LAYERED HEATER SYSTEM HAVI NG CONDUCTI VE OVERLAY CROSS- REFERENCE TO
RELATED APPLI CATI ON [ 0001] Thi s application clains the benefit of U S.

Provi si onalygApgloi&at i on, Serial No. 60/532,053, filed Dosdfhr04308.
and titled 'Layered Heater System Having Conductive O/glirq ays, " %I'%e

di scl osure of the above application is incorporated herein by
reference. FIELD 100021The present disclosure relates generally to
el ectric heat er S;NARERDESTER $YTUHMHAYING JCyRUSTMIcAYEREAERd

rel ated methods to reduce current crowding within curved portions of
a resistive heating el enment trace. BACKGROUND 0003] The statenents in

this section nerely g(%gﬁziadg background information related to the
present discl osure and*Way ot coHst | PitE-HELIEHCATIOY041Layer ed

heaters are t g"t}&%lel y. ,§y,§ed i‘n;_agpl‘i.cati ons where space is linmted,
when heat outﬁ CHeedE™ HPPNREPD LIRS SO FREeTt ghire TapFensndpaanton,
response [ S. desi Ou; f J.n ultra- an applicati ons where npisture
or ot her Sf:e‘égﬁ{jgﬁi ﬁ%{ﬁ?‘%gg‘éﬁ-‘g‘?ﬁ 3‘?*5@& &%ﬁ% %’Sﬁg%ﬁt’ ﬁ%ﬁf*r”é‘?g Fegtes SysiEm gydped
heat er gener.al.l poqgri,s different materials,

| i different. Ly,
SRt Ve R Of Hif, e ZPRIRE ISdiPerraies belain by

di el eot rih ARG"8 FE&F
substrate,..Ihe dielectric material is applied first to the substrate
and provi afe “&Tectrical isolation between the substrate and the
efectrically-live resistive material and al so reduces current |eakage
to ground during operation. The resistive material is applied to the
dielectric material in a predeterm ngg;pattern and provides a
resistive heater circuit. The | ayered heater also includes |eads that

connect the resdsii veriesbdn tidtie bRt 8Leg! t QE@&?&QQ}%@(@?‘S?Q% GRre
which is typically cycled by a tenperature contto [er. The
| ead- t 0- aRicSkhY & Giyeadd featers and related methods o reduce current crowding within

curved portions of g resistive beating elerment trace.

BACKGROUND

00031 The sialements in this section mersly provide background infoimation
redated {o the present disciosure and may not consiifide prior art,

F0004]  Layered healers are lypically used in applications where space is
fimitad, when heat ocutput naeds vary across a surface, whers rapia thermal response is
desirous, or in ulira-clean applications where moisturs or sther contaminanis can migraie
inte conventionat healers. A laversd heater generally comprises lavers of different
materials, namesly, a dielectric and & resistive materal, which are applied to & subsirate,
The dislectric malerial is spplied first to the substiate and provides slectrical isolation
bebween the subsirate and the slechrinally-iive resistive material and also raduces current
leakage fo ground during operation. The resistive malerial is applied to the dislectric
material i a predetermined paltern and provides a resistive heater cireuit. The Jayersd
heater aise ncludes leads that connect the resistive heater diroult to an elecirical power

source, which i iypleally oycled by a temperature controller. The lead-to-resistive cirouit

e



interface is also typically protected both nechanically and
electrically from extraneous contact by providing strain reiiet and
el ectri calwoagdspliisap through a protective |ayer. Accor qidigsseorhdes ed
heaters are highly custom zable for a variety of heating

appl i cations. noos] Layered heaters nmay be "t hick” f| Ilm "thin"
film or "thermally sprayed," anong ot hers, wherein the primary

di f f er enceizfieravsesisa hiey@lly ppdsctef bithyeeddniceiht ek eleslivdily Inet saldadspus
whi ch t he Iayers are formed. For exanple, the layers for thick film
heat ers afC8HECy B CEPFYNE oRtrai refis r@ﬁpiiéﬁé@% dsolgiipehihneuahc k epispivientaiverg,
decal application, or filmdispensing heads, anong others. The |ayers
for thin %H"Pﬁ%‘%&f‘%fa?ﬂmﬁﬁﬁﬁ?&% ¥ R pERR! QT ﬁg?aﬂ%ﬁé’éi"ﬁtﬁﬁ %F*@é%es
such as ion pl g sputtering, chem cal ,vapor POSIH on (CVD), and
physi cal vapor é@%gsu YREEIIRAYTS ey YeEhEins ’fh%tff it ek ppEyes!
processes_distinct from tfu n.and thick film te%hnl gues are those

known as ¥HERH ‘e%‘p)\”%éﬁffz Ad %P%@%’s"é@re%‘ﬁ RV ?%iﬁ’ﬁﬁ%eﬁdﬁ‘ SRaY heflers is

le f] OF
Vel o0 ty f&g}”&éﬁ%é‘r"‘)ﬂg f%%?%%%&"@x* "Por Salrhisoae Fhat rudfes cester
heat | | 1y I d a
pactern o el GRE R8P %%%%fr?%ﬁe%ﬂgyae%%%ﬁmivﬁi%a or i
WEr & UL gahig UG BEC U B8 A R0 LU e

refers to non: uni f orm di ution of curren
current tepdsidoshul N@bd&@@@dﬁ%@%ﬁ%z&%f sw%&ré& d&%@ku &sﬁégaéim
present obst'acles to a snooth current flow, 1. ‘ben port ons.

oper ati oncyas, ARE pBilidR phl a¥QlsSioar eung &vee@dmﬁ%t 12, ardobfer GakE @@%
exhibits a tendency to build up. or crowd, around the inner portion

of the olfvesas kisunmkes,ihs ¥y anouRd ﬁid&ﬁ D66 GirP O dd=ORnoul 85 iRkl S
current crowding effect, the bend portions are susceptible to an

i ncr easedpeiyiepodans) wscmw;sumd&uwmng,ema@m@a@ veeadalifl, plasms
premature failure of the sistive heating layer and thus the overal |
heat er systaimg, ScVMARGHAR) Bk RvaFeHurefesate i ornTud. bayas esheheat er
is provided that conprises a resistive layer having a resistive
circuit pattefditsihe Tresirstidtive igtiogibygpaht gete defdae heaters lieagheane
bend portion having a top surface and a bottom surface. A conductive
over | ay ifgmsHosd deghtom at d vast wiheuokdtdiebardppstintsace:. and-ihhe, bdetom
surface of the bend portion to reduce current crowdi ng. [0008]In

anot her feooragt eowernowief oomipuf &angraiingourdrhyeratincheeis: tof 8 fenovifaed.
The net hod corrprl ses formng a resistive |ayer having a circuit

patt er n WEFREED e a3t 82 HEN dvpEe tho e Bodede lﬁ“ﬂfg SEnPihgickpase near
conductive overlay on the bend portion [00091 In still

anot her ﬁ‘ol’"ﬁfﬁ*"ﬁ SRR PAneTseat ‘Eﬁﬁ%‘;ﬁ%? ééf*‘l?f"ffﬁ*@”féﬁ" e 8gbEREonss In
provi ded. Th qu conpr.ise or{%n a conductive over|ay where a
bend porﬁ%ﬁ o 2 O FOUPE (RGBS Lo ol Jes Fayer Sboes tareny

IMO,[ Ee,?he ey éﬁiﬁso el ”6%‘]’9 < o es' h;\el:?‘e’] {e;{,r‘h?yr"len&ntreb &s %I r‘}’!g“{lgatliapm@zgyt e?rgzgnd

the berd portion. Due to this current "rowdfrg effect, the bend portons are susceptible
o an incresased current density, causing burning, which can fead {o premalurs fallure of

fhe resistive hesling layer and thus the overall heater system.

SUMMARY
WO8T]  in one preferred form, a layered heater is provided thal comprises

resistive layer having 2 resisiive circuit patlern.  The resistive clrouit pattern defines at



00L.03In an alternate formof the present disclosure, the overlay is
formed both bel ow and above the resistive |ayer proximte the bend

portion. GRbieR@hisgy dielectric layers may be forned bej éﬁﬁﬂmﬁmm 3
substrate and the resistive |layer and over the resistive [aye

requi red. [0011] Additionally, another nethod of form ng a | ayered
heater is provided that nprises formng a continuous resistive |ayer
over a substraeasnf opibngaconduet sukicover bdydolsygesle b enniinid: aveas
of the resistive layer, and renoving portions of the continuous
resistives IPW&QdB@tW Ehfe cUiBA derc siripee 60@ Fledydiorosuiseenchihp bgnd bbtipn
of single cut's ext endi ng _between the conductive overlays. The single

cuts ext eRdet THF GHGH HFRYEGHt | nuous resistive |ayer between the

conducti ve over éﬁ%ﬁ and Iongl tudinally into a portion of the

corr espondi ng i€ ct iV ENevEY F%f?‘s a YRS ghIENUaRErBENgJavared Jegie s

formed using,a Ser . _ t._another nethod, a I*a ered heater is

created. BoTe T BerBE RO RIaSOTIS S rraive Byes oy 3’ Sriipatp e o

formng 39'*' uct redeterm nedi are the resistive
ang®

| ayer R RSN Mol e P R e v Fagarion

bet th f | u f | el ts

ext endi ng bet égﬁ‘ﬁéhéﬁﬁ“5%%%%%%*‘“’%%&?8?'?% R R SRS
t t th d

Cot e o e W 8GRk G LAY B RordeE S ANS'E bR ERP BT D WRle SXRL

cuts are ;jcwc!mfg auﬁg ﬂg %hleras gk pqge‘?‘lal:éi'r;rst?:?gae ?&rrgﬁg % d‘ﬁ:@rp!,?;t &pLels «Itt%e

wi | i become apparent fromt escription provi erein

be unders&}%@%&h@w&@m@ SR aﬁm%@&e cBRBAILIGe Saap| es are 'ntended
for purposes of 1l lustration onl y and are not intended to linmt the

scope of the @ﬁ@%”t o 5‘35%%{@ ‘fﬂ@!@?&é&@%@ {ngrbd‘*%"“ﬂgtw iy formed
described heréin dare for illustration pur poses only an
hoth below and above the resistive layer prodimate the bend portion.  Qptionally,
disleciric lnyers may be fofmed belween @ subsiraie and the rsistive layer and over the
resistive laver, ¥Frequired.
f8041]  Additionaily, anather method of forming a lavered healer is provided
that comprises. forming a continuous resistive layer over a substrate, forming conductive
ovetiays in predelerminad arcas of the resistive layer, and removing portiors of the
sontinuous resistive layer balween the conductive oveflays o Tor a plurality of single
cuts extending belween the conductive overlays. The single culs extend through the
continuous rasisiive layer hetween the cdnductive ovetlays and longitudinally it o
portion of the cofrespanding conductive overiays. Preferably, the single culs are formed
012] In yel another method, a lavered heater is crested by forming a
sontinuous resistive iayer over a subsirate, forming conductive overlays in predetermined
arsas of the resisiive layer, and removing portions of the continuous resistive laver

betwsen the conductive overlavs 1o form a plurslity of paraliel cuds exiending belwesn

and around the conductive overlays. The parallel cuis extend through the continusus



are not intended to limt the scope of the present disclosure in any
way. [0015]FIG 1 is a plan view of a |ayered heater wth a
resistivei I n accordance %ith a prior art la :
FIG 2 is Waogfq)s?gsg”ect ional view, taken along line 2- Zy% lz@ﬁ)iﬁg% a
ed heater in accordance with a prior art |ayered heater; 1001 7]FI G
3is aplan view of a |layered heater with a resistive circuit patt
const r uctredisive lawse endancet witehd Bleapr baltbrpl dbe ofndubiereprvesast Preferably,
di scl osure; [0018]FIG 4 is a cross-sectional view, taken along |ine
4-4 of FI@ paragyl opis| g Eregc HeaE €re3%: resistive circuit pattern in
accordance with the prihcipies of the present disclosure; [0019]FI G
5 I's a cross- $88tslonafuiiisswareseniof apeiertEnG will: heprsve naermer| 98 die a
bottom surface of a bend portiop of a resistive |layer in accordance
with an SEEEIHET STPHEH BFerhet 6P‘é‘§%r‘}’f3 Hidgsigsure: hposoira and; spegiic

cross-sectional view simlar to Fl show ng overlays on :
exam‘p_%g aE s*\réﬁa%swar purposes of Ca?fustratsaﬁ only and are :?/0: intended fo mit the

I 3

scope of the present disclosure.

DRAWINGS

{0014}  Ths drawings described hereln are for Hlustration purposes dnly and
are not intended {o Jimit the scope of the present disclosure In any way.

00157 FIG. 1 s 2 plan view of o layered heater with 5 resistive circuif patters
i accordance with a pior art Igyered heater,

018 FIG. 2 s 3 cross-sectional visw, taken along fine -2 of FIG. 1 of a
layerad heater i1 accordances with a prior art layered heater;

0017 FIG 3is a plan view of a layered heater with a resistive gircult patism
constructed in accordence with the principies of the present disclosure;

{B018]  FIG. 4 s a cross-sectional view, taken along fine 4-4 of FIG.

£23

of &
favered healer with a registive circuit patlern in sccordance with the prihcipies of the
prosent disclosure;

OS] FIG 8is @ cross-sectiona! view, similar to FIG. 4, showing overlays on
a boltom swrfase of @ bend portlon of a resistive layer 1t accordance with an alternate
form of the present disciosurs;

00287 FIG. 8 iz a cross-sectional view, similar to FIG. 4, showing overiays on
both of & lop surface and a boltom suface of a bend porton of z resistive layer in
agegrdancs with another alternate form of the preseiyt disciosure;

00211 FIG. 7 s an enlarged cross-sectional view taken along line 7-7 of FIG.

3, showing a conductive qveriay with a uniform thickness formed on & fop swiface of 2



both of a top surface and a bottom surface of a bend portion of a
resistive layer in accordance with another alternate formof the

present diwglemwifso7 [ 0021] FIG 7 is an enlarged cross- ' l.ew
taken along Iitne 7-7 of FIG 3, showi ng a conductive over as?/ﬁ\f\/’dog%kg

uni formthickness formed on a top surface of a bend potion of a
resistive layer in accordance with the principles of the present

di scl osuriend] 992231 AG & Sadigiva Rirewins eidrdemict omilliGihel pristicak ng the present
conductive overlay defining a variable thickness across its wdth and
formed orfgpiasgpeisurface of a bend portion of a resistive |ayer and
constructed in accordance wth the principles of the present

di scl osure; [dBPBYIAG FE.i% imapligw vindew Bf FiB.| Aysravdhtheateriuftioenediay
using a thernmal spray process having Conductive overlays disposed

proxi nat EEEFBE S VREDE SIRFEHt aEPHWEF M sndifrersd eroadee gritaasdof @ bend
constructed.in accordance with the Pri nciples of the present N
di aci osurfT §02 4PRBYE16YHs 29 CRRMTAPGE N FEeaivenes B ohe rReciPplay & dbe
heater of AG 9 in accordance with the principles of the present

di scl osurfES*PHH38FRE 1.1 is a plan view of an alternate formof a

layered heat er{i‘} %i ng:’r’?fs_. 8 is & plan view of a layered heater formed using a thermal spray
process having conductive overlays disposed prodmate arsas where current crowding is
fkaly to ocowr and constructed in accordance withy the principles of the present
disciosura;

00241 FIG. 10 is an snlarged delall view of he lavered heater of FEX. S in
ascordance with the wrinciples of the present disclosure;

0028 FIG. 11 is » plan view of an altemate form of a layerad healer havin
conductive overlays along straight portions oF the resistive ciroull pattesn and constructed
in aceordancs with the principles of the present disclosure,

00287 FIG. 12 is & schematic flow diagram of a msthod of mandaciuring =
fayerad heatar with conductive overlays in accordance with the principles of the present
disclosure;

80277 FUB. 13 & a schemalic fiow disgram of another method of
manufacluring 8 layered healer with conductive overlays in scoordance with the
oringiples of the present disclosurs;

[0GR8F FIG. 14 is a schemafic fiow dizgram of another method of
manufacturing & lavered hesler with conduciive overlays in accordance with the

orinciples of the present disciasure,

¥

0028 FIG. 15 is = plan view of a layered heater consiructed in accordancs
with a method employing single culs according fo the principles of the present

disclasurs;



conductive overlays "along straight portions O the resistive circuit
pattern and constructed in accordance with the principles of the
present diwghamiwifet 0023) FIG 12 is a schematic flow diggy ﬂlq)‘mﬁﬁs
met hod of manufacturing a layered heater with conductlve overlays 1n
accordance with the principles of the present disclosure; [0027]FIG
13 is a schematic flow diagram of another nmethod Of manufacturing, a.
| ayered heat erf3@kdh cemduts ﬁevenoamatrgays aw) BesoLdBRCEot tAst fferis. 15
principles of the present disclosure.; [0020]FIG 14 is a schenmatic
fl ow di agietmtiis %&a@mwmmémdrmﬁcmmﬂwa@iucihisg oithk pyseetidieater; W th
conductive overlays in accordance with the principles of the present
di scl osure: [(Q0281¥F| GIiGLE%iis aacrpsaseciiveal v, dalemydoradietil-¢7 of FIG. 16,
constructed in accordance with a method enpl oyi ng single cuts

accor di ngit aﬁawﬁéh@smmrpi lsscoirdetne yihdbe pindiscosuresert<GOBBIEI G 16
I's an enl arged view, taken within Detail A-A OFFIG 15, a the single
cut in accor d4R@8ZWi t FiG K@ ipri Met prawf oflaydred prasemnsiiiided @surerdance

with a mothed employing parallel culs according fo the principles of the present
disciosure;

0331 FIG 19 i an endarged view, taken within Delall B8 of FIG, 18,
fiustrating the paralied culs In gocordance with the pringiples of the present disclosure;
and

WO34]  FIG. 20 is 2 cross sectiona! view, taken along fine 20-20 of FIG. 19,
fllusirating the paraliel culs i accordance with the principles of the present disclosure.

Q038 Corrssponding reference numergls indicale comgsponding pars

throughiout the several visws of the drawings.

DETALED DESCRIPTION
B3B! The following desoriplion is merely exemplary it natiwe and 15 not
infended to it the present disclosuie, appiication, or usés.
B037]  Refering to FIGS. 1 and 2, a prior arl layared healer 10 is flustrated
that inclidas o substrats 12, @ firsl dislectiic fayer 14, a resistive laysr 18 defining a
resistive oircull pattern formad on the ficst dislectric layer 14, and a sscond dislectric
layar 18 formed over the resistive layer 168, Generally, the resistive circult pallern s

shown to have a serpentine patiern and has a uniform thickness throughout the resislive

00381 Refering now to FIGS, 3 and 4, a layered healer in accordance with
ine presery disclosure is filusirated and generally indicaled by reference numeral 20. The

ayered hesler 20 comprises & substrate 22, a first digleciric layer 24 formed over the



[00311FIG 17 is a cross sectional view, taken along line 17-17 of
FIG 16, illustrated the single cut in accordance with the principles

of the preggihes &Hgﬁllosure [0032]FIG 18 is a plan vi evig(olf F47@|¥&§§ES

heat er construc I n accordance th a nethod enpl oyi ng para
according to the principles of the present disclosure; [00331FIG 19
Is an enlarged view, taken wthin Detail S-B of HG 18, illustrating
the paral dubblrat?’g, &neasvenidanCs fovivtasl dveethprirsiodigibase tlvet he spriesenbnd
disciosure; and 4FIG 20 is a cross sectional view, taken along |ine
20- 20 of cmi@izi@%a"e&n 19 fosteditian dhic ehetiysdewr|28land ttsiedidecior baaca. Wid h
the principles of the present disclosure. Correspondi ng reference
numer al s eFEhedner E8ry Bofortly Mgdpaf & sordwebughestizidisidavesiencadubivgndt
t he draw ngs. DETAI LED DESCRI PTI ON The foll ow ng
descri pt i BACTEONSE & g%sﬁiéw%ﬁ? SaRnedt o é“‘%ﬂéiﬁf%"*ﬁ@mﬂoﬁfw&é@ fepistive
limt the P seg di scl osure, application, uses. 100371Referrin
to FIGS. ‘§¥% ef “a: p? |’~‘8r99‘§F"E‘B IPé‘y%’Pe%P ﬁé%ﬁ‘éra“id"?@&ﬁ F“Lﬁ%*"ﬁét’e’{i SR
i ncl udes a sub&h ! %tt % it b
| ayer 16 HEFRHGTE" ‘r{é‘*"‘s@f Ef We B 1"%“5 rf f%?ﬁ%ﬁ%n F‘Fre* f:i'*‘ gp 3
dielectri I er ec r,l ;L . yer he
. . ‘?% zi% %d‘ag \%r&% @8 g g?{)%ir i%mg%aez%% \.g ﬁ%vvn

resistive ayer nera € I’eSIS IV€ Cl urt

to have aﬁ?ﬁ&% L&?sigétiéﬁ %aﬂada hageRsdiid %mshawmeé%élg %9&0&5{,

the resistive
chrout, thus providing power 10 operate the layered kealer 20,

00381 To reduce the effect of curent orowding, {8s described above in the
Background section), a plurality of overlays 38 (FI8. 4} e provided proximate the bend
portions 32 {o provide addifionad resistance to the slecide surrent passing around the
bend pottions 32, With the increased resistance around the bend portions 32, the

crezeed curant densily due to crowding is distibuted througheut both the bend
poriions 32 of the droull and the overays 38, which increases the e of the laverad
haater 20

{00401 As shown, the bend portiohs 32 each have @ top surface 38 and »
poftem suracs 40, The overlays 36 may be farmed on the fop surfzoe 38 as shown in
FIG. & or obt the botlom surface 40 as shown in FIG 8. Alematively, the overiays 38
may be provided on both of the top surface 38 and the bottom surface 40 as shown in
G 8

w0471 Referring to FIGS. 7 and 8. the overlay 38 may be formed to have a
uniform thickness as shown in FIG. 7 or 2 variable thickness as shown in FIG. 8. Such

iable thickness fechniques are shown and desoribed in UE Palent No. 7132828
flled “Varlable Wall Densily Lavered Heater,” issusd on November 7, 3008, which is

commonly assigned with the present application and the cottents of which are

incorporaied herein by reference in their entirety.



[ 003%] Referring nowto FIGS, 3 and 4, a |ayered heater in accordance
with the present disclosure is illustrated and generally indicated by
ref erence . The |l ayered heater 20 conpri ses 2,
a first dl‘g reig({sﬁj}lcsg ayer 24 formed over the substrat e%ﬁ?{?g}.d&ﬁﬁﬁ&
resistive layer 26 fornmed over the first dielectric |layer 24, and a
second dielectric layer 28 fornmed over the resistive layer 26 and the
first dielectrifgdtnyen B¢ sThe sesiheBEVas|ihy rgRb tiskpsekesaklas smie
of a conductive material of high resistance sufficient to function as
a resi st ivedipedioh 3§ wwlignertthe bmatidst ssciuls| ofi stvaisos e eshpdiventkriat Bewith
resistive layer 26 defines a serpentine pattern as shown and incl udes
a pl ural ivegicios iRithmisght npoe tdions! Bobalienreurpdodnie dhephurret ictowdifs bt
portions 32 to conplete a circuit pattern 33. The circuit pattern 33
has each ®Fuitng EHEY Bennst sartivos #2paice db ther pinaliist padivs 34, cwbitals.
connect the resistive |ayer 26 to a power source (not shown% to

conpl et e M¥eRYS c"f"?l‘ ’Bé?‘fscﬁﬁ 1 Benpigy abty WFW PRyoRBINS B epepavetindave

| ayer ed heater educe the effect of current
crowdi ng, ¥ ?ﬁ’”&eé’%‘ﬁ%@d “iﬁové’%ﬁ“?h%‘%‘é‘@k‘ﬁr%ﬁ’?& $8Et i'Bh) P8 PITRERIR Y

of overlays 3 are provided proximate the bend portion
to provi g8 REHT Bﬁﬁ‘éf’ 3%‘;8533& %f a{}yo% SEFERt TP c‘:’"‘éﬁ}rbe‘?ﬁp "é%ﬁ'&"a it

d th
oot e RS BB OB S ) e DRESEO L ks %@ﬁrﬂégdsm“
di stri but %d Lgrgg%\lﬁl eﬁé’ﬁt@;{ evdprg @94@&;&@2 of the circuit and

t he overlays 3 ‘ch I hcreases of The | ayered heater 20.

[ 0040] As shown 4%£§eThe o 'Jr;’t grqgg%%gmgaﬁsh&V%;f%rén?p* c%rfﬁ&eehggeqa%d a

bottom surface ays ar ne op surface

38 as shown. skl Gad @%n@met% s%Bk%%Ue?&"f =40 300Nl Bl B

Alternatlveiy the overlays 36 may be pro | of 1t

surface 38§ andstdebobs meﬁyﬁﬁﬁﬁﬂfé’% ,aﬁeém\’vﬂe"‘ Dsifd & nBwmat spray premsa
10041]Referr|ngtoFGS. 8, the overlay 36 may be formed to

have a unkheédutdiclinesses ﬁr:SwS{hQM@ otddeht Gocicbu®d, FnY Abifddk oot b GhRRSS:
as shown in FIG 8. Such variable thickness techniques are shown and

descri beduihimbleSireRatient a-blasusdepliBe, ©28irteht ketkdind riiadl ard\8dterdlonabiy

Layered Heater," issued on Novenber 7, 2006. which is conmonly

assi gned wistd atdedpr es ehtuphppliceatiion gangsit dectonbeiiiescield whiteh e

i ncorporated herein by reference in their enti rety. WO

2008/ 01156%REF /1482 00 HHOTR3 863 prefiminary testing, layered heaters having the overlays 38
in accordance with the prindiples and feachings of the present disciosupe have
damonsiraied an inorease in fife over laversd heaters withoyt any festures io
compansate for current crowding. | should be undersiand that the configurations of the
iayered heaters as Bustrated herein are sxemplary only and arg not intendesd o imit the
soong of the presant disclosurs.

WAD441 should alse be noted that the overiays 36 may bs made of the same

matarial as, or different malerial from that of the resistive layer 28, in one form, the
ovariays 36 are made of a material having a higher resistance than the resistive fayer 28,
which includes approximately 30% Ag, approximately 38% Cu, and approximaiely 32%
Zo. However, # should be understood that a variety of materials may be emploved in

accerdatice with the teachings of the present disclesure so long as the material provides



[00421In FIG 8, the overlay 36 has the |argest thickness at an area
of the bend portion 32 which has the small est radius of curvature.
conductiv 6 wth variable thickness is nore t

better acg‘g%dém?}%o?he current crowdi ng effect occurri r%ﬂ{\ﬁzﬁqqﬁg:{%ﬁ:‘
bend portions 32 close to the smallest radius of curvature, Mreover,
the overlays 36 on the plurality of the bend portions 32 do not have
to have thEisamersshapee @roghdie. srBacauserdnhericheui hefatihgy Nid0esanat
have to define a serpentine pattern and can be of any shape or size,
t he over |diys n@@ircanubiod be medsituad za Vst tfesmept obihzgredeht dketess;. and
shape dependi ng on the shape and size of the bend portions 32 and the
ext ent of the {Bléfent it chovdiisg befuiheetsiool Gt Shdxanpbiaryomertibeditheriiscof
such different sizes and shapes are illustrated in FIGS. 9 and 10. As
shown, ovecksnzsiy38 Wracdiesgposedy overths bbwt portivren 82 off ik Rendiedins tiarays

| ayer 26, which has preferably been formed using a thermai spray
process 36 by Hatesd OVRTERY GRlichel feobsisve oprebeattern i etesdingic Spaeific
overlays 36 are disposed proxinmate areas that are susceptible to
current JdEGWIITEEIS Wi Hempeingepdratisy sepreay nerees! sgasneorBiappy st
change in the general dlrectlon of the circuit pattern of the

resi sti véPREYEr 2678%R T §1C- I'A- b‘?iei”PFﬁﬁﬁQW itfés*?}%g@"‘—‘ “P’a‘%f“eﬁfmﬁ'@éfﬁ‘é“ﬁ
havi ng t e ovedays

¥ angacgordanc V\{lP\g “g ﬁrlnm . ndte chi ngs
Iof thedp é%éﬁ‘f"’% S8 BE P R K ONoh SFF S a’é g"r”}f‘é? @%“T‘ Py FREE0E
f%ﬁé?gg:ﬂer{ %sm“’jﬁ% R AES R P hah e R TR AR Gk Phustd 3 Beg over
ayered heaters, a?s? & LH§£§§%%9 ReL gl Q»iBU‘ﬁ?\r %e&%%g? 0%51 A fg%a&h l‘i d@faﬁs it

intended to I'imt. sco resent” di sclosure SO be

noted thaf,the.ayv sda!}fﬁ: Y =4 Q'a Qaqfewé;]*%esﬂ%%"% SLi3! §§WT ‘tim

different material TFomthat o resistive ayér . I'n one
the overlays30e %Eré’r JRAR %Fe %mﬂgie%r M%& ARG JHghess ?}@5’5§§°§f3°%w,55'
than the resistive | ayer h i ncludes appr OXI mately 30% A

appr oxi maj@by; 38%6hy 1o0d &ﬁ@r&&ic@bﬁ" YucB20ai s AR Y ttin ke f»sfmu,l, idhisbe

understood that a variety of materials may be enployed in accordance
Wit h t he theasdhdngsrafi bhgepresenth dinel % EB:SadsRUhASIghiNB: MBEQIHA
provi des additional resistance proximate areas of current crowdi ng.
Accor di nglvgstavsles'. nidies dabsswl 4ved 2 hentdivnushatibrdaining rdadsticopisdutiyetes s
limting the scope of the present disclosure. [00461 it should
al so be unrdestsbogivtdmingtifescibadoctiiciie wiegela§® 236 Sidadh etlermingl pads
necessarily be forned exclusively over the bend portions 32. The
conduct i & &ver4. asape8Beimay be fornmed over any portion of the
resistive circuit pattern 33 accordlng to specific heater needs while
remai ni ng wit #8&dihe scholerdfg thdipr dgent reihng ob meeuiaBrinaihoflayered
exanple, as shown in FIG 11, yet another formof a Iayered heater in
accor dandsai £R % [RECP ARG !}Sﬁé%ﬁﬁoéﬁ"“’éﬁ’ié JFrESeRt is INFWeRSEoIRd & Rurther detall
illustrated and generally indicated by reference nuneral 20'. The

| ayered hE&tEF “"2@ SEH N EYSPRTBsT SV AN S YRFTR PRPS 8RESF BHHERE
over the substr te 22' substanti aII revi ously descri bed, and
Sonduct | VESHoREr 45 SFRENSTTE Ro@Y oRsP s?r%gﬁ’ﬁ?‘“ff&’ ferEosoorathEr cin

over the hen i.gglk{ﬂ[.gort nduct% ver

o ehoseq Boare R bt der 68%??%8?1%& S RS R R P d e,

33", simlar to the bend par 2' dhat_ fhe cutrent.
cont i nuesSSHe r‘“#ﬂ ow'Y %\II t hﬁlqgr? *t cr“§5| gg \f"gm %}‘D&{]@ 4 P 'e%u\?i?:e %ef Dl
Pa m%ex'ié?gs

before and, afit er RasslLy ,thm &EP&%QQ%EH’%E ibe/§ 885;%@%3

di SpOSGd over-a conti nu us por Ion O resi s IVG Cl I’CUIf pa

33"t h ny vl T Ci W I' ¥
US St pueiiral wY cg d-s%? i?z@g&gzépﬁgﬁ} heccQaductde ‘éeecf%gxﬁléfﬂlgﬁ%;%q

36 fromthe term nal respectively _ erring to
FIG 12, wq-het hadyef, W&@@%Hﬁh@% e |avarefhralLhie?Bsd Rorerrad to as

“layering processes.”

<]



WD 2008/ 011507PCT/ US2007/ 073863 [0047. 1The resistive layer 26 is
typically formed on a first dielectric |layer 24, however, this

di el ectri quhaygfizgy i S optional depending on the appli (i,%t[j{[_%gow 73863
requi renents. Accordingly, the resistive |ayer 26 may be o ed
directly on the substrate 22. After the resistive |layer 26 is forned,
a conductive material is formed on the bend portions 32 to formthe
overlays 35. XpoHBsSK {ROtestod ety Esnt?pééai@%%d &OE KRS RN RGLQ dshe
areas where the overlays 36 are to be forned is placed on the

resi stivenchayer 526 diseeiXiage Dnk\ortibes: bepshapey &t RSz PlcataXbquirements,
appl ying a conductive material onto the bend portions 32 results in
form ng ofccbhiéngdy drd ypstiBGlage Itheay es ety airkdiyen (26 sudpply bhgatdans
conductive material onto the bend portions 32 can be achi eved by

| ayeri ng rpeigdedaes “Sgadinrad, & Bookuchivd mpalerini in Mo ort Brerent pspioay 32 &nd
sol -gel, anong others. Thereafter, a second dielectric |ayer

opt i onal 179 Bensgrievedt t henpesingt phavdl dpeing Zecuimit colesisorBitde ireareas
overlays 36 to achieve a |ayered heater 20 that conpensates for -
current cGYERMIITREY(BE4B] e tdPAfHTSE & rRsdrerthassidie et Feloprasmeniy
di sclosure as shown in FIG 13, the overlays 38 are fornmed before the
resistive§ gi}”éﬁ*’ POEORY SPe NG FPPIHE PPETRESY Sl PP o PPHECHEFHoE
described in copnection with FIG, 12 except 'thaté, af t_eE_e_tﬂh; first

di el ect r FESYEYRFO G § PO OHEEYB ot He e BRI IR SS (RPN p spnductive
dielectric layer, 24 is used). nductive overlay 36 is formed, on.the
o ens vhdra Rl pRoES%hs 12 PR i B BV e P e b bR e
| ayer 26 .are.to.he.far . t o | .3 or.ned Seafea b
R A O e L

di el ectr ié%eel-‘ N o RAnal NG DG, Eﬂ%e{'g%gt@%%x% 588 QUR 4&@%&&%&%@ o@?ﬂé‘%‘s gggcf'

formed, to forma resrstive [ayer Cinthis form the over ays

are bel ow A6 L eslald M8ud:PE8ha126dabhifls PV ELw@SnPr evi ously
descri be\c/ié, Hv%\/fgn %?’f‘“?ﬁf}?“%ﬁs?ﬁ?ﬁ@ﬁﬁ@;&% %h&[%egg%\ﬁt wflgnot her met hod

of the presentagisCl 08ULEIAS 15 BOMA Relrb@or Ide pMRBREHEAS QY 8dAY SR NE
formed on both of the top surface 38 and the bottom surface 40 of the
bend por td@ngs 32 olikss BB LROEhs: 54183l RS rde@uv IRy BRIQ e HRSC ThB @ebckBs
connection with FIG 13, except that after the resistive layer 26 is
formed ovugkidibeif hbShatRveibaySa3h cohneoREUSH me. MRl efdesl thhsat@nnedison
the bend portions 32 of the resistive layer 26 to form additional
over | ays @fsape hhe bendopasd dottg: SPstraAie Car (h sy icBeekliays 236 asel), 5
di sposed bot h bel ow and above the resistive |ayer 26, which is
i 11 ustr ateeddaativd oGy, 3¢ G0BOLRY whibaldedmewhoeckrtingdrtivds 2 of e slsciic
resistive circuit pattern in the illustrative enbodi nent has been
descri beditgt beiha resispenniareZhart orie formed pAitacthel meriafs Bherpluesents
di scl osure can be applied to a |ayered heater having a resistive
circuit pavsivprngendrs {hiand aodbe sebtiiareZpat terisadeiRreng laysr Bhdnciuding
circuit pattern includes at |east one bend portion, or a portion that
i ncl udes B¢ 8RaRFOEHING PEtRSoI NRRSIEENdRIFIESNTC BrowdBHEIMBRIE #KY yo this
occurs, or in other areas of a cjircuit pattern as set forth herein.
form, the overlaye 36 are below the resistive layer 26 rather than over as pravicusly

dascribed, which is fustraled in FIG. 8.

80481 Yet apcther maethod of the present disclosure s shown in FiG. 14,
whera the gverlays are formad on both of the top surface 38 and the boltom surfacs 40
of the bend porions 32, This method is similar to the method described it connection
with FIG, 13, excapt that after the resistive laver 28 s formad over the Tirst overlays 38, &

conductive material is formed on the bend portions 32 of the rasistive layer 28 {o fom

10



100511Referring to Fi GS. 15 and 16, yet another formof a |ayered
heat er constructed in accordance with the teachings of the present

di scl osur i rated and generally indicated by r

nuner al 5§Wb?ﬁ§ bajéred heater 50 conprises a contlnuoﬁgﬁ%§gﬁgpfﬁg

| ayer 52 formed over a substrate 54 and a plurality of conductive
overlays 56 disposed in predeterm ned areas of the resistive |ayer

52. I n ongdfiofdNovarislisedeat tHaChdryRridR 425 A&dt&ﬁn%i\ormds QVEY alsBsposad
substrate 54, and then the continuous resistive layer 52 is fornmed
over the igirebont she sbawedhe BRistidd eenzd, elhich if hestasivtives. | ayer 52 may
be fornmed directly over the substrate 54 without the dielectric |ayer
58, for sone §ppsdicatit amsuicAdei ddteh ahdtywhileh éheC onlisios | MeuPRTEAY ® 56
may be 'forned bel ow, above, or bel ow and above the resistive |ayer
52 as pr élisvaisk\eniesbnedidas Brefdesaibey fo the eamniing poitern ek stihvsies of

| ayer 52, the conductive overlays 56, and the dielectric |ayer 58 are
f or med u§|fn@n‘%§3‘°f¥h§i§ﬁ’§$w§ pradty b rapesbegis | fo andveret gegipediafing ad [rssistiae plraginm
spray nmethod. It should be understood however, that other |ayered

pr ocess eSERENSEIE it hSHEPRING DRI AINDE ERpirayarieatioordagisast pir
specific construction and |ayered processes as illustrated and

descr i be#*8RFETHENNST 2 BETHOSHERY *t'}@dd%"sa 1SRG RgeREers d¥see aRrrar erowdin

pr esent gﬁ;@%osure PLOO5%%AS further shown, a plurality of sinmle
cuts 60 SIERHHRIWEER TRE PEAAIF ‘i**?‘“&?a’i%fﬁ PR YA *r‘ﬁeifonduct ive
over | ays 56 tggﬁg re5|st|¥~ irguit pattern 62,

speci fically, if Ere5|§?|ﬁ%§% E |ﬁbpﬁﬁtérH“%3T9§§ﬁp?“S§§3§§ﬁ%?bﬁﬁﬁﬁ'
portions 64 .and bend orti formof the

R SRR GBé‘Bé?"ese@r ch e P
h f | t t t
Doyt ofhdeh ﬁi@g%i ﬁm“gﬁ%ﬁr“-’éa B F’Zma. %%g R e%%ggfas:gwgr

of the nresenbudiaghosune, »,,@s or STl Bo 4Gl EGRE £F LAEL

IS fOI‘ITE over t e Ssu strate e con ctlve OVEI’ aret

for med I@v&rﬁg%%&ageg a;‘?"%ﬁ‘a@%e@‘?‘fw%@%% &Qddr&%% hae(e?@ LRy W50, =

resistive Iayer 52 1s formed over the dielectric |ayer 68 an

conduct i ¥eiRURNhRY $3501:sPRABMSN OV thds s&és@&m 0 2ABtheh fne E&Qm%&gg Bl S
60 (shown phantomin FIG 17) extend ail the way through

cont i NUOUFeF &5 isShive: bRy e SRcand Wyangst H%rﬁﬁ&*fﬁh@ﬁéﬂa@ep@fé (] 0T E
the correspondi ng conductive overlay 56. As such, no portlon of the
cont i NUOkSmEeSHRId Y eoleayRE BRsiSieD =S ithoRUrel dRidhe eoadurt i Me same
overlay 56 proxinmate the end of the single cuts 60, thus reducing the
pr esence apgictitet. spaiignaiiocad coralvtiiesoariegs 58 Mmalherfermal Balanysipeel don
of the continuous resistive layer 5,2 present at the end of the

si ngl e cuslisweendrdooutise desthe tuad §ét py erolprlvaysdBués hoRrsibybiy hthe
dashed portion 68 in FIG 16), this portion would not have a

conduct | ¥@iligvers @yiske E&)errfeﬁ@%&ecwﬁ%ﬁtwe#mdmgnemp*ﬁ:em@eéavyr 58 are
descri bed. Therefore, carrying the single cuts 60 :rite at |east a
portion @Fﬂ“ﬁﬁe’**@@ ﬁdi}%’ﬁﬁ/éﬁ"é’%mﬁ% 258 FEIE APIECeY. FrESTFORE R Ry, |
Q054] As f t%é%gr shoy@ in FlIG 15 §rn1nat|on ads 70 are fornmed in
pr edet er i 3MEEESERG: Ei‘?‘@e“icﬁ %‘511? T PTH HHSSEShETF RG0S B8 fhave

| ayer 52 to provide re UIS r to.the ered h ater, 50.

Accor di n§§,59 EP E’V‘Hm\f\ﬁ g “%Vﬁdag)wﬁr%“ nﬁré%‘fcéda‘?% FfEpprocesses as

term natlo ere n .the res_are . co nﬁecte‘q t.Q, ¢ £
sour co. (HTRRORRY ot CRLPHBYY oL R CREr i crorb T Heagrore A1 rS AR
dashed) p§ﬁ\~{ged over the continuous resistive layer 52 for both

thermal and €l éctrical isolation to the outside environnment. aAs

shown in AG &??352& he condugt | D Vae;[)ikx%;i 36 s&@g ch%kg{} WY r'\'¢ee~:[r thig
piurality of cormesponding conductive ovarlays 58 fo form & resistive ciroult pattern 82.

Mors specifically, the resistive circuit pattern 82 comprises siraight portions 84 and bend
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of shapes, depending on the desired shape of the circuit pattern, and
nore specifically, the bend portions 66. By way of exanple, many of

t he conducgtj ays 56 define a relatively square ile

t he overl ;‘&g\i@?}?’gﬁ%osed proxi mate the corners of the gﬁ%@%ﬁ?ﬁ%ﬁs
define an 'V shape. Accordingly, it should be understood that these
speci fic shapes and sizes for the conductive overlays 56 and 57 are
merely exenplharg? anshssieauld ihotordencoiasbiued Rsfelduly, thaginkBensc aperof
t he present disclosure. [ 0056] Wth the continuous resistive
| ayer 52 cagrded heingséams, ishwgke othetr sndiiodas! desedd badodmbsetings tlier st or

| ayered heater 50 advant ageously provides a greater substrate wait
density fabrerabghaieniachaigeeawatay Measpioyedndie cetdising nehéatiedsdopace the
percent coverage, thus resulting in inproved heating characteristics.
[ 0057] Refespsenh §isaoRito FrGsy sBerampipetheadoteliee brgefd Fuenedroes the
illustrated and generally indicated by reference nunmeral 80. The

| ayered FEg¥ERe @g EENFATICSBEE O EHAYS ABGIS Hrasiosned & papeiersiped grersgas
over a substrate 84 and a...QI urali__tg{ of caonductive overl ays 86 e

di sposed SH¥prtietEr ?ﬁ%@%‘i‘aﬁf‘%ﬁs’ﬁ@?“‘ﬁf@w 8 F PSS Syl egBslegie e 58
form a diqﬁl ectric layer 38 s first formed over the substrate 84,
and then %' é‘"‘c‘é\h FRIG IS &S ?ti ve layer 82 is fornmed over the

dielectric | 8. Alternat i stive |ayer 8 be.
For mod di ect K90 Bher A he EnEcT He | BF T it b S 8P AR L ey
88. f L ApRLications.  Additianally. the conduct i L ays. 3
may be. f oiel BRI eabvEy Db BB E RS R A

. ™ ! . _ onti S stive.
53, Pt he. a3 ERgtRaEt! BEborBhSRRD L bIE (R BHPUS, SER, R ¥Rl M Ee
{%nté}g e

formed usiRg.a.t hersal wsnr ay nethod . . L& BR&E £J:08) kY o
UL Bl RRLIL 1SBF BY IRLUOH uQl RPLERRAG INoAal bl pr Bl et

wire-arc spraying or wre-flane spraying. be un

however; ohhat sQtdale LAY BLCHPIOERFS8: 8R:80k HOALNDRF Rl B BRa. ¢
enpl oyed. Accordingly, the specifiC construction and | ayered

processeshds vidrd WSl ke ande derafinhedeshneligdiGl: he«aanstrdied a8 ihe
limting the scope of the present disclosure. [0058] As further shown,

a pl ural iskgieofurpal akd eltsigutise Qhd(BRstoveWB isPokh By 1EDasaxd endon 88 i

between and around the plurality of correspondi ng conductive overlays

86 t o foifhkaiMebisgicrioe vwiuid ibithapatiteendidiRe centhy fone rapesichiratlchynditghe

strai ght portions 94 and the bend portions 96. Preferably, the

par al | el asyrsi8Bivalssciresiat Bebralsiongagyitabersingondy 88 ntohierst a pordicn of
the conductive ovarlays 58 eliminates this possibility.

(0084]  As further shown In FIG. 15, termination pads 70 are formed in
predatormined greas and are in contact with the continutus resistive layer 52 to provide
requisife powsr o the layered healer 50, Accordingly, lsad wires {not shown) ate
conngcted v these temminetion pads 70, wherein the iead wires are commecled o a
power source (net showny.  Preferably, ancther diglectric layer 71 {shown dashed) s
formed over the continuous resistive layer 52 for hoth thermal and eleciical isoiation to
the ouiside environment.

IDOBE]  As shown in FIG. 15, the conductive overlays 56 may take on a variety
of shapes, depending on the desired shape of the ciroult paltern, and miove specifically,

ar

the bend portions 88, By way of example, many of the conductive ovariays 56 define a

w»
! by
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met hods of material renoval such as water jet or other abrasion
techni ques may be enployed while remaining within the scope of the
present diggly By way of exanple, the dielectric | I
formed ove‘r%6 ﬁe%gu Fétrate 84, the conductive overl ays #&#ﬁ@ﬁ?ﬁ“
formed in predeterm ned areas as shown, and then the continuous
resistive layer 82 is forned over the dielectric |ayer 88 and the
conduct i weiatueyr bayss &baps, while the[Q0B8L S dlsptddictogham that rABakian
pads 100 are forned in predeterm ned areas and are in contact with

t he cont iswbsings ridsdsiieven "By eirer®?2 Bocpdioyiy d@ sheqidi st tedpeiver thet hbe:

| ayered heater 80. Accordingly, lead wires (not shown) are connected
t 0 t hese sipedifit alxtncs mngadss FO0hewivati@itine thaldve &6 andriFsararewreiyravesivlgy
to a power source (not shown). Preferably, another dielectric |ayer
(not shovasy sheulfl gehieticansred ielirnibng imsotse vidke prebed dismlpere82 for bot h
thermal and electrical isolation to the outside environnent.

[0060] Since tHSHiesi dithve tapjiarog2esigivedner HRoE trorsesy single culs 80 as
substantially the entire substrate 84, an internediate area 98 of the
resi sti veepaiper igreipsiEoluad deelst 88 advaniveseshi pevieRy cuirpEsantedipte
92. This internediate area 98 is not electrically I|ve since the term
eon pads "”ﬂB’Oﬁé‘E”"é@’ 6 RrEYE SR “t’?’? By d4f & PFNTRIEH ECp aRtErhoy e asfd
t he paral s 90 bou cgeftpg S|st|ve circuit pattern 92, [0061] As
shown in° SC%“" % 5 GR2He0 p mﬁé 3’#?@1‘5"‘@5‘[3 90 (shown phantomin Fl G

20 tend all t h t t I 8
59 et extona AR AR O A el
conducti ve ,over

Copar at | SRGHTREEH ke R bR evaaaigpa?ﬁh%?feferaﬁﬁ%ﬁ?%%wws g
it er md'cg&@}ﬁ%geg,g%gj%ﬁeg%& hifed DISTIEALBLE o o 98, dags ol hecome

electrica ep cannot “exte

the cond%umgg RUBLORR B re DM ad B0k MELNEILAL 3221635 2il!d

come into el €ctri cal contact W the conductive ov

short outydhe: s %. Se,ta' Y @rs€ bdeGls tw@‘%é 8Lk 2 841%99 U nd Qeguﬂn@c&eras v

under st ood that the description hereinis nerely exenplary In nature

and, thusageyat igbhaassthate é@ Gl h@@past Af*érﬂﬁ?e@yh@*cgt§§tz\%f¥a§e‘9%¢ may be
d|SC|osure are intended to be withi'n the scope of the clained

i nvent i OfersSUC HiryAK| abdrotR JBsiRM azzomaeg:»egasr dethcds da@e sy, t 1F eschdzom

the spirit and scope of the disclosure, CLAIM5S Wat is clained is:
applications.  Addifisnally, the conductiVe overlays 88 may be formed below, ahove, or
below and above the resistive laver 82 as previously described,  Frefsrably, the
contiious resistive layer 82, the condustive overlays 88, and the dielectic laver 88 are
formed using a thermat spray migthod, and move specifically, either wirs-arc spraying or
wire-flame soraving. § should be undefstood, howavey; thal other lavered processes as
set forth harsin may be employed. Accordingly, the spedific construction and layered
processes s Hlustrated and descriped should not be construed as imiting the scope of
the prasent disclosure.

[3088]  As further shown, a pluralify of paraliel cuts 30 (best shown i FIG. 18)

extend between and around the plurality of corrésponding conductive averiays 88 o form
a resistive gireull pattern 82, and more specificelly, the siraight portions 94 and the band

porliona 38, Preferably, the parailel culs 80 are crealed using s laser, however, oifier



1. A layered heater conprising: a substrate; a dielectric |ayer
formed on the substrate; a continuous resistive layer formed on the

dielectri d conductive overl ays disposed in ]
areas of mg%@él sstﬁ?ve | ayer; wherein the %@Z&éﬁﬁﬁz{a\g‘?@r

conprises a plurality of cuts extending between the conductive
overlays, the cuts being fornmed by renoving portions of the

cont i nuoussiesd sf nster=dyanolpe bueeds thtsrcendu oinky abexen| BYhigusBensl be
the cuts extend through the continuous resistive |ayer. 2. The
| ayer ed heapleycdanbiyr dimgining €Rlan nihd , scabe rodithe gtredsedstiscenereof Byheay of
overlays is formed on the top surface of a bend portion of the

resi sti vesxamper the dislectic BayeTh@ i layescoren St sibshieie didibegondudiabm:ibys
wherein at | east one of the overlays is formed on the bottom surface
of a bendhetheghiopfied Herpdatestinybalegy gr shown, and tien feaohdere desistive
heater according to Claim 1, wherein the overlays are forned on the
top surf aé@réﬁéls Fhﬁe%ﬁ‘fft’é?ﬁ diniep'aie VBT ShaHEHE cHBIUAGhOGHarhER r esi st ve
| ayer. 5, The ¥ered heater according to daim1l, wherein the
overlays are nadeof %ﬁe%ﬁé?‘w eFnpatigy péﬁ% PR & farped [rniedetermined

6. The layered heater accor ‘? to Claiml, wherein the overlatys are
made of & Tt &9 4P ‘%F?ﬁ*%‘%‘é’ﬁ V67 Rt HSS SF“‘*f‘ﬁeahﬁéﬁﬁ PlRYide dg@fisite power

o the layered healer 80, Acvordingly, isad wires {not shown) sre connecled fo these
terminaticons pads 100, whereln the lead wires are commected fo a gowsr source {not
shown}, Prefershiy, another dielectric layer {not shown) is formed over the continuous
resisiive layer 82 for bothy thermad and slecirical isclation o the cudside enviranment.

{0088 Since the resistive javer 82 v condinuous aoross substaniially the
entire subsirale 84, an intermediate area 98 of the resistive laver 82 is formed oulside
the resistive olrcull pallern 82, This intermediale ares 88 is not eleclrically “live” since
the termination pads 100 afe connected with he resistive circuit pattern 92 and the
paraliel culs 88 bound the resistive ciroull patiarm 52,

I0081]  As shown in FIOS. 19 and 20, the paralie! cuts 30 {shown phantom in
FIG. 20} exiand ail the way through the continuous resistive fayer 82 and do net extend
iongitudinally into any porlion of the corresponding conduclive overlays 88, The parallel
culs 90 preferably maintaly separation between the resistive cirguilt patlem 82 and the
intermediate arez U8 5o that the Intermediale arca 88 doss not become slecirically "Hve *
Asg such, the paralled cyls 80 camt extend inlo the conductive overlays 86, atherwise,
the intermediate areas 88 will come inlo olectrical contact with the conductive overlays
88 and shori oud the resistive dreudt pattern 2.

0082 # should be undersived thai the descriplion herein is merely

axemplary in nalue and, thus, varations that do net depart from the gist of the
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7. The | ayered heater according to Claim6, wherein the overlays are
made of a material conprising approximately 30% Ag, approximately 38%
Cu, and apRppQylsiiisgyy 32% Zn. 8. The | ayered h%ﬁﬁsz%ﬁ%sﬁ% ng
to Claim1l, ereln the overlays have a vari abl e thi ckness.

A nmethod of formng a | ayered heater conprising: formng a contlnuous
resistive layer over a substrate; form ng conductive overlays in

pr edet er nfismekusy gasHiehdddie reesiist inecschpy ef theahdined vention. Such venmishag
portions of the continuous resistive |ayer between the conductive
over | ays ae nhorieaepirdeals b epdried figihdhe sisk cexitsench ofghddisvieanst he
conductive overl ays, wherein the single cuts extend through
the continuous resistive | ayer between the conductive overlays and

|l ongitudinally into a portion of the correspondi ng conductive

overl ays. 10. The method according to Claim9, wherein the
portions of the continuous resistive |layer are renoved using a |aser.
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11. The method according to Claim9, further conprising formng a
dielectric layer on the substrate and form ng the continuous
resistive layer over the dielectric |ayer. 12. The net hod
according to Claim9, wherein formng the continuous resistive |ayer
I s achieved by a process selected froma group consisting of thick
film thin film thermal spray and sol -gel processes. 13. The
met hod according to 9, wherein formpng the conductive overlays is
achi eved by a process sel ected fronpérﬂwgup consisting of thick film
thin fidgntikBRimBY ispray and sol -gel processes. 14. The et hod
according to daim9, further conprising formng a dielectric layer
over the coilti nuddayeredihegiereomysingind t he conductive overl ays.

15. A method of %%bg&t{?&ea | ayered heater conprising: formng a
continuous resistiVv ayér over a substrate; form ng conductive

overl ays in predetdsiaitrie thyar éareneaf ot e s8stratd;ve | ayer;
a continuous resistive layer formed on the dielectric [ayer; and
conductive overlays disposed in predetermined areas of the resistive
layer;
wherein the layered heater comprises a plurality of cuts extending
between the conductive overlays, the cuts being formed by removing portions of the
_continuous resistive layer between the conductive overlays, wherein the cuts extend

through the continuous resistive layer.

2, The layered heater according to Claim 1, wherein at least one of the

overlays is formed on the top surface of a bend portion of the resistive layer.

3. The layered heater according to Claim 1, wherein at least one of the

overlays is formed on the bottom surface of a bend portion of the resistive layer.

4, The layered heater according to Claim 1, wherein the overlays are formed

on the top surface and the bottom surface of a bend portion of the resistive layer.

5. The layered heater according to Claim 1, wherein the overlays are made

of the same material as the resistive layer.

6. The layered heater according to Claim 1, wherein the overlays are made

of a material different from that of the resistive layer.
7. The layered heater according to Claim 6, wherein the overlays are made

of a material comprising approximately 30% Ag, approximately 38% Cu, and

approximately 32% Zn.
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and removi ng portions of the continuous resistive |ayer
bet ween the conductive overlays to forma plurality of parallel cuts

ext endi ng between and around the conductive overl ays, wher ei n
the parallel cuts extend through the continuous resistive |ayer and
do not extend into any portion of the conductive overl ays. 16.
The met hod according to C aim15, wherein the portions of the
continuous resistive |ayer are renoved using a | ase The

met hod accofdi ng TH8 |€V%Feﬁ1 heater @PFWQF”QCW@'QT g Wﬂﬂﬁ@eao‘éﬁr@%dlqweca
| ayer SidRsidate and form ng the continuous resistive |ayer

over tﬁlgné?gltelgt r%c | ayer . 18. The nethod according to Claim
15, wherein formng the contl nuous resistive layer is achieved by a
process sel ected,fro si stin f thick.film thin film

t hermal spray ané‘ @S{n ge‘ﬁ @%?s@%ered heater Ci?Q‘P”FH‘é? met hod accordi ng
to Caim15, whef@iming arcahnmddsees@nd@fayevevmsutﬁat&tes achi eved by a
process selected froma group consisting of thick film .thin film
thermal spray anfPra¥ig gendysiive cyeeays in predetesminerharegstaldbe R Iayer;
to O aigpyld5, further conprising formng a dielectric

removing portions of the continuous resistive layer between the

conductive overlays to form a plurality of single cuts extending between the conductive
overlays,

~ wherein the single cuts extend through the continuous resistive layer between

the conductive overlays and longitudinally into a portion of the corresponding conductive

overlays.

10. The method according to Claim 9, wherein the portions of the continuous

resistive layer are removed using a laser.

11.  The method according to Claim 9, further comprising forming a dielectric
layer on the substrate and forming the continuous resistive layer over the dielectric

layer.

12. The method according to Claim 9, wherein forming the continuous
resistive layer is achieved by a process selected from a group consisting of thick film,

thin film, thermal spray and sol-gel processes.
13. The method according to 9, wherein forming the conductive overlays is
achieved by a process selected from a group consisting of thick film, thin film, thermal

spray and sol-gel processes.

14.  The method according to Claim 9, further comprising forming a dielectric

layer over the continuous resistive layer and the conductive overlays.
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| ayer over the continuous resistive |ayer and the conductive
over | ays.

15. A method of forming a layered heater comprising:
forming a continuous resistive layer over a substrate;
forming conductive overlays in predetermined areas of the resistive layer;

and
removing portions of the continuous resistive layer between the

conductive overlays to form a plurality of parallel cuts extending between and around

the conductive overlays,
wherein the parallel cuts extend through the continuous resistive layer and do not

extend into any portion of the conductive overlays.

16.  The method according to Claim 15, wherein the portions of the continuous

resistive layer are removed using a laser.

17.  The method according to Claim 15, further comprising forming a dielectric
layer on the substrate and forming the continuous resistive layer over the dielectric

layer.

18. The method according to Claim 15, wherein forming the continuous
resistive layer is achieved by a process selected from a group consisting of thick film,

thin film, thermal spray and sol-gel processes.
19.  The method according to Claim 15, wherein forming the conductive
overlays is achieved by a process selected from a group consisting of thick film, thin

film, thermal spray and scl-gel processes.

20. The method according to Claim 15, further comprising forming a dielectric

layer over the continuous resistive layer and the conductive overlays.
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