WO 03/ 017723 PCT/ US02/ 26067 CERAM C | GNI TERS W TH SEALED ELECTRI CAL
CONTACT PORTI ON The present application clainms the benefit of U S

provi si onwlo @pgptizeat i on nunber 60/313, 113, filed August IR T/@M026060hi ch is
incorporated herein by reference inits entirety. 1. Field of the

I nvention. The invention relates generally to ceramic igniters and, nore
particularly, to ceramc igniters that contain inproved sealing for

el ectrical contact portions of the device. 2. Background. Ceram c igniters
have found increased use in certain ignition applications such as gas
fired furnaces, stoves and clothes dryers. See ener al | U.S. Patent Nos.
3 875,477 3, SHRAMICIOVNTERSEWIRHAGALED ELECHR Cad7 CON T BORTION

4,912, 305, 5,085,237, 5,191,508, 5,233,166, 5,378,956, 5,405, 237,

5,543, 180, 5,185,911, 5, 786, 565, 5,801, 361, 820,789, . 5,892, 201

6, 028, 292, aniﬁe PE??%‘F@EB].‘CE\‘/WMCZM%‘&?}ESFFBBI?% i‘fﬁrpra@gioaﬁkapfﬁaatt?mum%nce
have i npr 11Pr tylel exl : L ek ncti oni ng.
One per si@@g’[”g’rfggc? gﬁg}@ lg’e%(t)orléﬁhgér}ll 1(5)?1’% ngl?dsﬂ%dalra%g%p;yo@%g‘?&?:lﬁtﬂs into the
igniter eh#etyical |ead or contact portion, i.e. where electrical contacts
mate with the igniter elenent, typically via a |lead frane. Penetrating
fluids can originate froma variety of sources, including noisture from

t he surrqundi @gﬁ .he anbi ent atnosphere as well as liquid fuels
such as Eérosggggafﬁgt néggéranic el enment ignites. WD 03/017723

PCT/ US02/ 2606 The ZnveRfbh Rgatey gdnftlignb Seramt: i@Hinas had, lnyorgpakicanelyj ©. Cerami c
igniters used in gas stove settings frequently conme into contact with
spi | | ed &erasy¢ wniierd that gprtgin(impgovedisgalingdor electrical contact portions of the

device.

2. Background.

Ceramic igniters have found increased use in certain ignition applications such as
gas fired furnaces, stoves and clothes dryers. See, generally, U.S. Patent Nos. 3,875,477,
3,928,910,3,974,106, 4,260,872, 4,634,837, 4,804,823, 4,912,305, 5,085,237, 5,191,508,
5,233,166, 5,378,956, 5,405,237, 5,543,180, 5,785,911, 5,786,565, 5,801,361, 5,820,789,
5,892,201, 6,028,292, and 6,078,028.

While ceramic igniter designs and performance have improved, problems still
exist that can prevent optimal functioning. One persistant problem is pentration of
moisture or other fluids into the igniter electrical lead or contact portion, i.e. where

electrical contacts mate with the igniter element, typically via a lead frame.

Penetrating fluids can originate from a variety of sources, including moisture from
the surrounding area and the ambient atmosphere as well as liquid fuels such as kerosone

that the ceramic element ignites.



steam etc.) emanating from pots or other apparatus on the stove. 5
Protective housing elenents, particularly used in conbination with a
potting wensmwu7iraterial (often an epoxy-based seal ant), raeusseescenpl oyed
to avoid such fluid penetration, but 2such housi ngs have not consistently
provi ded satisfactory results. If fluid penetrates the igniter's

protective ho‘é;%ioﬁﬂrg ANnseRkasd e%p{:d?ﬁ}_}'leﬁr%l’éﬁiaﬁc.' €8t RN Jsbd th gakhe

igniter can short Circurt and fal uid penetration also can accelerate
oxi dat i onstayk stttingslRequently commd inte adntpad mithospilledirshlaskad fhadsi(etg. liquids.emat ur e
igniter failure. It thus would be desirable tq have new ceramc igniters

that coulstFaps 8i¢i) gerangiiafieRdobeetdieraneasatys SpASIRXE: 1t woul d be

particularly desirable to have new ceramc igniters that have enhanced
resi stance to undesired fluid penetration and/or oxidation of 15 the

igniter's el e@rfteerirte HOBINAGIendks, baticul GUMKEIYn CbmbhtatibiNVEIN T fatinde now
provi de new ceram ;l (i gni ters that can exhibit significantly, enhanced
i

resi st ancement mage eh peREyrhasedgrlent).diayg deepanrloyed fogyoidrychilgidr r ed

igniters of the invention are.coated with or ot.herw ' ast
in part a{’eﬂ‘ﬁf%‘f’?’al?uttswa‘[hoé]fs?n&quf‘{/eelfoﬁ P Sltt%}ﬂg'sp rg‘trq? ?@S%‘?SF‘“%%‘?Q?%{#@%@?P %dre
OXygen t Qyeaftrat@Rhd Bhitér's }I%Jo&féﬁvé EMsirgOidecointRey the BRctrit ORI tEP@ithis, the
conpositions are generally referred to herein as a hernetic seal ant

mat eri al igmiter carpsi®irt diwnit afifl daih flmslieoetsimnatio oantaesdlerhtexidatipn pf the

surrounds the ectrical |lead contact portion (typically distal to the

i gni t'&@r é’rWS‘t'te‘ﬂ‘?ﬁ POFOg; Wh)cﬁtcan f%@?é‘b?f% éﬁ? eglﬁélufael' e%:/t rical contact

portion fromundesired fluid/environmental contact. A preferred hernetic

seal ant conposition is a ceranoplastic material, e.g. a 30 glass/mca

materi al . W Hhathes hwoulitd dwiratte tahayp hawtceanma igiites thatcanldpropide si ngl y

provi de WD 03/017723 PCT/ US02/ 26067 . ) )
enhanced performance properties. It would be particularly desirable to have new ceramic
igniters that have enhanced resistance to undesired fluid penetration and/or oxidation of

15  the igniter's electrical contact portion.

SUMMARY OF THE INVENTION
We now provide new ceramic igniters that can exhibit significantly enhanced
resistance to undesired moisture and/or oxygen penetration.
20
Preferred igniters of the invention are coated with or otherwise comprise at least
in part a material that effectively inhibits entry of moisture and/or oxygen to an igniter's
electrical contact portion. These coating compositions are generally referred to herein as
a hermetic sealant material or composition. The hermetic sealant material suitably
25  surrounds the electrical lead contact portion (typically distal to the igniter's hot zone
region) to thereby insulate the electrical contact portion from undesired

fluid/environmental contact.

A preferred hermetic sealant composition is a ceramoplastic material, e.g. a

30  glass/mica material. We have found that ceramoplastic materials can surprisingly provide



significantly enhanced resistance to noisture penetration relative to other
materials, such as prior potting conpositions. See, for instance, the
conpar at i w® @@auhss set forth in Exanple 2, which fol |l owectaudiérelszo have
found that use of a hernmetic sealant @saterial in accordance with the
i nvention can enable manufacture of an igniter elenent with reduced
Cr 0Ss- segtdndiahtly Bildhtddresibanid tolrfoisireSpimbirittguerdve ioshai masridasuble usef ul
in a variety of applications, including to retrofit gas burning apparatus
desi gned a priospatikg ampasitioms. 3ee, ot instarceaths camparalive yssalésiset &rthi@nuf act ur e
of igniters oﬁ ,{;p(@jl néé@nti on, which include coating, particularly
encapsul atPig,e 4 et P¥PPcal contact portion of an igniter wth a seal ant
material in accordance with the invention. Suitably, the sealant materi al
is applied to the igniter in an insert nolding-type or batch-type process,
i .e. shere at Weabkd haenfoundjthat ese efladwemetic pakibmalstigl ia aptardarcemithghei gni t er
el enents, reside within a | d and a 15 sleal nt. conposition is applied to
the i gni tiBYendPR et grakle pgnackyre Bg?ﬂ%‘ﬁeh‘? gment ifh T#F@?tqr%’seﬁbqnﬁrng process
also is pr r I 4 U ; i mes.
ST oA G oAk Gk AU TR ARG GBI GRn,

QO her approac so are suitable, 1ncluding transfer I ng an

corrpressii@ﬂu@iﬁ%@lj Reofil ghsdupiing eppesuadeagicd fawparkiignitigni t ers of the
i nvention may be produced as a 20 unitary or integral structure with other
devices. For instance, an igniter element may be fornmed in an integral

] enhs 1 @pSENRE Bia BT tof fiafufaGuftST I EARRT AR ARk Slin L 10SS

el emgflt s (igni a®single’1ntegr structure

through qﬁaudé)éoaﬁn%gfaﬂﬁhia@lyse%aéﬁmqﬁﬁgrm@slb&th@m dh@BEp@tion 6@t lagfterwi t h ot her
nol di ng materi al . e of a hernmetic seal ant conposition as the predom nant

nol di ng owitlpa séalanbmatesiapinefceordente2sitlhibe anpsation. Buitabl&enagplagt mpteripkiy of

such materi al ference that the herneti al ant conposi,tion. s.the

pr edoi ni r?QPﬁ?fH‘PEﬁ? 1gtgrdR gn Ausertppoldmey Wborrcﬁ?? -VRF pf%gﬁgp?'%erﬁf %eleasltler netic

seal ant let LRMehtS pRESTSD b JitkaBy FIRHRE cRineHl:CRLRE Williha #oMiindd, 60,

70, 80 go(rﬁgg%ﬁv?ei gﬁlte f)gr cent pb:gseda iogln t ot al eweiegr?t of the nolding

conpasi t iseslaptmphppsidon WAPPELDDARR JerPET¢10801241 260183t portion areas. An injection
molding process also is preferred and can enable reduced manufacturing costs and times.

Other approaches also are suitable, including transfer molding and compression molding.

In a preferred aspect, ceramic igniters of the invention may be produced as a

20  unitary or integral structure with other devices. For instance, an igniter element may be
formed in an integral structure with a sensing element (e.g. a gas flame sensor) where
those elements (igniter and sensor) are molded as a single integral structure through use
of a hermetic sealant composition alone or together with other molding material. Use of a
hermetic sealant composition as the predominant molding composition is preferred

25  because of the thermal stability of such material. Reference that the hermetic sealant
composition is the predoiminat material used as the molding material means that the
hermetic sealant composition is present in an amount of greater than about 50, 60, 70, 80

or 90 weight percent based on total weight of the molding composition employed.



4 In another preferred system a ceramc igniter elenent is produced with a
hernetic sealant conposition as disclosed above. The forned el enent is
adapted twonstoe7m8t h a sizing el enent, which el ement can poTowSodecm7 desi r ed
shape and size to the forned igniter 4elenent. By this approach, a single
igniter element can be utilized in a variety of distinct 5 applications

and envi r onmeh snothbr el kfstdndrd derandio igfter tlRinedt Bpesducedwithe Heametixd Wi t h
the exposed surface of the hernetic seal ant conposition preferably
conpri si galatireengpesitiva pndipclosad abpwer Thesfogaed plementis pdapsedkstommate Watkid rel i abl y

nest or otherwise fit.with or wwthin |arger, structures . ded or
Cdged bl Sties SleRget histidinah et bR BREts ShReRl 0o e el idrlr

struct ur &R BIMhiEapPBAH 8dinkle iBnikaleldntdht 8dn BMMiIIRAEAVaridp6Ndisin@ gas
cooking or heating unhit. The rnvention also provides igniter elements that

ar e adaptaplitationeaml avirehmesisi cal 15 connections, particularly where an
el ectrical connection can be releasably engaged with the igniter elenent.
Such a "plug-in" configuration can enable a single igniter to be used wth

Itiple, distinet ' ' i
mul tiple, distjne gﬁ%cﬁlggﬂé”f E]?igggfgpeggl‘géﬂt%gn 8k fdrﬁéq%gftﬂé baRls¥a srdeeugi ng

el ement that ‘“sur ottom portion anigniter element is

adapt ed ttRe h@aRti¥ ecaldnt ebmpbsiti bprefeceabin eerhprising threpds/heywagapiliert or ot her
rel easabl e engagenment of an el ectrical |ead. That, 20 housi ng can be forned
i n whol e epgagsanent syrfasesithhtcqaraeliably pest anetharies fitayith py withndanger siuchres he
hernmeti c seal ant conposiii on.encasin . h [ t act
port i1hns (81g' ]E%de(f%r%%# Ef(\) ) ﬁt@%? fogh%oﬁ té‘o%“\?%aérﬁtfﬂl %‘F’%%‘Sg%{“{ e]ﬁﬁga? nts often

have i nclgydedr&hes sirby mbened ik paficfl: @wirdn@entasict abhgakdodkigtorsur rounds
the igniter electrical contact portions. A potting cenent, typically an

epoxy matherfied ynihas been applied to fill the housing and thereby encase
the igniter electrical contact areas. The epoxy or other sealant is
generally manually applied which can result in undesired voids that can

facilitate fl upfl iReORbRALLPRovides igniter elements that are adapted to receive electrical

15  connections, particularly where an electrical connection can be releasably engaged with
the igniter element. Such a "plug-in" configuration can enable a single igniter to be used
with multiple, distinct electrical connection or leads. Suitably, a housing element that
surrounds at least a bottom portion of an igniter element is adapted to receive an electrical
connection, e.g. by a snap-fit or other releasable engagement of an electrical lead. That

20  housing can be formed in whole or part with a hermetic sealant material, preferably with
the hermetic sealant composition encasing at least the electrical contact portions of the

igniter.

As mentioned above, prior igniter elements often have included a sealant housing
25  (e.g. aceramic block) that surrounds the igniter electrical contact portions. A potting
cement, typically an epoxy material, has been applied to fill the housing and thereby
encase the igniter electrical contact areas. The epoxy or other sealant is generally
manually applied which can result in undesired voids that can facilitate fluid penetration
into the device as well as compromise the device's aesthetic appearance.

30



into the device as well as conprom se the device's aesthetic appearance. 30
WO 03/017723 PCT/ US02/ 26067 5 In contrast, igniters of the invention do
not requi w® @w7RBch ceram c bl ock, or other separate houwimgso2Rsisher, the
seal ant conposition itself can formans integral sealing nenber on the
igniter, obviating the need for a separate housing unit. The absence of a
separ at e housimgorfait, gl ¢falke prerticdeloatt rguirt @ny sydt eerantit bk drer
cross-sectional size 5 and | ower manufacturing. cost. lgniters qf the

| nvent | onthe Fapardeousig Ratbetrihe RAT CoMPRSIOT HF<keeR AR DYt Bt i ons,
In particular, igni.ters of .the j td ] S| inin
envi ronrrg}?frgbes\,ﬂ]é%b“\g?ﬁ?rdo Vs}atfnrgé%%é%tﬁl f;‘}P"gF’ glegrtﬁ f,?gueS . d. cﬂ()o qeﬁaé%géﬁ%nnent S

such as t&alfle hoidEurit AOkdDRoGAS ak Unief systenr of segler afosexqedsnaiaizo f I ui ds
can occur.” Qher aspects of the invention are disclosed infra. BRI EF

DESCRS PT ksl ooFer TkdauIQANNEESst15 FIG 1 depicts a hairpin-type ceranic
igniter of the invention; FIG 2 depicts the igniter of FIG 1 wth its
wire leads are covered with a sealant conposition in accordance with the

invention; 201ELG. 5 G aWenAoPRIIE hatelsfhifi GRi iflity S8 188 Aimbdresi nvent i on

t hat i ncl udeslgﬂlgrsur atﬁ?ty ng? disti ncf’gr seal ant gorrpo_s?eti ons; FIG 4 shows a
pr ef er r edpplivatighial Ingarticetaty ignitdradf the iprentes wildbbé espgoiatle nsedwldn sensor
elements; 25 FIG 5 shows a refe{red igniter systemof the invention; and

FIG 6 shavisonmaniy vhee Thiddraaueptiygiesear oy SeUieniameRy S 35d° 30

10 ignite a cooktop gas burner where regular exposure to fluids can occur.
Other aspects of the invention are disclosed infra.

BRIEF DESCRIPTION OF THE DRAWINGS

15 FIG. 1 depicts a hairpin-type ceramic igniter of the invention;

FIG. 2 depicts the igniter of FIG. 1 with its wire leads are covered with a sealant

composition in accordance with the invention;

20 . FIG. 3 shows a particular igniter design of the invention that includes a plurality

of distinct sealant compositions;

FIG. 4 shows a preferred integral structure that comprises both igniter and sensor

elements;
25
FIG. 5 shows a preferred igniter system of the invention; and

FIG. 6 shows a further preferred igniter system of the invention.

30



WD 03/017723 PCT/ US02/ 26067 6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON As

di scussed above, we now provide ceramc igniters that can exhibit

si gni fi camd og/0emhzanced resi stance to undesired noi sture orPCIVIE®R/26067
environenental infiltration. Electrie®al contact portions of of an igniter
el ement are preferably coated at 5 least in part with or otherw se conprise
a her net i DETRALBDIDBESCRIFTAON OBAHRENUENTEONnDpl astic material . W have
found that incorporation of a hernetic sealant material in_accordance wth
the invention Addiserised aRaVEeYE NOWSPTPHHG SEFMIcBRIEES glaﬁe@wg&hm /i nper vi ous,

but al .10..al | f - ' ' . ' ' f th
i Cer. Fhngoon ) Gpied SR iE ) Rl led GO e LIRS AR T

conj unct i pilwitoR, PRI coRht@bitidng @f bfdroignit@rdldnent usagteferably datsdrnt s t hat
previ ously may have been unavailable to ceramc igniters. Preferred

her metd ¢ bestlimpart mither otHeswise compeisd aharpete septand matrial.tshieh pywent i on 15

exhibit extrenely.lo i sture and/ or oxygen penetration, e.g. exhibiting a
porosity Sﬁmn§§ﬁ¥6¥?%%galy zero. A sealant material is considered herein to

have a porosity of approximtely zero of the sealant material shows (naked
eye exam nation) mniml or essentially no pentration of a dye conpound
relative to prWwarhapefdindghatdngopomiiomef alsrmdti¢ saatdnh sthtdrial iascondeost ol of
Exanpl e 2 which fol|lows., Such |ow porosity. materials.are 20 generally
referred Pehdbinyediogdet eulyrgndrsniie AR Wogmrﬁé?sh%?‘qt/&mgee‘afoé‘ﬁ’?o“ﬁglﬁ‘éri al" or
other ,q si L0 fo&‘?ﬁ'&}ueﬁ&?{net% %gﬁjaﬂrdﬂﬁéﬂsﬁnﬁ 8?Lh@rf%ni{@.t ¢histnSuAl, Ensblshantial ly
i norgani c“conpostions, 1.e. the materials have m nimal carbon content
(e.g. | esgmnithald be.mdi eastly wed Fcomplirtipe withnind/Grewafitominhto nettai efage abl y t he
conposition is essentially or conpletely carbon-free (zero or |ess than one
mol e per cemtironmenisrihat prrvidusty By havakaen Enawipblsto eFApsiERi®is wil | exhi bit
thermal properties superior to nost organic plastics, and have a w de

t emperature

Preferred hermetic sealant materials for use in accordance with the invention
15  exhibit extremely low moisture and/or oxygen penetration, e.g. exhibiting a porosity of
approximately zero. A sealant material is considered herein to have a porosity of
approximately zero of the sealant material shows (naked eye examination) minimal or
essentially no pentration of a dye compound relative to prior potting compositions as
determined by the procotol of Example 2 which follows. Such low porosity materials are
20  generally referred to and designated to mean herein a "hermetic sealant material" or other

similar term.

Preferred hermetic sealant materials are substantially inorganic compostions, i.e.
the materials have minimal carbon content (e.g. less than 5, 10, 20 or 30 mole percent
25  carbon) and preferably the composition is essentially or completely carbon-free (zero or
less than one mole percent carbon). Preferred hermetic sealant compositions will exhibit
thermal properties superior to most organic plastics, and have a wide temperature
operation range, e.g. from about —400°F to about 1400°F. Preferred hermetic sealant
materials will have a high resistance to thermal degradation or deformation, e.g. the

30 formed hermetic sealant material coating on an igniter element will not deform upon



operation range, e.g. fromabout -400F to about 1400F. Preferred hernetic
sealant materials will have a high resistance to thermal degradation or
def or mat i wo 03817723t he 30 formed hermetic seal ant materi al rOgawrsongeosn an
igniter element will not deformupon WO 03/017723 PCT/ US02/ 26067 7

ext ended exposure (e.g. at least 0.5, 1, 2, 3 or 4 mnutes, or at |east 5,
6, 7, 8, ekfnddlexpbdure (28, at BAstd.HUL,@53 of 4 niimmps batileas Ss6.Ch 8a0,dE2, 1 Bast
about 350C, nore typically at |east about 4Q0C or 500C, eyen 550C,
600C, 6566, 3rpdmtes) splenmperageTsuches ghlgast aBeut> 01, gRATe H@l?%&ia{‘ ﬁeas‘gage%r

ot her fuel ur Geo~HoWeVerL . oaS . £hosC d-d b oW, tic

seal ant %}99??%@ G oggvg%%SOog, ggppﬁb?/ioz&t %dtacﬁg)t\?gé Iof)?\gdr @f ﬁselr%ﬁgfgsgﬁabi lities.

| gni t er s Rfm a6 ohiltaeAt bPGthePMERidIrd0t HoWetergiidligabdd ivdetaGelogns. The hot
zone(s) are conprised of a sintered coggosi tion containing both a

conduét i \bermeticerenlaht rmatdrialn alsp waw batinplpyadither have lower themmpal gkabiligigs.i onal |y but
typically, a sem conductor material. 10 Conductive or cold zone portions of
ceramic igniters of the present invention will contain a sintered

conposi tion off bthe BRAREHEN RaiR Dottt B cAQ@BEASPorRbnd. MEnel R SR s) but

. fgéi'teﬁl fﬁt
wi th conparabfy higher concentrations of the conductive material.
Ref er ri ngeeshprivedef akinteral ¢dnepabition coginifd B8h akoaduttie degiéridl andharexenpl ary
15 igniter 10 of the present inven ign t hat i ncl udes .a hot zane portion 12
i n cont adrsulpting mafprpl, %i%@éb%seap%@t% Kt tPISARY AGHRACOPAUCIORERBl Heat si nk

16 is,interpo . . act with
ot 38ne GIRTRt A SERe bfiofehF ccraRaBnitd oRp ph PR ehatBa Y EMAC Tone
12, and argntbiedebGbLilicabl SRllBLEdhiuheind a8 tHedive rore(s)fof ehe(igaiter, bitovith) t hr ough
| eads 50a, 50b as is generally known in the art, typically through use of
20 some toppwarsbly kigkericonsratraienstafibe candeptive redeiialt s the igniter of FIG 1

wWth protective hernetic sealant material barrier 100 surrounding the
| eads 50a, 5Cb | ocated at the ends 14a', 14b' of the cold zones 14a, 14b.

This barrier 40Qsipube iRQcands uef drawihat,aGs! 1 bh@b depitesat éxeglpjarpr events or
15  igniter 10 of the present invention that includes a hot zone portion 12 in contact with, and
disposed between, cold zones 14a and 14b. Heat sink 16 is interposed between the cold
zones 14a and 14b and is in contact with hot zone 12. Cold zone ends 14a’ and 14b’ are
located distal from hot zone 12, and are in electrical connection to a power source (not
shown) through leads 50a, 50b as is generally known in the art, typically through use of

20  some type of lead frame mounting.

FIG. 2 depicts the igniter of FIG. 1 with protective hermetic sealant material
barrier 100 surrounding the leads 50a, 50b located at the ends 14a', 14b' of the cold zones
14a, 14b. This barrier 100 should be made of a material that effectively prevents or

25  significantly deters fluid from contacting leads 50a, 50b, but which does not adversely
affect the connection between the leads 50a, 50b and a power source (not shown) to

which the leads are electrically connected.

As discussed above, preferred heremetic sealant materials for use in accordance

30  with the invention are inorganic materials that are not only excellent thermal and



25 significantly deters fluid fromcontacting | eads 50a, 50b, but which
does not adversely affect the connection between the |eads 50a, 50b and a
power souwoeod(moiz3shown) to which the | eads are el ectri cadiyusmonsmset ed. As
di scussed above, preferred herenetic sealant materials for use in
accordance 30 with the invention are inorganic materials that are not only

excel | entlebhRhNMbula0, MO tAR/ab A BnRETiouSarhais ity andBoredxygen (iealhavegul at or s,
but that also are inpervious to noisture and/or, oxygen (i.e., have a

por osi t y pafosipofiebonbresy) anddhatdgnod bupbouigas of CagRFEs or car boni ze. As
di scussed above, a preferred hernetic barrier sealant material is a 5
ceranopl astic conposition, such as a glass bonded mca. A particularly

preferred Ceméﬁ%lﬁbéﬁah%@feﬁ@dﬁéﬂr@ﬁc b&rier @hRasmaended am ca materi al
avai | abl e fromthe Saint- Gobain Conpany and has high thermal stability as

di scussedeahnphstidcdmpdstion, prohfae argabs bordealmoish.adtnactiadmrporrefarsa i s
commercially avail able from M/kr.oy/ al ex Ceram.cs .of i f1op,. New
Jersey, OemQplastipsealant mgterial i @ﬁé%\ﬁ? E’I“?aéﬁ?t%%lr%?lga@&e 58%4]%3?13{5?0% of
10 vario { £ : ; L IS tIdreal ex

G ade 56 -(\}?gfn(adé@%%dglaggﬁ ?%:ﬂlﬁ’g?gérr%ﬁaa%tgﬁgy%ghgmgﬁ%? Iggdl?llée %F%gse?gonded to
synt het i @emrﬁ)ﬁ' JasBY adrhghitnfis eommidydialbydiletit donCelylraydely ofle:CCefaties, ofNew

Jersey. That kroy/ Mycal ex Grade 561-V materjals, h specific avity
of 3.2: KiliftowpNewdesendivk pt sheat, refl apd gustom f%*WéWé@Pe}a?da SURLANS ‘?ft t ensi |

strength of 7500.psi,; an ckwel | : ag38y of these
mate?gal g a’ﬂ?‘bsp%?‘iki%eé Sﬂeglgﬁ%ﬁgf Y e&edﬁﬁ%%%?ﬁeﬁﬁkgygg (r:?l%)r?G 0 requires only
a smal | aemiablaglic MBleftiladhatiifa MRS Sasfonaéd toalynthptiotied) avdilblecfasta 50a,
50b fromcontacting any noisture. This, in turn, allows for a reduction in

the over MykrogiMipalskdiesamics phEliftgni New Jerseyu sThahMbkroygMyrdex Giadee0 1t be
nore easily used in canjunction,20 w th, and/or..retsgofi.t. ' rtain
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Because of these materials properties, formation of the hermetic barrier 100
requires only a small amount of material in order to effectively protect the leads 50a, 50b
from contacting any moisture. This, in turn, allows for a reduction in the overall
dimensions of the igniter, thus enabling the igniter to be more easily used in conjunction

20  with, and/or retrofitted into, certain usage environments that previously may have been

unavailable to ceramic igniters.

More particularly, a relatively thin coating of a cermoplastic material can be
applied to an igniter element to provide effective sealing of the igniter electrical contacts.
25  For instance, thickness x (i.e. distance from igniter outer surface to barrier layer 100 outer
surface) as shown in FIG. 2 suitably can be less than about 3 mm, more preferably less

than 2 mm, 1 mm, 0.5 mm, 0.3 mm, or even 0.2 mm, or 0.1 mm.

In this regard, preferred hermetic sealant materials will exhibit significantly

30  greater dielectric strength (v/ml) than potting cement used in prior systems, which can



unavail able to ceramc igniters. Mre particularly, a relatively thin
coating of a cernoplastic material can be applied to an igniter elenent to
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That thin layer then may be coated with a distinct material that is preferably stable to high
15  temperatures, but need not exhibit low levels of moisture and/or oxygen porosity. For
instance, the hermetic sealant composition may be overcoated with a potting cement, such

as an epoxy-based material, as has been employed in prior systems as the sole sealant.

Alternatively, a layer of a potting cement may be initially applied to the igniter
20 electrical contact portions, which is then encapsulated or otherwise capped with a

hermetic sealant material of the invention.

Such combined sealant composition systems can facilitate use of a hermetic
sealant composition that has a lower thermal stability. That is, by use of an additional,
25  distinct sealant that may not have extremely low porosity, but does have high thermal
stability, hermetic sealant materials with a range of thermal stabilities may be effectively
employed. By that design, the additional material (i.e. other than the hermetic sealant)

satisfies the thermal stability requirements of the sealant unit.



Alternatively, a layer of a potting cenment may be initially applied to the
igniter 20 electrical contact portions, which is then encapsul ated or
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vi si bl e (naked eye) degradation. In a preferred aspect of the_ jnvention,
the exterior dnameferedpspaet ofthe inyemiomh thegyterippobibe sepdant ypE gWhIchieP et i ¢
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at t achmenwitlgh atlénger sysieausuchyas a epokstoyawn the liksuel. the axtedor sufaeg mayibsr sur f ace
can be readil rovid hr h .t he | di 1 nuf act,uri. [OCEess as
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15  manufacturing process as discussed above.

FIG. 3 depicts such a system having a plurality of sealant compositions. Igpiter
60 includes hot zone 62, cold zones 64 and leads 66a and 66b encased within an epoxy-
based potting composition 68 which in turn is housed within rigid sealant housing 70.
20 Hermetic sealant material 72 forms a type of seal or plug of the system, preventing

moisture or other fluid to contact leads 66a and 66b.

As shown in FIG. 1, hot zone 12 may have a non-linear, substantially U-shaped
electrical path length “e” (shown with dotted line to emphasize minimum path) that
25  extends down the length of each side of the igniter. Such non-linear hot zone geometries
are believed to more effectively diffuse power density throughout the hot zone region,

and to enhance operational life of the igniter, and thus are generally preferred.

The dimensions of the hot zone region may suitably vary provided that the overall

30 hot zone electrical path length is within the predetermined ranges disclosed herein. In the



60 i ncludes hot zone 62, cold zones 64 and | eads 66a and 66b encased wthin
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The di nensions of the hot zone region may suitably vary provided that the
overall 30 hot zone electrical path length is within the predeterni ned
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depicted in . FIG .1, opreferr i [ 4 i x the range
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rectangullr ceramc igniter, as exenplified by dinension "b" depicted in
FIG 1. The hot zone "legs" that extend down the length of the igniter
will belimted to a 15 size sufficient to maintain the overall hot zone

el ectrical patfpd gRgbhe tieg thitieRteAd @bvn 2hCl8hgth of the igniter will be limited to a

15  size sufficient to maintain the overall hot zone electrical path length to within about 2 cm.

The composition of the hot zone 12, cold zones 14a, 14b and heat sink 16 of a
ceramic igniter of the present invention may suitably vary; however, suitable
compositions for those regions are disclosed in U.S. Patent 5,786,565 to Willkens et al. as

20 well as in U.S. Patent 5,191,508 to Axelson et al.

More particularly, the composition of the hot zone 12 should be such that the hot
zone exhibits a high temperature (i.e. 1350°C) resistivity of between about 0.01 ohm-cm
and about 3.0 ohm-cm, and a room temperature resistivity of between about 0.01 ohm-cm

25 and about 3 ohm—cm.

A preferred hot zone 12 contains a sintered composition of an electrically
insulating material, a metallic conductor, and, in an optional yet preferred embodiment, a
semiconductor material as well. As used herein, the term "electrically insulating

30 material” or variations thereof refer to a material having a room temperature resistivity of
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resistivity of 5 between about 10 and 10$ ohmcm In ggneral, an exenpl ary
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Preferably, the hot zone 12 comprises 50-70 v/o of the electrically insulating
15  material, 10-45 v/o of the semiconductive ceramic, and 6-16 v/o of the conductive

material.

Typically, the metallic conductor is selected from the group consisting of
molybdenum disilicide, tungsten disilicide, and nitrides such as titanium nitride, and
20 carbides such as titanium carbide, with molybdenum disilicide being a generally preferred
metallic conductor. In certain preferred embodiments, the conductive material is MoSi,,
which is present in an amount of from about 9 to 15 vol % of the overall composition of
the hot zone, more preferably from about 9 to 13 vol % of the overall composition of the
hot zone.
25
Generally preferred semiconductor materials, when included as part of the overall
composition of the hot 12 and cold zones 14a, 14b of the igniter 10, include, but are not
limited to, carbides, particularly silicon carbide (doped and undoped), and boron carbide.
Silicon carbide is a generally preferred semiconductor material for use in the ceramic

30  igniter 10.



15 material, 10-45 v/o of the sem conductive ceram c, and 6-16 v/o of the
conductive material. Typically, the netallic conductor is selected from
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As discussed above, igniters 10 of the invention typically also contain at least one
or more low resistivity cold zone region 14a, 14b in electrical connection with the hot
15  zone 12 to allow for attachment of wire leads 50a, 50b to the igniter. Typically, a hot
zone 12 is disposed between two cold zones 14a, 14b, which are generally comprised of,
e.g., AIN and/or Al,O, or other insulating material; SiC or other semiconductor material;

and MoSi, or other conductive material.

20 Preferably, cold zone regions 14a, 14b will have a significantly higher percentage
of the conductive and/or semiconductive materials (e.g., SiC and MoSi,) than are present
the hot zone. Accordingly, cold zone regions 14a, 14b typically have only about 1/5 to
1/1000 of the resistivity of the hot-zone region 12, and do not rise in temperature to the
levels of the hot zone. More preferred is where the cold zone(s) 14a, 14b room

25  temperature resistivity is from 5 to 20 percent of the room temperatﬁre resistivity of the

hot zone 12.

A preferred cold zone composition for use in igniter of the invention comprises
about 15 to 65 v/o of aluminum oxide, aluminum nitride or other insulator material, and

30  about 20 to 70 v/o MoSi, and SiC or other conductive and semiconductive material in a



As di scussed above, igniters 10 of the invention typically also contain at
| east one or nore lowresistivity cold zone region 14a, 14b in electrical
connect i owomstoh72be hot 15 zone 12 to allow for attachnmentrafuseenersh eads
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rise in tenperature to the Ilevels of the hot zone. Mire preferred is where
t he cal d witineslatfiveamdutits ofsemi@mduetipemdtconductis nstarials heinggieatomn3he o 20

percent of the roomtenperature res% stivity of the hot zone 12. A
pr ef er r ecodbrenetp Ada.ddhplesg;the ot 208e(Shde in igniter of the invention

conprises about 15 to 65 v/o of alum num oxide, alum numnitride or other
insulator material, and 30 about 20 to 70 v/o MbSi 2 and Si C or other

conduct i ve andligedikctocuilyGhidulRingaiear disk 16 shoald/2 Ebsdpikséd 38a Pahpoitial 2a067 14
volume ratio of fromabout 1:1 to about 1:3. Mre preferably, the cold
zones l4arovidps sufBeipntitkermabmass teanitigats gonyesting ceplingioh tha kptizere bhd/ or

al um num pit.r.i d about. 15 to 30. v/o Si C .and u 0 to. 70V. i 2. For
ease 1§f rf&%‘iljf'l%aﬁwr 3’?‘61{ ‘5.‘81’0@8‘15 g Foweett @%WSS% e %%%?gtl\?)erlggse%saebﬁegm 4@?%&8 of the
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zone(s) lekigndedboltlzame pdrtiomot4azodd@dd) amiznusTiserve feemekd hgligniter AQmarei ng heat
sink 16 should be conprised of a conposition that provides sufficient
thermal nH88% o nitigate convective cooling of the hot zone 12.

15 In some embodiments, insert 16 may be provided with a slot (not shown) to
reduce the mass of the system. Preferably, the electrically insulating heat sink 16 has a
room temperature resistivity of at least about 10* ohm-cm and a strength of at least about
150 MPa. More preferably, the heat sink material has a thermal conductivity that is not
so high as to heat the entire heat sink 16 and transfer heat to the leads, and not so low as

20  to negate its beneficial heat sink function.

Suitable ceramic compositions for the heat sink 16 include compositions
comprising at least about 90 vol % of at least one of aluminum nitride, boron nitride,
silicon nitride, alumina and mixtures thereof. Where a hot zone composition of AIN-

25  MoSi,-SiC is employed, a heat sink material comprising at least 90 vol % aluminum
nitride and up to 10 vol % alumina can be preferred for compatible thermal expansion
and densification characteristics. A preferred heat sink composition is disclosed in co-
pending U.S. patent application no. 09/217,793, the entire disclosure of which is
incorporated herein by reference.

30



10 Additionally, when disposed as an insert between two conductive |l egs as
exenplified by the systemshow in FIG 1, the heat sink 16 nust provide
mechani cavosasppons for the extended cold zone portions l4aTarsd22éis; and
must serve to make the igniter 10 nor& rugged. 15 In sone enbodi nents,
insert 16 may be provided with a slot (not shown) to reduce the mass of

the system Prefghabbiiters N6 oftheGhvdntioh kin boetplatédwithaakrisyf véRadeas a
roomtenperature resistivity of at | east about 104 ohmcm and a strength of
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16 ana  Aaneren gl qrdfs iy sen Wsedd e ool Bt b bl oR
benefi ci %mpéi«aauég, Bls. foubehi P30°SH 4Rbt £ s&RNANbICleSGOBRAS dekboits or Wsstdie heat
sink 16 include conpositions conprising at |east about 90 vol % of at

| east 50neeverli 2 a5wri2rfusecond orildss, boron nitride, silicon nitride, alum na and
m xtures thereof. Where a hot zone conposition of AIN 25 McSi2-SiCis

enpl oyed, a heat sink material conprising at |east 90 vol % al um num

nitride and ugnrgﬁn%ﬁggrgée{s%oaéfqﬁé DRefdh 4% m&g\&iaggfme igﬂgggti ble thernal

expansi on and densi ation characteristics. preferre t sink
conposi t itempératuilé S6thagR zdit Rever denkity(gurEacSloadaigy of frapil o200 ovatis per
09/217,793,2 the entire disclosure of which is incorporated herein by
ref er enceem” ofhadtE8NOIEIR3 PCT/ US02/ 26067 15 Ceranic igniters 10 of the
inveqbion can be enployed with a variety of voltages, including, but not
limted to, nomnal voltages of 6, 8, 12, 24, 120, 220, 230 or 240 volts.

Preferred i gnigrey. 3 eREmphifed ApeRtle@Ry&an o grtintaifiof Whefd AMghRaEldmenes at ur e
to operational tenperatures, e.g. to about 1350C i n about 4 seconds or
| ess, evdnmedsmcundegol stwetwye (ior. singleavelded, bphded orntBerwissd pided ptrigiars)
with one or more other functioning or operational devices such as a sensor element.
References herein to "an operational element” or other similar term indicates that the
15  element can react to the environment or other input (e.g. electrical or thermal input) in
some manner, typically by providing an output such as resistive heating, an electrical
signal or the like. More specifically, as shown in FIG. 4, an integral structure 80 may
contain igniter element 10 (shown as a slotted element) and an operational element of a
sensor element 82 that can detect flame, heat or the like. Integral structure 80 can be a
20  variety of configurations and is suitably adapted to fit within an intended usage
environment. FIG. 4 shows a preferred configuration, where structure 80 includes planar
surface 84 into which igniter 10 and sensor 82 are mounted through blocks 86 and 88
respectively. Structure 80 may be formed entirely or predominately from a hermetic
sealant composition. Alternatively, structure 80 suitably may be formed with distinct
25  materials, with the hermetic sealant composition being employed at least to encapsulant
igniter end portions where contact is made with electrical leads. Materials other than a
hermetic sealant composition suitable for forming structure 80 include e.g. an epoxy

material,



Preferred igniters 10 of the invention also can provide a stable ignition
tenperature with a hot zone power density (surface |loading) of from®60 to
200 wat t swoens/oiciz® of the hot zone region. 10 FIG 4 exenHduws/26067
preferred system of the i nvention whete an igniter elenent is forned in an
integral structure (i.e. single nolded, bonded or otherw se joined

structure) W KG! CB“ﬁmWs afRéRred 55%'Eenf1 Hf‘ﬂl‘é'lﬁxFHnHGn Wheféﬁ?ﬁ@&'l@@ﬁfna%%ﬂ?s such
as a sensor elenment. References herein to "an operational elenent" or

ot her si n¥ikiag element PAdvlieh exleplvtnd astepréforred evarshapalrelereess althouglhether

envi ronrrent r of her ctrical or ther np sorre
Tanner LB h G be bl s b Cbolgek e ko ok isesy

electrlca isgna i G 4 an

i nt egral ié??%étgt%r gzg{% etlé}ﬁedt céﬁt{ﬂé%\ﬂr%q]?lgl%ﬁ?@ i %%%1? t t?% %ls}ﬁ\gﬂ%ﬂogsd E%a slotted
el energ ) morkassd chpenﬁbnmah igliefrelkineaf when ﬁ’ﬁﬂ:ﬂC(rn Iﬂiyelkmlrtion&zt)tm&t thean det ect

flame, heat or the like. Integral structure 80 can be a 20 variety of
conf i gur atgnésielament; e esiupreating ths yagthef theieniter elpment By ghowinkle A t@age

environ msg'(lt) 6OFJ7&‘ 804or§%8m%1§§ntporr?ﬁoré M e Eﬁ?g’nh% Je%&%e e’lcanen? o6 n?cl@c%gt ure 80

i ncl udes ’anar ’ surfac whi'c SENsor are nount ed

t hrough bin@ﬁﬁg Rfve st s8&uingeBPE Sk ENithin Bhe bEabe! ERiREAmeRY IRitdrasadalIpt i rely
or predoni nat eéy froma hernetic sealant conposition. Alternatively,
ite

structur elsamesg ngrepd nathithée sgingedementhonitbermitstseagedrierati,# s with ath t he

her e al.ant. co sition | oyed at | east to encapsul ant
i gni tLdr e?'n eE}SF’t%ﬁgy PR ?’é‘gﬁ‘eﬁggmde with electrical leads. Materials

other than a hernetic sealant conposition suitable for form ng structure
80 include e.g. an epoxy material. WO 03/017723 PCT/ US02/ 26067 16 FIG 5
shows a prefer Flﬁl ts3hotre i fofthdr pecfemed sytsicon ofithe irevengon where 1ghnites cleateat1Gi t h

sizing ele i s depicte a.preferred oval -sh elenent,
al t hoggh légﬁgpte to remsaﬁ)li]y receive eletrEca connectlo% elements ?OO an% 032 %?llt

electrical connections include electrical lead lines that provide electrical power to the

15 igniter element during use thereof.

In the preferred system depicted in FIG. 6, connection elements 100 and 102
releasably secure to igniter housing portion 104 that includes electrical receiving portions
106 and 108. Those portions 106 and 108 receive connection elements 100 and 102
20  respectively and releasably retain them. The system depicted in FIG. 6 depicts a
preferred groove (on connection elements 106 and 108) and flange (within housing 104,
not shown in FIG. 6) securing system. Other engagement systems also will be suitable
such as a threaded engagement. The connection elements can be removed and replaced
with other connection elements (electrical leads) as desired.
25
The processing of the ceramic component (i.e., green body processing and
sintering conditions) and the preparation of the igniter 10 from the densified ceramic can
be done by conventional methods. Typically, such methods are carried out in substantial
accordance with U.S. Patent 5,786,565 to Willkens et al. and U.S. 5,191,508 to Axelson

30 etal., the disclosures of which are explicitly incorporated by reference herein.



configurations also will be suitable such as a squared bl ock and the |ike.
References herein to a "sizing elenent” or other simlar termindicate

t hat the wlcesmnt72pr ovi des 5 increased di nensions to an i gmdrusoekewent when
mated (in physical contact) with the 11gniter elenent, e.g. increasing the
width of the igniter elenent by about 10, 20, 30, 40, 50, 60, 70, 80 or
100 percent or nore. In FIG 5, the depicted elenent 90 includes a mating
groove for securing the elenent within the usage environnent. Igniter 10
suitably is fdeeitgs fan beprgdeed impedeidanchwithigghergllekeavenprocesdures; sishwisse

ke, 1 aeissening S Pelfol RaPSaT loal APt e ST TRT DOURh BHOTRAPE

igniter glgiBRve dohdifisnsddapted to rel easably receive eletrical connection
el ements 100 and 102. Suitable electrical connections include electrical
| ead I5i nes that provide electrical power to the 15 igniter elenment during

use thereof. In the preferred system degi(g(t,ed, in FIG g connection

el ements 100 d??dewzpler%f%@@%}@t ebrgenebedy 1gBiTe 630 jSsEASRAEEN 104 t hat
i ncl udes ctrical Y 0 ' 6 . :portions 106 and
108 recei‘gié’ﬁ1 orﬁ‘éﬁsg(g'lgi %(rsalge erlrgg(% Q%E%Qﬂﬁgoi(%?f(gg)%%go eacs}?ve ;}ngnd rel easably

retain thesperdiige Sxetiap(€lgnisovelorn 18561, ThedB gt wirm dntefigp@iideslagr oove (on
connection el enents 106 and 108) and flange (w thin housing 104, not shown

in FI G 6lensifieatianny abgetttSrar 0% eelativeda deaeseticakdansibyrang theosegpnd higlers yj t abl e

such gs t hr eaded engagenent . The .connecti on el ement an enoved and
repl a ed%eW?rﬁ%S‘? ﬂgﬁﬁnﬁ%%ﬁo&@qs&ﬁngm%ﬁﬁg 1?%?Q%YF ?tlegtgfm ?%%Jg3lgges{odesi red. 25
The procagsir&aPledsiie. ceram ¢ conponent (i.e., green body processing and
sintering conditions) and the preparation of the igniter 10 fromthe
densified ceramic can be done by conventional nethods. Typically, such
met hods are c

L S T T N ST W
di scl osurgsffy FUESRHLSELATyHiabNed “RAEKP ARl PHeR¥nt S TRE BINCESHSI BisN-
15  hot and cold zone compositions that are in a green state (not densified to greater than
about 96% or 98% theoretical density), but preferably have been sintered to greater than
about 40% or 50% theoretical density and suitably up to 90 ort 95% theoretical density,
more preferably up to about 60 to 70% theoretical density. Such a partial densification is

suitably achieved by a warm press treatment, e.g. less than 1500°C such as 1300°C, for

20  about 1 hour under pressure such as 3000 psi and under argon atmosphere.

It has been found that if the hot and cold zones compositions are densified at
greater than 75 or 80 percent of theoretical density, the billet will be difficult to cut in
subsequent processing steps. Additionally, if the hot and cold zones compositions are

25  densified at less than about 50 percent, the compositions often degrade during subsequent
processing. The hot zone portion extends across a portion of the thickness of the billet,

with the balance being the cold zone.

The billet may be of a relatively wide variety of shapes and dimensions.

30  Preferably, the billet is suitably substantially square, e.g. a 9 inch by 9 inch square, or



WO 03/ 017723 PCT/ US02/ 26067 17 Igniters can be produced in accordance with
general ly known procedures, such as disclosed in U S. Patent 5,405,237 to
Washbur n. wees/iatre Exanple 1 which follows, for illustraticrusmendietri ons. 5
For exanple, a forned billet of greeni®ody igniters can be subjected to a
first warmpress (e.g. less than 1500C such as 1300C), followed by a

second hi gher sugthle dahetstorSion sRIped Such@s SactabBURE . ThBALe: is theepletdrsily war m
sintering provides a densification of about 65 or 70 %relative to

t heor et i cedt infe poitiops seahoastwigh & dvordd kitiging tool 0 Preferpblydhesegostians daveng
provides a.final. densif.icat.ion of .greater..than %realtl to eoretica
fensi ty. TR B ETEA FRITRR JR AR roT bt RO B Bk el deabl B ovi ded
that conpgiliseis cat inf Hirdd, inerOfachiof inegeuling f¥adal bndkt BF hethed at ent”
igniter elenents. The billet sheet has 15 hot and col d zone conpositions

that & e in a green state (not densified to greater than about 96% or 98%
theoretical density),. but preferably have been sintered tqQ greater than
about 40% or 5% @lﬁ@fdﬁ &@éﬁﬂhﬁéﬁg&wb&w@lﬁ ﬁ%mﬂ eiting togh) te proverky,

theoreti C%Bi(ﬂ(ﬁ.{aﬁf%g}ﬁﬁsag)ﬁﬁt Qﬁt%iﬁrb%plllr%uggth%%ﬂﬂﬂgH)rg\gd%?he}égco‘T %3 31%{18111 '0? al

density. ensification sui tabl'y ac a warm press
t r eat nent onediggfiter lebsent fram AbAPiceattdéman. AIREAGting oiits 2811 abobl thioug@wke under
pressure such as 3000 psi _and under argon atnosphere. It has been found
that if tlsegthef thedudlletonaendniosnablanssitionoh sheipeulaféesione depabsinkgnioat er t han
75 or 80 percent h eti.cal .density. the billet will, be difficult to
cut 1107 <R 0 P R A Cor BNt iy S R el o
zones conpeytdbels.anehéd densified at |ess than about 50 percent, the
conpositions often degrade during subsequent processing. The hot zone
portion extends across a portion of the thickness of the billet, wth the
bal ance bei ng }\Rgr i%gelrtqonz 8p t%'e heat sink zone, the igniters then can be further densified,
preferably to greater than 99 % of theoretical density. Such further sintering is preferably
16  conducted at high temperatures, e.g. at or slightly above 1800°C, under a hot isostatic

press.

The several cuts made into the billet can be suitably accomplished in an
automated process, where the billet is positioned and cut by a cutting tool by an

20 automated system, e.g. under computer control.

Once densified, electrical contacts are suitably applied to the cold region end of
the igniter element, distal to hot zone regions, as generally depicted in FIGS. 1 and 2
above. The electrical contacts may be affixed to the igniter element by e.g. an adhesive.
25 A lead frame is generally attached to each contact to enable communication with a power

source.

Thereafter, the electrical contacts are coated, covered or encased with a sealant
compositions as disclosed herein. Preferably, the sealant is applied to the igniter element

30 by an insert molding process, where the igniter with the one or more electrical contacts



The billet may be of a relatively wide variety of shapes and di nensions. 30
Preferably, the billet is suitably substantially square, e.g. a 9 inch by 9
i nch squaw® 03an73® 03/ 017723 PCT/ US02/ 26067 18 ot her sui trtal/esodizemsnsi ons
or shapes such as rectangular, etc. The billet is then preferably cut into
portions such as with a dianond cutting tool. Preferably those portions
have subttrmoeniasd popitegedvitlimensldaipteBdo pioveteahe encapbulitine @alanicortign.9 i nch

billet, preferably the billet is . cut jnto thirds, where each_ of the
resul ti ngé?iad’ﬁ CemRogidonythen E’r?é@et?f}dgjﬁoﬁb%@@ﬁ andiqyed fo|nreyide a sah @ncabur t her

cut (suitabkihe Yhd | o cutting tool) to provide individual igniters.
A first cut IW%H) a%ggttﬁéroug the billet, to provide physical separation of

one igniter elenment froman adjacent elenent. Alternating cuts will not be
through the Ilength of the hillet material, to enable insertion of the
i nsul ati ng zones Miatedsabakg, ignitess qithe HyEnGiQneR be usesdn nesnyrapplicstiors, ( bot h

i or 1 ot R b Bt MR Sih o o R CocobdaBRlbes oy

densi f i edbaselffaed Bsabddb, WollersghiRiBdiéVe thpan 99 % of theoretical density. Such
further sintering is preferably 15 conducted at high tenperatures, e.g. at
or slightly above 1800C, under a hot isostatic press. The several cuts

made into the billet .can be .suitably acconplished in an .autonpted process,
Where the bi 1B OpHEYEGHEN o E S i ot SpR Grtiay Sriods: o

aut onaf edus3¥is b BBMtir BemétHLh vERID Bt S st NIGe: pa iRt idd ectrical
contacts are sui tg%I ynz;ppl I eéll té(;fpt h?scegl%g I\Flgllgeipon e%égg?m%ﬂﬁtgld?fé{ﬁ%ter

el emrent, idvsitein canbéotilizdres anegliand radegiogeaercaliley thidpit edwdprovidéd 485. 1 and 2

above. The_el ectrical contacts y be affixed to the igniter elenment by
e.g. an d&ﬁé&eﬁ@éﬁp‘l ae-gfxaﬁéileatmga%ﬂg Sgéh@lmfym&ﬁ QlctecRloY P I @ont act to

enabl e c Ojﬁmﬁ'ﬂirﬁ@tdr 9@te¥‘fi5ﬂ1dc§7i&qm5ding spectrometer devices, and the like.

15 The following non-limiting examples are illustrative of the invention. All

documents mentioned herein are incorporated herein by reference in their entirety.

EXAMPLE 1
An igniter of the invention is suitably prepared as follows.
20
Hot zone and cold zone compositions were prepared for a first igniter. The hot
zone composition comprised 70.8 volume % (based on total hot zone composition) AIN,
20 volume % (based on total hot zone composition) SiC, and 9.2 volume % (based on
total hot zone composition) MoSi,. The cold zone composition comprised 20 volume %
25  (based on total cold zone composition) AIN, 20 volume % (based on total cold zone
composition) SiC, and 60 volume % (based on total cold zone composition) MoSi,. The
cold zone composition was loaded into a hot die press die and the hot zone composition

loaded on top of the cold zone composition in the same die. The combination of

compositions was densified together under heat and pressure to provide the igniter.

30



source. Thereafter, the electrical contacts are coated, covered or encased
with a sealant conpositions as disclosed herein. Preferably, the seal ant

i s appliewaamutmiigniter element 30 by an insert nol di ngpqvossesenc7 wher e
the igniter with the one or nore el ec2rical contacts WO 03/017723

PCT/ US02/ 26067 19 thereon are positioned within a nold adapted to provide
t he encapsul ati ng seal ant portion. Sealant conposition then may be added
to the nmold and cured to provide a seal or cap coating encasing the
cont act s. EXAMPLE@i cat ed above, igniters of the invention may be used in
many applicatigns,. i ncludin as. phase fuel.ignition i cati.ons such as
furnaces and C@S%tflﬁa CQB%FES%%%&@IB&XVS@‘D%%W Jlﬁ)é‘gtt%%‘g? eﬁggxﬁfaéﬂys}?engﬁ stove

t 0p|S- d_l gmg?ﬁé@ pﬁlaéiu&éapaslday&mehu@?g@é ﬁoalﬁmplétoﬁ_ @mkwsﬁigritiﬂarsoa]grb %fer?&ptbt Iagﬁ% i ons,
i ncl uding for use as a heating elenment in a variety of systens. re
parti éul aighiyer Aand Igniteel befow.he invention can be utilized as an infrared
radi ati on soruce (i.e. the hot zone provides an infrared output) e.g. as a
heating el enent such as in a furnace or as a glow plug, in a nonitoring or
detect i on deviefi e bid hfithe? BRELSBTT RLolBMICR N 1Rfvdln! SEgifickRyThe
followng non-Fimting exanpies are i1llustrative of the invention’ Al
docunent signie¢it A ovithckldvatical comsiats theton ek pladd et giohd oyl a @franeplastici n thei r

entirety. EXAMPLE 1 An igniter of the invention is suitably prepared as
fol | ows. m@erlﬂ&va%%%ﬁamd\gf&%qoa/hﬂwwmmﬁ%t%¢ wol} topacagulptsrthe st

Fol | ous. o _ paFEde |
ot 2one CABaeD PR ARaS s YR BN R AR MR Jone” o o

conposition) SiC, and 9.2 volune % (based on total hot zone conposition)

MSi 2. The cold zone conposition conprised 20 vol une %
For Igniter B, a cylindrical ceramic housing element was placed around the

electrical contacts. An epoxy sealant was added to fill the housing element and
encapsulate the contacts. The epoxy sealant was allowed to dry to cure.
15
The encapsulated electrical contact ends of each of Igniters A and B were placed
in colored penetrating dye for about ten minutes. Upon cross-section analysis by visual
(naked eye) inspection, no fluid was absorbed into the ceramoplastic cap of Igniter A,
while the fluid was extensively absorbed into the epoxy/ceramic-housing element of

20  Igniter B.

The invention has been described in detail with reference to particular
embodiments thereof. However, it will be appreciated that those skilled in the art, upon
consideration of this disclosure, may make modifications and improvements within the

25  spirit and scope of the invention.



25 (based on total cold zone conposition) AIN, 20 volunme % (based on total
cold zone conposition) SiC, and 60 volune % (based on total cold zone
conposi ti wo)o3MaBi22. The cold zone conposition was | oaded Ramwsoa26met di e
press die and the hot zone conpositiom |oaded on top of the cold zone
conposition in the sane die. The conbination of conpositions was densified
t oget her Widels damled &3d pressure to provide the igniter. 30 WO 03/017723
PCT/ US02/ 26067 20 EXAMPLE 2 El ectrical contacts were applied with a braze
joint to two essentially identical igniters produced as described above in

Exanpl e 1. Those twq igni.t f d.t 5 Igniter A Igniter B
bel ow. 1 gni ter FA waS SPHPHREPSF DERSEL SRR B MRS HieEHogl e RYBRY  on.

Speci fi cajgliye ignlitgf‘éIEﬁEnt',Ath\é’iew&trﬁ:!aFéﬁrfnie&%ns%%B?%e?e&nhﬁ{éf'ﬂl@ti&‘@e%la% aced in a
nold and a ceranoplastic naterial available Trom M/kroy/ Mycal ex Ceram cs

added t o mheeriabl d to encapsul ate the 10 contacts to provide an el enent of
the design generally represented in FIG 2. For Igniter B, a cylindrical
ceram ¢ housi ng el enent was placed around the electrical contacts. An

| | d th k
cont hcts. The Spoxy . Sebpie it il SRR R e Ao B CABRIREE L5 e

el ect ri catomsriveaa ceivpdasté nagehal.of Igniters A and B were placed in colored
penetrating dye for about ten mnutes. Upon cross-section anal ysis by
visual (naked eye) inspection, no fluid was absorbed into the

ceranopl astic gap of, lgniter A ile.the flui.d was extensively absorbed
into the epoxylcera h%%ﬁ%ﬁsql?{ﬁérgloghﬁj(?ml loqﬁz‘ﬁhelraﬂiﬂfeelgn T PR tion has
been descglbfifichliyconghddive poitidh; beS 6F BBRR14RiRAESHrecHs affixed to the :

conductive portion; and a hot zone in connection with and having greater resisitivity than

the conductive portion.

4. The igniter element of any one of claims 1 through 3 wherein the hermetic
sealant material is stable to exposure to a temperature of about 400°C for at least five

minutes.

5. The igniter element of any one of claims 1 through 4 wherein the hermetic

sealant material is a substantially inorganic composition.

6. The igniter element of any one of claims 1 through 5 wherein the hermetic

sealant material comprises Si.

7. The igniter element of any one of claims 1 through 6 wherein the hermetic

sealant material comprises mica.

8. The igniter element of any one of claims 1 through 7 wherein a lead frame

is attached to each of the one or more electrical connections.



enbodi nents thereof. However, it wll be appreciated that those skilled in
the art, upon consideration of this disclosure, may nake nodifications and
i mprovenewisowitth2sn the 25 spirit and scope of the i nventhaamuso¥s@3/ 017723
PCT/ US02/ 26067 21 What is clainmed is221. A ceramc igniter elenent
conprising one or nore electrical connections to the igniter elenent, the
el ectrical con®ect i binsighiieri ahgméerdtef elaim & wistein thechesmatiasdalanoniassiapl . 2. The
igniter elene % of claim1 wherein the Eermati c seal ant conposition

conpri ses°03(6¥§3 HOPT AIPPTE cppRestipng anddeadritamesytheregt el enent of claim 1 or 2
wherein the igniter conprises an electrically conductive portion; one or
nore el ectrical connections affixed to the conductive portion; and a hot

zone in connectd.on Thdigniserdldigetit 0Qagy &t dicldis il Shiouyh b YvHeRaR thete@netic
conductive portion. 4. The igniter elenment of any one of clains 1 through 3
wher ei n tShelapEmAtsralds applied dtinseateelding. i s stable to exposure to a
tenperature of about 400C for at least five mnutes. 5. The igniter

el enent of any one of clainms 1 through 4 wherein the hernetic seal ant

material is a BUbstBYibditdr¥ldnii B8R Cofe@TRASMS | Mough 17 %eliemih%ef el ement
of any one of clains 1 through 5 wherein the hernetic sealant material

conpri sedieBpetiqsealpnbmpigrink eating basemthickhessrof lesa thanfabotitad mm. 1 t hr ough 6
wherein the hernetic sealant material conprises mca. 8 The igniter
el ement of any one of clains 1 through 7 wherein a lead frane is attached

to each of theone Qe iPREE cRIRDE b ﬁf'}‘rl orfeVFARGhE P®Rough 10 wherein wherein the

hermetic sealant material coating has a thickness of less than about 2 mm.

13. The igniter element of any one of claims 1 through 12 wherein the
hermetic sealant material is overcoated with a sealant composition distinct from the

hermetic material.

14. The igniter element of any one of claims 1 through 12 wherein the
hermetic sealant material is coated over a sealant composition distinct from the hermetic

material.

15.  The igniter element of claim 13 or 14 wherein the distinct sealant
composition has a moisture and/or oxygen permeability greater than that of the hermetic

sealant material.

16.  The igniter element of any one of claims 13 through 15 wherein the
distinct sealant composition is resistant to degradation upon exposure to a temperature of

at least about 400°C for more than 30 seconds.

17.  The igniter element of any one of claims 13 through 16 wherein the

distinct sealant composition is a potting cement.



WO 03/ 017723 PCT/ US02/ 26067 22 9. The igniter elenent of claim8 wherein
the hernetic sealant material covers the one or nore connections and | ead
franmes thewesfo17720. The igniter el ement of any one of cl airE/usoehswagh 9
wherein the hernmetic sealant materiak3is applied by insert nolding. 11.
The igniter elenent of any one of clains 1 through 10 wherein the hernetic
seal ant materi 88. co@hé¢ ipgitbrederperit oif aknessofdlaig 9IS thidagh apiteretn th®d 12. The
igniter elepment of any one of clainms 1 through 10 wherein wherein the

her et i ¢ 4&HIchsealapt coPPaTItiQeampISeh ak cRoXyneRMss of | ess than about 2 nmm
13. The igniter elenent of any one of clains 1 through 12 wherein the
hernetic sealant material is overcoated with a seal ant conposition distinct
fromthe herngtic Ta Bhité elendcht of BRIrh GRIKREIn &h [EeRicallf ndf¥oietia hék ai s 1
through 12 wherein the hernetic sealant material is coated over a seal ant
conposi t | Brk Biateriaheqntdaiothe bblezoner metic  material . 15. The igniter el ement

of claim13 or 14 wherein the distinct sealant conposition has a noisture
and/ or oxygen perneability greater than that of the hernmetic seal ant
material. 16. Jhe i gRl foffier R GRER LS Bhin? Y WHRRIPTheHedd H¥k thitekill 24 oded
wherein the distinct sealant conposition 1s resistant to dlegra t1on upon
exposur e hetweent @mdectatelpoetionk. at | east about 400C for nore than 30 seconds.
17. The igniter elenment of any one of clains 13 through 16 wherein the

di stinct seal ant conposition is a potting cenent. WD 03/017723

PCT/ US02/ 2606751 23 pe igniter element of claim 20 wherein each of the electrically
conductive portions extends in the same direction from the hot zone to define a pair of

legs, and the electrically non-conductive heat sink material is disposed between the legs.

22.  The igniter element of claim 3 wherein the ratio of the room temperature
resistivity of the hot zone is at least about 1.5 times the room temperature resistivity of

the cold zone portions.

23.  Anigniter device comprising an igniter of any one of claims 1 through 22

and a distinct operational element.

24.  The igniter device of claim 23 wherein the distinct element is a sensor
element.
25.  The igniter device of claim 23 or 24 wherein an integral structure

comprises the igniter and distinct element.

26.  The igniter device of claim 25 wherein the integral structure is formed

predoiminately from a hermetic sealant composition.



18. The igniter elenent of any one of clains 13 through 17 wherein the

di stinct seal ant conposition conprises an epoxy material. 19. The igniter

el ement oWwocdsaiim23 wherein an el ectrically non-conducti ve Hogarso2g60sk
material contacts the hot zone. 20. The igniter elenent of claim 19 wherein
the heat sink material is disposed between conductive portions. 21. The
igniter el emerit7.of Ah énite2@evideatoniptistRcin ighitérietentdne of driyCale of clat@pduct i ve
portions extends in the same direction fromthe hot zone to define a pair
of | egs,thegyah 2§ dhatjisedapted 4p mateWikh asizingelepentheat sink material is

di sposed between the legs. 22. The igniter elenent of claim3 wherein the
ratio of the roomtenperature resistivity of the hot zone is at |east

about 1.5 times.t heThicigmitdrelepies of tiafn DR WSty iHeMg@ier elehRne Rl tBrez e _
portions. 23. An igniter device conprising an igniter of any one of clains

1 t hr ougtbraketedrog gzoatied formpatingpeithathesivitg ebmmeint . 24. The igniter device of
claim23 wherein the distinct elenent is a sensor elenent. 25. The igniter
device of claim23 or 24 wherein an integral structure conprises the

igniter and digyi n@h&%ﬁ'@@%vic@gfclzﬂﬁﬁ gpb3 ﬁ{ees?zgx‘{% E8meht iﬁhﬁlio%l_%%c%er ein

the integral structure’is forne pr edoi m nat roma hernetic seal ant
conposi t iedbemeO 03/ 017723 PCT/ US02/ 26067 24 27. An igniter device
conprising an igniter elenent of any one of claims 1 through 22 that is
adapted to mate with a sizing elenment. 28. The igniter device of claim27

wher ei n the | g { or fl SREMcu e HHHERAGn ioRIACH R oPln RO HAET mEi ng

with the sizing ele
through 22 that is adapted to receive an electrical connection.

31.  The igniter device of claim 30 wherein the igniter comprises a housing

that releasably secures the electrical connection.

32. The igniter device of claim 31 wherein the housing is formed at least in

part from a hermetic sealant material.

33. A method of igniting gaseous fuel, comprising:

applying an electric current across an igniter of any one of claims 1 through 32.

34. A method for forming a ceramic igniter, comprising:
providing a sintered ceramic igniter element comprising one or more electrical
connections to the igniter element;

applying a hermetic sealant material to the igniter element.

35. The method of claim 34 wherein the hermetic sealant material is a

cermoplastic material.



29. The igniter device of claim27 or 28 the sizing elenent is an oval

bl ock elenent. 30. An igniter device conprising an igniter elenent of any
one of clwions/017728hrough 22 that is adapted to receive an rlTSR260EN
connection. 31. The igniter device of2xlaim30 wherein the igniter
conprises a housing that releasably secures the electrical connection. 32.
The igniter desé.ce The sletoModtlaih i 35 WlRrdin i RReméik JedlafiB@aRtial ®Feks | N
part froma herpetic sealant material. 33. A nethod of igniting gaseous
fuel , confeickchisal egipediiong. an el ectric current across an igniter of any one
of claims 1 through 32. 34. A method for formng a ceramc igniter,
conprising: providing a sintered ceramc igniter elenment conprising one or
nore el ectricaty COTREAkiRADS by skteof GisSY tRIBPE 56 whaRR] the MerRetfier metic
sealant material to the igniter elenent. 35. The nethod of claim 34 wherein
t he her nmesealantmatesial ismaplésd i insest moldiwy. mopl astic material . WO 03/ 017723
PCT/ US02/ 26067 25 36. The nethod of claim 34 or 35 wherein the hernetic
seal ant material covers the electrical connections. 37. The nethod of any
one of clains th E/Q]%r' e_har ' Lal is
applied by i ns%?t rrdg?%?lgglgﬁg . Tﬁ&eébrfet hoC %3;{&18%‘%1‘ %ﬁﬁ%%x?ﬂ%ﬁh%%@ﬁ%& t hr ough
37 wher ei sealahembteriakisiappliciaa kiignit@tveitioat usesofaiyebira®@ Hoasibf®ldcni t er wi t hout
use of a separate housing block. 39. The nethod of any one of clains 34

t hrough 38 wherein the igniter conprises an electrically conductive

portion; one 0fg MOT fhee}n%&l%a io? %lly gr%nor}%?giring 13 tﬁ%&éﬁ? Zg wherein the igniter

comprises an electrically conductive portion; one or more electrical connections affixed

to the conductive portion; and a hot zone in connection with and having greater

resisitivity than the conductive portion.

40.  The method of any one of claims 34 through 39 wherein the hermetic
sealant material is stable to exposure to a temperature of about 800°C for at least five

minutes.

41.  The method of any one of claims 34 through 40 wherein the hermetic

sealant material is a substantially inorganic composition.

42.  The method of any one of claims 34 through 41 wherein the hermetic

sealant material comprises Si.

43.  The method of any one of claims 34 through 42 wherein the hermetic

sealant material comprises mica.

44.  The method of any one of claims 34 through 43 wherein a lead frame is

attached to each of the one or more electrical connections.



to the conductive portion; and a hot zone in connection with and havi ng
greater resisitivity than the conductive portion. 40. The nethod of any
one of clwaios/@#728hr ough 39 wherein the hernetic seal ant raavesoaboer s
stable to exposure to a tenperature of6 about 800C for at |east five

m nutes. 41. The method of any one of clains 34 through 40 wherein the
hermetic seal4mt nHhemethbd bfclaing Y4 sihardin tielhgrhaiy galahiongenflesvék e  42.
The method of any one of clains 34 through 41 wherein the hernetic seal ant
mat eri al VEMABMALsomiectians amideadfamprsdheeofany one of claims 34 through 42
wherein the hernetic sealant material conprises mca. 44. The method of
any one of clainms 34 through 43 wherein a lead frane is attached to each
of the one or 4@re eheHbihbs 8f afosHRaflannS 34 WO HlviedinRed hiiaRac26067 26
45. The nethod of claim 44 wherein the hernetic sealant material covers the
one or noealanionatevial isapplinddylinactidnmnking her eof . 46. The net hod of any one
of clains 34 through 45 wherein the hernetic sealant material is applied
by injection nolding. 47. The nmethod of any one of clains 34 through 45
wherein the h ti arf%fér. - j ' nmol di ng.
48. The net hogﬁg? a?l})lle %ﬁ%@? Igc al mdf%%@ﬁ?%ﬁ%hﬁg}% lé(?rgii'ﬁﬁﬁigﬁ%hﬁgrcrreti o

seal ant reablant mbtetisl iappplicddylypniprasioh @toldmbdi ng. 49. The met hod of any one
of clainms 34 through 48 wherein the hernetic sealant naterial conposition
coating has a thickness of |ess than about 3 nm

48.  The method of any one of claims 34 through 45 wherein the hermetic

sealant material is applied by transfer molding.

49. The method of any one of claims 34 through 48 wherein the hermetic

sealant material composition coating has a thickness of less than about 3 mm.



