1 6 FEB 2006 WD 03/ 017723 PCT/ US02/ 26067 CERAM C | GNIl TERS W TH SEALED
ELECTRI CAL CONTACT PORTI ON The present application clains the benefigt foZUUE
U.S. provisional application nunber 60/313,113, filed August 18, ZOCf ,

which is In‘%‘ﬁ@g’ﬁ{ﬁ ed herein by reference in its enti rety.PCL”USﬂ/%JOQ, of the

| nventi on. ntion relates generally to ceramc 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, 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

> 785,011 . 786 HAAMICHNTEEES WAL BT ECICA CORTAT SUETION

6,078,028. Wiile ceramic igniter designs and perfornmance have inproved,

problenms still ..exist fhat.can pr.event j f i Q0j : I st ant
problemis pentTl?ftI?ISS}?nt?ppl%ﬁ“g} ‘ﬁ?lgjsgﬂe %@Eﬁﬂr&fﬂ'ﬁiﬁgﬁsﬁg (Q)! %}%le]c%ﬁin?@rlbéﬂ

el ectri cal MODPRwhikh 18 incofiRERed Béreiatby refrencofiiidct s mat e
with the .8%?%%%P%@% I;%izgg})’l yh%/i a adﬁdlﬂgad frane. ylPenet rating fluids can
originate ¢nthegya variety of sources, including noisture from the

surroundi ng area and the anbi ent atnosphere as well as liquid fuels such as
kerosone that the ceramic elenent ignites. 1 8 FEB 2006 WD 03/017723 2

PCT/ US02/ 26067 ﬁogﬁéﬁﬁ Vi rtonrrent s are especially problematic. Ceram c
igniters used ih® STV %%t ti ngs frequently come into contact with

spi | led or spl aphegyEditindslafed generhilyidiceimic $hR&Sanifor: pafRGRHYNG from pots
or ot her apparatus on the stove. _
ceramic igniters that contain improved sealing for 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.



5 Protective housing elements, particularly used in combination with a
potting cenment naterial (often an epoxy-based seal ant), have been1 &\Gd
to ayglg such ;I uid penetration, but such housings have not consi sm[ﬁﬁ
provi ded s ory results. If fluid enetrates the igni ' otective
housi ng, a%bﬁﬂﬁ][%«i’ets the electric |eads Itoherewithi n, thegr}Fgﬁ{S@%‘B@an short
circuit and fail. Fluid penetration al so can accel erate oxidation of the 10
protected | ead portion, which can result in premature igniter failure. It
thus woul d be désikimpéwerdanmentaaze especially roblematiei Cenamis igatters vstddngrovi de

enhanced perfornmance properties. It woul.d be particul ar desirable to have
new cer an #ovg ?gfﬂnlgéff@%qm Q‘?Wéntér?ﬁﬁtﬁ@éfﬂg}sé’glﬂ oaﬁglgéheg fhﬁ%seéigr éﬂi‘lﬁ%%’ ui d
penetration an oxi dat i of Welal \ ectrical contact
portion. S RﬁWKW i afﬁﬁﬂ%ﬁ%ﬁﬂﬂﬁﬁ@@*%ﬁ%%ﬂ%éﬁﬁig%ﬁ@@ ceranic igniters that
can exhibit significantly enhanced resistance to undesired noisture and/or
oxygen penetration. 20 Preferred igniters of the invention are coated wth
g;} t (r)t hg$vv| se E:ohnoteics'gt; hdusirgasdemerits) pprtictlady nsaddn icamlbmaﬁon withagottingl y i nhibits
y moi sture and/ or oxygen to an jgniter's electrjcal gcontagct. ,portion.
Thelse coat cw@enélm%@l {ofien gn sPexyglased serlahts e PPW@@OM%@HGQ@%&HQPM i
seal ant mater| or_Co sition. The her ' . | ' ly 25
sur rounds Pﬂ’éhgtfc’é’ehlﬁ Sélgﬁ BP‘éSélagsglgﬁ? %‘gtcorg%g%‘f‘%’f?r?\ﬁgﬁ%té‘ﬂ y g{}se?'lélfs's? %ﬁ]tﬂﬁey
'gniter’s E&ku&@@me i%ﬁ&'r'@?)qté&ivé hehsigy andeuskatsahé Blectak ¢&idE tealwitdniiRet
portion fromundesired fluid/ environnental contact. A preferred hernetic

seal ant I coippiter dah Ghorit sireuitardafabpF st penetrattoaralsl can eceglerate 3gidglieneliths ca
material . W have found that ceranoplastic materialg can surprisingly

pr ovi dé0 WopBetyd Agagipastions vhigh @nzeyy n P@W@Eﬁ)*ﬂn%b% U gni ficantly enhanced
resistance to noisture penetration relative to other materials, such as
prior potting conpositions. See, for instance, the conparative results set

forth in Exanpiiena world 68 désHables have new ceramic igniters that could provide

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



5 W al so have found that use of a hernetic sealant material in accordance
with the invention can enable manufacture of an igniter elenent with
reduced cross-sectional profile. Igniters of such reduced di nensi oh8 FEarike
useful in g, i of applications, including to retrofi i ng
appar at us g?aé?éi’lr@ * or spark ignition. ;10 Met hods are al 505’8?@9%% or
manuf acture of igniters of the invention, which include coating,

particul arly encapsulating,.the electrical contact._.portion of an igniter
with a seatignificapttyenpanced Fesistanst @JIReSM E%ﬂ?%@nﬂﬁ%\%ﬁﬁo&ﬁ‘?ﬂ t"tr!f‘gﬁ’ ?,grﬁt he

seal ant material IS lLi.ed t I gnjlten.i i: Rg-=type or
batch-ty peasp?rbo({ é’gjg{ngicslgl.goﬂﬁ e %5%’%%%12@1&0%8 "?6’2%? %?@Flgﬁ’ergr%% @hg?%f erably a

plurality pgah@Bbt RhicRkQMRALS, reside within a nold and a 15 seal ant
conposition is applied to the igniter electrical contact portion areas. An
injection nolding process also is preferred and can enabl e reduced

manuf acturing costs and times. O her approaches alsq.are s

| i tabl
i ncl udifng t r ansMeralsedieye FRymd Aept BesradSTNElF S781eH *H@}?“?qdn ﬁccﬁf‘gall“t&?}”étgt}&s pect ,
Ny A . el
it eor al | SEE 8 ghetle BENERUE D TRl FEAHEA BB Rl 0T

be for nedpgoqﬂmﬁjﬁm@gmbh sddubt difRnibidtan bs aRFIING a6k BER R afslicgiion, gas flane
sensor) where those elenments (igniter and sensorL are nolded as a single

i ntegral sinchgdingte rettofio gghbwsiag apparaiuhéesigned forsparkagritievnposi ti on al one or
together with other nolding material. Use of a hernetic seal ant conposition
as the predom nant nol ding conposition is preferred 25 because of the

Lher akq SLabt L Megflss BGRoROGHPlr rBB(BLERCR ks IR MOLRAL Grifa) ant

corrposiQi on is e predormnat material used a means

that the helmelhRingepraallabofmassultap, the lpstasa tontact pertianfiantigrifer gr eat er
t han about 50, 60, D?O, 0 or 90 weight percent based on taqtal wej %ht of the

mol di ng cowthsisealant matgriad jreercorlageeryith the Geyevitom Ftablypthe sepent et $65067 | n

anot her preferred _syste a.ceramc.igniter elenent 1is_ pro I,.Lh a
hermetic &rRliedd? ﬂ’@dgfﬂﬁfghff"dﬂseégna é’tﬂ%gg%af baagc&v&’e ﬁﬁ?@ésts ’olfeﬁe%g%?aéyrgg%\tt i's
adapted to ﬁf@gﬂitweﬁ Git. pibfZiabl FHI6RIBRL of i¥Mitet BlefleRaBREIdE MAXhPT DMbliicand adesi r ed
shape and gl ze to t‘ﬂ% }’(%)r?mad %gﬁterﬂlel %mma_nt. By this approach, a single
i gni t ens el esabant caapositions epplizddh ihe igniteaeleetrigal sonta¢tortingtareas. 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.



5 applications and environnments. Mire particularly, an igniter el enent can
be formed with the exposed surface of the hernetic seal ant conpositiﬁﬁ 2006
preferably conprising threads, keyway, or other engagenent surfaces gﬁ

can reli ablvg%gjz@g%ﬁr otherwise fit with or within |arger Srr%ﬁiﬁ%’#éﬁ&ﬁfllo (e.g.

rounded or ocks) that provide qesi red external di hat
| arger structure then can be nounted in a particular environnent, such as a

gas cooking or _heating unit. The invention also pr.ovides | .itﬁr el.enent s
that are adapt ek angtheeplefejied 8Ystem g GegAMIC {ENIEHHFHIER! I REO! uf)‘?ﬁfr‘?]iﬂ'&ﬁ 4 wher e
an electrical,_connection e 5 -\ g iuey el ement.
Such a "plifai-apﬁmn&%oﬁﬂo&@? g&?lg%dc%ﬁbgﬁg%lngggdg?%g el%/\%%]a ;[eréilr'{ﬁgr{ g be uéed wth

mul tiple, ghisgeRalenthafdld di&aént EANPRGIdE @esifed! shagtsand Sidetiateyformedignisiing
el ement that “surrounds at |east a bottomportion of an igniter elenent is

adapt ed t oelememi \By tais appmath, acalgle iguitmelsmenhsancheguitilised i asyeaighfeftdiinctot her
rel easabl e engagenent of an electrical |ead. That 20 housing can be forned
in whol% ofPPH&HoNgAaPth eRVIBAEES] ¢ seal ant naterial, preferably with the
hernmeti c seal ant conposition encasing at | east the electrical contact
portions of the igniter. As nentioned above, prior igniter elenents often

have included anpeapRitulPYsh NGitePSethent@an be fidinadringthhhoeippsdédratfasurir ounds
the igniter electrical contact portions. A potting cenent, ty@i cally an

epoxy nat ethedbrmétassedlentreonyppsitienipreéershly pompresingotliziadsy kanuax. WEP®BY encase t he
igniter electrical caontagt areas. ,The e or Qther seal.ant i ally
manual |y afiEapaneRisieres diat raadgiqbly HCShﬂIg‘gE%/WéS& tﬁ(ﬂ” orthQ}m Eaé%elf% ggﬁ%% ate
fluid penetrati ' ' WRkire ASa SRAMRMsKMs! MBad@gece’ s

aest het' ¢ éerp%%%%ﬁ%gg%ﬁa?ﬁ?g‘gwg’ﬁﬁ?em 03/ 017723 5 PSCTJUSO2.1%067 In
contrast, igithireisen@hin beaounted it 4 paticdarenyviroegerity mickhaya gasstookivgani ¢ bl ock,
or other separate housing. Rather, the sealant conposition itself can form

an i nt egr aheatisaupitlg nenber on the igniter, obviating the need for a
separate housing unit. The absence of a

The invention also provides 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

1gniter.

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



separate housing unit also can provide an igniter systemof smaller
cross-sectional size 5 and |ower manufacturing cost. Igniters of the Q 006
invention will have significant utility in a |large nunber of applica fg%g

In parti cul\% 0 ;619593t ers of the invention will be especial |l ye-yg8§s0dsn 10
envi ronment’'s ere"fluid is frequentlycpresent, e.g. cooking environments

such as to 10 ignite a cooktop gas burner where regul ar exposure to fluids

can occur. Qther aspects .of the inventi.on i i BR EF

DESCRI PTI ON O:%*?HE‘“%%WIRI@S‘ b ?:ﬁnffn%’londlgﬁllog{egugé %gl ér?%?g?jtaﬁoéeﬁgcer’ anmic igniter

of the | nventisoliraEhhsife. HRRhG! the béifark S irioalitsElf Can foritddrftniedsal sealig | eads
Wt

are covere a sealant conposition in accordance with the invention; 20
FIG 3 shopemBerharthd ulter, obgaiitgethe deedifgra spatatechousing nitodhe phsenderiPudes a

plurality of distinct seal ant conpositions, Flg 4 shows a tF)réﬁLerer ed

i nt egral ~ sseparetethossing anit elserpan Be¥idp R lghIYFEM A Tmelenees-Seeioiitits: 25 FiG
5 shows a preferred igniter systemof the invention; and FIG 6 shows a
further® pr%ﬂZ?‘f”%fdn?‘%%“éﬁmgs‘i?é emof the invention. 30 1 8 FEB 2006 WD 0310 1
7 723 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 significantly
enhanced resi stignf@s bthennlestiowdilhikve significont wilitein algeyrdResl al

infiltration. Electrical contact pertions,of an igniter.eleqent are
pr ef er abl yanpheatiags.aln mrliepa 1&1'1Her|§3}r)‘the\}ﬁ“‘teﬁn?i’rwﬁ[ %%Wf‘g@iy lﬂ)sr?%&m y

i'se a hernetic

" neor por ot poegpen N i AERATRERR, b g B Ry Rchased That

ant’ ‘nateri I n accordance
10  ignite a cooktop gas burner where regular exposure o fluids can occur.

Other aspects of the invention are disclosed infra.

BRIEF DESCRIPTION OF THE DRAWINGS

15 FIG. 1 depicts a bairpin-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

clements;
25

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

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

30



with the invention not only renders the igniter noisture

resi stant/inpervious, but also 10 allows for a reduction in the overa}lrﬁo 2006
di mrensions of the igniter. This, in turn, enables the igniter to be EFeB
easily useq,g' jjunction with, and/or retrofitted into, hhebieage

envi r onnent bpﬂiﬁ%ﬁr eviously may have heen unavailable to gg?}grgr?igz Igniters.
Preferred hernetic sealant materials for use in accordance with the

i nvention i i nd/ or oxygen penetration, e.g.
exhi bi ti ng%m ﬁggéﬁfﬁﬁﬁgfmﬁmﬁlﬁﬁ%ﬁ A sealant material is

consi dered her eiy 0, g Eodvd Al pfohe ceABRL QiR @hocarerRibhl Lhe seal ant
mat eri al shows (Ana eH eye exam naticon) mninmal or essentially no pentration
of a dye coipefvagly eltahcedeaesistame toungmirtd moiswonposher eonorgmentiét er mi ned by
the procotol of Exanple 2 which follows, Such | ow porosit terials are 20
general |y risfilsetiond Rlecteeal cantarigogieng of of apdgpitas slegant ére'ﬂﬁ%‘% Yicea@@%ﬁ ant

material" qr other .simlar term Preferr (ol materials are
subst anfi aﬂ?%f’t ’ianéFtd’QﬁW,r Wbs&c%wg?eﬁfegn g&t %gfaﬁéqgfrélngﬁgﬁcﬂ:g%g m ni nal carbon
cont ent (e'ctgﬁmé"?%ﬁémﬁé"- 10, 20 or 30 nole percent 25 carbon) and

preferably onposition is essentially or conpletely carbon-free (zero or
| ess than one nol e percent carbon). Preferred hernetic seal ant conpositions

will exhibit tsfrrgal F$pro ‘q?lrg{qiines su8§éé%rhe%$6€ﬁ0%%@§{%%ghgldgla?%tr%a%g% and have
a wi de tenperat u¥ehavggey FARGE! VBV S == t 1400F.
Preferred her,neti.c seal ant L al ] : hJ i to thernal
degr adat i onW%*}nﬁaé’?"SP‘ﬁ%ﬂ ‘f‘ogr%’ n lygi% é&é}% ﬂ7§§%@f e# %Pﬁe&ggh%f{r?g? %ﬁfﬁlgﬁ%ﬁ?ﬁﬁn& eri al

coat i Ng;EON AMAws Gt ot Bucbs e otetall dBénsibat of e tgniver. 1THis AERIBAELM0NG31017723
7 PCT/ US02126067 extended exposure (e.g. at least 0.5, 1, 2, 3. or 4 mnutes,
or at | eastighiter@ b&7mos;, eagily used in ¢@juncign wah, ardfpirarofitied 1B FERIBUESs such as

at | east about 350C, .nore typicall t | east. t B 00C, or even
550C, 600(:,306’5@'@{19%@62Pr?’é@@%ﬂ“%é%@?beﬁguﬂ"ﬁ?ﬂ?@gu ?erégggﬁ]&geﬁg ignited gas or
ot her fuel source. However, as discussed in detail below, 5 hernetic seal ant
material s al so can be enployed that have |ower thermal stabilities. Igniters
of the inventi orPrefentdhermeat hediott natmiialsdbriisg dnaccprstancewsh theavasen zone( s)

15  exhibit extremely low moisture and/or oxygen penetration, ¢.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 1o prior potting compositions as
determined by the procotol of Example 2 which follows. Such low porosity materijals are

20  penerally 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
Jess 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, €.g. the

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



are conprised of a sintered conposition containing both a conductive
material and an insulating material, as well as, optionally but typically,
a seniconductor material, 10 Conductive or cold zone portions of cerlahfih 3/006
igniters ofydhg,Prpsent invention will contain a sinteredpypenR@sighdon of
sim | ar conponents as the hot zone(s) of the igniter, but wth conparably
hi gher concentrations of the conductive material. Referring nowin detail to

the d i FIGS 1 d depi ¢t i it t t
vent Lon Sainder Friotedt s RAFEh Rl 07 Bl SITAGK ol R BN €, L2 8® P et
bet ween, cfj doz0N6%s)4d ter@itattAb sudiedtat Rkl kbok 356°Ci froes ppRally biskavessout he col d

zones 14a and 14b and is in contact with hot zone 12. Cold zone ends 14a’
and 14b' a4G9°Clop6at°Edomriven 8500, 660°Mp 65FENENIQ,, 7581 0§ °C nasahayoesulic al
connection to a power source (not sho}v_}/n) t hr ough Iegds 50a, .50b as is

gener al | y femdwbe igaitecheasor othe Jisi eenresy HW‘E’)‘G’&WSE%@“W AP BEOYy pe of | ead
frame unt i ng.. FI 2 depjcts the iLagni j ective

ner mot 6. i aiic St PrERRlgled oo e HRRIoY Bl nelih ok el BEBEEE' ' (0

| ocated at the ends 14a', 14b' of the cold zones 14a, 14b. This barrier 100
shoul d be made of a material that effectiveldy prevents or 25 significantly
deters fluid frigmtesof detinvegptibe aoigaisbath I8oand toid zeusiporianse Ihabet aa8(e) sel y

af fect the connection between the.leads, 50a,, 50b an ower. sour.ce (not
Shown) to PR agiueedPameyslicopae balh A et igth aBial el apove,

preferred Ih@&ﬁﬁ%ﬁaﬁteﬁaa&a&&u Hﬁbﬁg&xﬁlztbhgxpgieﬁlgfEQeIﬁ%QdI&@&Crﬁaterm with the

invention are imorgani ¢ materra only excellent thermal and 1
8 F F fo 2006ndlfeti086:0bTd 26heSoR(shs 0B0ataRicAgmieed efthe presint imsofiat wilkcontait  t hat

al so are inpervious to noisture and/or oxygen (i.e, pe[a_lve a gﬁros'ty of
about zer o3 Siateted sempogision 6f sipilen corBpRIgHIS 2 the bt #anRis) e hadenics QYL ¥EY apove, a

preferred herneti,.c.barrier seal ant ri I . b ceranopl astic
conpositi o?ﬁm%aa%lﬂy Qﬁglal%r C&nﬁﬁraﬁg%d%f rr%o%g{.l&ke'ggart 1|a?:'ul arly preferred
cernopl astic sealant material is a glass bonded mica material available from

the Saint- Gobain Conpany and has high thermal stability as di scussed above.
A further prefeRefetting now in detail to the drawings, FIGS. 1 and 2 depict'an exemplary

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



ceranopl astic conposition is commercially avail abl e from Mykroy/ Mycal ex
Ceramcs of difton, New Jersey, USA in sheet, rod, and custom 18 FEB 2006
fabricated/ nol ded configurations of 10 various grades. A specifically '

preferred rrﬁ,lbﬁjg}{,?qng s Mykroy/ Mycal ex Grade 561-V (cernopl gt G hRdey | ual

that is a np bl e gl ass bonded to synthetic m ca) avail able from
Mykroy/ Mycal ex Ceram cs of Cifton, New Jersey. That Mykroy/ M/cal ex G ade

561-V materials.has . a i fi ravity. of e ' -ab i on;

di el ectri c%f?léad?w?%?rsgﬁg%a{/?ﬁ? %;e 1{113%%@#(?{58&?@@1&8{9%hoc?&7(§%rg5!gg?5,%3%635 Rockwel |
H har dness of,<830f A5uBREAUSE 1ok db ReSBuriRiuesas of Garbuémer ties, formation of the
hernetic bgrrier 100 requires only a small anmpbunt of material in order to

effectively protect the | eads 50a, 50b from contacting any noisture. This,

in turn, allows for a reduction |n the overall djinensjans. of the igniter,
thus enabling t e disgR§SE@RbVE: dpre théﬁ%q\{ °>ba'ﬁ’§E§FalagF Skfﬂﬁlétai on 20 with,

and/or retrofi %#@Q%Ci e OSiﬁS‘E’tﬁgﬂ?ﬁ@g% %Hégﬁﬁgpgtlﬁrﬁmlypf;@ﬁh@gsl y may have

been uhavaila o céramC I re particularly,” 'a relatively thin
coating of c@neplBPhaatint Ha@HbISE aglass Bonded mieppbtedd available frgmithefaint-enent to

provide effective sealing of the igniter electrical cont aﬁqs}.& 25 For
i nst ance, (obaikrfisepany and bas highsthamed stabBity pydFuerd gheY: 4 LerefSeharri er

| ayer 100 outer . surface)..as.shown i . ' ; n about
3 mm  nor e SFARPRIASH PR 1§1°nf%%oﬁnﬂerﬁﬁ%1?%%rﬁ%&eg$@ gﬁk%’oyglﬁgc%%x tglraﬁléévsgﬁ 0.2
mm or 0. 1cHon) e bér§egf e9Al il shidt abe! arddulefetiatedend]ast configaratiahsofui | |
exhibit significantly 30 greater di el ectric stren%gév/M) t han_potting

cenent 10sedatiousprades. Aysptafiwallywintfetred matetialgs Fykrgy exorate/ 561723 9 PCT! U

502/ 26067 facilitate use of thin caat.ing | r More,.par i i .

preferred &@Pﬁﬁﬂ?&é"tm@e‘mfgg}af El asmc’@gweggﬁ? g‘%/rﬁe‘itodﬁyg{hgtdgﬁ%ab%?Arlgalr[\)ig#ﬁm? vim)

at | east a%?)m(}grcgliemrang@sr &T(ﬁfﬁn?wewcéﬁ}gl s MykedgMlycilBx ©eadei SERS/ gr eat er
ott1n e

t han prior cenments. 5 hermetic barrier coating al so does not
need to exhendisutianspausfiygabiongf 1.henil neisgrhatsbrotine diglastrie strenedhehtObeyond

the electr iVC/r?llil; '&:%Qitl ?t?etnsgih oli%rSOJ) B;E %%Cﬁéck%eﬁﬁaggn%s Stl of-
16
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



di stance fromigniter bottom surface surface 14a' and 14b' to the top
surface 100" of barrier 100) as shown in FIG 2 suitably can be lnﬁ@ %B?@
about 4 mm nore preferably I|ess than about 3.5 mMm 3.0 mm 2.5 IF ! b
nm or even 10 A hernetic seal ant conposition al soppRychBsksed in
conbi nat i orw(\%viuggﬁ?tsher materials, inclyuding prior potting cenents. For
instance, a thin layer of a hernetic sealant naterial nay be applied to

| ate the el ectrical. |ead g . Lani That t hi

P bl et b Gonpe I g bl tAficlar Tk b bt fBRnaterdisat | DL

to high 15&aﬁgmﬁ{t§td¥é1§&ric E}%gﬂle@ﬁnml@ﬂe@@sabmwé Oitied, @y redérradoit Sastr e and/ or
r e,

oxygen porosity. Fo I nst an the hernetic seal ant conposition may be

over coat edibwirt fire thadstgréxter cleamemior pettiok cementan epoxy- based naterial, as has
been enployed in prior systens as the sole sealant. Alternatively, a |ayer
of a potting cenent may be initially applied to the igniter 20 electrical

contact, porti Om%\ﬁ{}‘i&‘%‘?"a- a%i‘%r t%ﬁtg?%naq?oo&éés%ﬁ%eeﬁo ShhRrepssiveRGE e th a

her met ic seal a 0 nvention. Such conbi ned seal ant

conposi ti QR AKE A gkiaR efedtiehl bdyshihestecefcabednertreFocinstoed, distancofiosi t i on
that has a l'ower thernmal stability. That is, by use of an adg(itlé,i nal, 25
di stinct ststhacetfrahagnitenlottom surfeeesussace e apd | Anto8¢ 8 §f2ch {0 Gbes have

high thermal . stability, .h ic seala ' i f thermal
ct abi 1111 devres Beeeiolisi Sry? EABH ayade ) repaf fadin i AORAHE, (10
mat eri al (i t BBirh 6r S63h@NdrlevesR0Inghi es the ther mal
stability IF%SSISPI?%%?SSH@E’%E?@%I ant Lni t. 1 rsevf: E B 2006 WD 03/017723

PCT/ USSR/ 26067 10 Thus, hernetic sealant materials may be enployed with
relatively lower heat, stabilities such as.e.qg.. .stabjlifi s t 300C,
400C, 500C or 6odErBeicsealaytjcomspton plse may b@ﬂfge)d 1888?2’(?3@?%%%?@%?5 upon one
m nute exposure to i t€\ [r358ancOa tBind&eh BY & Re0iutiogeline may be
a suitabl emﬁ%eépﬁlest ’in((::ﬁlgie}1 ngjﬁfp{r?rtﬁt F‘lgng?n Wi th suaélh I omr@?t enperature

st abi | i ty. mifeiap@ay bi afted (amapatneticelovatcel lead postiens| of ahagniteaclimghl- t her nal

stability, such the ability to withstapd. prolonged (0.5.tq,5 m
exposur e t bhaitthindaysr theamerytbesopie: “5‘@(?685"6@6@?&’7%6%{8? p@%%lwtghlg E‘% ﬁ??’ si bl e
( naked1se yel)em%%gartﬁ%%gtb'u? Hsed 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.

Altematively, 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.c. other than the hermetic sealant)

satisfies the thermal stability requirements of the sealant unit.



In a preferred aspect of the invention, the exterior of the sealant unit
(which may 10 be the integral hernetic seal ant conposition) nay be
configured as desired. For instance, the exterior surface nay be desggi%ﬁg[‘mﬁ
to facilita}gyahfashment of the igniter element wthin a lparg&hgyet €em such
as a cookstove or the like, e.g. the exjerior surface may be threaded or
grooved to facilitate rel easeably attachnment of the formed igniter elenent.

Such configured.exterior. surface j i he nol di ng
15 manuf act uri ngﬁbs}’g‘glgéeémé?%alﬁlﬁ%aﬁegggﬁ %@%@%lbfe&%@ﬁgﬁgéwﬁ‘?%% system
having a pkudpidkied ¥uchfas §.%a§t§!ﬂﬁtg€a@ﬂmﬁBD@)"QT,‘&OOTQMOP(_BEJr 6@DBCitefdreidizibilot zone
62, cold zones 64 and | eads 66a and 66b encased within an epoxy- based

potting cofmed tye)deg@dattonohcurnupar meiminhisiespeburd P Kheh tempeniweafaitss housi ng
70. 20 Hernetic sealant nmterial 72 forns type . of seal .or pl of the
system pr &VEASYRISa CRBPSTG Y e aostullf@l?le#“FW%'CI%H%mafrfé}[a?}”étﬁdgabfégménd 66b. As
shown ip F e r eI RSB shoaPsdv@RtHi &4 fhémid shaped
el ectri gal ke&ge&atv@%&bﬂﬁ?.eﬁ%asﬂgg\%ﬁ%ﬁﬁ%8121,?6? lg I nest 0 enphasilgle m ni num

pat h) that si3bilie) saélfise dBNY thethsand plolofged 465 te§ démoés) ekposigprtbtaeleast Such
non-|i near hot zone georretri es are believed to nore effectively diffuse
power densabaut 4APELGAGEG: 68056, HIEC 2ofe0° Ceayithont VlSlQde%lﬁdébiPﬂaﬁ?ééadéé@% ati onal
life of the igniter, and thus are generally preferred. The di nensions of the
hot zone region may suitably vary provided that the overall 30 hot zone

el ectrical pathryl §g£btfa‘réd%s%3c{$!i the Iiventiie @Rt lcfoNeftthé sages ugit 6ohiols gdy her ei n.
In the 1 8 FED 2000 WO 03/017723 11 PCTI US02126067 general |y rectangul ar

i gni t enodedt gre idepiat hehetin sdalaBt cdmpaskteon otay be senfigutrdesisiesivese o nstangss| d
zones (depicted as distance "a" in Fl 1) .shoul d he_sufficient to avoid

el ectri cal Mesd108 syrfacs Ay edié?a&‘%“g‘.ftq(%?c’b}?ée gﬁ@#@?ﬁ@&%ﬁ?@ ¢ %egf di st ance
"a" is 0.5 o flEoy 2% AU OB P 65 Bleriér Slifademegne b i n
FIG 1) al gﬁ{%rhgb%%ﬁggﬁ%?%%ﬁafs%d& entdzgdirze %o’ agoi d i ani ter def e)gt S,

i ncl udi ng eegRdioy grdovediol faglitateaalehseghblywhthcdimentof the fsmed igmter glainertr

degradation and failure as di scussed abgve. Fqr exanple, far the design
depi ct ed i FuF eniiguregyextesiof @Elfaﬁ%ﬁm‘zl@rféacg]ry‘l Ri@‘ég‘ﬁje&ﬁ%‘l‘ggﬂ'\‘ﬁ rPP]%B’eg in the range

of abo% tha%ugamuring process as discussed above.

FIG. 3 depicts such a system having a plurality of sealant compositions. Ig_niter
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




to about 0.5 cm The term "hot zone bridge height" as used herein is
understood to nean 10 the dinension of a hot zone that extends paral H%I rEthﬁ
the length or Iong dinension of a generally rectangul ar ceramc igniteF, g@

exenplifie {#yBpsion "b" depicted in FIG The hot zonep yaehiat
ext end dom%te)r(ljém ength of the igniter W!Il be limted to apckg.%g/zz('g&a
sufficient to maintain the overall hot zone electrical path length to within

about 2 cm_ The,conposi,ti.on., of, t.he, hot, zo 12, zon and heat
Snk 16 of sCRLyERGEY g epur dsries prERIE FrE iRt MG biest B Vv !
however, sbiabhes (depETeass bisense 42hn Fi@ﬂgsﬁ&m BosufBEienth S0 i@sRGtrical U. S.
Patent 5, 786,565 to [I'kens et al. as 20 well as in U S. Patent 5,191, 508

t o Axel son shértsadr.otiidpdefeptar i ond mefeyred systeng dmpdistancoa"as 06881 hot zone 12
shoul d be such that the hot zone exhibits a high tenperature (i.e. 13500
resistivity of between about 0.01 ohmcm and about 3.0 ohmcm and a room

tenperature resi@%hgiﬁ%e%gid?gb%@%gd%m asli &nc@hﬂ*ﬁf?l@gf)@gﬁjs}%lﬂ o3 ohmcm

A preferred hot e conta intered conposition of an electrically

i nsul at i ng sAEcRint dke toPavdR] BhltérdefoRducung eREdsive focalizedpiatimgatvhithcarpr ef err ed
enbodi nent, a sem conductor material as well. As used herein, the term

"el ect ri calréspltiimsgnitax depgadonandfailute as discusaed zhovenEor grapmplss for diegdesign a

terial havil t t i LVity. 1 E 6 017723
15 BeT U Sopr R on o pEBre sk ineines bk il by e PR SO0
conduct or, ", HGRRGUCIh VERREE hét zone BribetRIghTdsQI8d hdieingPhndets@ividhy meanmat er i al

that has a roomtenperature resistivity of less than about 10.2 ohmcm and
the terirs 'tsedimeasnduof i het mee dm exténds pemilelan thedexgth onkng dimgnsiosrof gar i at i ons

t hereof denote a material having.a roomt rature resjstivity. 5
bet ween ab@greraldy ¥aHNZYS GHRIPEAMIH aﬁ]@’l‘f’é‘i‘ﬁ% ,egé’ﬁ dérﬁ‘é‘?ﬁﬂn:’rbid%%%gﬁoélpon for a
hot zone 12 of the ceramc igniter 10 includes (a) between about 50 and
about 80 volune percent (vol %or v/o) of an electrically insulating
material having a resistivity of at |east about 1010 ohmcm (b) 10 between
about 5 and about 45 v/o of a_sem conductjve t?ri al ,havi.]ng g Le istivity
of The hot zone “legs” that extend down the length of the 1gniter will e imited to a

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

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 asin 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 ochm-cm
and about 3.0 ohm-cm, and a room temperature resistivity of between about 0.01 chm-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




bet ween about 10 and about 10$ ohmcm and (c) between about 5 and about 25
vio of a metallic conductor having a resistivity of |ess than about ﬁg ﬁz 6
ohmcm Preferably, the hot zone 12 conprises 50-70 v/o of the el ect‘t g IQ;]
i nsul ati ng W&%ﬁggﬁri al, 10-45 v/o of the sem conductive cppikamhd 6- 16
v/io of the conductive material. Typicglly, the netallic conductor is

sel ected fromthe group consisting of nolybdenumdisilicide, tungsten

disilicide, and nitriges such.as titaniu FLL n i nsuch as
titani um cangstROURY h‘%ﬁ%‘l%d‘éﬂﬁmecﬁ@?sl Ry a@éc dé’g ﬁ‘é}"g %gﬁ@%cgﬁ ff}lagrﬁglf erred
metal lic cond : iy . 8112 Hasewoesl 1BPeaturs Rsisivitycifddss ve

mat eri al iasnral%%%lg@m%?@ﬁqés prrgétg{l]?ﬂ?aﬁ Ezlin am)untpof frrom about 9 to 15 vol

% of the omen @bdut COMPIAIcH, and e tetise sdnitorxloetéye avramaicHr eEEABINGIOT r om about 9
to 13 vol % of the overall conposition of

. Ve ] the hot %one.mZ%IGEQﬁhgbky
pref erred meteiialdndvesiasionsibeesof genote ymaripihayI§ 8d°0YL THEPTATE THEVOV & al
conposition of the nd cold zones 14a, 14b of the igniter 10,
include® b rWQ?EﬂWBFﬂfy%ﬁvfggnk%?'carbides, particularly silicon carbide
(doped and undoped), and boron carbide. Silicon carbide is a generally

preferred sem conductor material for use in the ceramic 30 i.gniter 010. 18
FEB 2006 WO 03(Milgénaal, 18 eREmplasonpesam fuphabraedRod the Q?&!nrlgl&ﬂﬁgw at i ng

terial ts of haot it i ncl t limted
T Cona o SbRes mibeheenkast SO srpome 8l hs R e S oP b 818 0L 1 LG
al um num nitrl 'd3?11y i%%d]%cﬁ]%%ﬂe}iﬁlihqging;%r&%”ti@ﬁ‘y Bi dtnéddesboat 16! ehdant (hoxi de

(e.g., 5 yf]te?tfl are earth ynitride. Alum numnitride (ALN) and
al uni nyg oxirdeed AbA0Sknd sbcut & nar aflalsymizpaduwstivethateBal having amesifiiyefer red hot

zone conpositions of the invention contain.alumnum, oXxid / um num
nitride, nbtyooreshow 4 aid ﬂﬁ“&lé@s_(’i‘ﬁh‘_’r@i @?é@&%ﬁﬂsiaﬁ@.‘f 5? ar{'daat%oﬁggs}'?({ﬁ% certain
embodi ment s, t e, Mol YOAGNUD MleSistidity) Hesk BaRaBbRNBRlYmPERSENt 1N an amount  of

Preferably, the hot zone 12 comprises 50-70 v/o of the electrically insulating

45  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 boren carbide.

Silicon carbide is a generally preferred semiconductor material for use in the ceramic

30 igniter 10.



from9 to |2 vol % As discussed above, igniters 10 of the invention
typically also contain at | east one or nore lowresistivity cold zcuf
region 14a, 14b in electrical connection with the hot 15 zone 12 to F lefn2006

for attach t ire |l eads 50a, 50b to the igniter. Typi opot  zone
12 is di spggg)d’?'@ie?t?v\%éen two cold zones 14a, 14b, which are ;%rféof(sé? y

conprised of, e.g., AN and/or A1203 or other insulating material; SiC or
ot her sem conductor material; and MoSi 2 or other conductive material. 20
Preferably, cold zone regions 14a, 14b will have a significantly higher

per cent age  of QOSUALAIKERANS QY mAET COREMERIsWT HERE el cBInpodiorg. . Si C and
MoSi 2) than areggfr%%bgent théﬁﬁot zr(%r’]né. Accorgi ngly, cold zong regi ons 1l1l4a,

14b typi calirgfudeaine agavhor liatitadtto, lohd of mord md@DEkidds sttleay adwingmim/oxige, af t he

hot -zone region 12, and do not rise in tenperature tp the |evels of the hot
zone. MNor e NPrig¢ &chag a ghuipanaitide stlinog nttﬁi%‘é?rsl)or%h“a{t“c{%tlﬁ r?’SS‘i‘Hﬁ‘Z@‘@% erat ure
resistivity_i.s.from5 t Q_perce . : sy sthyity of
the hob 7 itD;bf R0 e FRpRAGE Ahulhub REUEORM SIPALAMIS B LOLOY 1Y |

t he i nvent iagm%]eg@,gpyb%edabout 15 to 65 v/o of al um num oxide, al um num
nitride or other insulator material, and 30 about 20 to 70 v/o MbSi 2 and Si C
or ot her conductive and sem conductive material in a1 8 F E B 2006 WO

031017723 PCT/ US02126Q67 4 volune ratio. .of fromabqut 1:1.t t 1:3.
Mor e pref er abl y%a‘f“l’?él }SPBCf':EL’BWeI%Otfﬁ%? cofmsm%s%itﬁ%gwgﬁ{?&coi}élq%mggl%ﬁl/ o of

al um num ox| NiTo R TE AT Edal i cavhife. ShGt leasdd about
30 to 70 V;&%{Q%Dag?/gf BE%D?A ease {j)%’ mn%%guq‘ég%r?ggg%&%eh%iﬁll d zone conposition is
pr ef er abl y ckaiineshbodiniehs, tenmolymteanmalisliade ik peférally poasentdoapespeiieh, but 5
with the relative anounts of sem conductive and conductive materials being
greater inftomdtebd wlZene(s) 14a, 14b than the hot zone(s) 12. The
electrically insulating heat sink 16 should be conprised of a conposition
that provides sufficient thernmal nass to mtigate convective cooling of the
hot zone 12. 10 sdifichisedabdye, iontters 19io$ prdmdtnden spidalip elsb chetbinee feattwoe
conductive | egs as exenplified by the systemshown in FIG 1, . the heat sink
16 nust pr oF e [pMcIgsRidE C(gqhg,mgrrpglp@,lm% 4b 1n 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 Iemperafure 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




extended cold zone portions 14a and 14b, and nust serve to nmake the igniter
10 nore rugged. 15 In sone enbodi nents, insert 16 nay be provided W]'éh a
slot (not shown) to reduce the nass of the system Preferably, the FEB 2006

el ectrical l%oitﬂiw :ﬁi ng heat sink 16 has a room tenperaturg hSdhvity of
d TL5P

at | east about ohmcm and a strength of at |east about a. More
preferably, the heat sink material has a thermal conductivity that is not

so high as to heat, t entire heat, sinl and . transfer heat t.g t | eads,
and not so ‘Iog‘Wl‘é%a“?@?EeTB gt & 1iq %boblégéf a\g‘i’rﬁﬂ’reﬁ%ﬁlﬁy’st &015&8%?% 13%’. ﬂgui tabl e
ceram c co k! | Qe U8m &idel SRt 1SQMY i Sing
at | east ab@gﬁﬁ;‘;;&%%\%tﬁg}gooédqgl?%?g]ggﬁhﬁgﬁgg al?ak?hm nufr%gﬂ??ri de, boron nitride,
si licon nitwb 86, agll uBauA0 anT0 WoxX¥bSie sFéreasedfmanvifienee, ahdwatld zaree conposi ti on

of AIN 25 MbSi2-SiCis e;gl oyed, a heat sink material conprisi ng ag | east 90
vol % al unicempositipn is pefershly fopnedboiiibe sasne mRlgrdsPHRe EAIZRE CPPEPENR AV or

conpati bl e thermal. expansi on . and densificatiaon. ch i st ferred
heat si Rk c‘%’ﬂ%%irflﬁ%ﬁqn%ou&%soél581&9811 unc%g%gm an Fcé’g’e%?%?’}ag% ez#t g%%tﬁﬁjglge?i on
no. 09/ 2171%9@20&&21%'[1&“5 ﬁlagith?%'ﬂiéi‘%)QQ. which is incorporated herein by
reference. 30 1 8 E'B 2006 WD 03/017723 PCTI US02126067 15 Ceram c

igniters 10 of the invention can be enployed with a variety of voltages,

i ncl udi ng, but t limted.to, .nom nal | ta of 6 L el2, 24..1 220,
230 or 240 volts! ee#fﬁ@?ﬁéﬁw&ﬂaam o i Bsh @A ﬁ?/%%’fl?rbsﬁ§8£ﬂ°ﬂ‘88?glﬁ“5‘p%8%f| y from
roomt enper i : inold? tIQHt C in about
4 secon(rtlrg ﬁ%ﬂégssﬁ?%é\?gﬁﬂ%}fgg@g%%sﬁ or giésd,%gcﬁwegc}(g{?egr?qé. 75 g?lq%ﬁ% second or

| ess. Pnef exdditonallp] Whensdidfdsad astdndnsenventéennwalcamiuctive logoas demplifedaly e

ignition tenperature with a hot zone power density (surface |oadjng) of
from 60 to thesysiwm shovnen FIGnD the haahaink 4 mushroyidgrisphaniqs! irpoTt A0 npl i fi es

a preferr edex%%%gc? %18 fzorgehp%rtii@nvs QrEl iar?(p]m%f mak siexqjaitts ﬁlrak@{h%qumerilé more
rugged.

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* chm-cm and a strength of at least about
150 MPa. More preferably, the heat sink material has a thermal conductivity that is not
s0 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.
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formed in an integral structure (i.e. single nolded, bonded or otherw se
joined structure) wth one or nore other functioning or operati on%lle %ﬁl ﬁU%S
such as a sensor elenment. References herein to "an operational ele ﬁt' (;

ot her sim l\gp @§4nd ndicates that the 15 elenent can react, di D067
environnment or other input (e.g. electrical or thernmal input) in sone
manner, typically by providing an output such as resistive heating, an

electrical signal or.the ljike., More specifical as, sho in ElLG 4, an
Cntegral st ruc GFERG RS 1 R FURRCaR o6 FERiH 93 E 3R LeiliBs o1 ¢ aq

el ement) a'i'&l@n%,%’iﬁét'lﬁﬂ?édt@,'n%ﬁﬁﬂél veftages 0$ENE A0, R ¢PE DL 8B (tdIal) ¢aRs, det ect
flame, heat or the like. Integral structure 80 can be a 20 variety of
confi gur at Porfsrrexhigniters sfitheainentiatapt leedt tapidiy fomirddrh tengreratatedn dpetatimale
environnent. FIG 4 shows a preferred configyration, where structure 80

i ncl udes plEAHEFATUESSY S Bde Agopt il?ﬁoocMPWtﬁéﬁqqna‘i onlgssan Seiseids 851653 8T punt ed
through5 bl 99%,5% §§ imqs nd'oE éacti vely. Structure 80 may be forned entirely
or predom nately Prom’ s Rermstic seal ant conposition. Alternatively,
structure 80 suitably may be forned with distinct 25 materials, with the
hernmetic seal ant conposition being enployed at |east to encapsulant igniter
end portions wh&rderehigaiers il ohthdénventi¢n dbeeantiredle & stabls igtereri al s ot her
than a hernetic seal.ant conpositipn.suitable for form S ctuyre 80

i nel ude o (FRSFATBEORA B HeiaRy BIer Aopsi Be s LBy S Ban Po40 pRY PeldbBe 26067
16 FIG 5 showsuyR Ht sdiRriggn. system of the invention where igniter 10 is
mated with sizing element 90, which is depicted as a preferred oval - shaped

el enentl9 al t hough other configurations also will be suitable such as a

squared bl ock and the like. References herein tg a "sizing.elepent” or
ot her sinilar tgﬁ%‘imﬁn@é @S%H@?@l‘f éY%FIQr?gHteIBYWPHé"%w@ andEntes et ivensi ons

to an igni l; - (& i Lt L gRi ter
ol enent - o Gl AR She BRI OR b PRl Ton SO Aforate Solald ek )1 o,
30, 40, S&ithGhe of thor86ther fud&fdnjigr @eptrativnaldedceslsocids@ sebsorteleeesepi ct ed
el ement 90 includes a mating agr oove for securing the elenent within the
usage envi REHEIES herginite can opgralignalimgent'; o ophes sy ter@rpdigtes Watthe n t he

S1 21 10481 CORRke Ol ALRES W SRRBAMLEE S 1A e £ fborntiel & RGP BENER' Ve

t hreaded engagenent
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.




FIG 6 shows a further preferred systemof the invention where igniter
element 10 is adapted to releasably receive eletrical connection elqmppg§2m5
100 and 102. Suitable electrical connections include electrical lead |1 nes

that provid lectrical power to the 15 igniter el enent durj her eof .
In the pr ef‘gpﬁé@”’g%}stem depicted in FI 6, connection el e%ﬁ&éﬁgg&and 102

rel easably secure to igniter housing portion 104 that includes electrical

receiving portions 106 and 108. Those g@ntions 106 and 108,recejve
connect i on el endfs S sbovanpreoed spstera o dwtinyeation whercighead Ak Hatedvdhn

hei . The. deni . - depi f
el TS ShR 1 Bl R PSS Bl A ORRT

. S1%1
connection é% ange not

in FIG 6) ®aapkalehsHs @i beQuiigile QNAAGARBRreSHSEICIR the Fike IRéfbreheessui t abl e
such as a threaded engagenent. The connection el enents can be renoved and

repl aced Jierdin ot hésiziopalement] onotbkesimnastere insiicats that|the damsht previdkssi red. 25
The processing of the ceramc _conponent (i.e. reen .bqd rocessi ng and
St or i 1. CBAHER GHESTSSRa (4 HISPRB LTSRN B Fioten S RrICd ConBey P
densified ceram i he ,aosuch
met hods ar gﬁfélgéﬂelfeg%% gtff£ ?Ilﬁgés%ggg @éﬂf@g{@ﬂlgﬁ%@?ga&n@%ﬂf ﬁb%Mgb %dé? g’nclto’S

5, 786, 565 t30), ¥ |10k 8msr €20 pdrcentitidnbleSIn BIA %] 1HeGBpicedAlalesio A0 8Rheles al ., t he
di scl osures of which are explicitly incorporated by reference herein, 1 8
FEB 2006 WS TEIopsSTauUs0iRe sicopnt within|thgnsess envirapmpel- Jewieg dBguitagly

accordance .WM th neral ] v. known.procedur.e - i I S.
parent 5. adsrisy ACGRR VR MSIEREFERUCT Pl Setirarfl FEIREEE. Wiy

i1l ustrati vigheond kiirbsiRe enbagbREnt@Xanid Be. @ formed billet of green body
igniters can be subjected to a first warmpress (e.g. less than 1500C such

as 1300C), followed by a second high tenperature sintering (e.g. 1800C or

1850C). The fir rmsingerin royides a..densification of gbout .65 or 70

%relative to tﬁ;ég\rlvgtgﬂgé‘ﬁ aﬁ’é‘ﬁ?ﬁﬁ }8'9@” ‘Xay S?W Ogtgﬁghvﬁn%‘?ng‘ﬁ%erw l@“tﬂé%‘ffg?n_e{tlﬁr e

sintering pgQ¥i&stodelbasaBly reiRRRIcIdtEA bOheBiorH &AERY 16001 19 YEURAIE | ve to
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 et al, the disclosures of which are explicitly incorporated by reference herein.




theoretical density. In preferred igniter production nethods a billet sheet
is provided that conprises a plurality of affixed or physically att:ﬁhFeE% A
"latent" igniter elenments. The billet sheet has 15 hot and cold zone 2005
conpositio rein a green state (not densified to g gnh about
96% or 98%“?%%%%3?0& density), but pyeferably have been g??\l{vggzé%&?o
greater than about 40% or 50% theoretical density and suitably up to 90 ort
95% t heoretical density, nore preferably up to about 60 to 70%t heoreti cal
density. Such a partial densification is suitably achieved by a warm press

Lrealment, e o ylgss hBDRAN000 SUChieiSed 30Cend ) R AANcalzchuty ander

pressure such a psi nder argon at rnos e. It has been found that
i f the hot deeldseddhdi.2 drutent SAOGPA3T td Washbarre SterdsofExachplt 1 wjichdblowst foan 75 or
80 percent of theoretical density, the billet will be difficult to cut in
subsequent lppsotegongitisreps. Additionally, if the hot and cold zones
corrposi%i ons are 25 densified at |ess than about 50 percent, the

conposi tions often degrade during subsequent processing. The hot zone

portion eXFemsF@ﬁéx@ﬁ@le@aMﬁeB%ﬂle@Ef%r@& BddyGEmasscalbetsiBedted tad first Wi th the
bal ance being the cold zone. The bilTet nay be of a relatively wide variety

of shapes aaun giasefesd. dess thaBd SPP°Ef mrkaid 4300t()efobliomied by iasesunid thighl y
substantially square, e.g. a 9 jnch hy 9 inch square, or 1 8 .FEB 2006 WD
05/ 017723 edprrabrasplesige HRO eI, aBE Brd e SnAnedrOuliGie such as
rectangul a ol BEand) : Aeltb D ARhMdenSHL abdH@ sBRbl npsr such as
wth a di aﬁ%nﬁgfcgﬂct)r%{ﬂﬁaéﬁ%l{)%f&78?@?2%%3% teﬁgse poept%ns ha\§e su stianti ally
equal do mensipeffure EdteringSrevides,a fivial tendifRatioicdt dogat@ thacdD%bidaltbke to pr ef er abl y
the billet is cut into thirds, where each of the resulting sections is 9
i nches by SeprEpRigenstyThe billet is then further cut (suitably with a

di anond cutting tool) to provide individual igniters. Afirst cut will be
through the billet, to provide physical separation of one igniter elenent

from an adj acenin gtRffedignitéy Hrotidioh At & biliet kheaois pheyiddirthatgbmipfises al engt h
of the billet material, to enable insertion of the insulating zone (heat
si nk) i nt orluglidnetaffiged errhysicalbratigehedfilatenit igniterstemeniy. olhstbibieishech hes

non-t hrlg UQHot%%El %z)ldnzao}{e nggé%%go%g 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 50 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. Jess 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

256  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




e.g. by about 0.2 inches. After insertion of the heat sink zone, the
igniters then can be further densified, preferably to greater than Zg % of
theoretical density. Such further sintering is preferably 15 conduct ed Fdf 2005

hi gh tenpe e.g. at or slightly above 1800C, under static
press. TheR@iggﬁzpscuts made into the Qillet can be suitab jﬂg%gg%gllshed in

an automated process, where the billet is positioned and cut by a cutting

tool by an 20 au ted.syste e. under conput ant.ral . ce

densi {1 ed, OUFBELRPEATEEIRCE Shenes sLliat BEpedgp Piroans @ﬁFWB%FBIP%‘F%@P’on end

of the i g@bt g{ozo%lrt?cg:ﬁ%eh %@ﬂﬁ% diaﬂloﬂt@hlltﬁﬁ)%ﬁ)of CB RSy %s@?r?l‘ﬁf) a¥ed6p' cted
be a |xe

in FIGS. ectric ntacts may to the

igniter eI @ﬁ&fﬁnn@l}‘y €@l digtengidhe sk orénstanbe, Avithea@lirch &y ihch igHeepafdgblaticached
to each contact to enabl e communication with a power source. Thereafter, the
el ectri cal bilshisawt @tfaﬁhgd&déheé@leacb@\fﬁlﬁé@ulﬁmgéﬁ@@@éé:F SNnehes PysHiashest

conposi %I ons as disclosed herein. Preferably, the sealant is applied to the
igniter~elenment 30 by an insert nolding process, where the igniter with the

one or nore el eqht bRl isGH Rethsr cht BuidEB PG MM RitihgdSolPllirbiadl/ 26067 19

thereon are positioned within a nold adapted to provide the encapsul ating
seal ant poindividual lﬁe‘afsandt fica npxasﬂlthedﬂnrougiﬁhe brillet, b@paﬂdbdahvacal lsepamiod ciind

cured to provjde a, seal at i aS|n the cts

i ndi cat ed Qﬁ%uﬁﬂfﬁﬂmp?gﬁ@nbwl @EFH#€W§¥ ﬁ%@“ mﬁ%@ ﬁém9“§b$?lcatlons

i ncludin i d cookin
9 44 ﬁg%asﬁﬁo xrlgterhat'c AR @%%I?F}glﬁﬂgﬁﬁ‘%f%@%nsﬁ%ﬁg%né ﬂ&%g\ﬁsﬁﬁ i g

appl i ances, a er stove tops rs of the

i nventiton ahchdgimey. B@c}edmheyﬁd(bd‘nh fidugh capphd aad-themsgh duts) magibagpdeed 10 use
as a heating elenent in a variety of systems. Mre particularly, an igniter
of the invést PoabehR20echesi | ized as an infrared radiation soruce (i.e. the
hot zone provides an infrared output) e.g. as a heating elenent such as in
a furnace or as a glow plug, in a

After insertion of the heat sink zone, the igniters then can be further densified,

preferably to greater than 99 % of theoretical density. Such further sintering is preferably
15  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.
256 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



nonitoring or detection device including spectroneter devices, and the |iKke.

15 The following non-limting exanples are illustrative of the inven
Al'l  docunents nentioned herein are incorporated herein by reference

1 h¥%p 2006

their entigﬁi%W]géngLE | An igniter of the invention is spifab%eR5epared
as follows. 1

t"zone and cold zone gonpositions were prepared for a first

igniter. The hot

hot zone c
conpositio

cold zone

zone conposition conprised 70.8 volune % (based on total

it . . Q :
ARG Ak SRl et MOl W0 E (1A0RT, B2 e RS BB Rorton o)
MbSi z. The Sedkdl campesitdonihes intay e addnins itleado]d Any otrgdeo proRfde(abasied cgn t ot al

conposition) AN, 20 volune % (based on total cold zone

conposi t i oAYatisE encasing tBocerdciive % (based on total cold zone conposition)

MbSi 2. The

cold zone conposition was | oaded into a hot die press di

e and

the hot zone conposition |oaded on top of the cold zone conposition in the
The caghidiahdddbo9d, ie@mPOSH thd RR&NAN sbd ﬁﬂmb&g%ph@zﬁio%der heat

sane dig.
and pressu

re to provide theigniter. 30 1 8 F E 8 2006 WD 03/017723

PCT/ U502/ 26&0Bidingths BXAdRLE igniftbeapplicatains swhtaa dtraaces aed epgdingappliandes,a br aze
essgptially,ident'cal igniters produced as descri bed above in

a%bwad pegters dimilersr dsieve!®erred to as 5 Igniter A and Igniter B

bel ow. Igniter A was further processed in accordance with the invention.

ly, Ilgniter Awth electrical contacts thereon was placed in a

mol d and a cer aimitk®sifitle: invaitieniaRb néydicledipl g ed roothéddpplivdtidne dhaxdifefoam cs

added to the nold to encapsul ate the 10 contacts to provide an el enent of

t he dedf gnutfeisarhsping eleperideAtvadety of fistemsy Marg partigulagizyanggniter ©f thendr i cal

joint tot
Exanpl e 1.

Speci fi cal

An epoxy

ic h ' I - I d I L. cal :
Cearant wal aRbatR Ger e nEn TR TR O itee G SEL RRERRGPRLAERE cont abte

The epoxy

15

20

25

30

sfakaiNfutibe. gl sQWRghidOeleiyht k@chGad ii€a furnace or as a glow plug, ina

monitoring or detection device including spectrometer devices, and the like.

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

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

EXAMPLE |

An igniter of the invention is suitably prepared as follows.

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 %
(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.




15 The encapsul ated el ectrical contact ends of each of Igniters A anf E
B geliibR

pl aced in colored penetrating dye for about ten m nutes. Upon cross
anal ysis by visual (naked eye) inspection, no fluid was absorbed into the

cerannplasbﬁigﬁﬁgpﬁf Igniter A, while the fluid was extenﬁéﬁﬁbxnpg§orbed

into the e m c- housi ng el ement, of 20 Igniter B. The i'nvention has
been described in detail with reference to particular enbodi nents thereof.
However, it will be appreciated that those skilled in the art, upon
consideration of this disclosure, may nmake nodifications and i nprovenents
within thepydgspghit and scope of the invention. 21 1. A ceranmic igniter
conprising: oné or nore electrical connections to the igniter elenent, the
one or nore el Bethicsldontonivest iplied an d lgadetjeint ol tenesdentially idgnticaker eon a
ceranoplastic hernetjc sealant material, wherein the hernetic seal ant
materi al i igniferapredugpsbes derprihed eboeondgample I ohogg twq igaidyrs eregefgrpditods. 2. The
igniter_elenent, of .claiml erein the igniter conprises an electrically
conduct%veﬁ%WF&%6ﬂg?%ﬁtr ﬁmﬁg$e el ectrical connections affixed to the
conductive portion; and a hot zone in connection with and having greater
resisitivity than the conductive portion. 3. The igniter elenent of claim?2
wher ei n an el ecignitenh was fiather prodessed insachardence svithikherinventical. Spoeifiegllys t he hot

zone. 4. The. igniter elenment of claim3 erein t heat sink material is
i Sposed | BOVREAMIAIERITA entaist DEGRR Was Pogtiandghi f ahS BFERBRPgR: ol oy m 4

wherein ea rgeg;fa{ %Jealﬁﬁm;lf %%Hwtﬁzlg%gf&%%%éréﬁ{ﬁs a%ﬁtt%h RIAA 1S Bk Spduld i Same

direction zone I'ne a pair egs, and the electrically
non- cofgluc tontgtwairodtdin eementiofthd desigh gpesaly optevesd ih FéGl 2gs. 6. The

igniter elenent of claim2 wherein the ratio of the roomtenperature
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,



resistivity of the hot zone is at least 1.5 tinmes the roomtenperature
resistivity of the cold zone portionsg; 7. The igniter elenment of cl?hrph
wherein the hernetic sealant material 1s stable to exposure to a EB 2006
tenperature of about 400 C. for at least five mnutes. 8 The igniter

el ement of cla nmetic sealant material is a substantially
1¢ A@e%aﬂ@?ﬁrﬁfep%ﬁlﬂsmﬂﬁé : :

i norgani c conposi e'ignrter element of claiml wherein the
hermetic seal ant mater,i al npri.ses he igniter elenment of claiml

S
wherein t he REF REPPE dedrisHConreapnsl tkwalﬁ?ré[@ee% thg ong P MPER | gni t er
el ement of clekgctical egnapetions and isndter ¢lament havagttberbena ceras@plised  the one or
nmore el ectri batmatwrsnaentiroatsriall2. The igniter el ement of claim 11 wherein the
hernetic sealant material covers the one or nore connections and | ead

frames ther eqQfherel@tife Hefnd@O&atkat mﬂbﬁal i@@tab%rup%h%ﬂﬁcﬁktur@fo gJoRiCMedr apherein the

hernetic seal @l is applied by insert nolding. 22 14. The igniter
el ement of Cl1%|9{ﬂ9 T%wﬁ{(iatlbel n the hernetic sealant material has a thickness of

| ess than abqu %n. mm 15. T2§ gnlte elegnsnt.of claiml erelpthe
hernetic sealahf® i@giier§lemental clim lhyhepiadae wpitprromprisghanplsehicdhm 16, The
i gni ter el enéprdustive pertigniongrmedra elesticabsanaeqtions affixgdtto thit erial i s

over coat ed wictidugtisepdréinn; admplodizohom aingedtioo twiftyand hanmghgseatert i ¢ mat eri al .

| T The ignit e¢sisttivdtyethiin tife cohduovivi @ottoar ei n t he di stinct seal ant conposition
has a noi sture and/or oxygen perneability greater than that of the hernetic
seal ant mat eni ¢, ighfter NBGeht Pt Eh ﬁbﬁéf@xﬂ%m%ﬁecﬁhc@ll?‘n&n‘@Bﬁ&l&'ﬁ% hbg hernetic
seal ant mmat el nﬁlnljdtériaé%%& u%v&{t Zgnesea ant conposition distinct fromthe

hermetic rrater el enent of claim18 wherein the distinct

seal ant conpagsjition.
P . Jl"he 1gn1ter element of claim 3 wherein the heat sink material is disposed

between conductive portions.

5. The igniter element of claim 4 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.

6. The igniter element of claim 2 wherein the ratio of the room temperature
resistivity of the hot zone is at least 1.5 times the room temperature resmtmty
of the cold zone portions.

7. The igniter element of claim 1 wherein the hermetic sealant material is
stable to exposure to a temperature of about 400° C. for at least five minutes.

8. The igniter element of claim 1 wherein the hermetic sealant material is a
substantially inorganic composition.

9. The igniter element of claim 1 wherein the hermetic sealant material
comprises Si.

10. The igniter element of claim 1 wherein the hermetic sealant material
COmprises mica.

11. The igniter element of claim 1 wherein a lead frame is attached to each of
the one or more electrical connections.

12. The igniter element of claim 11 wherein the hermetic sealant material
covers the one or more connections and lead frames thereof.

13. The igniter element of claim 1 wherein the hermetic sealant material is
applied by insert molding.




resi stant to degradati on upon exposure to a tenperature of at |east about
400 C. for nore than 30 seconds. éﬁe igniter elenment of cl al m lﬁ
wherein the distinct seal ant corrp05| t| a potting cenent. T %FFB 2006
igniter elenment of claim18 wher e| n the di st| nct seal ant corrp03| t i on

conpri ses an ri.al n|te rising.an_igniter of
claim1 and aﬁ‘é’qﬁl e N e, 5@ e sinhe PSR E A AR et of
claim 22 vvhertgiC ngss Ot ¢fisgt @go%t is a sensor element. 24. The igniter
device of claim 22 wherein an integr aI structure conprises the igniter and
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33. The neth alm ernetic sealant nateri al does not

19. The igniter element of claim 18 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.

20. The 1gniter element of claim 18 wherein the distinct sealant composition is
a potting cement.

21. The igniter element of claim 18 wherein the distinct sealant composition
comprises an epoxy material.

22. An 1gniter device comprising an igniter of claim 1 and a distinct
operational element.

23. The igniter element of claim 22 wherein the distinct element is a sensor
element.

24. The igniter device of claim 22 wherein an integral structure comprises the
igniter and distinct element.

25. The igniter device of claim 24 wherein the integral structure is formed
predominately from a hermetic sealant composition.

26. An igniter device comprising an igniter element of claim 1 adapted to mate
with a sizing element.

27. The igniter device of claim 26 wherein the igniter element is threaded,
bracketed or grooved for mating with the sizing element.

28. The igniter device of claim 26 the sizing element is an oval block element.

29. An igniter device comprising an igniter element of claim 1 adapted to
receive an electrical connection.

30. The igniter device of claim 29 wherein the igniter comprises a housing that
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32. The method of claim 1| wherein the hermetic sealant material does not
deform upon exposure to 700° C. for at [east 0.5 minutes.

33, The method of claim 1 wherein the hermetic sealant material does not
deform upon exposure to 800° C. for at least one minute.

34. A method of igniting gaseous fuel, comprising:
applying an electric current across an igniter of claim 1.
35. 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 ceramoplastic hermetic sealant material to the igniter element,
wherein the hermetic sealant material is stable upon exposure to 600° C. for at |
least 0.5 minutes.

36. The method of claim 35 wherein the hermetic sealant material covers the
electrical connections.



