickness as shown in FIG 8 . Such _
he GAFEaBTEY B ckites SSPEERI D ed 8l B REWMTCER I eS8 Fedeline &
in US Patent No. 7,132,628 titled "Varia& s Watt )
SSIODENET PYITEySTetR HeRrERNY ShaRY 8HSER NeveRpers 3% godenformed o
~ch ;s comonly assigned with the present application ‘
navFerHS sEENTERTE SO ERe depeT it CPoPatEaPhare ey the tend
reference in their entiretyin FIG 8, the overlay 36
vortigas SERed ey gEsh!t 3TRRE ke cEVAET 84 of the bend
portion 32 hic has the small est radius of curvature. A
Contill vetoworkay @S amTervari athe difreRnesss sapsbapes are
tailored to better accommobdate the current crowdi ng
Hiusetbddt FHBBUTY rhid O dhbrowhevbert Por GRBOSE ticpseiepbarzas of
the smal | est radius of curvature oreover the overlays
the B6isghe e BEUNAKD typsaFeiemihert [SoTEH oREI3R WG AOIPY process
have to have the sane shape or size. Because the
i sgtaréwiae pak ek nvdoes roprehavialisdodedi ndegrweppentiae disposed
pattern and can be of any shape or ssze, the overlays
proxgBaicaabe ther pedstychlivie @i frenesrowioe, wihh o asieiy aress
shape dependi ng on the shape and size of the bend

. ¢ bt e - 3 - IS H £ 4 g b £ 4
2 & audidern of abrupt x:hange W e geaners diraction of the orcult paltemn of the

o cire I (i F e T ooy ey ey s Floves R0
v 28 asours. in prefiminary testing, levered healers having the overlays 38

with the principles and feachings of the present distiosure have
demonsiraied  an increase In e over laversd heaters without any features o

e x P . o ey o o & y 2i et vl o nF -
compensate Tor swrent crowding. | should be understaend that the configurations of the

layered heaters ns Husirated herein are sxemplary only ang arg not intendad to imit the

Ny 1% §% ¥ N 3 S TR 3 % y N pen I v 'YV SR I
G044} U should alsc be noted that the ovedays 38 may be made of the same
G $ tead 8 , 2 {1 - g § v ot L2 $om P SIS i
material s, or different material from that of the resistive layer 280 In ong formy, the
3 e e 3 N Iy T T T T a ety fg o Ty e e A iesy Ve - =
svardays 38 are made of & material having a higher resistance than the resistive layer 26,

4 e T o cevirevmteminy RS A eyt eyt ERGE £ 3 T S e L o1
which includes spprdmately 30% Ag, approximalely 38% Cu, and approdimatsly 3%

Ky

Zn. Howswer, # should be understoad that g varisty of matarials may be employed i

v
3

o - i ¥ - ; ok T S Lo e Y . 2§ Pyt o8
accordance with the teachings of the prezent disclesure so long a8 the material provides

X



portions 32 and the extent of the current crowding
effect [ GA3J Exenpl ary enbodi nents of such different
werwes1and shapes are illustrated in FIGS. 9 apdI/ifoAB073863
shown, overlays 36 are di sposed over select areas of
the resistive layer 28, which has preferably been
formed using 3 thermal spray process in accordance .
addifipia TBHEENHF W OTTEReSFRESEARTEPS BIvSHITe, ATHECEGET Ny §raterials
36 are disposed proximate areas that are susceptible
ced PPt Rt B SRICAF VST ERG U HSHEPAPT Tiear 83 RIFE8WE-
sudden or abrupt change n the general direction of the
ci HERHY] pat sbpwd ofsot Moupdxpiged verl M/ eenetiecemneys gb need not
prelimnary testing, |ayered heaters having the
neCEBPeRl dysiogBef W aeBiBE dange b bend PEtipRy Adi pliesttardctive overiays
teachi ngs of the present disclosure have denonstr ated
36 vy preioeasd obpr 3 rerbves! hayenisye reatbpaliai ChGEecaing o specific
features to conpensate for current crowding it shoul d )
healpe ngade rdtiocdrelas phbinchaficgur atitbh orofert Kecioayer ey way of
heaters as illustrated heresp are exenplary oniy and e
exafipe. phsended: F531 Tve! epghscope Of prESPresEntn accordance with
di scl osure. [0044] t should al so be noted that the
the pvertiay s’ B8 Hayehevwate of lenetyhaed patEribaincigiedopy reference
different ater a fromthat of the resistive iayer 26.
nurierl ghe  Tor Bye e esie riliaydBEeare Shade ofcud PRRber jformed over
_having a higher resistance than the resistive iayer
the 2BbstERE ol isHEMEIESY aph PERIGTHI e FysBE96 A§C dFpreXvimt Eripys
38% Cu and approximately 32% Zn. Howe er it should be
formgRders soeaht Rations var Taé%‘%f e padefEats dneyiyE Shpl oy e¢en, the
I accordance with the teachings of the present S
conglicdies osatayssE | VAgIEPSEACVRRBERINEN PiSovFHes & dha Fofrle croul
resi stance proxi mate areas of current crowding Acc o
patleii n"ﬁgl y"tth(aD Nt epichpartieng Y. Hishdhw Bheureinetipas to fow within
construed as hm fsng ine scope of the present o
the gesghvosticel ROO4SESt bethoiareadsh 2be DReerS (oBdatt fim tonductive
the conductive overlays 36 need not necessarily be
ovefREmid BREDURIVERY oV ed CHREUBEhBCHOR £ BrgeSliveTgul patiern 33
conductive overlays 36 may be formed over_ any portion
thusofrrheaipedFE e SR e UP T PR R 8B SACT Y 3 RgMtips terminal pads
.. specific

B AT el DA v even o e
GHES8NaaG, TesRadiany

Lok

{:;4

§ LR Dafarring o B3 . : of 2ara g oF, e & bzarerd
JR04E] Refering to FIG 12, a2 method of manwdactunng the layered
Pty Y i oA v agedd = - : Vevey i 3 T s T eTaral by o iedbeae otaibegt
heatsr 20 i accordance with the present disclosura is now desorbed iy further detail

heu bomvamny TRES s % 3 % " . N =1 : ¢ Rt P
The resietive laver 28 may be formed by any number of layering processes, such as

generaie &l least ong funclional layer {e.g., diclechic lgysr, resislive aysy, among
e 5 b e ey T e & & 3 3 g3 : p T 3 :.t, x 5 R e A:,..‘ o
others), wharein the layer is formed through application or scoumulation of & material o

- & Foxw - ¥ o fvans - e ~ 3 Ty d b Piieals File Page ol
a substrate, targel, or another laver using processes gasaciated with thiok film, thin fHim,

> processes are also raferred 1o as

b

£

TN ey ¥ R TTa T N id n v -
thermal sgraving, or solgel, among others.  Thes

o



heater needs h le remaining within the scope of the
present disclosure. By way of exanple as shown in FfG
wd gosgetsoanot her form of | ayered heater in accRCUHS2NE7/073863
with the principles of the present invention s
illustrated and generally indicated by reference nu e
a 20'. The layered heater 20' conprises a resistive
ci (BT} patteresi8le for Mdds dyeraily Hermstbst saltret @lsctric layer 24,
substantially as previousiy described, and conductive
however Hay siB8 T Bivaeds ovepicer abgitiiodt Hongp@atipratdigiraments.
than over the bend portions 32\ As such, the
Accgighdnc thaesover laays 8t avareicdhnsposed voverneaugontienidoutter tha
portion of the resistive circuit pattern 33", simlar
resigtyetifie’ GENE Tporad. gngrgattive maghat hderigtect U bytd portions 32 to
continues to flowwithin the resistive circuit pattern
forvglte BerAvbetoreant (At BIOWBASEIING & OGP ERBonaing 1o the areas
conductive overlays 36" . Being di sposed over a
whegoiie ygoass Poer iorbsobrrigdisnbgiesitdnigs cheiietaparide gxpase onk
33" thus structurally distinguishes the conductive
the boed bayen36e. aheki3erfiroma henduerydl mafershasiogde g 34tions 32
respectively [0046] Referring to FfG 12, a nethod of _
resutanufaEottg Phst hedheay 6F o thearssive0aia e corguns shacppdustive
the present disclosure is now described in further
matget anio FTHerdeserevE sy a@turdyoybevdrotnsacepeannpch as thick
nunber of |ayering processes, such as thick filmthin \
Hmfthin five Freahesprray, asbialgel arang Cowbi NAETvRET thepEee divlactic
on others. As used herein, the term"layering \
layepEBcessassisoukd obey ibenstsivedayes 2Rreriite cprosdssageriays 38
that generate at | east one functional |ayer (e.g.,
achigihebdatrdEhealyell e shspevalsdperu e Agv6tter s) |
wherein the layer is forned through application or ‘
acdlimiRht | sncwiing trawrerthal mebod 8 ubstoreges) dsgingete 8% shown i
anot her | ayer using processes associated with thick

et

ot hers These processes are also referred to as

is shvilay &r irngrptrodessesiBDTonThaiaresiis Field, ayrerpi2baj ghter the first
typically fornmed on a first dielectric |ayer 2.4,

dlethowelsgey 24 bl Srdizelcecthnischbiaglieri224f s fioprioediic dependisngsed. a
on the application requirenents.

sonductive overlay 38 g formed on the areas where bengd portions 32 of the sleclric

Tieny $1F evd BN e bt Yevirmse R avees Fex b SR L JUp PR DL T+ S R .
cirewit of the resistive layer 28 are v be formed.  After the overlays 38 are formed, a
Ty Foneresl 3 PN R . : e + Ty $imd F et Yoty g pmne Tenandi (il
resistive malarial s formed on the substrate 22 or the first disleclrie laysy 34, inolding
= &4 o Y o 2 & T T Fon g i & ¥, T >3 3
he areas whers the overlays 38 have been formad, o form & resistive fayer 20, in e

0848 Yet another method of the present disclosure fs shown in FiG. 14,

armed an both of the top swface 38 and the bollom surface 40

§ & . 3 & e : H Wane + o oyt o5 ritveeed d
of the bend pottions 32 This method s shmilar o the method desoribed in conneation
e ENEN e e Bony e 2R e fm ] v Ve Sieet oyt ¢ D
with FIG 13, excant that after the resistive laver 28 (s formad over the Brst pveriays 28, a

B
<ok
o
-y
=3
&
3
]
53
Kk ol

ma bend portions 32 of the resistive layer 28 o fomm
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Accordingly, the resistive layer 26 may be forned
directly on the substrate 22. After the resistive

wo 2008011367 i s fornmed, a conductive nmaterial is POVIERWOTOV3S63
the bend portions 32 to formthe overlays 36. A mask
(not shown) having a cutout corresponding to the areas

~ Where the overlays 36 are to be formed s placed on the

sddipeit Stevays dyer DB heed erpiese gnlACcERENBRMYepaYs Porse disposed
32. Next, applying a conductive material onto the bend

SOYRSIRT BRS 2B BS UR TS VERRFS A Higichs Hidradididist36 on
the resistive layer 26. Applying the conductive
maf@§E ot Piotdte beendiegoittal owsie3 hec agsiPacachid ediip in the

- layering processes, such as thick f Imthin fiim

Husipher rabspray, Menksofesgabed nbhg orbroitise CRHewedife pfngples of
second dielectric layer 28 is optionally forned over

the prpseresissipbvie rayde 28sligndot heasopdderisy haVer RaypsisBe: cirouit
to achieve a | ayered heater 20 that conpensates for

LR O BN ENYT DWRICRG R TODABIT AR OBt e rocdhotitvsn Myatre @i kst one
the present disclosure as shown in FIG 13, the

Sengyeribay 8¢ 38wiH® thor mdidgef o raaidseinr ool vehdiayarrepB crowding
is formed. The process is simlar to the nethod

WpiogBs BRRPRAY FhoEeNAEER IcDA SlbthpFile: a2 seldndeptratthal after
the first dielectric layer 24 s fornmed on the
subsiF gt e Refpifngatef FrEE th ehadEr ve! bagterr Rdmi s aused)sd heater
a conductive overlay 36 is forned on the areas where

condyengdporetonsn32wih tidheashiogt of teciretn tiissfostihels Hustrated and
resistive layer 26 are to be fornmed. After the

geneedr aysiss tar eiternoediunsepiesii st Te wpred iteals Foravegrisss
on the substrate 22 or the first dielectric |ayer 24

contipmshacingiveheyarBadrnkdravet Besuwebrleays 286 shaveiheehconductive
formed, to forma resistive layer 26. In this form

avartdye Sovespays 38vatwebahoivatds e sedivibel layer 828 1n ane form, &
rather than over as previously described, which is

diglgehlousyadited firn ERGD Sy TR0S4S]aveld. andtther eetdhdthiof resistive
the present disclosure is shown sp FIG 14, her the

layenyer Eyssdpestibe videone boehShHf Atdreatedp tsurskistes 38eahd may be
the bottom surface 40 of the bend portions 32. This

fonret Hoeblivs osdmitharsibetrelise Shetlivoliddec iidedd i naver 58, {for same
connection

applications.  Additonally, the conductive overlays 58 may be farmed balow, above, o

Y

helow and above the resisfive RByer 82 as previously descrihed. Preferably, the
confinuous resistive layer 52, the conductive overlays 55, ana the dislecltiic layer 58 are
formed uaing a therma! spray process, and more specifically, a plasmas spray methed. R
should ba understond, however, thal other lavered processss as set forth herein may

3 B 1 ¢ iy R 3 I & w5 3 3 v o3 § R A 7
also be emploved.  Accordingly, the specific construstion and lavered processes as

i oardesdant aved doacorihact ol e reovrvedes nmed e Baabinges e aeosen of s swrasasom
Husirated and Jdescribed should nol be consbusd as imiling the scops of the present

IRHES A b rvedd T el Beshase ;
053 Az further shown, a pluralily of single cuts 80 axtend betwesn the

3 - b £ : T g " 5. fag o 3 . - am g Ay b oy e Ll
piurality of norrssponding conductive overtays 58 o form 8 resistive ciroull pattern 82,

- § Wil gy revmiodium Sireit s g s WA S S R - SR o o ol
ore specifically, the resistive circult pattern B2 comprisas straight portions 84 and bend

11



with FI G 13, except that after the resistive |ayer 26
is formed over the first overlays 38, a conductive
woraiosniah7 i s fornmed on the bend portions 32 of PAT1ES2007/073863
resistive layer 25 to formadditional overlays 38 on
the bend portions 32. Accordingly, overlays 36 are
di sposed both bel ow and above the resjst;ve |ayer 26,
POTRR Of 8 19 (RSP @t 68 BRSRI G SBISD0SuFIEIatNs HbfI e ot
noted that while the resistive circuit pattern in the
oreafqd (RS AUPYE. EPHIDHT nBRET WAL IHEGH TR irBEaVE Gupe 88 waler jet of
. serpentine pattern, the principles of the present }
oo Bt oE U RSO ERS D B BR i B E Rty SpERI e at i REG isRgRm of the
resistive c rc it pattern other than a senpsniine
HRSHRL CEFRSES | GigWEY Fheragvieuite PRECSEn B Aic Pl dasiogRed over the
_least _one bend portion, or a portion that includes a
SUDSHRGE: 1P BPHREITDRVIIRRe AN B0 CroRdih@ eprEarss arsas as
__occurs or in other areas of a circuit pattern as set
SROFHAT P &% CPUSIPS FEYSMRIAGT 6 EIGSEUs S aNE Tgiectipapyer 58
_.another formof a_|ayered heater constructed
NG HECOT HHREE WRTRYE We t eachi ngs of the present
digsclosure is illustrated and generally indicated by »
ret'éfehce NURERPED 'BOIEThE payer edeheste FuBT oiphiigdgnion in
...a continuous resistive |ayer 52 fornmed over a o
FHEsUh SPHUCe B 2aREY BIPERIT B Ry UBfousoRastts weeoyeshaysngsedinally
. disposed n predeternined areas of the resistive |ayer
e BoOR GhE BPTRSPATENE|IOSETYRIpERY 58 1498 FRES I BHpY of the
over the substrate 54, and then the continuous _
CONtESI'S FHNEVE aPET D529 SIESrhaseere eaRSier svtiravcty apainate the
58. Alternately, the resistive |ayer 52 may be forned .
and §f Fectnge @V@rbgﬁ?@%ﬁ“@%?i%tﬂ@ sASHrEndUTC FOWi ebe &t Higarea. |
layer 58, for sone applications. Addit o ly, the o
et GgE Y VTV ET A CBENRYS BREIFOE N be] slEstabeyEE Bt of the
__below and above the ressstive |ayer 52 as previously
Snagesey Fhend opreteharPIuENe ot Hubiswh dyilse Poenatay@ion 58 In
....52. ih& conductive overlays 56, and the dielectric ]
FIG) By eisoB i WP R med DAt AGORT ISR miprepital BrevesgsTaAwding
nore specifjcal L-X’ a plasrpa spray nethod. |i should X
39 PHRHRGFBTOBE hoWBFEr . FHat ot Rer ddyerdd Pirotldsdds gaton o
. set forth herein may al so be enpl oyed. Accordingly,
the gREUEpE IRy CHNSITPRBIS NS #A8PEYer ed processes as

o)

&b are

NS 8y & Fi grdiapnr { B bonk ¥ und B H B ot T e e el b
0841 As futher shown i FIG 15, terminglion pads 70 are formed in

L e i A o SNy = o L § H Y & PN £8P

predetemiined arsas and are in contact with the continuaus resistive laver 53 {o provide

2 i i oy sany b T g oy fog, 33 i ool ravitmes & A AT o
regquisite power to the lavered healer B0 Accorgingly, lead wires {nol shownd are

power sourgs {not shownd,  Preferabdy, ancther dislectric layey 71 {shown dashed) &

Sivrrvrensd s S evev i bivaE i o ik R e v mrrmred maed edoedrient laaistiam
formed over the continuous resistive faver 52 for hoth therma! and electiical lsciation to

IBOBE] As shown In FIG. 15, the conductive overlays 58 may lake on a vanety
of shapes, depsnding on the desired shape of the cireull patlern, and more spacifically,
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illustrated and described should not be construed as
l[imting the scope of the present disclosure. [00521
WG@00BM0LESHEr shown, a plurality of sin ie cuts BOI/ES108TIEN3863
between the plurality of correspondi ng conductive
overlays 56 to forma resistive circuit pattern 62
Mor e speC|f|caIIy, the resistive circuit pattern 82
relalpGhpPiEes SERPAI YRS Por YOS &Y Aspastdpoirkiions 186 chrmeie of the
form of the present disclosure. Preferably, the si ng
subsdits Sgoddiecreat-edhaRY ng EWOrESEY.,  HEREVeRS WiRetcad hat these
nethods of materia! renmoval such as water jet or other
spedglsy HEINER AECHEISRE S hagndyeti EnprasiEed SRMTYeS t @My exemplary
wi thin the scope of the pr esent disclosure. By way of
and ghaiprel e pensiied @8 firinl thy srosgolitee prefrediaversthe
substrate 54, the conductive overlays 56 are then
f ofBREEY n Pibdet epMinmeds srsadiss Hyer ShonA tandse hienngipeuls 80 as
continuous resistive layer 52 is forned over the
desdfivel detreine Healpeersighamiar B acyaniduetisie PovEichay sre8er sulisirate
[ 0053] As shown in FfGS. 18 and 17, the single cuts 60
walt(dsholin oy Radivonirbee FRE dendly éxe Endreantrepsns Vase pHedtighverage.
the continuous resistive |ayer 52 and | ongitudinal/
thuslrpsdivas poreiord obaitkecisoreiesPehdi ng conductive overl ay
58. As s uch. no portion of the continuous resistive
| ay@#5 82 i Bejorogentw dubsille & Ha yebrukitt esroy bty HBustrated
proxi mte the end of the ssngle cuts 60r thus reducing
and teesprle selces b iy rhiregpotisnidral §ealThedaydies My 80 comprises a
there were any portion of the continuous resistive
condlrayes v&@sipeasest Bafothd emd sofulishelssBhghe & obssig0ohngductiv
out si de the conductive overlay 56 (shown by the dashed
ovepostdonisf8ddninRhEleitSinet irgaspor fropswow @yaobihavera form, a
conductive overlay 58 to reduce current crowdi ng as
disiprevicperstyisdesidrirretlovel e pefadre: Sarangi thy tiltecaitingbus resistive
cuts 60 into at |east a portion of the conductive
tayeodend ByweSGvel hwidwedsc tdhyics 8posddibyiatait, yhg OGisdie Ayrer 82 may be
further shown In FiG 15, term nation pads 70 are
forvfeslr mirdotivn opeedbt esutistreth ddeasthand tagr eddipcitonizaet 88 thy some
the continuous resistive layer 52 to provide ‘
applications. Additionally, the ronductive overdays 88 may he formed below, above, oF

helow and above the resistive layer 82 as previpusly desoribed.  Freferadbly, the
sontinuous resistive laver 82, the ponductive overlays 88, and the dislestnic javer 88 are
formed ysing a thermal spray method, and move specifically, aither wire-ar¢ spraying of
wire-flame soraving. H should be understood, however, that ¢lher layered processes a3
st forth herein may be emploved. Accordingly, the specific construction and layared

SIT. i o - d £y 3 ~ b N . o 4 £
orncesses s flustrated and desoribed should nat be construsd as imiting the scope of

g g . “ " et i e ST A
[O088]  As furthey shown, g plurality of paraliel cuts 80 {best shown i FIG 19

axiend behwesn and around the plurality of corresponding conductive overlays 86 to fomm

a rosistive oiroult pattern 82, and more spacifically, the straight pordions 84 and the bend

referably, the parallel culs 80 are created using o laser, howeaver, other

v
123



requi site power to the | ayered heater 50. Accordingly,
iead wires (not shown) are connected to these
W@ 20080n#07 on pads 70. wherein the | ead w res aPEI/US2007/073863
connected to a power source (not shown). Preferably,
anot her dielectric layer 7 1 (shown dashed) is forned
over the continuous resistive |ayer 52 for both )
MeRYEr Al eEN G SPERTH AT ISsHERE Nt 9NPhEPTIRYY ehniques may be
envi ronrent. [ QXB5J As shown in FiG 15, the. R
SMREYRE UG TS sS5PEF ayENE6 ey STees “oAa WA eSS Shaps  way of
dependi ng on the desired shape of the circuit patte rn
exargpg. HisrES8peE s &% yrRE BENTCFoPETIRSBEe By cHa rsopveriays
. exanple, many of the conductive overlays 58 define .
D 24p ErHt KUERY VSHGARETSRBPETER 8 FHEVIDVEF] TE§S VB HIN S posegtisiive
proxi mate the corners of the substrate 54 define an
tayer BR v fogRapavEced Fagigy/ avertishvuba cheyde Pt sud Shat
these specific shapes and sizes for the conductive o
overPays S56sdndhBEhare. Hepgljor venpliar Eramimeiol  faefriermined
be construed as |limting the scope of the present
areagi WEl I EF eOPESSh hecosdRtiRuBHs ResTR HAME rayes raEpisite power
- and the use of single cuts 60 as described he rein the
to tpnpered Medee?l sOcasviEnbagEslslys provinges) argpedreied to these
substrate watt density for a given trace watt density ,
termppdiopotadie  fhorisedier Bed WEECERt CTOPEAgE. @ g solrce {not
resulting in inproved healing characteristics. 0057]
shoyp¥ e?;ﬁ%ﬁ@iﬁh’owﬁqﬁﬁepﬁ@_zﬁtﬂ_pgiagzg" U’*?%‘%E‘*%W‘dtiﬁ SFNRgRyBEede continuous
heater is illustrated and generally indicated by
resipleRépiande Tauime Hlergel arvheetiEyd rutplivade dic Sosigerprigesent
a continuous resistive |ayer 82 fornmed over a
SURBEERY e S@canBearspistivalidty BT ' ondiicoly eacovesy baydagily the
di sposed in predeterm ned areas of the resistive |ayer
srti@2siutiremed4, oxninterdiedlaét Brasc oS al e ®sistvd favst BF o feded oulside
over the substrate 84, and then the continuous
ihe ressiistioveut apdem8R. | Shiforipruedyierareh &3dE slct stactrgathayer” since
88. Alternately the resistive |ayer 82 may be forned
the grrewttioy ovisr TEhers ubsreded v84 Wt houtiva hecwl srlEnricant the
| ayer 88, for sone applications. Ad dit iona ly the
parglighdiie B0 veloy el rapistigeoimg tedsmordred bel ow, above or

3

gy

Pl
> N
S{:Q H

G

R . 2 Y o o T T - iy M § o YN Sk Lo $ K
As shown in FIGE. 19 and 20, the paraliel culs B0 {shown phantom in

bk ¥ IO 3 3 e xad ¢ 4 wade & M I Ei Yank O L TS o~ ~F ]
FIG 207 sxiend all the way through the condinunus resistive iayer 82 and do not exiendg
) T HWor Tend Y o n e g [ o 5 sovebonigey SN TThaat eyanees

fongitudinally into any porlion of the corresponding conductive overlays B8, The parailal

{ N S L T, verdin j vebivear eviveerd Fevepy ST gt 4

outs 80 preferabtiy maintaln separation between the resistive olroull patlem 82 and the
S T I 0 o Bl [ . v Ao Fated 1 - g} - - Y Sl N B n
intermediate ares U8 30 that the intermediale arsa 58 does nol hacome siaginecally ive.

o

ralied cuts 80 camnet exiend inlo the condductive overtays 88§, otherwise,

I
773
W
b
5
o
b
€1}
(9]
oy
%3
£

e imtermediate areas 98 will come info electrical contact with the condluctive ovariays

[B0821 & should be understood that the desarplion herain s merely

o not depart from the gist of the
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bel ow and above the resistive |ayer 82 as previously
descri bed. Preferably, the continuous resistive |ayer
W@ BRg/0113e7 conduct i ve overlays 86 ; sn h di el ece€1/US2007/073863
| ayer 88 are forned using a thermal spray nethod, and
nmore specifically, either wire-arc spraying or
wire-flame spraying. H should be understood however,
Uﬁﬁkﬁaf°%?h@ﬁﬁ@&%ﬁ%%ﬁvpFﬁée§§@@ks@§é?*fﬁﬁ?%fﬁ@ﬁé?n ﬁﬁﬁ‘ﬁ%a*a”*
enpl oyed. Accord ingly the specific construction d
3“~Fﬁﬁ%#éd’@?@%@§§é§k@§*PFﬁiﬁ%Fﬁﬁfﬁﬁ N SHeRt P Bed sl
not be construed as limting the scope of the present
di scl osure. [00SS1 A s further shown, a plurality of
paral l el cuts SO (best shown in FiG 19) extend
bet ween and around the plurality of correspondi ng
conductive overlays 86 to forma resistive circuit
pattern 82 and nore specif ically the straight
portions 94 and the bend portions 96. Preferab |y the
parallel cuts 90 are created using a | aser, howeve r
ot her net hods of materia? renoval such as water jet or
ot her abrasion techni ques may be enpl oyed whil e
remai ning within the scope of the present disclosure.
B way of exanple, the dielectric |layer 8 is forned
over the substrate 84, the conductive overlays 86 are
then fornmed m predeterm ned areas as shown and then
the continuous resistive layer 82 is fornmed over the
dielectric |ayer 88 and the conductive overl ays 86.
[00S9J As further shown, term nation pads 100 are
formed in predeterm ned areas and are in contact with
the continuous resistive iayer 82 to provi e requisite
power to the | ayered heater 80. Accordingly, |ead
W res (not shown) are connected Q these term nation
pads 100, wherein the iead wires are connected to a
power source (not shown) Preferably, another
di el ectric iayer (not shown) is formed over the
conti nuous resistive layer 82 for both thermal and
electrical isolation to the outside environnent.
[00SOJ Since t resistive layer 82 is continuous across
substantially the entire substrate 84, an internedi ate
area 98 of the resistive iayer 82 is forned outside



the resistive circuit pattern 92. This internedi ate
area 98 is not electrically "live since the
W@ 20080n#07 on pads 100 are connected with the rBSI/ES1005073863
circus! pattern 92 and the parallel cuts 90 bound the
resistive circuit pattern 92. [0061 1 As shown in FIGS
19 and 20, the parallel cuts 90 (shown phantomin FSG
2(3} extend aii the way tht6EFh the continuous
resistive iayer 82 and do not extend |ongitudinally
i NtEEAYCPBII Bn of the correspondi ng conductive
overlays 86. The parallel cuts 90 preferably maintain
separ at i'oR¥PHEEWEEHT FREPFESEStive circuit pattern 92
and the internediate a 98 so that the internediate
area 98 *UB®SYAGt beco e electrically live." As such,
the parallel cuts 80 cannot extend info the conductlve
over | ay$ G8ECiGE RBPMYE e RENT AieTi#Rli ate areas SB wil |
cone into electrical contact with the conductive . .
over | ays' SESHIRI SYRDIFTEUICT B RSt IVE it Sitive fayer detining
pattern 92. 10062] ft should be understood t hat the
2 regERE PptiiontREY B1iNY 81 RSNy ReREmprEry UiRat el der Having @ Wop
thus, variations that do not depart fromthe gist of
surfpoRicse POSYUREVERE i nt ended to be withsn the scope of t
e clainmed invention. Such variations are not to be
r egar ded BE<HCHSHRIY IR &' TICERY CRE SRS | PEE Shd S Eeps e and the
the disclosure. CLAIMS What is clainmed is: 1. A layered
SoltpragrEpce BhPFieMAFO R sElSt rate; a dielectric |ayer
formed on the substrate; a resistive |layer faornmed on .
the di eifecersed | AFEFTChEYRRIPEIY S ERYRE HFiEngYy and the
resistive circuit pattern having at feast one bend
OB 6K 3Yhe bend portion having a top surface and a
bott om surface: a conductive overlay di sposed on at
| east one of the top surface and the bottom surface of
the bend portlon and

o E e g N -‘ E S cewmoynd H v v
2 The layersd heater according to Claim 1, whersin the overlay is formed on
i ) &2 9 § A
he top surfacs of e bend porfion.

he layered haater according to Clalm 1, wherein the overlay is formed on

The lavered heater according to Clalrny 1, whersin the overlay is formead on

Py

the top swriace and the bottom surface of the bend porion.
5. The layersd heater according to Claim 1, wharain the overay 8 mads oF

& & AN PN vv«.- $
the same

S Fo i { Mardiny FRa sy e oy S
8. The jayered healer according to Clalm 1, whersin the overlay is made of 8
material diferent from that of the resistive layer.
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a second dielectric layer fornmed over the resistive

| ayer and t conducive overlay. 2 . The |ayered heater
waewmendisoyg to Claim |l wherein the overlay is fRCTES200TI073863

the top surface of the bend portion. 3 . The | ayered

heater according to Caim1l. wherein the overlay ts

formed on the bottom surface of the bend portion. 4 .

The' | ayef@datieat 8Falgc eoiciing 1@ ol & wheran WRer@iiny tsHaads ofa

overlay is fornmed on the top surface and the b tto ) ‘
malgy CAEEISRS S BERTRPpoFE 1 obE FIROTHETEY Rigatiey and approximately
..according to daim1l wherein the overlay is nmade of
3% He same material as the resistive layer. 8. The

| ayered heater according to Claim1l, wherein the

overlay made of a material different fromthat of the

resistive layer7 . The |ayered heater according to

adaime imeiaégs‘ﬁ{tit ﬂ%zﬁ@v@ﬁ:pfgy*mgsied LR ninay e overday has @

‘qqnpt(i sing approxi mately 30% Ag, approxi mately 38% Cu,
VETENY VEpPEdXi mat el y 32% Zn. 8 . The | ayered heater

according to Caiml. wherein the overlay has a

vari able thickness. 9 . A |layered heater conprising a

resi stsve layer defining a resistive circuit pattern o

and a cohdUETTY BSHFRCPAYIHNS foSeti e 61l SCORTE fubtfsiive cirout

portion of the resistive circuit pattern. 10 The .
:oa‘zt»ﬁrgympve@ HEBEY VS BT @f@p(f&‘@ddﬁ\gif s ggn%ggs@imqq%m e resisive
_resistive circuit pattern defines a bend portion and
oreheEghduct i ve overlay is di sposed proxi mate the bend

portion. 11. The |l ayered heater according to Claim9

wherein the resistive circuit

5 -~ Ty s T I 3 £t se T Vi %
HEA The jayered heater according o Claim 8, wherein the regislive oircud
nattern defines a bend portion, and the condustive overlay 8 disposad proximale the

Pt e
DENG DONTn,

. e Y 3 S s ‘ F T T e e, ) o o A b Thuom Tt i FReng i3
HE The layered healer according fo Claim 8 wherein the rosistive clroult

<y A v 3 § - N . 1 3 P . o ] .

18, Somathod of manfacturing 8 lsversd hegler, comprising:
X s gt b oy 2 T b PR ‘ri 3 I ey e = H i34 Fi s ¢ T
formiing @ resisiive layer having a ciroufl pallern, the oiveuit paltem having

&t lesst one bang portion; and

S rrry s S Sy pedine rarians meryr i bt Fopdd
forrning & conductive ovarlay proximate the berd portion.

é TR o f T v =3 e T g 3 Y F 2 . Vel Franpdvyirese o sAirsle e
13 The method according to Claim 12, further compriging forming a disleciic

faver and forming the rosistive layer an the dislectric layer.



pattern defines a straight portion, and the conductive

overlay is disposed proxinmate the strai ght portion.
wda08M107 od of manufacturing | ayered heater, PCT/US2007/073863

conprising: formng a resistive layer having a circuit

pattern, the circuit pattern having at | east one bend

portion; and form ng a conductive overlay proximate _

t hé4bend "Boreien SE32rSTEE0 e Rb U< AL EHE RGNS 10 3Rty layer s

further conprising formng a dielectric |ayer and ‘
&C?ié{%ﬁ}(ﬁ?}ﬁg‘ FHeS R etiey €2y SF OGN e HEEHE & diek fign. i fim, thermal

| ayer. 14. The method according to Caim12 : wherein
SEral RSN e B8PSt i ve | ayer s ac eved by a process

selected froma group consisting of thick film thin

film thermal spray and soi-gel processes 15. The

met hod according to Claim 12, wherein form ng the

ovéer| ay 1§ BRAFEFRIBYS A pIYEdys WERISELHEH TRrBR PR Y otip

_consisting of thick film thin film thermal spray and

RUNGHIL P PpigeRsgEsiet FOTRE HEt RO HRE B aicH é‘““fvo*ﬂ@l Tahnigpnal

further conprising formng a dielectric |ayer over the
SPRYY SSESOHGR HFe§R¥E%and t he conductive overlay 17. A

met hod of formng a | ayered heater conprising: formng

a continuous resistive |ayer over a substrate, formng

conducti ve overlays in predetermned areas of the o

r esiist i vée *ﬁ%re Sgﬁa'ﬁ?‘{‘aérf%\ﬂiﬁﬁi bblfegs‘;fﬁqﬁéseg‘@m?;ﬁg ONMING & tieieciiic
~continuous resistive |ayer between the conductive
layepPEr | Ay S HOVE 6B 8NP EFPERIVEIOVETiRgl e cut's ext endi ng

bet ween the conductive overlays, wherein the single

cots extend through the- continuous resistive |ayer

bet ween t he

3 b ¥ AT o (e - YT & oy (3 .

e A mathod of forming 2 layered heater comprising:
F oy v ~ ey S Iy S LeaNEn e e Rt N O [ ks .
forming @ continuous resistive layer over g substrate;

forming conductive overdays i predeterminad areas of the rasistive layer,

n
$1}

removing  portions of the canlinuous resistive  laver betwean e

-

ys o fonm o plurality of single suls exdending betwesn the conductive

e -3 & o
CONGLIGUHYE Oy 4

)
CVENIRYS,

$
whsrsin the single culs extend through the continuous resistive layer betwean the

A - X riensy ~n &y Y ¢ fvied - P 1 F o d - vy $ie posey 3y pemdin
conductive pveriays and longiudinally into & portion of the corvasponding conauctive

ovariavs.

~ X 3 T " ] b - I : % B L ~ ELaNp U e
2 he method according to Claim 17, wherain the portions of the centinuous

§ T - 3 i o ” 3, il RN -39 e N v 3 N R ey $ 2ot by
2 The meathod according to Claim 17, further comprising forming & disiscinn

N
3 AT et
333.* EIN

3 i + v ¥ o s o ood N ¢ N Ly gt ey S S PN F e 4% oy edries
favar on the substrate and forming the conlinuous resistive laver over the dielectic



conductive overlays and longitudinally into s portion
of the correspondi ng conductive overlays. |IS. The
woregokodiseccording to Caim 17, wherein the poreCDNS2007/073863
the continuous resistive |layer are renoved using a
| aser. 19. The nethod according to Caim17, further
conprising formng a dielectric |layer on ths substrate
andf or Mg e GREVRBOUS Féins ¥ verhieggiericpvies FRevontinuous
dielectric |ayer.20 The nethod according to Claim17,
resigiNe ey ¥ oehieHY PHe BEHEFN BUESIeR A5 B WeLp apesising of thick fim,
achi eved by a process selected froma group consisting
thin g el pPrmatERehediFmesh®tnal spray and soi - ge!
processes. 2 1. The nethod according to 17 , wherein
form ng the conductive overlays is achieved by a
process selected froma group consisting of thick o
fiidm i RYW PRPRY SeHErvelo § prafjpraiidosens gl srioleggagiays is
_22. Ths method according to daim17, further '
BG“@@%@ 8PP SED ﬁﬁf&ﬁ?@‘:ﬁéﬂ@f §|g§cétprq@@sqs§ry;éﬁf iByps filrg g fimy, hermal
continuous resistive |layer and the conductive
SRTEG\AER| SRy §5° P8CESASHet hod of forming a | ayered heater
conprising. formng a continuous resistive |ayer over
a substrate; form ng conductive overlays in
predeterm ned areas of the ressstsve |ayer; and o
r edsvi ng 'PorETEeN SCBF e CORPT huoWE s SSIMSTIFpe IPayeg & distactic
bet ween the conductive overlays to forma plurality of
sayep gyl e PSS VR GERYR Yy b8t B CRRECBESRT=he cond
uci sve over! ay , whereint e parallel cuts extend
t hrough the continuous resistive |layer and do not
extend info any portion of the conductive overlays.
24 23The “nECHSE ACEETE AGRRECIRTH PFPWigrei n the
portions of the continuous.
farming a contiauous resistive layer aver a subsiraty;

S o Py v o P 3 RS S Frs came

forming conductive overlays in predetermined argas of the resistive layey,
.
and

§

A S st s e b - 3 R TN o iy i Saviogar Frea$rescres .
samoving portions of the conlihucus resistive layer bebwesn the

2ot e < ¥ - Waredides @ ereen byt - R S it s et s
conductive averlays to form a plurality of paralial culs extending belween and ground the

N
WS

- oz it N ) 3 ¢ Finen 3 P ety g IoNiiae o e o
he parafial culs exend through the contingous resistive layer and do not

i3 R i oF e oo o) fenitey
extend info any portion of the condustive ovearlays,

TS - % 3 S S o ¥ NVt ey \ o1 ins Y &3 SN S Y T
24, The method according o Claim 23, wherein the portions of e continuous

e .
Yo

- . N LI Yot TR 4 . e T SR TS Hesiapede
35, The methed according to Claim 23, further compnsing fomiing a digledi

3 . . W5 X 2k H - Somn o~ § i3 v ot Tong v
layer on the substrate and forming the continuous resistive inyer over the dislectnic layer.



resistive layer are renoved using a |laser. 25. The
met hod according to Caim23. further conprising
wo o0osngon di el ectric layer on the u ra e and POF/IE200¢7/073863
the continuous resistive |layer over the dielectric
| ayer.28. The nethod according to C aim 23, wherein
form ng_the continuous resistive_ |ayer is achieved by
a pFoced§%sBFECHe@TYORY alOgHHIP ¢onsh8isHh gOIGHNE HPE KEONtnLoUS
film th-.n film thermal spray and sol -gel processes.
resishye THET FefROEVHE 80 PdPRETToSCPEFMT23) SRS e PR F oI H giHeR HEm,
~ the conductive overlays s achieved by a process
thin §8], Sered! $HORES §PIOYP PEBRST® i ng of thick turn thin
filmthermal spray and soi-ge! processes. 28. The
met hod according to Claim 23 further conprising
formng a dielectric |layer over the continuous o
reststi VESITE BT AR EIRe MBIl YBSIEVERITays ihe conduciive

s selacted from a group consisting of thick fikw, thin film,

P, T s bt 3t 3o der TR feerdd Tedevey Feveeviipgt o rliadmedrie
28 The method according to Claim 23, further comprising forming a dielectiic

S T I FE P N L 3 S P sl oo
Hriuous resistive laver and the conductive overlays.
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