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“relatés to inproving the thermal performance of chiyp dedAL - spreader
i nt erconnections, specifically as used with ball gri d arrays. As
nodem integrated circuit packages often tfi nes include sem conductor chips
bonded to a netal heat-spreader or sink. Typically, the netal heat-spreader
is attached on or MBTHOD OJUIMPROVER QAVERY BEA GCERIEUIT PRCGKIAGEOXY resin or
ot her plastic. An opening in this circuitized carrier allows the back, or

i nactive, side of the chi p BACREROUNIOHI T INVENTIDAE heat - spr eader,
typically with an epoxy. A glob of sonme o6ther epoxy or resin is used to
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("BGA"). As is known, a BGA allows a device to be connected to and
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BGAs. In addition, the circuit line length is shorter for BGAs than it is

for pi nndhe basknerinaetiys, sidmokthe plip do bﬁh?@‘ieéélfa‘?ﬂﬂt?rﬁlﬁheah%ﬁaﬁ%m wideah as
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chosen fmuesgnésenaforehsmﬂlw\bambcﬁngehémhppﬂeidmﬂﬁmﬁa i nportant. Plastics

are, generally, poor thermal conductors. To inprove the cooling in a chip

PBGAs nmay have a capfid ship Rairiehéappreadetisienitly b BOPRIVRR AR Halll Ricdamsy

orientation. This "chip down" orientation of a BGA provides for a .direct
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for enhanced perfornance In order to securely bond the
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particular importance for SRAMs used as cache. Capacitance and the cost per I/O are other
advantages of BGAs over PGAs. .

Often, BGAs having their base made from plastic are chosen for applications in
which the_rmal .performance is important. Plastics are, generally, poor thermal conductors. To
improve the cooling in a chip PBGAs may have a cavity that allows a chip to be mounted in a
“chip down” orientation. This “chip down™ orientation of a BGA provides for a direct
connection of a chip/BGA assembly to a heat-spreader which as part of this direct connection is
adhered to a top side of the carrier which holds the chip. Often, the heat-spreader may serve as
the dc'\}ice’s only heat dissipaﬁon element, but a heat-sink can be attached to the heat-spreader

for enhanced performance.

In order to securely bond the chip to the metal heat-spreader an adhesive is used.

Since the function of the metal heat-spreader is to dissipate heat generated by the operation of the



+ 2 chip this adhesive needs to possess a high thermal conductivity. The
adhesive al so nust exhibit a high bond strength to the netal of the

heat - spr eader. An adhesive nmust then exhibit the foll ow ng
properties: 1) good thermal conductivity; 2) good chip-to-adhesive bond
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package’s thermal resistance, while being simple and inexpensive to produce.

SUMMARY OF THE INVENTION

In accordance with the present invention, an improved bonding system is
provided for bonding a metal heat-spreader to a semiconductor chip in which the bond formed
demonstrates both strong mechanical integrity of the chip attachment and bond interfaces while
improving the thermal performance of the bond. Since a single adhesive cannot always be
optimized to adhere to two different surfaces and still provide both high thermal conductivity and
increased bonding strength a two adhesive system is used in which each possesses unique

properties and is applied in a manner to avoid the traditional adhesive problems. In one



* hi gher mechani cal bond strength is adhered to regions of high interfacial
stresses between a chip and a heat dissipating elenent such as a

heat - spreader. A second adhesi ve denonstrati ng higher thermal conductivity
but | ower bond strength is adher ed to the renmaining connection surface area

of the chlg , in one3enmbodi ment, a portion of the
connect i ombedinteat af de Pmémﬁémmweﬁ@é adhesive pesessingilewerhermal condnetixity dut
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present invention in which a chip is carried by a cavity ball grid array.
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Fig. 1 illustrates a cross-sectional schematic of a first embodiment of the present

invention;

Fig. 2 illustrates a cross-sectional schematic of a second embodiment of the

present invention; and

Fig. 3 illustrates a cross-sectional schematic of an embodiment of the present

invention in which a chip is carried by a cavity ball grid array.
DETAILED DESCRIPTION

The present invention provides an improved interconnection between a heat-
spreader and one or more chips specifically in the use and formation of integrated circuit
packages having ball grid array interconnections. The present invention provides for adhering a
chip to a heat-spreader in which two adhesives are used resulting in both good adhesion strength

and low thermal resistance. In particular, the adhesives are applied to the connection surface of



"chip'is in contact with, and adheres to, a higher conductivity adhesive.
Fig. 1 illustrates an inproved heat-spreader and chip assenbly of the
present invention shown generally at 10. A heat-spreader 12 is provided to
di ssi pat e heat produced during operatl on, of a chip. Heat-spreader 12 is

formed of, a hi conductive rret such as ¢ .S conte
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t he i nt erFigck avdipbeis aﬂhﬁedl&ﬁhehmtegtéederand first adhesive is significantly
reduced, allowing for greater accomodation of interfacial stresses. '
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strong bond while the second adhesive 18 is applied to . inprove the_thermal
conduct i vihejeat-spreader 12 and chip 14 'Rge@é‘é‘ﬂm?‘ﬁ“ qubcm&the eerductionsof heal te@ adhsgives
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In the enbodinent of Fig. 1, the coating of the first adhesive 16 w |

surr.ound sigeificaatly reducet, alloavisg foo gatet hesommeodaton aflinterfacidistresseher i ng Chl p 14
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second adigg§hién éﬁchlp 14 to heat—spreader 12. While the second adhesive 18 is noted for its thermal

conductivity, this type of adhesive does not adhere to the metal heat-spreader 12 as well as the
first adhesive 16. Thus, the first adhesive 16 is applied to provide 2 strorig bond while the

second adhesive 18 is applied to improve the thermal conductivity.

As seen in Fig. 1, the first and second adhesives are applied to a connection
surface 20 of the heat-spreader so that both adhesives contact the heat-spreader 12 and the chip

14 of form an assembly which has both a strong bond and good thermal conductivity. To form



« As seen in Fig. 2, in another enbodinment, first adhesive 16 is applied to a
portron of the connectron surface 20 of heat spreader 14 |eaving an inner
portion of heat-spreader connection surface 20 uncoated to accomobdat e
second adhesi ve 18. The connection area $lesignated for the second adhesive
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i nportant, packages with a cavity 28 are used.
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that a chidesipantedgortht 86ddad alllesive idated a8§vrdiagl§and ehip 14 placed into contact wﬁpthe
forman inproved cavrt@i/ BGA asserrbli; of the present |nvent| on, chip 14 is .
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in a glob 32 of an encapsul ant for protection. Thus,” a BGA having inproved
t hermal performance Fig. rﬁr dlnsta@tqs popetific tuse 0§rﬂeser¢senit riveentipmn. As seen in Fig. 3,
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or die 14 and heat spreader 12, as
i carrier 26. Chip carrier 26 can be a glass-epoxy such as FR4 or any other well known carrier

material. Chip carrier 26 has a cavity therethrough so that a chip can be attached to a heat-

spreader 12.

To form an improved cavity BGA assembly of the present invention, chip 14 is
bonded to heat-spreader 12 in a manner as described above. The high strength first adhesive 16
(Figs. 1 and 2) is bonded to a portion of the chip’s connection surface with the high conductivity

adhesive bonding to the remaining portion of the chip’s connection surface. In this embodiment,



“menti oned above. There is no particular requirenment for the
bondi ng strength or thermal conductivity of the adhesives selected for
formng first adhesive 16 and second adhesive 18, since the conditions of
interfacial stress and thernal | oading egcountered in a particul ar package
design %&At-sgfaraaemne AGhdlg phate.t ORipNALiY RN WHEd & he chip dafiRrshirpteanskchR Moard
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flexibility 1s possiblée in designing the specific adhesivé systemto be
used i n atheEapaitcles Aibespyricomatsites for thproving tHeooal vereluctingty. Lflvesise,dhe sihesiventan
be custom desjgned. in t f the qgeographi cal, | ogati ons where the {wg

di 11 er entirsiagEays, L& gl B socctsd 1 sABPH AR ahaned boPiDe sRERA 18, b sPispder 12,
bondi ng S Wostdrh ShidVedbiei Rihdishength BEKEERI chEPHOME 14 thd Ve fsplelerpehal |
adhesive bond to be maxi m zed. Furthernore, greater latitude is achieved

i n terns wéntivhedahavg. t he adhesives to use in a particular application,
because the two . scnl . di th o tl Zfﬁ
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cheaper bondi n(f; is@gstems to be devel oped than possible in the past.
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In a nore preferred enbodi nent, both the first adhesive and_ the second
adhesi ve terfustasthasive 16, dhbaingosegognized thah thedending strepgh,of spcond adhesiye 8 \wal most
parti cul X=F i i . Yl ERl i

Exchi bi 1 EoR O e ERAE (RS, BERAS dlRterks, FrotBRyY el IRGICHERy of
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sem conduct or chips, particularly thqgse de fromsjlico whil e other are
known f or 2idsast Bhaut AdeHEgHeIR §ﬁ'ﬁ€?\%9ﬂ%‘g§tb“wg!s?a‘kﬁ§}v%?6't hese adhesives
can be used in the E«E‘Ea%gé‘iwd Gl RMlesive @TRERS Abcordbinb AR (P PreYer RRRALIYES
are: 965 Epoxy, 821 poxy and 240 Epoxy. Epoxy 965 is a well=-known silver
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thermal expansi on. Epoxy 240 is a thixotropic solvent- .
the specific adhesive system to be used in a particular application. This is because each adhesive

system can be custom designed in terms of the geographical locations where the two different
adhesives are applied to provide just the right amount of bonding strength, thereby allowing the
thermal conductivity of the overall adhesive bond to be maximized. Furthermore, greater latitude

is achieved in terms of choosing the adhesives to use in a particular application, because the two



o based epoxy noval ac resin. Al t hough only a few enbodi nents

of the present invention have been described these are not intended to
Festrict or in any way limt the scope of the appended clains to such
details. Additional advantage and nodifhcations may readily appear to those
skil'l ed kinekives Aédd: not RRNiBH @o&d b&ﬂi%g ﬂ%ﬁ@h'@ Rvellial b(‘i@th@l"n%%ﬁfuc@@igﬁ% In e’
not limted to the specific details, the represeﬁtatlve appar at us “or

i 11 ust rat:asee)f@maxmlt desigrisoirhisealidwd sgongeb enfl chaapeobatiding systenie pab¢ dewetoped thae
made from sH)gh. tal I s without departing fromthe spirit or scope of the

appl i canP°¥ PP nvent i ve concept s. An integrated
circuit package COMpla flefired HHBHMRAEWFIRY uﬁl@ﬁtﬁmhﬂ% At le‘fe@ Ve and the second
connection surface thereon, a netal heat spreader havi ng a t-sp reaa

connect i edhesivefima patalndavamtegtﬂwésmmt pmkagmﬂwlacteg fromi the szichreﬂm faml;d By?eésm
spr eader ’?I d bond. c ng a first adhesive attached to
a first pOMIY df Beant 4ok %‘ﬁinB Cr SRS t PRSRONSS Pﬁ’é’@mdes» polyestersy pepdics, filipanes,
portion obiyhaidds Rgat spreader connection surface, and a
second adheS|ve ‘attached to a second portion of said chip connection
surface and to a sduembrpprefid embodisent, bmhthesﬁmtaéh:bswe anmthesedomh adhesfvaGiee

wher ei n ai d &cond adhesi v exhi bi her her mal :tgt Ivity than,
sai d PR TPOXY HERT %%h"&sl o“é%’?‘ ?@ngtﬂ%‘t{cﬂ EPfy resin
adhesi ve gdhestes éle eﬁ&@y a6 kRIS eliBiiHY &gﬁliﬁénﬂﬁrcoﬁ@&gﬂw %5&*}%5 the
attached to sai spreader having a cavity heret roug

a bal | gmitd §|omy0%tdm@ hléhlesms 226 dnewn pascexhibitmg kighl Hmadlsttgng.hcwmhtryspect to

T U bR SO S8, A hh, S i g G g

att achi nigabénd Btréhg‘ﬂ% ﬁ:aingtaﬁhlﬁﬁlycé’fr {he§ adhesives can be used in the present invention.
Examples of suitable epdxy adhesives are: 965 Epoxy, 8213 Epoxy and 240 Epoxy. Epoxy 965 is
a well-known silver metal-filled thermal epoxy resin available from Ablestik. Epoxy 8213 is a
brominated epoxy creosol novalac resin exhibiting a high glass transition temperature and low
moisture absorptivity which is optionally filled with copper powder for enhanced thermal
conductivity and reduced coefficient of thermal expansion. Epoxy 240 is a thixotropic solvent-
based epoxy novalac resin. '

Although only a few embodiments of the present invention have been described
these are not intended to restrict or in any way limit the scope of the appended claims to such
details. Additional advantage and modifications may readily a‘ﬁpea: to those skilled in the art.
Therefore, the invention, in its broadest aspects, is not limited to the specific details, the
representative apparatus or illustrative examples shown and described. Accordingly, departures
may be made from such details without departing from the spirit or scope of the applicant’s general

inventive concepts.



3 The package of claim1 wherein said first adhe i d
from an epoxy resin. 4. The package of "!mwﬂgnm(ﬂmlmgl d

chip is further attached to said chip carrier «dyca

encapsul ating nmaterial . 5. The pa<§<age of claim 3 wherein said heat
spr eaderwieClgigont act pad carried on said carri er 6.
The package of claimb5 wherein said second adhesive layer is fornmed from

an epoxy resih.  #n integrafed pirquitgpapkegs eQERASIng paeRAg Ué@ﬁrfrhlps heigng a chip
f ﬁ;n r ggg? éja%ltél%étloglgs ceathg'é(éqD rgeh%theat spreader hgx%%eggga'i-s;grngde?c%gam fsuxgg @ea%' Vo

i Ve and
a seconda@{ekies bymd ad$1€i1ﬁh$31 toadidd®htsPreader, said boh@&dﬂ‘iﬁ'ls&lghl gher t her mal
conductivity and a | ower bond strength than said first adhesive,

sai d mass of adhes a\f@stdéhqsmemgtadwdutﬁa gfirstagition of saiishiprcosagation jsuface and to a
adhesi ve 54 heres reader and a second region in
whi ch (gh??gﬂjo?g% gctlggﬁ%rfagg.ag id chip to said heat spreader.
8. The pac kagea@f:ccﬁﬂ adBsike aﬁﬁtﬂk@ tda Edtend HEtioPOS SBiINEhifs EdnnbdtionGlrfadd £hd
second adhesive as at |east 10% greater than the thernal

conduct i td & gecond gennan fof paid heat spreader m@méurface gvherein sajthgecpricadhguve exlibitd m
8, wherei n th t V,
| east 25 5‘?‘% ug‘ﬁﬁgt ﬁ'tah Sla{dyglgsfrtl | VI ﬁolﬁgler bmad f trex&%%l?dnvgmgsﬁ@

adhesi ve adheswe.

2. The package of claim 1 further comprising a carrier attached to said heat spreader
having a cavity therethrough;
a ball grid axray attached to said chip carrier and having a cavity therethrdugh in
communication with said carrier cavity to form a chip receiving cavity recewmg said chip; and

bonding pads attaching said chip to said chip carrier.

~

3. The package of claim 2 wherein said chip is further attached to said chip carrier by a

glob of encapsulating material.

4. The package of claim 3 wherein said heat spreader is a contact pad carried on said
carrier.
5. The package of claim 1 wherein said first adhesive layer is formed from an epoxy
resin.
6. The package of claim 5 wherein said second adhesive layer is formed from an epoxy

resin.
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10. .The package of claim9, wherein the thermal conductivity of said
second adhesi ve as at |east 50% greater than the thernal
conductivity of said first adhesi ve. 11. An i ntegrated
circuit package conprising a semi conduc®or chip having a chip

connecti on sUkfacétt degaind crcnibtpakkdge atonppsieg dre serhiagondugton chemta sypetalatieat

connection surface and.an adhesi ve bond adheri aLd chi i d heat
spr eaderPready dmgﬁrﬂ]asé (9r§ﬁ?rlll?e§}vﬁ hercbetween, said mass OI}Q“d QP g‘ﬁ‘ﬁ‘ f\?’ét a1t°avfed
to a firgg aps%(;ddoefﬂheiwesﬁd @hfgh&oﬂﬂ&%?atl lc@fHuctivity and ‘a l%%lf 86 RdgfhOman Ehilst

portion of said heat spreader connection surface, and
a secon dirstdﬂhsmae saadl masﬁmfddhe;;mg dsﬁmug d fipoy mgmnn (v«ﬂucrhasanl fokti apihmermidmee maid

surface t|o of sald rst adhesive ,and to sec n
eai d e trrend feiion ot it Seid AP e SaRTEE P SRy o

exhi bi t aﬂal ] t hermal conductivity than said second adhesive and
| ower bond st rgngt?'u t han sai d second adhesi ve. 12. The
i nvention as defined in claim1l 1 wherein said second adhesive is

attached to said fjrst he eres 1 |n,ve I O efined in
claim1 1 whetein ? g’@@d’%& h’@’é‘f“ﬁ @eﬁ‘em‘al %%Gaffgsegav a@é"éﬁ’ﬁd
portion Qb ﬁﬂétqo‘%%rgater than the thermal conductmty of said first adhesive.

9. © The package of claim 8, wherein the thermal conductivity of said second adhesive

as at Jeast 25% greater than the thermal conductivity of said first adhesive.

10.  The package of claim 9, wherein the thermal conductivity of said second adhesive

as at least 50% greater than the thermal conductivity of said first adhesive. -

-
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