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1 A'Hi'GH DENSI TY | NTERCONNECTED Cl RCUI T MODULE m!TRZMAf%Ehﬁ LAYER AS
ﬁART OF A STRESS- REDUCI NG MOLDED SUBSTRATE The*'present invehtTon

‘an i nproved pol yrrer encapsul ated mul ti-chip nodul e and, L}B}
~.to-the use of a coppliant material around the |ntegrated

T Lsd deny
T A

relates to

(DN

" .reduce the stresses within an operati ng nodul e. BACKGRALAD
A high density interconnect (HDI) strukt

conpact assenbly of €l ectroni c systens. For exanple, a multi-chip
el ectroni c system (such as ‘a mcroconput er |ncorporat| ng 30-50 chips) can
be fully assemHIGHDENSIE INTERGA § ET (MO DI LE H 2

single subst Félt@MRIQlAfNTI‘mHERIA&m&QMQMS&RIH)QOINmmLD@ by 2

i nches wide by 0.050 inches thick. TRAEEI nportant, the interconnect
structure can be di sassenbled fromthe substrate for repair or replacenent

ure of fers many advant ages in the

of a faulty conpgpe He%gt“té‘%%o@ﬁ?ﬁﬁ?ﬂy gﬂsmg}(gwﬁgayﬁgf EhEéﬂ%hlﬁ"tédSk to the

good conponents inc¢ rpora sI's particu

i npor t ant V\hﬁttecmytmwalegand Eﬁc)’rd:i)amulaelypto e use ofa y:onmﬂmhymamayalbe
mcorporated in si.ngl e sés em on,one s epai rabil.it

1
P Gronid dharintearata FSTBL GO (O,radBRe Lo et WiGHE b pperatingl; o n

r ewor ki ng tgﬁdﬁ temto replace danaged conponents was either inpossible or

i nvol ved su |al risk to the good conponents. Briefly, in this high
density interconnect structure, a ceranic substrate such as al um na whi ch
rength for the

s than 2 inches

overal | system |s provi deek

square, but may I @?(geakﬂ?%?é\rhﬁ{&ngﬂaw sﬁré a&eﬁ%aﬁy Q@vatitagdignvar i ous

chi ps has been speci |es or one |arge cavity having
appr opri at etibegdthpadt dshemblyt afrelectromic aystems. dfor cixampie, rsgnmlltu-pbl,p is
prepared. This nay be done by starting with.a bare sub t V|n
uni f orm t hi gl,g:ﬁggglc system ?sucg rmcrocgmputer incorporating 3056 c?ups Can
fully assembled and interconnected by a suitable HDI structure on a smgle
.. substrate, to form a unitary package which is 2 inches long by 2 inches wide by
0.050 inches thick. Even more important, the interconnect structure can be
disassembled from the substrate for repair or replacement of a faulty
component and then reassembled without significant risk to the good
components incorporated within the system. This is particularly important
where many (e.g., 50) chips, each being very costly, may be incorporated in a
single system on one substrate. This repairability featqre is a substantial
advance over ptior connection systems in which reworking the system to
replace damaged components was either impossible or involved substantial risk
io the good components.
Briefly, in this high density interconnect structure, a ceramic substrate
such as alumina which may be 25-100 mils thick and of appropriate size and
strength for the overall system, is provided. This size is typically less than 2
inches square, but may be made larger or smaller. Once the position of the
various chips has been specifietl, individual cavities or one large cavity having
appropriate depth at the intended locations of differing chips, is prepared.
This may be done by starting with a bare substrate having a uniform thickness
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2. and the desired size. Conventional, ultrasonic or laser nillin
d8ed to formthe cavities in which the various chips agi S
wi |l be positioned. For many systens where it is desir FTB?%;%%;EE %@E
nearly edge-to- edge, a single large cavity is sat|sfaq Qry.

cavity may typically have a untform depth where the sem conductor chi ps

- have a substantially uniformthickness., The cavity bottom may be nade
respectively deeper or shallower at a |ocation where a particularly thick
or thin corrponent wi| | be placed, so that the upper surface of the

cor r espondi And drdesieed sige. iGonyentenal; ulirasgnicias lasaremilling maybe nsedutsper

i o surr ol baRtiet (5wBRTRABIANRYS BiobiaeRbbt SOpBoudlS Bl aY! o i ¢
a t her nopl apbiidonede Foy enaBy§hten whdreinys aésﬁfe@r@b;wc@eh@s mehMpledgsted de
resin (such as [err] 6000 resin, available fromthe General Electric

Conpany, Fafdge, & singletprgeoravity is gatisfacterye cFsiargeoeavitygaay hpically havs a Pat .

Var i ous. conpiaitiaaly WEREE Y iifobdhihEefiBhbeft ¥ rbsaBEFREGoul T | e

cavity and tHiekrss.i rI&leSdawywt@m fdyctid Bde Tesputtively delepenbr slidllower at
t hernopl astically bond the individual conponents to the substrate.

Ther eaf t er , 2d0¢atian Vhesech pasticwlerly diek Opélmyu ameRonezy il bs plageds spthat  du
P de Ne I
D Bb0m o CoB Sl ts o R ndif eoftboRedits U REHS AP R Yl °\ Y

ion et ch| ngp (alﬁbl:_a)s the yppersurfacsl b sheorest ofi ehes vbmponérets and thélpmtmml%f then be
coated wt h [err] 1000 pol yetherjm de resipn. or another thernoplastic

adhesi ve tot%ﬂ&s&rafwh[@rﬁqrmmm CA¥iYah & Re ibottogn pf theeavily isdherss the top

of the chipg, ‘@d‘eq mq%p& q.h%{ Iy via hol es
are provi deg (‘pre erae‘f tlJP‘J‘b} as?r‘ﬁgﬁg lvé e'%U‘E RH}?ea‘r%r B§e3| nfilm
and [err] rpelysthegimice, resih Qsac:la‘as UETBM®! 6m0min,whihablbefrmnhact pads on
the el ectronjc cqonponents-to which it is desired to nake contact. A

et al | i zat | engAliElecaiccCompany, Eairfield; CTyy et 2r aAhesive soMPPHIHAR UM and a
d | i o _ um |
oxt ends. | nt SeRERGD U8, BAEAGE, SR SPE TR} 1pteDordcdS in Ti'chufsbiy gy | VT AN

reference. The various components are then placed in their desired locations

- within the cavity and the entire structure is heated to remove solvent and
thermoplastically bond the individual components to the substrate.
Thereafter, a film (which may be "KAPTON®" polyimide, available from -
E.I du Pont de Nemours Company, Wilmington, DE), of a thickness of '
approximately 0.0005-0.003 inches (approx. 12.5-75 microns), is pre-treated by
reactive ion etching (RIE) to promote adhesion. The substrate and chips must -
then be coated with "ULTEM®" 1000 polyetherimide resin or another
thermoplastic adhesive to adhere the "KAPTON®" resin film when it is
laminated across the top of the chips, any other components and the substrate.
Thereafter, via holes are provided (preferably by laser drilling) thi'ough the
"KAPTON®" resin film, and "ULTEM®" resin layers, at locations in alignment
with the contact pads on the electronic components to which it is desired to
make contact. - A metallization multi-layer, with a first layer comprising
titanium and a second layer comprising copper, is deposited over the
"KAPTON®" resin layer and extends into the via holes to make electrical
-
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3 contact to the contact pads di sposed thereunder. This netallization |ayer
fray be patterned to formi ndividual conductors durin e
process or may be deposited as a continuous |ayer and{ THESDEET BAREFENS] ng
phot oresi st and etching. The photoresist is preferablly expHER¥AGEPng a
| aser to provide an accurately aligned conductor pattern at the end of the
process. Alternatively, exposure through a mask may be used. Any additional
dielectric layers for isolation between the first netallization |ayer and

any subsequent netallization |ayers my be added. by s&ilnni,n ,0n or spraying

on a sol veRentaet i thencesitagt prdsi l&PsﬂdéK@@PP #r- adhissmetallization; layergRay o

t her noset ti | ' . ' M SPI E
bl end adnedtyE el et BBLidual GaRtlots BustogdhEwepaish Troe SRy L ©
Si nce di el egdy be depbsitedadssa aontinsmd legérhandntirthpatieraednsingrphbitedesist r i ¢
-layers, there are special requirenents placed on the si/stem In, particular,
in order f@ndiatehing,Ahesphaterasist is praferably exposed ysiwg alagegto p alure
range, th ' ks | | XN ,gh
ol T ng. pordrd il alifned Fiiductor Gt R ARt AUGMBVAT] 1 e

good adhesiegposude tthebughdenlagk mgaydbeeed.ri ¢ and netal lization and to
overlying dielectric_|layer, and should S0 be inpherent| yJiaser abl at abl e

i S |
or shoul d be _rerﬁ!&f additignal, diglactric [ayers §or dsqlation hebwegn e fitst pat - No.

5, 169, 678 . " ya%.lﬂ,lg I - dis ' jg%i s." Any

m sposi ti ogﬂéﬁhizﬁgoflrl\ﬁg&% e ec%ﬂ%@ﬂ%&%ﬁgiﬁ??ﬁ%gﬁ hel ?aﬁé)&n? ct pads

I s conpensapimhidgon iy sprayininphiavsolvertsohitionhofya debiyed disl estrietaidhesives t he

subj ect of song of the patents,an i cations listed., hereinafter. The
ih defée Preseqh

process of WRISTIGhPREY &ANSTRASCHYIEN Fc i FYEE-eF RECBHY @O 8Bfinect i ng al | of

t he chi ps : | t |  gh density
I nter connez’{&%@g‘?@ gtg gJP ﬁ%@f@ﬁlﬁﬁé gﬁ%é%%eﬁér%%?&?ﬂﬂ;eﬁo ay and five
weeks. Oncedditidnal ¢1yeeof K APTION? Ur Sinbesli¢leetnicdnitenials, aresusediiothdf t he

systemon the substrate and fhe overlay structyre is built-up on t of the
c%i ps adhesive and “n die ectnlc layers, therd are spectiaﬁ requfrements plagecP on the

Lo

system. In particular, in order for the final structure to be suitable over a yvide
temperature range, the dielectric layers (including the adhesives) must have
high melting points and high thermal stability. Any candidate layer must
provide good adhesion to the underlying dielectric and metallization and to
overlying dielectric layer, and should also be inherently laser ablatable or
- should be rendered laser ablatable in accordance with U.S. Pat. No. 5,169,678

entitled, "Laser Ablatable Polymer dielectrics and Methods." Any misposition
of the individual electronic components and their contact pads is compensated
for by an adaptive laser lithography system which is the subject of some of the
patents and applications listed hereinafter. |

‘ The process of designing an interconnection pattern for interconnecting
all of the chips and components of an electronic system on a single high
density interconnect substrate normally takes somewhere between one day and
five weeks. Once an interconnect structure has been defined, assembly of the
system on the substrate and the overlay structure is built-up on top of the chips
and substrate, one layer at a time. Typically, the entire process can be finished

in less than one day, as described in U.S. Pat. No. 5,214,655, entitled
o
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and 'substrate, one layer at a time. Typically, the enti > e
Finished in |ess than one day, as described in US. PﬁmSQWFEEHQSBE%%‘
entitled 4 "Integrated G rcuit Packagi ng Configu atlonnéeLAﬁﬁpld
Custoni zed Design and Unique test Capability” by C B

al., herein incorporated in its entirety by reference. Cbnsequently, this
hi gh density interconnect structure notdonly results in a substantially

| i ghter wei ght and nore conpact package for an el ectronic system but
enabl es a prototype of the systemto be fabricated and tested in a nuch

shorter tinmeThdeprated QiR P@@lcayﬁgrc raﬁ@ﬁ ksoRagid €a§tBhfzREDedighand 9h -
density interconnect structure, of fabricating it and toodls for

fabricati ng Vniqueeest Capality” iby (EJ W Erehelbmer £t ed3 heomn irgarpetate in its

Ei chel ber gersGEUpY ebrdcel CORERADS R B M ARl Moy, U
Vet al | zat | ofot R essltsl o butStaraly ghict weight fad Ritke cOinpat Badkedor

entitled "Area-Selective Metallizati on Process” et al.; U S

by
Pat. No. 5, 1*69°]G¢B'0ﬂ’é‘rﬁﬁlmbdmt leables 2 protetype of dhe Mftpcbq@bnca@dSyst ent
by T. R Hal
E%oxy/ Pol yi n%ln?;teéopo yrrer S%lr?gfé tuﬁ@ l.t‘a?ll éq%ﬂgﬁgg)yg%é&g cuﬁ%ng

| ncor porat i rtgclllm u& C. W Eichelberger, et al.; and U S. Pat. Serial No.
08/ 239, 785, "Hi gh Density Interconnect Structures |Incorporating An | nproved

Di el ectric Mater i Bhisdigh Nensipuingsrcennact struriyise, methods Oﬁfawaémgét aﬂd Each
of these Patt%ﬂfssfo?'fgb %ftﬁ@blt%?@ Btk ?125} ﬁgﬁiuP N9 ’}8[3969“59[38{1&

cont ai ned therein, I nNCor pora rern ini Irre

ref erence. AMlsluah@dIm@gma:d Cimua IHaJclaaigihg [Comfigdenion and Mahc@hbyecc W HDI )
processes often use cavitjes rmed into a substrate base for the placenent

of chips so Eihelberger; QbabuUfSac?@é Ne. 3,427,998, satitled "édreardelestive pl anar with
Lt;ﬁpz:r 2ot RIS oS LR PR U, BENG e Tase i
cavi ties in "Area-SehativetMetatlizadion Process” by H. S. Cole, et al.; U.S. Pat. No.

5,169,678, entitled "Locally Orientation Specific Routing System" by T. R.

Haller, et al.; U.S. Pat. No. 5,108,825, entitled "An Epoxy/Polyimide

~Copolymer Blend Dielectric and Layered Circuits Incorporating It" by C. W.

Eichelberger, et al.; and U.S. Pat. Serial No. 08/239,785, "High Density

Interconnect Structures Incorporating An Improved Diélectric Material and

Method of Fabrication", by H. S. Cole, et al. Each of these Patents and

Patent Applications, including the references contained therein, is hereby

incorporated herein in its entirety by reference.

As stated above, conventional high density interconnect (HDI) processes
often use cavities formed into a substrate base for the placement of chips so
that the top surfaces of the chips are essentially planar with the surface of the
substrate. The substrate is generally a ceramic or a composite structure. The
conventional HDI technique for fabricating cavities in the substrate is to
mechanically machine or mill out the cavity material with a computer-
controlled diamond tooled bit. This time consuming process does not always
provide the desired chip cavity depth and can result in cracks which render the

substrate unusable.
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mechani cally machine or mll out the cavity material w
scontrol | ed dianond tooled bit. This tinme consum ng pro
provi de the desired chip cavity depth and can result .
t he substrate unusabl e. 5 Chips are placed into the
cavities on nultiple drops of die attach adhesive for nechanical, thermal,
and el ectrical mounting. Chips placesl with this process can be displaced
during further processing because there are non-uni form surface tension
forces at the chip-to-die attach adhesive interface. This displacenent
reduces preci si oGhips arkiplacesciato dhesermiledroutcavities may myltiple skppyokdieps t o

oD e oy Sy Al hGARRAL APLA, hB8 AT A B Chips iy "
cause thinniyig ffs proReddanshe displackd Aupidlgfufthef prdbesding becaise phoxerareet er s
and saggi ng of the polyner filmover the noats, thus adding difficulty in

pl aci ng vi asommudifpemtsurface gension fargematthe chipde-die attpeh adhgsivgeinterface.

Addi tional | y. . mi. hes, b . i 0
ceram o cubdPRSABEHETLRTHER Brbifo P aibIbRHh. MafiffFtaPare 0T ©
adhesi ve | a{%gfceﬁsﬁﬂég@teb@lﬂdiaﬂﬁgﬁ adly €leviricab ercohnedtionf tot the ¢hip ymer film from

the substrate. | Pat ent 5,353,498, entitled "Method for Fabricating
an | nt egr at Busatignment. ¥dsw|the pressnee jof im\at@pulapun%pgl(\g/ﬁgg PSdlinet hod of

fabricating_an HDI b | i [
film thusg‘é(?rfvrﬁnﬁgpﬁriﬂﬁ#hgieﬁi P‘ﬁyrr%hgé g@g@s@:‘snfd&l 8?%‘@‘:&5‘? %gfgﬂélpghar su?? age_
wi t hout - nDafiﬁnQ@tH@%ﬁipbé@ﬁe?d}sl ahteaggihg tof ahe poBmeffilyn ovéretheembatsgue

includes applying an insulative base sheet over a base. At |east ope chip
havi ng cont s diffipnlge bupkaging dasand PattpEing SHCEQBBeCts £1oss1t8 therm i s

Sibst rat o nEFE G haaaniigRing ilsil Ohes Wetnath 16t Boertion i tnetBE TR 0,
Then the mobghdrRion GNebraie sabstratey @ folyhiee cveHays suretimes inductattesaind t he

chips are interconnected. . . .
at the adhesive layer, thus tending to, promote separation of the polymer film

e?ﬁlsdgeSEméas SERMy
cr acmmwﬁ rend

~ from the substrate.

U.S. Patent No. 5,353,498, entitled "Method for Fabricating an
Integrated Circuit Module", to Fillion et al. discloses a method of fabricating
an HDI substrate by molding plastic around chips placed on a film, thus |
eliminating the milling process and providing a planar surface without moats -
between chips and the substrate. Briefly, the technique includes applying an
insulative base sheet over a base. At least one chip having contact pads is
placed face down on the base sheet.' A mold form is positioned around a
desired perimeter and surrounds at least one chip. Substrate molding material
is added and then hardened within the mold form. Then the mold form and
base are removed, the substrate is inverted, and the chips are interconnected.
When the molding material surrounds, and is in direct contact with the chips,
stresses build up due to the difference in the coefficients of thermal expansion
of the silicon of the chips and the polymer'matrix of the molding material.

To reduce this stress, one embodiment of U.S. Patent No. 5,353,498
places a thin sheet of polymer over the backside of the chips prior to the
addition of the substrate molding material. This leaves air-moats between the

This Sheet Has Been RTIIaced .
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When the nol di ng mat eri al surrounds, and is in direct contact with the

«chips, stresses build up due to the difference in the c = Crenrs, -EN ‘
~ thermal expansion of the silicon of the chips and the p IW‘@rS"fjg{h Lrs‘gfz,%%?[stﬂf

mol di ng material. To reduce this stress, one embodi nent {|of U & z
5,353,498 places a thin sheet of polyner over the backside of the chips
prior to the addition of the substrateg nolding material. This |eaves

ai r-noats between the 6 chi ps and reduces sonmewhat the stress buil dup;
however, as stated above, the presence of these npats may cause thinning of
the adnesi Vi ahd Fedilel BincWitalHi srblR BiflidlpP ROWEREIZHS sraell aBGY, e Of t he
pol ymer filmover the noats. so, thermal plugs, useful :for renmoving heat
f r om nodul epresemenatt these aruadp mayatasse byintingsofi the radbesiyerof thépelymare to t he
extrenme difference in thickness between a.chip wth,..and wthout. a thernal
pl ug. Conseéﬁ'éﬁf the chip Hﬁﬂfpﬁteﬁ%aﬂ‘iﬂg%?ﬁ of ?lbe ﬁgb'gleé fBF’agYelrc&ﬁﬂPﬁtﬁ‘g process

i n which thg)daDhiterhtdl feah?gsg Q5&ma1 At ﬂeﬁkﬁrﬂigahe&%ém%oaﬁ'l%sﬁé%bt pee that

protects the substrat m exposure to chem cals and, additionally
provi des a emmpsuwliated by this dbinepolymes skeetisuiel to the extremendiffesenasdinl e. OBJIECTS

OF THE | NVENTI.ON Accordingly. a.prinpry,object of the present invention is
to provide HUFKIEAS sﬁ%%&%&%&&rﬁ%ﬁ@%dh rwtaf "novel conpl ai nt

| ayer as part of v/ ! WabR' ©°Kive APl nidldiig proceddsihr at e.
SUMVARY COF THE I@Eﬁéﬁq%\lﬁa%g%oegeaiég gt her ?g eagPs, whi chﬁwﬁﬁ becone

appar ent f rwhichtthespeki farmabemmessam intbgriak partraf] theisubstrate thatprateets are
acconplisheq in,accordance with th resent_Jn rion. b l,aci ng at | east
one. | ayer o&’eas@é'rfﬂﬁ m ﬁ’é&‘@Pf“ai" gﬁ’%&‘r‘faﬁaanrﬂ' a\fégﬁwﬂﬁﬁ?ﬁg%sg?at ed circuit
chi ps pri or pleehSMisMSioNedub€ sfrBises bidlt fip aviklih the mhédidelbst rat e ol di ng
material. Briefly, according to a preferred enbodi nrent of the invention, a

nmet hod for fabricating an integrated circuit nodul e substrate uses the
steps of: " OBJECTS OF THE INVENTION

Accordingly, a primary object of the present invention is to provide a

high density interconnected module with a novel complaint layer as part of a

stress-reducing, low warpage, molded plastic substrate.

MARY OF THE INVENTION

_ The above and other objects, which will become apparent from the
specification as a whole, including the drawings, are accomplished in
accordance with the present invention by placing at least one layer of a
compliant material around a plurality of integrated circuit chips prior to
encasing the chips with a polymeric substrate molding material.

Briefly, according to a preferred embodiment of the invention, a
method for fabricating an integrated circuit module substrate uses the steps of:
applying an insulative base sheet over a base member - the base sheet is .

topped with an adhesive layer. A plurality of integrated circuit chips, each
having contact pads, are placed face down on the adhesive layer over the base
sheet. At least one layer of a compliant material is disposed around the non-
adhesix)e—containing surfaces of the chips. Then a mold form is positioned
around a desired perimeter and surrounds the chips and compliant material.
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appl'ying an insul ati ve base sheet over a base nenber -_the. base sheet |
#opped with an adhesive layer. A plurality of integra 18§ It A B RSN
each having contact pads, are placed face down on thejjadhesgms Ager ov

t he base sheet. At |east one |layer of -a conpliant matgetal— ' -
around the non- adhesive-containing surfaces of the chips. Then a nold form
I s positioned around a desired perinetgr and surrounds the chips and
conpliant material .. 7 A polyneric substrate nolding material is added to
the nold formto encapsulate all surfaces of the chips and conpli ant '
mat eri al e»pp@lﬁrrﬁehmwhh& motding erateral Biadded tohthe anoldeformpads whi ch are
in contact wth the adhesive |ayer. The polyneric material is thep, hardened
Wit hi n t he epeapsulase @il sprkaces P theoships and @ﬁmpgﬁ,m me&lﬂ&i‘caphsr@ﬁe G8ifsi t y

i nt erconne I Lyt Hre | i : (e chip
pads, wt hgéﬂé&?ga%)g?%h@g tlﬁgpctoln?)anéglq% ggg‘g@%ﬂr)nx%ﬁa&ﬁllt?és{t&@ gl?eeg{nrlés(i}%l ayer for
the HDI st fayet.urfhe piotymeriomatehial isQNefrhatdtnddaithiiXhe ineld forpe (Fhemat t er

which is regarded as the invention is particularly poin g out and .
di stinct | ymaldifaem is sempeed and G’Gﬂr?gh\ﬂgr‘iqnéﬂy mtefqv@nsﬁ%éﬁ Lstruciure iBhe

\ tion ) g _ Eest
e uner ot SSTBRA Bl burtich'BF (ROURD! pack GRS BabO Stee iR BV DOD
with the adeecombipya figstidisluctislaysh forethei HDIstmetures represent |ike

conponents, in which: Figure 1(a) is a cross-sectional view of chips placed
face down on an adhesive coated filmlayer, which may conprise a portion of

an i nterconnect |ayer ilfklﬂ? heie g P) is a
cross-sectional view si ur e a), turther showing a

conpl i ant mat er iEHe slitjemanatidrewhichris seghrded asdh¢ inveatippds paitipulalyl(c) is a
cross-sectional view sinlar t? t ha&:, of Fcié)%té{e.lébz), .further showing a nold
form si tuaP@Hltﬁﬁ&EﬁGnﬂlﬂs%?ﬁtW§W imnihe; concluding, portion ont ai ni ng
substrate ghl4hogidPt $ht Hhvention, together with further objects and advantages |

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

taken in connection with the accompanying drawings, where like numerals
represent like components, in which: _
Figure 1(a) is a cross-sectional view of chips placed face down on an
“adhesive coated film laye£, which may comprise a portion of an interconnect
~ layer in the completed module;
Figure 1(b) is a cross-sectional view similar to that of Figure 1(a),
further showing a compliant material disposed between and around the chips; -
Figure 1(c) is a cross-sectional view similar to that of Figure 1(b),
further showing a mold form situated around the chips and compliant material
and containing substrate molding material; |
i*‘igure 1(d) is a cross-sectional view similar to that of Figure 1(c),
further showing embedded chips in a substrate molding material and having a
compliant material disposed between and around the chips, after the mold
form has been removed;
Figure l(é) is a cross-sectional view similar to that of Figure 1(d),
further showing a high .density interconnect structure added to the chips on the

molded substrate;
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Figure 1(d) is a cross-sectional view simlar to that , '
further show ng enbedded chips in a substrate nol ding tT&y a‘
conpliant material disposed between and around the chips. _aft

form has been renoved; Figure 1(e) is a cross-sectional view simlar to
that of Figure 1(d), further showi ng a high density interconnect sStructure
added to the chips on the nol ded subst rét e; 8 Figure 2 is a
cross-sectional view of two chips placed face down on an adhesive coated
filmlayer with two |ayers of a conpliant material; Figqure 3 is a
cross-sectional VFigwed isa pros§-seational vieiwnof tva oltips| plasedh fasedown dnoamn and

th b t I d Fi 4 t I
il ar to. pRAGSYS coRtg Ly arse Wit Ay sl BB IR RES <1t Lat odon
passi ve backsi degigfre!IR £ bid3s-sé@onfNHRACELa peéferredimihatobiméid fokn

DESCRI PTION Figure 1(a) is a cross-sectional view of a plurality of chips,
repr esent edubgdm&Hmand@ureﬂleambstmt&agmdmtetlah@nd chi ps 14, having chip

pads 15, and bei ace down on. a has orted
by a base rrerrber %gﬁﬂ %ggsea §ﬁ?§§'§°§§’"@gﬁleﬁe‘°’1gﬂﬁﬁ%§§%‘ %EF%]*‘TQ Iipnlh Bfeolzb of
a pol yner, Shetfdl’, Bithatediodepdskivetackdidesof fHRASHIPS &)roénlﬁnbed DuPont
de Nenour s and Cg , coa]?grgsvmth a contact adhesive |ayer 12a, such as
"ULTEM' pol jneahmmmade resin (Utemis a registered trademark of General

El ectric Conpany, Pittsfield, Mass.) or an epoxy/polyin de copol ynmer blend
such as that disclosed in comonly assigned Wjnarowski et al., U S. Patent

No. 5,108,825, issued Apr. 28, DEIXILEWH DESCRIFEIGNN i ncor porated by
reference. Solvent die attach may be used, as [, as descrjbed jn comonly

assi gned Ei chel bdigine Ha) is a cross«sgctxmlnmvwf AtRducadity of ch Ipﬁerrﬁmwpdc Di e
ﬁi)t ach Mat EIi)I a cap%(gltgxo%entd &egra ed C rrcl:uﬁrc%(fgssﬂ r}%.ving Cl'ﬁp ﬁ%ﬂgl SCQﬁd on Seri al

being placed face down on a base sheet 12 which is supported by a base

ng

,-.I

member 10. Base sheet 12 can be comprised of a film layer 12b of a polymer,
such as "KAPTON" polyimide (Kapton is a trademark of E.I. DuPont de

- Nemours and Co.), coated with a contact adhesive layer 12a, such as "ULTEM"
polyetherimide resin (Ultem is a registéred trademark of General Electric
Company, Pittsfield, Mass.) or an epoxy/polyimide copolymer blend such as
that disclosed in commonly assigned Wojnarowski et al., U.S. Patent No.
5,108,825, issued Apr. 28, 1992, which is herein incorporated by reference.
Solvent die attach may be used, as described in commonly assigned
Eichelberger et al., "High Density Interconnect Thermoplastic Die Attach
Material and Solvent Die Attach Processing”, U.S. Application Serial No.
07/745,982, filed Aug. 5, 1991, which is herein incorporated by reference. The
phrase "face side down" means that contact pads 15 are in contact with
adhesive layer 12a. Base member 10 may comprise any structural (preferably
relatively rigid) material, such as, for example, plastic, ceramic, or metal.

Chips 14 may comprise any electrical circuit component, including

active semiconductor chips, such as integrated circuits (ICs), and discrete
devices, such as transistors, and passive components, such as for example,

capacitors, resistors, inductors, and transducers. Chips 14, which do not
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07/745,982, filed Aug. 5, 1991, which is herein incorp '
;The phrase "face side down" neans that contact pads 15 aTFGS@HBEFm#’iB’JBEEWt
adhesive | ayer 12a. Base nenber 10 rmay conprise any st uctur&ﬁfﬁ(ﬁﬂmjerabl
relatively rigid) material, such as, for exanple, plastic, o

metal. Chips 14 may conprise any electrical circuit conponent I ncl udi ng
active sem conductor chips, such as intsegrated circuits (1Cs), and discrete
devi ces, such as transistors, and passive conmponents, such as for exanple,

o necessar 197 Rat bie LRSI RES SRESREG Cin cOHRR ity el £° "
adhesi ve | dypér 1Rain anypeonveativeal inaiAer. "BNoRE embddinents aljsick-aadplace
pi ck- and- pl ace machine 18 (partially shown) is used. _In another enbodi nent,

chi ps are pnagkine J8<partially shown)iiswped-aly aggﬂlpa@élmrneats chips ase a film

v, 9, Lo SRR e TR NRRE SR o0 oot
(known as "d3nggct ailiesionpsuch Wafeheﬁembmmzmmﬁe typeés fabsicated gt Nited€@d. t o t he

tenporary surface, are placed down se sheet 12. The yse of a terrporary
surface is (kBowneast Nittpy mh)aﬁn& ﬁsnemr@cmv%q@pmqnaﬁq% 51&%

sheet 12, ¢ o Fﬁhq.ls ytlg% be used
as the first i érﬁggl)’r ayer foﬂrlﬁ%ﬁ&q-’%zﬂﬂ?wa(%e i new 11{590}219& e ec’t ric

| ayer typi @ﬁblpaamownm laasbmieebpz aSheauseroftdtemporaty sutfeceiisenesppl i ed to
a fully cureg pol ynmeric film elr?tg a plurality of
adhesi ve/dlﬁf‘é%lt"?l"&‘,h%ﬂ’&l ¢h1§5abi’~‘@r151¥lﬁlfé iIckBesSe® bui | t-up and processed into

afullyfunctlo nSd t g,ﬁ[feq,r n det ail
below) with the c%s 1&%% ﬁr&ﬂ&f?@%ﬁfe lafé PZ;?E 86 Xpos fhg{egzc}%esi ve

| ayer. Al temayblevusbd asttheéflrshélelecir?ic taygr for an $HOI sti'uctuﬁd il whith ashich is
renoved after nolding.. If the base sheet is used as a first dielectric

| ayer, t herdiplestrig bmy typigally: GRENDIIRES & Kk@naﬁalaﬁa? prthenmoset pdlRSIe are | aser
abl at abl esh é)émpr amﬁ&l@%tﬂ'@d%@yﬁgxqc fifth, 1P dRsiPEE T LpRurtigtodi ment, an

opti onal

adhesive/dielectric/metallization layers can be built-up and processed into a
fully functional high density interconnect structure (described in detail below)
with the chips 14 attached to the lower-most and exposed adhesive layer.
Alternatively, base sheet 12 may be a sacrificial layer which is removed after
molding. If the base sheet is used as a first dielectric layer, then preferably
both the adhesive and polymer film layers are laser ablatable at wavelengths of
350-370 nm. In a preferred embodiment, an optionaf sheet frame 16 is
temporarily used to keep base sheet flat on the surface of base member 10.
Frame 16 is typically comprised of stainless steel, molybdenum, or titanium,
but may comprise any appropriate structural material. After chip attachment,-
procedures such as reactive ion etching may be used to clean the backside of
the silicon die and roughen adhesive 12a for better adhesion. Optionally, an
adhesion promoter, (not shown) such as VM-651, (from E.I du Pont de
Nemours Company, Wilmington, DE), may be applied to adhesive 12a by well
known techniques prior to further module processing.

" In accordance with the present invention, Figure 1(b) shows a layer of

compliant material 17, disposed on the back side of adhesive 12a and around .
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tenporarlly used to keep base sheet flat on the surfa g- J

Frame 16 is typically conprised of stainless steel, a T’TQEBEEN
titanium but nmay conprise any appropriate struct ural HIMAGER o ¢ i p
attachnment, procedures such as reactive ion etching my be used to cléan

t he backside of the silicon die and roughen adhesive 12a for better
adhesion. Optionally, an adhesion pronoter, (not shown) such as VM 651,
(fromE. I. du Pont de Nenopurs Conpany0 Wl mngton, DE), nay be applied to
adhesive 12a by wel! known techniques prior to further npdul e processing.
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14 in a varbyﬁ‘beﬁn 68 dis érsé@b&ﬁirdenkélﬂp\!" %Q hite6 ¢ ﬁhgd lspih i n the

.art, such as of ng spraye E) di spersed between chips by a micro
syringe, smppllaﬂpeiceocomphanmatﬂr alrif7 iswlesighed ta act 8s aeshedlemout ate as a

hock t, to, b K d d by th
G 1 or onco bl S0 FaES gy SRS whlth, Bhk B oML ARATR R HURERREENE DY i 1
corrpound ( ddgrsefisiemdof theﬂmhﬁekpdiﬂf&ﬂ W@thlﬁ@ﬂp&n@ﬁioldiﬁ Q:fom}iouha may
conprise a variety of materials, such as, for exanple, traviol et - (U\/)

and t her mal (disenssedcindatgil heesinbelow).and t her mal - cur abl e epoxi es, pol yi m des

vl R Y e T R R R

Layered G réddiipie, |1ﬂ€r@.WBPéta$Uf\@ and therfRliedrable daylaté UVOadd thernid; nar owsKi
et al. Conpliant materi al i nclude therein filler material .in,

© confi gur at i awable qugqscp@lylmxdcggng epogy @@Héﬁudﬂab@nd%ﬁuﬁ a3 eBIE which i Sﬁpe and

opor t s, destihed B KLS LB RINGE 5B keS o NG Bl iR RIymer
expansi on, BRndHBicldtde afd TefetéE RS I @amglle' issoedb bnapr. 28f eri al 17

can incl ude i norgani ¢ particles of glass, {errf or ALN, particles of
di anond or 1992, to WOJnarowskx et al. Compliant matenal 7 may include therein filler

material in a configuration of partlcles, fibers, screens, mats, or plates. The
type and amount of filler material can be used to tailor various material
properties, such a thermal conductivity and coefficient of thermal expansion, to
meet module requirements. For example, compliant material 17 can include
inorganic particles of glass, SiC, ALO,, or AlN, particles of diamond or
graphite, or metal particles of silver or copper. Glass, SiC, AlN, diamond,
silica and graphite have low coefficients of thermal expansion, whereas the

- compliant material polymers and metals have higher coefficients of thermal
expansion. The thermoconductive materials include SiC, AlN, copper,
graphite, silica and diamond, with graphite and diamond being the better
conductors. '

A presently preferred compliant material 17 comprises 2 SPIE polymer
material which consists of a blend of about 60 weight percent SPI solids and.
about 40 weight percent epoxy solids. This polymer is further blended with
micro dispersed micronized silica particles, such as 5-5631 micronized silica
(from Sigma Chemical, St. Louis, Missouri), to produce a final composition of
about 55 weight percent silica particles, about 27 weight percent SPI solids and

“ﬁﬁ’iimi'iifﬁﬁi 1




-grap")hi te, or netal particles of silver or copper. G @s$ysdibz=gd SBER nd,
Silica and graphite have | ow coefficients of thermal expanﬁgg'ﬁAc@ éreasl|t he
eff FS—0

conpliant material polyners and netal s have hi gher cd t-her
expansi on. The thernoconductive materials include SiC, ALN, copper,
graphite, silica and dianmond, with graphite and di anond being the better
conductors. A presently preferred conpliant material 17 conprises a SPIE
pol ymer material which consists of a blldnd of about 60 wei ght- percent SP
solids and about 40 weight percent epoxy solids. This polyner is further
bl ended wi @ahout &8 weighspearcent ¢riozy salidein an appropsiate selveat suchas diglymes5631

m croni zed~si lica (from,Sigm 1,cal ' S k )y ek duce a
final conp(')@'ﬂet ?‘bﬂoéﬁzegﬁgwgﬁ\{gf%ﬁgﬁla%paef@éhett&gl}# ﬁ%tg}\%girat%:b@ F )ezst,o %&g 27

wei ght  per ggidkonsPI T bilids 16weks the bbefieistit ofGhemnalhéxpansionf ceppliansol i ds in
an appropriate solvent such as diglyne. The mcronized silica preferably

‘has a di anseaseriaf 1hsloserto thasaf chipsoldbbnsome inganees it may ba desicablerier s™ t he

coefficient_of th | . L.on. of..co I apt ' I . t hat of
chi pe 14, " erehts pao FEeioR BERRRHR e il WSl fing Somfe GRAPIAR

~sur roundi ngn4tBHar 17 6 reddde Modhie dtrdss.avh BGcls antingtandd, icanipliaht Afatériall7 t o
reduce nodul e stress. In such an instance, conpliant material 17 should be

| as ﬁ r abl atldwheuls be dasgrablasablecor, r@ﬂabhj@% @%ing Jeudered | lasez ablatabledacor dance
D el et r cCHTAenBY gV By R0 5167878, Raflen oSt RbRBIE Kfmer .

of the SPI Dieleztrics sndMuthudy, tyCole el R bmloealsofesvlvent anddfnilaire @f oven
fromapproximately [err] to [err] and then held at this second tenperature

for approxitheSEIE tﬂgndﬂmmléev['edpb)]' arrampgrhake step fbavoBveGion evea f5emy ey

appr oxi mat APpranERIL 0GB A0 Canly R B R ORI 000

fill bet V\ngpﬁdﬂiﬁﬁtéwf3b&nﬁﬁlﬂé§‘lat e for many applications, however, when
there is a particularly high density of . ]
As the solvent 'is removed and the polymer blend is cured, compliant

Lol.An
{ M e i o

- material 17 shrinks and théreby only fills approximately S0 percent of the
height between the chips 14. A 50 percent fill between chips 14 is adequate
for many applications, however, when there is a particularly high density of
chips 14, i.e., 25 chips with 15 mil. spacings, a thicker layer of compliant
material 17 is required, as shown in Figure 2. To produce a thick layer, two
layers 17a and 17b are combined to create one thick layer of compliant
material 17. This is typically accomplished by depositing a second application
of SPIE (17b) or, alternatively, one thick layer of compliant material 17 can be
made as a 100 percent solids mixture, e.g., using a liquid epbxy or UV-curable
acrylic, in which case filling completely between chips 14 can be accomplished
in a single application. When curing of this solventless layer takes place, no
solvent loss occurs and, thereforé, shrinkage is minimal. Yet another method
of creating a thick layer 17 of compliant material is to deposit a second layer
(17b) of another compliant material, such as a silicone, e.g., silicone RTV,
acrylate, etc.; over first layer 17a. After the second layer 17b of compliant
material is cured, the resultant thickness is approximately 18-22 miles, which
approximates the thickness of IC chips 14. It has been determined that, for

-
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chips 14, i.e., 25 chips with 15 m|. spacings, a thicker laver of-——m
conpliant material 17 is required, as shown in Figure s dAeer eds@Een {{hi ck
| ayer, two |ayers 17a and 17b are conbined to creat € one tg@plagsiyer o
conpliant material 17. This is typically acconpli shed=by —H

second application of SPIE (17b) or, alternatively, one thick |ayer of
conpliant material 17 can be made as a ;00 percent soli ds mxture, e.g.,
using a | |qur d epoxy or UV-curable acrylic, in which case f| I 1ing

conpletely t ween chi be .acc i sh in srn application.
Wen curi ngt grﬁﬁf nay I“quf ‘P@ggleﬁ' f‘gaﬁél%%ét‘f% toiug e‘r‘ﬁmﬁﬁg Bccur s
and, theref gy ha%mrma{@&@ 175 waerel it sﬁsmcﬁﬂehhaérsmﬂﬁt%tafe ting a

t hi ck | ayer 17 of conpliant nmateri al deposit a second layer (17b) of
anot her conjhingrsiomstithin @bmpéianhmaserialsi7 is odthin the gcopesof theopreséiky,

acryl ate, eIc over first layer 17a. After the second |ayer 17b of

conpl i ant f‘f 9 is cured, the resultant thickness is approxr mately 18-22

mles, whi ch apppg@rgqré)slstdfeows&mﬁ&pwe&, dfthe *Hpgg dai'tfis of ang *@j do not

det ermi ned t hat great majorit
have to be flutlmlrlwowmgaam@ldrfnrm&%)sltmd amlmdr thie chiips &mirvﬁlled thh ashoul d be

d d L, ,.ch I | 171 h
Uhe’scope. oiplrale i aeBAT P, Mot ot f & patBlisd BLE SpBionrtiter Vi ew |
of the appagpidisreota Jﬁfbgélbﬁcééal@rh faMshib@rateNfomMd) @nd MYy ddfRiomafly beid uat ed

around the chips an | ed wrt a substrate nol ding material” 24. Ml d form
22 can conpstresuzengapmabbe oﬁforauag slndlmtmgéhcéﬁldmreteb'fundeeéleahgndi 'substrate"

form and rra addi ti onal a_ st cture abl e f nd quring the
“subst e PSR & it Sflu dn Bk EONRHE (B sl ol Bn St
However, thpjgipd %)l})ammb Ry atrr ﬁre§eﬁﬂy ”gféférréﬂ‘é%?l/e ¥ How toForm

2!
presently preferred nple of how to form™nblding matefial 24 into a
useabl e shampelditg materinkb24 intorguseablteshapes Other; less udmpkamﬂﬂsrgmrahdqs whi ch

a1 o B BRI e AR B b o 0P P

is cured into a proper shape. Mold form 22 can be constructed from any

structural material including, for example, plastic or metal, and can if the
design permits, either remain with the molded substrate during further |
processing or be removed after preparing the mold. A removable mold form
can be either sacrificial or reusable. If the mold form is reusable, it is useful
to spray on a release agent (not sﬁown), such as TEFLON |
polytetrafluoroethylene (TEFLON is a trademark of E.L DuPont de Nemours
and Co.), silicone or a non-stick vegetable oil before filling the mold ferm with
the molding material.

Potential substrate molding materials 24 include, but are not limited to,
aliphatic and aromatic polymers including thermoplastic and thermoset type
polymers and blends of various polymers such as ULTEM polyetherimide
reein, acrylates, polyurethanes, TEFLON: polytetrafluoroethylene, epoxies,
benzocyclobutene (BCB), polyimides, or other polymers. The molding
material 24 will also likely include therein filler material in a configuration of
particles, fibers, screens, mats or plates. As stated above (in discussing filler

materials for compliant layer 17), the type and amount of filler material can be
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structural material -including, for exanple, plastic or” g a1
4he design permts, either remain with the nol ded subs pﬁ‘-[é‘ ?-?Q Q\%ﬁ"t_"\ﬁE
processing or be renoved after preparing the nold. Ar form
can be either sacrificial or reusable. If the nold formis reusable, it 1Is
useful to spray on a rel ease agent (not shown), such as TEFLON

pol yt etrafl uoroet hyl ene (TEFLON is a ttademark of E.l1. DuPont de Nenours
and Co.), silicone or a non-stick vegetable oil before filling the nold

formwith the nat er | Pot ent trat d|n maj e s 24
el ude, bt oot YafiRns anplding Bafetial BroSRt Do a Mermal oA udi ng
t her mopl asghg caBicidit JTBEImAY HPaBsibd R Fcdl thddute) ééqlﬁfenvé{ts ous pol ymers
such as ULTEM pol yetherim de resin, acrylates, polyurethanes, TEFLON

pol yt et r af | uor oét prdsenty peqfcmedsmoldmgamymaibmaetmnimpldlpg) ppwdeties, or

th I '
Fiter "t Sss FiSol Blohiekd (el Biositr CorBoPejan §FQlear Nah F okl &' o,
pl ates. Asop PidsktnBMTEBA1, Qsl.gjpﬁedw Aﬂmtolﬂaleétrm‘baﬂawr&l fofrAlpharelttapnt | ayer
17), thetyeand anount of filler naterial can - 13 used to_ tailor

vari ous moiGhhg Hiis Presently psplerrademolding maéetlﬁwm applied ter theihagksides

o of crr ed Rbft FOSRIRMY EPARY P aplt bAER inl Gl SR ARG et Y
MABF, (suppl e %@El’fd fiol §didberedre Placdd iHt@ e ldveinattr whichds Pl askon
SMT- B- 1, (suppl I ed Amoco El ectroni'c Material of Al pharetta, GA). This

present|y preheatedatn acppmxngaw 200°47 and then yaguune is %Rpltqdefobackm des of the

Trerchi s, ARBRATAETY §af RSB Gtk 20 pihul it BTk Feades 2 et e
to appr oxi mql:ysdpéﬁﬂdsap@udmare HROUPSI)i of prestureds dsplicio tigitopt €l y one

mnute. Once the nold fixturing tenperature reaches [err], 50 pounds per
square i ncata(rpigsS) stegl plats; pressingstheppolding comppend igodhetamplatesshape pi at e,

pressing t hﬁd ?8%&' nguf: SRRy mdatéxp éloth}&fght &P h&feﬁ %hfthz?leemachmed into the
template. The molding material 24 is cured under pressure for 30 minutes at
200°C. The mold form/laminator is then cooled to less than 100°C, and the
pressure is reduced to atmospheric, and the plastic molded part is removed
and trimmed (area 300 in Figures 1(b) and (c)). At this point, the cured
plastic molded part is ready for further HDI processing.

-

Figure 1(d) is a cross-sectional view of the apparatus of Figure 1(c),
further showing embedded chips after mold form 22 has been removed from
molding material' 24 and the base sheet 12 has been trimmed and separated
from base member 10. | |

Figure 1(e) is a cross-sectional view of the apparatus of Figure 1(d),
further showing a multi-layer HDI structure 26 situated on molded substrate 24
and including chips 20 and 14. HDI 26 structure includes a first interconnect
layer 28 comprising a dielectric layer 12b with via openings 30a and supporting |
a pattern of electrical conductors 32a. A second interconnect layer 29
comprising a. dielectric layer 35 with via openings 30b and supporting a pattern
of electrical conductors 32b. Additional interconnect layers could be applied,
if desired. - Methods of forming and filling via openings 30a and 30b, methods
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and forcing out excess nateri al through exit hol es that W—r—ﬂt—g_
the tenplate. The nolding material 24 is cured under pré¢sSHIScSHERT 3AS BEE l

mnutes at [err]. The nold form |lam nator is then coolegq to | BEPLAGED
[err], and the pressure is reduced to atnospheric, and tThe prastrc

part is renoved and trinmed (area 300 in Figures 1(b) and (c)). At this.
point, the cured plastic nolded part 14s ready for further HDl processing.
Figure 1(d) is a cross- sectronal Vi ew of t he apparatus of Figure 1(c),
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Addi ti onal —invocperaterby refgyencs. coul d be applied, if desired. Methods of
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upper inter g@ﬁ@iﬁfé héay eGén&Qtll?, thed@etfidibgcof thefRal exfamsion of slhcdmt . Patent
No. 5,161,093, issued Nov. 1992, Eichel berger et al., U S Patent No.
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t he nodul e erence
maximum stress resides), it is able to stretch, yield to, and dissipate this stress

before the stress reaches the high modulus molding material. For example, a
typical cdmpliant material, such as SPI 135, available from MicroSi Inc., of
Phoenix, AZ, has a modulus of approximately 100,000, whereas a typical
molding material, such as Plaskon SMT-B-1, has a modulus of approximately
2,000,000. . '

There are other sources of stress within a multi-chip module where the

low modulus of compliant material 17 can be useful. For example, some
molding materials 24 have significant shrinkage in the Z-axis (from the top to
the bottom of the module), which tends to warp the module. The prior
method of overcoming this shrinkage is to mechanically machine the module,
after molding material 24 'has cured, to yield an acceptable module. However,
with compliant material 17, these others sources of stress are also reduced
significantly - thereby increasing significantly the ability to reproducably
produce a planar module. |

Figure 4 is a cross-sectional view similar to that if Figure 1(c), furthgr

including thermal or thermo-electrical plugs, shown as thermal plugs 40,

-
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I n éxpansion bétween chips. 14 and nol ding materials 24. Conpliant materi al
217 has a | ow nodulus, and since it is placed in between

the maxi num stress resides), it is able to stretch, yie dT*t”§°*<‘£rJ¢a'&$§#%§tL
this stress before the stress reaches the high rmdul us | di nB J
For exanple, a typical conpliant material, such as SPI I35, avallable from
McroSi Inc., of Phoenix, AZ has a m)d#I us of approximtely 100, 000,
whereas a typ| caI nol di ng material, as’' Pl askon SMI-B-1, has a nodul us
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pl ugs 40 ‘chi ps 14. These plugs can’

be bonded to theTkd gl c&nﬂuatvugmqulrédmif thénmai)plﬁgﬁ4@vmcnjacegr¢mg poses,
I f desired. One of the significant, advag% ges oIﬁ'the rese i nyention is

that ther ndto thermal digsipation ghagacteristgs o gnﬁ'é CPRAHOPRe
backsi de of t |
acksi de ofod e filhb aflidafiol! hid fhd'fr dﬂ?&e&‘lﬂ@oﬁﬁ@ cﬁ‘&h@rbﬂﬁ{h dughengr e

m ni nmal stresse e overa g)lel or art nethods

reliabl e anfleshalcenducteityrfitler enaterialb sectoas gmph:tppsl mpoxy;exrrﬂaampndfgs was
difficult to produce, The thermal conductj vit wri hlg}‘ t hermal plugs 40
varies accdsdnfiigiens fonamosshigh pevenapplications, meds RN hodul e,

envir Onnent@énsﬁfé@dﬁﬁdhoaﬁksthose exceeding 100 watts per module thermal plugs 34 are
useful Thermal plugs 40 may comprise any thermally conductive material,

including, for example, molybdenum or copper or a mixture, such as a silicon

carbide matrix impregnated with aluminum, as fabricated by Lanxide
'Corporation. As shown in Figure 4, the height of mold form 22 preferably
does not exceed that of the thermal plugs 40 attached to chips 14. Thermal
plugs 40, and mold form 22 are selected so that the resultant substrate and
outer edges of the thermal plugs will be coplanar. X
While the invention has been described in detail herein in accordance
with certain preferred embodiments thereof, many modifications and changes
therein may be effected by those skilled in the art. Accordingly, it is our intent
fo be limited only by the scope of the appending claims and not by way of the ‘
details and instrumentalities describing the embodiments shown herein.
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of th n, .and the projected life of the circuit. Al though

h UCtIVI ty filler material, such as graphite=—sFver ¢
or d| a ﬁ “ﬂ t for nost high power appli catloer|S@ﬁ“':5>ft‘ b
high p ch as those exceeding 100 watts fer moBERE ST

DRER e hor o
pl ugs 34 are useful. Thermal pl ugs 40 nmay conprise any t HeFra y conducti ve

material, including, for exanple, nolybhdenum or copper or a m xture, such
as a silicon carbi de matri x i npr egnat ed®ith al uni num as fabricated by
Lanxi de Cor pogal Nﬂgﬁv% in Figure 4, the height of nold form 22
preferably does not exce at of the thermal plugs 40 attached to chips
14. Thermal plugs 40, and m)l d form22 are selected so that the resultant
substrate and outer ed 02 t hermal plugs will be coplanar. Wile the
invention has been de aricatingasy untegratedcireuimedulecompeisingai n
preferred egpo Eg £-S thereof many . nodi fi cations and changes therein nmay
be effected by those skilled in the art. Accordingly, it is our intent to

be limited only kpplying ax iysalativet tise shoenoverc basei membes, thetbaay shest of the
details and instrunent al tlefiﬂ'hﬁsqu bi ng, the enbodi nents shown herei n.

16 WHAT | S EP'RPHEDE &po tvieg an“h&W? caating sitpated osgg sideddfdhe cui t

modul e, conppiysde?dilid'8 é&s‘fﬁsthgfbaséﬁﬁéxﬁb&g an insul ati ve base sheet over a
base nenber, the base g eet conprising a’polynmer filmhaving an adhesive

coating sit uat ed ptacing 8 ipheratity ohehipohgviag contaet pppofadeaddwieohake nenber ;
pl aci ng a pl ﬁéal | téoOf c s havi contact pads face down on the adhe5| ve
coating of PHRCSs |l§’;§6§ %5@ at least one layer of a conpliant

material bet vveendgpgslﬁg%lt”lgasﬁ %ﬁe%ﬂrglfit%]éo@ liggY RSt er?a‘f%gﬂg%fn F%@rgf&uend

nol di ng mat er.i al oun I ps ‘an |an
the plurality of chips;

adding substrate molding material around the chips and the compliant
material layer; '

hardening thé substrate molding material;

separating the base member from the base sheet;

forming a plurality of vias through the base sheet, some of the plurality
of vias being aligﬁed with predetermined ones of the contact pads on the
plurality of chips; and

providing a pattern of electrical conductors extending through selected

ones of the plurality of vias in the base sheet to form an integrated circuit
" module.

2, The method of claim 1, further including the steps of:
positioning a mold form around the chips and the compliant material layer;
adding the substrate molding material within the mold form; and then
removing the mold form from the substrate molding material after hardening
the substrate molding material. |

3. The method of claim 1, where the substrate molding material

comprises material selected from the group consisting of polyetherimide resins,
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har deni substrate nol ding material; separat.i ng the base nenber from
-the base sheet; formng a plurality of vias through thg=basersheets=sore5pf

ons”on [ ADIRTIPMR IR 25 5! %2t o o B e s ot ongmenest |

conduct ors éxt éndf ng® t hrough sel ected ones of the plur& Tty of vias rm the
base sheet to forman integrated circuit nodule.. 2. The nmethod of claim
1, further including the steps of: po]_STtioni ng a nold formaround the chips
|
R

i thi -t ne DRIPARIIRO St e i BORAR el RIS, PR dct D
nol di ng n’ahﬁﬂ!p'@llyiﬁﬁ(g&[ har deni ng the substrate nolding material. 3. The

met hod of claim™l, where the substrate nolding material conprises naterial
selected fromthe group consisting of polyetherimde resins, 17

pol yt et raf | uor ogt hyl enes Nz0¢ ohut crvl .

pol yur et hanes, ghd p% %eg-gogi?(ggﬁlgﬁn é’l’ﬁé(éh%pﬁeoﬁl%gfmgﬁ é[?brlr@ %?invﬁ‘utglr'lgl t he
substrate pmiledesatherdifirfilRr rhaxelidllfisa tcbafigiration! sekuctethfrom the grou
configuration selected fromthe group consisting of parficles, ftibers,

screens, naomBsistiigelpartigles, Hbers; saeen Mathlates, and combinations thesgobs ¢l ai m
4, where the filler material is selected fromthe group consisting of

gl ass, SiC, AIN, dianond, graphite, [err], netal, and conbi nations thereof.
6. The net hod. of Iei mefhodbfeleim 4 where tleey filleomatdrialds seleeted fooa | ayer

of conpliant material  conprises paterial_ selected fro e groyp consisting
of ul travi dhegroup eonsistingPfighass i, cﬁ“\gﬂl'@mﬂﬁ WT&P@?’%gsxﬁ‘FFaﬁvﬂﬂoet -

curabl e an F{{H:l“- e epoxies, polyimdes and epoxy/ pol yi mi de bl ends.
7. The %«%{’@gﬁ 0 sgpéll%tra#'& where the at | east one |l ayer of conpliant -

6. - The method of claim 1, where a first layer of the at least one
layer of compliant material comprises material selected from the group
consisting of ultraviolet-curable and thermal-curable acrylates, and ultraviolet-

curable and thermal-curable epoxies, polyimides and epoxy/polyimide blends.

7. The method of claim 6, where the at least one layer of compliant
material includes therein filler material in a configuration selected from the
group consisting of particles, fibers, screens, mats, plates, and combinations
thereof, and where the filler material is selected from the group consisting of
glass, SiC, AIN, diamond, graphite, Al,O;, metal, and combinations thereof.

8. The method of claim 6, where an additional layer of the at least
one layer of compliant material comprises material selected from the group
consisting of silicones, ultraviolet-curable and thermal-curable acrylates,
ultraviolet-curable and thermal-curable epoxies, polyimides and
epoxy/polyimide blends. |

9. The method of claim 1, where the mold form comprises a

combined ‘mold form/laminator, and where the substrate molding material

—_—
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mat er-at—nctudes therein filler material in a configuration selected from

the gr b Sital f particles, fibers, screens, mats)_ plales gl ., -
conbi rlmjﬂﬂgmmﬂmﬂﬂlﬁand where the filler material is sj!eir@(?t‘ggﬁfw&ﬁfgfsﬁé'\' “
| - “and N

gr oup mg of glass, SiC, ALN, dianond, graphite, [errl.Hetal anc
conmbi nati ons thereof. 8. The met hod of claim®6, where an additi onal
| ayer of the at |east one |ayer of conpliant nmaterial conprises materi al

- selected fromthe group consisting of,gilicones, ultraviolet-curable and
t hermal - cur abl e, acryl at es, ulhﬁr avi ol et-curabl e and thermal -curabl e epoxi es,
pol yi ni des CORPriSpHRranster molding materal. 9. The nethod of claim2, where
the nold formconprises a conbined nold form' | am nator, and where the
substrate nol ding nmateri al 18 conprises a transfer nolding material . 10.

The method of cli®i m IThd nretliwt of claimdi, figrthéreinshugling theaftep of radfixing laer mal
- plug on the backside of at |egst gne_ of the chjps priof to adding the
substrate B¢ERHPlug s, thg backude of 4 least eg%ﬁéhe&h-%mriorrw&}f 1g g&ﬁrpri si ng:

a pluralit [ : sai d chips having contact pads |ocated on a
face ther e%yﬂ%ﬁﬁgéﬁ@dg&a@ a(':lhi ps pads being substantially in a common

pl ane; at |east one layer of a conpliant material disposed around and

bet ween said chips and extending, fromsaid faces.of said chips at |east a
substantial portilen cAnintegeted siewit moqule, OMPEIES of said chips:

har dened substr i t ekl r ' ' Eﬁﬁmi ' erial; a
dielectric Iayefégu?%gt?edg%g?sf ?\éafgf:%ésmo %&gﬁ:d&@nci?%@aa s?al?)géﬁ?g%ened '
substrat e ifatedibegeofbared aklof said chips padsbeing shibstentiallyciniaicommomplanal i ty of
vias therein, at | east solma of . said plurality . of. vias being aligned with
et oy e oridSEE ona layerph & eomplad Materl HisRAsed P and bERERR of

el ectrical sGRNaHps Ahd extendilY 8nt §4i@Yakes T safd E4ipaeteit a substantial

portion of the distance to the backsides of said chips;

hardened substrate molding material surrounding said compliant
material;

a dielectric layer situated on the faces of said.chips and said hardened
substrate molding material, said dielectric layer including a plurality of vias
therein, at least some of said plurality of vias being aligned with predetermined
ones of said contact pads, respectively; and |

a pattern of electrical conductors extending through selected ones of
said plurality of vias in said dielectric layer.

12.  The module of claim 11, where said hardened substrate molding
material comprises material selected from the group consisting of
thermoplastics, thermosets, polyetherimide resins, polytetrafluoroethylenes,

epoxies, benzocyclobutene, acrylates, polyurethanes, and polyimides.

13.  The module of claim 12, where said substrate molding material
includes therein filler material in a configuration selected from the group
consisting of particles, fibers, screens, mats, plates, and combinations thereof.

[UHTEE
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saidpi—bHL&H—t—y—ouzj_as'n said dielectric layer. 12. Fhe npdule of claim

-1 aid _hardened substrate nolding material confrigesHERTAPBEEN
sel ect mu Ulu&’" consi sting of thernoplastics, jjher fTDﬁ@P@ACED

pol yet pol yt etraf | uor oet hyl enes, epoxi es—berzoe £ ,
acryl ates, pol yuret *harfies, and polyi m des. 13. The nodul e of cl a| m 12

wher e sai d substrate nol d| ng material 1gncl udes therein filler material in a
configuration selected fromthe group consisting of particles, fibers,
screens, mats, plates., -and conbi nations thereof. REPLACEI\/ENT SHEET 19
14, 'The modul Aot ol modsle wheleimekd, whiere seid ﬁlﬂkﬁremmnaqlss salededed from

t he group | g e net al ,
and conbi ng?l ongat#glrlg ?ﬂg@@fg Ofsél%‘cés d;ﬂqfeﬂ’m C é’ld hé@w“&hérl% h*et?l | ayer
of said at dndacsmbinatibay dieredf.conpli ant material conprises materi al

selected fromthe group consisting of ultraviolet-curable and
thermal -curabl e acrylates, and ult ravi ol et- curable and thernal -curable

epoxi es, polyi mges t f claim

15, where said at 'l ez:-P{il one ia?glrcwl vﬁ*&gﬁfﬁrﬁé%& Fgl n(r:q-nt lg Yer ei n

filler matdayerlof compliamimgieriai connpﬁeésenmwhdl rselectddefrgnoﬂn groupi sting of
hereof, and

particles, fibers, eens tes nblntlons
where said qomlmg ﬁgpimwaplerwsu@iﬂ%e@ aheraah tedral tllitwglqict-m ass,
Si C, AN,
The modul o SFAREERd P%ﬁ*ﬂmfab%%ééa%&eP%w@%?%?&é@%ﬁ{? It ne
| ayer of conpl | ant material conprises material selected fromthe group

i sti f si I t d th | - bl | at
it avi of ot -cur a0 2 FIRShAROF SIR B “aIsEs SRR R RBoBFRIGt 15, The
modul e of m‘t{o Tkt W&Y@ﬁ%ﬁuﬁﬁid@s%ﬂ@éﬁx{ filier AR A% P Lo figrafi0iBElecRA 2

transfer | ng
from the group consisting of particles, fibers, screens, mats, plates, and

)

combinations thereof, and where said filler material is selected from the group
consisting of glass, SiC, AIN, diamond, graphite, Al,O,, metal, and

. combinations thereof.

17. ~ The module of claim 15, where an additional layer of said at
least one layer of compliant material corﬁprises material selected from the
group consisting of silicones, ultraviolet-curable and thermal-curable acrylates,
ultraviolet-curable and ‘thermal-curable epoxy/polyimide blends.

_18. The module of claim 11, where said substrate moldmg material

comprises a transfer molding material.

19.  The module of claim 11, further incl‘uding a thermal plug
extending from the backside of at least one of said chips prior at least through

to the opposite side of said hardened substrate molding material.

20. The module of claim 19, where said thermal plug comprises an

electrically conductive material.
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19.  The nodule of <Thaim 11, further including a t

--from | east one of said chips at £§'f°$ME@mgnstB@ '
oppo t"mmﬂnlmﬁm m Fhardened substrate nol di ng nmafler] al ﬁkEDACtDThgh

of cl &inf19t Wherse sdi d thermal plug conprises an el ectricarty—
mat eri al . 20 21. The nodul e of claim 20, where said thermal plug

conprises a material selected fromthegroup consisting of copper,
nmol ybdenum and a silicon carbide matrix inpregnated w th al um num

21. The module of claim 20, where said thermal plug comprises a
material selected from the group consisting of copper, molybdenum, and a

silicon carbide matrix impregnated with aluminum.
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