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SEAL FIELD OF THE I NVENTION 5 The present
i nvention generally relates to gl ass-to-netal seals for electronic
devices and, nore particularly, to hernmetic glass-to-netal seals for
el ectroni c devices that have a noble netal coated on an el ectrode of

t he devi ce. 10 BACKGROUND OF THE | NVENTI ON

Hermetic sealing of el grbepEECFERYFABRICATINROA! ARRMETTC many areas of
the electronics industry to I ENss-af-MEPAYEEAL enV|ronnent for the
vari ous conponents of the device. Many devices (e.g., autonotive

airbag inflators) require high 15 reliability for |ong periods of time
and are typically hernmetically sealed within a hollow, outer body.

El ectri cal I nt er connect FIBLDeORe®HE! TvENAIION el ectroni c device and
external circuitry is provided by conductive pins passed t hrough
apert@res in tTbequtesemndnventigrogeteraliyr relates2to glassrnmetak seal
bet ween the conductive pins and the outer body, the gap_ therebetween
can be fifealswifor gledssctnenist ndgvices gpnds- t@onetapastacularly. to
There are two types of glass-to-netal seals, herneticity is

pr edoni naherpetif grsshyemmerrlisgr v fAm &199§r°9éﬁ/\ééﬂlf’ﬁ§ Ehatdhaye

e orRoR Bymetak ehEE SRS HeotmmadtaEi A Te T The
conductive pin and the outer
10 BACKGROUND OF THE INVENTION
Hermetic sealing of electronic devices is important in
many areas of the electronics industry to insure an airtight
environment for the various components of the device. Many
devices (e.g., automotive airbag inflators) require high
15 reliability for 1long periods of time and are typically
hermetically sealed within a hollow, outer body. Electrical
interconnection between the sealed electronic device and
external circuitry 1is provided by conductive pins passed
through apertures in the outer body. To provide a hermetic
20 and insulative seal between the conductive pins and the outer
body, the gap therebetween can be filled with glass to form a
glass-to-metal seal.
There are two types of glass-to-metal seals. When
hermeticity is predominately achieved by molecular bonding
25 Dbetween the glass and metal components, it is referred to as
a matched seal. To obtain molecular bonding, the surfaces of
the metal components (e.g., the conductive pin and the outer

body) are typically oxidized to provide a surface to which the



body) are typically oxidized to provide a surface to which the -
gl ass carwpe®Ry bond. A ass is disposed into the gap pcrubetiwenan the

A\
A

oxi di zed outer body and the oxidi zed conductive pin. For exanple,-a Y
gl ass preformnmay be inserted into the outer body and the pin nay ke
inserted into a bore inthe 5 glass preform Subsequent heating of th
assenbly above the softening point of the glass results in the glass \
fl ow ng over- t he oxide coating of the metal conponents. As the _
assenbly i.s ool ed,, .a rmle ul ar Pond IS fgrned bet ween t he oxide
surfacesglass aﬁﬁ‘tﬁ'@a&l’-&é’s bay avmﬁ RES| kBl diFEPSER stRERs&DerdRen the

vari
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addi tg On\?etaEPS f;ra{ef @dﬂsraauéw%@a% of tIEeakeEmbIgnabbeé € the

conduct i pi n. m t he seal, t he” assenbl ed conponents are heated

to a temé%rf%fewﬁa g@‘iﬁtt be tre gméé e\l P9 i tole ghase ZIswRhgl ever
typi cal |y about [err C or hi gher, so that the glass flows to fill

the voi d thei vegdet B6ating 66Ntlue thetea picompshérites outzer thedwussepblycbs! i ng,
t he outer body contracts at a faster rate than the gl ass, thereby
appl yi ng comledsssi meleoundes bondhdsgfespednbetweenolitiecokide ssripres
These conpressive forces provide the seal between the
and the glass. To avoid residual thermal stresses between the
10 various components, the components typically have
substantially matching coefficients of thermal expansion
(CTEs) .
Compression seals, on the other hand, achieve hermeticity
by the interaction of residual stresses created between the
15 various components due to differing CTEs. That is, the outer
body typically has a CTE which is greater than the CTE for the
glass preform. In addition, the glass preform may have a CTE
greater than that for the conductive pin. To form the seal,
the assembled components are heated to a temperature above the
20 softening point of the glass preform, typically about 950°C or
higher, so that the glass flows to fill the void between the
conductive pin and the outer body. Upon cooling, the outer
body contracts at a faster rate than the glass, thereby
applying compressive forces on the glass and the conductive

25 pin. These compressive forces provide the seal between the

L3 [
various components. An example of a compression seal 1is
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vari ous conponents An exanpl e of a conpression seal is

- 2- W0 99716721 djsclosed in U. S. Patent No. 5,243,492 PQIUSMBEASt et
al ., which is incorporated herein by reference in its entirety.

The conductive pins used in these applications are typically
fabricated from iron-nickel alloys. In many 5 applications, it is
desirable to provide the exterior surface of the conductive pin with a
corrosion-resi stant coating, such as a noble netal (e.g., gold,

silver, platinum palladium et'c.). The nost commonly used of the

nobl e net@isepateAdSn U.S. Patest No.omj@43,092 0vbyleMaraudt athealop of a
gold coating 10 to the underlying netal, an internedi ate coating of

anot her whicheisgl insoepozatedchelreins byypiefsidengs din dits entiwety. gol d
tends to substantially diffuse into nickel at tenperatures of about
700[ err]c and Thghecondhetive dinpsidivgpd hé-ncoﬂfl§§Ponappllcﬁ§ép§§an%€eof
the coating. In addition, gold coating, of the entire surface of the
conduct|v§Ypﬂnsléy|ofabﬁlﬁé§ﬁﬁnngﬁ@ 1r°ha§§8%ﬁﬂy 281P¥Fm a miBchBan¥eal
I's not practical hecause an oxj di zed coatL g cannot easily be_adhered

to a §0|daggagpﬁ§10ns, it is desirablefp RECVHC %SQXB?réﬁﬁp?Hﬁﬁ?cst al .
o orotcenm s Shast T B IR e PSSR Pl tng! bk
oL nat g o GRS  Tafi ) SEES e, pa1aalis?
etc.). The most commonly used of the noble metal coatings is
gold. In order to provide proper adhesion of a gold coating
10 to the underlying metal, an intermediate coating of another
metal, such as nickel, is typically provided. However, gold
tends to substantially diffuse into nickel at temperatures of
about 700°C and higher, thereby degrading the corrosion
resistance of the coating. In addition, gold coating of the
15 entire surface of the conductive pins prior to heating the
assembly to form a matched seal is hot practical because an
oxidized coating cannot easily be adhered to a gold coating.
U. S. Patent No. 4,706,382 by Suppinger et al. discloses
that, in matched seals, plating conductive pins with gold
20 prior to their assembly in a header is not a practical
alternative due to the necessity of a preoxidized, plating-
free metal surface to achieve an effective glass-to-metal
seal. Plating prior to assembly is also not practical in the
process disclosed by Suppinger et al. due to the sealing
25 temperature of the glass utilized, i.e., about 950°C to

1,000°C.



seal. Plating prior to assenbly is also not practical in the process
di scl osedwWbywo@6q3pi nger et al. due to the sealing 25 tenppepiudssives: t he
glass utilized, i.e., about 950[err]C to 1,000 C. \
- 3- U S. Patent Nos. 4,788,382 to Ahearn et al. and %
5,157,831 to Wang et al. both disclose that conductive pins can be'BK

plated with a |layer of gold to inprove corrosion resi stance. Althou
it is unclear fromthe disclosure of 5 these patents when the gold is .3
pl ated onto the pins, the plating is believed to occur after formation" %
of the hermetiyc s. paeahtbeNasses9fsBhessealtiong AhemeY atatf eul i ldggd in A
t hese patents. For exanple, Ahearn et al. disclose the use of

Cor ni ng 90187p8390t3 Wamsset alvaibcth edisockosbetRatnicopdutitiveoiimat i on,

whi ch have sealing tenperatures of about 1000[err]C. Wang et al.

di scl osecapatdengplatedl askth oaa Yayeer affurgobd to ibproxen ctEdfwsidiC and
1500C and al so disclose that the netallic shell and netallic pin are

heat ed i Hegisbaneezed Akthangleritt ds uncliesmm tromxthe Bipelosw® of

Wien _a gold plated pin is desired, the gold is typically . plated onto -
t he 2ondHBeFSe AFLENS cVheBsdRS yIHY 6 REFERA oPNtO thecPABSnetthRe seal

by maskin nd/ or, selecgtivel | ati ng the cqonductiyv ins so that the
gol d docRLRBING| ZEPEILEVERe to; REFUT. ALtex; Aqmmaticy Siierhie derRric ,

C e O ot el o PPk " LSS BLELLDGa oSS
patents. For example, Ahearn et al. disclose the use of
Corning 9010 or 9013 glasses, available from the Corning

10 Corporation, which have sealing temperatures of about 1000°C.
Wang et al. disclose heating the glass to a temperature of
between 750°C and 1500°C and also disclose that the metallic
shell and metallic pin are heated in an oxidized atmosphere to
form an oxide layer.

15 When a gold plated pin is desired, the gold is typically
plated onto the conductive pin after assembly and formation of
the hermetic seal by masking and/or selectively plating the
conductive pins so that the gold does not plate onto the other
metallic components of the electronic device. The masking and

20 selective plating process is time-consuming and labor-
intensive and therefore adds significantly to the overall cost
of the device. 1In addition, the masking process is sometimes
imprecise, resulting in gold inadvertently plating onto other
areas and causing an electrical short or resulting in

25 incomplete coverage of the entire exposed surface of the

conductive pin leaving areas prone to corrosion.
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|nten5|%ﬁ%agﬂ;therefore adds significantly to the overall cost of the

devi ce. d#t i on, the masking process is sometimes PCY/HPY 8- e,
resulting in gold inadvertently plating onto other areas and causi ng
an electrical short or resulting in 25 inconplete coverage of the entire
exposed surface of the conductive pin |leaving areas prone to

corrosi on. : -4-

Accordingly, there is a need for a relatively inexpensive and
efficient process for formng a glass-to-netal seal with a coated

conduct i ve piAtcdrdimgily, dheady dst agreed for autielativelypidoexpensiveded t he
use of expensive and tinme-consumn 5, masking and/or selective plating
steps andl efificisht mrocess piRx| g@mwgoa gdasenornetadt seadowmithnd ,
produci ng an el ectrjcal short, It_woul d al so be advantageous if the
conduct id&/€qited Andurt ee iRbPy cbht¥euiAt Reaagypnéagepws if sughaging

over substantially the entire exposed surface, of the Q pin to reduce the
li kel i hBFPHST aidveidesd the 8§ ce°guéawn51veccﬂ%si%&ﬁ%ﬂc°9§b‘6’§€8

d Y f in. . . S RY . TH
[ VERT eI * and R ARLAF Y S IAERY FER SEbeRVAIIR BE, o 15
f.or i | aSSak0- ekl t Ve in,
0 ass. EeFsHeP B BigiRe hleRt RS0 ke TN ARy ok O °
coat ed Viiddri V' sfbort .NOPI1R "Go@h aPr4PEo be advantageous if the

conductive pin could be reliably coated with a noble metal

coating over substantially the entire exposed surface of the
10 pin to reduce the likelihood of failure of the device due to

corrosion at exposed, uncoated areas of the pin.

SUMMARY OF THE INVENTION
According to one aspect of the present invention, a
15 process for forming a glass~to-metal seal between a conductive -
pin, a glass, and an outer body ‘is provided wherein the
conductive pin is coated with a layer of a noble metal prior
to heating the components to form the seal. The process
generally includes the steps of providing a conductive pin
20 having a layer of noble metal, such as gold or platinum,
coated on at least a portion ‘of its outer surface, placing
glass having a softening point of less than about 650°C within
the cavity of an outer body, inserting the coated pin into the
glass, heating the components to é temperature of at least
25 equal to the softening point of the glass and less than about

700°C, and cooling the components to solidify the glass and

L




to heating the conponents to formthe seal. The process general ly
i ncl udes WRAS9€Bps of providing a conductive pin 20 havipermshbaygs. of %
nobl e nmetal, such as gold or platinum coated on at |east a portion oOf
its outer surface, placing gl ass having a softening point of |ess thal
about 650[err]C within the cavity of an outer body, inserting the '
coated pin into the gl ass, heating the conponents to a tenperature of %
at leastt 25 equal to the softening point of the glass and | ess than abdyt‘%
700[err]C, and cooling the conponents to solidify the glass and g
- 5- form a glasisetB-medaAsSsballet alpySeabing BY dilaky & ving
a softeninggboint of less than aboutYZSO[er?]C, Pﬁg@%%a ?kgﬁétgg can L]
be perf or sefitahiagt popnt adfirkediehtman bbou@TBE0ALYr EnBt ekt SHy step ddiEf
noble nmetal will substantially diffuse into the underlying 5 pin,

t her eby abPeoperforhedcetdactempepature belpwathe tehperature ddesa i ng

step by, for exanple, a |low cost barrel plating process. The ability

to plate BRpopeblednetesk widlssupsgrodially diffume ihtoctmelumderdyingto be
coateg on substantially_all  of the outer surface thereof to decrease -
product fBiNurERerghyeallowingy thec sopdactiver rigi ¢ rossiplated Hefors.”

In one e odigen%,of this aspect of the invention, the outer body has
a CTE t hatRfshgRrEING: sbem for- exampie, a loyrgest biwamsdy plating a

conpr essi eal . e E .af _the outer body is preferably at |east
about 10x¥9gf§??f7 p&?‘e[ (%Lrllléta’r rel'?:l‘:l dlatg befgre, Fge@EaGﬂ%ét@EﬁSO For
exanpl e, SffOQEteﬁeQQg¥mﬁ§€5ve pin to be coated on substantially all of

the outer surface thereof to decrease product failures caused
10 by incomplete corrosion resistant plating.

In one embodiment of this aspect of the invention, the
outer body has a CTE that is greater than the CTE of the
glass, thereby forming a compression seal. The CTE.- of the
outer body is preferably at least about 10x1077 per °C greater

15 than the CTE of the glass. For example, the outer body can
have a CTE of from about 120x107 per °C to about 200x10°7 per
°C, and the glass preform can have a CTE of from about 80x1077
per °C to about 110x107 per °C. 1In another embodiment, in
order to avoid residual stresses between the glass and the

20 conductive pin, the glass has a CTE that is substantially
similar to the CTE of the conductive pin. For example, the
difference between the CTE of the conductive pin and the glass
is preferably less than about 25x107 per °C. For example, the
glass may have a CTE of from about 80x107 per °C to about

25 110x107 per °C, and the conductive pin may have a CTE of from

about 90x10”7 per °C to about 115x107 per °C.
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have a CTE of from about 120x10[err]7 per [err]C to about 200x10[err] 7per
[err] C, aWd)?%’é’ﬂl ass preformcan have a CTE of from about PRIxUIS3FAres) 7

per [err]Cto about [10xIO[err]7 per [err]C. In another enbodinent, in
order to avoid residual stresses between the glass and the 20 conductive
pin, the glass has a CTE that is substantially simlar to the CTE of
t he conductive pin. For exanple, the di fference between the CTE of

t he conductive pin and the gl ass is preferably | ess than about
25x10[err]7 per [err]C. For exanple, the gl ass may have a CTE of from
about 80x10[ er Abéopaingets] 6hé centhmddime?S of sl Akpeckt’ofetht pieSenand
the conductive pin may have a CTE of from about 90x10[err|7 per

[err] C t oinventionox MHeroyFepebofiyr dlsC.a metal, preferably s¥ainléssy to
one enbodi nent of this aspect of the present i nvention, the outer body
i s a net aPtegdef elBbApotharnerbadimentgt the conduabivierpinbbasnanlayehe
conductive pin _has a |ayer of nobl e netal ,coated over substantially

al | of itSTodiehle Betal, coated |ovewr: suRstABL18ABYdidleht Oft HEsondteri ve
Bondi By of“EX@%Rob! et aF PATERe, THPELUMRuT | boe pPRnAgCtive G aysr
o e aTp RS B0 R LR SRR " SR brger, 2o RRFEReTEDET *°
e oo oAb T LHELENT i haved WL SHE hAOT D o,
T oy onSShaver, tROUalEtaThSERICHE e COMMLLCSR, Brblppout
| ayer) 25 microinches to about 200 microinches, may be provided under
10 the noble metal layer. The noble metal layer preferably has
a thickness of from about 50 microinches to about 300
micrecinches, more preferably of from about 80 microinches to
about 150 microinches. The conductive pin can advantageously
be coated (i.e., both the sublayer and the noble metal layer)
15  using a barrel plating process such that large quantities of
pins can be plated in a convenient and inexpensive manner.

The glass can advantageously be in the form of a glass
preform, such as a drawn tube or a pressed-powder preform,
having a bore therethrough for insertably receiving the coated

20 pin. The heating step includes heating to a temperature of
less than the temperature at which substantial diffusion of
the noble metal into the conductive pin will occur.
Preferably, the heating step includes heating to less than
about 600°C, more preferably less than about 500°C.

25 According to another aspect of the present invention, a

process for forming a glass-to-metal seal is provided. The
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15 wusing a barrel plating process such that |large quantities of pin

can be plWOLI16M1a conveni ent and i nexpensive nmanner. PCT/US97/E510! ass

can advant ageously be in the formof a gl ass preform such as a drawny
tube or a pressed-powder preform having a bore therethrough for

i nsertably receiving the coated 20 pin. The heating step includes
heating to a tenperature of | ess than the tenperature at which \
substantial diffusion of . the noble netal into the conductive pin will\ 3
occur. Preferably, the heating step includes heating to | ess than Ty

about  600kgiddess MIELRIEE CERB! KtlepaS é@?}?r@pﬂﬁ?gg%[ etg&l&ictié\?% meta} \}:‘L’:‘

According"to anot her aspect of the“prese I nven

form ng aggisspift iRy akhecaet)l PpONI dA%n Tgela]yer of a noble metal
-7- process i1 ncludes the steps of providing a Congucttve

met al (Rigl,, RIstd Nert peat®hal)pi HPMdihg 4 ayehss§ prdIUnf KB filg a

(e.g., gold or platinum, placing a glass prefofmhaving a bore

t her et hr olgirew therethrowgh ywithdn auteavieyalofbosly, outerhaitein bbaygl ass
has a softening point of |ess than about 650[ err] C and a coefficlent

of thé maiwheredmsithe tghass shas laeaxifteningbpointOnlfO[lersd Alpas ABout C
| ess than the nmetal body. The pinis - i nserted into the bore in the
gl ass prefo®OiC amd aoppefficient ofskhermmailecdxpansibenpbakt iscatnleastss of-
the softening point 10 of the glass and | ess than about 700[err]C and the
body is ¢ 10x1Q°5 PBFmM’L esS- Ehanetlle ®etial body. The pin is
inserted into the bore in the glass preform, the components
are heated to a temperature in excess of the softening point
10 of the glass and less than about 700°C and the body is cooled
to form a glass-to-metal seal.
According to one embodiment of this process, the plating
step includes the step of barrel plating the metal pin with a
layer of the noble metal. Barrel plating is a fast and
15 economical method for plating pins. The pin can also be pre-~
pPlated (e.g., by barrel plating) with a metal sublayer (e.g.,
nickel) before the plating step.
According to another aspect of the present invention, a
glass-to-metal seal is provided. The glass-to-metal seal
20 generally includes an outer body having a cavity, a conductive
pin having a layer of a noble metal (e.g., gold or platinum)
coated over substantially all of the outer surface of the
conductive pin, and fused glass disposed within the cavity
forming a hermetic seal between the pin and outer body,

25 wherein the outer body has a coefficient of thermal expansion

that is greater than the glass and the glass has a softening

-



Accordin ne enbodi nent of this process, the plating step incl udes
t he st ep%bgffgﬁﬁél plating the netal pin with a | ayer PET/UBHL 7880

nmet al . Barrel plating is a fast and 15 econom cal nmethod for plating
pins. The pin can also be pre- plated (e.g., by barrel plating) with
a netal sublayer (e.g., ni ckel) before the plating step.

According to anot her aspect of the present invention, a gl ass-to-net al
seal is provided. The gl ass-to-nmetal seal 20 generally includes an
outer body having a cavity, a conductive pin having a |l ayer of a noble
metal (e. goingolot dress &hamuapout 65008t edTheenoblibshebalatbitdhy ofrerhe
outer surface of the conductive pin, and fused glass disposed within

t he cavit pubstarftaalilyy alherafet thesoaiteret skefiacee prigvents opremabade, 25
wherein the outer body has a coefficient of thermal expansion that is
greater tiRATNOFLQN a5 eNRrY Heonfrier ofisthke pineni ng - poi nt
of less than about 650[err]C. The noble netal coating over

substanti al | y #gcerding ts,o8e spprdimeptcofikis asrack €L the pyesenton on

every portjon of, the pin. ., According to one enbodi nent of this
aspectg)of ltxﬁ’tf"ﬂ'?’é%‘éﬂt@he PUtRE RISh, 13 1R IB%Y%? BRVANY sa aCREESRCREREN§Ta

011, v LS00l L
Dcpansi on 527 4 AR FeSIEAE PhEBlaETORIE 8020 ke BTbsE, | BT
10 [err]dxmsh d NechlS Rl S5od@N cHAY h & 05T bokle?ici¥nt NG Mhermal
expansion of from about 120x1077 per °"C to about 200x1077 per
10 °C and the fused glass can have a coefficient of thermal
expansion of from about 80x107 per °C to about 110x107 per
°C. Preferably the fused glass has a coefficient of thermal
expansion substantially similar to the coefficient of thermal
expansion of the conductive pin. The outer body can
15 advantageously be stainless steel. The glass preferably has
a softening point of less than about 550°C, more preferably
less than about 450°C. The conductive pin can advantageously
include a sublayer (e.g., comprising nickel) under the layer
of noble metal to improve adhesion of the noble metal to the
20 conductive pin. Such sublayer preferably has a thickness of
from about 25 microinches to about 200 microinches. The layer
of noble metal can preferably have a thickness of from about
50 microinches to about 300 microinches.
According to yet another aspect of the present invention,
25 a glass-to~-metal seal is provided including a metal outer body

having a cavity therethrough, a metal pin extending through
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expansi on of from about 80x10[err]7 per [err]C to about |10x10[err]7 per
[err] C. PVEf98A8BRy the fused glass has a coefficient of theecrelsorz/17681
expansion substantially simlar to the coefficient of thernal

expansion of the conductive pin. The outer body can 15 .
advant ageously be stainless steel. The glass preferably has a \ ¥
softening point of |ess than about 550[err]C, nore preferably | es
t han about 450[err] C. The conductive pin can advant ageously i ncl ude a- %
subl ayer (e.g., conprising nickel) under the |ayer - of noble netal to ¥

i nprove aghesi Uity heaﬁ}:‘?blﬁa{??ﬁgs 0 tltgeyelz of ongdusly V%&ié‘ea Such

subl ayer preferably has a thickne f rdm about M Croi NCHes to

about 200sgbetantehaely Aha b&y%e outexofsmc% By aﬂhé%wre;ﬁ&ﬁy dave a

t hi ckness of from about m cr oi nches to abou m croi

Accor di nggﬂ_as$6h1&h(ifnhQhea&ﬁﬁﬁﬁtyOfaﬂdWEdihﬁ.wta iU A a1 P hefmetic
gl ass-to-netal seal is provided including a netal outer body havi ng a

cavity theeallhnmtgleern tiRéapin raekt thedi patiehr ey wherein the fused
-9- the cavity and having a | ayer of gold coated over
subst @t i gllagsahhsoh tbefbicientuofatbenhal hexpansiendthatefls at 1gag6s
within the cavity and form ng a substantially hernetic seal between
the pin aRgouke KLY’ bBey wher diesst h‘@hﬁlméi&e epeffictents of cueétmal ent
of thermal expansion that is at |eas about 10xIO[err]7 [err]C

| ess t han®¥Ransdens pé EHF GPt?ﬁePﬁﬁV and hagparsebhening hEOMEeﬁf bbelss and

has a sof n| n p0| nt _of |es t han about 650[err]c. In a preferred
enbodi nen P&sésﬂag'a In a preferred embodiment, the glass has a

softem.ng point of less than about 450°C.
10
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates an assembly view in partial section of
the various components for producing a hermetic feedthrough
device according to one embodiment of the present invention.

15 Fig. 2 illustra. as a side sectional view of a completed
hermetic feedthrough device utilizing the components
illustrated in Fig. 1.

Fig. 3 is an end view of the eyelet illustrated in
Figs. 1 and 2.

20 Fig. 4 illustrates the top portion of a fusing fixture
useful in practieing the present invention.

Fig. 5 illustrates the bottom portion of a fusing fixture
useful in conjunction with the top portion illustrated in
Fig. 4.

25 Fig. 6 illustrates a perspective view of a header device

produced according to the present invention.

-10-



softeni ng_poi nt of |ess than about 450[err]C. 10 BRI EF
DESCRI PTI ¢ WA6THE DRAW NGS Fig. 1 illustrates arPCT#esombyes1vi ew
in partial section of t he vari ous conmponents for producing a hernetic
f eedt hr ough devi ce according to one enbodi nent of the present

I nvention. 15 Fig. 2 illustra s a side sectional view of a conpleted
herneti c feedthrough device utilizing the conponents illustrated in
Fig. 1. Fig. 3is an end view of the eyelet illustrated in

Figs. 1 and 2. 20 Fig. 4 illustrates the top portion of a fusing
fixture useful in practi DET@ILED DESERIPTIONENL | ON. Fig. 5
illustrates the bottom portion of a fusing fixture useful in

conj uncti on wi Thet heeseptpinvenhiphl st daredted to anHmprdved Xorocess Fi g.
6 illustrates a perspective view of a header device produced accordi ng
to the préeenformimegia @lass-to-metal seal between a conductiveDpinl amD

DESCRI PTI ON . The present invention is directed to an inproved
process the eavityr fifngnaoyitsds bosyret Fhe prograswIsnerablyutneledesn and
t he cavitx of an outer bggy. The process %eneraLIy i ngludes _ 5 the steps of
provi 8i ng*BecERERS: AFe RRAY IHAT f CPRJBFTIVEaPiN haydpge askayer 0f.a

gol d. Pl abLoym nathy®ls 8211 AI4TM pPLEsnuh, s11vE27 SEh PladhOULEL. SY) 20
coated on an outer surface thereof, placing glass within the
cavity of the hollow body, inserting the coated pin into the
glass, heating the assembly to a temperature in excess of the

10 softening point of the glass but less than about 700°C, and
- cooling the assembly below the softening point of the glass.

An important feature of the process is heating to a

temperature that is lower than the temperature at which the

noble metal substantially diffuses into the underlying

15 conductive pin, thereby allowing the noble metal to be coated

onto the conductive pin prior to formation of the glass-to-

metal seal by heating the assembly. This feature is

particularly advantageous because it avoids the need to coat

the conductive pin after fusing of the assembly and thereby

20 avoids expensive and time-consuming processes, such as masking

and/or selective plating. In one embodiment of the present

invention, the assembly is heated éo a temperature of less

than about 700°C to prevent substantial diffusion.
A preferred embodiment of the present invention relates

25 to the production of a hermetic feedthrough, such as a header

for an airbag inflator, as illustrated in Figs. 1, 2 and 6.
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cavity of the hollow body, inserting the coated pin into the gl ass,
heating tWO¥WSEIbly to a tenperature in excess of the 10pcsRkbA{YelO POI I

of the glass but |ess than about 700]err\C, and cool ing the assenbly
bel ow t he softening point of the glass. An inmportant feature of %
the process is heating to a tenperature that is |lower than the " .
tenperature at which the nobl e netal substantially diffuses into tg\\\'“
underlying 15 conductive pin, thereby allowi ng the noble netal to be N
coat ed onto the conductive pin prior to formation of the gl ass-to- A

nmetal seRefebyihgadpo@ifid€llaarFigy. 1, thdiprefRAidiA ed %ompone ts
particul arly advantageous because it avol ds the need to coat 1.11

conduct i vef ptheaffeedthrousd dhdlwieasaendyelandiz hegilys &leﬁ\éoh.ds

expensi ve and tine-consum ng processes, such as maski ng d/or
sel ecti vegplatcogtedncondustibudi pint 16f aha preeddt pin 17i. nvent i on, ithe
assenbly is heated to a tenperature of |ess t han about 700[err] Cto

prevent subst ah€rardangs ued ofthis embodimenp; eftthe eduhebndbodyt Hé ‘talre
present invention relates 25 to the production of a hernetic feedthr ough
such 8s a®¥eh@Erl2 andorisanfabragateds|srem, as qqndmmateed nateFigd, 1, 2

and 6. Referring specgifically to Fig. 1, the pre- assenbl ed
conponentRreferally; fe P%’éﬁ?ﬁ%%gﬁeiw aReEybt eSUCR @BasSaiadiens 14, a.

ol d-coat e ndugtive_ pin 1 nd a weld According to
tghl s enbo%l ﬁ%ﬂ %816‘&1%&5 ﬁg’(ffi s"sarf"e%" %F‘étt‘izna‘ﬁﬁ pRdf élﬂ’ir@étléﬂgrf rom a
conduct i v, §B} L2l ayantad SIS ALY BnSOURNAR HESkPE 2 PerELE w AUSP oS

st ai nl ess
being subjected to a range of conditions (e.g., extreme

10 temperature and humidity) over a 1long period of time.
Further, stainless steel can advantageously create a strong
compression seal when used with cértain glass compositions, as
is discussed hereinbelow. Preferably, the stainless steel is
weldable, such as a type 304L stainless steel, which has a CTE

15 of about 178x107 per °C. The outer body can also  be
fabricated from other metals, such as nickel-plated cold
rolled steel, or non-metals, such as polycrystalline ceramics.

As illustrated in Figs. 1-3, the eyelet 12 of the
representative embodiment is cylindrically-shaped and has a

20 cylindrical cavity 18 formed therein. The cavity 18 extends
through the eyelet 12 and is concentric with the center axis
of the eyelet 12.

During assembly of the header, the glass tubing 14 is
placed within the cavity 18 of the eyelet. Preferably, the

25 glass tubing 14 is substantially free from large bubbles or

pores. More preferably, any bubbles within the glass are less
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steel. Stainless steel is resistant to rust and corrosion, which is
advant agdA8%51472h t he devi ce should perform after bei REF/EATI763t ed t o
a range of conditions (e.g., extreme 10 tenperature and humdity) over
a long period of tine. Furt her, stainless steel can advantageously
create a strong conpressi on seal when used with certain gl ass :
conpositions, as I s di scussed hereinbel ow. Preferably, the stainless
steel is wel dabl e, such as a type 304L stainless steel, which has a
CTE 15 of about 178x10[err]7 per [err]C The outer body can al so be

f abri cat edhdhoabeten. 0&5ahn¢heach°a38nhmkeinpdéandtenLd However| | somst eel ,
or non-netals, such as polycrystalline ceramcs. As illustrated
in Figs. poPest mareyfbem Huwing hfusing ragst ebentamssantenbodithent final
cylindrically-shaped and has a 20 cylindrical cavity 18 forned therein.
The cavi t proguett.endt Shoul@hbéuﬁHPFﬁélé§éﬁth§E akhersfesmeertr9as®ih t he
center axis of the eyel et During assenbly of the header,

t he gIassSPGﬁlifJRPW%?re ngéée@nﬁﬁﬁﬁqw¥qﬁpc%vP 9f9§mof 3 =P be

Pr ef bl I bi 14 bst ant f f I
bubbl e olitit1zedodas Pt ahii st BFeshRE LBEFREIdRt ni n < he gl ase. are
I ab
OegiS i nches (&cﬁ?rr?rb"q ﬁod?ﬁﬁe?ml?c’d%—%v@\l:/e?f t&eﬁg resent 3“"&‘%3% Ty o?%g
durlng_fuggg%ﬁ@?g%$her (ﬁﬁaﬂrﬁétf5ééfmihan thgraﬂﬁc6f ££eSBHEE9 Bde

appr eci at orns of
(e.g., the eyelet 12) such that a sufficient compression seal

will form. The reguired difference in CTE will vary with part

10 size: the larger the part, the less difference required.

Preferably, the CTE of the glass is at least about 10x107 per

°C lower than the CTE of the outer body, and more preferably

at least about 50x1077 per °C lower. In one embodiment, the

glass has a CTE of from about 80x10°7 per °C to about 110x107

15 per °‘c, such as about 89x107 per °C. For example, a glass

sold under the designation 7576 by ‘the Corning Corporation,

Corning, NY, a zinc-boric-lead glass which has a CTE of about

100x10°7 per °C, is particularly useful. Another particularly

useful glass is Corning 1416, a lead-aluminosilicate glass

20 which has a CTE of about 81x107 per °C. In a preferred

embodiment, the glass comprises Corning 1417, a lead-

aluminosilicate glass which has a CTE of about 89x107 per °C
("1417 glass").

According to the present invention, the glass tubing 14

25 has a softening point below the temperature at which the noble

metal coating on the conductive pin 16 substantially diffuses

=13~



such as powdered gl ass pressed into a preform can also be 5 wutilized iy

practici ngotdaspiesent invention. Accordi ng to operesRedesient of}y

t he present invention, the glass has a CTE that is |lower than the CTE}

of the outer body (e.g., the eyelet 12) such that a sufficient %
conpr essi on seal will form The required difference in CTE will vat 3
with part 10 size: the larger the part, the less difference required.
Preferably, the CTE of the glass is at |east about |0x10[err]7 per

[err]C lower than the CTE of the outer body, and nore preferably at

I t ab 50 | I

has a CTEY X%ﬁ%%gir oA PRFPTIRL ¢ ¢« Asnieed R FFe feerm,
Q .

ol d undor SRS eAAa BBIEE, CEERE BT O NG, cepplesBliy Dat® $hESH o,

NY, a zi nﬁxa%@fa‘l' Fxﬁ@ Ql@fécé“giﬁg daS -Cheigk. ab@i’éniflcanﬁo@i(fﬂiﬂ A7 per
[err]c, is particularly useful not her partlcu ar | useful glass is
Corni ng 14¥5 tha |oshal wetapsebatahg ghess th%oun&umﬂiaﬁ watehif @dput
81x10[err]7 per [err]C. In a preferred enbodi nent, the gl ass

conpr isses advetisi) yl 4¥fect thadeorrosionl| resissahceaif tgieam:a\miingh hpera CTE
of about 89x10[err] 7 per [err]c (" 1417 gl ass"). Accor di ng
to the presmmplienvednt ithrg ddscwikest entpdipant, 2theagokd sodabinggtendst

bel ow the tenperature at which the noble nmetal coating on the
conduct i v&oi substanbiaddyi aliffuse e a nickel sublayer used for

- 13- into the underlying material. As_used herein  the
term improved adhesion at or above about 700°C. - Preferably, the

glass is selected to have a softening point that is at least

10 about 50°C below the temperature at which substantial
diffusion occurs. Therefore, the glass tubing 14 in the
described embodiment is chosen to have a softening point of
about 650°C or lower. Preferably the softening point-is less
than about 550°C, and more preferably is less than about |

15 450°C. In the described embodiment, the 1417 glass tubing 14
has a softening peoint of about 427°C.

As noted, the softening point is preferred to be at least
about 50°C below the temperature at which substantial
diffusion occurs since glass-to-metal seals are typically

20 formed at a temperature of at least about 50°C higher than the
softening point. This higher temperature is often referred to
as the sealing temperature. For example, in the described
embodiment, the 1417 glass tubing 14 has a manufacturer’s
recommended sealing temperature of about 487°C.

25 The glass tubing 14 includes a bore 20 adapted to receive

the conductive pin 16. In the illustrated embodiment, the
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"softening point" refers to the tenperature at which a material has a
vi scosi t yWO9Iar r] poise. Significant diffusion of PdAusIotes1 et al
coating into the underlying material can 5 adversely affect the corrosion
resi stance of the coating. For exanple, in the described enbodi nent,

t he gold coating tends to substantially diffuse into a nickel sublayer
used for | nproved adhesi on at or above about 700[err]C. Preferably,

t he glass is selected to have a softening point that is at |least 10
about 50[err]C below the tenperature at which substanti al

di f f usi on cwwess. of tHEeRIAQ 20 BealgasatwPindrd aé}xéégg&ﬁ tggggggﬁsbed

enbodi nent is chosen to have a softening point of C or

| over. Preffreabl tHdegsabkentulgingi ™ iis | pisced iﬁhatfhé‘b@é}el [ EREC
and nore preferably is | ess than about 159 450[err]C. In heiggscrl ed

enbodi nentcorduectiiie pinske tidipladdd throlgl theobbLai # B¢ BheOh1akaut
427[ err] C As noted, the softening point is preferred td be at

| east tubiougit 50[err] C bel ow the tenperature at which substantia

di ffusion occurs since glass-to-netal seals are typically 20 forned at a
t enperature of Bhe| epndugidve 5pinr AFC preferablynase a CTES®dHati ig
point. This higher tenperature is often referred to as the sealing

t enper at urtibstanfialbyfimilar tieethascef e glass eebadi,nertthirhabbat?

gl ass tubi 4,has_a manufacturer's recommended seal ing tenperature

of about r[RSY & or lessngf fhes glagsi-ngWeen; pdlddedagshdscused,

adapted t ece t he conductjyve pin 16. In the illustrated
enbgdined%ﬁﬁhebxg 1é can pregera$¥y Pbe “ade _f¥om a material

corresponding to Alloy 52, an iron-nickel alloy (52% Ni and

10  48% Fe) having a CTE of about 110x10°7 per °C. The pin could

- also be fabricated from other metals, sucﬁ as Kovar (a

trademark of Westinghouse Electric Corp., E. Pittsburgh, Pa),

which is also known as Alloy 42 (42% Ni and 58% Fe). It is

preferred that the CTE of the glass and pin be within about

15 25x107 per °C so that the conductive pin 16 does not place

significant additional stress on the glass during heating and
cooling.

In a preferred embodiment of the present invention, the

pin 16 is plated with a sublayer of nickel before assembly and

20 before gold plating. Applying a sublayer improves the

adhesion of the gold coating and inhibits diffusion of the

gold into the pin substrate. For example, the pins may be

barrel plated with from about 25 microinches to about 200

microinches, preferably about 80 microinches to 100

25 microinches, of nickel by loading them into a barrel with a

suitable electrolyte. Barrel plating is advantageous since
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center of the bore 20 is aligned wth the center of the | ass.

the gl aobduts7zig 14 is placed in the eyelet, the G@??ygmbln 1
pl aced t hrough the bore 20 of the gl ass t ubi ng. 5 The
conductive pin 16 preferably has a CTE that is substantially siml
to that of the glass, e.g., wthin about 25x1 0[err]7 per [err]C or:
| ess of the glass. Wien 1417 gl ass is used, the pin 16 can prefera
be nade froma materi al corresponding to Alloy 52, an iron-nickel

alloy (52% Ni-and 10 48% Fe) having a CTE of about 110X10[err] 7 per

[err] C
Kovar (a
which is

Thege nuantlities ofil pinbe (kakyr.i,catpedté r aboathaio ,mmoalmsinss UshH
trademar k of Westinghouse Electric Corp., E. Pittsburgh,

ar
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Joze knbwn as Atinchi?2 g42%Nincimd Baxred). Icams be pistedred
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that the CTE of the glass and pin be within about 15 25x10[err]7 per

so that tﬁémcﬂrf@m@ﬂ\lﬁélfpl n 16 does not pl ace signi ficant additional
stress on the glass durin heatls%g and coal i ng In a
preferred embodiheRe SRLPRLNERE tt%mﬁ%lnpl@ﬁéng progessicths pinsed
with a subl ayer, of nickel before nmbly and_ 20 _before gold plating.
Aopl yith STEUHIARAS 17 ReEOTREADLe SEiRen ST RAeF R | AP

I nhi bits dif u3|on of t gol d_jnt.o t he ubstr For

t he pins ﬁrqxla I (ﬁr%t ed %ﬁ%tlf?'onﬁgﬁ&ﬂ‘ﬁ a‘é?%:f' n&fes® gggﬁbout
200

electrolylie Hiilfie® dhtRY A Sni‘éﬁéﬂ-éﬂi%‘a{iﬁ' N&ath through which an

10

15

20

25

electric current is passed, resulting in plating of the pins
with nickel. After plating, the pins 16 are preferably
annealed at about 750°C to 850°C in a reducing atmosphere
(e.g., hydrogen and nitrogen) to relieve stress and densify
the plating. | B

In accordance with the present invention, prior to
assembling and fusing the components to form the seal, the
conductive pin 16.-is coated with a noble metal over at least
a portion of the exterior surface thereof. Preferably, the
entire outer surface of the pin is coated. In a preferred
embodiment, the noble metal is gold. As used herein, the term
"gold" or '"gold coating" includes gold and gold alloys
including at least about 50 weight percent gold. Preferably,
the gold coating is 99 weight percent gold or higher. In one
embodiment, the gold coating covers substantially the entire
surface of the conductive pin 16 and the pins are preferably

coated by a bulk coating process, such as a barrel plating

m croi nc he@éﬁLr %P&%Pg%’tleﬁ% %bh ev%m:uﬁu a?%g#@'fn? % tahelg%ﬁ?%gbl e



| arge quantities of pins (e.g., up to about 10,000 pins or nor e
5-i nch 3"6%2’163% barrel) can be plated si mul t an&&F&ySp7/17681
In dne enbodi ment of the barrel plating process, the pins 5 are placed
into a rotatable screen barrel, preferably al ong wi th shot nedia
(e.g., plastic, stainless steel or other suitable material) to prevent
pins fromsticking. The barrel Is imrersed into a nickel -sul famate

bat h t hrough whi ch an el ectric current is passed, resulting in plating

of the pins =10 wth nickel. After plating, the pins 16 are preferably
anneal ed Ritocgrmit si3Glem | tot &188D[ 8tilldzied aferdidiengahemwespgrecribed
(e.g., hydrogen and nitrogen) to relieve stress and densify t he

pl ati ng. nickel platingceperake@iwith the present invention, prior to 15 -
assenbl i ng and_ fusing the conPonents to fQrmthe seal, .the conductive

pin 16 is coat® WAAF athpl BIRE: it efodd | BEIPT 2 Barpgk | plaginghe
teri f th . Pref bl fh . ti t I f th
bin is cEREETTn 3 grifryanide Daghdeitmicaliy inde MRS PINE B3Ry, As
d | s " N " [ aTo I l,.d | d
ooyt Bluced i Poretally Cosien R ECORIAY it G S 0
the 90|dégn%%39ehﬁ WGl Y PRERCEEEREHGOT W%gu artdi ORE immersed

enbodi nment , e gold coatl ng covers substanti al e entire surface

of the cojwe!d Yol oydhfdel Bdtn RinYouye W R lel ecty i Qilr@erdty 3& bul k
coating process, such as a barrel plating
- 16- passed and the pins are plated with gold. The gold coating
preferably has a thickness in the range of from about 50 to
10 about 300 microinches, more preferably from about 80 to 150
microinches. It should be appreciated that other plating
methods could also be utilized.
After assembling the components as generally described
above, the glass is fused to create a substantially hermetic
15 seal between the glass and the metal components. As used
herein, the term.fused refers to the process of heating the
glass to a temperature equal to or above the softening point
of the glass to allow the glass to viscously flow or creep.
The temperature will vary depending on the particular glass
20 composition, but should be less than the temperature at which
the noble metal coating will substantially diffuse into the
underlying layer. Preferably, the heating temperature is less
than about 700°C, more prefefably is less than about 600°C,
and most preferably is less than about 500°C.
25 In one embodiment of the present invention, the fusing

operation is assisted by the use of a fixture for maintaining

-~17-
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process simlar to that utilized for the above-described ni ckel
pl ati ng oYSS$73h. To coat the pins with gold ustamuss7hassmel

pl ati ng

process, a gold-cyanide bath is typically used. The pins

5 placed in a rotatable screen barrel along with the shot nedia
prevent the pins fromsticking. The barrel is imrersed into a gol

cyani de bath through which an electric current is passed and the

are plated with gold. The gold coating
the range of fromabout 50 to 10 about 300 m croinches, nore preferably

are %
t.0

d
pi Y
preferably has a thickness in \ %

from abouth&0 parts0 of thiecr aissembdy Isubsitawmtdaldyapdreciadtiephnidndl. ot her

pl ati ng

nmet hods could al so be utilized.

After assenbling the

conponent Refergingr #¢ yFdgscr kbeahd 5, adbhmvefixhergl dexluwddaisad lowey eat €
a substantially hernetic 15 seal between the glass and the netal
conponent ®ortAenyg@d having ez epdurnfdtyeraf fdepressiens 24 afepptedcdss of
heating the glass to a tenperature equal to or above the softening

poi nt

regeivge agasecuzseathgveYAtel) aSuch thak dhR YPRe D s fage @f

The t erature |] vary dependjing on the rticular glass 20 .
corrpogin?i She b"ch"gi?\'éu?'ﬂ %@‘1£ssli hgﬁ{‘qar%gﬁ eggér a:l‘if'(%ra%‘ﬂﬁ‘f'ia&? of thes

nobl e net

| ayer.

Pr

peFBEH 2% o RUERERRERLAY, MG LEL by YERHIS

ng

700 C I t h t. 60 . t
pre]E g;;]bl ;t/:argg ?ggé teﬁgr?\‘%a gh?"%g‘(s)[scgrer %%.gaet&%;lle@; Q:[oelrsilécc%r{:ee et eoaeﬁ'[rrgegng&zf t he

pr esent i%h%ﬁ:fﬁé gﬁg&

fixture for I nt ai ni ng

10

15

20

25

fusing. The fixture caps 26 preferably include a hole 28 that
is adapted to fit over the end of the conductive pin 16 and
another hole 29 that is adapted to fit over the end of the
weld pin 17 (Fig.1l) when the fixture cap is placed over the
lower portion 22 of the fixture. This configuration

advantageously provides a means for keeping the conductive

i "ehe pinsOPELA! WBYihy 2IYnALHI GdisEP! 2

Pin 16 (Fig.l) substantially aligned and stationary during the "

fusing process.

The fixture components are preferably fabricated from
metal, such as stainless steel or brass. Graphite can also be
used, but is not preferred in the described embodiment due to
compatibility problems between lead-containing glass and
graphite.

The fixture, which preferably holds a plurality of the
eyelet 12 assemblies, is placed in a furnace. When 1417 glass
tubing 14 is used, the glass tube is preferablf fused by
heating to a temperature of from about the softening point

(427°C) to about 700°C, and more preferably from about 440°C



-17- the parts of the assenbly substantially in alignnment.
Ref erri ng“f%”ﬂ%%‘. 4 and 5, the fixture includes a | ower PCT/YSS7AT@Eh 22
having a plurality of depressions 24 adapted to recei ve and secure the
eyel et, such that the upper surface of 5 the eyelet 12 (Fig. 1) engages
the | ower surface of the depression and rests therein. Thereafter,

I ndi vi dual fixture caps 26 are placed over the assenblies to secure

t he ends of the pins and keep the pins fromnoving significantly
during fusing. The fixture caps 26 preferably include a hole 28 that
10 is adap ebdut 480 ‘@uer Thécheating tdmpevatiice imey Maryl Gceodding to
another hole 29 that is adapted to fit over the end of the weld pin 17
(Fig.l) wihet wonpositiorapf s tieacadasdor t h&referabdysr apor bkygedz of -
the fixture.  This configuration advantageously provides a neans
for keepi PRtRinithg AEROEPhER (848 1QYH ¢S Bsedfdwrdmg Husiom ofnsbeand
stationary during the fusing process. The fixture conponents

are pref erkbll SR caBiFl Ao NOSPRers adyantageousdinPreyedtseflega-

b 50 BIUAR ST ELA T e o3 e AR R I can

end o AR A g IpRBE Eieg ot the Wheltd! M B0hec

a furnace.cmc&f‘}ztyl. S¥hen a non-lead glass is utilized, reducing
atmospheres can be advantageous since this will minimize oxide
formation on the metal components.

10 The complete cycle of heating the fixture containing the
eyelet assemblies and cooling the fixture back to room
temperature can occur fairly rapidly. In one embodiment
according to the present invention, the complete cycle takes
about 50 minutes or less. For example, during one exemplary

15 heating cycle, the assembly can be heated from ambient.
temperature to about 460°C at a rate of about 25°C/minute.
The assembly can then be held at 460°C for about 20 minutes
and subsequently cooled to 300°C at a rate of about
10°C/minute. The assembly can then be furnace cooled to

20 ambient temperature. After the fixture has cooled, the
fixture caps 26 are removed and the fused assemblies are
removed from the lower portion 22 of the fixture.

The fusing and cooling process of the described
embodiment creates a substantially hermetic seal between the

25 eyelet 12 and the glass 14. Since the thermal expansion of

the glass is lower than the thermal expansion of the outer

-19-



tubing 14 is used, the glass tube is preferably fused by 25 heating to

t enper at uye 992§ OMm about the softening point (427] bout
700[err]C, and nore preferably from about 440[err]C q;&]/&”}l%s? ¥

- 18- to about 480 [err]C. The heating tenperature nay vary %
according to the conposition of the glass. Preferably, an N
oxygen- containing atnosphere (e.g. air) is used during fusion of thy %
1417 gl ass. Such an atnosphere advantageously prevents |ead- 5 oxide A Y
contained in the glass fromreducing to | ead, which can adversely X

ffect t ti f the devi d Lt tivity. Wh
non | ead 5786 ¥ ST tis fORPERRELRY Seal Ly ruming s4¥AdR boe.dvuAeRgeous
i t hi . Wi | L -0 Ni0i i d f ] the_net al ts. 10
The conpl Lt csafRbTbEEuRE, Breates, & HncRy HhaTpeiidon “BRE g5
bl i ' ' : ture.
Fairly o SheGtds doipddiict " WFhded Ba0%in, o hERRSTIL ERaT 2a"0C"
i nvent i onpné hgn3emP! £1 Fowy Cheskakasan abanOlitoﬂbé?'t%ee gg,sfg%l;ﬁ% ; Egre

exanpl e, during one exenplary 15 heating cycle,
heatesl fpenetrtenturing (£NRELELH" Qdak obest 460beaihy Ao amitigagf about

25[err] ¢ m nute. The assenbly can then be held at 460[err] C for about
20 m nut eStandardnsgi83sethedt1§i4osled to 300[err]C at a rate of about
10[err] C m nut e. The assenbly can then be furnace cooled to 20 anbient
tenperature. Whénethehdevigeuis wsedcasl ad, airhkag heafiext oresiajdaz6 are
renoved and the fused assenblies are :
device, the strength of the conductive pin 16 within the
glass 14 (the "pull strength") is also important. A high pull
10 strength results in a lower probability that a propellant
explosion will inadvertently propel the pin 16 out of the
device, resulting in decreased pressure of gas in the air bag.
Better pull strength also allows the explosive material to be
compacted at a higher pressure against the header assembly.
15 Preferably, the pull strength of the conductive pin exceeds
about 40 pounds of force.
When the device is a header or a similar device, a ground
pin 17 can advantageously be attached to the device to
function as an electrical ground. Preferably, the ground
20 pin 17 is resistance welded onto the metal eyelet. Resistance
welding creates less splatter, creates a stronger weld joint
and a more consistent weld than, for example, arc percussive
welding. The ground pin can be fabricated from a number of

metals, including stainless steel, such as type 304L. After

25 welding, the eyelet 12 is preferably inspected to ensure that

-20-



renoved fromthe | ower portion 22 of the fixture.

The fusing and

n

cool i ng pYRAY¥ETBF t he descri bed enbodi ment creates a poassoantésal |y
hermetic seal between the 25 eyelet 12 and the glass 14. Since the
t her mal expansi on of the glass is lower than the thermal expansion of
t he outer -19- body, a
hernetic conpression seal is fornmed within the device. Thi s
advant ageously creates a strong seal between the gl ass and the netal
components. As used herein, a hernetic seal is one which allows |ess
than abouttA8] ¢1ld £&/ 88¢rokibaklyMdtaony Penghr abyd Ur sBBeAgtR! ogmdteak
test according to Mlitary Standard 883, nmethod 1014.9. Whe
the devi celeastisadoat 40 pounksg foeedesOpreiferired. device, the
strength of the conductive pin 16 within the gl ass 14 (the "pul
strength") is aFdq.i gpallaestrakebi ghcpoks sdftishrefgi thewmsetic coaxidbdwer
probability that a propell ant explosion wll inadvertently propel the
pi n 16 out feédthrough deciordingesdict i ag i embedigrendd messthe @regsntn
the air bag. _ Better pull strength also allows the explosive materi al
to be 5 1pvephdpad afThg bHilgser I dss fuseshydindhe eyeietdck? L cppate 15
Preferably, the pull strength of the conductive pin exceeds about 40
pounds of Rorfgistantially prERefhE RRAte | Sth RBEJIATRRIENARK Pfr ¥R ce,
a ground inveg'&:go%z Cé{]e aggs nts%g:%oa%sel yoP etgtét %c?seeclinl;[l% tgg %%\thienetdo to
reduce the roughness of the top surface.
As a result of the foregoing process, the gold coating
10 covers substantially the entire exposed surface of the
conductive pin 16 without contacting the eyelet 12. Further,
the process allows the gold to be coated prior to assembly and
fusing of the device, thereby permitting the use of a low-cost
plating process, rather than an  expensive masking and/or
15 selective plating process. It is believed that the plating
costs for the conductive pin may be reduced by about 80% by
virtue of the present invention.
Devices according to the present invention can be
utilized in a number of applications, including applications
20 wherein a low-cost, reliable, corrosion-resistant coating is
required. For example, the process can be used to make air-
bag headers, electronic packages, connectors, relay header
bases, and electrical housings. The hermeticity of the glass
to metal seal makes the device and process particularly
25 applicable to hermetic applications, such as in microwave

packages.
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function as an el ectrical ground. Preferably, the ground 20 pin 17 isy

resi stancevowy@est onto the netal eyelet. Resistance vvp&-gl}ugg,,ﬁ%ﬁat es

| ess splatter, creates a stronger weld joint and a nore consi stent %
wel d than, for exanple, arc percussive wel di ng. The ground pin can be§
fabricated froma nunmber of metal s, including stainless steel, such\as"
type 304L. After 25 welding, the eyelet 12 is preferably inspected to \
ensur e that - 20- the
weld is sufficiently strong. An axial strength of at | east about 40 = %

pounds force | o Fig. & Ene? dehiey! 13 &R &1 €T on of &
a hernetic coa%ege%qageggef‘d%%roﬁ@hw%c!l(l:orh I ng tlo an enbod:i"neﬁéé%%ﬁwégo

present gy | ﬁiﬂiﬁskoaeviér@,e Shasugdt virel 4vedahobeheppyebatbditvdén aRat
a substantially hernetic seal. I'n one enbodi nent of the i nventi on,

the top sgihaag aind henassge@lex 12 recteredheo device emasebelen raugginess of
the top surface. As a result of the foregoing process, the gold
coating tlertayemachinmi.antThe | pridge witrer 830 eaposdlvardiagexnmslyofbe he
conductive pin 16 without contacting the eyelet 12. Further, t he
process alappidddibygal witrebdmd inatpxbgrsoandotraverses the fusedigkassy) of
the device, thereby permtting the use of a | owcost .plating process,
rat her thhsurflacepensconnectkthg =nd ®@f tise cenductiweppin AF frocre. |t
Is believed that the plating costs for the copductive pin nay be
reduced beyeisit 1Z0uspyface. Typically, the bridge wire 30 has a
diameter of from about 0.0008 to about 0.0013 inches (0.020 to
0.033 mm) .

10 According to another aspect of the present invention, the .
conductive pin 16 is coated with a sublayer of cobalt prior to
application of the noble metal coating. When utilizing gold
as the noble metal coating, it has been found that diffusion
of the gold into the cobalt sublayer commences at a relatively

15 high temperature compared to the temperature at which gold
diffuses into nickel. For example, substantial diffusion of
gold into cobalt occurs at or above about 1000 °C, while
substantial diffusion of gold into nickel occurs at or above
about 700°C. In a preferred embodiment, the conductive pin

20 comprises a base material of tungsten or molybdenum followed
by a sublayer of nickel. The cobalt coating is subsequently
applied, followed by the noble metal coating. Due to the high
temperature at which diffusion occurs in the present
embodiment, the noble metal layer can be applied prior to

25 assembly and fusion of the hermetic seal. The only limitation

on such a process would be the utilization of a glass having
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virtue of the present invention. Devi ces according to the present
i nvent i onWoH/15B1 utilized in a nunber of applicati onsPCTRSIVIA6SIg
applications 20 wherein a |lowcost, reliable, corrosion-resistant coating
S requi red. For exanple, the process can be used to nmake air-

bag headers, electronic packages, connectors, relay header bases, and
el ectrical housings. The herneticity of the glass to netal seal nakes
t he device and process particularly 25 applicable to hernetic
applications, such as in nmcrowave packages.

-21- a softening pointRefeleEsgthanFabout, 98bed fheodderceoi avatdair
bag header or simlar device, a bridge wire 30 can be applied between
t he I fEd6iencof eheyebdie f2talt éntohthe andesr vnind cobaddf Layer.
ciently machi ned. The bridge wire 30 can advantageously be 5 applied by a
wi rebondi ng process and traverses tﬁ@gﬂﬂﬂéﬂ glass surface to connect
the end of the conductive pin 16 to et 12 surface.

Typically, tha %t¢§gbeﬁﬁrﬁ$eﬁ31 I?é@l&t (tYP& aﬂéPe‘f tainkess shasd) ¥itbos to
about 0.0013 inches (0 m Accordln f%eF
5’

anot h&r a&pETE (ﬁftﬁhmé?e%@ﬁ?‘lpnveﬁ‘ﬁ‘{onc e pr°V1qftﬁ1JER:‘f e pPn
(r:rg? ;?dc\(l)ma‘%gwgeg;\gle% %IP&I"EFOMAQ%IWC}’ andag ?ﬂ‘élﬁgp?%‘(;ﬁ%%g?n ](c)e'l'{ ng, |t has
been foungbéggt q&Efushg
Glass tubing having an outer diameter of about 0.116 inch
and an inner bore having a diameter of about 0.042 inch is
10 placed within the cavity of the eyelet. The glass tubing has .
a length of about 0.138 inch. The glass is a lead-
aluminosilicate glass (Corning 1417 from Corning, Inc.,
Corning, N.Y.) that is substantially free of foreign material
and bubbles. The glass has a softening point of 427°C, a
15 recommended sealing temperature of 487°C and a CTE of about
89x10°7 per °C.
Conductive pins having a diameter of about 0.040 inch are
also provided. The conductive pins are fabricated from Alloy
52 (52% Ni and 48% Fe). The conductive pins are placed into
20 a barrel plating apparatus. About 10,000 pins are placed into
a rotatable screen barrel along with about 100 mi of 8 mm shot
media. The barrel is immersed into a nickel-sulfamate bath
having a nickel-sulfamate concentration that yields a nickel
concentration of about 10.2 oz/gal (76.5 g/l). The bath also
25 includes water, boric acid and other additives such as an

anti-pit agent and an anti-corrosion additive. Aan electric
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of the gold into the cobalt sublayer commences at a relatively 15 high
t enper at uve @agpared to the tenperature at which gold %a§|MO %
ni ckel . For exanple, substantial diffusion of gol d |nto co occurs¥
at or above about 1000 [err]C, while substantial diffusion of gold\ :
I nto nickel occurs at or above about 700 C. In a preferred enbodi ne
the conductive pin 20 conprises a base material of tungsten or nDbedenu
fol | oned by a subl ayer of nickel. The cobalt coating is subsequently
applied, followed by the noble netal coatlng Due to the high

Eﬁ[ﬁ’irﬁé?fae Ry SEaATRY Ca | RBSEH FopaT 559 SEA GRER G B SR THe ( ho

hermeti ¢ aIJae 8ik¥ el ThiGld Ybreen ba%eiuchmﬁepwfgést s balgar

utilizati aV|n

3i??Lg?QHQQ¥£§%e ngﬁfgqﬁifggﬂﬂﬁgg egéﬁéerly?;gﬂgg%g%f %%‘Qﬂiéﬁ time

EXAMPLE  the barreéd Siifdnisied 8m 4R eé'ha(e MHRE A a%{@»&l@ imd 6fld Wi th
5 a CTE of about 178X10[err] 7 per [err]Cis provided having an out er

di aneter deptvald Hra8Sthacbaerdla Cavid \oitayi dfe atHafnplaced into apout

0.120 inch. A ass tubing having an outer dianeter of about 0.116
i nch annkalnirig nfurmeace andi agea hiateed cto 04 shnperdtisz iofhabsut 10
placed within the cavity of the eyelet. The glass tubing has a length

of about 8®0I°'I8 ini avhatmodphergl awprising ladedit 25% hydrogen and about
75% nitrogen.
After the nickel coating has been annealed, the pins are
10 then placed into a similar barrel plating apparatus. The
plating solution is now a gold cyanide bath having a gold
concentration of about 0.9 troy oz/gal. An electric current
of about 8 amps is applied and the electric current and barrel
rotation are maintained for about 20 minutes, after which time
15 the pins are removed.

The conductive pin is now completely plated with a 100
microinch gold coating over an 80 microinch nickel sublayer
and the pin has a CTE of about 100x10°7 per °C. The conductive
pin is then placed within the inner bore of the glass tubing

20 which has been placed in the eyelet cavity.

This assembly is placed in a brass fixture and placed in
a furnace at substantially ambient temperature. The fixture
engages the pins and prevents the conductive pin from
substantially shifting during fusing. The furnace is heated

25 at a rate of about 25°C/min to about 460°C undef air. The

assembly is held at 460°C for about 20 minutes and then cooled
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alum nosilicate glass (Corning 1417 from Corning, Inc., Corning, NY.)
that is s¥R4HF2hal |y free of foreign material and bulPETAas7/1788k gl ass
has a softening point of 427[err]C, a 15 recomended sealing tenperature
of 487[err]C and a CTE of about 89x10[err]7 per [err]C

Conductive pins having a dianeter of about 0.040 inch are al so

provi ded. The conductive pins are fabricated from Al |l oy 52 (52% Ni
and 48% Fe). The conductive pins are placed into 20 a barrel plating
appar atus. About 10,000 pins are placed into a rotatabl e screen
barrel al gggaWelateARFUGEHIG Mo *@/mi s ¥out 300 Rdi FhelhEsaBB) i

I mersed into a nickel -sul famate bath havi ng a ni ckel -sul fanate
concentr atheh ifidnades/ctoladitekambient temmerdtnatd.on of about 10.2 oz/ gal
(76.5 g/l). The bath also 25 includes water, boric acid and ot her

addi tives suchmh®e afused asseshbljpes agentremuiesh £mom- ther Giixtmradding ve.

An electric -23- current
of about tAkesrpsts sapaseohdntimgoepexdeidmt h e capper surfpess off ethet at ed
in the screen barrel. The current and barrel rotati on are nmintai ned

for atfout ey2lethutsemachingd dip teduce the ruptage | reughng®ved fromthe

pl ati ng bath and the pins are 5 renoved fromthe_barrel. The _pins are than

pl aced into anThe cepheracPRJucHigcPifnBag 8 REAL cHTFENIRRHIERUTET of

about o S00Lertk Col DodNaS SRPRIRY ST 13’ 6200k 25T HEERSER. 2N
The device can then have a bridge wire plated or welded across
the top surface for use as a header and/or a ground pin welded

10 to the eyelet. The welding of a ground pin to the eyelet can

also occur before fusing the assembly, if desired.

While various embodiments of the present invention have
been described in detail, it is apparent that modifications
and adaptations of these embodiments will occur to those

15 skilled in the art. However, it is to be expressly understood

that such modifications and adaptations are within the spirit

and scope of the present invention.
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After the nickel coating has been annealed, the pins are 10 then placed;

into a siwobsae7iarrel plating apparatus. The __plati pgrasbutiedn i s nay
a gold cyani de bath having a gold ——concentrati on of about 0.9 troy -

oz/gal. An electric current of ab mﬂlﬁl ied and the
el ectric current and barrel r ot at jm ﬁ'“““rm“ d for about 20 >
m nutes, after which tine 15 the pins are remved The
conductive pin is now conpletely plated with a 100 m croi nch gold

coating over an 80 m croinch nickel sublayer and the pin has a CTE of
about 10 rJ] rd] C. The conductive pinis then placed

W thin t%]aq-'[elg fiieq 3 J e glass tubing 20 which has been pl aced in the
eyel et cavity. A p proceddli foRS2EHRNg! & BhasedtiormatAnaseal Xty and -
pl aced in a furnace at substantially ambient tenperature. The fixture
engages tﬂiq,d;_ig@ cHb1T £MeN tthd heeapn s i ve pin from substantially
shifting during fusing. The furnace is heated 25 at a rate of about
25[err]Cmin to abo) AGeridingindercanductifne pin hasieybhn icutet d at
460[ err] C for about 20 m nut es and then cool ed

- 24- surface, saidapim havdngf aabayer 19f &r nodlei netalapoatedodeaat] C
The assenbly is then furnace cooled to anbient tenperature.

The flusedeasters|pastion ofrmatd t‘PlFWtﬁérfﬁ%Ure and taken to a
machi ni ng operation. The upper surface of the eyelet is machiped to
reduce the surface (RugHpkaeing glass withia Eeﬁ‘ﬂ\é%tlicﬂﬁjﬁé‘t PHLtepi PPRYEs a

ull strength of greater
P sz-?xd glasgs having a softening point of less than about 650°C;

&

N %

(c} inserting said coated pin into said glass;
(d8) heating said body, said coated pin and said
10 glass to a temperature of at least equal to the softening
p01nt of said glass and less than about 700°C; and
(e) cooling said outer body, said coated pin and
said glass to solidify said glass and form a glass-to-metal
seal. %

2. A process as recited in claim 1, wherein said noble
metal is selected from the group consisting of gold and
platinum.

3. A process as recited in claim 1, wherein said noble
metal is gold.

4. A process as recited in claim 1, wherein said outer
body has a coefficient of thermal expansion that is greater
than the coefficient of thermal expansion of said glass.

5. A process as recited in claim 4, wherein the

coefficient of thermal expansion of said outer body is at



t han about 40 pounds and the device is substantially hernetic. The
devi ce canVOP8A6Rave a bridge wire plated or wel ded across PCT/USETNG6810D
surface for use as a header and/or a ground pin melded —10—to the eyelet.
The wel ding of a ground pin to the eyelet can bef ore fusing
the assenbly, if desired. VWi | e vari ous enb m &ﬁj deﬂ,
present invention have been described in detail, hat
nodi ficati ons and adaptations of these embodi ment s mnll occur t‘o t hose
15 skilled in the art. However, it is to be expressly understood t hat

such nodi f{ gaktoRpARI PEIRRS-at paRS A egbibeP tRAnSRiHd tcoeses@08nECRe Of

t he pr esent | nventl on.
- 25- thermal exp¥fidiohSo¢! 3hiBdghass. 1. A process for

formng a glass-to-netal seal, said process conprising the stéeps of:
(a) providing agcondacpruceds naé\awé@gt@m inteTaim 4, wherein said outer
body has a coefficient of thermal expansion of from about
120x10°7 per °C to about 200x10°7 per °C and said glass has a
coefficient of thermal expansion of from about 80x107 per °C
5 to about 110x107 per °C.

7. A process as recited in claim 1, wherein said glass
has a coefficient of thermal expansion substantially similar
to the coefficient of thermal expansion of said conductive
pin.

8. A process as recited in claim 7, wherein said glass
has a coefficient of thermal expansion of from about 80x1077
per °C to about 110x107 per °C and said conductive pin has a
coefficient of thermal expansion of from about 90x1077 . per °C

5 to about 115x10°7 .per °C.

9. A process as recited in claim 1, wherein said outer
body comprises stainless steel.

10. A process as recited in claim 1, wherein said
conductive pin has a layer of noble metal coated over
substantially all of said outer surface.

11. A process as recited in claim 1, wherein said
conductive pin is an iron-nickel alloy having a layer of noble
metal coated thereon.

12. A process as recited in claim 1, wherein said coated

pin comprises a sublayer of nickel under a layer of gold.
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surface, said pin having a | ayer of a noble netal coated on at 5 l|east a

portion ofweeytkraut er surface (b) —_placi ng 91:'?/%97\9{7% in a
cavity of an outer body, ass having a softening point of |ess
t han about 650[err]C; Jﬁl ﬂtu said coated pin into
said gl ass; (d) he said coated pin and said
10 glass to a tenperature of at | east equal to the sof t eni ng poi nt of
said glass and | ess than about 700[err]C, and (e) cooling
said outer body, said coated pin and sai d glass to solidify said glass

and forma gl as process as recited in

claim1, wherei §f3$a| gErR)’B?%ess asnﬁ%?l?%dséinec?%ﬂlﬂrd—% t iéhereim said
Cons 1 A0 B i L e ot B RSRASTLS
as reci tEdthr@lﬂ'cﬂ]ﬁL tWhQB‘?)h'E §6bdm9.lé&‘%tr:l.ﬁlgﬁ1elsﬁeb0dy has a coefficient of

thermal expansion t greate coefficient of thernal

expansi on of sahg,g| gs?,rccess a AR OFERR fow l'ge%ettf‘,erg 2} b%:;'? ,43 at -

wherein the coefficient o er maﬁl expanston o

- 26- of noble meﬁ@ﬁ%aé‘@%ﬂs:%@seﬁ%] £rBh’ab6iE <o HitR A e
coefficient of
about 300 microinches.

15. A process as recited in claim 14, wherein said layer
of noble metal has a thickness of from about 80 microinches to
about 150 microinches.

16. A process as recited in claim 1, wherein said glass
comprises a glass preform having a bore therethrough for
insertably receiving said coated pin.

17. A process as recited in claim 1, wherein said
heating step comprises heating to a temperature of less than
about 600°C.

18. A process as recited in claim 1, wherein said
heating step comprises heating to a temperature of less than
about 500°C.

19. A process as recited in claim 1, wherein said
providing step comprises the step of barrel plating said
conductive pin to obtain said layer of noble metal.

20. A glass-to-metal compression seal produced by the

pProcess of claim 1.



t hermal expansi on of said gl ass. 6. A process as recited in
claim4, Wo946TRlsai d outer body has a coefficient of PaRUSEN1768pansi on
of from about 120x10[err]7 per [err]C to about 200x10[err]7 per [err]C
and said glass has a coefficient of thermal expansionm of Trom about

80x10[err]7 per[err]C 5 to about I10x10[err]7 per [err mlml mluml
A process as recited in claiml1, wherein said gl ass | “ﬁ‘

of thermal expansion substantially simlar to the coefficci ént "of®

t hermal expansi on of said conductive pi n. 8. A process as

recited in claijg?7, erein._sa oeff c

expiansi oln of flr@m b%ﬂ?r%%& [grgﬁg‘f%ﬁlngper?fasaﬁ %o :';cb éiﬁk %ﬁ&a] 7
er [err coefficient of thernal
gxpa%5|oLE% ronwékééfg%ﬁﬁéo err?%ggér?err]c 5 to about 115x10[err]7. per

[err] G f ) A ﬁf&&f&fn@sa rﬁé&éﬁ%nﬂ nah3ind An BHEES Busfhdeput er
body conprises stain ess st eel process as recited in claim

1, wherein said 4t ¥Rg Péai BaseBal oy ﬁftmcabtlay@t 8lf goeageenover
substantially all of sal outer surface. A process as

recited | sgidioatder erace sai d conducti ve p|n |s an iron-ni cke
all oy having a |l ayer of noble netal coated thereon. 12. A
process as recited ifckl aphadingherei gkassl cpmefdrm hayiimgcorpri berea
subl ayer of nickel under a |ayer of gold. _
-27- therethrough within a cavity of an outer metal body, said

10 glass preform having a softening point of less than about
650°C and a coefficient of thermal expansion that is at least
about 10x107 per °C less than said outer metal body:

(d) inserting said plated pin into said bore in
said glass preform:

15 " (e) heating said metal body, said plated pin and
said glass preform to a temperature of least equal to the
softening point of said glass preform and less than about
700°C; and

(f) cooling said body, said plated pin and said

20 glass preform to solidify said glass and form a glass-to-metal
seal,

22. A process as recited in claim 21, wherein said
plating step comprises barrel plating said metal pin with a
layer of gold.

23. A process as recited in claim 21, further comprising

the step of pre-plating said metal pin with a metal sublayer

before said plating step.

—-20~



13. A process as recited in Claim12, wherein said sublayer of nickel hag
a t hi ckne¥0 #¥16721om about 25 m croi nches to about 200 m cpot/O0SIAI681 Y
14. A process as recited in claim1, wherein said |layer_ _of noble netal ha%
a thickness of from about 50 m croinches to about 300 m croinches. 4
15. A process as recited in claim14, wherein said Ia”muumllmm al

has a thickness of from about 80 mcroinches to abou ! i !ﬁ&ﬂﬁi.

16. A process as recited in claim1, wherein said glass ° cobnpti Ses*a gl ass,_ %
preform having a bore therethrough for insertably receiving said coated R

pi n. 17. 4 4A prRoO recit } | gi.m erein id ,heati step
conpri ses heat izﬁig' (1} gﬁfé?r%%?at% (l;gr efg‘f‘i?%ésatrﬂ]aélaggo&%l'm@?%??}t sair&g'_ 18.
A process sgbhiaged 8% lah nilckiel bupa§esi.n sai-d heating step. conprises '
heating to a tenperature of less than about 500[err]c. ~ "19. A'process
as recited in esai mMal, pbesin asAi fecPEedi i Jcsh 6R -%rrpwﬁéfe%ﬁe SHigP Of
barrel plating said conductive pin to obtain said |ayer of noble netal.

2(2).8 A gl adeatdinipister: etmprESes htatlinyg adicetdipdritury ¥ Iesy tHay M 1.

about 600°C.
26. A process as recited in claim 21, wherein said
heating step comprises heating to a temperature of less than

about 500°C,
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21. A pro form ng a gl ass-to-netal seal, said ocess
conpri si ngﬁfﬁg 162{ eps of : (a) providing a nﬁ&ﬂsﬁnﬂ‘sﬂavi ng
an outer surface; (b) plating said netal_pin wth-atayer

of gold on sai d outer surface; (c) IaC|
preform having a bore t heret hrough within a cavity UM‘ ‘:ﬂmﬂll@ ﬂ!"
body, said 10 glass preform having a softening point of

650[err] C and a coefficient of thermal expansion that is at |east

about 10x10[err]7 per [err]C less than said outer netal body;

(d) inserting aaid pl gladspto-metalssedlhoremprising:said gl ass preform

15 (e) heating said netal body, said plated pin and- sai d
glass preformto a t(afpeaat ontenf bbdgshawdngl at cavticy; sof t eni ng poi nt -
of said glass preformand | ess than about 700[err] C, and

(f) cooling said bodp) sai ¢opdaicddve pianchaving @20 ghbter pnefacer and
solidify said glass and forma gl ass-to-netal seal . 22. A
process aBavapgtadlayexief moble wetadi aoshed over substantialkiy (adr-’lpplfses
barrel plating said netal pin with a er of gol d. . A
proce8s asaidciopder ﬁ@fé%eZPan%rEmre’é%%g%g nghrough FﬁédsFéHlM’ ;
pre-plati ng said netal pin with a netal subl ayer before said plating
st ep.

(c) fused glass disposed within said cavity and
forming a substaintially hermetic seal between said pin and
said outer body, wherein said fused glass has a softening

10 point of less than about 650°C and wherein said outer body has
a coefficient of thermal expansion greater than the
coefficient of thermal expansion of said glass.

28. A glass-to-metal seal as recited in claim 27,
wherein said noble metal is gold.

29. A glass-to-metal seal as recited in claim 27,
wherein said outer body is a metal having a coefficient of
thermal expansion that is at least about 10x107 per °C greater
than the coefficient of thermal expansion of said glass.

30. A glass-to-metal seal as recited in claim 27,
wherein said outer body is a metal having a coefficient of
thermal expansion of from about 120x107 per °C to about
200x10°7 per °C and said fused glass has a coefficient of

5 thermal expansion of from about 80x107 per °C to about
110x107 per °C.

31. A glass~-to-metal seal as recited in claim 27,

wherein said fused glass has a coefficient of thermal
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- 29- 24. A process as recited in claim23, wherein said
subl ayer iwoaymerzkel subl ayer. 25. A process as reci,&gﬂ,sf?.ﬁ?,g{nal m 21,
wherein said heating—step-conprises—heating to a tenperature o ess than

about 600[err]C as recited in claim?2l, wherein said
heating step conpri SH“[ Hl"l ﬁnﬂﬂmferrperature of less than about
500[ err] x C L M s x

expansion substantially similar to the coefficient of thermal
expansion of said conductive pin.

32. A glass-to-metal seal 'as recited in claim 31,
wherein said fused glass has a coefficient of " thermal
expansion of from about 80x10°7 per °C to about 110x107 per °C
and said conductive pin has a coefficient of thermal expansion

5 of from about 90x107 per °C to about 115x1077 per °C.

33. A glass-to-metal seal as recited in claim 27,
wherein said outer body comprises a tubular metal eyelet
having a cylindrical aperture defining said cavity.

34. A glass-to-metal seal as recited in claim 27,
wherein said outer body comprises stainless steel.

35. A glass-to-metal seal as recited in claim 27,
wherein said glass has a softening point of less than about
550°C.

36. A glass-to-metal seal as recited in claim 27,
wherein said glass has a softening point of less than about
450°C.

37. A glass-to-metal seal as recited in claim 27,
wherein said conductive pin comprises an iron-nickel alloy.

38. A glass-to-metal seal as recited in claim 27,
wherein said conductive pin includes a sublayer of nickel
under said layer of noble metal.

39. A glass-to-metal seal as recited in claim 27,
wherein said layer of noble metal has a thickness of from

about 50 microinches to about 300 microinches.
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27. A dl -to-netal |,
(a) an OWPQP/IB?MW ng a caV| tg aesriomEal sea (bg:onpré@hg%@ﬂﬁ}e pi n

having an outer surface and i a |layer of noble netal coated over
substantially aII 'mm"'fﬂ"ﬂmﬂ” ter surface sai d pin extending through
said cavity; (c) fused glass disposed within said
cavity and formng a"substantially hernetic seal between said pin and
said outer body, wherein said fused glass has a softening 10 point of

| ess than about 650[err]and wherein said outer body has a coefficient
of thermal expgnsi o Sijl%%tse‘-'%d‘-'ﬂ@%atlheseal soefddditd ahn t BeaRml gxpansion
of said gl ass. . A glass-to-netal seal as recited in clalm27,
wher ei n sgiedeiab! cafat aJayie&' @&t dnoble metal ZHas Aagthiekheseeicd Sech as
recited in claim 27, wherein said outer body is a netal having a
coeffici adouwf 80 midimimchesxparabaut 160 mbcepinasest. about 10x10[err]7
per [err]C greater than the coefficient of thermal expansion of said
glass. =~ * '+ - ° 30. Aglass-to-netal seal as-recitedin claim 27,

wherei n sai d outer body is a netal having a coefficient of t her mal
expansi on of from about 120xI0[err]7 per [err]C to about - =~ 200x10[err]7
per [err]C and said fused glass has a coefficient of '
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5 thermal expansion of from about 80x10[err]7 per C to about

110x10[ er MO®%3672 [ err] C. 31. A glass-to-netal seciussrestited i
claim 27, wherein said fused glass has a coefficient of thernal Y
-31- expansi on substantially simlar to the_ 3
t her mal expansi on of said conductive pin.
gl ass-to-netal seal as recited in claim3l1, wher ei n Eﬂmp HH“\ \
has a coefficient of thermal expansi on of fron1about m sper Y
[err] C to about IleIO[err]? per [err]C and said conductive pin has a
coefficient of ghher fr 90x|0[err]7 per [err]C

to about 115x|6 érr?? per [err?ﬁ%ta!i fa1 c%%??&%ﬁ ass-to-nmetal seal as
recited in claim27,(a3) aViRERAIIN chled g@ﬁ aBLLieS .2 tubular netatl
eyel et having a cylindrical aperture |n|ng sai ca ity. ' 34.

A gl ass-to-netal segb)asar eahaa&tbﬁeChatn %?m havﬂmfra?i %u%@rdset‘kﬁE:ebOdy
conprlses stai nl ess steel. ) ass-to-netal seal as recited in

cl ai m 27, and halvdrmgj m Skyen! 68 sgbbs eosaéaeaveﬂ BGbBtantihEsy ADRnogbout

550 C 36. A glass-to-netal seal as recited in claim 27,
wher ein sshddglosserhamrfa | esaid poatedohetaspihaextbading th&EGbarr]C-
37. A glass-to-netal seal as recited in claim27, wherein said

conduct i veapdncayidpyi;s@ndan iron-ni ckel all oy.

(c¢) fused glass disposed within said cavity and
forming a substantially hermetic seal between said pin and
said outer body, wherein said fused glass has a coefficient of

10 thermal expansion that is at least about 10x1077 per °C less
than the coefficient of thermal expansion of said outer body
and a softening point of less than about 650°C.

42. A glass-to-metal seal as recited in claim 41,
wherein said fused glass has a softening point of less than

about 550°C.



38. A gl aga Pﬁ‘ﬁt al seal as recited in claim27, wherein said
conduct i v& i cludes a subl ayer of nickel under saiRFVYSEAT nobl e
net al . 39. A glass-to-nmetal seal as recited in claim 27,
wherein said | ayer of noble netal has a thickness of from about 50
m croi nches to about 300 m croinches. 1/ - 32-
40. A glass-to-netal seal as recited ?n claim 27 wherein said | ayer of
nobl e netal has a thickness of from about 80 mcroinches to about 150
m cr oi nches.
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- 33- 41. A glass-to-netal seal conprising:
(ROT/USYTBDE8UUCt | vek

(a) a nmeW&9986%28r body having a cavity;

metal pin having an outer surface and having a |layer of gold coated

over substantially all of 5 said outer surface, said coated nmetal pin

\
\

ext endi ng through said cavity; and (c) fused gl ass
di sposed within said cavity and 2F¥& mng a substantially hermetic se
bet ween said pin and said outer body, wherein said fused glass has a

coefficient of 10 thermal expansion that

Is at | east about 10X10[err]7

per [err]C | ess t han
out er body and a softg
42. A gl ass-to-netal seal @
gl ass has a softening poin

c

her mal expansi on of said
Babout 650[err] C

N4, wherein sai.d fused-

about 550[err]C. '
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