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pr.esent inventron is directed to a Systemrin ch thne size of t
between the circuit chip and the |lid or heat sink is controlled and even
nore particularly, controlled so that this gap is made to be gsneﬁ

possi bl e without deleteriously effecting the assembly process W
integrity. Even nore partic r vention is directed to a
system for controlling the uél '{gn%%é&??&teﬁglrs&{ d“Baste mat eri al di sposed
bet ween ei t her a single chip or multi-chip nodule and its |id or cover.
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when t he Sxﬂb&ﬁéah&x&ﬁﬁ'o?‘é@&br. a joint is achieved between the chip and the
|id. Solder has a

As device integ_ration levels keep on increasing, the demand for a more efficient
solution to the cooling of high power electronic circuit chips becomes an even more
important ingredient in achieving required system performance. The use of thermal paste
or gel to cool single chip or multi-chip modules is highly desirable because of its -
simplicity and high thermal perfoermance. Thermal pastes are also not impacted by small
particle contamination; hence, module assembly can be done in non-clean room

> environments, which is a factor in helping to reduce module assembly costs.
\‘-‘urghermore, the compliance of thermal pastes allows them to absorb mechanical

tolerances that are associated with chip height and hardware variations.

 Anadditional method for providing efficient cooling for electronic circuit chips is
the use of solder between the chip and its corresponding module lid. In-such cases, the
chip backside is metallized and solder is wetted to both lid and chip surfaces such that

when the solder is reflowed, a joint is achieved between the chip and the lid. Solder has a



2 thermal conductivity about ten tinmes the thermal conductivity of the best
- thermal paste available; hence it provides a significant inprovenent in

t hermal performance over thermal pastes. However, the conpliance advant ages
of thermal pastes can be achi eved whilg sinultaneously inproving thernal
conduct i ve,L&haf 51 | | gap
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[ err] = T[ grasie thickhess lin thefgap betweer chip[addiid. X R [err] I n the case
of a single chip nodule, the nodul e power equals the chip power, and the
above equation sinplifies to: Tlerr] = T[err] + P Jerr] x (R
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represents the thermal resistance external to the nodule, that is the |id-
to-heat siVherratldf Caedugiiondn temeperatute pspdtices eppraximately a 2Hogailimyystem  heat i ng

T

ef f ect s. speed. .

To a first order of approximation, the temperature of the chip is given by the

following one-dimensional equation:
Tchip= T air + PchipxR int +P mod x Rext

In the case 6f a single chip module, the module power equals the chip power, and

the above equatidn simplifies to:
Tchip = Tair +P chip x (R in +R ext)

. In the above equations, R, represents the internal thermal resistance of the
module, that is the resistance from the chip up through the thermal paste to the module
lid, whereas R,,, represents the thermal resistance external to the module, that is the lid-

to-heat sink interface plus the heat sink resistance, including air heating effects.



3 - The internal thermal resistance is conposed of three resistances

- in series: Rlerr]= Rerr] + Rerr] + Rerr] Since the lid
is typically made of a high thermal conductivity material such as al um num
the thermal paste resistance is the Iarggst contributor to the internal

thermal resist afg€inidthfthdrmaRRdiedntOs Qnpob&l sftafednbsif@Res il &5iest ance is
therefore a significant factor in reducing the overall device .tenperature.

The thermal resistance of paste is given by the foll owi ng equati on:

Rlerr] = Llerr],/ (Kerr] X Aerr]) where L[err] is thickness of the
paste between t]fgrb‘cl%(dﬁp*'gwé»ﬁﬁmle lid, Klerr] is the paste thernal
conductivity, and Alerr] is the area of the chip. It is clear fromthis

expressi on t hat gfeduetidn tﬁiicélf}%n%fea Hiﬁ?{h@ﬁhal%%ﬁ&&‘ti@ﬁ?%ﬁteﬂl QhdHas can
only be acconplished via either (1) reduction of the paSte gap size and/or

(ii) an i ralomasen,the theemalpesteaksistemadiis thedarpgstebntribetor hethedhtepaé thermal
Current designs use the, conpl Lance of_ the thermal. paste to _ acgombpdat e
vari at | onsr&ﬂgtapﬁ%iﬁmﬁmﬁg‘ggﬁ e &é@ﬁ‘?‘a}r??é@S%‘ﬁﬁ%‘i?d%gleé?féfwlﬂl§%°%$#if%ﬂf by
the toler %ﬁ%&u&ﬁg&ﬁ%‘fe&hmeb@%r d ol erances for the chip solder balls

and by tol erances”on the har ans substrate. The statistical variations
of these tolerances are typically between 0.003 to 0.004 inches. Since the
thermal paste "sgueeze force" goes up exponentially as the paste is
squeezed into v ﬁ? h regjstauce qfipasteis given by thedelioivngcamatsys i nches, any
single chip or multi-chip nodul e should be designed to achieve a thernal
paste gap of at |east 0.007 inches under normal conditions. The statistical
nmexi num past e gRp JheLef g, xkegones 0.0 10 to 0. 011 inches.

where L, is thickness of the paste between the chip and module lid, K, is the paste
thermal conductivity, and A, is the area of the chip. It is clear from this expression that
reduction of the paste thermal resistances, R, can only be accomplished via either (i)
reduction of the paste gap size and/or (ii) an increase in the therrﬁal conductivity of the

thermal paste.

Current designs use the compliance of the thermal paste to accommodate
variations in the thermal paste gap. The tolerances are mainly driven by the tolerances on
the chip thickness, tolerances for the chip solder balls and by tolerances on the hardware
ans substrate. The statistical variations of these tolerances are typ{cally between * 0.003
to 0.004 inches. Since the thermal paste “squeeze force™ goes up exponentially as the
paste is squeezed into very small gaps, that is into gaps under 0.003 inches, any single
chip or multi-chip module should be designed to achieve a thermal paste gap of at least
0.007 inches under normal conditions. The statistical maximum paste gap therefore

becomes 0.010 to 0.011 inches.



4 I f solder is used between the chip and the nodule lid, it is still
. necessary to consider the sane type of design tolerances as wth thernal
paste alone. Wiile paste gap control for solder is not as critical to
thermal performance, the apparatus and net hod di scl osed herein for
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i nvention an electronic chip assenbly is provided for controlling thermnal
paste thickness. In particular, a substrate having electrical conductors is

provi ded toget ] ' ' Lt-ehi i ' ' ace
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Addi t i onalgrergiieient andisven selder baseduraokinp erérmighecema ewen that nuch more

reliable.

Summary of the Invention

In a preferred embodiment of the present invention an electronic chip assemibly is
provided for controlling thermal paste thickness. In particular, a substrate having
electrical conductors is provided together with an electronic circuit-chip which is affixed
face down to the substrate so as to make electrical contact between the circuit chip and
electrical conductors on the substrate. A thermal paste is disposed on the non-face down
side of the circuit chip. A substantially flat thermally conductive lid is disposed over the
chip and in thermal contact with the paste. In one embodiment the lid possesses a greater
horizontal extent than the chip and therefore has a lid portion which overhangs the chip.
Furthermore from this overhanging lid portion there depends a male lid sealing ring

around the periphery of the lid. Additionally there is provided a corresponding female



5. channel on the substrate. This channel has sidewalls and there is seal ant
.di sposed within the channel so as to forma seal between the sidewalls of
t he channel and the downwardly depending nale lid sealing ring.

I n” anot her enbodi ment of the present invegltion i nstead of enploying a

femal e chanpel on the substrate, .a fenal e’.channel, .i | ' .
thermal |y d:g‘ﬁﬂ%‘gtofl ef‘fsbdtrﬁtﬁdq’hlsc%??%eg5‘8?18971‘63%“8 t CZ? |%§B$ﬁ115ﬁ (jlgcti 1 Bbsed
on the sub &N ' ' QS8 DE thethAnisd) ape ehetdonafvazdigt | on
with the vzp%?%ﬁm}o%ir%tgﬁ&g?gt%ﬁéeﬂb'e%"&g%eﬁdi ng into sealant which is v

di sposed baiepending healsBdke¢atipgmingg and the sidewalls of the femal e channel
receptacle in the lid portion. In yet another enbodi nent of the
present invention which also enploys a fermale receiving channel in the |id,
a T-shaped mal e fagldu clbBinicht B PYaen iheR instdad dFeipleyiigosifomené { he
mal e sealing ring having a T-shaped Cross section is disposed al ong the

out er peri pitanyelasn thhsulstiate, a &malechdnnehis disposesl ih phetbemmpalliy cogqutﬁvggm(ﬁndt he
"T" being disposed in a horizontal .pgsition sealed to the substr.ate. The
normal |y hot FOIBPHPARdiBg sade eeiting Ups ¢ 8‘§Pﬁ eg?m?@ﬁ@?%e’utaﬁfﬁ?/sﬁahpg 1081 ant
di sposed be 3 ' L b | | ' | S
particul arl é/gggggv;ggn Zg%ﬁghés‘d %ﬁés!téﬁgtg%”sv{}tguat | &@Pgﬁ%oﬁﬁf?@{%ﬁé&gg@gﬁ e that
the 1id extssathrbehuicisdiposadistwedneahe bealing cing and drelsidtiwable of thedemple not onl y
over hangs the chip, but al so_qverhangs the substrate. - This enbodi nent is
par ti cul ar | ghannekigrentaele in thalid®QEIq™, “whi ch greater thernmal heat sinking and
heat spreading capabilities are desired. In yet another

embodi ment a femal e channel is provided in the lid and an, i nternedi ate
nmal e rilng i s fir g4 yaeabtiet smbbdimeatiof the presert ilnention whinhdidommploys a female

subsequentially — disposed within the fenale channel rtion.of the l..d. As
i n appr opr i sceivingelmopelinshe liggolrshaped malssealing BFg}flerﬁ%ﬂoﬁilr %W%’Fhl?éhls

provi ded bet . e rt : 1| :WBd Gilknd ' d
N thin the FEoUFaPBSRR sHIRt: b Fapea S (RESRUOM paadichptied

appr opr i at e guter periphery of the substrate with the normally vertical portion of the “T” being

disposed in a horizontal position sealed to the substrate. The normally horizontal cross
section of the “T” extends upwardly into sealant disposed between the male sealing ring
and the lid. This embodiment is particularly advantageous in those situations in which it
is desirable that the lid extend beyond the substrate. In such an embodiment the lid not
only overhangs the chip, but also overhangs the substrate. This embodiment is
particularly useful in situations in which greater thermal heat sinking and heat spreading

capabilities are desired. -

In yet another embodiment a female channel is provided in the lid and an’
~ intermediate male ring is first sealably affixed to the substrate and then subsequentially
disposed within the female channel portion of the lid. As in appropriate embodiments
above, sealant material in cured form is provided between a male portion and a female
channel which is disposed within the lid. The sealant herein may be a curable polymer or

solder, as appropriate.



6 In yet anot her enbodi ment of the present invention femal e channel
- portions and mal e sealing nenbers are not enployed. Instead the sides of
the lid are made sufficiently short so that seal ant naterial nay be

enpl oyed between the |id and the substrate. As used herein and in

t he appended cl gj reference is 60_partions . wi are described as
bei ng either ho?llll?gfnatng "BF“\%?‘F}C 55%?Prﬁsglﬁﬁg‘feé1§°%8%@§?{‘anpglaq?rﬁ%saél erns
are rel ati vifale bdaling nitibeRS &8 bt @'_hplb?é’d. Infesethesidds bithe Jidaed Halit YuffiSienty
oriented in the positions shown in the figures and in particular they My
be i nver t e6hor seiflspswiant matetial sapibsiepiaxed betveso i atd thersetistates hown or i n
fact rotated by any amount fromthat which is shown. It is also noted
herein that circuit chips possess two sides. One face is the flat back side
of the chip and Ad\@&e@hbRin Sidia thSapfeAdéPASMADPreFéreifoelis AUV SdHiShLFhichcal
connections are nade. Accordingly, it is an object of the present
i nventi on wate ¢asoxibadiasdeing ¢ither borizontad or uertisalf diris ooted howevergthatibesdtehness

of conpliant thermall.y conductiye terial disposed bet n chi p. and a
lidin eitRE reﬂa?wnéﬁ{‘é gy cepentiel e (HeRs TpichHgACH A be onented p fhq gosthiong; ot
of the pregBin iliRHusk dnd ih PRYRURr HRY ndydY ifderfRBRL dﬁp@éedfiﬁ gife@dns Nt egrate
circuit chip device. It 1s yet another object of the present

i nvent i on trotatadG08 dsem thet showen at innfgetaptated byfanylasmuntfiom thitvduch ischown.

devi ces. . lj.is a still, further object, of th rese j nyention to
or ovi de t hdtisalsonptethertiadial it cHibs BPes A ehe PR foch it e ey bickiside

It is also H dihe fe,d | tOhi hsSkl.cal
effects of %%%%’2%‘? e O e B e e koo b
nodul es.  made. :

Accordingly, it is an object of the present invention to provide a method and
apparatus for controlling the thickness of compliant thermally conductive material

disposed between a chip and a lid in either a single chip or multichip module.

It is an object of the present invention to improve the flow of heat away from an

integrate circuit chip device.

It is yet another object of the present invention to increase the operating speed of

electronic circuit chip devices. -

It is a still further object of the present invention to provide thermal advantages

both for solder and thermal paste systems..

It is also an object of the present invention to reduce the statistical effects of

variations in tolerance in assembled electronic circuit chip modules.



7 It is also an object of the present invention to reduce the gap

. between a thermally conductive lid and an electronic circuit chip which is
encapsul ated by the Iid to a distance of |ess than approximately 2 to 3
mls. Lastly, but not limted hereto, it is an object of the

present inventigmsglgo?}g&g@&@ftﬁ Sént nﬁ@t%'récﬂxcfé%é 'bei\*?é’enta%?ﬂz}ﬁﬁs of

thermal paste materia I sposed between electronic circuirt chip their
cont ai ni ngcondadta@dsd and an electronic circuit chip which is encapsulatedd¥gsthe liftté adistdnckhe

Fi gures The subject matter which is regarded as the invention is
par ti cul ar®fjessohan eRproximagln2@e kmiet 1y claimed in the concl uding portion
of the specification. The invention, however, both as to organi zati on and
nmet hod of practice, together with further objects and advant ages thereof,
may best be undiasslypowt roy lindded herees; it io ah lobjeétadflthepregend sventig toqiot balyen i n
connection wth the acconpanying drawi ngs in which: . Figure 1 is a
Side ol evateiis bAtcid At Birel e Neckngst of Beenal pademeielslisposed aresen:

i nvention L.eh s . . . Dr QVi -U-shaped recei ving channel ;
Figure 2 i@@%&&g&;gﬁg&_@%@gﬁs oﬁnlgﬁﬁé?%@%flfe%@g}\él&%%g%i ew illustrating another
enbodi nent of the present invention in which a U shaped receiving channel
is provided in the lid structure; = | Figure 3 is a cross-sectional
side el evation view of an enbodPesariptiom afithe Bigawent i nventi on whi ch enpl oys
nei t her channels or nmale sealing rings but rather instead relies upon
conpliant sealant material; :

The subject matter which is regarded as the invention is particularly pdinted out
and distinctly claimed in the concluding portion of the specification. The invention,
however, both as to organization and method of practice, together with further objects and

“advantages thereof, may best be understood by reference to the following description

taken in connection with the accompanying drawings in which:

Figure 1 is a side elevation view in accordance with one embodiment of the

present invention which employs a separately provided U-shaped receiving channel;

Figure 2 is a cross-sectional side elevation view illustrating another embodiment
of the present invention in which a U-shaped receiving channel is provided in the lid

structure; -

Figure 3 is a cross-sectional side elevation view of an embodiment of the present
invention which employs neither channels or male sealing rings but rather instead relies

upon compliant sealant material;

Figure 4 is a cross-sectional side elevation view of an embodiment of the present

invention in which a receiving channel structure is provided in the lid;



Figure 4 is a cross-sectional side elevation view of an enbodi nent of the
- present invention in which a receiving channel structure is provided in
the |id; 8 Fi gure
5 is a cross-sectional side elevation vigw of an enbodi nent of the present
i nvention sim | Rigur®5 Y Heross-SeclyhA BidelelsVatid i ieWRd fan eadoditfiert ofitheSirbstnt Ur €

I s di sposed around the periphery of the substrate so as to provide for the
possi bi | i t inveh@en simalal tadFigare 4esutcepidhitshomdlesealing mrg ghicpure irddibposedid t he
substrate. . Det ai.l ed descri.ption of e

vent | on” around the periphery of fae SubSRIE AP Pt RERAGR 84t Rei Py S Bl Bptrance
of el ectrogk@endBElbng BBLHBYRD AIbeloril Be S@sstraRed for increasingly higher
power levels as d result of increased device integration, speed and
density. In particular the present invention provides a nethod and
apparatus for reducing the thermal paste gap in a sealed el ectronic nodul e
or package. The advantage of this invention is that it inproves nodul e

t hermal performance by provigli : : er path between the
chip device and the nodul e Fﬁﬁgg?ﬁﬁépﬁghgﬁafﬁg%Pwﬁ ermal gap approach. The
seal ed nodul e neets all product performance and reliability requirenents.

The area between,the lid and. chip device surfaces is al r ef er abl
Comtror T ed 1 mes T Breserpvetiionpbasdor. 1o aesmal MFTrBEncs 1l ascosnia fBatHs wi t h
the result icRE&id : - ot 2l i

j oint. Thepgaiégegat&glgcr eageglélngd? Ee | e%ﬁgfélf;?xgﬁ%%[fbgfe éﬁ%l%iaﬁgﬂgt %@lﬁgﬁ?ﬁe
chi p devi cdewine irttégration] speedfand density. dn patithlyr the pessemtdadertipnpeavidessd t hese

mechani cal standoffs. In dul e desi gns where var,i abl e hejght seal joints
are not pr ARRAR dtqv@a@msggﬁwéu@ﬁéthqgtgerg@bpmgmw aﬂslfegeieg'erampé@q or

t ol erances e : : | | thendceect
gap approagﬁ&ﬁigﬁei’fﬁg’? \gan%a gr@gﬁ%{éﬁglgt%&mggrﬁﬂ a?&gﬁ@mx}ﬁlgﬁ%ﬁ{ehtg&ﬁ%%s re%iﬁ%ed
t o approxi bgtpedwiding.aBB0fed ivahieasfelipath between the chip device and the module lid by

using a direct thermal gap approach. The sealed module meets all product performance

and reliability requirements.

The area between the lid and chip. device surfaces is also preferably controlled in
the present invention by means of mechanical standoffs with the result that the module is
encapsulated with a variable height seal joint. There is a decrease in the level of
“tolerance buildup” when the chip device and the lid surface are directly referenced by
means of these mechanical standoffs. In module designs where variable height seal joints
are not provided, the chip and the lid gap may have large statistical tolerances, for
example, £ 0.003 to 0.004 inches. However, using the direct gap approach herein the
tolerance between the chip and the lid is reduced to approximately + 0.0005 inches. The
nominal gap dimension is reduced to 0.003 to 0.004 inches from a previous level of 0.007
inéhes. This gap dimension and tolerance reduction translates to significant thermal
improvement, especially for high powered chips. For example, if one considers a chip

which is 12 mm on each side which dissipates 60 watts, then with a thermal paste



nom nal gap dinension is reduced to 0.003 to 0.004 inches froma previous
| evel of 0.007 inches. This gap di nension and tol erance reduction
translates to significant thermal inprovenent, especially for high powered
chips. For exanple, if one considers agchip which is 12 mmon each side
whi ch di sedrdatedn6of 3vehits perth@Br-Kelvin, 2uiréitt igaB ded@st(et 0.010 mches) producea
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pr ot ect i oiHowéver, ebmﬂodf mesuembndﬁngus eprdvidena pexdtlecuitiaa hernetio oF nab-#srmeticSCM
assenmbly praqc
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tolerances of the thermal gap standoff features are small, because the solder can span the

height tolerance gap between the substrate and the lid, as shown in a third embodiment.

_Figure 1 illustrates a preferred embodiment of the present invention employing a
single chip module (SCM) where chip device 16 is connected to substrate 10 and lid 20
for environmental and handling protection. The embodiment in Figure | in particular
illustrates an SCM assembly process with “chip-up” manufacturing. Heat sink 50 is
attached to lid 20 with conductive adhesive 51 to further enhance module cooling.
Tyﬁically, chip device 16 is secured by solder balls 14 and substrate pad 12 to substrate
10. Substrate 10 also typically includes one or more discrete devices is such as

capacitors, resistors, etc. These devices are secured in the same way as chip device 16 via



Typically, chip device 16 is secured by solder balls 14 and substrate pad

12 to substrate 10. Substrate 10 also typically includes one or nore

di screte devices is such as capacitors resistors, etc. These devices are

secured in the same way as chi p device vi a
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t hermal expansion (CTE) m smatches of the materials durin ag t hermal cycling.
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assenbly 30at@ich t6 @&rd%@wmtﬁy 8alokiob 4 |;Jriﬂ$ddro’1\ﬂbﬁiﬂ bbaird iEPOBY). eBor?pxﬁpdseﬂef hel ess
their inclusion therein is nonetheless readily apparent
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Gop 18 15 PerEraB ey SRR AR A s s Rl BeBSPr BRI, e chi

device 16 apghdthdlesdReadtliyap g;%ﬁts 21 are, for exarrpl e I ndi vi dual di sks that
are placed between chip deV|ce 16 and lid 20 during assenbly or they may in

fact be integral parts of I|d 20. In fact, standoffs 21 are of any
conveni ent shape V\lhen offs 1 ar.e eves dir

t hermal gap cont FB‘F Hb§§ elnl%Iu ﬂ sr‘?thPCéqs%lﬁocF (g’“'fcm:gtaé’rqd:c?fl&gﬁ% In
order to prendn@igl ghpSRdiatiad Mﬁél&&]ﬁeﬁﬂd%ﬁe&‘ﬂ%&l@rTh&ﬂ&lgﬁﬁ)lm&@p fesdhigped

channel 40 which 1s affixed to substrate 10 with sealing material 41. This

seal i ng nat eentedlledrbyfinecrpomting standaffs? labatweanrchip d@@mﬂwd&ﬂ Y aStandafiscl i s.

comer ci al | 2 ai | abl t.her mal erface er.i 7 A pplied
Cothe 1 ocatieofitsramp(e: oS uepER b 5 A8 pab bley SR il s 26 5P
Wi th potent kiﬁhhgaésehﬁgfﬁl thé ﬁaﬁﬁ{faét Belintdgfal bwoﬂ)haczedmmp@&hawmﬁm the
peripheral mal e edge sealing portion of I'id 44 "floats" i nsi de U shaped

channel 40 whanhcaepignhshape.h stapdofifs 2bareismphyed consaghignes. direst thermall der

seal ant the assenbl nt through. a.furna ocess and. older 48
her met i cal | P2R &L #’ﬂ derﬁYJP%mv?ﬂ'i‘%‘ 'é‘ﬁ%lﬁ[ﬁg%ﬂ %e@ﬁ?ﬁ%&géﬁ ?Kﬁ?r RPridsefedl 4

hermeti cal | )&r&ﬁﬁ'tﬁé’n{éﬁuﬁ%ﬁ%@éﬁs&é &ﬁbﬂo s@es%hﬁéh JHRANE1 &0 which is afﬁxed tbh a

non- hernetic enbodi ment, the nbdule Ts pI aced in a fixture-which applies

substrate 10 with seahng material 41. This sealing material preferably comprises a

material such as Sylguard which is commerc1a11y available. Compliant thermal interface
material 17 is applied to the location on lid 20 where chip device 16 is to be disposed.
Lid 20, with potentially integral standoffs 21, is then placed in position and the peripheral
male edge sealing portion of lid 44 “floats” inside U-shaped channel 40 which contains a
hermetic or non-hermetic sealant. For a solder sealant the assembly is sent through a
furnace reflow process and solder 48 hermetically seals the module. This encapsulates

the SCM which is either a hermetically sealed or non-hermetically sealed module.

In a non-hermetic embodiment, the module is placed in a fixture-which applies
load 70 and the module is cured in a box type convection type oven or other

heating/cooling apparatus. In a hermetic module, substrate seal area 45 in Figure 2 is



| oad 70 and the module is cured in a box type convection type oven or other
heating/cooling apparatus. In a hernetic nodule, substrate seal area 45 in

Figure 2 is 11 netal lized
for exanpl e using nickel or gold. U—sh ed channel 40 is preferably nade of
Kovar and
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attach U—shaped channel 40 to substrate 10 a | ower nelting point sol der

is used f 04{1 Rlageo form a hermefic sqal. s fixtyre aﬁfP@é}Y appliesigad 40 lt%@e@@ﬁﬁplll@éﬂ y of
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| eaving the thermal interface gap 18 between chip device 16 and |id 20

during reflow joining. Chip device 16 is joined by solder balls 14 to

bstrate pad bstrate 10 '
e af {1 xed usi nd e SRELSpBat Ryt WreteRRT ol s L GrOFPieb R sl i °
t o subst r aticImethhtheRAsIMaletRcOhaeihID] T8 \séEbetRedrSchidp 8éBEaE dndmd 20| | zed
(16a) for exanple with nickel and gold for inproved solderability.
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| ocation as chip device 16 and is provided for ngroved sol derability. Lid
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process S0 g, 'Cifp ek 16 3biTRl vl AR A 1730 Sibehee aRTHGh Sk ff! 20

Additional discrete devices 15 may also be affixed using the same solder ball technology

to substrate pads 12 and to substrate 10. The backside of chip device 16 is preferably
metallized (16a) for example with nickel and gold for improved solderability.

For non-hermetically sealed modules seal ring 43 preferably comprises aluminum.
Seal ring 43 is attached to substrate 10 by means of substrate sealing material 41 (see
Figure 2). Lid 20 has metallized area 20a with nickel and selective gold plating. This
aréa has the same image size and location as chip device 16 and is provided for improved
solderability. Lid 20 is affixed to substrate 10 under pressure and sent to a furnace reflow

process so that the metal thermal interface material is adhered to lid 20 and chip device



12 16. Cap sealing material 42 is applied and the nodule is cured in a heat
- process to provide a non-hernetic seal. For hernetically seal ed
nmodul es, seal ring 43 preferably conprises a material such as Kovar and is
plated with nickel and gold for betterisolderability. Seal ring 43 is
attached t1&.t ep Setimemadteria 42t gppiRdRNE kB edulé ¥ drddayiadRatfroadd t6li screte
devices 15. If thereis a potential chip device rewdrk process antici pated
t hen one qaavideiamopdwimeiinggali3 after chip device J 6 joining with a | ower
tenperature solder than that applied to solder ball 14. Lid 20 includes
metal |l ized area 22a coated wth nickel and selective gold plating in the
same size and | PHAROEAIIYRBaIES mollRs A8t 4BGreOpBlycdihbriset & nbfidipyed for

i mproved sol derability. Séal area 44 is also retallized 'and -tinned with

sol der f orsuchieKowacandds phateadogiih aickelrand Bold fas bettdplsglderabilitac8ehl ringa3p@s essur e

applying fixture anpd al ermal jnterface material.19 (for., e elid
and Soi derdtaptediolh ptgisat e s & i feviged SAIAKSCHE JoER Lo Lo and
to join sagbrefit BoofbAriklib AovieowdHieprobbs Hidipsiod oY SHE bAIR s@lhaksar ed
belt furnace reflow operation. n alternative to sinultaneously
at t achi ng afeer shipsisiviter] 6ijoining with a dewertemperatude svdderthancthit appHeditd sajdendul e
Is to perfor ese steps, i ndiyj.dyal | In sych_ a.case one uses |.ower

t enper at url@lgl)‘{'gke‘a ot B'}dﬁff“r?éaﬂq %@%qzaé‘f)? “Pﬁhd“é@f%‘?%‘&c%ﬁgﬁﬁtﬂaf&ég/i ce
16. ; | ; ' t ; v et ; { pent of the
present i nl\I/leﬂrll? Fdorﬂéj%r%r% O%/ﬁ\dg%g&%&ﬁg?@ﬂ@?&é;ggl gg%ﬁ‘g?ﬂ“@ﬂ?g%ﬁ% ul e

wher ei n | i shpRBvédssolderalstityt Sealirsd 4disaaldimuhliizedindtimed with sujderrfar jaterwhi ch

t hermal ga fsli ze is contro Eed by neans of. standoffs é{:]l, tC:h'i p device 16 is
j oi ned by 'B8figlseneapsplatgn. The assp@blys plagedin apressureappbingfrgtuteandgetal | onal
di screte ' . : |

Crpl 1 ant ¢ e il e na ol FOD SUERIPRERGPUNGE) ElufiupRaRty BERUNG
in gap 18 W20 leckipeavioa 16iadd &joihsabring4ptoiéd/ seabargH 44 duiing nvdttigrosesh Li d
20 is then placed on chip device 16 and substrate 10 using a fixture which
appl i es Io@%a’ﬁﬁ”@ﬂt REIPHRY OP§raiomounds. The fixture assenbly is then
sent to a furnace reflow process and sol der 48

An alternative to simultaneously attaching métal solder interface material and
hermetically sealing module is to perform these steps individually. In such a case one

uses a lower temperature solder to form the lid seal after lid 20 is attached to device 16.

Figure 3 illustrates yet another preferred embodiment of the present invention
employing a hermetically sealed single chip module wherein lid 20 is joined to substrate
10 without a seal ring and in which thermal gap size is controlled by means of standoffs
21. Chip device 16 is joined by solder balls 14 to substrate pads 12 on substrate 10.
Additional discrete devices may also be employed and connected as described above.
Cmpliant thermal interface material 17, thatis, thermal paste, is applied in gap 18 on the
area on lid 20 where chip device 16 is to be disposed. Lid 20 is then placed on chip N
device 16 and substrate 10 using a fixture which applies load 70 of approximately 2

pounds. The fixture assembly is then sent to a furnace reflow process and solder 48



13I hermetically seals the nodul e. To i nmprove SCM t her mal

- performance one places a netal thermal interface material inbetween lid 20

and chip device 16. In such case an area of lid 10 and chip device 16 are
metallized with nickel and gold for better solderability. The solder, for

exanpl e, | i . i nned ont83chip 16 and substrates area 45.
Li-d 20 ish'? e%ﬁéﬁpgégﬂggﬁ%?}@éém and substrate 10 in a fixture applying a

| oad of approximately 2 pounds. The assenbly then undergoes a furnace
refl ow process and the solder hernetically seals the nodul e, . In
all of the abovke brpseus feh thermalqerigraancgiope jeres @ mejal fBamahnterfacex anpl e.
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t he direct er ma proach use erein rove no

thermal  pejefieT8Ee metdllizedrwitiChicRél and 3oldcfon beee Bolasmbidiyy. STl sbiddr sfok ocat ed
on sonme or all of the chips to provide a controlled thernal %ap for either
her et i calaxample, fesd-tinesolder, is tinned enta chip Loandisubstiatasaeral45s Lid 20isthen Wt h

52" havi ng HFOaRhin & oL EReExe Aae P Gut ey A1F Rkl AR b " coal ont

53 to subsjoualis Thk ashembRAMEh ufRAddeld firnAék reBoRPESRESHR BOsdlaMerted "T"
configuration which has a male portion which extends into sealant materi al

42 di sposdiermetieally sepls thegmadweiannel 55 in 1id 20. U shaped channel 55
possesses sidewalls 46 and bottom 50. Likewise, in figure 5 a simlar
structure is shown except that sealing ring 47 is enployed and while it-

l'i kew se has a_‘E‘ﬁf@ﬂ%ﬁ@aﬁ&@%‘ﬁtb%ﬁﬁﬁ&ﬁﬂ,ais‘inélégtﬁf; nRRAs GSeeRah@khmpi th one
armof the T disposed in an upward orientationh to extend into chgnnel- 50 in

lid 20 whi Howenean, igltstiipmaisles MGN) withmeere ¢hantooeichipralsl beegfiefiomtthen |id 20
In Figure éllirec% th#n% g'jlpngén%rrcl) gl')sprlo:!lc uzsgd ggr%{natto?rsnp?osve%lgcﬁ?er tggll'maﬁ %regglgrga{rice.

In particular, one can even employ standoffs located on some or all of the chips to

provide a controlled thermal gap for either hermetically or non-hermetically sealed

multichip modules.

With specific reference being made to figure 4 it is seen therein that seal ring 52
having a T-shaped cross section is sealably affixed by means of sealant 53 to substrate
10. As shown, sealing ring 52 possesses an inverted “T” configuration which has a male
portion which extends into sealant material 42 disposed within U-shaped channel 55 in
1id 20. U-shaped channel 55 possesses sidewalls 46 and bottom 50. Likewise, in figure 5
a similar structure is shown except that sealing ring 47 is employed and while it likewise
has a T-shaped cross-section it is oriented essentially with one arm of the T dispbsed in
an upward orientation to extend into channel 50 in lid 20 which now is shown as having a
greater horizontal extent than lid 20 in Figure 4. In such instances lid 20 operates as a

thermal spreader.



14 VWhil e the invention has been described in detail herein in
raccordance with certain preferred enbodi nents thereof, many nodifications
and changes therein may be effected by those skilled in the art.
Accordingly, it is intended by the appendgd clainms to cover all such

nodi fications aWdhitddedesenddsn had beewidebiribed REddtaiVBersl ihlabc@shce GARERfaid he
i nventi on. The i nvention clained is: 15 1. An

el ect r oni cPeaferedambedimpnis thexpofe many modificatenstand changep dherein mhdyderafEstads
provi dabl e ' SISQE onprisi-ng: :. ... 1@ substrate having

el ectrical O¢ ?)t?ldé g 3?@‘?@ q%)h%éragtf ?gco;dmg AN lgﬁeg%‘tdrbc}n'?% 4y qn@gcfglagm {9 QP b
face down techsmbdifisntistisrant @hapedas f201 WRHGHR tRd @& JpigEind GEARES thO hvkRiGal d
conduct ors; t hermal paste di sposed on the non-face down S|ée of
sai d chip; a substantially flat, thermally conductive |id disposed
over said chip and in thermal contact with said paste, said |id having a
greater horizontal extent than said chip and having, therefore, an

over hangi ng portion from which depends a nale lid sealing ring around the
peri phery of said |id; a femal e channel having sidewalls, said
channel being disposed on or within said substrate for receiving said male
sealing ring; and seal ant material disposed within said channel

bet ween said sidewalls of said channel and said male |id sealing nmenber.

2. The chip assenbly of claim1, further including at |east one spacer
structure '



di sposed between said lid and the non-face down side-of sai-d.chip.. 3.
. The chip assenbly of claim2 in which said spacer structure is an |ntegral

I'[r')r::[ter?];ll for sai 3a!sgal:|e? strugiure ;I'Qe e as:grﬁLMmumuﬂlmmu”mg' a

consi sti nepyaf inRbAGoL BaidiBi gt and cer arfc. : The Thi'p dssénmbky of
claim2 in which sald spacer structure conpri ses a plurality . of

di screte spacer el enents. 16
6. The chip assenply of. claim2.in |ch ce cture is

ust om zed-t o st glecirotc Shipgastebly i Whith prRiedl o Shes BRI SIGF 8 m 2 i n

whi ch said x]‘o}?r?d} & s810h8REH1Y around said Chl p. 8. The -
chip asser'r% y o? Fal m7 i n§ rﬁs?ﬁé; d path is closed. 9. The chip
assenbly of claim1l in which sal d channel IS a separate structure

seal ably affixed to said su trate. An el ectronic chip assenbly in
whi ch control S“ttbﬁg?'ﬁﬁ‘?‘”ﬁg estrical gnglggtgrs,tgerem provi dabl e, said

Shserbly oM || QBpcr BTV A0 BIBEACSY sE UL 5
substr at e gectdcal conmaekien to said conductors;

thermal paste disposed on the non-face down side of said chip;

a substantially flat, thermally conductive lid disposed over said chip and in -
thermal contact with said paste, said lid having a greater horizontal extent than said chip
and having, therefore, an overhanging portion from which deﬁends a male lid sealing ring.

| around the periphery of said lid;

a female channel having sidewalls, said channel being disposed on or within said
substrate for receiving said male sealing ring; and '

sealant material disposed within said channel between said sidewalls of said

channel and said male lid $ealing member.

2. The chip assembly of claim 1, further including at least one spacer structure

disposed between said lid and the non-face down side of said chip.

3.  The chip assembly of claim 2 in which said spacer structure is an integral part of .
said lid.
4. The chip assembly of claim 2 in which material for said spacer structure is

selected from the group consisting of plastic, metal and ceramic.

5. The chip assembly of claim 2 in which said spacer structure comprises a plurality

of discrete spacer elements.



el ectrical connection to said conductors; t hermal paste di sposal on

" the non-face down side of said chip; a substanti al | “
conductive lid disposed over said chip and in thernal coni“!\ ‘mn g‘“ﬁ“‘y
paste, said lid having a greater horizegtal extent than saixd chip, said I d

havi ng t hegef or #hadh@\RsdMMIY oNBlaRRRtih WhickSdidspatéh stlusre 8 iifimbrel @5T5di8
channel disposed in said overhanging portion, said femal e channel having

si dewal | s; chip. a mal e sealing ring disposed on said substrate so as to
| ie over opposite to said channel and, so as to be disposed of at |east
partially within said channel; and seal ant material disposed within

said channgl betrpgeRipRidhisly de¥RIrh iARGiIGPdai ShBelTRANHNG 4 paMWaround daid  The
chip assenbly of claim 10 further including at | east one spacer structure

di sposed betweeshipai d |id and the non-face down side of said chip.
12. The chip assenbly of claim1l 1 in which said spacer structure is an
I ntegral part of said |id. 13. The chip assenbly of claim1l in

whi ch nat egi al g cﬁﬁ‘ﬂé@s&ﬂﬁ?%@‘cﬁhﬁ%ﬁ%ﬁcﬂ &ic_!LIA)fath is cIﬁé’ch.eCt ed fromthe group

consisting of plastic, nmetal and ceram c. The chip assenbly of

claim1l in which said spacer structure conprises a plurality .. of

di screte spacer .el enents. 15.. . The ghi,p assenbly. of claim 11l in which
sai d spaceg' StrJilFl?gE) ars§erﬁlﬁ}¥t°gﬁ¥%§ ‘Pdvclg?ﬁ) 1d channet 1§ ppgparate flgucture the i p
assembl y of cl aisg1dey affiaeits fid3hskuahannel extends in a path around

sai d chip.

10.  An electronic chip assembly in which control of thermal paste thickness is

providable, said assembly comprising: o

a substrate having electrical conductors thereon,

an electronic circuit chip affixed face down to said substrate so as to make
electrical connection to said conductors;

thermal paste disposal on the non-face down side of said chip;

a substantially flat, thermally conductive lid disposed over said chip and in
thermal contact with said paste, said lid having a greater horizontal extent than said chip,
said lid having therefore an overhanging portion, said lid also having a fémale channel
disposed in said overhanging portion, said female charinel having sidewalls;

a male sealing ring disposed on said substrate so as to lie qver opposite to said
channel and, so as to be disposed of at least partially within said channel; and

sealant material disposed within said channel between said sidewalls and-said

male sealing ring.

11.  The chip assembly of claim 10 further including at least one spacer structure o

disposed between said lid and the non-face down side of said chip.



17. The chip assenbly of claim 11 in which said path i s closed. 18.

The chip assenbly of claim10 in which nmale sealing rin nd
t he peri phery of said substrate. 19. The chi alﬂmﬂmmﬁmla

18 in which said nmale sealing ring has;a T-shaped * Cross sectFon*

20.  Thejghi p T8838is¥erbl %Ifélaml:!{@ ut tttﬁdﬁesad ébﬁééﬂgtrﬁ&ué 988 intSdripartbf
thermal cont act vmy sal d hip assenbly of claim!l
further includisag lal.-heat sink in thernal cont act WI t h said lid.

18 22. An el ectronic chip assenbly in which control of thermal paste

t hi ckness is provi dabl e, said assenbly conprising: . a

subst rat e 1§avi g Gherddshely T8R4 9h HHidhThABAA for said spallk BuBfkd QNI ©
circuit Chlp af |xe ace down to sald substrate so asp to make el ectrical
connection to saledted drotutieq@raup consisting of glasticpinephatdcalarsiposed on t he
non-face down side of said chip; a substantially flat, thermally
conductive Iid di sposed over said chip and in thermal contact with said
paste, saig Qlﬁretﬁ* and
sai d subst rat e an?ﬁhﬂ& QIP tﬁg‘\li/rflﬁg {aﬁ@l(%%ra h%g?%é%%@ﬁ%%{&mal dg ug;c!itﬂaw ng
a fenmal e channef diliceposedetdianeitsi, said fenmal e channel having sidewal | s;

a male sealing ring seal ably di sposed around a peri phery of said substrate,
said seal ant material being disposed within said fenmal e channel bet Ween

5 e AL e B e €0 o

chip.

16..  The chip assembly of claim 11 in which said channel extends in a path around

said chip.

17.  The chip assembly of claim 11 in which said path is closed..

18.  The chip assembly of claim 10 in which male sealing ring is disposed around the

periphery of said substrate.

19.  The chip assembly of claim 18 in which said male sealing ring has a T-shaped

_ cross section. -

20.  The chip assembly of claim 10 further including a heat sink in thermal contact
with said lid.

21. The chip assembly of claim 1 further including a heat sink in thermal contact with
said lid.



. channel . " The chi p assenbl y of claim 22 which further includes at

| east one spacer ‘\ di sposed between said |id and the
non-face down s “ﬁmm&mﬁ“‘m‘““ 24. The chip assenbly of claim23 in
"

whi ch said spac e Ss*an intggral part of said lid. 25.

The chip @senb}uy eRtu6digl %%séxﬁblm ﬁﬁlcﬁ’%ﬂ'dl%lf tﬁe?rﬁaleﬂgfé tERREGS id S sel ected
from t he group con |st|ng pl astic, netal ceram.c. 26.
The chi p asseniprygvidable] saidrasd@nbly cotnpeikingai d spacer structure conprises a

plurality of discrete spacer elene 27. The chip assenbly

of claim23 in Wﬂbéﬁatggﬁ}ﬂmgﬁlf&ffﬂca%‘f‘}“@&?tﬂ?ég‘?rgorbust om zed to said

chi p. to said substrat gg’ﬁﬁmk The chip
assenbly of clarm elicérolnhc %cultcm affxe f<';1ar(;'6r31g?wrelxﬁtSealrlldssu |Sr€agspa% raoeimd

sai d chi p.electi2&al confdetion tu mchec&mnbdoys,of claim22 in which said path is

cl osed. 30. The chip assenbl y.of claim 22 | ich said channel is a
separat e st r uct lg@nal paste dispasad-asi the pen-face doywg S§g'°gh%‘919§’cﬂs at e.

a substantially flat, thermally conductive lid disposed over said chip and in
thermal contact with said paste, said lid having a greater horizontal extent than both-said
chip and said substrate and therefore having an overhanging portion, said lid having a
female channel disposed therein, said female channel having sidewalls;

" amale sealing ring sealably diSposed around a periphery of said substrate, said
sealant material being disposed within said female channel between said sidewalls of said

channel and a vertical male portion of said ring which extends at least partially into said

channel.

23.  The chip assembly of claim 22 which further includes at least one spacer structure

i disposed between said 1id and the non-face down side of said chip.

24.  The chip assembly of claim 23 in which said spacer structure is an integral part of
said lid.

25. . The chip assembly of claim 23 in which material for said spacer is selected from

the group consisting of plastic, metal and ceramic.

26.  The chip assembly of claim 23 in which said spacer structure comprises a plurality

of discrete spacer elements.

27.  The chip assembly of claim 23 in which said spacer structure is customized to said

chip.



31. The chip assenbly of claim22 further including a h
- thernal contact with said |id. 32. An el ect ronﬂm“ mu“\ml“\u“\
assenbly in which control of thermal paste thickness is previdabe™
assenbly conpri sing: a substngte having el ectrical conduct ors
thereon; 28 The cm@a@,h@wmlﬁrrpzz Rtbbick i@ cBdrinkr@dedd¢Sa datrbithas i d
substrate so as to nmeke el éctrical connection to said conductors;
thermal paste diagbddspd on the non-face downside of said chip; a
substantially flat, thermally conductive |id disposed over said chip and in
thermal contact with said paste, said |lid having a greater horizontal
extent tham sal thediipasssiiy of daili?) BowhiBR Ak 9hta0 RYEL hangi ng posi ti on,

said lid also having a fenal e channel disposed in said over hanging

position, sai d femal e channel havi ng si dewal | s; an internedi ate
mal e seal i | eas artiall, thjn said channels and
seal ably | xe et(gngg bb%@“flé g’n hich said ¢ annei is a separate structure

20 seal ay) gﬁ{aerl al di sposal wi thin said channel between said
sidewal I s and sai 3 | e sealing ring. 33. The chip assenbly of claim
32, furt heaffikedtomdidgpbatratteast one spacer structure :

31.  The chip assembly of claim 22 further including a heat sink in thermal contact
with said lid.

32.  An electronic circuit chip assembly in which control of thermal paste thickness is

providable, said assembly comprising;:
a substrate having electrical conductors thereon;

an electronic circuit chip affixed face down to said substrate so as to make

electrical connection to said conductors;

thermal paste disposed on the non-face downside of said chip;

a substantially flat, thérmally conductive lid disposed over said chip and in
thermal contact with said paste, said lid having a greater horizontal extent than said chip,
said lid having therefor an overhanging position, said lid also having a female channel

disposed in said over hanging position, said female channel having sidewalls;

an intermediate male sealing ring disposal at least partially within said channels

and sealably affixed to said substrate; and



di'sposed between said Iid and the non-face down side OUMH”HH
The chip assenbly of claim33 in which said spacer struck mH]v!L' ral
part of said lid. 35. The chip assenmbly of claimh33 in [

material for said spacer structure is20 sel ected fromthe group
consi sting of pealsni matenet dispaasldvitien asil channeBbetweenT$aed sitiewallssmdrsbidymale
claim 33 in which said spacer structure conprises a plurality- of

di screte SFHEE™ S -enents. 37. The chip assenbly of claim 33 in which
sai d spacer structure is custom zed to said chi p. 38. The chip
assenbly of claim32 in which said channel extends in a path around

sai d chi p.33. 39The chijnesseinbly afs$amid2y finther inludirgfat leastriecspasaisthuqgrateh i s

c s ot oo ST el AR L CF G 9 @ heat si nk

34.  The chip assembly of claim 33 in which said spacer structure is an integral part of
said lid.

35. The chip assembly of claim 33 in which material for said spacer structure is

selected from the group consisting of plastic, metal and ceramic.

36.  The chip assembly of claim 33 in which said spacer structure comprises a plurality

of discrete spacer elements.

37. The chip assembly of claim 33 in which said spacer structure is customized to said

Chip. i

38.  The chip assembly of claim 32 in which said channel extends in a path around

said chip.
39.  The chip assembly of claim 38 in which said path is closed.

40.  The chip assembly of claim 32 further including a heat sink in thermal contact
with said lid.



