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“This is the repIaCenent sheet Dafe 13/12/95 NETHOD AND APPARA l'
DI RECTLY JONING A CHI P TO A HEAT SI NK CRCSSfREF__-;CE Thi lsgat
‘Appllcatlon is related to U S. Patent Appl i cation-Seriali+
, entitled""CHIP CARRIER WTH SINGLE PROTECTI VE ENCAPS
Docket No. FI.9-94-079, assigned to the assi gnee of the |nst
Appl i cation, and the disclosure of which is incorporated- hereln by
reference. FIELD OF THE | NVENTI ON The present invention relates generally
to a new apparatus and nethod for directly joining a chip to a heat sink.
More particularly, the invoErzoD Wm@mmn{mmd a net hod. t hat
uses a doubl e-si ded, pressure queiive adhesi ve tape
“to directly join a Chlp or s ' AR Nk BACKGROUND
OF THE | NVENTI ON Sem conduct or deV|ces are becon1ng smal | er and nore dense
with the evolution of new technol ogy. However, increases in circuit
density produce a correspondi'ng increase in overaII chi p packagi ng
strategies in GRGEB_REFERENCE conpetitive. Chip and chip carrier
manuf acturers are therefore constantly being challenged to inprove the

quality of their products by |dent|fy|ng and el ini.nating problens, reducing
package size and weTBh®, Bfd@ntasPRBlicavips iis t kelatsdackdett SsheRatente:

13/ 12/95 2 packpgei€Q€isn méma Nfol."pg@yed t her mal ef,fleheriellea ancHIP
better and mrgAl%gilgnce%I'qu!I“ pSINGL!g ' eéﬁo%ég{‘]IVEcaEﬁCAPSULANT , Attorney
Docket No. FI9-94-079, assigned to the assignee .of the
instant Patent Application, and the disclosure of which

is incorporated herein by reference.

as Been Re laced

10 FIELD OF THE INVENTION

The present invention relates generally to a new
apparatus and method 'for directly joining a chip to a
heat sink. More particularly, the invention encompasses
an apparatus and a method that uses ‘a double-sided,
.15 pressuré-sensitive, thermally-conductive adhesive tape to
directly join a chip or similar such device to a heat
sink. '

BACKGROUND OF THE INVENTION

Semiconductor devices are becoming smaller and more

20 -dense with the evolution of new technology. However,
increases in circuit density produce a corresponding

increase in overall chip packaging strategies in order to

remain competitive. -Chip and chip carrier manufacturers

are therefore constantly being challenged to improve the

25 quality of their products by identifying and eliminating
problems, reducing package size and weight, decreasing

FI9-94-063 ’ -1-




) S s S LR L AP NS ST B w2 = - - N

| mprovelent's: are “berng rmade to el imnate syst @matdlé' e-p ?ET ens by reducing
process Vvariability. Process i nprovenents al one ar eTkip3hes s Been B aced '
to elimnate all the probl ens whi ch ef f ect bot h ;Hilu I“ﬁmﬁl

and reliability. One way to increase performance and reli abil

provide the shortest and nost efficient thernal cooling path for the

integrated cirgdbkagd! pfcsts,ghgﬁrto ?F]i.‘illgrb]eaQBQSv 4 b{—_k@g{nﬁﬂ tOPe£DI R ncies .

physically as close as possi er way Wour
provi de nore e84 cbekterodndngqaze tadvansed chipseyecWhemens t$1€gnhfma1atte

br ought closermprémm shpk, BB#Ag aphade %veélqméwv'é’f& tic

securely provid t her contact, between the chip_and_the h

some cases the‘?m $M2on ﬁct TEAUCIRg o PHPRRSH ccKatidRiLatyr ovi deP%PCEﬁQQ er
therm@ cont admﬁﬁvmentﬁleaabm adcle t li\eoweﬁir:]fﬁieiclanﬁnctd neﬁhﬁh&téor@lﬁort
of - t her mal ast . rch Disc osure

Publ i cati on No%ézjmll?lr@?"g% #b‘%g} ﬁ el R ofP %’H""‘P%Cé and

i ncor porat ed releiabblityf erence di scl oses a stick-on heat sink. A heat

sink I's attached oo Todyl &dyiatidhod pieeMnRd Ui B ?ﬁ&lilt%oa%]d

where the edges of t shap se 10 secur ST NK
module. It is %} sPEPEidescthe haﬁh@nf—aﬁhesavd omogdublef fdiafentt akhexmall.

al sojge pl aceddynidy RRItHOMEdY! f@ke Qfn éézfretwé %ﬁl&utﬁ AERYDS . | nt 'ﬂgs!&

contact between the nodul e and t he heat si'nk. U. 4,092

(Spai ght) ; thé:‘m]é%l%lﬂ%“%f W\‘i’%h"gkngnﬁb?psp&?eahﬂéﬁé’ﬁﬂlﬂy asefclasif as

di scl oses pl a(pd?izb]fehl o0 f tgéem&ﬁ ys&ﬁmdll;ct 1 MeotR£! vy Zggbgzan %elt_dtaﬂ p
and the heat sin )y eat ra at ent al der es
or? e e Hebe Rkl Bl Blent: Lomii Tt e SHiBy | o However,

when the chips are brought closer to the heat sink, means

15 _ also have to be provided to seclu:'ely provide a thermal
- contact between the chip and the heat sink. In some
. cases thermally conductive epoxies have been used to
provide a better thermal contact between the chip and the
heat sink, and in others some sort of thermal type paste
20 has been used.
Research Disclosure, No. 270,“ Publication No. 27014
(October 1986), the disclosure | of which is incorporated
herein by refereii_ce, discloses a stick-on heat sink. A
heat sink is attached to a module by sliding the module
25 - into the heat sink and where the edges of the heat sink
snap close to secure the heat sink to the module. It is
‘also disclosed that an adhesive or double sided tape
could also be plaéed' on the bottom surface of 'the heat
sink to assure intimate contact between the module and
30 the heat sink.

' U.S. Patent No. 4,092,697 (Spaight), the disclosure
of which is incorporated herein by 'reference', discloses-
placing a film of thermally conductive material between
the chip and the heat sink or heat radiator.

35 '~ U.S. Patent No. 4,233,645 .(Balderes et al.),
discloses placing a block of porous material whidh is
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: b che PR, B e
Th| s is the repface’%ﬁt ?"’ﬁa‘f"”’? 'ﬁé/ 12/35 3 |§pregrfat’ed W|th a .sui tabl e

|l iquid between the chip and t he heét sink to prOV|de a thahmﬂh
spath. U.S. Patent No. 4,849,856 (Funari et” al.),
which is incorporated herein by reference, dlscloses a dlre

sink attachnment process where a thermally conductive adhesive |s used to
directly securgm iﬁégh&ﬂédsw’ﬂt}ichtéﬂiﬁﬁbpe YiquidPaétied®. thé Livi 79nd

(Bi ckford et cLosure of g fcor or,at d her ei
r ef er ence, s}éga nﬁf‘ﬂé Qi PERY1dRi 4 ¢ eﬁ’éﬁi EHQPF tKReRA ocess
where a thermal ly- cunﬂuctPaEendhenove 45843?81560 pln‘\ixea:tiy SECUAE. } he bret

k t th h t 699 t t | .
o oel oour o of Wectosure b llin 4o tndaipbioted | hireth By \xetdfence.
i nt er dnnect i dhismb@s%? .ahshgaqctcrehipdtby mwesinbnmamﬂtetm@ceas
carrier- subst rg&-@ngd E‘g&ﬁamﬁig("bahduéﬁme adh%s;%l l;8d uald o Airectly

conposi tion obtained rom curing a preparation containing a
cycl oal i phati @‘b@l‘!}%pﬁkﬁ?d@eéﬁ#bﬂkcﬁﬁ?a@% ehiPate ester or prepol yner

thereof; filler hawng. a pEddtITNBa t4 YS9 5676 O(fB:%ﬁcf!de okt apd.hei ngnat
| east substantlall free of alpha partlcl e em ssions. ‘U S _Patent

5, 249, 101 ( Fr &is¢losyre ofhwhdich: |is RCorPoFRted Berrin: Ry AECFRACE n by -
ref ernce, di sdiscEoses Ccauptiras diirectarchep wWo CheuteSSaﬁkl eftSstad¢lent

| ' h | Jol de .f - chi
Fatiue I11e dFeqeenerpere Shateimaily, fonadicive | SaREllveC 15 sl o

linmted envirchimetly psececei the hedt tsinkl tactpesuthip.is al so requi red
Lo it oo, SSLERREG 7, 0 SN | ChpSEE0RY G CRLMTILRE O
of Thernmal Exphkg¢begure of which is incorporated herein by reference,
15 discloses solder interconnection .whereby the gap created
by ' solder connections between a carrier substrate and
semiconductor device 1is filled with a composition
obtained from «curing a preparation containing a
cycloaliphatic polyepoxidé and/or curable cyanate ester
20 or prepolymer thereof; filler having a maximum particle
size of 31 microns and being at least substantially free
of alpha particle emissions.
U.S. Patent No. 5,249,101 (Frey, et al.), the
disclosure of which is incorporated herein by reference,
25 discloses a coverless chip carrier which uses at least
two encapsulants. The first encapsulant is used to
provide flip-chip fatigue life enhancement. The second
encapsulant is used to provide limited environmental
protection. - A third encapsulant is also required for
30 carriers using peripheral leads to contain the second
encapsulant prior to curing. Also disclosed is that the
encapsulant have a CTE (Coefficient of Thermal Expansion)
which is within 30 percent of the CTE of the solder
balls. .
35 The inventors of this invention, however, are using
an entirely different approach to solve this age old
problem. They are using a double-sided, pressure-
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this invention, however, are using an entirely di ff.er-entﬁlls " de
~sthis age old problem They are wusing a double-si deﬁ H
This is thHe replacenent sheet Date: sensitive, . thermalll

adhesi ve t ape to directly attach the chip to the heat sink and provide
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doubl e-si ded, thernally-conductive, pressure- sensitive. esive tape to
attach a chip to aThetstragtunec andy precssal 96 ditidhpinyentionopdifers

appar at us and gaRicied fadvahEsgés abi}éih_@i&t PEicr Nagt .si NfoF OeRafmpilB, aRF OF -
a substrate. Therefore, one gﬁrpose of, this invention is t rovi de an

0
. appar at us and PXo¥ddfo R t RARPHAELed, BPdydar FORRETRREt R EBgﬁeEQFﬁg 3t
doubheg- si.ded, uitigrid Yewdnddateyeal s andl prociss tsyepadlios weslempdy,

L ok o PP b a1t e
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module.

PURPOSES AND SUMMARY OF THE INVENTION

The .inven'tion is a novel method and an apparatus for '

15 . using a double-sided, thermally-conductive, pressure- -

: sensitive adhesive tape to attach a chip to a heat sink.
The invention also encompasses a novel apparatus and
method for direct attachment of a heat sink to a chip
_ and/or a substrate.

20 Therefore,_' ohe purpose of this invention is to
provide an apparatus and a method that will provide' a
direct thermal path using a double-sided, thermally-
conductive, pressure-sensitive adhesive tape between a
chip a heat sink.

25 Another purpose of this invention is to provide a
double-sided, thermally-conductive, pressure-sensitive,
adhesive tape between a chip and a heat sink to ensure a
secure thermal contact between the two.

Still another purpose of this invention is to have a

30 very economiéal and efficient thermally conductive path
between a éhip and a heat sink. -

Yet another purpose of this invention is to increase
the available area on the substrate or the chip carrier

FI9-94-063 . —4-
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adhesi ve f apé& ‘et iEEH e A pRRRE A= A&at “sf nk 1 o-cfdHFé~a secure t her nmal
contact between the two.” Still another purpose of this | RwgRhdeOiasBsenReplhRY €
a very econonical and efficient thernally conductive path

and a heat sink. Yet another purpose of this invention is e
avai l abl e area on the substrate or the chip carrier Thi o
- replacement sheet Date: 13/12/95 5 for device joining, for exanple, active
devi ces, such aOT cAfpLCeoiopniBgyefgsy exampleucRcadve: deatiiaes s, swth . as,
Still yet anotheHipsl) POBpaésive ¢érmés9nsﬁéht&sgreapdéieo9§3 hggeand
apparatus for ensurifpg.jhe inte I’Itﬁ of the bond between the Chip and the
heat sink. Yet anot ri‘?l r ¥6% EROLheT iBWrRASDNOLs thR dmventian L8wotk®k

or repair the qunprideda omeﬁheenhhddaﬁpéyheusTlf_eﬁ:eE@Is@xﬁiidg fiﬂit @ﬂ?dﬁiﬂs
pat h between 5107 Sf AR RS R PR Snd S nes RS TRRL o sai 0
appar at us conpri ses ¥t aanotivde-purposée hef nthlip- dordnttione isdivr \«bilns,

that secures sgigl mrﬁidyéﬁ% Gl d oCNf S sﬁ#g?%‘ﬂ@g%%%%pect

this invention conprises to provide a direct T _ Uctive
path between at | east one chip and at | east one heat sink, wherein said

nmet hod conprises secphdrdkdire ) eﬁﬁtox@ef&éééc@o-{:higniﬂ@eﬁtggﬂb!c%h?rg. s an
t hermal | y-conducti ve .adhesi ve tape, on one surface of said chip and a second

portion on at [RPRAYaLUS tPoRTSViAY P nddrestnithaymald hrcondpet bxe Opakhe
DRAW NGBS The f dsitweem oatt NedstyesheOHIgQ) | #MQd &dt0 DEasEVRInedNHeht € sink,

el ements Chara%m%gé¥ﬂ(iégiéheaﬁggggihgn %g%§§1§es of a double-sided
thermally-conductive adhesive'tape that seéures said heat

sink to said at least one chip.
N In another aspect this invention comprises a method
15 to provide a direct thermally conductive.path between at
least one chip and at least one heat sink, wherein said
method comprises securing at least a first portion of a
double-sided thermally—conductive adhesive tape on one
surface of said chip and a second portion on at least a

20 portion of said heat sink.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention believed to be n_ovél
and the elements characteristic of the invention are set -
forth with particularity in the appended ‘claims. The

- 25 figures are for illu_s_tratidn purposes only and are not
drawn to scale. The invention itself, however, both és
to organization and method of opération, may best be
uhde::jstood by reference to the detailed description which
follows taken in conjunction with the accompanying

30 drawings in which: -
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forth with particularity in the appénded claims. ~The ﬁa@;een faced .'_ -
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itself, however, both as to organi zation and nethod of o | est
be understood by reference to the detail ed description aken
in conjunction with the acconpanying dramﬁngs I n whi ch: ThIS is the

repl acenent sheet 3/42/9 i t o] or.

art scheme to cortlbir{e el 11 tglgu'ﬁ ?f"ssnkonﬁ h %ﬁ ??I us%%&eg{sé ato
preferred embo®aRNfctofa tthsPlti:ﬂ/emth%int Finkse 3, |IIustrat es anot her
preferred enbodi nent of this invention. Figure 4, Il lustrates yet.

anot her preferred enbodi nent_ _of this invention. ure 5, |IIustrates

still yet another prffBiied®enbbliifbrates FhP§eﬁﬁF€ﬁ gmbodimepte@f this
DESCRI PTI ON OF invedtdN\dmNTI ON IBM's nultil ayered ceramc (M.C) el ectronic

packages are anong the nost technically advanced el ectronic packages in the
I ndustry: however, they are al so very expensive. This invention describes

one way to reduce cdﬁtglm‘e s@¢h phbkstpatest anothaxy poafenred e@miatimentof
their perfornaqﬁe ﬁ lﬁ%%ﬂ%iéﬁ“hOds whi ch reduces cost advant ageously
abi :

I ncreases

t he

mar ket pl ace.

packagi ng density i sf-ltd(ﬁlecal |l gy acrllq\{fg;[._ﬁtéy eatfert ut igdHoddeon dfrdeler-rep!

estate of the substrate or modul e. Figure 1, ill'ustrates one prior art

schene to

10

15

20

25

30

ava| such electronic packages in the
As a person skllled In the art knows that increased

embodiment of this invention.

Figure 5, illustrates still yet another preferred
embodiment of this ihvention. '

DETAILED DESCRIPTION OF THE INVENTION

IBM's multilayered ceramic (MLC) electronic packages
are among the most technically advanced electronic
packages in the industry: however, they are also very

.expensive. This invention describes one way to reduce

cost of such packages without any loss or degradation of
their performance. Packaging methods which reduces cost .
advantageously - increases the availability of such
electronic packages in the marketplace. As a person
skilled in the art knows that increased packaging density
is typically achieved by greater utilization of the real
estate of the substrate or module. .
Figure 1, illustrates one prior art scheme to

 connect a chip 20, to a heat sink 10. Typically, the

chip 20, is first secured to a substrate or module 30,
via a plurality of solder balls 22, on pads 24, that are
on the substrate or module 30. The substrate 30, could

also have one or more electronic device(s) 28, such as,

for example, a decoupling capacitor 28, that is also
electrically connected to the substrate 30, via the pads

FI9-94-063 ' -6
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c'or.m_ect ach|p20 to a he‘at & h‘k :-tft Typl t:aily “fhechi p 20, is first

pads 24, that are on the substrate or nodule 30. The substr

secured to a substrate or nodule 30, via a plurality of sqlhggﬁeebwsB m‘\

al so have one or nore electronic'device(s) 28, such as, for
decoupling capacitor 28, that is also electrically connecte

substrate 30,

24, and sol der

|| &

pads 24, could belderahaullstaiz M drd apa@scansUlcatiidlbe &h

t t I applj.ed o
conductive It ehhalertpd ALY AP Lo R e O et
and the cap or é%v@ﬁuﬂlmlm cover thae |a<pﬂmds@ﬂgacéoogowet@ﬁl
chip 20 A cangealsa,@h 18pat S tyﬂf@étl_ Ye

cap or cover

ed n r to securethe
{o the substrate or rmduﬁé%g taf?q"a i madey. %‘a‘ﬁe%w

be secured to t%e SPiBr 200y @ndi £he ¥am) or heavesi Ak, avhesni \t(helZ:ovefl'hm

substrate 30,

|sstpmaeaal bv%&Clﬂ&dco$9r éheff%*i 2d)§arﬂ <3p s%%rl% n’ss'

vi a I/O(InputhJB eans ,. .such as,

etc.. The cap ot

Y ErPypfieaw yimy mdaarl i t;oOrse@na@n d:rmapc;aptrm

i s placed over d:dﬂmthll{b, 280 amb Iﬁxlﬁ@tf@t‘@nbk)’m‘b@iﬂ@%do “i‘ﬁFSWeg"icesﬂ{k
the s ugptrate
injury to ‘t he

encapsul ant 26,heatd amykeﬂwmimthmurggh@r sﬁb@(tu-iat@y 30, the

nodul e 30.
seal ant 18,

15

20

25

30

35

It
or

I t mechani ca chemcal
o1, Bb% DS BPFEESS' Yoot #AB ORpiNRR o145 using a
HsildaAlgy O

Qe%df‘éd kEB"matPa%?él?%fakbo%ﬁ{]e caprgga_rit 4{{1 the cap /0

any m sal I gnnen e cap

(Input/Output) means 32, such as, for example, pads,'
.pins, etc..

The cap or cover 14, is typically a metallic or
céramic cap, that is placed over the chip 20, and is
permanently secured to the surface of the Substrate 30.
This is done primarily to prevent mechanical and chemical
injury to the chip 20, solder balls 22, decoupling
capacitors 28, encapsulant 26, and any exposed metallurgy
or circuitry on the substrate or module 30. It is well
known that a leak in the cap 14, or in the cap sealant
18, or any misalignment of the cap 14, may result in
irrecoverable module yield losses. These losses could be
substantial for an expensive module. A picture-frame
type area on' the top surface of the substrate 30, is
required to specifically seal the cap 14, to the
substrate: _30, using the cap sealant 18. This frame type
surface could be between about 2 mm and about 6 mm wide.

Therefore, the placement of all devices, such as, for .

example, chips 20, decoupling capacitors 28, is

restricted to be within this picture frame area, which is '

- typically only between about . 50% and about 70%, of the

area that would otherwise be available for additional or
larger devices. - Additionally, the cap or cover 14,
typically_ adds between about 30% and about 50%, to the
overall height of the module. Thermal compound 16, must
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i r fecoverabl e ndift ¢ ytefd- I"6s58s: “These Iosses croul e be substantial for &4 .‘i’*’f
an expensi ve nodul e. A picture-frane type area on the m;)s},ggm Qé latdae

substrate 30, is required to specifically seal the cap 14 ate
30, using the cap sealant 18. This franme type surface cou

about 2 rrmand about 6 nmm wi de. Therefore t he pl acenent
such as, for exanpl chi ps decouiq capaci tors

ling |
restricted to b RCRd: Ilﬂeé"“ﬁeé’r Jrhée TR 20 e ANGHERE FaPt Jhi C§PI 9r9m19e
bet ween about 58%% arectfdbﬁuht?o%earﬁ tthfaﬁwrtfpétmﬂuirﬂambnéw héabe sink

| abl e f ' d d' ' t h
aval ) aPhe 1o PAdRELSREl 95 | HEC Uil neSE,, ainkankdt CoaslebepeBeiin She
hei ght of the npdesenceTlnf rrbl\eccnpoumj dévenulid, adfs sadditienakpwedghint
sheet Dgt e: 13/ 1%69§hgecﬁhi§‘i‘é@eﬁeb‘£‘e%@s%%l%ﬁ' H\O%er nd the cap 14, to

provi de an efficient ansf e le heat sink adhesive
12, to the heat sinKiggre 2Fur1{1Hé1|5rﬁ3-‘raéieS tmeplgﬁ%%@ecé embeditment of Ebisr

14, adds additi Qﬂ&énﬂ@bﬁht to ie kg el OWiaTRERM rmﬂsﬂ e f&gugema
illustrates a refirred enbodi nrent of this invention

di scovered thafPPLiFatigRs Abp/iisc AEusdent tq sd‘pﬁm l%llﬂrrg%t*‘?a}:oﬁﬁnl‘he
heat sink 10, tpo}heteippdie ouppzeaosoﬁl saxﬂm Ofsutrrfec@rlqszQ;hé/ablmps 20.
met hod have be tried |

h h b f
doubl €181 qeq, _p/BELhRE" mekiqfs, ChE R Hnan CEted Lip) e, RREF , BAE, o ypas
havi ng adhesi venow deeni3fopndvitthest t e doail eétsddesl, ppréssuversénsihipe?0,

to the heat Eh%mai?x Bonaﬁbi[).vgagﬁheéévlg %ﬁﬂe Om%pgea@ﬁégm h
as the heat sin ca e easl renove or or re
t he conponents @ndt |4§ nmprgvddes the best thermal path from the chip 20, _
to the heat sink 10. This tape 42, also provides
15 reworkability, as the heat sink 10, can be easily removed
for rework or repair of any of the components on the
module.
Normally, after one surface of the chip 20, has been
properly secured to the substrate 30, the adhesive side
20 41, of the double-sided, thermally-conductive adhesive
tape 42, is secured to the back-side or the non-solder
ball side of the chip 20. This could be done manually or
by using a suitable machine. The heat sink 10, is then
made to contact the adhesive 43, of the double-sided,
25 | thermally conductive tape 42, and is secured thereto.
For most applications the heat sink 10, will hang over
the edges of the chip 20, i.e., the outer edge portions
of the heat sink 10, extend beyond the outer edge
portions of the chip 20. Care should be taken that the
30 . - heat sink 10, does not interfere with other electronic
components that may be on or near the substrate 30.
As can be cleafly seen in I-'iguré 2, that with the
elimination of the cap 14, thermally conductive material
16, cap sealant 18, and heat sink adhesive 12, a
35 tremendous. amount of gain has been made. in the MLC
packaging art. The same chip 20, is now more closer to
the heat sink or heat radiator 10, and so now the chip
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that may be oneéﬁqﬁgﬂnlﬂh§0mﬂQﬂﬁﬂ¥ﬁe 30 As can be clearly seen in Figure
2, thag with the el waéimphé&leeszae&éni&h%ra@éa@é C&f‘dﬁﬁiévﬁn%h%&'ofﬂ

16, cap seal ant 18, and heat sinpk adhesive 12, tr énendous anount . galn
has been made Miithe FR1acR kabhgy SHisting s%%’%%VWW% n0\ﬁ°ﬁ'§’6’ém

closer to the bﬁ&fap&h:llhtﬂbnh@iﬁsﬁ’e’ﬁil atThe lPrefefréd aﬁmapbelahtpzs, that i s
t he replacenenﬁgsheet 9, 20

Addi 1 onar Tye Mgy dies, 'eg Jentabruifte W faf antoksion fofothd spader

substrate- 30, coﬂumnﬁﬂupr[ﬂhEEMQntZZQf amxir e padgis tﬂggerlsleanroEPK5341
conpojgnt s. Th%ni-h hiahgd e'ﬁg{ﬂ Céa'ﬂfa&é kSoENYBH F ion,

replace fhe eX|s cap/ se encapsu sys
The preferred éﬁ@@p&ulaﬂH:ZGUSﬂhat |?hsseBP863éﬂca999BQB§lantleﬂgﬂmarlly

portion of thesseldar Rl Wiipase®al | 2 ¢ hsk PRGS thhe | £t AmpESVEd! the
encapsul ant. EPX3341, is Tradenark of 1BM Corporation, Arnhpn NY, USA

The EPX5341 §ﬁé§ﬁ§u|%}l o] n%_(ﬂ.qi?r column's fatigue reliability and
secondly it provides an effective barrier against

15 environmental and process exposures.

Figure 3, illustrates another preferred embodiment
of this invehtion, where the chip 20, is on a substrate
130, that is connected to a card or mother board 140.
Before the chip 20, is secured to the heat sink 10, via
20 the double-sided, pressure-sensitive, thermally-
conductive, adhesive tape 42, it has been found that for
some applications it is better to encapsulate a portion
of the chip 20, the substrate 130, ﬁhe first encapsulant
_ 26, with a second encapsulant 50. In order to ensure
25 that the second encapsulant 50, does not run over the
| edges of the substrate 1306, one could have dams 48, such

as a polymer dam 48. ' -
Environmental protection can be furnished by a
second encapsulant 50, and as a UV cured urethane

30 overcoat 50, «called C5, which covers the first
encapsulant 26, such as the EPX5341, ' and exposed
substrate metallurgy. C5 is a Trademark of IBM

-Corporation, Armonk, New York, USA. Typically C5 is
dispensed in 1liquid form and requires a 3rd 1level of

35 - polymer, called Hysol,” to be dispensed and cured prior to
' the dispensing of CS5. Hysol is a Trademark of Dexter
Electronic Materials Inc., Industry, CA, USA. Hysol can

FI9-94-063 B -9-



sérves two purposes’ < i T B TR hat 11 i'préved the sol der al hephed 1
sol der colum's fatigue reliability and secondly it provirgeshe e
barrier against environnental and process exposures. Figur m‘ es
anot her preferred enbodi ment of this invention, where the a
substrate 130, that is connected to a card or nother board 140. Before the
chip 20, is se e t a I Nkq 10,,. Vi | 6-:54 , '

pr essur e- sensi %e,qlste% tﬁgr gl P?ﬁl c‘g%ﬂuc 9 vgfgggﬁgsidgggt gpigi‘ﬁgp |ctt-"hafsr Ren
found that for Sowingploven i he | side peft dthe o swbstiratient 80a pprioon

the chip 20, thasihgtsat ehd3es Watddilall SYCaPPHEals Has WHd KBRSUHAh1

encapsul ant 50. I n,order_ to ensure that the second encapsul ant 50, does

not run over tHeelykRn oPL; RFakARting cthego frAgilgucd ipavkeadnbonds Avh

as a pg yner darg 48hotldi ¥ NBotéd RhALECHOER EPXRS532 If Udnd S AgBORY redificand
encapsul ant 50, ar]éi as_a [err] cured urethane overcoat 50, called G5,
which covers 1% “Y¥1%4- encapsul ant 26, such as the EPX5341, and exposed
substrate netallurgys shownCin Figuee 3|, adheneld ectiridaBMdommeartdiarorfrom

Armonk, New Y pi; Iy, s di.spbepsed 1.3 .1 gl oK pHan
requires a 3rd%%e?%?tﬁggémelﬁ’cail-'%&hbys%}z,sd)t Iogébg'dcﬁ}’séﬁleﬂg%%rén&qgﬂrgcf .
prior to the dipgasnbded ovi&s. I/OHygeanss A7y adewehk 86,Deioay EXamBIShi c

Materijg) s I nc. .ol dvlhsidy11¥AcoHaciesob1§88 47, Thichaits P8 'ERIAGERIN1y
sheet Dat e: 13/ 12/ 95 be ‘used as a dam 48, to prevent the |liquid C5,

from flowi ng owannerted e dihe Radsine « fRaBErereRrthe €aFdnlidf the C5
mat erial 50. The.C5 ﬂvgpéui-é'ue agdi tijanalstrHedd on ywit Pr msthey ttﬁéf@_ﬁ:’}d@
clip Tead bonds Al dent %t % fs "0hednt 18h, POhOrE ERd hedld sH3°17d 2 Hild ©
- an extension 63. The extension 63,' has a base 64, which

15 is substantially flat. The extepsion 63, should be such

' that the heat sink 70, completely envelopes the
electronic components that are on the surface of the

substrate 30,  such as the chip 20, or the decoupling

capacitor 28. Furthermore, the extension 63, should have

20 sufficient space to accommodate the double-sided,
thermally-conductive adhesive tape 42, i.e., that at

least a portion of the adhesive 43, makes contact with a

portion of the heat sink 70, while at least a portion of

the adhesive 41, makes contact with at least a portion of

25 the upper surface of the chip 20. At least one adhesive

60, such as a acrylic dot or paste 60, or an epoxy or a

suitable _polymer 60, is either applied to the peripheral

surface of the substrate 30 ,. or to the base 64, and then

using this adhesive acrylic dot or paste 60, the heat

30 _ sink 70, is secured preferably to the peripheral edge

" surface of the substrate 30. One suitable acrylic 60,

that could be used is LOCTITE OUTPUT 384, which is a

Trademark of Loctite Corp., Newington, CT, USA. If

sufficient amount of the adhesive 60, is applied to

35 secure the heat sink 70, to the substrate 30, then this
could also provide some environmental protection to the

electronic components and other features that are on the

FI9-94-063 o -10-
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Core

hedt- cur iy R B TRLEN i s S e B e i

FEEEEEGARettion fromthe
substrate 130, to the card or nother board 140, .78%

PT.OVi. d@gls Miedt Had BdcHR@BISd
47, such as, for-exanple, electrically conducive clips 47, I |. :
el ectrically connected to the pads 52, that are on the car i

[ rates et another ~ preferred enbodi ment of
\llt/}]erel'!t lhgshe:t Si nky70, has an extensi.on 63. The extension 63, has a baseh
64, which is suf¥F4RCeal®f thet subatrateen30pnahd eheelopbd BiEhthbaheathe
heat sink 70, siaknglpgtely envelopes the el ectroni ¢ conponents that I are
on the surface of th? substrate 30, such as the chip 20, or the decoupling

capacitor 28. Furthe

42, i.e., th east @.portiqn of the adhesive 43, makes

a porlt-i%n of t(rjll{érhg{aatlJ s??\‘k ?BQQ‘Wrﬁ’&@'ﬁ{S 13%s 9’5 RATIRREEAL { RdgRgheaf vohel,
‘makes contact vwP¥Xkensippaés,a and tébmooéx;bnddupmro@lr,tﬁgcgggfstﬁ rinﬁggg)i(ggbr
At | t one adpesi ; S rylei ot _or paste 60, o €

a suie?aibl e pol Stbrrgrﬂé‘g Slggl #tg g? ggﬂglgeéft %hth“%&tlp% A% surfheel P ﬁge
substrate 30, JPTPteEHE Fhee beat asdnknhelisi figrommhi Ise futldp e Kinte kRI-UEC €R0E
or paste 60, thsulbeetaténko/0, is secured preferably to the peripheral edge

f the substrate 30.. . One suitable acrylic 60, that.coul d be use
s LoGR TE cuTRUT 3 1S WREA i ntegriddenbekwesn (the | heatCosnk 1MOyi nandn,
CT, UsA . |ftheuf¢hipeno, amadet bpf thie Qgggat)ées@gs&l a@g;ﬁ&%itdge :oé:uée

: : s coul ae
teg\?_i ?gzrﬂmﬁ![ glk g&o’t te?tg'l g%x‘tssglgts%ag’g’eggpﬁhiEegﬁtﬁ%ﬁﬂeﬁ’@nﬁnﬁ@t- her Femt rame
that -are on th@pPpligdtions tdre nepi ki enebtnéé@cthe adhesive bond 60, due
to the presence of the 11_;5 or tab 65. Furthermore, the
15 tab .65, that closely fits the peripheral edges of the
substrate 30,' prevents rocking or torquing or other
movement of the heat sink 70, under load. ,
The advantages of an electronic package' or module
such as the one disclosed in this patent application are
20 many; Such as, the cost of the package is reduced due to
(a) fewer process steps to assemble the module, {b) the
elimination of the cap, cap seal, thermal compound and
related steps,' (c) the elimination of yield 1loss
associated with cap misalignment and cap seal leak, etc.
25 Furthermore, this inventive structure provides a
more efficient use of the substrate top surface area,
bé'cause now nearly 100 percent of the substrate top
surface area is available for electronic components and
other features. Additionally, the overall module height
30 is reduced between about 30 percent to about 50 percent,
because of the deletion of the cap, which allows more
room for a cooling device or allows the system Idesigner
to reduce the card pitch. This packaging' scheme also
allows for direct heat sink attach to the chip, thus
35 eliminating the thermal compound and further improving
the thermal performance of the module.

FI9-94-063 o -11-
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11 Bater” r3Fi21°95 Surface of-t he ‘substrate- 305 and envel oped by

the heat sink 70. Figure 5, illustrates still yet another 4 Been R laced
émbodi nent of this invention. Heat sink 170, has a lip or ta

extends at the peripheral edges of the extension 63, and al so mmai‘

at least a portion of the peripheral edges of the substrate 3

protects the heat si from bei ng knocked-of f, t he substrate_ 30. The '
bond integrity bet V\Bgﬁ %ﬁgrhea Qg a%?o é’%d t RS p 2, ndeebie-sided,
pressure- sensi t thermahdyrgendugtive, adhesirsutagebyist hheadbéﬁbi‘l%abi?i?i‘éy
60. -For songra | 9PS ¢ not eed, th sive bond 60, due
to the presence of E'@hdg&l%f pegr %b%%m ®urtH %Ps gt ﬁé‘rﬁ%\b 88, aeas ly
closely fits tHhapb ?qlpﬂﬁf‘-alfr@@gé%leofsnbﬂ;mwat th&0¢chjipeamid theCktBiver
torqui rgy or ot hesvieeepeshcaf ahheahecﬁhﬁ' rtkr gasl;'i'g dEQil@egTh%l%j, a”s:),aggst
aten

of an el ectronlé?fgackfgﬁ or_nmodyl e such as one scl osed’in
appl i cation aré 2 hCaRACkEry o heas ?ﬁ@kpa@ﬂ(‘-&ge ior rreqque dme its
(a) fewer proceﬁ;stst@tpp touhdshebkewbbkedl)dh‘| Q:epﬁli)rehhe Gl PR H A {1#
cap, cap seal, dr? gﬁp nd rela né’%j c) the elim natlon
yield | oss assom at cap UhfRGh Eﬁ‘ﬁ é §é’éftel &puldt also be
Furthernore, tHevarkedtioe sremineé paﬁtzeﬂestﬁermheaeffgqmnt mfse Heddre
substrgt e top AR& are b o] r er.cent o substrate
Y o % & or el Rt J‘%B §78ntRe aﬁﬁagf‘ fieeﬂ’lﬁees

top surface area i s avail ectronic
Addi tional ly, tuhe FRQk %cﬁﬁ@i@ drave eaeniummde bet ween about 30 percent
to about 50 percent, because of the deletion of the cap, which allows nore

room for a cooling vice o all ows the system designer to reduce the card
pitch.  This packa e'scFr fe RFe3LRY | dvemndrian r bas theen sipactiouder iy

the chip, thusdescnibaid,ng ihe ¢dejulmet LONPOWIERaNE f BpbREF 1P LPEf G red
embodiment, it is evident that many alternativés,

15 modifications and variations wiil be apparent to those
skilled in the art in light e_f the foregoing description.

It is therefore contemplated that the appended claims.

will embrace any such alternatives; modifications and

variations as falling within the true scope and spirit of
20 the present invention..
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the therral perfornance:dfq%hé§ﬁﬁﬁﬁké

“TRY ST 6% e R Rl acenent sheet -
Dat e: 13/ 12/ 95 12 Anot her advantage of -~ .‘usiing: a- eplaced
thermal | y-conducti ve adhesive tape is the revvorkabl ity or | W m
nodul e. The heat sink can be easily pulled-off fromthe s i

chip and the active devices, such as, a chip, or passive devices, such as,
a decoupling capacitor, heat sink, etc., or nodule inits entirety could be
rewor ked or repaired. Furthernore, any circuits on the surface of the

i

substrate could al'so be reworked or repaired after the heat sink has been -

e L e ]

described, in conjunctlon with a specific preferred embodi mént ¢

eV|dent1that maqy al td@di fipat iy, 1 Vﬁr'a&ifaét“‘|£héﬁh 11y
apparent to those skllt\ ZA Iyniﬁs%e art 1%(?1 | i'ght of the foregoi rf%! escrl%tlon

It is therefore cont"é?rW‘d?EEV?hdla‘%h]eb&iS'H@ﬁeedaEl diaastyi pnec iR c 284y dtch
alternagives, nodifigaasens iyl Vaead! i 088nRy fauﬁéfarw t Bafidt hea gsaueaﬁﬁgpe

and spifit of the present _inventi_on. S i8S, ac nt s

Dat e: 124 1/99 1 3 WASoPRrises \epf| sa 1d°‘ﬂ?11 a%‘ﬁ@ﬁ‘gt u@g) fia ]l TG ‘g'é"t’a"e

direct 5 thermally cmﬂﬂeslveetagehthatweenuzbslsamﬁ(haauﬂsanﬂtbzgaxd at
6 . least one chip.

1 2. The apparatus of Claim 1, wherein said double-sided
| adhesive tape is pressure-sensitive.

1 3. The apparatus of Claim 1, wherein at least portion
of said chip is secured to a substrate using at
3 : least one first electrical connection.
1 4. The apparatus of Claim 3, wherein at least a portibn
of said at least one first electrical connection is
3 encapsulated with at least one encapsulant material.
1 5. The apparatus of Claim 3, wherein said at least one
2 first electrical connection is selected from a group
3 domprisimg solder ball, solder column, low-melting
4 point solder or high-melting point solder.

6. The apparatus of Claim 3, wherein said substrate has
at least one additional electronic device secured
3 . thereto.

FI9-94-063 ' -13-
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| éast one heat- sink; “RREFE I R Appar atus conpri sess

doubl e-si ded thermal | y-conducti ve adhesiv a Reph@yr e°

on one side of the tape, and that secures hi
3

. ” one chi -onifhé e
other side-of the tape. 2. The apparatu ¥ﬂgrg.pmmmmlu""|||,s|"|!||

doubl e- si ded adhesive tape i s pressure-sensitive.
d ain1i, wherein at | east portion o Sﬂig chip is secured to a substrate,
using at | east Tone TPPs@PRAEATMS: AL t Ponwhgreinmgalid, gk leasty; oreyi m
3, whegein at |eastaddptibnal ofekéctiréhiteasdewiwefirisd ehectdéeeetpling
connection is encap§gb%hgg wi th at | east one encapsul ant material. 5. The
apparatus of CaimJ3, =V & n said at least one first electrical connection
is selected froma group conprising solder ball, solder colum, |ownelting
poi nt - sol der or high-nelting point solder. 6. The apparatus of Caim 3,
wherein said substrate has at | east one additional electronic device _
secured theretB8:  Thei apparakus, of Sdadintl sithargin at 1Yeashoa jportionThe
apparapus of Caimgf Wi ’nip disgt deastednNeorddi tdubtirate! aslingni &t
device_, is a deco gllng capacjtor. 8, The gpparatus of Clalmlh wherein
at leadt a portion g ashi P4 Firstsetlirelirital Smechion spng arherain
one fiast el ectricakatansapsiteratends\httsef seecusedstoate dard tseirig at
secured to a card usi; at _le e d ectri .connection. 9. The
apparatus’ of CIaii?QgF gﬁﬁegé%ﬁgasgiggggégggdgépgég%fggr connection is
selected froma group :

9. The apparatus of Claim 8, wherein said second a
.electrical connection is seleéted from a group
. comprising solder ball, so;ger column, 1ow-me1tiﬁg
point solder, higthelting point solder, pad or
clip.

g & W N

10. The apparatus of Claim 1, wherein at least a portion
of said chip is secured to a substrate and wherein
‘'said substrate has a dam to hold at 1least one
encapsulant material.

B oW N e

11. The apparatus of claim 3, wherein at least a portion
said heat sink has an extension and wherein at least
a portibn of said extension is secured to said

oW N -

substrate.

12. The-apparatué_of Claim'3, wherein at least a portion
of said heat sink has an extension and wherein said
extension has a 1lip that extends beyond the

B W N

peripheral edges of said substrate.
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corrpr i Sing:sol der- bak gL .ﬁ* BN | ow el ting poi nt @@l ddr B o
hi gh-nel ti ng point- sol dér,” pa Shﬂ:@HaS rat ‘us of Claim1,
wherein at | east a portion of said Chl p \ substrate and

wherein said substrate has a damto hoI enca mﬂm"]“"("ml”m
material. 11. The apparatus of Claim 3, ere| n at |east a

heat sink has an extension and wherein at |east a portlon of said extefsibn*
is secuted to shidd sThet rapparaiis Toé em}:mi:mtlli,ofwliéaem&saiwerexheasion

| east portion of sg e nknga epsi ai :
extens?zon has a Iip t gt Igex eén%ls gy%’rﬁlﬁ?ﬁ gtrs'l ngld edgéghg n & said
substrade. This iBag@e isp| geenrted sheeta tbeast 12/ ],pggt.ign CFﬁe the
apparatgs of Caim 1§er!\€ﬁé§all &ahjdseykesaianstiBsterabashitidanhatnesive.

| east a portion of said base is "secured to at |east a portion of

t he peripheral edges of said substrate with an adhesive. 14. The appar atus
of Claim 13, wherein the material for said adhesive is selected froma

group c npri sing, acr t t t '
pr ovi dePa di rec€4t he'¥ | P ysg gugt Ve %ﬁ"ﬂﬁ b%?‘(/\ie Leg?lpeghte é‘\'are}’ee aﬁ%lrat
| east ohe heat sink,sakdr @idhesdive nkshcielerird séxomecar grgupt ¢mnamg
first p:prtlon of a d lél dé§°§9 %biym&?ﬂé“ {._g_glaghem ve tape on one

surface of said Chlp and a Sec on“on at least a portion of said
heat sink.- 16. The nethod. of Cla|n115 wherein said doubl e- S|ded adhesi ve
tape i s pressure-sensitive.

15. A method to provide a dii:ect_; thermally conductive

1
2 path between at least one chip and at least one heat
3 sink, wherein said method comprises securing at
4 - least a first portion of a_double-sided thermally-
5 conductive adhesive tape on one surface of said chip
6 and a second portion on at least a portion of said
7 heat sink.
1 16. The method of Claim 15, wherein said double-sided
2 - adhesive tape is pressure-sensitive.
1 17. The method of Claim 15, wherein at least a portion
2 _ of said chip is secured to a substrate using at
3 least one first electrical connection.
1 18. The method of Claim 17, wherein at least a portion
of said at least one first electrical connection is
3 encapsulated with at least one encapsulant material.
1 19. The method of Claim 17, wherein said at least one

first electrical connection is selected from a group

4
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17‘ The net hod:of:Ghadimdbaasheeskn at | east a portlon "f'—,',:sg%dmehf‘p |s- ol R
secured to a substrate usrﬁg at” IeastmnsleétlHaslaee&R éd cal*“connect i on

The nethod of Claim 17, wherein at |ea aid at | east one

first electrical connection is. encapsul east onﬁmmﬂﬂ““a{mn““l
material. 19. The nethod of C aim 17, \/\herel n sal | east

el ectrical connection is selected from a group Th| s is the're I deerent
sheet [hte: 12/1/99 dempoimingi splsenicbabhl | sclsieder codimm, lowrmelting

poi nt | der or hig &E‘ké' 1 hg Claim17,.
wher ei f\tpsal d subst r:R aség]t'&%.egét ingﬁa |t{'%%2§°{er\%ct(rqom£c devi ce

secured thereto. 21. The net hod of Cl aim 20, wherein said at |east one
addi ti onal electronic device a decoupling capacitor. 22. The met hod

Substrdie usi ngln MR, RERROR P&Oéiaeﬁm 12al eI | S FePREEBtE A%

substr& e is itself steculeadtt Oonecafdtlilﬁdtgaht cleatironie sdevidec| se¢ured!
connectj on. 23. The ggé?e of Claim 22, wherein said second el ectrical
‘connectlon is select foma group conprising sol der ball, solder colum,
lownelting point solder, high-nelting point solder, pad or clip. 24. The
nmet hod of C aim 15, V\/nerein at least a portion of said chip is secured to a

substrate and wherein said substrate has a damto hold at | east one
encaps®l ant nat¥ri alThe method of Claim 20, wherein said at least one

2 additional electronic device is a decoupling
3 : capacitor. ‘ - :
-1 22. The method of Claim 15, wherein at least a portion
2 of said chip is secured td a substrate using at
-3 least one first electrical connection and wherein
4 . said 'substrate is itself secured to a card using at
5 least one second electrical connection.

23. The methed of Claim 22, wherein said second
electrical connection is selected from a group
comprising solder ball, solder column, low-melting
point solder; high-melting point solder, pad or
clip.

LI SRR C R

24. The method of Claim 15, wherein at least a portion
of said chip is secured to a substrate and wherein
said substrate has a dam to hold at 1least one
encapsulant material.

PR O™

1 25. The method of Claim 17, wherein at least a portion _'
said heat sink has an extension and wherein at least
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25 L The neiHod or e G el

o **5 et eﬁkﬁ)ﬁceﬁal d-heat si nk has
an extension anhd wherei'n a enent sheet 1

portion of said extension is secured t 26, net

of Caim17; wherein at |east a portion nk haHmm Lﬂ "m”",
-and wherein said extension has a lip that extends beyond t he -

edges of said substrate. 27, The nethod of C aim 25, wherein said ext ensi on”
" has a bdse and wherefn BPTFL0Rt Qf pF3idn tengiphads | §es8ZEA(tey Gaid

| east agportion of thkaebperapberal edges of said substrate with an adhesi ve.
28. The nethod of Caim27, wherein the material for said adhesive is

sel ected froma group conprising acrylic, epoxy or polyneric material.

1 ' 26. The method of Claim 17, wherein at least a portion
2 ~of said heat sink has an extension and wherein said
3 extension has a 1lip that extends beyond the
4 pei‘ipheral edges of said substrate.

1 27. The method o6f Claim 25, wherein said extehsion has a
2 base and'-ﬁherein at least a portion of said base is
3 secured to at least a portion of the periphera:_l.
4 -edges of said substrate with an adhesive.

-1 28. The method of .Claim 27, wherein the material for
2 - said adhesive is selected from a group comprising
3 | acrylic, epoxy or polymeric material..
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