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"'fépartrcularly 0. the use of such seals in fabri- 141 ead

,'.\by-.-the.trade name “Kovar’s glass being: .dis- | both e frame a_n_d...the‘l
,posed, between. the ¢onductive package and a sheet. '
Jead extending. “through. § the -package to Pro- ) ide fol .
.vide -:electn_cal insnlation between the. lead and plate are'posmoned on etther ‘side of the - . .
the package and {0 hermetically seal the, space leads .and welded together, 0 that , cach. fead
‘between the lead and. the: package. -Also, the extends’ tllrough the proper
. glass seal, frequently prov1des mechamcal sup- “ring’ frame

~ces's ror_..,s_eah_ng. _an-_e_l_ectncal lead in 2 space -mc
between. surface - regions. of 2. support fo
_ electrical “device, . comprises flling “the.’ spaee-

“with. 2. shrry, of glass, pamcles and a -carrier
_hqmd, drying -.the_ slurry €0 leave _:gl_as's-._.par—'
ticles in- ‘the space; as a: particulate mass Sepa- --_contamer o enter the or. ¢ach opening and
rating, the lead . and. the said - surface: ‘regions, < -EVAP ng
_and _prior. to. mounting .the electrical deyice 7 eave a- _pa_rticulate' glass. mas:
“on. the . support, fusing the partmulate glass. ing. iting
-:_mass to fill the: -said .space and form a ‘solis
‘glass ‘seal between. ‘the lead and thel support :
.Subsequently, the: electrical device, €.g- semi-"
- conductor.. “device, can be: mounted
Support, the lead > connected to the- devi (
“an_-enclosure - oompl eted around- the d ce. MOl
;Further leads :to the device can. be. sealed m' n be’ connected 10 ‘the. device within
.a similar. mannef.. - i '
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COMPLETE SPECIFICATION ;
’ .Process for Fabrtcatmg Hermetic Seals

We, Tms INSTRUMENTS Inconroaa-ran, - the’ packagmg

The packagmg of such networks can

“his . invention: relates .to ‘glass seals and 0.12

packages or enclosures for- electr_x- isolated ‘from thie package ‘During fabrication
vices, €.8:. semrconductor devices. . - . of such a package a rectangular frame is
ckages can be manufac— _formed integral 1 “with_ the lea
“from. @’ .c'onducttve metal alloy fmown . leads ini proper. relanve_j_p

_ ds*from’ the ‘metal
'3 Ting. ﬁme, having “openings n
r receiving ‘{eads, and @ ‘base

‘penmg in- the
-of the package.

nto the mten

for the dead: L TLo -
. According 10 “the present mventron, a pr

n- for an’ electrical | “devic
' xtendmg through a opemng m.the contamer
HOCESS comprises placm'g a slurry of

the’ ltqurd “from the _ghurry -to
n the or each
the  electrical

. orm a solid, glass seal between® and

e ... separatmg ‘the ‘or. each téad. and the contamer
' --Subsequently, ‘the electncal ‘device. can’

unted in the’ ‘container, ‘and the or -each, l

The mventlon is -also parttcularly useful m

t networks
.a Corporation. -organised according to. the: ‘having a number of"sét'riioonduétor‘ compo-
faws of the- State, of Délaware, United~ States  nents: formed .in situon & single. semiconductor
.of America, of 13500, North. Central Express-, “Substrate.
Cway, Dallas, "Texds, United States o’r' América,

leads to support t the -
ons by stamping

“in ‘the container, ‘the partrculate glass -
iss is fused O "§11 the or each .opening

: “be parttcularlg comphcated ‘due10. ‘the fact. -
_'_'-do hereby ‘declare - the invention, for which that.a large number of electnca {“leads, for
.we pray. that & patent may, be granted 16 us, e from ten 0 twentys ‘may ‘extend from
“and the ‘method by which -it is to be per- __,the sexni ndug tor chip thr ough the package
formed, to be particularly described in :and " for connectlon 't an external circuit. One

'-by the’ followmg statement:— form. of

50,

pack” is about. 0.250.inch long,'. .
and 0.03 inch deep,. having
whxch needs 1o be be electrically -
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Suitably, the slurry is composed of glass
particles. and water and preferably the slurry

‘has a viscosity and surface tension such that

the slurry penetrates and occupies the open-

ing. in. which. the lead or leads are located..

However, a more viscous form of shurry. ‘could
be used and pressure applied t6 force the

slurry into the space or openings containing

the lead(s) instead of relying on the surface
tension of the slurry.

By way of example, the inveation will be
described in greater detail with reference to
the accompanying drawings in which:

"FIGURE 1 is a someéwhat perspective view

showing a portion of a strip of electrical lead
frames with base plates and ring frames of
containers welded in position: prior to appli-
cation of a glass slurry in accordance with
a process embodying the present invention;
. FIGURE 2 is a transverse ‘sectional view

_:;f one of the assembhes shown. ‘in FIGURE

FIGURE 3. is a sectional view similar to
FIGURE 2 showing the assembly after the
application of /a glass shurry; =

FIGURE 4 is a sectional view similar to
FIGURE 3 showmg the assembly after the

glass shurry is dried to form a particulate
_glass 11ass;

FIGURE 5 is a sectional view sumlar to
FIGURE 4 showing the assembly after the

_particulate glass mass is fused to form a solid

glass. seal;
FIGURE 6 1s a sectional view similar to

FIGURE 5 showing the assembly after the

excess glass has been sandblasted away; and
FIGURE 7 is-'a sectional view similar to

'FIGURE 6 showing a complete package with

an mtegrated circmt chip. encapsulated there-
in.

. Referring 1OW. t0. the dmwmgs, and in par-
ticular to. FIGURE 1,-a lead frame serip 10,

. which may be stamped from 4 mil thick metal,

forms a number of rectangular lead frames

_indicated generally by the reference numérals
-12, 14 and 16, only balf of the frames 12

and 16 being shown. Any number of lead

.frames may be so formed, although typxcany

only eight are formed on a single strip. - Bach
of the lead frames is comprised of a portion
of the longxtudmally extending strips. 18 and
20, which interconnect- the lead frames, and

transverse. strips- 21 and 22 extending be-

tween the two longitudinal strips. As illus-
trated, seven leads 24 extend-inwardly from
the strip 18 and seven leads 26 estend in-
wardly from the strip 20. The strip also has
precisely located: heles 28, 29, 30 and 31 for
orientation and -indexing purposes. ‘The five
middle leads 24 extend through apenings 40
formed in. one side of a ring frame 42 and
are bent upwardly -and ‘then-back toward the
center of the ring frame 42 to provide end
surfaces 24a. The five middle leads 26 simi-
larly extend through openings 44 in the other

side of ring frame 42 and terminate at end
surfaces 26a. The two outer leads 24 extend
through openings 46 in opposite ends. of the
ring frame 42 and terminate at end surfaces

24b, and the two outer leads 26 extend 7
.through openings 48 in- ‘opposite ends. of the -

ring frame 42 and terminate at end surfaces .-
26b. The assembly comprised of the lead © -

frame 14, the ring frame 42, and the base - )
plate 52 is assembled by stitch welding. the

base. plate 52 to the ring: fiame 42 after ¢he

ends of the leads are positioned-in the open-
ings of the ring frame, and is degassed and

oxidized prior to making a glass seal im -

accordance with a process- embodymg the

present invention,

The metal_most often used to form the
ring frame strip 10, ring frames 42 and base
plates 52 is-a metal alloy known by the trade
name “Kovar”, This alloy is wetted by molten
glass and has thé same tempersture expan-
sion coefficient as certain hard glasses fre-
quently used to- make ‘a_seal, and therefore is
particularly usefal in makmg glass. to metal
seals. This alloy typically is .composed of

'54% iron, 28%: nickel, 18% cabalt, or 20%

nickel, 17% cobalt, 02% manganese, -and

.the remamder iron.

“'The lead" frame—rmg, frame~ba~e plate
assembly illustrated in FIGURE 2. is placed
in 2 suitable support which. orients the leads
in proper relationship to the ring frame and
base plate. Then the assembly is filled with
a liquid shufry 60 substantially as illustrated
in FIGURE 3. It will be noted that the
slurry 60. passes into the openings 40 and 44
and envelops the leads 24 and 26. The
shurry 601sasuspcnswnafﬁnclygmund

glass particles in water: A particular Ssharry
“composition that has been found suitable is

ten parts glass to six parts distilled water. No
other .additive,  binder or suspension - agent
is required. The glass is that sold by Corning
Glass Works under the designation Corning
glass No. 7052, a borosilicate glass, which
has been wet ball milled for ten hours until
about 50% of the particles range in size from
four to ten microns diameter as determined
by a Mine Safety Apphance Company centri-
fugal type particle size analyzer, with a some-
what even ' distribution within . this range.
Some data indicdtes that if more than about
50% of the particles are greater than ten
microns, the final glass product tends to con-
tain bubbles whxch are. undesirable, Also,. if
the particle sizes-are too large, the glass par-
ticles tend to settle out like sand and are

‘not ‘carried by the water and d1stn'buted as

desired. There does not appear to be a
minimum limit on the size of the partxcles
The viscosity. of the slurry smtably lies in

_the range from 11 to 13 centipoises. as.mea-

sured by a Brookfield - Viscometer using
spindle #10. The surface energy suitably is
from 65—75 dynesfcm as measured by a
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Fisher surface tensiomat. It is to be under-
stood, however, that the invention, within its
broader aspects, is not limited to any par-
ticular type of glass, to any pamcular par-
ticle size, or to any particular ratio of liquid
and glass. In order to achieve the desired
results, however, there must be an adequate
volume of glass particles within the liguid
to fill the spaces to be sealed after the hquid
is evaporated, and the glass particles prefer-
ably should be sufficiently small to be carried
into the cracks, crevices and openings by ‘the
surface tension of the slhurry. The viscosity
and surface tension of the shury dés preferably

chosen so as to penetrate the openings to be’

sealed, yet remain in the opening once the
opening is filled. An important advantage -of
the process being described is that the indi-
vidual assemblies can easily be filled with
slurry by a machine which awomatically. in-
dexes the support for a strip of assembhes
past a filling station.

Immediately after the assemblies are filled
with the slurry 60, the assemblies are trans-
ferred to a conveyor which passes through an
oven operating at about 70—80° C. to eva-
porate the water from the slurry. As the water
evaporates, the glass particles coagulate into
a particulate mass 62 having a cross section
sbstantially as illustrated in FIGURE 4. It
will be noted that the particulate glass remains
in and fills the openings 40 and 44 around
the leads 24 and 26 and also covers over the
tips 24a and 26a of the leads and will with-
stand ordinary handling without crumbling.
Next the units are transferred to graphite
boats, which support the leads 24 and 26 in
proper relationship to the base plate 52 and
ring frame 42 and the boat is passed through
a fusing furnace operating at about 925° C.
A fusing cycle of about 1.5 hours is typical.
The glass particles become fused together and
form a solid glass seal 64 having a cross sec-
ticn substantially as illustrated in FIGURE

5. It will be noted that the solid glass seal

completely fills the spaces between the leads
and the ring frame 42 and base plate 52 and
also covers the ends 24a and 24b of the leads
and the center of the base plate. Because of
the greater surface tension of the glass, the
glass also tends to coat the roots of the
feads 24 and 26 further from the ring frame
as indicated at 64a. Even so, the amount of

glass 64a is less than the amourt of glass pro- -

duced with a conventional process in which
a rectangular glass preform is placed over the
ends of the leads in the ring frame and the
glass is extruded (during the fusion process)
outwardly through the openings 40, 44, 46
and 48 by the weight of a copper plug on
the glass between the ends of the leads 24
and 26. Also. the amount of glass over the
ends 24a and 26b of the leads is less, although
the amount of glass 64b over the center of the
base plate 52 is slightly greater.

Next ‘the excess glass 64 is removed using
conventional sandblasting techniques to ex-
pose the center of the base plate 52 and the
ends’ 24a, 24b, 26a and 26b of the leads,
and’ rémove the excess glass 64a from the
root- of the leads substantially as illustrated
in FIGURE 6. The package is then ready
for inspection and plating and ultimately in~
stallation of the semiconductor chip in the
convéntional manner. This entails cementing
the - dnp 70 ¢o the exposed inside surface
of the “base plate 52 by a suitable glass
adhesive 72, and then bonding lead wires 74
from so-called expanded contact pads on the

chip 70 to the ends of the respective leads

inside -the ring frame. Then a lid 76 is
welded: around the top of the ring frame 42 in
a ‘conventional manner to complete the her-

.metlcally secaled package. When the lead

framé: 'is subsequently cut away from the

70

75

leads 24 and 26, the glass sealing material

64 'méchanically holds the leads in place,
electrically insulates the leads from the re-
mainder of the package and hermetically seals
the package so that the ambient within the
packageé can be controlled.

Froni the above description it will be noted
that the surface tension of the liquid in the
slurry is used to advantage to transport the
glass- particles into the spaces to be sealed.
Then as the liquid dries, the surface tension
not only holds the particles in the spaces,
but ‘tends to transport additional particles
into ‘the spaces and firmly pack the particles
ifito & compact particulate mass. However, it
is to be understood that within the broader

_aspects: of the mventzon, the slurry may be

thick .or more viscous, even to a consistency
of paste, in which case the slurry would be
forced by pressure into the spaces to be
sealed, rather than by the surface tension of
the hquxd

‘Although the process of the present inven-
tion has been described in conmection with
encapsulation of a standard semiconductor
network flat pack, it is to be understood that
the-process is applicable to the fabrication of

ny:.other seals, and in particular to other
glass-metal seals

WHAT WE CLAIM IS:—
" 1:A process for sealing an electrical lead
ina 'pace between surface regions of a sup-
' an electrical device, comprising fill-

'-leav glass pamcfes in the space as a par-

ticulate’ mass separating the lead and the said
surface regions, and prior to mounting the
electrical device on the support, fusing the
particulate glass mass to fill the said space
and form a solid glass seal between the lead
and: the support.

2.’ A ‘process according to Claim 1, includ-
mg ‘the steps of mounting an electrical device

100
105

110

115
120

125




Hllllll I lIII

i 144,380

“Pisher: sirface tensmmat It is: to be “ander-
stood, however, ‘that “the “invention. W1thm its
-'broader dspécts, " is not - “limited ;
“ticlar type - of gl‘ass, to “any - part_ml»ar par-
- tigle size; or: to any partlcular ratio ‘of liquid
‘and -glass.” In: -order. :to" -achiev th'e desired

" glass 'pam les veithin the. liguid
aces: sealed. after thc hquxd

mto the a'acks, crevices. andj-o emngs bjt the
¢ . ‘sutface tension of the shurry, ' The “viscosity

" and sunface tension of the shurry fr_'praferably
_chosen ‘so0::as. to penetrat_e ‘the: opemngs to be
sealed, yet' remain - in ‘the ‘opening -once the
-'openmg is filled. An important advastage of
“the’-process bem'g escribed -is_that" the ‘indi-
n~3 easll y :be ﬁl.ted w;th

:past é. ﬂllmg statxon
l’mmed:ately after

'ferred to a cenveyor which' passes- through an
' - at’ about'?"70-—-80° C.ito eva-
' § the water
evapomtes, “the’ glass ) oagulate into
‘& particulate mass 62 | _.g ‘3 cross section
sbstantially -as’ illustrated ‘in” FIGURE 4. It
will be noted that the pamculate glass remains
in and fills the openings
the leads 24 dnd 26"
tips 24a and 264 ‘of -
stand ordmary handlmg ,
Next the units’are tfansferred to graphite
boats, which support the leads 24 and 26 in
proper relationship to the- base plate 52 and

30
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a fusing furnace operating at ‘about 925° C.
A fusing cycle of about 1.5 hours is typical.
The glass particles become fused together and

form-a solid glass ‘'seal 64 havmg a Cross sec- -

tion substantially as illustrated in FIGURE
5. It will be noted that the solid glass seal
completely fills the spaces between the leads
and the ring frame 42 and base plate 52 and
also covers the ends 24a and 24b of the leads
and the center of the base plate. Because of
the greater surface tension of the glass, the
glass also tends to coat. the roots of the
leads 24 and 26 further from the ring frame
as indicated at 64a. Even so, the amount of
glass 64a is less than the amount of glass pro-
duced with a conventional process in which
a rectangular glass preform is placed over the
ends of the leads in the ring frame and the
glass is extruded (during the fusion process)
outwardly through the openings 40, 44, 46
and 48 by the weight of a copper plug on
the glass between the ends of the leads 24
and 26. Also. the amount of glass over the
ends 24a and 26b of the leads is less, although
the amount of glass 64b over the center of the
base plate 52 is slightly greater.
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:root of, the ._leads ;ubstant:a}liy

‘the package so t

.. ring frame 42 and ‘the boat.is ‘passed-through -
forced by pressure into the spaces to be

Next the excess: glass:64 is removed using

iconventmnal sandblasting ' techniques toi-ex-~
pose the center of the base plate 52°and :the -
ends' 24a, 24b,. 26a__and 26b. of . the

e; leads,
and .remove. the. excess- glass. 64a: from  the
lustrated

the - clup 70- to. the"exposed i .
of the: base plate  rSul

cl:up 70 0 the .ends _of .especu

inside the ring frame. Then a lid 76 B0
welded around :the top of ¢he ring frame 42 in
nner to co@glete the her-

package can. ‘Be controlléd.
"From the above’ descnpuon it wal be noted
chat the surface. tension” of the: liquid in the

slurry is used to advantage’ totranspeit the
glass particles “into: the “spaces “to  be" sealed.
“Then as the Tiquid dries,
not ‘only helds-the particles’ in" the:*spaces, .-

but "tends ‘to’ tran ‘additiorial  particles

Anspy
into the spaces and firraly: pack ‘the particles -
‘ibto a_eompact particulate mass: “However, it 100
_is to be understood that within the broader . -
‘aspects of ‘the- mventxon, “the -slarty - may be’
. thick ‘or more - viscous,: even: to. 8. consistency -

-of paste, in :which case the sturry. would be’los

sealed, rather than by the surface tension of
the liquid. -
Although the process of the present inven~

tion has been. described in conmection with

encapsulation of a standard semiconductor

network flat pack, it is to be understood that
the process is applicable to the fabrication’ of
many other seals, and in particular to other
glass-metal seals.

WHAT WE CLAIM IS:—

1. A process for scaling an electrical lead
in a space between surface regions of a sup-
port for an electrical device, comprising fill-
ing the space with a shurry of glass particles
and a carrier liquid, drying the slurry to
leave glass pamcles in the space as a par-
ticulate mass separating the lead and ¢he said
surface regions, and prior to mounting the
electrical device on the support, fusing the
particulate glass mass to fill the said space
and form a solid glass seal between the lead
and the support.

2. A process according to Claim 1, inchud~
ing the steps of mounting an electrical device

electrically insulates’ the” 'leatnls from " the te
mainder of the package and hermetically séals
the” amblent wﬂ:hm the _

‘the surface ‘tension
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ori the. support; connecting the lead: 1o the
device, and’ completmg an enclosure around
fthe device, - -

" 3. A process for sealmg an: electncal lead
to a metalli¢ container’for an electrical devxce,
the lead extendmg through an’ opening 'in the
container,’ comprising’ placmg a slurry of ‘par-
‘ticulate ‘glass and -a- carrier liquid in ‘the
container to_enter the-said opening, €vapora-
ting the liquid" from tne-shirry to leave a'par-
ticalate glass niass in the: opemng, and _ptior
"to’ mounting : the électrical device in the’con~
tainer fusmg the ‘patticulate ‘glass mass to-fill
‘the opening and form 2 "solid" glass seal be-
‘tween and” separatmg the Iead and the con-
'_tamer

4 A process accordmg to Clann 3 the
.container having a plurality of openings
through' which extend eleotrical leads, in
:which the slurry enters edch-of the ‘openings
and the fusing forms a solid glass seal filling

the openings and sealmg the: leads w1th thc_

oontamer

5. A process accordmg to Clmm 3 or
Claim 4, in which following. the fusion step,
‘glass is ’removed - ‘to: expose within. the con-
tainer a surface portion of the or. at Ieast
one - of -the leads. :

- 6. A -process - . according - to any one” of
-Clauns 335, including- the steps: of mount-
ing-. an- electncal device  in - the container
and. connecting' the lead or at least one of

-the' leads to the device and closing the con- R

“tainer .to-form a hermetlcally sealed enclo—
-sure.

"7 A :'process acoordmg to any one. of

.the - preceding - cldims, - the - slurry- beingr.com'-
.posed of glass particles and water. -

.8. A:process according to any- one of the o~
precedmg claims; the slurry having -viscosity ‘wd

‘aud surface tension ‘such that the slurry pene-
‘trates. into and occuples the said- space or

‘opening(s). -

-9 A process acoordmg to Claim 8, the

‘viscosity and : surface -tension -of: the slurry
being:sufficient. to retain the glass particles in -
‘the . space :or’ opemng(s) durmg evaporatmn
-of the liquid: -~

2 10:0AC process accordmg te. Claim_ 7, -the

-slurry beitig:: composed of "about ten parts
-glass and - about' six. parts- water.. .
-11..-A :process -according: to- any one of
':the preceding claims, abouc fifty' per. cent
-of - the:glass -particles in the slurry being in

the size range 4-—10 microns diameter: -

- 12;: A process for sealing - electrical leads
-in; openings. in a- wall of a metallic container,

substantially as described herein with refer-
ence to.and as-illustrated by Figs. 1—6 of

.the accompanying drawings. = -
... 13.. A "process- according . to- Claim 12, and -
.mcludmg the further steps -described - herein

with reference to -and as illustrated” by - F1g

-7 of. the -accompanying . drawings.

‘14, The product of a process accordmg to

_-any one of the precedmg clauns
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