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METHOD _:·FOR.· ASSEMBLING. AN · lNTEGRADD. ·ClRCT.T:tT i'ACI<AGE 

tECHNICAL FJELD .OF .:CHE INVENTION . 

. The p;cesent- :invention reiate.s ··in qener~l to. the fie.ld o.f .. 

integrated. circ.uit· pac1c~9es ~nd. inoz:e spe.cifically. -~o _a· meth~d · 

f·C?r assemtl-1l.n9 . ·an . i?)tegrated. c,i,rc~it package·. by . appl.y.i.ng a 

· 1iqtiid ·adhesive ].ayer between ·:tb.e ·silicon chip and ·the p:dnte.d 

·circuit board and .e.liminat·ing .. the. need for encapsulation. 

,.. 
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.... 

·. .. BAGKGRoQNo .. or· ±HE . UiVENTioN ... · . . . ·.··. .. .· . . 

· .. without. _lh~t.inq the:'. ·}u::oile_ .. of the . invention, it$ 

bacJ(:9ro\lnd .. ~s. de·sqr-~be~ in ·C:onnecti.~n :with .. :integ;r-ated. circuit 

·p~·ckages..1 :-:~s an .ex~ple: ... ;·_ ... 

Heret~_fore,. ·11l ·thls~ .fiei.d,· ·integratieg .. cir~uits have been . . . ·. . ·. . 

·· f.o~ed_. op· s_-~icondu¢~().r.: ~~f~rs ~ . ··The= w~fe~-~ ··a.~e.· · separ~te~ int~ . 

. individu~l silicon ch~ps and'·.the. indivi~ual silicon chips· a+e 
. ." . . .. . . . . : 

then handled· ~nd · p~ckaqed·. ·· The- packaging process is one .of 

th~ most critical steps. _in_ the integrated -circuit .fabrication· 

lO · process, both fr~m. the point .· of vi"ew · · o·f··. cost an.:i of 

reliability.· . Specifically, the packaqing- cost can easily 

exceed . the· cost of manufacturing. the integrated circuit 

15 

sil~con chip as·· the majority. of device failures are pack<iging 

. related. 

The in.tegrated circuit· must be package_d in a sui·' .. ..3.ble 

·media that ·will protect· it during .subsequent manufacturing 

steps arid from the" environment of its intended application. 

Wire bondin9. arid .. encap.111ulation: are the two main steps in the 

p~ckaging process. Wire bond.;i.ng : conri~cts leads · froro the 

2"0 silicon chip to "the terminals of the package·. The term~ nals 

allow the integrat~d circuit package to be connected to ''ther 

components. Following wire bonding, encapsulation is emp:~.oyed 

to seal the surfaces from moisture· and contamination. 
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.E.fl:.~aPst?-lation· a.lso ·· .prot~cts·· ·the· ·wire . :bondlng ,, ·and other. 

comp~.neni~ · tt<;>m ·corrosiqn ~n~ mechari·~ca;l shock.· 
. . . . . . . . ·.. . 

. : . .. ·.conv.~n.tional.ly,.· .. the packagi~g .. of ·integrate.~· circuits· has .. . ·. . . .. . . ·. ... . .. · . ·' . . . . 

invol.v~~-- ··us·fn.g· .an·'. .~dhesi:Ve-.· t·ape: to attach. ·an '. in~ivt"dual 

·~il~co~ "cb"ip to···a-. lead _frame·; usu.ai_1y: a. printed circ."t;tit. ·board. .. 
.·. . . . . . . . 

· ·Fo°llo~in,g ·wire .bonding. and: enoapsulati~n,. · desigi;iated par.ts 0£ . 
. · . . . ~ . . . . . . . . . .· . . . . . . . 

· the l.e~d fram~ b~coin:e .. : the terminaJ~· of the -package~ · ';l'he · 
. . 

packa9i-ng of inte.grated circuits has also involved .tne 

placeme-:r:it of s"ilicon chips on a flexible . board·· .,,•here, 

10 following adhesion of the silicon ·chip to-the surface 9f the 
. . . . 

flexible boa.rd and wire bonding, an encapsulant is· piacec.! over 

·the silicon chip· and flex.ible board assembly to seal .and 

protect the chip· and other ·components·. 

Unfortunately, current methods for.encapsulating silicon 

15 chips have led to variou.s· problems, including cracking be:~ween 

the .encapsulation ·material and t;:he int~grated circuit 

components •. Also1 high·failu.J:e. rates are encountered·d.ue to 

the multl.:.step nature ._of.· the process~· Crac~ing has plagued 

·the industry because of· differences· in the coefficient of 

20 thermal expansion _:of the different components, for example, 

between the soldering m~t~rials at ·the diffei;ent interfaces 

and. between metallic· and non.:..metallic components. Cracking 

a1so occurs between the silicon chip and the encapsu1a.tion 
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.. i i11iii1iOii ··· ·'. ·.· 

.. · .. ma~·e~ia.~s, . "us·U:a:~iy·.· epQ~t~~,. .. .due .. ·.to "th~·· extre·m~ ·. v:ari·a:t~_C?ns" in . · .. 
. . . ' .. · .. : . . ·. •. . . . . . . . . . . . . . .. . . 

· t·~inperc'llt~~. _in .v-a~ious., emrirorune.nts. and_ .bcat.w.ee-n· .p~riod$ of 
. . . . 

-opera t.i on. : a~.d. non-ope·~a:t"ion •. . 
. ' . 

Even:· "if: th~· -:e~capsttla_t~d s·~:~i"con chip is succe·ssfully.. . 

assem~t~d :. i~t~ ,"a,·· .wQ_rk_~~q·. int~g~ated ci"rcui~;. · an~th'.er ·pro~lem. .. 

. is coinmo_n~y . e·ncounter$d~ · Onc.e · the · sili.con ~h-"ip i.s 

en,caps~iated ·it .i·S·. typ~cal,ly SUr.f·aqe .mounted using-. radiant . · 

heat or. vapo~ .saturated.heat;.inq·. Th~s ·pr~cess, ·howeve·i:, .. can 

lead t.o. "poor c.oplanarity due . to. ·uneven. refl~w, leading .. t:o 

10 i:nte9rated circuit failure.: 

. Therefore,. a· need· has .arisen for an integrated, cit"cuit 

package and a: process for. producing thE! · same that· reduces 

cr_ac~ing, · minimizes the overall in.tegrated c_ircuit package 

size and avoids poor·coplanarity due to.uneven flow. A need 

l·S has also arisen for ·materials and methods that lea:l · to 

increased yield by more closely matching the coefficieHt of 

. thermal .· expans.;ion · ?f· · the materials used in the package. 
. . 

Further~ ·a.· need 'has arisen. fo·r. a fl.at integrated. circuit . 

. packag·e that provides . protect:iol). during subsequent 

20 manufacturing and testing ste~s ~J'.ld f,rom the envi.ronment of 

... it.s· .. intended purpose. ~.need has. also arisen for an improved 

method of adhering a ch_ip ·to a .printed c:f;rcuit board in the 

assembly of an integrated.circuit package. 
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: . . : . '. __ -SUMHARY. qF. THE. ;IN.Y~NTI¢N"' . 
.··· .. 

T~e._ p"r¢sent ;Lri,venti~n: 4ts~:l-osed .. t.ierein. c9mpt-ises. ~ ~eth~d · 
.·. . . . . . . . . . . . . . 

.-int.egiate~:t: circui.t ·. p~cka_ge .. produced· by.· the .. method _.6"f5 ·the 
.· . . · .... ' . . . . . .. . . . . . . . 

... s: · . ·p~e.se,nt inve.~tion · t~a_t· ut.il~lz~s ·~rt.: improv~d: :~et~od .of· ~dhe~ing 
. . · ..... · . ··. . . . . .. . . . . . . 

10 

. a <;:hip tq .. a ··printed -circuit_: ·boatd: ,and. ·th~t,· p_rotect·s .. the . 

... . · ..... components . :· . of . ' the . ' . integra~.~4· . "eircu;l t .. ·pac:kage ... dur;tng . 
. . . . 

. manqfactuririq and testing ~t;.~ps and from the · envi-ronment o·f . : . . . 

its ·,intended · J>urpo~e ~·. 

T:he method for assembling ·an integrated circuit ·package 

.of. t_he present i·nven~ion comp:tise.s · obtaining . a substr~te 

·having a sur_face, ap:plying a liquid adhesive on the surface of 

th.e· !i~bst.rate anp contacting a chip to the liquid adhe$ive, 

thereb_y attaching· the chip to the substrate. The l.~quid 

15 adhesive may be a. liquid. ep:oxy such as. X-43-5000 or. a !. ... quid 

polyimide such as. G7631 liquid polyim:i.de or G8320 l-5~quid 

polyimide. The Ghip may be attached to the substrate. at an 

. e.levated. temperature which may be· between about 215 and 250"C.· · 

· · A curing ag_ent ma.y- also be· added to the liquid adhesive such 

20 as ·aliphatic amines, aromat,ic 'amines and anhydrides. 

· The integrated circuit package assembled.by the method of 

·the prese~t invention compri.ses a subs_trate ·.having an,. opening 

and first and second surfaces. The integrated circuit.has a 
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· . s~bs-i:ra·t~· a·~ct. ex.tend· into. th.e .. · _opel_'l.i~g. . A. p1t.ii:a1i t:-y ot pa:ds 

are ~isposed -01t .. th~. £±.rs1:<surtace·, -~t: lea~t: one. ,of th~ pads .. · 

· qi_spQ~ed on th_e. f irs_t . sUr:~ace··· ·bein9. ·:electrically · c¢n.nected · 

. ·with_ at least. one o.f. the_ routj,:ng- si;rip·s on th~ su);)strate ~ . A · · 

iiquid adb~s,ive ... i.s :d~sppsj!cL b~tween :th~ ~e~~nd· .su~·face· ·of· th~ 
~ubstrate and a c_hip h:aving ·at· iea~t ·one -bonding .pad~,·· Liqui~ ·. 

adhesive .is applied to :e·i~her· the substrate or- the non· 

electr"ically conductive, surf~ce of the . chip, followed ·by 

·· attachme~t of· the _su~strate and th~· ·chip-. The chip . 11.as 

bonding· pads that are wire bonded to electrically connec-c: t~e · 

bonding pads on the . chip · t~ the routing strips. of the 

substrate .. 

The liquid adhesives for.use with the present invention 

15 are liquid thei;-rnosetting plastics., . such as .· epoxie.:s · or 

polyimides. · In one ·embodimen.t., the plastic is· a X-:-43-·5000 

· liquid epoxy, which. is appli.ed between· the substr.ate and the 

. ·chip and provides superior stre:ngth and ·1ower environmi::mtal 

impact.. · In another embodiment·, the. adhesive layer used to · 

20 . ass.emble the integrat~d circuit package of the present 

i-nv~ntion is a multifunctional epoxy having two or more 

epoxide rings· in the molecule. Alternatively, liquid 

polyimides may be used as the liquid adhesive. Examples. of 
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. : · . 

...... · :_P~lyiitlides ·tor,· ~~.e· _.w.~~~ · ~h.e .. p:r~~e~t -i~ven.tion.···are G7631 and 
GS.-;3.20 ~ · 

... : .·.The .integrated ·ci_rcu..i~· pa:ckage: o·f ·the.: pr~sent. inven~ion . . . . . . . . 

may _also i_ncluqe solder ba"ils. "1oca1:ed ~n . the pads -disposc!d on 
... . . . . . . :_ ·s, th~ .first s_urface -of the· s~st~at~. · :Alternatively, :.:older ·. 

·ro · 

· ,col~s ·may r~place. so~dei': balls· on .,_the pa:d~ of· t.he· subst:ra, te .. 
. The pr.esent ·invention al.so .~ncompas.ses., an ·integ_rated :~ircui t· . . ~ . . . ·. . . .· .. . . . . . . 

· .·pa6ka.ge ma.de u_~dnq t.ne method of.· the. p,resent inventi.on as 

described l)erei.n. 

7 

Received Time 5. Fe b. 2 2 : 1 9 Print Time 5. Feb. 22: 38 



. ·.·s·.· 

.·' .. 
. .. · . 

. . . BRIEF. ·DE$CRtPTION:'OF :THE ··oRP.wrNGS 
. '. ·.·.· . . .· :. . .. : ·. 

~or ~:.·~<?re ~~~pl.~~e .·:ilnder.st:andi~9 .of ·the .fea.ture~ · and. 

~-- · ad_V~nt~q~s·.··~:t ·t~e pres.ent. i~ventt~n~ refer.enc~. is ·nt>w···~ade. t·o: ·· · .. 

. ~ ~h-~· . det~lie.d · .. ~es.~~i~~i-qn: ~£.· the. -inven~iQ~·. alqn.q:_: with .the .... 
. . .. 

. .. ac~i;>inpanying f"igure$ . i~·. '1fht"ch . co.r~·esp~ndin_g nume.t;al·s .in the : . . .. _ .. · .. . ' . : .· . : . 

. o~ff~·~e.nt._:figt.ires·_. ~efe~ to co.r.~E!"spondinq p~rts and . i-n· .which·:· .· 

.· ..... ·.: ~lg~re ·.1.· ~-s· a:·.simpli-tie~--end. cr~$s··~s~·c.~~ona·l .yi:ew of ··a~ 
.integrated circuit _package: Of the p:t~sent ·-it?-Ve~ti,on; · .. 

· Figure . 2 is a· simplifie9. ·top . vj.ew ·_of ·an integrate~· · 

10 circuit packaqe of the pre:,ent invention; and 

Figure 3 is a simplified end- cross-sectional view of an 

integrated .circuit package.-_of the present inyention. 

,. 
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. While .the making and. ·usi.nq".'.of '. vati()U~· embodiment~. of· -the 
. . . . . . . . . . . . . . . . ~ . . . . . . . . . 

. . ·. . 

·~r~sent invehi;ion ·~re discu~s.ed .. in detail below,. ·it· ~hou1<i be 
. . . ; . . . ·. . . . .. _.. ·. . . . : ·. . : 

·appreciated· that "the pr.esent ln:ventio.n prqvid~s many. 

·5. · . · qpplic;able inyentive c~ncep.ts· whi-ch ·can· be. embodied: ~n a wide··· . . . . . . . . . . . 

10 

. ·· · : ~at . .i.ety ~f · spec~fic .. c;:o~t·e~t.s. · Th.-e si:>ecific · einbod,iments . 

di.scU~.$.ed,_ l_lerein_-.a·.re· ntere1y·'111ustr~tive· ·o~ ·specific ~ays · tq_' 
. . 

.. ~~ke an.d.1,.1:Se tpe .iny~ntion-and do not delimit.'the sc::ope of the· 

inv~ntion. 

The present inv~ntion . is related to high frequency ·. 

integrated circut ts· Using a board-on ... ch~p design .to ac:1ieve· 

high · speed performance and · to .meet the space constraint 

.requirements of modern semiconductors. The principles o~ the 

present invention may be incorporated into, for examp:, e, .a 

is· synchronous DRAM (SCRAM) silicon chip. The pre~ent _inven· ;ion, . 

·however, is also applicable to LOGIC, SRAM, EPROM anc any 

other i:nteg.rated circuit compon~mt~. 

Figure 1 is a simplified. cross-sectional view 'Of q.n 
. . 

integrated circuit package t~at is generally designated 30. 

20. The integrated circuit package 30 comprises a silicon chip so,· 

which can be, for. example, ·any integrated- circuit comp<.,nent 

such as a DRAM, an · J;:PROM, a. SRAM or a LOGIC chip. A ,. printed 
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; . 
. . . . ~ .. 

·. · : ci·rcuit · bQ-ard 7°iJ :.-is. ·attacbecJ. · tO--: th~. sllicon . chip s·o by . an· 
«. • . . • • • • • 

. . ~~tie.s1 v~. · lay~r" 60 .•.. . . .. .-· 

. . . . 

T.h.e :.adh~s.ive· ·layer·· 6,0 o~ -~he;,present invent)~oi:i may ~e 
. . 

.-_ __ made .of; .·£9r.. ex~·ie,. ·a.:1-iq~~d the~-.s~tting plast.ic.-._such"as 
. ·... . ... · ..... · .. ·. . ·. . . . ... 

. ·-i.J.qµi.4_. epoxy· :O,r. c;t_ po~y~~e~ · .. Epo~ies-, are. u~e.d. ·because· of .. · 

<th~ir '. .. t·~µ~h~ess ·~ ·:. . .. ~~~c~ss.ibil:i ~y, .... r:-i9i~~~y,.. . chemlc.~i.. . 
z;es,istan~e.·; ·row .shri·nkage and. adhe·s~ve propert~ies .. · · Epox.j;es·. 

. . 

.· a·r·e. -.~.iso. ~$ed.· because they can adhere. to. a wi.de v~riecy of . 

substrates~ organic and inorganic::.· · While 'there ·are many . 
. ··. 

;LO dif.f erent . e·poxy. res.ins; . mo . .$:t commonly. ·epoxies are: formed by 

· . ··react;'inq · digll'~idyl· .. ,esters . of· Bi.sphenol-A . with 

epichlorolhydrin. In.many cases, bromine is reacted into the 

phenol ring section of the molecule to improv.e flame 

retardance.. Multifunctional. epoxies may also be used with the 

15. present invention, and are chaJ;acterized by having more than 

two epoxide rings per:monomer. 

The basic epoxy resin .may. be · cured 9r crosslinked by " 

adding a cor.eactant ;Or cataly·st." Many. dif:t:erent compounds can .. 

react with either the epoxide.ring or the hydroxyl group of. 

20 the epoxy' ring. such ·as· 'a.liph"at.ic amines, aromatic amines. and 

anhydride.s, or catalysts . such as piperidine or horon 

trifluoride· ethylamine. · The advantage of using an aliphatic 

amine as a curing agent for epoxies is ·that cu;ring occurs at 

10 
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··~ 

. " 
tempe:ra.~ui:~~ . ~lig~tly a.hove· . ~com 

. ".temp~~at:tire·>·the .. d~rinq'·is-. 'fa:st,· _it' i.S.· res;stant. to-.. low h~at 

· . ~n<;i'· ;i.s:. a: ~-~gh .exoth~I'n,l· ... ~~ample·~· of .. ~lip.!l~:tic .. am~nes · t;ha t. .. ~ay 

-: .. : ~-e · q_sed. · to·· . cur.e . · .·epoxi~s it1cltide. ~i~~hyl~n~. · triam'ine or _ 
.. . . . . .. ' :. . . . 

...... 5:.:.· .: .. : .. "dicy·andi:-and:d.ei .. · fo;o·-'ex~ple •. ·Alt·er~atively:i, :an.· -ar~1'1.at-ic amine . ._ 
. ,. . . . . . : . " 

10 

].5 

.. · : :may :be'. ~s~4 .t<?. c;u:re. ~~.e. epoxy;:. the: a_d.ral'.lt.ages -being a. long pot. 
. . . . . 

.· l_ife·, elevated. c'u~i,ng.·t~mpe.rattires: ·an.d ·higher h~~t. re·sist.:ince. · 

.s.ampl~s. Qt.: aromati~'_-~.nes"~hat .ma·~ .be .. ·u~ed with ·the p.resent 

inv:ention incl.ude m~taph~nylene diamine .or diain_ino . c;iiphenyl. 

sU:lfone. Alternatively, anhydrides m,ay be used,· such as 

hexa~ydrophthalic. anhydride. Anhydrides may be sele.cted 
. . 

because they are s~fer, have a very long.pot life,· can be 

cured at ·an elevated tempe.rature and have very_ high heat 

resistance. · 

Another advantage of epox.y based adhesives is that they· 

can be made with any viscosity, from liquid to solid, and can 

be tlexibl~ or ri_gid, b.ased on the types of mineral fills· or 

fib.eZ'.s .. that are used to fill ·the epoxy. Another advantage of 

epoxies is th~t they can be combined . with glass containing 

20 fabrics to. prod~ce .laminated printed circuit boards, such as 

FR-4 .• 

Alternatively, . the liquid adhesive 60 used with the 

present invention can be a polyimide polymer. Polyimide 

11 
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·. ·s ... 

p9lyirier·~. can . be "use~.··~'~ :an :adhesiye.· .·"clue :~o their he-at 
. . 

~e~~stance ··.at .cryogenic. temperatu~es .:_anq .their . radiation 
. '. . . . . .• . . . . . 

: resistanqe. · .. · ··.P.olyi~i:d~s · · a.l$o· have. · · favora.ble · -~lectJ;ic . · 

_propertie:s _and. l.o"w·.-·outqassinq~ ~~-ing t.hem ··ext,remely us.eful ·in .· · · . . . . . .. . . . . . . 

the· ·extr~me_ -enivirQnm~_nt: .of s~ace. ··an~. <at . _h~gh · .. tempero.tur~:L 
.. 

T.ypica1iy_,._ copol.ymers · ... u.-s.ed t_o · . ·pol~e.rize_ p_o~y_im~des are 

amid.eimide, imide _phenolics_., bismaleimide~ epoxy imides. and 

polyester· iini4es .· ·. 

· A~ter-~atively, the: adhesive- layer ·60 may be a liquid 

10· epoxy such -~·s x.;..4·3-.sooo,. available. f·rom .Shi-Etsu Chemi~als, 

Ltd., or· polyinµdes such asG7631, -G8320 <;>r Hitachi. HM122u. 

The bonding process generally .. involves attaching the silicon 

chip 50 on ·the printed circu.it board 70. at a te~perature above 

room temperature and all.owing the epoxy or polyimide li.quid 

15 adhesive to cure. 

~n important parameter of polymeric materials i£; the 

glass transi.tion. temperature, Tg. . The Tg is the temper;>\ture 

· at which 1ong-ranqe co,.....operativity be.tween polymer :.c!l.3ins 

·becomes sufficient to allow·the material to deform in res~;onse 

20 to an external force. For use with the present invent5.on a 

temperature of about 215 and 250°C during processing "is ~sed 

to cure the thermosetting adhesive for use in the process of 

the present invention. 
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·.Th~· printed. ... circtiit .. b~ard. ·10 .may be ... cc:ms.tr.u~ted. ·fi::om .. a_ 
. . : .. ·. .. . . . .·· .. · . . . . . . .. . . . . ·. . .. 

ma.t_e.ri.al ·such a.s· -~~4. which i.s ayailable ~rom, ·for. :exampJ.'.e, .· 
. . . 

FR-·4. ·is· an. epoxy ~sin rein~oI,""ced ·.with 

a. ·wo·ven .. qla.ss· cl.0th. · :In·.·· sel~ct-ing· the -~aterial for p.ririted . . . . . . . . 

5 · · ci~cuit ·bo~rd · 70, 'on~· skilled in -the art will recognize:: that . . . . . . . . . . . . 

.: four_ p~~amet~rs ~hould .. be consid.ered.; namely,.·. ·th·iqkriess, . 

. : · ·d,i.~_lectr~c, ·co~stant, .. :· .gl~ss. .transi-tion. te~perature ·and th,e 

_··coefficient· o~· :thermal expansion~ . . . . '· . . 

. . .· 
· Tbiq~ess i·s· _dependant on the. number of la.yers· required 

10 an~. the · am,ount of reinforcement· used _in a. qi-ven layer. The . 

reinforcing glass ·cloth can range· in thickness from · 2 mil per· 

sheet (type 106) to abou.t 8 mil per sheet (type 7628). 

Dielectric constant is determined. by a ·combination ·of the 

resin used and the thickness .and tyPe of· rein:forcement used. 

15 Standard FR-4 ·has a diel~ctric .constant of abQut · 4·. 5. This 

constant can be reduced to- about 3 by replacing the epoxy 

i::esin with a cyan(lte ester resin. The great.er the thickness, 

however, the greater the problems associated with thi.cicn~ss 

control, rough sur~aces, excessive drill. reflection and".poor· 

20 resin-refill.· 

The temperature at 'which . a resin changes ·from a g:~ass-
: . .,. 

like state into a "rubber.y" state is generally designated as 

T9 • Standard FR-4 is made with a bifunctional.ly polymerizing 

],.3 
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··.·.":, ._·.: · ·--~~~.x~:·~~a.t;.:ha.~ :a .T9·:·Q~ ~bo.~t. llJ)··a,c~· ... :Highe.r ·T~i" ·t~.~per~t~~es,·: 
.. ·. . ... . .. . .. . . . . . 

· .. ' .. ·: ,· : ..... · ~~6h· :a~·:,12S~l5"0 °·(::_-~·y -_be· witb;s~op.d ·by, ·U~ing· ;;.. t.e.t,~af.unctional· : 

.... ·: .. '"_'. .".~po~y~ :-_ For: .. :·hiq~e~. :~~. v~:iu~·s".j. -in.· the r~·~~e ·of 150 to 200 °C a. ·. 
. . . . •. . . . .. · .. 

· . -. " · ". ·~yaq~te.· . e.~.ter·~·epoxy.: · .bl~nd· .. c:.a.~-. · be ._ ~sed ..... ·Additionall"y, · · 
. . . . . . . .·.·. . .· ... . .· ·. ·. . . ··.· . . 

. . .. . . . . . . . 
. ·s ... :· p~lyimid~s' prov.ide-. ·f~r 

. . . .. · .· .. ·· . . . . . 
pr~nted .. c.ircu:!t· boards ... having .a T~· . 

. apove ·2·so .. .- 0 ·C .•. , 
. . . 

The coe~f·ici.en~ of thennal ·ex;pan·sion for. FR,..4 is abou·t 16. 

· · ppm/ 0.C~ ' A. <;iifference in the. coefficient ·9f thermal expansion. . . . . . . . 
. . . . 

.betw~en .the pr.inted circuit poard. 7 .. o· made· f°rom FR;.;.4. and ~he 

10 silicon chip 50 can lead to. failure.of the integrated circuit. 
. . . 

packa.g:e 3.0. dur.inq, not .only t~e. assembly o! the integ·~ated 

cir¢uit packaq~ ·30," but also during the .use of integr.ated 

circµi t packa9e 3o· . 

. ' · Refe;rring . cpllectlvely. to Fi.gures 1 and 2, intermediate 

l~ layer 74 has routing strips B2·that.are electrically connected 

through vias 84 ~o p~ds 100 located on top surf~ce 92 of top 

layer 72 and bottom surface 94. of bottom layer 78. It should 

· be underste>od by· one .skilled in ·the· a~t ·that. the terms ·-·top~' 

arid ·"bottom"· as. well as the terms· ''side" and "end" are used 

20 · · ··for illustration purposes only! as· the integrated circuit 

pac~age.30 of. the: present invention· can be assembled and used 
,. 

in a variety of positions and ways. 

14 
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1111/m 111111111If1111 
' .. 

. ... . ·: ·: .· ·'. " :inte:cnu~di'cit~· ·.l~y~r· T6.·,: .. inciud.e~· ,.a, p·ai·r ~f ·b.us ·.bar~. ·).10· •. '-~ . 
; . . . . . . . -:. · ... 

. . . . . . . i;.~e· b~~- bar.s are . e+ect~icaily co:nneqted. through. ~-i~~ 8 4. to one 

. . , .... g.~· ~P~·e. ·: __ bf ... ~h~=_:p~4s ~~o~ .. · .. :-rh~ ... b~$, .bar~:· 1.io· ~Y · ~~rv~, . fb~ 

·s .. 

' . . ·. ·. . . :. . .. 
. . 

.... e~aiUplt:=:r ~ as ·p.o_W:er: suppli~~. or ·groun9.s, and it. is. preferred 
. . . ·. . .·. . . . . . 

t;.~·~:t O~e ··bus bar "lfO··. serve. ori~ .·function,. :SU.Ch as . a .. power . 
. . . ·: . . ·. .· . . ·... . . . . . ... 

. su?:ply, ~nd. the. second· bus. bar·· 110 serv~. another fuhcticm., 

: .. $uch. as a .qz;ound .. 

. The .. :silicon chip 50 has bo~tj.ing . pads· 120 'located 

generally .in the ."central : area of. stii,con chip· 50 . The bonding .. . 

10 .Pa~$ 120.:are connected· to ro.uting strips a2· and bus bars 110 

by wire. bonding ··a.o. ·sold~r ~all·s 150 are :located on. pads ioo· 

to.allow.integrated circuit package·30.to be attached to other 

comp_onent·s, . such as. a. motherboard or a single iz:i.-line memory 

mod.ule.· Although· . 'described as solder balls 150 I . Slllder 

is··· .column.s .are ·.also encompassed by· :the. present . inve??-tion. · 

Even though Figure !'depicts.printed circuit board 70 as 

having four layers 72,. 74, 76 and. 78, ·it should be under~tood 

-by: one skilled in .the ~rt ·that printed ci·rcuit board. 70 may 

consist of a single layer or may be a multi-layered board . 

20 .·having an alternate number of. layers . 

. The above described components· and their construc~.:ions 

and interrelation provide ~n assembly that does not'require. 

encapsulation. The term. "assemblyn refers to· the asse~nbled 

15 

Received Time 5. Fe b. 2 2 : 19 Print Time 5.Feb.22:37 



. 5. 

· .. 

. . . . 

This Sheet Has Been Replaced 

111111111111111111111 . 

. · c:ompo~ents.: '4i.th~ut :_·.t.he '.ri~ed·::for -~n;c~psuUition.·· '!'he ·-~.ssembly 

co~si.s_~·~,>·o~ ·pr~rited .. ·~-i~cuit · bo~·r<:i" -1~; adh~red. ~ilicpri. ~h~P :· s~ · 
. ~rid: ,wir¢ b<;>nq~ng .~O •. .The. :prin~ed .cir.~.!-lj.t board. 70 ha·s a ·t<;>.P: 

. . . . . .. 

open~~q a.·6·.and, a c~vity.-:as wit~. i'C?l:1tin9 ·strips .02. and bu~~ b~rs : . 

. . 

·the. cav~t·y: ·aa· are ·ope.n· wiil:l respe.c~ to.·· one. ·anotl;ler • . : · · 
' .. · . . : . . . . . . . .. 

·:The ~:i.r-e bonding .B:P· proce$5 may ·beg~n.· -after sili.con chip 
" .. 

-SO has. pe~n adhered· ·to printed .circuit ·.b~ard. 70. siii·con chip 

50 and printed ci"rpuit board. ·70· are then ·posit;i.oned · t>n a 

10 heated pedestal to raise the temperature of .the ·combinatjc1n to 
a. point. between 100°-300°C. A gold wire having a dia·:a.ete_r 

typically ranging from·Q.7 mil. to l.3 mil. is strung th~ough· 

a heS:ted capillary where the" temperature may range between. 

15 

20 

200°-soo 0 c. A soldering ba11· is created at .the end o::: the· 

wire usi·nq · either a ·flame or a spark technique. This 

soldering ·~all is then bro.ught to bonding pad 120. or· the 

. silicon chip 50 and a ·combination of compression force . and 

ultrasonic energy are used.to create-the desire<:!. metallurqical 

bond. Using this "stitchn technique significantly reduce;.: the 

cross-sect:ion of the wire at that ·point. A loop is then 

created in the wire bonding 80 above the bond that has :just 

been achieved, and the wire bonding 80 is routed , to t.tie" 

desired connection on the printed circuit board 70 such as 

16 
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''""" """ '"' "' ir 
.routing: ~t~ip. 82.: or·. bu$- .bar ),10·~ 'l;'h~ · wife .bO?lding 80 i-s . 

. ci.~mp.ed a~d the ~~.pillary raised, ··such· th~t · the wir~ ·bonding. 

· ao ... ·w.ill .. b:~eak .fre.e ·at. th¢. ·outer<.~.dge o.f .·th~· bond. . ,. ·. . . . . . . This· 

·. · p.r~ce$s ·i;$ : reP:eate.d ···~·til ·all -the bonding ·.Pads l~O th.at . ·. . . . . ... . ..... · .. •. . ., . 

s . ~eqil.i~e .· ele~tri.ca:1~. 9¢~n~.ction· .on 'the". sili.co.n· ch.ip s J · ~ie · · 

ei~.Gtr.ically"cqnnected ~ta· P.rinted · ci:rcui"t. board 70. 
. . . . . . 

. . . 
. · Follo.win,g ·the.-.a.s.semhly .. of·.the: above•Q.escr.ibe.d compoc~~nts, 
. . . . . 

t.op :ope!_li~g 86 ma.y be. f~lled ··with a pottit\g materia.l. 90, 

represented. by the da.shed lirie . above top openin.g 8 6. · In one. 
. . . 

10 preferred embodiment ·of the present. invention, ·cavity 68 is 

not tilled with ·potting material. 90. · Inste"cid, the non­

. ·operative side. of. the silicon. chip 50 is· 1eft exposed. This 

arrangement reduces the overall size of the SIMM and lessens 

the enyironmental impact caused by.the chemicals used in the 

15 encap.sulation process~ . · · 

In another emb.odim~nt of the present invention there ·is· 
. . 

··no ¢ayity ~8 and the ·sili.con chip 50 is adhered, to the bottom 

su,rface of t~e printed circuit board 70.· .Clearly,. the.re .are 

other p~rmutations that can be used in arranging the·silicon 

20 chip 50 on the print~d circuit boa~d 70 a~ will be ~pparent to 

those of skill in· the art in light of the present disclosure .. 

A potting.material 90 for use with the present invention 

may be a cyanate este·r-type resin available from Shin-Etsu 

11 
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.·. ·. 

.. 
. . 

. . . . .. . 
examples o.f ·.·pC)t;:t·i~g ma~.erial·s ·.90 t;hat jnay·· _be used.. w;j.th the 

. : . . . . . . . . .. : .. - :- . . . . . . . ·.. ·• . . . . . . ... . 

: · p1:esent invent.i:on .. ~n,c.lude. .ep.oxies·;. "Polyesters, polyimides., · 

. .. cy~~o~~ryl~;e$·;:.·.,cerami·c·,. $~ii.con~ ·.a~d···~~ethane~ .··~h~ ·potti~q·. 
. . . . . •' .· . . . . . . 

. .· . . 

.: s ·. ·. " .. ·. materia+s .· 9.0 · ·niay. als.o ··contain··.-.f~ll.ers tha,t a·ffec't the 
. . . : . . . . - . . . . 

. ·· .. ·· 

. . . . . . . . . . . ~ . . . . . 

·: coe~f.ic~e.nt ·: of·. the~! ~xpansion; ~s welJ, · as the .strength a!ld .· . 

: flexibility. of: the. ·pot.ting. materi·a~ · 90 • 
. · . . . .. : . . . . . . . . .. . •. . . 

·. _The solder .balls .lS_O ·USE;!d ~ith··the· present invention Iiµiy 
. . . 

be .at:tac::hed .t.o the pads· 1.00 using convent~onal · solder re flow 

10 sy-stems. For example, a vapor phase solder_ ref low: system ·may 

15 

. . 

be used, which condense~ vapor. ;to sur.round . the · integrated 

ci+cuit package 30 and the:" printed circuit board 70 with a 

c.loud of steam. A liquid, such. as a nonchlorinated (non CFC). 

fluorocarbon is first. heated with enough energy to fcrzn a 

vapor .and to :sustain ~- vapor cloud. When the integ::a..·ated · 

circuit package 30 is then passed through the vapor, the 

_vapo.rized l_iquid condenses thereon an~ gi.ves off the lc\tent 

heat of vaporization~ · 'i'.-ifs energy is then ·tiansferred to the 

· int~_grated circuit package 30. As long as the integrated 

20 circuit package 30 i;-emains in the vapor, the vapor contjnues 

.. to give _off energy at a repeatable fixed rate and temperature, 

until the integrated circuit package 30 rea,ches the 

temperature of the vapor. 

ie 
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·:.Th~ .~d~an~a:g~ ·of:. Q$i~g a .~onchlorin:ated--f~-~orocarbon .is·. . . . . . . . . . : .. . . . . . : .. 

-~h~t it Js: eJ<~r~m~iy ~h~r~il~· stabie·,_.·~q:J.otless,· ·cidorless·:·an(i.: . 
, . : .. : •. :_ . :. . . . . -~. . . . . : .. 

·. non:fl-~l?le:~ · · J:n a.dcl:iti-O.n~ it has a· -low·. toxici t.y,: low suJ::fac~ · · . 

·t~~ta~ure/ low' ·bo.il~nq p~int1: anc:t 'low. heat: _o.f:··v~porizattori .. : . . . . . . . . . . . . . 

:: .·. 5-"' .. ·:: . .-··· . ·a·~.6~\l~e th_~ .. f~~-i~ :fo~ ,~f. t~e·. ~on_~cl'll~:t."~na.~ed · flu~~?c_arlon_ .. is 

. · : · · in~Z"t; · .. ~t dQes'.-not. ·rea:c:t:_ with· ·f;luxe.S· o:r .-component. .~ateI·ials, 
. : : . ~ . . . . . : : . ·. . . . . . . .. . . . . ·. : . . . . ' . . . . . 

·.: · . . : ~.or c;i9es i~·. abso.rb ·O~~qen ,or Oth~r. qa~~S that cause ·.~eactions 
. . 

dur.ihg the· . solder- ref low· •. ... Most· commercially ·available 

fluorocarbons. U$ed:·.for. vap.or ·phase reflow. ciFe f~rmulated ~o· · 
. . 

.10 vaporize at precis~ly stable reflow temperatures for different 

solder materials., as. will be known to those skilled L1 the 

art . 

. The v~porization_temperature will depend on the solder 

type being us.ed. _A brief list of· the tempe .. rat.ures tha;:. are 

15 used to vapo_riz~ different so].der .types: is ~hown below. 

19" 
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,· 

... . . 
'·. 

· ... 

· .. · ·vaporizati6n. T~riiperat~res. -·~nd. sai.der. ,TYP~-~-. · 
. : : . '• . . . .. : . . . . . . . .. . ; . . . 

. . :·:Fluid ·Tempera_ture ··. · 

-. s6~ · ao~ ·._91~: io·1; i-02.~~ and· 
. 155°C 

174°C 

· · .:sol~~r ·Type-· · 

·ioo ·in . 
. . 37 Sn/.3.8 Pb/25 .· .. In 

70 Sn/18·Pn/12·In 
·. 70-In/JO Pb. . 

60 I.n/ 4 Q. Pb 

· ·" .. 19Q 0 c . 90 'In/10 Ag· 

10 

215°C -and 230°C .. 

240°C and 253°C 

260°C and- ·265°C 

. 5.0 · In/:50 J;>b · 
· : 63 s·n/37-···eb .· .. _ 

10 s·n/3o· Pb: 
60 Sn/40 Pb 

· 60 Sn/40 In 
60 Sn/40 Pb 
63 Sn/37 Pb 
70 Sn/30 Pb· 
62 Sn/36 Pb/2 Ag 

75 Pb/25·In 
81 Pb/19 In 

96.5 Sn/3.5.Ag 
~~----------~----------~~--~--------~-------~~--~ 

. Alter~atively, ·infrared or radiant heated.solder r~~low 

may be used. In such a system each component of the sold-:ring 

.system is directly exposed to radiation from a he.t~ing 

l~ element. Heat fr<?rn the radiant energy element is ·abso.d:•,_'d by 
. . . . . . 

. the· different components according to its molecular struc·-ure. ·. 

Conventional radiant heat systems expose only the Quter 

su:rfaces of the components to the radiant heat, which ma~,· not 

reach interior a_reas as ~fficiently as with vapor sa.turci.ted 

20 h~ating methods as. described above. The present invention, 

20 
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~. . . : 

:· ... · .. · .· · nqwev_~r '· . .-4s·. i:i~t.· a:;f~e(:te~ by: ··this·· -typic~1 · -~~obl~m. pecause 
~ ·. 

.5 

sold~r·::b~_i.;Ls.··1so. -n\a:y ·t>~· .used inst~ad ,of .. :l~a.ds-~ ·. In fa~-t~ · du·e. 

to t~e· redu.~ed·· o~_e.rali. site .of-· the· integ~ated c~rc.u.i.t: ·package· 

. . .· 30; .6;. th_e· pr~sent ·.in~enti6n .· e~th~r m~thod,. ·vapor. phas-e solder 
.'. . . . .. : .. · . . . . .. . . . 

·retlow. ·or: :radian·t h.e~t~d~ solder .r~fl~w;_ may·· be· -effect..ively 
.. · :. .. . . . . . . . . . . . . . . . 

used- wit.ti: the .. P~~s!!nt _inventio11. · 

.. ·1'he· -: pre.sent invention also· ·-.solves- . other- pronlems 
. . . . . 

asso_ciat~d- ·with soldel:: ·r.eflow systelllS. ·.These· p_roblems include 

· .the. -creat:.ion or failure· due to voids,. copl~narity, 

10 tombstoning, Ol>en joint;.$;- component cracking, thermal shock 
. . 

.and· thermal st.ressing. The present inve.ntion ·solves these·· 

problems because it dispenses with th~ need for·electrically 

ccmnecfing soldering leads "to the integrated __ circuit package 

.. 30 followed· by encaps.ulation. By· using solc:fer balls 150 

15 instead .of leads, _th~ problems .ass.ociated with voids a~·1:>und 

pad areas· or under leads caused by incomplete reflow or poor 

welding. of.the solderj_ng· surface due to improper flux or badly 

oxidized surfaces· is elimin~ted ... The problems c,.,_- cQplanarity. · 

and tombstoninq are also reduced or eliminated using the 

20 solder balls 150 because surface tension on·both sides of the 

· solder balls· 150 is. equal. 
, 

Open joints are .usually caused by· problems with 

coplana_rity, ·while e.racking may occur when trapped moisture 

21 
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10 

. .· .. 

· .. 
,•'. 

.... 

· wit~in·:an _irit;~g~a"t'ed>qir¢uit._-~ckage :expands. as· the .device _·is· .· .. : ... ·. . . ·: . . . . . . . . . ·. . .. .-

.- he~_t·ep. for. :_refl.~w •. ··.·. ir.he ,ir:icrease. in· ip.tei::na.1· pressure,:: causes· . . . . . ·. :· . . . ~ . . . . . . . . . . . . .. . . . . . . . . 

. th¢. :~nt;eg~~t.ed cir,cult:,·packag~ tQ Split open; ,\isµally at ·.·one · · ·.·. ·. . . .. . . . . . . . . . 

. . . 

b~:m_d,~:ri-g.-: from th~ l·ead ·.ft~~ to ··the · sil.icon. ¢h~p to break and 
. . 

in · som~ oas·es .the silicon <:h-ips · ha ire·· cr~cked . due. to ·the ·. · 

w~rpage at the·. top of· the- ·p.ac~ag:~ as· the teimpe.r.atu,r.e· · 
. . . 

di.fferentials betwe~n t:he· ·top. and the bottom of· the· ·device 

cause different rates .. of exp~nsion. · . 

Using the· present invention, the oniy surface temperatur~. 
. . . . . 

differential.that. occurs is between the solder ba,11 ·150 and 

the printed-circuit board to, which allows either vapor phase 

solder reflow or .radiant heat solder reflow .t.o be available 

for producing. tne p·resent. invention. T-he small size ·of the 

15 solder balls 150~· and of the. integrated circuit package JJO as 

a whole, allows far any of the reflow systems to be lisec with. 

the because the teinpe?;"ature differential between the 

components is . almost negligible. Furthermore, by select i_ng a . 

potting mate.rial. 90. having a. ·coeffici~n~ of thermal expan~ion · 

20 similar, or equal to,· the coefficient of thermal expans~on of 

the other · compo_nents of the .. integ_rated circuit package 30, 

heat reflow effects and problems can be minimized. 

22 
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. ·• 

· ·."l.th~ti~h: the-.:_ }?oard_;on~ch_ip layout -o~ _ i~tegtate~ c.ircu~t 
pac.ka:9e 3.0: as .. depicted ·1n. Figur~s i· .. ~n~ .· 2. has. been des_cribeci 

. us_~_n9 ·.-ce1i~~ali~eq-.b~~d~ng .. P~ds 12.0; it stJ.o.uld. b~ unde.t:~t~od_ ·by· 
.. 

; .. ·· :qne·:· ~ k_ill.e.d .· i~ · the· ai;t, · t·ha1: ·. th_e·. pr~n9J.pi_~.s· _o.f the ·P.~esent 
. - . . .... 

· inv.ent"io.n. ar;e · ,ap.plicabl.;e ··to a . $ilicon chip ·50. with ·bc~.ding · . . . . . . . 

p~ds.:-.·l~O .. in. alt~·rnate. layo1:1ts "such. ·as posi.ti·o.ned .aion1. the. 

s1des 0£ · the s.ilicon .·chip 50 ~ 

Als.o, ·.it should be noted by .one skilled ·in the· art that 

pads _100" and bus bars. 110 'may be located on a .single .layer of 

10 printed. cil:'.cuit board 70. Generally, a i-aye~ of· insulated . 

15 

. · tape or coat.ing may be_ p~aced. on the. bus bars '110. to 'provide· 

- for electric~l is.o.iation. · The ad.vantage of a multi-::-layer 

printed circ.uit poard 70, nowever, .is the elimination of the 

need. ·tp insulate the bus bars .110'. The. present inve~1tion 

~_isposes .. with the need. for. isolation. Addit·;l.onally, the 

··multi-layer. pr.inted circuit board 70 provides a . gr£;.1ter 

pi;oce·ss-··margin for wire bonding. 

Fiqure 3 i~. a simplified cross-sectional view of another 

embodiment of an integrated circuit package ·of the present 

20 invent.ion that is generally designated 32. The integrated 

circuit package 32 comprises. a silicon· chip 50 and a printed . 
,. 

circuit board 70 that is attached to the sil.icon chip 50 by an 

. adhesive layer 60. In this embodiment, the printed circuit 

23 
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··' .. ·, ··board .-7_9 ·.co~si.s.ts. o~. three -~aye~s,. ···a . .top. l.aye.r ··72, an· 
. .... . .· .. 

.. intermed,~.ate layer. 7( and· ·a.·. b9t,tom· .layer: 76·.· ··The printed 

.···~~r~uit. b~~-td· ?:~·--~~~--a ·top -~pe~in~r ·a.6_.:: As·-.b~~~ ,·seen i~· ·figu~~ . 
. ·. . . ·.·· '.' .. ·. . . . ·. . . . . . . 

. 2 ,· .. ' :ro.u~inq·· ·stri:~s' .8.2 and. bus ··:bars .··110 :extend into the top 

."5· .· opetiln.g ·a .. 6.· .· Af·~~r· ass~ly, ·top: open"ing .86 is _filled with· . . . . . . . . ·. . ·.· . .. . .. 

10 

. . 

.. t<;>P·, ~ ~p.en . .!:nq 8 6:· and . a~oµnd s:ilj,.con · ch_ip 50. .· · Vla s . ·a 4 

· .. electz,-ically -·c:onnec:t· pads· :i,oo located ¢n top surface-. 92· cf top. 

layer 72 .and bottom. s~r.fac~ 94 o~ bo.ttom· layer 78. 

·The present·invention_allows·for·decreased failure due to 

the reduced .num):)er. of adhesive., coc;lting and ~ncapsulation 

materials having varying coefficients of thermal expansion. 

The present invention further reduces the· overall number of 

steps in the assembly of, for example, memory unit.s by 

15 streamlining the assembly process _not only in reduced. n~mber 

··of steps,_ but al$o by elimil'.lating the curing steps assoc;.ated 

with encapsulating integrated circuits .. The present inve.~tioh 

further reduces. the amount of material used in prod•.icing 

integrated circuit packages 30, thereby saving time, mone1 and 

20· the environment. 

-Furthermore, the method of the ~resent invention takes 

advanta.ge . of the openi"ng 8 6 at the center of the,. printed ·· 

circuit board 7.0 for potting the wire bonding 80 that connect 

24 
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. 5.· 

10. 

. : . ,~ 

... .. 

-di~'. ·sii-1.<;ori"" ·¢htp so' :~nc;i :.the:· .pr~:l)ted .·circuit board· ·.10. 'in ·a· .. 
. . ; . . .. · . . . . . . 

.~"in9l~ ~ s_tep.·.:-:·_ay: f·i+itng· the op~ninq_ a.6 with -.pott;~ng -~t.e·t:·iai . · .. 
. . : . . . . . . . . . . . . ~· . . . . . . 

90·, ·the wi~e. bondi,.nq . so .. ·b~tw:een "_silicon .. chip: .. so . and the : ·. 
. . . . . . 

pf'inted qi;-cuit ·board ·7,0 are. gene:I"al;Ly ·. proteciteq. from the-.. 
. ·. . . . . ... 

. env~.torunent· and ·~·re .par~ic;:µl_a'rly pi;otected. from· moisture.· dU:e: 
. . . . . . . . . . . . 

. . 

to t~e h~~etic nat.U:re. of .. ~i:ie encapsµl-a:·ti.on ~. 

T.his: '1\eans. of ·c;tdhe.r:i.ng the components "of .. the integratec;i 
. . : .·. . . . . . ·,.. ..· 

. . 

.the overall·profile_by allow:ing_the.~ori-opez-ative or.packside 

.of the·. si.licon ·.chip 'SO t_o. be. exposed. By hermetically · 

p.rot.~cting the connections ~etween the -silicon ~hip SO and _the 
. . . 

printed circu~t board 70 at the top opening 86, there i~ no 

need to comp~etely encapsulate the entire a.ssembly. 

Additionally, reduced environmental.impact is obtained 

15 using the method and· apparatus . of th,e present invention due to 

the overall decrease in the size. of the integrated circuit 

_packag~ 30. Reduced environmenta.l . impact is also achieved by 
. . 

eliminating the nµmber·· of components r.equired. to a-ssemble an 

, ititegrated circuit package ·3-0 •. 

20 This inventfon reduoes warpage cau~ed-by resin shrinkage 

by eliminating the need for resin ·on the backside of the 
. , 

silicon chip's housing~ In ·addition, the overall size of the 

i~tegrated circuit package is reduced by eliminating the need 

25 
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. '. 

.. 

. :!<;>r; -~:. ·110~~-l·ng for_.· .. t~~: s'ti~~C?n .~h-~p,: thti~ · ci~ating a; stress":'" . 
. f_ree:. :condj, 1:lon ~ . . .EliminatJng tl:le. 1:tou.si1.1g . f oz: the ch~ p. ~lso .... · ... · . . . 

. ·.nii~_im~z.~s:_ -~·!le:· shrinkage .. a.n~ era.eking d~~ to the shrinkage: o"f 
.. . . . . 

th¢· ~nca_psu~a~ih_g ·;-esirt~ .·• 
-.: · . 

·wlii1e". this·. i:pventiol{ has bee~. cies_crib~d in .re.ferer ce to 
, ·.:"_ · , .. illustrat-iv.e embodiments, this description is riot· int~nded ·to . . .· . . . . . . . . . ' . . . . . . . . . . 

.-·. be con·s.trued in a· liiniting sense~- . Vari6us · m~d_i·fi°c:.a:tion.s ·.a:nd. . ~ .. . . . . . . . . . . 

·.- combin~tion:s o·;f the.·illu$t,:ativ~ .embodimen_t_s, as· wel~ as other . 
~mbodiments . ·of t.h~ invention, .· will be appaten~ ·tb persons. 

10 skilled in t.he art ·upon . .ref~rence to the· description.· It . is 
. . 

·thereforej_ntended that the appendeq. claims enc~mpass any such 
modifications or embodi~ents. 
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.. ·. :W4at :_.i.s ·ciaiiie~:.is :· , · .. 
. . . ··:. ·. 

J .. · ·A· ·method for .. assetn,b.ling. an: ·.:lntegrated .circuit 

package ·.e:·6mpr~sin9 .the steps _of: 
. . . . . .. 

· : ···obta!ninc.;1 a: substrat.e· .havi~g .a· .~urf~ce; 
.. 

. . ~ppiy;Lng .· a ... l~qu·~ci . adli.es.i.ve on .. s.aid ·surf ace of . said,' ... 

·subs~rat~; .·and· 

·contacting ·a· chip ··to ·said liquid adhesive, thereby. 

attaching said chip· to said sub$trate. 

. . . 
2. The .method as recited · 1n claim l wherein said l.iquid 

adhesive is a liquid epo~y. 

·· 3. The method as recited in claim 2 wherein said liquid 

adhesive is further defined as being a.X-43-5000 liquid_e:)jXy. 

4~ The method as recited in claim 1 wherein said !~quid 

adhe~i ve. is a liquid polyimide. 

5. The method as recited in c1aim 4 wherein said i:.quid 

20 polyimide is selected from. the group consisting of a C'7 631 

liquid polyimide and a G8320 liquid polyimide. 

27 iiii1iinr 
Received Time 5. Feb. 2 2: 19 Print Time 5. Feh 22:35 



11111111111111 11111 11111111111 
* C L M s * 

. . 

. ·· .. • -'6. ~ ·· . ·. ·"t:he :m~-t:hqd ·:a.s · re¢lted .i.ti claim 1 . ~her~in ~he· s t.ep or 

· conl:ac:t~pg · .il · chi·p .. to ~aid. ·.liquid.' adhesive occur~ 
·. ·... : . . . .. · . . . . . . . . ·, . . . . . . ·::. . . . 

. . 

at·. a· 

t;~peratute b~tween. about 21~ :and 2so~c.;. 
. . .. . . . . ~ . 

. 5 
. . 

1 / The .. method -as ·reci~ed-in claim 1 furt~er q_omprising· · . 
.. 

·the ·st~p: o·f· ad.ding. a curing agen~ to s~id· liqui<:l adhesive. 

- . a·. The method as- reci~ed in claim·· 7 wherein sa-id curing· 
- -

-·~g~nt" . ~s selected from - the group. consisting of aiiphatic 

10 ami~es, aromatic am_ines. and anhydrides. 

iliiU1iiUf 
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. ~ .. · . .~. ·:. . ~ 

.. 
: . . . . 

•. . . . . . 
.... . ·_:· l : . ·: . '. · .... · ... 9· •. 

· .. S. 

,packaq~·.-C.Qtnpr.is.#-ng: ,the -~~~P~ .o~i · 

.qbtalrting. a·. chip .ha·~,t~g ~ ·.surf(lc'e;· ·. 
. . .. .· . . . . . 

·contacting a· substi-at~. to said.: _liquid adhesive,·· thereby 

· attachin~J.· .said :sub.i;stra"te. t~·. ~ai.d·:·.ch.ip •. · 

10. The me.thod as recited· in clain\ ~ .w~er.ein said liquid 

10 . adhesive is a liquid. epoxy •. ·. 

15 

11. The method as ·recited in claim 10 wherein said 

liquid adhesive is .further defined as being a X-43-5000 liquid 

epoxy. 

12. The method as recited in claim 9 wherein said l~quid 

·adhesive is a liquid polyim.ide .• · 

13. The method as recited · in c;laim 12 wherein said 

20 liquid polyimide is selected· from th~· group consisting· of a 

G7631 liquid polyimide and·a G8320 liquid poly~mide. 
,. 
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. .·. 

l._4 .. ~·-· ·:'J'.he~---~e~od. q.~.::-:r~<::ited-._ifi. claiin 9· wherein_ .. the step of 

. conta~tinq said .. $UbSt:r~te -to s_a.i;q liquid adhesive. occurs -a-t:-· a 

tempera_t~r.e :b.etweeri:_ about 215 ~nd 250°.c~ .. · ·· 

.i·s .... The ·method ·as_.recited in c:laim· 9· furthez:> compri~>ing. 
. . . . . . •". . . . 

. . . 

·the s.t~p of ·adding_ a .... Qu.r;inq .agent ·to said i·iquid ·acthesi ve • . . . -~ . . . . 

16.> The .method. as recited in· claim J.s whetein ·said .. 

curing· agent is · selected ·from ·the group cons.is ting of 

10 aliphatic amines, ·aroma~ic amines and anhydride~. 

1l1iii1iirDi 
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·, 

rt.·· ~ . ..-1n~~<;p;:a~ed circui~_.pac!{aqe .. ass~l.~d a_cc~r.ding ·,t.o· . 
. . . . ~ . . ,. . . . . ~ . . .·. . . . . . - . . . '. . . . . ·. ~ . . . . . . 

. . 

the method.of c;:lal~.l~ . 

. ,• 

s· · ·. ·. i :r whi:~:reitr · said · liqili:d . adhes~ve . is· s~le9ted · from. the grciup 
. . . . . . . . . . . : . . .• . ~ . . . . . . . . . 

. . "" .qons;i.~t . .i~g·· ·_of . ~ .. J.i~id.· e~.o~y· ·and .a :~J,9uid :p?·1;imide ~ . 
. . 

19 • '!,'he inte9rated circuit . packag.e as -r~ci ted in claim 

17 wherein s.aid chip is contacted to said liquid adhesive at 

io· a· temperature betwee~ about 215 and 2so~c. 

15 

20." The integrated circu.i..t package ·as ·recited in claim 

1 7 further comprising ·the step of · adding a curing agent to 

.said liquid adhesive. 
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