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invention relates generally to a new schene of providing a seal for
seni - conduct or substrates and chip carriers. More particularly, the
i nvention enconpasses a structure and a nethod that uses a nulti- |ayer
metallic seal to provide protection to chips on a chip carrier. This
mul ti-layer nmetal seal provides both chip fatigue life enhancenent
and envi ronment al protection. For the preferred enbodi nent the

mul ti-layer netallic

MULTI-LAYER SOLDER SEAL BAND FOR
SEMICONDUCTOR SUBSTRATES AND PROCESS THEREOF

FIELD OF THE INVENTION

The present invention relates generally to a new
scheme of providing a seal for semi-conductor substrates
and chip carriers. More .particularly, the dinvention
encompasses a structure and a method that uses a multi-
layer metallic seal to provide protection to chips on a

chip carrier. This multi-layer metal seal provides both -
chip fatigue life enhancement and environmental
protection.

For the preferred embodiment the multi-layver metallic

seal is a three layer, solder sandwich structure which is

"used to create a low cost, high reliability, hermetic seal
for the module. This solder sandwich has a high melting

temperature thick solder inner core, and lower melting

point thin solder layers on both sides of the thick solder



seal is a three |layer, solder sandw ch structure. which is used to create a
| ow €ost,vhigh reliability, hernetic seal for the nodule. This sol der
sandwi ch has a high nelting tenperature thick solder inner core, and | ower
nmel ti:ng point thin solder layers on both sides of the thick sol der

2 I nner core, where the thin solder | ayers may have simlar or different
mel ting points. BACKGROUND OF THE IﬁVENTICN Sem conduct or devi ces
are becom ng snaller and nore dense with the evol ution of new technol ogy.
However, increases in chip circuit density produce a correspondi ng enphasis
on overall Chifhd}2CAd NGHEAASY @nihNsBider |8 ARy HAWEW iie,y Chip
and chip carrier, manufacturers are therefore constantly being challenged to
i nprove the cﬂﬁﬂq%%?%ﬁe"Fh@FitngdBEfgt%y i dentifying and elimnating

probl ens, reduci ng package size and wei ght, decreasi ng package costs,
providing inproved thermal efficiencies and fabricating better and nore
advanced chips reas _significant inprovenents are being made to

el imnate syé§gH§¥¥g£§¥8gkgﬂﬁ~5§ggggﬁﬁﬁng process variability, process
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| evel of envifonnental. protection for a package is tq have a_hernetic seal.
Of cour se, ﬁ%ﬂgﬁ?vVﬁbh I%V°£$ﬁﬂ?kaBEIFFVp ??§LQ§1° ¥st aBPHRVETe,
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seal packages . . . . -
P 9 remain competitive. Chip and chip carrier manufacturers

are therefore constantly being challenged to improve the
quality of their products by identifying and elihinating
problems, reducing package size and weight, decreasing
~package costs, providing iﬁproved thermal efficiencies and
fabricating better and more advanced chips. Whereas
significant improvements are being made to eliminate
s&stematic problems by reducing process variability,
process improvements alone are not sufficient to eliminate
all the problems which effect both performance and
reliability.

One way ﬁo provide a high 1level of environmental
protection for a package is to have a hermetic seal. Of
course, preserving module reworkability is a cost
advantage, especially for multi-chip modules (MCMs). -

One method to obtain a reworkable hermetic seal is by
using a solder seal. For traditional solder seal packages
to be reliable, it 1is necessary for modules to use
expansion matched components, that 1is, that .when the

“"module is powered on, the expansion of the cap at the seal
closely matches the expansion of the substrate at the
seal. In early solder seal packages, chip powers were
low, and the module was fairly isothermal, so expansions



to be reliable, it is necessary for nodules to use expansi on nmatched
conpbnents, that is, that when the nodule is powered on, the expansion of
fhe cap at the seal closely matches the expansion of the substrate at the
seal .« In early solder seal packages, chip powers were |ow, and the nodul e
was fairly isothermal, so expansions 3 .
were matched by matching the cap's thernmal coefficient of expansion (TCE)
to the substrate's TCE. This was often done using the same material for
both substrate and cap or cover. In this manner, ceram c substrates were

often seal ed h@r@eﬁéﬁbﬁeéaﬂ§ maazﬁa alpaes V§r¥héﬁkéﬁbéébfngléA¥e p was
very expensive 8' | cat 1 ons, et her nal ¢ nducti vit

ceram c caps F§pﬂ5?l%’ﬁf i?ﬁ?én? WtﬁﬁFﬁr?a'FgEt hat® ﬁvé"afufcf%tﬁ’bnt |y
hi gh thernal dgneucmwti;healsamehma@efw sfehdiotdr subsbratghandrecagear

reliability ree%ferrenkﬁ this_ Aﬁaﬁ’??é’i-“ ecQQa\ﬁfé QﬁBQtfé@@sﬂ waRdulGg i € no
| onger isothernm cati

app str
t enper at ur es ﬁﬁ?{lﬁ% Egecﬁfémé? gﬁ?‘?? tant ‘?/ ﬁ?@ﬂe"fast h‘é‘?Flf I‘Féeb]c‘ﬁ?qteenﬁé’rtatures
In order for theseapowas esexy expeasiweched anounts of expansion at the

sol der seal, the gpmpent ;ﬂﬁ &Q:A&avetﬂﬁfi;ﬁé%l TGEn&ucth%tf?ptdfrmm TCE
of the cap is a fupction of

substrate JCE.and the m)ugtl r;%ﬁ
gradi ents dur PRE2PLR. CAREE 1S nody | SHESICIgRhy | PRE| stg‘pé'lﬁtﬁr 2 &n s
contri butes thauehlsgifﬁ:aqdeamay high UtBermal enconductivi2y, 98¥s¢ Hhavee) -

di scloses an abkoy OR4€ LYW ivddp HaBR! f@PdséﬁNerreltJ.Qbﬁli‘H(Oﬁ’emén{Qﬁ:s whi ch
i's punched to forma é%’gﬁf-‘ Bre or use i.n_hernetically seal | ng a
r a

container.  Duri PwﬁFs{Thévgolrd‘ﬁ?"I' aPeAuleaR | Argnd°nitoNg5 et her
to forma hombgetkexmakealamshndin somg Sappdfieations, 4,181, siibst@ateon, et

al .) . di scl osegempEfa@uids |difk 395 UEY Yarthistgnii PELAMIES, q{idﬂétre&rlﬁh gt
cap temperatures. In order for these modules to have
matched amounts of expanéion at the solder seal, the
components have to have different TCE's. The optimuﬁ TCE
of the cap is a function of the substrate TCE and the

module thermal gradients during use. TCE selection is
application specific, and this contributes to a high cap
cost.

U.S. Patent No. 4,020,987 (Hascoe) discloses an alloy
core having upper and lower thin alloy coatings, which is
punchéd to form a solder preform ring for use in
hermetically sealing a container. During reflow all of
the solder layers melt and mix together to form a
homogeneous seal band.

U.S. Patent No. 4,291,815 (Gordon, et al.) discloses
a ceramic 1lid assembly which includes an integral heat
fusible layer defining a hermetic sealing area provided

" around the periphery of the ceramic 1lid for hermetic
sealing of semiconductor chips in a flat pack.

U.S5. Patent No. 4,746,583 (Falanga) discloses a
ceramic combined cover, where a solder laver in the form



fusible |ayer defining a hernetic sealing area provided around the

peri pheryrof the ceramic lid for hernetic sealing of senm conductor chips in
a flat pack. U. S. Patent No. 4,746,583 (Fal anga) discloses a ceramc
conbi‘ned cover, where a solder layer in the form

4 of a pre-cut gold-tin solder frane is tack welded onto a gold | ayer..
The gold layer is readily wettable by the solder layer and is al so
extrenely corrosion resistant. U. S. Patent No. 5,153,709 (Fukuoka)
teaches the joining of a cap to a ceram c substrate using a connection
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Novenber 21, ?635”1?' rséﬁg?ta?&rgagﬁ l,sl ?fgltg %e§§%do%Q%in Oeg‘%tgr?’é’%%‘gl‘ﬁ%"é’l ed on
i nstant pat enSo3geri Rewnds ontp telectiropiiesdewiads.whi ch i s incor porated
herein by referencg,sdesakehesna) apPogige FndurBl hedstebsésr & npww! d for
metallic natehbgkin&h ESZEHS HE%Q&'ggpéﬂé&&fq%qut&gﬂ§cféhting spacer
which is used in joining a cover to a ceramic substrate
having sealing metallized portions.

U.S. Patent No. 5,471,027 (Call, et al.), discloses a
method for forming a chip carrier with a single protective
encapsulant. He specifically teaches the use of a
picture-frame type area, which is only on the top surface
and away from the edges of the substrate, to seal the cap

~or cover or heat sink to . the substrate using a cap
sealant.

U.S. Patent Application Serial No. 08/561,571, filed
on November 21, 1995 (Braun, et al.), assigned to -the
aésignee of the instant patent application and the
disclosure of which is incorporated herein by reference,
describes an apparatus and method for forming mold for
metallic material, where the metallic interconnections in

“a mold can be used to form structures, such as, for
example, solder connections, heat sinks with fins, etc.

U.S. Patent Application Serial No. 08/562,079, filed
on November 21, 1995 (Covell, et al.), assigned to the



a nold can be used to form structures, such as, for exanple, solder

connecti ons, heat sinks with fins, etc. U. S. Patent Application Serial
No. 08/562,079, filed on Novenber 21, 1995 (Covell, et al.), assigned to
the - assignee of the instant patent application and the

di scl osure of which is incorporated herein by reference, describes a nold

transfer apparatus and nethod, where tfe metallic connections made in the
nold can al so be used to formstructures, such as, for exanple, heat sinks

with fins, etc. Therefore, one way to nmaintain hernetic seal
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expansions between the cap and the substrate during use.

PURPOSES AND SUMMARY OF THE INVENTION

The invention is a novel scheme to provide a multi-
layered metallic seal for semiconductor substrates and
method thereof. i

Therefore, one purpose of this invention is to
provide a multi-layered metallic seal for hermetically
sealing semiconductor substrates to caps having different
amounts of thermal expansion at the seal.

Another purpose of this invention is to provide a
multi-layered solder seal for semiconductor substrates.

Still another purpose of this invention. is -to have a
multi-layered solder seal for semiconductor substrates,
where at least one layer of the solder seal is thick
having a high melting point temperaturé-and at least two
layers of solder seal that are thin and have lower melting

'point temperatures.

Another purpose of this invention is to provide for a

fluid-tight seal.



| ayers of solder seal that are thin and have | ower nelting point

t enpér at ur es.

Anot her purpose of this invention is to provide for

fluid-tight seal. 6 Still a

purpose of this invention is to have a hernetic seal. Ther ef or e,

one aspect this invention conprises a solder seal band to provide a _
bet ween a cover and a sem conductor substrate, said seal band

hernetic sea
conprising a high nmelting point solder core sandw ched between at
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layers are made from lower melting point solder materials
than said high melting point solder core, and wherein upon

to

(b)

reflow said first and/or said second solder'

interconnection layer do ‘not integrate into said high
melting point solder core.

In another aspect this invention comprises a process
for forming a hermetic seal éand between a cover and a
semiconductor substrate, comprising the steps of:

(a) forming at least one solder preform band, where
said solder preform band comprises of at least one first
solder layer secured to one side of at least one high
temperéture solder core, and at least one second solder
layer secured to the other side of said at least one high
temperature solder core, S -

{b) placing said solder preform band between said
semiconductor substrate and said cover to form a sub-
assembly, and

(c) placing said sub-assembly in a thermal

environment and reflowing said first and said second

solder layers without reflowing said solder core layer
such that a hermetic seal band is formed between said
substrate and said cover.



(c) placing said sub-assenbly in a thermal environnent and
reflowing said first and said second sol der layers w thout reflow ng said
sol der core | ayer such that a hernmetic seal band is formed between said
substrate and said cover. 7 In
yet another aspect this invention conprises a process for formng a
hernetic seal band between a cover and7a sem conductor substrate,
conprising the steps of: (a) securing at |east one first solder |ayer
to said substrate, and form ng a first sub-assenbly, (b) securing at
Iegst Onﬁb isec,ond sohdefet ayAbthér SaishetdVethiANdn{ ot dig aoﬁgeasdsd a

sub- assenbl vy, c p a one_hig eMs re sol der core
pr ef or m bet V\egﬁogg?é )F?Ir:s gghgggséeh%ﬁ/&%h% Ss%lqrbs_“}encon(ftg{;é-nasaseérﬁ) G‘S/r such
that said fir8&Pdsd| HRRIFARBICEAT] SERSErate ortPRAIFdNg| Eherskepivith sai d
soLder C?}LF, to foray a sdeurimyilatagsashl yne first( dbldatgr?y@rs@ (i?fir& _rg

sub- assenbl y t refil [ I rst and sai
second sol dergpggg}r%@%\ﬁt %u[glc_grlre“%%g\?\ngné’ilg% sdof2i grgggg & layer such that a
hernetic seal band(®Pk f MBS viidfenledild UDsEPaPRd affildear d leyeer to

In still yet saddhesvespenid tfdrmingvanseédnd Gib-asesmplpy ocess for form ng
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sol der layer 1S In direct contact sal d cover,

form a third sub-assembly, _

(d) placing said third sub-assembly in a thermal
environment and reflowing said first and said second
solder layers without reflowing said solder core layer
such that a hermetic seal band is formed between said

substrate and said cover.

In still yet another aspect this invention comprises
a process for forming a hermetic seal band between a cover
and a semiconductor substrate, comprising the steps of:

(a) forming at least one solder preform band, where
said solder preform band comprises of at least one first
solder layer secured to one side of at least one high
temperature solder core, ' -

(b) securing said solder preform band to said cover
such that said first solder layer is in direct contact
with said cover,

(c) securing at least one second solder layer to the

" perimeter surface of said substrate,

(d) placing said semiconductor substrate and said

cover to form a sub-assembly, such that said solder core

is in direct contact with said second layer,



(c) securing at |east one second solder |ayer to the perinmeter surface of

sai d’substrat e, (d) placing said sem conductor substrate and said
cover to forma sub-assenbly, such that said solder core is in direct
contact with said second | ayer, 8
(e) placing said sub-assenbly in _a thermal environnent and

reflow ng said first and said second sd@ der | ayers w thout reflow ng sai d
sol der core | ayer such that a hermetic seal band is formed between said
substrate and said cover. BRI EF DESCRI PTI ON OF THE DRAW NGS The
_features of the inyention diegddieged dande subralssaabdlyhe ial erent shermal
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appended cl ai s draw ngs are ustration poses on and are
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t he drawi ngs. siibe ithaenta OInelrtneeié sealeiend bmhfasmed begaeienatsatd and
nmet hod of ope i erstood by reference to the detailed
description vv%u&%:!?le?%? vvs %%edrjl%loh}agonj unction with the acconpanyi ng

drawi ngs i n which: Figure 1, illustrates a preferred enbodi nent of
this invention, where a cover has been secured to a sem conductor

substrate usi ﬁglgpeoﬁﬁ,gﬁ;.rﬁﬁ@lofb%ﬁg Bfmﬁﬂllés invention to forma

senm conduct-or ~Todut e

The features of the invention believed to be novel .
and the elements characteristic of the invention are set .
forth with particularity in the appended claims. . The
drawings are for illustration purposes only and.afe not
drawn to scale. Furthermore, like numbers represent like
features in the drawings. The invention itself, however,
both as to organization and method of operation, may best
be understood by reference to the detailed description
which follows taken in conjunction with the accompanying
drawings in which:

Figure 1, illustrates a preferred embodiment of this
invention, where a cover.. has been secured to a
semiconductor substrate using the solder seal band of this
invention to form a semiconductor module.

Figure 2, illustrates an enlarged view of the corner

"A" as shown in Figure 1.

Figure 3, illustrates an enlarged view of a corner of
"another preferred embodiment of this invention.



Figure 2, illustrates an enlarged view of the corner "A" as shown in Figure

1. 7 ‘Figure 3, illustrates an enlarged view of a corner of another
preferred enbodi ment of this invention.

9 : Figure 4, illustrates one mnmethod of nmaking the preferred
enbodi mrent of this invention using a preforned sol der seal band.

Figure 5 illustrates another method od making the preferred embodi ment of
this invention, where a preforned solder seal band is first secured to a
cover. Figure 6, illustrates yet another nethod of naking the

preferred enbodi neagueé th]s iMMetdades one Mgt 6f | mhushgat epestil |

anot her neth o) | S|

DETAI LED DES |S%Fg%ﬁogg‘?hglﬁ“€NféN$%o%glgwg%ﬁgn a lféseim o%dg%tgg{i&e%ul eis
pover ed the Keafegeferhteandy the seni conductor el ements causes the
substrate and cap to heat. The anount that each conponent heats up

conbined wth c@np her 0 e
det erm nes hom/nucﬁ&?ﬁ% génggﬁght§g§e%n§ng%he§ ﬁggh§?e3§n8%ﬂ§ﬂﬁ€£§ﬁgthe
expansi on of PEgéerred embodiment of thlS 1nventlon, where a preformed

solder seal band is first secured to a cover.

Figure 6, illustrates yet another method of making
the preferred embodiment of this invention.

Figure 7, illustrates still another method of making
the preferred embodiment of this invention.:

" DETAILED DESCRIPTION OF THE INVENTION

When a semiconductor modulé is powered the heat
generated by the semiconductor elements causes the
substrate and cap to heat. The amount that each component
heats up combined with that component's thermal
coefficient of éxpansion determines how much the component
expands'. Any difference between the expansion of the
substrate and the expansion of the cap causes a strain in
the seal (that attaches the cap to the substrate). The
strain in the seal is proportional to the difference in
expansions, and inversely proportional to the thickness of
that seal. The current invention is a novel seal
structure that is stable, reliable, and much thicker than

“traditional solder seals, and is therefore able to
accommodate many times as much expansion mismatch between
a cap and the substrate as traditional solder seals.



substrate and the expansion of the cap causes a strain in the seal (that

attdches ithe cap to the substrate). The strain in the seal is
proportional to the difference in expansions, and inversely proportional to
t he thi ckness of that seal. The current invention is a novel seal
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conductive materi aFiQﬁresray amk ppaliledtoate 4 rp&-e@epmeddemmdmmfoﬁ he

chip 16, SUChathEs%ﬂiég%o&ﬂfé% 06 L ls | ERIPREL WRAN LD IR, 16.
and a cap or cover e cover , aced over COV
protect the least one chip 186, first secured to a substrate or

module 10, via a plurality of solder connections 14, such
as, solder balls 14. The substrate 10, could also have
one or more electrical device(s) 18, such as, for example,
a decoupling capacitor 18, that is also electrically
connected to the substrate 10, via solder connections 14,
such as, solder balls 14. An optional thermally
conductive maﬁerial 28, may. be applied over the exposed
surface of the chip 16, such that a direct thermal contact
is made between the chip 16, and a cap or cover 20, when
the eover 20, is placed over to cover and protect._ the
electronic elements, such as, chip 16, decoupling
capacitors 18, solder connections 14, etc. A cap sealant
or solder seal 23, is then provided, in order to secure
the cap or cover 20, to the substrate or module 10.

The material for the substrate 10, is typically
selected from a group -comprising alumina, alumina with
glass frits, aluminum nitride, borosilicate, ceramic,
glass ceramic, to name a few.



electronic el ements, such as, <chip 16, decoupling capacitors 18,

sol der connections 14, etc. A cap sealant or solder seal 23, is then

provi ded, in order to secure the cap or cover 20, to the substrate or
modul e 10. The material for the substrate 10, is typically sel ected
froma group conprising alumna, alumna with glass frits, alum num
nitride, borosilicate, ceranmc, glass Weranic, to nane a few

The material for the cap or cover 20, is typically selected froma group
conprising alum na, alum num alumnumnitride, conposites of alum num and
silicon carbide, coppematePPREr fbynghie bapCbiarcdvidityaro,i rayeg@@i@@iwt h
copper), S'|V§E1EEE¥§r kgg+eggate90§%trbgﬂlver}lan% gh Qs t fuﬁ‘nﬁmto name
a few Sem_ conduct or enment , é ecou g Capacitors
18, to name adiBRANERe RiE A8 yC@F"@@FIiFéél | 9f ccﬁir‘n’é‘é?é@ tén?‘hes%lﬂﬂﬂfr ate
10, and wher eicarbbee gl eésppéalcopperetiungstés, naival (I nsalkechpfedriaad group

conpri si ng ofw§ghd%58P§L> §9k9§£ g?hU?P 1h§%ééﬁ%€éd“%ﬂ%ﬂ %%e sﬁﬂstré%e 10,

hi gh-nel ting point
is typically §é&8¥%dtkt‘%r%9%foeﬁ% “@I‘“ecér d°¢not shown) via electrical 1/0
(1 nput/ Qut put) rrEaSQmBé.’ontﬁufﬂbra%J.eft@htexaﬁip&:le aq)l eRipd. 16, détouwglimnal

hoat oMoVl MIcHRLEEoRD: 181°Po 2 faily "5  red) MacB” (OB RRY CEELNeald) DO

secured to the over

mechani cal neSABNeStRH e t%@cRHRﬁQ?%ﬁQM&?raeﬁésWVér?hﬁeth%wﬁJ%ﬁt#ﬁﬁﬁi(ﬂ| P,
to nane a fewcoansttide wetbxh:masrt aelletbed NExdm @ glkodp, cé@pﬁﬁr@mﬁo The

heat sink 36, ha oL.Jm.e h t
earlier, the o ?#%%af%ﬁé \é?lggﬁgoéon wii % 'E')eﬂ% gego‘be vveseozlﬁe' chip
16, and the c&ﬁghvme¥%ﬁﬁﬂ(ﬁﬂkﬂ§ gelderi cpimu W&ﬁﬁ: @Paﬁéﬂ%rap%RWr\n a the-
heat sink adhesi verRd, suisstiere Qul, daltypicallyes@stirel dry L bodrd or
card (not shown) via electrical I/0 (Input/Output) means

32, such as, for example, ﬁins‘32.

An optional heat removing device 36, such as a heat
sink or heat spreader 36, can be secured to the cover 20,
such as, by using adhesive 24. However, otﬂer mechanical
means, such as, a double-sided adhesive tape, one or more
clip, to name a few, could be.used to attach the heat sink
36, to the cap 20. The heat sink 36, could also have one

. or more heat fins 38.

As stated earlier, the optional thermal compound 28,
may be placed between the chip 16, and the cap 20, to
provide an efficient heat transfer path via the- heat sink
adhesive 24, to the (optional) heat removing device 36.

Figure 3, illustrates an enlarged view of a corner of
another preferred embodiment of this invention. As shown
in Figure 3, the cap 20, has an extension 22, having

" surface area 21; to accommodate the cap solder seal 23.

Now referring back to Figures 1, 2 and 3, a picture-
frame type area 11, is provided on the peripheral edges of
the surface of the substrate 10. A similar picture-frame



Figure 3, illustrates an enlarged view of a corner of another preferred
enboti ment of this invention. As shown in Figure 3, the cap 20, has an
extension 22, having surface area 21, to accommobdate the cap sol der seal

23. Now referring back to Figures 1, 2 and 3, a picture- franme type
area 11, is provided on the peripheral edges of the surface of the }
substrate 10. A simlar picture-frane 12 12

type area 21, is also provided on the peripheral edges of the surface of
the cap or cover 20. The inventive solder seal 23, is then used to secure
the area 11, tgper azedl21such &bad tfmwiuﬁnzﬂh the permphéral | gdgealefl to

the SUbStratetLQ sur aEQroﬁe%Bébé$ %tébJJE3jﬂﬂ dghe EHbéanGéuéglééaIed

area 21 and 11, on the ca strate 10, respective

with a sol der &6P¢ Rdyers FSP“ek‘éﬁﬁl éo geruger the Ieh 'ert% "P’é?/%r

ni ckel . Thi sutchanehshapde sohper20)et tablleemsnatiigedl{]l saade?ll, tos tlyqs)l cally
bet ween about qubgtggtgolgbout 2.5 mMm w de. Therefore the placenent of
al | devices, such as, for exanple, chlgs 16, decoupl.ing capacitors 18,-

etc., nust be rest F‘PEt éf?ttt(?bdélﬁ’t Hia thes §9%d8Ere "fl}%epéﬁgE‘érilfrWﬁ chis
typi cal ly | essrehan280 qed ceht, ofont heheubsapat20,10 antiopsabstaate ar b,

The 2P, Of Coxgbpdltal8iyyPlAA! plabba® VR A0S AIANEC ShyBroOTRES { ©

material and in host cases it is perrranent secured to the upper or top
surface of th&X8HBiErafe laper ofrigeld |€"e’aoﬂela§?¥ n@fi ppcked- orBkst
mechani cal andrahlmem sh&pedu soldex t wetehbtér i matfdceat alesand tma, sulsstrat e

10, such as, %9piEXR0P 1|._ rPal:@utS(il geﬁmb&glgboiu% zdgcmp,],j_&g capacitors

18, and any exposed rreta circuitry on the substrate 10. [t is
wel | known that. a Fgﬁﬁeﬁ‘??:?h "’ca%laﬁ?me&t |°ﬁ t"‘l’ré eﬁﬁl‘é%?de?u%léa?52§°’6r any
m sal i gnment ekatptecaghdfs Huldbcoapllinhgi capacitiorsyilél detossesust Heese

losses coul d bggeihet88tt8! be within this picture frame area 11, which
is typically less than 80 percent of the substrate 10, top
surface area. .

The cap or cover 20, is typically of a metal or a
ceramic or a composite material and in most cases it is
permanently secured to the upper or top surface of the
substrate 10. This is done primarily to prevent
mechanical and chemical injury to the electrical features
on the substrate 10, such as, for example, chip 16, solder
balls 14, decoupling capacitors 18, and any exposed
metallurgy or c¢ircuitry on the substrate 10. It is well
known that a leak-in the cap 20, or in the cap solder seal
23, or any misalignment of the cap 20, could result in
module vyield losses. These losses could be substantial
for an expensive module 10.

The inventive solder seal 23, basically comprises of

‘"at least one thick solder core 43, that has at least one
first solder layer 41, and at least one second solder
layer 45, on each side of the core 43. The thick solder
core 43, has a different chemical composition than the



for an expensive nodul e 10. The inventive solder seal 23, basically
conprises of at |east one thick solder core 43, that has at |east one first
sol der | ayer 41, and at | east one second sol der |ayer 45, on each side of
the core 43. The thick solder core 43, has a different chem cal conposition
t han the 13 first layer 41, and the
second sol der | ayer 45, such that t heldrel ting point of the thICk sol der
core 43, is higher than either of the interconnecting solder |ayers 45 and
41. In this manner, the first and second sol der | ayers 41 and 45, are

refl owed for dtitathheyweroflf tmxd:atmez&,ecto(ndt belaabsliapde 49, smdhaiHatdrel ting

or di storti ngshbenbll eltg SphagE GPT EndSenscr FofacioW.aPRld ot angidle first

sol der layer 41, an e second so ayer 45, mm e sd
conposi ti on (’éhﬁnt ReEBEEr OThdhe tﬂé‘%‘éﬁ?@“ﬁﬁ?‘t?ﬂgsﬁ@) ﬁ’E) 1P8eFEC|4I5| tande
si mul t aneous #oini Ing Hid ey, 28het pitdle emdbstecahd 40lder lawersamat her

appli,cation, ahh 487 Sl erfolly U SdBindRRl 0P Ind AU g Sefiand ayers

41, 43 and 45 ave different ne ting 30|n S. exa | t1ng
poi nt of the FPPEFTals dl:| agkbhont g@g FH‘%eWoMs‘t%“tghet%l tGtHE¥poi nt
of the secondseblielercdmyer3 .45, and both sol der | ayers 41 and 45, have

mel ting points | owet,. thahe t ggsp@hgt £9fst h@oqug]pqrayt‘eq:rq il ayely 43.

Thi s schenme coul d e used t aC| te a nore serjal attachment’ o the
sol der pr ef or FP235e¢Pg cﬁ"tﬁquFelﬁﬁﬂﬁl %525'“5‘1’ be of the S KSRMRASITEOR t he
sol der pref or (28, thexdforde hven thed gamat helsmhglepojmat)tadﬂ efaridd tAte on t he

cap 20, by reghﬁm écﬂg jqﬁ_lglr §5 r%ltttpgt% %]At?/qr 43. Then
the cap 20, wth att d “sol de ornt cou e att to the
sol der wettabl e ar®er 1fn°6Hthél§?}H§FF&P§'1@ Iy these odANGTENLE oS | ayer
41, without reblde nseasl tiky rdwmeliyhi sbldereldPerors i hasanderas, apaveds.
Thi s procedu&ffféfent?)&mﬁ% gointBaVeroli @R&fple, the melting point
of the first solder layer 41, could be lower than the
melting point of the second solder layer 45, and both
solder layers 41 and 45, have melting points lower than
the melting point of the solder core layer 43. This
scheme could be used to facilitate a more serial
attachment of the solder preform 23, to form the module
25, .
If this scheme is used,  the solder preform 23, could
be attached to the solder wettable area 21, on the cap 20,
by reflowing the layer 45, without melting the core layer
43. Then the cap 20, with attached solder preform_ 23,
could be attached to the solder wettable area 11, on the
substrate 10, by reflowing the solder layer 41, without
reflowing either the thick core 43, or the solder layer
45, This procedure 1is expected to have higher .
" manufacturing yields because the solder to cap-joint can
be established and verified prior to attachment to the
substrate 10. This also facilitates module rework,

because if only the solder interconnection layer 41, is



manuf acturi ng yi el ds because the solder to cap joint can be established and

verified prior to attachnent to the substrate 10. This also
facilitates nmodule rework, because if only the sol der interconnection

| ayer 41, is 14 ref |lowed during cap
renoval , solder interconnecting |layer 45, and the thick solder core 43,
wll remain attached to the cap 20. Thi s reduces the anount of effort
needed to dress the solder wettable area 11, on the substrate 10, prior to
re- cappi ng. The inventive sol der seal structure 23, requires a

tenperat ure hrefiewdy dmeimgtdmp soéderalsediol28r dobprigmefintelayrck core

layer 43, thagshagn@ Hﬁétmgclpog&idéﬁl%ﬂes 4B, guﬂltmﬂhm&am&éne@ #RPints
of both of thggouter |nterc%nnect|n e§ ¥Ers 41 and I n ordc{eéi for this
o]

structure to bR®fE3Bi BPe t GBI FGIP FredmPHET & %nﬁﬁf%ﬂ%uyﬁ?

suf fici ent nafdgéss btheeswlderserefmtbbilagapeantld, ooclthet mabstiade sdl.i d
core 43, dogsjofoto fgﬂéa mgﬁlgnlflcantly soften during interconnection
to the cap 20, an substr '

used jolLning equi pnent, a
margin of 50 [err] BysﬁFbYelﬁ ?flﬁgngofﬁfgcﬁﬁ?%egﬂ't%?qgﬁ'gﬁ &l der
core 43, and tempexﬁtkﬁelhaﬂmarchy aherss thhagobden feain® hderprpmises
Concei vably, 8€VEREeenik f &b FACERIr QXEN thsehﬁaé oaym&mm; r;ﬁﬁu&e tHHtS
nargln Thus h hge preferred e odlnent %éJL ¢h§ oIder | ayer
43, is selectid g TR MR TR PURT (P 2% P& i s at
1 east 50 [err}ﬁrém@meqmargtheyemtlmg ol n#§.of bot roxsi@lrdefor thls

i nterconnecti gprhders f4d BEdfﬁﬁsible tEO%uﬁié”Ehevoiﬁﬁethbﬁ%r%°&%s%9|der
| ayer 43, may om Lead /T|n Lead/ I n T|n/B| nut h or

sel ect ed
Iom1T|n/B|snu?£S%o?ﬂe? ﬁ%f%g?%ﬁﬁ? margin-petpgen) d%ﬁﬁ i PHEE i al 43,
it is preferrsdchhathasad the i rsdlid r asmge of4¢BboudodD tmo'abomeltoo oxer cent

by wei ght, vwémﬁbﬁé&iﬂqp%Jf%ﬁgd&ﬂnenﬁ@%o%aehéwIén@scap 20, For

the Lead/Ind] ”5“ susbstrate %t e WJ.th égmon]:[y ulssed joining egquipment, a
margin of 50 °C or greater in melting points between the
thick solder core 43, and the solder layers 41 and 45, has
been found adequate. Conceivably, advances in furnace or
oven technology could reduce this margin. Thus, in the
preferred embodiment, the thick core solder layer 43, is
selected from a range of materials such that the melting
point is at least 50 °C higher than the melting points of
both solder interconnection layers 41 and 45.

For example, the thick core solder layer 43, may be
selected from Lead/Tin, Lead/Indium, High Tin/Bismuth or
low Tin/Bismuth solder materials.

For the Lead/Tin solder material 43, it is preferred
that Lead is in the range of about 60 to about 100 percent
by weight, with the balance being Tin and any other

" impurities.

For the Lead/Indium solder material 43, it is

preferred that Lead is in the range of about 70 to about



preferred th
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i mpurities.

at Lead is in the range of about 70 to about
cent by weight, with the bal ance being | ndiumand any ot
For the High Tin/Bisnuth solder material 43, it is

her

preferred that Tin is in the range of about 77 to about 100 percent by

wei ght, with
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t he bal ance being Bisnmuth _and any other inpurities.
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efEJ.k}?erd Y iiineS s ;m tHé' Egnéé‘eo@%é%' ql;%r aRLE 29
|& dul e, desi gner ﬁgrem ate that t

. Pl oish thaqbalancs BRing ismush asd oy

ntmhérf cimgpur itdeisos of the sanme el enents (as PbSn), or that the

ing | ayds é’@dtﬁéetﬁi?ﬁﬁefa&‘rb&t@f OgWRl: idd&BorkelcRYon

et conp e materials, such as, Pbln interconnectin
é)"ﬁéer%r QIBI andy o#2onBRY i keI a?"’élr%c"ﬁdt h BBy sheasydt

Lead/Indium or Tin-Bismuth solder materials.

For the Lead/Tin solder material 41 and/or 45, it is
preferred that Lead is in the range of about 0 to about 40
percent by weight,  with the balance being Tin and any
other impurities.

For the Lead/Indium solder material 41 and/or 45, it
is preferred that Lead is in the range of about 30 to
about 60 percent by weight, with the balance being Indium
and any other impurities.

For the Tin/Bismuth solder material 41 and/or 45, it
is preferred that Tin is in the range of about 37 to about
48 percent by weight, with the balance being Bismuth and
any other impurities. )

Using the above solder material ratios by weight, a
module designer will appreciate that the interconnecting
layers 41 and/or 45, and the solder core 43, can be
produced from different ratios of the same elements (as

* PbSn), or that the interconnecting layers and thé core can

be produced from using different, vyet compatible
materials, such as PbIn interconnecting layers with a PbSn
core, or SnBi interconnecting layers with a PbSn core.

Iayers



16 The two interconnection solder |layers 41 and 45, could be nmade from

t he 'sane or different alloys. However, it should be clear to one
skilled in the art that solders fromother systens could al so be used for
either the core layer 43, or the solder layers 41 and/or 45, to provide the
necessary tenperature hierarchy and inter-|layer conpatibility. These

sol ders may include, but not limted tg indiumsilver, tin/antinony,
tin/silver, or alloys thereof, to nane a few Sonme of the sol der
materials |isted above could al so have as nuch as 2 percent copper as well,

or trace quanthki @Go0inbhesn &I Solder 1h{els PPVARUSIE P Goskd Ihed

nmet al | ur gi st }nQQt %pgmsglllecst imonoc%f d§%gg mat er J‘z%)lss for use as the inner core
43, will reduCé®the poten‘fi 21 1%t 9of TPRATeT conneact'i ng layers 41 and 45, in

order to mmintain Hoeewer | gty |shoyiltf beeateay ntq@ne A§iidapeint thexaartas wel |
as to use conmpahtblse1dei-er ifdoh otherd heydddmKnesslDfalde bel dsedcofsy 43,

can be used tQ.fix_t t hickness of ,the fipal er J.9i t |.0i nt
t hi ckness canebiéh?ﬁrgg?, c8§eug? ar a4éf a?lﬁo??e o%gigérj%%tieary%esl gﬁ ,a'g&r;/odﬂavi ng
t he thi ckness48f tife PReEid®Nkbet iNRFasSHREYs tamperapurte hdierpackiceand

AE'Ot Eer way te?asbheupeh ﬂtﬁmﬁﬁsuf 'ilb&di&QLdevrrF]m rﬁoir(ib@snﬁkf? m@m@ﬂ FButgap
t hl ckness equa 1 .1 u oT .. . a t he all ness o SI ang¢lo. S

Cone i oes Paufpe' 1snifel Bedl ‘indion/Glhvbdl PIIARERR, MM e,
t he t hi cknessosfalheyvgdikerasfgetosamgng few. (c) the thickness of

standof fs cont ainegomé $Heth®WES1r Mmdtelriaebdelstéd easernesduny dmyer 41.
In this manne t he refelilred S derrh(e)l t thickness of 1gbout 1.0 nm may be

0
achi eved vvith{'%v?hi% n&¥$ 01 2 %bdut PG SPPElie #%hi & dreogolt(feﬁ'ce43, and

t hen both quantities of other elements.

It is obvious to a skilled metallurgist that the
selection of some materials_for use as the inner core 43,
will reduce the potential list of interconnecting layers
41 and 45, in order to maintain the 50 °C difference in
melting temperatures, as well as to use compatible
materials. !

The thickness of the solder core 43, can be used to
fix the thickness of the final solder joint, or the joint
thickness can be larger, by using a standoff of greater
height, and having the thickness of the interconnecting
layers make up the difference.

Another way to achieve the desired solder gap is to
make the design gap thickness equal to the sum of:

(a) the thickness of standoffs contained in the upper
or second solder interconnecting layer 45,

{b) the thickness of the core solder 43, and

(c) the thickness of standoffs contained in.the lower

“or first solder ‘interconnecting layer 41.

In this manner, the preferred solder joint thickness
of about 1.0 mm may be achieved with a thickness of about
0.8 mm for the thick core solder 43, and then both



17 i nterconnection layers 41 and 45, having internal standoffs of
aboat 0.1 mm Figure 4, illustrates one nethod of naking the preferred
enbodi ment of this invention. Basically, the cap seal ant or sol der seal

23, i's first formed by nethods well known in the art. For exanple, one
could first formthe thick solder core 43. Then at |east one first sol der

| ayer 41, and at |east one second sollder |ayer 45, would be formed on each
side of the thick solder core 43, resulting in the sol der seal structure
23. The sol der seal 23, would then be placed at the desired | ocati on,

such as, areardderVhridleicaP AQyexdd afea didd ofsf hensvbed ratiatdPpadnd this
assenbl y V\ouls}én%rhbeol%l aggd i f thermal environnent 1n order to reflow
the first and second sol §&f" a@'e %1 and 45. After reflow and- upon

cooling a herneti Figage i §.f of ke eat@senonge BeHd atof 182kang tkbkecap 20,

ang_ for m'hng tﬁ%made éin%odqimenh_:i gw]g et®is | Lhesddiaings apeshes1 gt heﬂegf

maki ng the preferre Qdi t_of .this . enti Qn. S
enbodi ment t He55d1% (elrang:ear f?igle]s: Fg?ﬁe%ébyl%%l%% %%é"“ﬁ%t ﬁgdg\eggo? e prior
art. The sol dw@llsduiowns ifnj the prrhcedFoveexamrlejesineegoydd| £agst ofexrmon 21,

on the cap 2Gheinthildk sclderasseabhy. i ST lidasd bher Faksenybi@srent so
that the thin sol de

| aye 5,, refl ows and adher 0, bot h e | der core
43, and the c_aﬁ'efo,i’le{noglnf%réﬁ% ]aeassd:b-onaesssee olné §§?ae%’h%sys]ﬂb§gés‘2§%fy 58, is
then placed dweer formeduinn r gach 1@ideyucef t Whe akleiekl 15oldex n coagt a3, with at
| east a portisgsuditinkye fd r éhe Sabll@ér! ¥l stkructuddi 33asserfd ysoébdéhen

Lo S oo D 59 88,3, ARG s il Sad OEAE“aBFLYEET b0 RS (L
yet another ratdibdasf mEkRn@l-heon ptbeercapd 2hboridenrea ofllvhion - $h&enti on.
In this substrate 10, and this assembly would then be placed in a
thermal .environment in order to reflow the first and
second solder layers 41 and 45. After reflow and upon
cooling a hermetic seal is formed between the substrate
10, and the cap 20, and forming the module 25.

Figure 5, illustrates another method of making the
preferred embodiment of this invention. In this
embodiment the solder seal 23, is formed by any of the
methods of the prior art. The solder seal is first placed
over the desired sealing location 21, on the cap 20, and
this sub-assembly is placed in a thermal environment so
that the thin solder layer 45, reflows and adheres to both
the solder core 43, and the cap 20, and forms a sub-
assembly 58. This sub-assembly 58, is then placed over
the substrate 10, such that area 11, is .in contact with at
least a portion of the first solder layer 41. This
assembly is then reflowed and upon cooling a hermetic seal
‘is formed betweén the substrate 10, and the cap 20, and
forming the module 25.

Figure 6, illustrates yet another method of making
the préferred embodiment of this invention. In this



18 process a thin layer of first solder layer 41, is placed on at |east
a portion of area 11, on the substrate 10, and reflowed to form

sub- assenbly 66. A thin layer of a second solder |layer 45, is placed on
at least a portion of area 21, on the cap 20, and reflowed to form
sub-assenbly 68. A thick solder core 43, is then placed between the :
sub- assenblies 66 and 68, such that, & |east a portion of solder |ayers
41 and 45, are in physical contact with the core layer 43. This assenbly
is then reflowed and upon cooling a hernetic seal is fornmed between the
substrate l10prarubd he €iapn 20ayancof of gty ddleerpdayer281, is pRiagese 7,

illustrates s(;ﬂ Iat q‘rg%tg{er g_.lgggnoéf n%tgagglt hgnp{:ﬁ; &l I%r{i%oqlorreg%dof this

i nventi on. roc first solder |ayer

pl aced on at ’F%%’s‘iwef pg?tlf(ﬂ?"’ofs‘ét? @eseiiblyy Etsn'e sdbsthrih e 13T Rf 1 8f | oved
to form sub- assenhkl \solder lAyéhl a5 | ajerplefcedacnegonikasd] @epolrdion 45, is

preferabl y [idsla SEEUTH e (0 ) CandOLURIohl o For <A aBkehEyknOWn

processes as dj scusse specificatio sub-
assenbly is t#tm pﬁa&é‘dcbnsﬂ]@eEaﬁﬁe 43uchst ﬁ&?“ f‘aF‘é‘ésPeEWﬁﬁ?tFBﬁ of the
area 21, is isultHasssmbllipsi 66| andné&ctsunit ithat, | asteastpar poeioh dlie

second sol dergd auar 1arnd 1 ShioWSd ob@ 1f BYAUAIASREREY dBen cfigrever

for sone applications the secon | ayer |ck sol der core

43, coul d be FWSetP¥patit el ?héﬁd aPﬁ@ﬂb]aYt ighEReR orefitoved, apd ppon
refl ow ng | aymoldng to hermetie sesl assertbikyed Sbelihame the subsasatebl i es

76 and 78, arfthgR RInACedpt gget%% %Os&& RAL r%{cherzsl ayers 41 and 43;
er

are in physical contact WI eac his asse is then refl owed and
upon cool i ng a hefhgure §eali]11§sF6Pﬁ%§l %’é’t’v&ee?ﬁ‘qtl#érs%ﬁl?‘ét gf1making t he
cap 20, and fuher pgefbhereaddmbadiment of this invention. In  this

process a thin layer of first solder layer 41, is placed
on at least a portion of area 11, on the substrate 10, and
reflowed to form sub—assembly 76. A thin. lavyer of .a
second solder layer 45, is preferably first secured to the
thick solder core 43, by any ofi the known processes as
discussed elsewhere in the specification. This sub-.
assembly is then placed on the cap 20, such that, at least
a portion of the area 21, is in direct physical contact
with at least a portion of the second solder layer 45, and
reflowed to form sub-assembly 78. However, for some
applications the second solder layer 45, and the thick
solder core 43, could be formed separately -and then
attached to the cap 20, by reflowing layer 45, to form the
sub-assembly 78. These two sub-assemblies 76 and 78, are
then placed together, such that, solder layers 41 and 43,
are in physical contact with each other. This assembly is

“'then reflowed and upon cooling a hermetic seal 'is formed
between the substrate 10, and the cap 20, and forming the
module 25.



19 There are a nunber of ways of form ng the cap seal ant or sol der
seal 23.. The invented sol der structure 23, can be created in several
ways. | n one enbodinent, the solder preform 23, consists of just the thick
sol der core 43. The preformis then attached to the cap 20, and substrate
10, by using either pre-tinned conponents, or separate preforns 41 and 45,
of the interconnection |ayers on the gubstrate 10, and the cap 20. I n
anot her enbodi ment, the solder preform 23, consists of the thick

sol der core 43, and one of the interconnection |layers 41 or 45. The
preformis attachetere driee aahaabe?lof wiys tdie foapifQ, thorcap esealbht of the
substrate 104, by, 7&f :?@aqughe i nterconnection |ayer 45 or 41, to one of

t he conponents 2.0 and 10, and attaching the thick core to the other
conponent by eit &I rEAVSRGSY SPAA8Fa sl WS Flef Gt XF GEA%edodnysi ng a
pre-tinned cesepareEihtways. In one pmbbéiment entiodistdnier tdre fioref @3m 23, has
all three SoLielsd@y Qs ;ubie chaPLhILR! SOMIECIAR k3YCI b pidityihisgk core

43, and the bottom | nterconnection aéﬁr 41. 1t can be attached to both

conponent s 1BReR 2btachef tAnEBESERP 40t &rhSWOEHERFSt 010 PYhdrdng
attachnment teither qape-2a(nned gospenebky,t ort hepasgte? Qrefiorsis dildankden to

the- substratgs1Ge tne slitedBBhABELPER! EifEh SRAb BRbstdiS SREORTOT upPer

sol der layer 45, "has a hig ting polnt than the lTower or first sol der
| ayer 41. Tbt?ﬁﬂ?ﬁQﬂ%?°high manufacturi ng throughput, high manufacturing
yi el ds, and to prohducanethexbusémbadingart, | dihel , sdlder spdéfogm u28d in

the three difleran bLAYais aLfioe! SoABH-UGel A, tBAa TRkl Ngs Pahgt of the

top interconnection | ayer S her 't han the nelting point o
bott om i nt er tRFRERAMGS Qe tayersyfid or 45. ~ The preform” is attached
to the area 21, of the cap 20, or area 11, of the

substrate 10, by reflowing the interconnection layer 45 or
41, to one of the components 20 and 10, and attaching the
thick core to the other component by either reflowing a
separate thin preform 41 or 45, or ixsing a pre-tinned
component. . i

In one preferred embodiment, the preform 23, has all
three solder layers, the top interconnection layer 45, the
thick core 43,_and the bottom interconnection layer 41.
It can be attached to both components 10 or 20,
simultaneously, or to the substrate 10, before attachment
to the cap 20, or preferably to the cap 20, first and then
to the- substrate 10.

In another preferred embodiment, the second or upper
solder layer 45, has a higher melting point than the lower
or first solder layer 41. To maintain high manufacturing
throughput, high manufacturing yields, and to produce a

~“robust solder joint, the solders used in fhe three
different layers are selected such that the melting point
of the top interconnection layer 45, is higher than the
melting point of the bottom interconnection later 41, and



20 that the thick core solder 43, has a nelting point which is at |east
50 [ierr] € higher than the nelting point of the upper interconnecting sol der
| ayer 45. The manufacturing process to seal nodules 25, for one of the
preferred enbodi ment can be as foll ows; (a) attach solder preformto
the | edge 22, of the cap 20, by reflowi ng top interconnection |ayer 45, .
(b) attach the cap 20, with attached @eform 23, to the substrate 10, by
reflowing the | ower interconnection solder |ayer 41, (c) | eak test
nodule for required level of herneticity. For exanple, for a two
| ayer preformtB3t ehe whitH sbaet svdddr adFanishe ch glafigigngedwitngvhdehe 43,

and | ayer 45. ;IhgsC : dod he: t . hav ictuce frane
areas of sol dérI %ett f%bﬁ%(e& s%d:f a%eﬁqugﬁdEﬁ%? %ggpgg%?b@?y.ﬁop}leTﬁg tsh(‘)al der
wett abl e surf HEBST iptercannectingcfoider aedbi*@ -by sol der, for exanple, an

area with gol d pl arhexgnaaueffactiueii@ly. proceddecd weallagedupesef28 m£A3; one t hen

attached to tge gRb: AP lhibaheRent cH BdasC2B12Qws PY fluxing the cap
20, and laying the ?Eg\foeéll% er ere?or('%meZS,con thesca 20 S'Care shoul d be

p :
taken that the |owklt aFg?EPcﬁﬁﬁ%Fi BRefaxR tasthe sledae ety eC€ofhgct with
t he sol der wetapbte, areae¥llowihhi sopathtatcoamsentby lsyéhers pl aced inside a
furnace and the | ayey 4 | § ¢ f lewed . i | §be
understood that t hgﬂ(’:or%’tﬂf o it_!si@né{a%r gpl'p%ﬁ?%ﬁ%ﬁ%ﬁ%ﬁwggﬁqto

cap/ pref or m cbh®i ABbStratRt lfe PE rREROFIRGNERE t Lovok cinkREFORNPCtioR

resi due. okdeo| darenwdiit,abl e substrate surface area 11, can then be

pre-tinned by fl ux} 9}9. theypigtu r-ags e '53““ 1 d en
pl aci ng a separ at el_t in I;o1€ée](re of'g?{')w ne?‘%]yegol- er }%faugr%gtaheifygrﬂm 'Ig?ea 11,

For example, for a two layer preform 23, one would
start with a sandwich preform having core 43, and layer
45. The cap 20, and the substrate 10, both have picture
frame areas of solder wettable surface 21 and 11,
respectively. The solder wettable surfaces are areas
which are wettable by solder, for example, an area with
gold plating over nickel.

The two -layer preform 23, is then attached to the
solder wettable_..area 21, of the cap 20, by fluxing the cap
20, and laying the two layer preform 23, on the cap 20.
Care should be taken that the low melt interconnection
layer 45, is in secure contact with the solder wettable
area 21. This partial assembly is then placed inside a
furnace and the layer 45, is then reflowed. However, it
should be understood that the core 43, is not reflowed.
After the reflow the cap/preform combined structure is
then cleaned to take away any flux residue. .

The solder wettable substrate surface area 11, can
then be pre-tinned by fluxing the picture frame type
surface area 11, and then placing a separate thin layer of
low melt solder 41, on the frame area 11, and reflowing



21 the solder 41. Any flux residue can then be cleaned by nethods well
known- in.the art. The cap 20, with the preform 23, can then be

‘assenbl ed onto the pre-tinned substrate area 11, by assenbling the two into
a fixture that holds the cap 20, and the substrate 10, together under |ight
pressure, and the substrate interconnection |ayer 41 (wthout any flux), i
then ref lowed in an oxygen deficient 21or otherwi se inert environnent.

Care should be taken that the core layer 43, is not reflowed during this
process. The assenbl ed nodul e 25, can now be tested for any fluid | eaks.
For a three | &per spddkor miz3, Xone flowl drestigue wenh thesameni Cleameds drym

havi ng | ayer smédtnaad #5511 Saqsiwi Ghi Reet Reccore layer 43. Picture frame

areas 21 and 11, solder tabl face ' go I ver
ni ckel ), are for n%ﬁ on ?%e cdp Q’d%hangﬂsu%ﬂeéﬂe 1637 resp‘gctailt‘dlée}?y% *The cap
20, is then peFaebled torta siihst r pre-tionned rﬁglb?ﬁlfaﬁ?ef@?ﬂ@ 23t1.hy bt acki ng

theminto a faxkeBlingt thel €iot 18R t 9oLl NairdINdRi [HoQklls RHRS Bape.20,The
|nterconnect|ondl% ers 41 ang?42P Wgtho t the% x]) re then reflowed, in
hér W

an oxygen déffci ﬁt subgfra er t " SHvi rl&hgr-’erﬁresfueﬁeﬁ &aFe
shoul d be t ak&het fubstrrie ginfercopnechlon|pyan 4defwahkeut CﬁﬁY fduxdhi s

joining procggs.then TREf1836€Mheh D) erd S det 881 EWHY bert estWige any
| eaks. For a,three | ayer econd, .procg %gl d be used.

pr ef
Here one woul 3"€F&r EWATRPECRY &1 orcfoﬁrﬁa\ﬁarh%ﬁgut et ?aaye’}s €45 °%%hi ch
sandwi ch t he daver| #A3r 48§. ndhe refpored wwrimgbsthis e Procegse pr Ghieded

with picture hesgRbé€amoah1e0l 8] VBh! Hoe Bl kasedi -or Jahg Hiadilang over
ni ckel) 21 an 1%8 respectively. The preform 23, is then attached to the

cap 20, by fl the cap 20, and by laying the preform 23, on the
cap 20. The sBbrdea three layer preform 23, one could start with a

sandwich preform having layers 41 and 45, sandwiching the
core layer 43. Picture frame areas 21 and 11, of solder
wettable surface (i.e. gold plating over nickel), are
formed on the cap 20, and substrate 10, respectively. The

i cap 20, is then 'joined to the -substrate 10, using the
preform 23, by stacking them into a fixture that holds
them together under light pressure. The interconnection
layers 41 and 45 (without the flux), are then reflowed, in
an oxygen deficient, or otherwise inert environment.
Again care should be taken that the solder core 43, is not
reflowed during this Jjoining process. The assembled
module 25, can now be tested for any leaks.

For a three layer preform 23, a second process could
be used. Here one would start with a preform having outer
layers 41 and 45, which sandwich the core layer 43. The
cap 20, and substrate 10, are provided with picture frame

-'areas of solder wettable surface (i.e. gold pléting over
nickel) 21 and 11, respectively. The preform 23, is then
attached to the cap 20, by fluxing the cap 20, and by
laying the preform 23, on the cap 20. The solder



22 I nterconnection |layer 45 (but not the thick core 43), is then
refl'omed,, and the area or conbined structure is then cleaned to take away
any remai ning flux residue. The cap 20, having the preform 23, is then
assenbl ed onto the substrate 10, by assenbling the two into a fixture that
holds the two together under 1ight pressure. The substrate

I nterconnection |ayer 41 (wthout thea2plux), (but not the core layer 43) is
then reflowed in an oxygen deficient or otherwise inert environnent. The
assenbl ed nodul e 25, can now be tested for any | eaks. However, for sone
applications oneecoshibeciait Miydr t4 WutClkhaormeprafiekmeéde aB3)onlig high

el sol der 48neft S0LAGIeAICl 4Dl G ST S Lofips A0) b Phaldl AtPTypyokel ).

is then create on the ca esu strate. 10, in a picture Tfrane
pattern in € %a““i’%g"r‘bntalﬁ a‘éﬁiﬂ a“flé’l remadBaRgi Ve‘l"y reSlﬁ‘l‘@ t hih¥e 58gh nel t
preform 43, afgd aasépgr athe |mefoint pezef oilsn 4benamesbhbhedt bathedthieo t he

cap 20, by fluyxphogr-ddie ‘)fé‘P g a%e@mbpm%reﬁéowg h’é‘& %Extf%?:g%%e‘%tﬂa%” | ayer

45 (but not the_core en _c i ng away t
substrate 10, heHd ?het‘P%gl"o‘FPllmg%thtel’Fen“BF@rt|%h‘érbt byPHESFRERg t he THEct ur e
frame surfacesubsichratsepatareohhectiayelapér| aw npvittlgsitdethd 1, fliux)t, hen

placed. The S%@ﬁ nét-: tﬁé‘dcéfhfrhéfézj Q‘di i@nenbRerd41Bie: %' d‘é‘?l 'oizhygl%ﬁ”

cl eaned away e cap 20, w formcore 43 an

assenbl ed on ‘E‘%f’t‘ﬁ’ee‘b"r e°rt9ﬁh%6w%‘iﬁ)s’fff%ﬁte %‘U’“%S’V“&g'éenbfrlhﬁg aﬁ?@“\b\kﬁdl nto a
fixture that inodvbe (2, tcan inogebketesteldrfdn gy peaksure, and reflow ng the

nterconnecti on | aygjedtl (Wduind | isdr LUt oRE! ohEf bamagsrtﬁ%tcwlﬁh' ayer

43) in an oxygen ef1.cl ent or erw'se | nert env]ronnent e assenb

modul e 25, cahPfoik Gt PredPrBng3t &k Lnly highimedl I8 &3car At o one
skilled in thsokdér t hattdisle t éntr£adso df ivent sgdlld ylatdngd overFirguked )5 and 7,
the core is then created on the cap 20, and the substrate 10, in a
picture frame pattern in the region 21 and 11,
respectively. The thick high melt preform 43, and a
separate low melt preform 45, are then attached to the cap
20, by fluxing the cap 20, and then reflowing the
interconnection layer 45 (but not the core 43), and then
cleaning away the flux residue. The substrate 10, in the
region 11, is then pre-tinned by fluxing the picture frame
surface, and a separate thin layer of low melt solder 41,
is then placed. The solder 41, and then reflowed and the
flux residue is then cleaned away. The cap 20, with the
preform core 43 and 45, is then assembled on to the pre-
tinned substrate 10, by assembling the two into a fixture
that holds the two together under 1light pressure, and
reflowing the interconnection layer 41 (without flux) (but
not reflowing the core layer 43) in an oxygen deficient or
“ otherwise inert environment. The assembled module 25, can
now be tested for any leaks.
It should be clear to one skilled in the art that for
the embodiments illustrated in Figures 5 and 7, the core



23 | ayer 43, may be first attached to the substrate 10, rather than to
the‘cap or cover 20. Thi s new sol der structure has several cost and
reliability advantages. This is because the new thick solder structure 23
(conprising |layers 45/43/41), has the ability to accommpbdate a greater
range of expansion m smatches between the cap 20, and the substrate 10. One
potential savings is that cap TCE sel2&tion can becone | ess product

speci fic, which can reduce the nunber of required designs, and be
subject to price volunme discounts. Anot her potential savings is that

since a greatghyEéANGs, | Ray OHRANE] QNS aE8AchdE +BCCHBOHAbSErat£aA o, TCE
tol erances can %e I ncr eased significant reduci ng cap costs. The

| ]
great est expetREYET IR hdifeftiPE FaPy ﬂ’étc?%esrs pensive cap materials, with
| ess opti mum TCE pFloprer tiees caddaow berustatreas haat ese¢wdxaf orcaste e@ad 20.

f\”Ot her bzg/ezg%}liébiﬂ?éy tQ&ﬁaé@é&r. st ‘I‘!{i‘l‘iguri% tzﬁec(éi@@{ﬁh"é nﬁgwt !%‘ﬁic'iEE]E al
ayers . e |.ncorporate nto e | si gn or
si gni fi cant e‘ft?%‘%%‘? o%%r‘?/‘?‘?:“sr@alzz‘xr ISR FL )9 iayeﬁoﬁ(zﬁ’yggr)f’o n('::g‘e
advant age i s abhlithi $£d nwedompndabe ad | gyadtermpdange desli grespamnisdoopt i on

of usit ng C?psmi‘érﬁf'téﬂéﬂqq{eﬂd&hd thrr%feceagrﬁbi,vsﬁ&e%h? féizlfbs][t@‘alﬂ%eqwﬂi Bne
operating tenperatures, an erefqre | onger u e. e

advant ages OPB%%e’étf’eét r BAY PR c ke gt |"e‘g’1§)u8ﬁf%‘éé%% 678 &e&?f“SSed in
this patent ape$$cawrodnctr esprificoucihizh cam ceducef thiee pamiheiyeofay be

reduced by (areQRSRd'Y 88sidyes,TChad@! ehb@8NCBuBReE8PStoan@kte( bvoigfeof |ess
expensi ve cap,paterials. Furthernore, this invention provides a

hi gher perf or HRCRMYSi on for some packages, because ceranic caps-
Another potential savings is that since a greater

range in expansions can be accommodated, cap TCE
tolerances can be increased significantly, reduéing cap
costs. The greatest expected cost benefit is that less
expensive cap materials, with less optimum TCE properties
can now be used as materials for the cap 20.

Another benefit is that this. solder structure 23
(comprising the metal layers 45/43/41), may be
incorporated into existing designs for significant
extensions in seal reliability.

Another performance advantage is that this invention
can allow the module designer the option of using caps
with higher thermal conductivities, for reduced chip
operating temperatures, and therefore longer module life.

The advantages of an electronic package or module
such as the one disclosed in this patent application are
many. Such as, the cost of the package may be reduced by
(a) opening up the TCE tolerance on caps, and/or (b) use

" of less expensive cap materials.
Furthermore, this invention ©provides a higher

performance option for some packages, because ceramic caps



24 may be replaced with caps of higher thermal conductivity, reducing
chip operating tenperatures. The structure and process of this

I nvention offer several advantages over prior art. For exanple, it allows
use of caps which have higher thermal conductivity, i.e., Wu, A SiC,
conposites of Cu & Invar, Cuvar, SilVar, to nane a few, and/or |ower cost.
As a direct replacement for existing, solder seal packages, It
provides a significant inprovenent in seal reliability. Anot her
advant age of the present invention is that the option for nodul e

rewor kabi |l it ymag bai peplaedd whtikhcafeaps HitheroshetfiasceapdhessestyEown.

EXAVPLE regneln% Oéljlpam rael?.@'r{gpltgm ééatl&]’[:g§nded to further

i1lustrate the invention and I's not i ntended to limt the scope of the
invention in any nBifestructure and process of this gigygptpon offer \yth
the current | aeeatabmdtdetaygns seleteprienl art £sHors exanple api€ el Idws

substrate 10, u88P8Eakhgl ghiehohhve ChiyilR Al cénlulli R0, YRl CLLY

about 1. 0 mm i nt er conmecti on structure o i‘nverti on
was assenbl ed"RavPh§ia- &opePraitee RfeFdr &hylt&Tsi SURE . WilYamhe to

preferred enbodmeent few,Thad/op iTvwerceosect i s |ayeirdd, hepladmEnt96. 5.
percent Sn wi ab per, Ag ea mel;tin ksof 4 he
€8y %&séiﬁg 568 Er ’s_?%'i k:’ ?2& %QS 1tt %f%q; 8

| ayer 45, to be abou [err ore | ayer aout 90
percent Pb an8igpibiganniimgrovgment &Pe%t?*’é]d reldgbilagy-

Another advantage of the present 1nvention is that
the oth.on for module. reworkability is maintained, th.ch
keeps the cost of scrap losses down. -

EXAMPLE

The following example is intended +to further
illustrate the invention and is not intended to limit the
scope of the invention in any manner.

EXAMPLE 1

With the current invention, the new solder seal
results in a cap 20, to substrate 10, separation of about
0.3 mm to about 2.0 mm, and typically about 1.0 mm.

A solder interconnection structure of this invention
was assembled, having a temperature hierarchy consistent
with the preferred embodiment. The top interconnection

“layer 45, had about 96.5 percent Sn with about 3..5 percent
Ag, creating the melting point of the layer 45, to be
about 221 °cC. The thick core layer 43, had about 90
percent Pb and 10 percent Sn, which created a melting



25 poi nt of about 300 [err]C for core |layer 43. The bottom

_interconnection |ayer 41, had about 63 percent Sn and about 37 percent Pb
whi ch created a nelting point of about 183 [err]C for the layer 41. The
nodul e 25, was then |leak tested and it was shown to be hernetic.

Whil e the present invention has been particularly described, in conjunction

with a specific preferred enbodi nent, 25it is evident that many

alternatives, nodifications and variations will be apparent to those
skilled in the art in light of the foregoing description. It is therefore
cont enpl at ed RH&AE the appeiidePOc| 3¢ nowi |dorenbrauwse 4hy  Brghbottom

al ternati ves inte@dohnheations 1ayerd ¥8) i ahidonvhoat el | pagcwht high thgqt rue

scope and spigi.t,.0fkt i,nvent | . :
e eildae 7" BE-BERE Y YAy 8uqo 3 edsing, PoRRFLPAGREOWE et ¢
seal band betlfiden@ for Ebgelawps 4lseniTendindude SFpstwas ethemnpesking t he

steps of: tested and it was shown to be hermetic.

While the present invention has been particularly
described, 1in conjunction with a specific preferred
embodiment, it is evident that many alternatives,
modifications and variations will be apparent to those
skilled in the art in light of the foregoing description.
It is therefore contemplated that the appended claims will
embrace any such alternatives, modi fications and
variations as falling within the true scope and spirit of-
the present invention.



(a) formng at |east one sol der preform band, where
pref orm band conprises of at |east one first sol
one side of at |east one high tenperature sol der
second sol der | ayer secured to the other side of sai
tenperature sol der core, (b) placing said sol de
sai d sem conduct or substrate andzgaid cover to f
assenbly, and (c) placing said sub- assenbl
environment and reflowi ng said first and said second
wi t hout reflow ng said solder core | ayer such

sai d sol der
der | ayer secured to
core, and at |east one
d at | east one high
r preform band between
orm a sub-
y in a thernal

sol der | ayers
that a hernetic sea

band is forned bet ween sai d substrate and said cover. 2. The
process of Claim1, wherein the nelting point tenperature difference
between said high nelting ®QA firg SOl der core and said at |east one
first and/or second sol der interconnection |layer is at |east about

50 C 27 3. The process of Caiml,
wherein said first and sai d second so] der Lntercgngecti%n Iaxers have

the same el t thg PSRt LOF AOTMHid B Bdatist ®
first and said coyerorahd o deenigendusiore ubstraby
mel ting points. steps of:

alnFT? wﬁEP8|ﬂ gai d
er sompyésing f shent

(a) forming at least one solder preform band, where
said solder preform band comprises of at least one
first solder layer secured to one side of at least
one high temperature solder core, and at léést one
second solder layer secured to the other side of said
at least one high temperature solder core,

(b) placing said solder préform band between .said
semiconductor substrate and said cover to form a sub-

assembly, and f

(c) placing said sub-assembly in a thermal
environment and reflowing said first and said second
solder layers without reflowing said solder core
layer such that a hermetic seal band is formed
between said substrate and said cover.

The process of Claim 1, wherein the melting point
temperature difference between said high melting
point solder core and said at least one first and/or
second solder interconnection layer is at ieast about
50° C.

* c L n S *



5. The process of aim1l, wherein said first sol der I nt erconnection

| ayér” has a | ower nelting point than sai d second sol der interconnection
| ayer. 6. The process of daim1, wherein material for said at

| east” one first and/or second sol der interconnection | ayer is sel ected
froma group consisting of | ead/tin, l|ead/indium tin/bisnuth,

I ndi unt si | ver, tin/antinony, tin/sylver, and all oys thereof. 7. The
process of Claim 1, wherein said first and/or second sol der

i nterconnection layer is of a lead/tin material, and wherein said | ead

is in the range of The paipgassOotfoCdladut 140wperebmtsdid weingit .and $aid The

process of Claim 1sewﬁﬁaelsta>1%@rd iﬁﬂe&tco%@éeion 1a$&EONHav8OldR! same
i nt erconnecti on | ead/i ndium material, and wherein

said lead is in th@gﬁglngaﬂﬁb“%f about 30 to about 60 percent by weight.

28 9. The process of Caim1l, wherein said first and/or second
solder interconnection layer is of a tin/bismuth material, and
wherein said tin i

4, 'i‘he prgcess ofa%qe of abo terg)n?ntsoalt.P()}:J;I:Erslk:8 é)r?c{ Cean:;Fd by

second solder interconnection layers have different

wei ght .

melting points.

5. The process of Claim 1, wherein said first soldexr
interconnection layer has a lower mélting_poipt‘than
said second solder interconnection layer. )

6. The process of Claim 1, wherein material for said at
least one first ahd/or second solder interconnection
layer is selected from a’ group consisting of
lead/tin, lead/indium, tin/bismut;h, indium/silver,
tin/antimony, tin/silver, and alloys thereof.

7. The process of Claim 1, wherein said first and/or
second solder interconnection layer is of a lead/tin
material, and wherein said lead is in the range of
about 0 to about 40 percent by weight.

8. The process of Claim 1, wherein said first and/or
second solder interconnection layer is of a
lead/indium material, and wherein said lead is in the

range of about 30 to about 60 percent by weight.

s



10. . The process of Claim1l1, wherein said first and/or second sol der

i nt'r dorinect i on | ayer is a mxture havi ng up to about 2 percent content
by wei ght of copper or alloy thereof. 11. The process of Caim1l,
wherein material for said high nmelting point solder core is selected
froma gr oup consi sting of | ead/ tin, | ead/ i ndi um
tin/bismuth, indiumsilver, tin/antinmmy, tin/silver, and al |l oys

t her eof . 12. The process of Claim1, wherein said high nelting poi nt
solder core is of a lead/tin material, and wherein said lead is in the

range of abo@t. 60The procassutoflOO0lpbmcent Wheretnglsaid filk3kt Tardpsocess of
Caiml, wherein §éb9n8' 9@&1%'&:' ngmteréHHn@EtEtherla%E:e | 5 0f

| ead/ i ndi um materia wher ei n sal ead.is the ran g. of %bout 70
to about 100 BéPé’Bh?"“bE/“ VR el FEehP o%%’s% 5 i iR 15PSvher ei n
sai d hi gh nel ti ngrange pof ntbadi ddr tooabous 3 pendemtbbynwehghtterial, and
29 wherein said tinis in the range of about 77 to about 100

percent by wei ght.

~10. The process of Claim 1, wherein said first and/or
second solder interconnection layer is a mixture
having up to about 2 percent content by weight of
copper or alloy thereof.

11. The process of Claim 1, wherein material for said
high melting point solder core is selected ffom a
group consisting of lead/tin, lead/indium,
tin/bismuth, indium/silver, -tin/antiinony, tin/silver,
and alloys thereof.

12. The process of Claim 1, wherein said high melting
point solder core is - of a lead/tin material, and
wherein said lead is in the range of about 60 to
about 100 percent by weight.

13. The process of Claim 1, wherein said high melting
point solder core is of a lead/indium material, and
wherein said lead is in the range of about 70 to
about 100 percent by weight.

14. The process of Claim 1, wherein said high melting

point solder core is of a tin/bismuth material, and

A RO



15. The process of Claiml, wherein said high nelting poi nt sol der
core’is of a tin/bismuth material, and wherein said tinis in the range
of about O to about 20 percent by weight. 16. The process of Caim
1, wherein said high nelting poi nt solder core is an alloy having up to
about 2 percent content by weight of copper or alloy thereof. 17..
The process of Caiml, wherein at | ezt one heat renovi ng device is
secured to said cover. 18. The process of Caim1l, wherein said
substrate has at | east one sol der wettable area of gold plating over

ni ckel , and wher eivherel@r 6a@8 0&nSHé disalderangbt abl &oout Ar & labogecur ed

to sai d sol der Ia%%h du&%ggtsglder. refl ow. 19. The process of Caim

1, wherein said cover “hascar Y w2 one sol der wettable area of gol d
pl ati ng over ni ckel, and wherein a portion of said solder wettable
area ' is secured to said solder |layer during solder refl ow.

30 20, The, proGess Lol Mo HShe'r) hetdih da SRt meiting
point solder core is of a tin/bismuth material, and
wherein said tin is in the range of about 0 to about
20 percent by weight.

16. The process of Claim 1, wherein said high melting
point solder core is an alloy having up to gbout 2
percent content by weight of copper or alloy thereof.

17. ' The process of Claim 1, wherein at least one heat
removing device is secured to said cover.

18. The process of Claim 1, wherein said substrate has at
least one .solder wettable area of gold plating over
nickel, aﬁd wherein a portion of said soldexr wettable
area is secured to said solder layer during solder

reflow.

19. The process of Claim 1, wherein said cover has at
least one solder wettable area of gold plating over
nickel, and wherein a portion of said solder wettable
area is secured to said solder layer during solder
reflow.

L
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sol der preformband is first secured to said cover.

21. The process of

Clarm 1,-wherein material for said substrate is selected froma group
consi sting of alumna, alumna with glass frits, alum numnitride,
borosilicate, ceram c and gl ass ceramc. 22. The process of Cdaim
1, wherein at I|east one el ectrical connection is secured to said
substrate, and wherein said el ectgical connection is selected from
a group consisting of solder ball, solder colum, |ow nelting point

sol der, high-nelt

I ng poi nt sol der, pin or wre. 23. The process of
Claim1l, wher2on athd epsbc@ﬁe of &l ricalhet&ienini stegcuried kaigai d

substrate, and g%kd SLS% /d C&'r ¢ caE ”;Eea Stoseéaei% e LLom a
group consi sting 5? sen1 on ecou ? paci t or 24.
The process of Caim1, wherein naterlal for sald cover i s sel ect ed

froma group consisting of al um na, al um num al um numnitri de,

coMposi tes of y2l Ui hrocedNo8! Id1G0R G2 NhifesSORRGeri39PPES: | HOGS! €N

cuvar, var,

oys ereo rocess

formng a her neu@"é@é:lralfr&ndl%eﬁﬁé@ﬁtsd from a group comsisting of

22.

23.

24.

alumina, alumina with glass frits, aluminum nitride,
borosilicate, ceramic and glass ceramic.

The process of Claim 1, wherein at least one
electrical connection is secured to said substrate,
and wherein said electrical connection is selected
from a group consisting of solder ball, solder
column, low-melting point solder, high-melting point
solder, pin or wire.

The process of Claim 1, wherein at least one
electrical element is secured to said substrate, and
wherein said eiectrical element is selected from a
group conSLStlng of semiconductor chip or decoupling
capac1tor

The process of Claim 1, wherein material for said
cover is selected from a group consisting of alumina,
aluminum, aluminum nitride, composites of aluminum
and silicon carbide, copper, copper-tungsten, cuvar,
silvar, and alloys thereof.

e
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cover and a sem conductor substrate, conprising the steps of: (a)

secar'i hg> at | east one first solder |layer to said substrate, and form ng
a first sub-assenbly, (b) securing at | east one second sol der | ayer
to - said cover, and form ng a second sub-assenbly, (c) placing at

| east one hi gh tenperature sol der core preform between said first )
sub-assenbly and said second sub-ggsenbly, such that said first sol der

| ayer and said second sol der | ayer sandw ch said sol der core, to forma
third sub-assenbly, (d) placing said third sub-assenbly in a therm

environnent agyl ref [RW-REsS @bd Ea&-;ﬁinensl RélRksRCceRd1 banaob@eaeéﬁysrs
w t hout reflow ng said solder co ernetlcsgeal band

i s forned bet WX FTs &Y s%b%?‘?’a‘f%‘déﬁ?d"o alsd‘%(§§5%{;e' Cg‘ﬁ%rls%\n%r

Bss for
form ng a herneti ¢tepal olfand bet ween a cover and a sem conduct or
substrat e, conprising t he steps of : (a) forning at | east one
sol der preform ba der reforn1 nd.co ses. of at
| east one fi rgf&')sofﬁgprfﬁ? dtt s]eeca(frq-‘e(?"feo ShEL sﬁod'éia(ﬁ l&?’nge one

hi gh tenperature sgbgtrateseand forming a first sub-assembly, 32

(b) securing at least one second solder layer to
said cover, and forming a second sub-assembly,

(c) placing at least one high temperature solder
core preform between said first sub-assembly and said
second sub-assembly, such that said flrst solder
layer and said second solder layer sandwich said
solder core, to form a third sub-assembly,

{d) placing said third sub-assembly in a thermal
environment and reflowing said first and said second
solder layers without reflowing said solder core
layer such that a hermetic seal band is formed
‘between said substrate and said cover.

26. A process for forming a hermetic seal band between a

cover and a semiconductor substrate, comprising the
steps of:

(a) forming at least one solder preform band, where
said solder preform band comprises of at .least one
first solder layer secured to one side of at least
one high temperature solder core,

ey



(b) securing said solder preformband to said cover such that said first
-soldeér layer is in direct contact with said cover, (c) securing at | east
one second sol der layer to the perinmeter surface of said substrate, (d)
pl aci ng said sem conductor substrate and said cover to forma sub-assenbly,

such that said solder core is in direct contact with said second | ayer ,
(e) placing said sub-assenbly imy a t hermal environnent and
reflowing said first and said second sol der |ayers wi thout reflow ng said

sol der core | ayer such that a hernetic seal band is fornmed between said
substrate and sai(#)cogefuring said solder preform band to said cover

such that said first solder 1layer 1is in direct

contact with said cover,

(c) securing at least one second solder layer to the

perimeter surface of said substrate,

(d) placing said semiconductor substrate and said
cover to form a sub-assembly, such that said solder
core is in direct contact with said second layer, '

(e) placing said sub-assembly in a thermal
environment and reflowing said first and saia second
solder layers without reflowing said solder core
layer such that a hermetic seal band is formed

between said substrate and said cover.



