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·THIN ".INTJ!:G~TED· ·c::IRCO':tT UNIT 

·:·TEC~l~·: fiSLI;> ·OF· TliB.·~NVE~ION ". 

The .present· invention. relates. iQ gene.rai.. to .the. field of 
. . . . . ·.. ·. . . . .. . 

int.e.g:rat:ed · circu.it · packaging •:·and., · more ,speci.fida11y.t can 

rel~~e. to . :integrated ·~i~c~.i.t ·.packages ·and. ·~ metho.d for. 

producing th12 same whez-e.~ the integrated. circuit. packagE,'!S are 

electrically connected to one C!.nother to ·form a mem.ciry· unit 

f_ox-· use in attachment to a printed .circuit b.oard to fopn a 

modul.e. 
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· Without .. 'li~~ing .... the· ·scope' .'.of···-_ tg_e invention~ its 
. ·~ . . . . . . . - ·. 

background. is- ·descr:ibed. in· cqnnection with .int·egi:-ated Circuit 
. . . . .. . . . 

. . packages and ·memory mQdUleS I as an· 0Xa.'C~pl_0 • . 
. . . 

Heret:,pfort?, in .thi.s· field, int.egr~t:e!i ·C·~r.cuits ·have be~n 

.formed.· on .. semiconductcr wafers~ w.h~c~. ·are· · separat~d into 

·t~dividual chips and .the. individual ·Chips ·are· then handit·,d ~d 

packaged. Th~ packaging p~ocess is one of the most critical· 

steps in the integrated- circuit fabrication pr9cess, both.from 

the p.oint qf View of cost and of reliabi.l.ity. Specific.ally, 

the . packaging cost can easily exceed the cost of the 

integrated circuit ·chip and the majority of device failures 

are generally packagins related. 

The integrated .circuit must be packaged in a su.:i.table 

media that will protect it in subsequent manufacturing steps 

and from the environment ot: its intended application. wi·re 

bonding and encapsulat-ion are the two main step.s -i:i. the 

packaging of individual integrated circuit packages. Wire 

bonding connects the leads from the chip to the terrninels of 

the package. The terminals allow the integrated circuit 

package to be connected to other components . Followin~; wire 

bonding, encapsulation is emp~oyed to seal the surface~ from 

-2-



moi~ture .~d contam_:j.riation and to· protec.t· .. ·the wire bonding -and 

. . . 

other· components _fr~m .. corros.ion and mechanical· shock. 

---- ---
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· · sUMmav.- OF THE ··rmoorrxoN . . . . . . . . · . 

. .. 

. Cpt?Jmon.l.y,.-... · 1ntegrated:. ·<circ~it ·. ·packc;ges ·.are .. accacned: ·· 
,. . ... ·. . . ... · . ·: . . .· . . . . . : . . . 

· · J?.rint_ep_:~. :c~r.~u:i. t -b<?ar<is · ~b. f.o~ · ·.$irigl_e .. inline ·.memory _mo9.ules, 

whic·l.l. are· .. ·.typ.ically . r~·ferred . to: as. $.rMMs · ... : ·.SIMM!? may I •. foz-
. .·. . -· . . . .. 

eXanlpl"e,.· · ~e · -USe<?: t'.0: inc;re:a-Se.·. the· memory 0~ 1 . typically 1 

_p.ers_orial . compU:iez-s . · · ·~n~ · a~ol.lnt· of the .memo.ry on· tne. s IMM,_ 
'. 

however, is .genE!rally .limited by surface area of· .the mother or 

·sister printed circuit· .-tloard that supports the integrated 

c~rcµit .packages.. As n.iemary ·demands. increase, so has the need 

for increased. Input/Qutput C::t/O) cap.aqity and memory capacity 

of SIMMs. Efforts to enhance these capacities, however, have 

been limited by the amount of space available in the 

environment in which·the·modul~s.operate. 

'r~erefor:e, it;. is recognized herein that a need has arisen 

for a module (e.g. a memory . module) and a process· for 
. . . 

produciI.lg a· module· that meets the present and future need<.> for 

expansion within the.~ame li~ted space. Furthermore, a need 

.has arisen for high density module and a process· for producing 

high_density modules that provide for attachment modul~s of 

integrated circuit packages to form. modules.. A need has . also 

arisen for materials and methods that lead to increases, e.g. , 

in I/O anc:Vor memory capacity. Fut"ther, a need has arisen for 

-4-
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.. : -~ :O.ou}J~e-.sided ·int:.eirated:· ci_rcui"e .package;. -.~d modules: made, qf" 
.. 

: t;he· --same~ .-. t~e· : pi;ovides ·. p~otect~o~ · _·to. t.~~ w~re .bonding .. and_ . 
.. 

sl.llc·ori .. chip auring. subs~quent .manu_facturing and testing ~teps 
. . . : . . ·.. . . . 

.. "and .from .the. env.i-ronmeilt 9f. i~·s inten,c:ied ·p~rpose. 
. . 

· . ·'l'he . p:r::esertt ·invention · d-i°s-closed . herein cot;lprises an . . ~ . . . 

. . appa;i:-atus ?ind metP,od of $t~ckiri.g double sided in,tegrated. 
· . 

. circuit pack~~e.s into ·an in~egrated cir~uit- unit. ..The 

· integrated ci.rcuit mpdule. protects the integrated circuit 

·packages-· that·· make up the integrated circuit· module duri~g _. 

manufacturing and testing steps and f rem the environmeTit of· 

its intended purpose. The int.egrated circuit packages are 

stackably mounted together to form an integrated circuit unit. 

and· can be attached to a printe~ ciz:-cuit mother or sister . 

board to form a high density module-. 

The present invention comprises at least a first 

integrated circuit package. and a second ·integr~ted ci:::cuit 

package that are·stackably and electrically. connected together 

to form an integrated circuit unit. Even though the invention 

is described in terms of first and second integrated ·circuit 

packages for simplicity and convenience, it ·is to be 

understood that any number of integrated circuit packages may 

be stacked to form the integrated circuit unit usin~.J the 
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1 



-----·---~-- -------~-------------------------~--

~aterial.s:·and. tecfuiiqties des~ribed: herein~- Jtor. aX?imple, sev~n · · 
. · .. · 

to :nine .fnt~g_rat_ed. circuit pac~ges may ·be. stp.c~ed -to· form an 

'int.egrate~· ci~cuit··memory '1.nit in _accord.a.nee with the present. 

-·invention.. · · . .. . 

The fi-Z'.s.t _and· second integ:-rated_-· circuit ··packages each 

.· iriclµ.de a carrier having first and secorid surt:~ces . A 

plurality ·of 'routing strips are· integral with .the carrie?: and 

extend into· th_e opening. ·_ At . · least. three· ·terminals are 

disposed on the · fi-rst and second surfaces . Two rows .of 

·terminals may be provided for on the first and second surf.aces 

of the carrier to provide separate electrical connec_tio:Js to 

integrated circuit packages that are electrically upst:,:ream 

from ·1ower packa,ges. In some cases, integrated circuit 

packages that.are-part of the same integ~ated circuit· unit but 

have distinct functionality, but are upstream from lower 

integrated circuit packages, may be electrically isolated from 

internal terminals that connect lower integrated circuit 

packages. At least-one of the terminals disposed on the first 

surface and at least one of _the terminals disposed 0::1 the 

second surf ace are electrically connected with at least o~e of 

the routing strips. The first and second integrated circuit 

packages also include at least one via el.ectrically conne::tiI_lg 
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_tne· t~_rmirtals. disp~se.d -~ii -~he "first ·~urfac.e with the. terminals 

disposed ·on said·: SeCO.Ild :surf.~c.e ~ · · · · 

A. chip is aqhere~ · ~o: each·_ o.f ·the carr~.ers on. e·i thez: t.he 

fi~~t · or . second ·surf~c~s · d~pe1:1ding. ·.on .the positioning. o.f 

routing s:trips on or- :in the ·ca.~rier'. Each· chip has. bonO.i.ng 

··pads dispC)sed thereon·. 

. . . 
bonding· that .electrica~ly connects .the bonding pads .. .t:o ~he 

routing st:d.ps. . .An .adhes~ve layer or underfill fills the 

space between the silicon.chip and.t:he carrier that does not 

contain solder: bonding. By using solder balls to interconnect 

the ~ilicon chip with the ·carrier the overall profi] e or. 

height of the integrat~.circuit package, unit and/or module 

of the present invent.ion is significantly reduced. Reductions 
. . 

fro.m 2_0 to 40 percent of the overall profile· are achieved 

.depending on the number and thickness of the integrated 

circuit packages that are· used to form the integrated circuit 

unit and/or module of the present invention. 

The integrated circuit paqkages further include bus bars 

being integral with the carriers and extending to the solder 

bonding. The bus bar electriqally connects at least· crie of 

the bonding pads of the chip to at least one the terminals 

disposed on the first and the second surf aces of the carrier. 

_,_ 
-------------------- ---



The "integ:r~ted circuit.··unit .. i"s f'orme9-. by electri~ally 

connecting at . least -O~e .. : of the termin.als dispos~.d · .. on. the 

second: su~f~ce:of :the fi~st int~grat~d circuit package with at·. 
. . 

·least:· ·9ne <:>_f ·the .terminals _d~sposed ·on the· first· surface of° 

:the second . int~gz:ated·. c"ircuit. pa¢ka~e. · .. ·rn one ernl;>od:i,m~~t.,. 

sold.er . ·balls are used to·· make. .the . el~ctric.al connection 
·. 

between the first and second, integrated circuit packages . . In 

.. anothe:t;" embodiment,·. solder . : columns are used to .. make the 

electrical connection·between the first and second iptegrated 

circu~t packages. 

The integrat~d circuit unit may further include 

additional integrated circuit packages stackably and 

electrically connected together, for example, a third 

integrated circuit package may be stackably and electrically 

connected to the second integrated circuit package and a 

fourth ·integrated circuit ·package may be stackably and 

.. 

electrically cqnne·cted t.o the third integrated circuit 

package. 

Once the integrated circuit units are constructed, they 

may be attached to a printed circuit mother or sister circuit 

board to form, for ~mple, a module. In this way, the number 

of integrated circuit packages stacked at a given locati~n on 
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·. the· m.:pdule ~ay b.~. incre.asecf,_ thus enabli.ng ·a ~igh~r de:nsity 

·. · · . .-mC)c;iule. : .Fµrthermore .. ~ the·, .i~tegra~ed· circui~ module_ can ·be 

h~nd~ed _:and ·. pa~~g~d.: as ·~ : sing;Le ··.it~m du~ing· processing I . 

r~ther" that· :h?i~d~Jng .. an<i:. packa~i~g·· a ·number· individqal. 

integrated circuit package~ ... 

---------------
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.BRIEF. DE$cRIPTIQN . OF 7'HE DRAWINGS 

For . a. m~r.e, complete. _und_~:ts~art<:ling of ··the features . and 

advaz:itel-ges of the ·present invent.ion,' J:'.efer-e:µce "is. now··. mad~.· to. 

"the detailed description of .the inven6ion alpng with ·._the· 

aqcomp~yj,.p.g f i_gures in whi·ch corresponding. ·m,.tmera,ls in .. the 

. different ~igures. ··ref·.er- tp corx-esponding parts arid ._in which.:·. 
. . . 

·Figure 1 is a simpl.if1ed end·cros.1?-sectional view of an 

integrated circuit package· for ·use· with the present" inveL.,:-.ion; 

Figure 2 is a simpl_ified· top· view of an :integrated 

circuit package for use with the' present invention;-

Figure 3 is a simplified. end cross-sectional view <.>f an· 

integrated circuit unit h~ving a plurality of . integJ::ated 

circuit packages oriented in a stac]<:ed . configur~l.tion 

electronically connected together with solder balls; 

Figur_e 4 is a simplified end cross-sectional view of an 

alternative integrated circuit package; and 

Figure· 5 is a simplified end c:ros~-sectional view ·:1f an 

alternative embodiment of the integrated circuit unit having 

a p~urality of high density ·integrated circuit pac·::ages 

oriented in a stacked configuration electronically conneicted 

together with solder balls. 
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. DETAILED DESCRtPTim[ QF THE! INVENTION 
. . ~· 

Wh:ile. t4e mald,ng. a~d usi-ng. of .various. em,bodirnents o( the 

present invention are d~s·.cus.sed, .in "detai~ belQW I. it Should ·be 
apprec.iated... that.. .the . . pr.~sen,t. . . invention . provides many 

. . . .·· . 

. applicable inyentive. conC:eJ;>t:s ·which ~an .. be embo~ied in a wide. 

variety of specifi'c contexts·. The specific entbodiment.s 

·. discussed· hez-e!n are mere1y· illustrative. of· .specific way·s to 

make and use the.invention and.do not delimit. the scope of. the 

invention. 

The .present invent.ion can be . related to integrated 

circuits using a board~on-chip design having a double sided 

carrier to achieve high speed performance and to meet the 

space qonstraint requirements of modern semiconductors. The 

principlei;;; of the present invention may be incorporated into, 

for example, a synchronous DRAM {SDRAM} silicon chip. The 

present .invention, however, is .also applicable to LOGIC, ~·NAM., 

EPROM and any other integrated circuit components. 

Figure· 1 is a simplified cross-sectional view of an 

integrated circuit package that is generally designatert 30. 
-.~ 

The integrated circuit package 30 comprises a silicon chi~ so, 

which· can be, for example, any integrated circuit component 

such as a DRAM, an EPROM, a SRAM or a LOGIC chip. A ·ca:crier 

- 12- --------
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.·10 ·.is ,at-tached to ~he··$ili.co~- chip .. 50·.by.an adhesive layer 60. 

~he a~hesive layer ()0. may ~e ~de. ~t,. for example, a-. double-. . . . .· .. . . 

. sided;: adhesive po.lyamiqe· cape,, adhesive glue or .epo>..-y. The 

. ·. . . . 

'. ·c(irrier 70 is ·a.epicted havin~t ·a. ~itigle layer,· howev€fr, it may 
. ~ . 

,compris.e · a number· of . dif ~erent _· laye_~s · dependin~ on the · 

el~ctrical connections tha.t may be n~cessary ·to ·electri.cally 
. . .· : . . . . . . . 

ce?nnect th_e ·bondi~g pa~s -120 to .the terminals 100. 

The carrier .70· may be constru~ted from pri-nted circuit· 

board, a mate~ial such as FR-4 which is available from, for 

example, Motorola Inc., u·.S.A. FR-4 is an epoxy resin 

reinforce<i with a woven glass cloth. · In selecting the 

~terial for.carrier 70, one skilled in the art will recognize 

that four parameters shquld be considered, namely, thickness, 

dielectric const?int, glas.s transition temper~ture and the 

coefficient of thermal expansion. 

Thickness is dependant. on the number of layers req·_:ired 

and the amount of reinforcement used in a given layer. The 

reinforcing glass cloth can range in thickness from 2 mil per 

sheet (type 106) to about 8 mil per sheet (type 7628}. 

D_ielectric constant is determined by a combination of the 

resin used and the th_ickness and type of reinforcement used. 

Standard FR-4 has a dielectric constant of about 4.5. I'hi!? 

-13-
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constant. can be reduced· to. abC?ut 3 by. repla~ing. the E!po~y- · 

resin With-. a cyanate ester. res:in. Th~ great~r the thi-ckJ'.less, 

howevei''-; t;he greater the problems. associate,d with th.i·ckness 

. 
control~ ;ro4gh s~~-faces, c;!Xcessive drill wear· and poor· resin 

.·_refi1·1. 

The temperature at which-a resin changes from a s-lass-

·1ike state in~o a "rubbery" state·is·generally designated as 

Tg. ·Standard FR-4 is made with a bifunctio,nally polymeJ:izing · 

epoxy that has a T9 of about 110 °C. Higher_ Tg temperatures, .. 

such as 12s-1so· 0 c may be· withstood by using a tetra.functional 

epoxy. For highe.r T9 ·valu~s, in. the range of l.50 to 200 °C a 

cyanate ester:epoxy blend can be used. Addition.::illy, 

polyimides provide for print~d circuit boards having a Tg 

above 250 °C~ 

The co~ff_icient of thermal expansion for FR-4 is about 16 

ppm/°C. A difference in-the_ co~fficient of therm.al expa·:..sion 

between the carrier 70 made from FR-4 and the silicon chip 50 

can lead to failure of the integrated circuit package 30 

. during, not only the assembly of the integrated cil':'-:uit 

package 3 O, but a,lso during the u_se of integrated ci:•.:,::uit 

package 30. 

-14-
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.. The adhesive layer .60 may be Hitachi ~i22u manufactured 

by ~itadhf Chemic·a1 Company of· ~okyo,. Japan .. ·Alternatively, 

the·· ~i.;tiC<?P chip. 50. ·can be adhe~ed to the carrier 70. with a . . . . . . . . 

d:ie bo~ding film· Sl,J,ch· as ·HIATTACH:...3·3s· (Di?,..JJS) manufactured· by 

Hitachi Chemical ·Company o.f Tokyo., Japan. HIAT'rACH-3"35 (DF-

33.5) is silver· filled thermosetting tYI?e resin film.·for die-
·. 

at.taching. . The bonding process ge.nerally .involves at;tn.ching 

the film on the carrier 70 at 160° :c for 5 ~econds with an 
. . . 

.. applied fore~ of 1000-3000 grams; t,hen. att.aching the silicon 

chip 50 on the fi1m a~ 220° C for 5 seconds under a force of 

iso-200· grams. 
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·. PF-.. 335. ·has the followi~S' .. propert:ies 

·TeS.t 

Appe.arance: 

. Sol id. CO"~tent · 

·Ash· Cqnt:ent 

:.Ash· conb~rit/ ·· 
Solid:. 

. . .· ·' 

· .Th:ickness. 

Teiisi-l~. : .. 
· StX'.ength · 

· ·T~nsile· ·· 
Modulus 

Die shear 
sc.rength ·. 

R.T. 
2so 0 c 

Peel strength 
240°C (after/ 
85°C 85%,48h) 

Tg 

Modulus 

Moisture 

. , ·Remar~s 

. : 

Visual· 

. ·. . . 

6oo~c-:~~-?h 
. ... · 

:60.0°.c-1.:sh · 

R.T. 

. Urtits. 

wt% 

· w~t · 

wtt./sOlid . . ·~ . 

-:µm .· 

·iC9£_imm2 ·· ··.· · · .· 

kgf/mni~ .. 

4x4mm. chip/Ag kgf/chip · 
plated· alloy.42 

axsmm chip /bare k~f /chiP. 
alloy :42, 

TMA, l80°C-lh. 
cured 

Viscoelastic 
spectrQmeter 

oc 

Mpa 

85°C/85%RH, · 48h. wt% 

.· .. 

J;>F-335 

s:ilv:er film··. 

40 .. 

25 

7.-l 

2.71 · 

210 
0 .-9 

~3.0. 

.-12,3 

1300 

0.1 

Otber examples of adhesives include thermose.~tting 

adhesives, such as epoxies, polyimides and · sili c-one. 

Thermoplastic adP,esive·s that· are. hot-melted, in the form of 

sheets or as a pressure sensitive a_dhesive tape may also be 

used to adhere silicon chip so to the carrier 70. Corr.manly 

used are adhesive tapes based on elastomers, silicones or 

.. 16-
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:_· .. -acrylics ·because of .. their· e~se· ·pf use· and e.·a-sy incorpora:tion ... 

. . · into product:Lon·~ 

~efe~rj_ng ca·1:1ect:iveiy.· to· ·F.~suZ.e,s i ·arid: 2, · carr~er. 70 ·has·. 
. . . . . . . . : . . . .. ~ . . . . 

: ·:routing. $tri.p~·. 82. that·. ·~re: ·~iectr.~cal~y connected th.rough:_ vias :.: ... 
. . . . ·. . . . . . .· ··=.:·· .. ·. __ •. . . • . - . . • . . 

: 84. 'to ·::terminals ioo l.~:cat·ed. OJ;l·:·top. ·su.~face .92· of" carrier -7o·. 
.. . . . . . ·.. . . 

· .. ··rt should .be. undera.tood .. by :.one· .skitie4 ~Ii:·. the ·ai:t . that the . 

·. terms -"top" · and. "bottom~· a~· .well" ~s the . tenns "side": p.nd "end11 . . . . . . 

· · . · ,are l.,lsed f".o+ ilius_tra.tion. :p:urpos~s · only~-. as . the. integ~ated 

circuit package 30 _of· _the ·present inventi<:>n can be assembled 

.and used in a vari~ty of pos~tion~ and ways. 

:caJ:rier· 70 may· include a pair of bus. bars · (not ·depicted) . · 

The bus bars are elect·rical"iy. ·connected through conduits ( n.ot · 

depicted) and/or vias 84 to one .or more of the te:r:minals 100 . 

. The bus bars may serve, for example, as power supplies or 

grounds, and it is pref erred that one bus bar serve . one 

function, such as a power supply_, and the second bus bar ·3ei:ve 

. another. :function,. such a$· a ground. 

·The silic:on chip 50. has bonding· . pads . 120 . located 

generally .in the.central area of silicon ch.ipso. The.bending 

pads 120 are conpected to routing _strips 82 and bus bc=i:r:s by 

solder bonding 80. The s·older selected for. use with the 

---------------~····--
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pr_ese~t .invention .wil'.!. depend on" t_he: temperature ·r~quiremen.ts 
. . . . . . . 

·of . t.ne .·.~·~1~_9onO: chip .. so .. 

. · S.blder.:balls. l..5"0 .. a~e. tocated. ·an ·terminals .. J,.OC>' to allow - · 
. . .· ·: .· .. . . .... ·· . ... .. .. . . ... . .. 

. ·board. of· a· .·s"i:Qgle .:unit... ·The. nunmer. of -int~grated.· circ.ui.t · 
... ·. •.. . . . .. . . . . . . ' . . . ... . . . .. . . . . 

. .. : . packages 30 t~at are sta:~ked wi11·. O:epend on_, -e.g. ·the "memory .. 
.. 

·:··an~ . cpntact : requi~ements of: . an. integrat~d· circuit .·memory 

.. 

modul_e,· ho.w,~ver, in one "embodiment" of "the· pr~sent. ~nvention .. 

th~ number 9f integrat~d .. ci~cuit . packa~es is eight or nine. 
. . . . · .. 

The above des<;:ribed·componeri.ts. and.their constructions 

and interrelation provide an assembly that is el?-capsulated as 

described below. The terll). "asseml:!ly0 refers to the assembled 

components prior to encapsulation. The assembly consi~t..s of 

carrier 70, adhered silicon chip 50 and solder bonding 80. 
. . 

The solder· bonding 80 process· maY: begin after· siJ . .icon 

chip so has been adhered: to carrier ·70. Silicon chip 50. and 

carrier 70. are.then positioned on.a heated pedestal· to raise 

the temperature of the combined. unit .. The solder.bonding 80 

and solder ball.s. · 1~0 ·used to create the integrated circuit 

package 30 for use with the present invention may be attached 

using conventional solder reflow systems. For example, a 

-11-
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: ·: 

. ,;· 

·.. . 

· v_aj;>qr--.l?~se·:·sql.der:: re.f,lpw ~ystem..·may .. J?e -·\J..sed,: ·which ··condens_es-. · 
. . . 

vapbr: t;~ .. ~u~ro~rJ;d-, ·-t~e .. ·. in.teg~a~~d. ci~C\ii.t · pa:ckag~, 3 0 : and · t,he · 

carrier ?O_ .with. a·: .qloud :of steam.· ·.A· li~id., ·_··such _as -a 

n<;:>nch~or-;i.n~ted (npn·, CFC)·: . · f1u9roca·rbon : is. ·first : heated with .. 
. . . . . . . . . . .~. ·. .. . . . .. 

_· enot,igh_eilergy :to:.-fozm-a :vapor:and to.susca~-n -~ ·vapo-r.cloud· .. -. 
. . ' ' . . 

... 

·· -. Wh~-- the -int~grate(i ·circ~"it ·pack(lg~- 30:·-~ts· -then._pa,s~ed through 
. . . . .· . : . ·' . .. . . :· . .· . : . .. . . ·. : . . 

. . . . ' 

tb.e· ··vapor,-. :the -~aporizeci liqul,~-- coJ;J.den$es t}:lereon and· .gives 

·a:f:f -t-he' late~t- h~at _· o~ -·v_aporizatio~ ~ ·· ·This _e~ergy is t:hen . 

transferred to.· the in.tegj-ated .ci:r;cuit -package 30·. As long c;i.s 

the .i~i::.e.grated._ cirm,J,i_t · pac~age 30 remain~ in. the vapor, t:h~ 

· vapor>contii.nu,~s to give o1!f energy at a---repeat~ble fixed rate 

and' temperature, until the integrated circuit pac_kage 30 

rea~hes the . temperature of the vapor. Li.kewise the entire 

assembiy of integrated.circuit p~ckages may be.introduced into 

the solder melting chamber after·be-ing stacked. 

The advantage of using.· a nonchlorinated fluorocarb0n is 

that it is extremely thermally stable, colorless,- 04orless and_ 

' . . 

nonf.lanmiable. In addition, it has a. low toxiqity, low surface 

temperature, .low boiling- point, and low heat· of vaporization. 

Because the fluid fo:rm of t~e non-chlorinated fluorocarbon is 

inert, it does not react with fluxes or component materials, 

·nor does it absorb oxygen or other gases that cause reactions 
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'·· . 
. ~ : .·. 

' : . 

· .. Q.ui.-_;ng .. · t~e, · sold~r' :re:flow .. · .. ::.Mc:>st· ·qo~e:t:cially · ·~va~la~le 

. ·f·l~~-Z:()qarbort$: used .... for ,vapor" ph~se. re-r-'io~ ·ar.e . ft;>rm~:l:at~~- to 
·. . ... : . . . . . . . ·.. . ·. . . . . . .: . . . . .. ·. . . . . . . ·. . . . .·. . . . ~ . . . . .. 

_yap.9ri"ze.~t Pr~cis~ly st.Clb_l:e ref~~w .tempera.cures·. for._dfff'e_rent 

... solder. -~?lte~,i~ls ~- . as wi.ll be-~ known. "'·to" : those. skilled_.· .. ·iil. t;he. 

. .. 

· :_ : ·. · · . 'rhe .. vap_oriz~_tio:li tempe.rature · ·w~·1;1.: >depend · .. on ·the· .. solder 
.. •. . . ' . . . . . . . 

. . 

· · · .. t~~- ·being- .. used .. A :·. b~ief· · .. ilst · of . the · rton.; chlorinate.d 

_:·flu~roca~b6ns that .. ar~ vsed··. a~· ·~apor<fiu:LdS -is·:· .. s.h9w~ .below~ 
. . 

· Va:pori.zation .··'rempe;-at1.lres and Solder 'fyp~s 

·. :F1ui~f Temperature 

56, .ao, 97 I lOl, 102°C and 
·1ss 0 c 
165~C 

174°C 

190°C 

· 2·1s 0 c ·~d 230°C 

240°C and 253°C 

260°C and 265°C 
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Solde;r:·'l'ype 

100 In: 
37 Sn/38 Pb/25 

70 Sn/18 Pn/12 
70 In/30 Pb 

60 rii./40 P}J 

90 In/10 Ag 
50 In/SO.Pb 
63 Sn/37 Pb 

70 Sn/30 Pb 
60 Sn/40 Pb 

60 Sn/40 In 
6 Q. Sn/ 4 0 ··:E>b 

63 sn/37· Pb 
70 Sn/30 Pb 

In 

In 

62 Sn/36 Pb/2 Ag 

75 Pb/25 In 
81 Pb/l.9 In 

:96 .5 Sn/3. 5 Ag 

------- ----------------
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: ··.: 
· Alternativ~ly1. ··,_j.nfrar~d. ·or. ·radiant .. heated··· s<;>lde,r .ref low.· . 

. . . .. ·. . . . . . . . . . .·· ; . . . . 

..... 
·~y: _P'e .us.ed_:. · .· I1t. ~µ.G~· a·_:syst~~.:-~~~~ ·component .. of_-.d:1e .$olde~ing 

4 •• •• • • • • • ••• •• •• • • • • • •• •• • \ • • • • • • •• •• 

. . 
.. · · .~Y:Stem_ is ~ire.C:.~-ly e~.o~ed· to rad.:latio~ :. from :·a·· .. · heating 

. . 

el~ment. Heat from· th~ radian;t· ~~e~gy :eq.ement· ·is absorbed. b¥' 

· ..... · .· . ·.. . . ... . . , .. ·. . .. ·. . . . ·.· . . .. . . .· . . . 

·the. dit;f~r~nt compon~ts·. acco¢;i.ng: to its. molecu;ta~· structure .. · . . . . . . ~ . . . . . . . . .· . . . 

Conyent·iona~. · i~qian.t _h~~t . sy~tems . ·exP.o~e .. c.m:Iy .the ou.ter 

.· . . 
sµrfaces of the components to · .. t;he. ~adiant heat, ··which may not 

.. : "reach inteZ""i~r· area~. as ·:efficient~y as :·~i.th vapor. saturated.· 

. heating met~ods a1i3 descri~ed : ab_ove •.. ·. The -present invem:ion·, . 

. . 

however, i;-s· not affected by th.is typic~l p:r:oblem because of 

· ·tJ:ie use ot solder. instead of. leads .·or wi-re bonding. In fact, 

due to· the· reduced overall size either method, vapor phase 

.solder ref.low or : radiant .. heated solder ref low, . may- be 

effectively. used with th~ pre~ent invention. 

In one embodiment of the present invention eutectics 

having different melting temperatures may·. be used fo3·· · the 

soider .bonding s.o -and ·the. solde:i::- balls. J,.50. · .Factors used to 

determine the relative melt~ng_temperatures for the solder 

bonding 80 and the solder balls 150 will include the rela~ive 

operating temperature and the amount of encapsulation, if any, 

of the integrated circuit package 3 O comp<;>nents. Also a 

factor, is the total number of ref low steps to which the· 

-21-
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... • . 

~s-q·iq.e.r bo.p.~~'ng_ ao.~:a~d.iQt:.th~_ .... ~q14er···bat1~·· 1!io _:will be_ eipo~ed·.: 

It the 13()lde~ ~~g aQ ailµ' ~ $gld~r b8.lls iso a~e, exposed . 
. . · . 

. . "::· .·.· ... 

·.. . ~0-- th~. ~ante -n~er ·tif. he~t ."·reflow.· steps, ·'·~~···1s .:the cas~ ·:wh.ere 
. . ··. . . . : . ·. 

· ·a.ii ."the ... compon:en~s ·a.r.e·· re~"iowed: at:-.th_e:. -~ame .tim~, ·_t~en ·t.be ·'. 
. . . . . . . . . .. . . . . . . 

. . . . 

I·f ·one of ttie· __ O.ther :-co:mpone.nt. is· . 
. . : .. 

·. eXPQS~d. to_·. o~e. -or .more·· heat reflow. .. step?· ~_rior ta· :final . 

. : .. · . . . 

ass~mbly·,_ · :t.hen different : eut;ecti·CS · . may : ~e · ·c:t:J.o_Sen·. . ~or 

exantpie,-.···.Of·: the· ."solder ·bonding .8·0 ~is to· occur befo:re the .. 

solder ba1·1s· iso'· are at·tached, then· a ·eutectic ·having a .higher. · 

melting "tem.pera1:ure may·. b~ chosen. for the first hea,t reel ow 

step in order to ·.prevent ·a second mel t~ng · of the . solder · . 

bonding 80. 

In Figure 3, one embocUment of a three dimensional 

integrated circuit· module is depicted in a· simplified· cross-

sectional view and is. generally designated ·130. A .silicon· 

chip 50 is .el_ectronically connected to the circuit 70 by means 

of solder bonding 80 ·and. :m~chanically · attache~ ·by adhesive_· 

1ayer 60· .. · Integrated circuit package 30 is then 

interconnected with other integrated circ\,lit" packages 30.using 

!30lder·balls 150. Solder balls lSO replace the leads used to 

connect conventional integrated circuit packages to, for 

example, a mother or a sister-board. The use of solder balls 

.. 22- ----------------- ---
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·, 

· · :1,~o . r~dv.qe_~ . tl_le pv:~r·a.11· pro.ti.le oJ. ·the· iq,~egrat~d, circui·t: 

.-: P.~c~~g~ · ·JO .·~u~d· .. i:he··, -~~~ee:~a~eq . cl,i;c~it module 13 o ~.. . It· can: be . 

. ~- .. ~e~·xi·· ·.tha~ :_ch.ip ,s~· ... h.~s ·-.an ·.:.~~s.~d .·~aclq;ide· .. 5·1,. such that. the. 
. . . .. . . . . -: . . . . . . . ·. ._. 

c~iP,-- _·50_ can be·· ci~iec·~+Y... cooled. by ai~ ·flowing. ·bet~een: 

· · .:-lrigµre · 4 · is.. a ,:simplit:ie~ ·top. vi-ew · of . an a'l.terri"ative . · 

"eiubod:iment.a~ -~·.;i.nt~rat~'. cir~it pacJ<Q.ge"., 3i for u~~ with an 
. . 

i_ntegr~ted· c_i;-ou~t .mddule~. _:~e ·in_tegrated ·cj,.rcuit.pa.ckage · .. 32 

has a carrier 70 ·.that is. attached to a sil_icon ch:i,.p s·o by ap: 

·adhesive. layer· 60. 

Two J;ows of t.e~inals 100, 10s are lo.cated. on· each side . · 

th.e. carrie:t:', namely, t_op surface 92 and bottom surface 94 of 

carrier- 70 .. The ·first. row of sqlde_r ball~. 150 is ·1ocated on 

terminals ·100.. The seconq,. row of solder balls ·1so is located 

on terminals 108. '.J7erminals· 100 may be electrically connected 

to. terminals 108 by condu.its {not depicted) . The terminals 

108 that are ·;Located on. top surface 92 may be electrically 

connected through vias 84 or cond~its (noc depicted) to the 

·· t·ermirtals 1.08. . Vias · 84 can interconnect the terminals 100, 

-108 on the top surface 92 with the terminals (100) ·on· bottom 

surface 94. Again, it can b~· seen that chip 50 has an exposed 
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. - . • .. 

-._ .'· .. ·back~id¢· ~i,. -.~uch .that 'the. chip---so···can, tie ·aitect1y-..coole¢i·)ly 
·. . .·. · .... ··:· ... · . .. ·. . . . . :·::: . . . - ·. . . . .. :- . . . ·. ·._ ·. . . 

· .. ·ai'r ~~ f-iaw~ng ::l:?.etween. p~_ckages:. 
. . . . . . . . . . ~ . ·.. . . 

.. -~·. . 

.· ·: Ill_ ·F·~-~tl-re::-·,s I . . ·:_on.~ ~emb~d:~-~~nt ·. of··=· .a .. -~hr,~~ ·_.d_im.ensi~:>nal 

.. ; .. . .· ,·in.teg~~ed- :6ircuft._':u~it ~~-- 4ep_i·ct~d-:-in,·-:~:--~imp1:i_:f.ied -·cr.o~:s _ _. . 

: ·: 

. . 

_·. :. :~·ect.io~al _view: ~d ·is g;eµe:raily_" desig:na~ed. 16_-~ •. . ·A ·si.11.con.· ·.. · 

. :: chip _s_o. is . e_lect~ohicall~ q~~ec.ted . to .. the. ~a.rr1er --=7o·,_.by ~eans •. 
.. : . . ·.. . .. ·.· .· . . ··. . . . . . ··. . . 

···-_of!. ·-s9lder --ifo~ding : 80. and'··mech~ni¢aliy~_ a~tac~ed. by adhesive 
. . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . 

·. ·iayer 60 .-

tnterconnact-e<i with o_th~r- i~t~sX-at:ea.· circuit ·_packages ·32 using 

solder balls 150. Solder balls.150 replae~ tha leads used ~o 

connect conventional . integrated- circuit packages . to, . for 

exampl·e, a mother· or sister board. The use of solder balls 

iso. reduc~s the overall profile of the i~tegrated circuit 

!>ackage 32 and the integrated circuit.memo-r.y module 160. 

The present invention also can sol-ve other prclblems 

. associated with sol.der- reflow systems. These problems ir~clude 

the creation or. failu:r:e que to voids,, coplane..rity, 

tombs toning, open joints, component crack_ing, thermal shock 

.and thermal stressing. The present invention can·solve these. 

problems becaus~ it d:i,.spenses with the. need for electrj_cally 

connecting the s.ilicon c~ip 50 to the carrier 70 using wire 

bonding. The present invention also eliminates the ne·ed to 
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:_electrical1y conn~at -in:tegrate~ :circuit.· ··packages us~ng . . ~ ... . . 
. . 

. : ~ . 

solde~ing. :~eads · .. .-By. using, ~o_l~~~-. bonding a·o -~~d; __ sold;~r balls· 

-is.cl' .ins.te.a4. of >.~~tr~· b~~di??-s ·-.:~r :le~d,"~~ · -~es~ectiv~.~y, ·· t~~ . .· . . . . •. . . 

: _.problems. a:s:s.ocia~ed ·.with 'V.oid~. around:. b~rniina;L .. areas . o~ -under .. . ,• . . ... . . . .. :.. . . . . . : ·:. . ·: ·. .. . . . . . 
"• 

·_le~ds .cau~"ed by_· inc·otnp._lete re·fl,ow·. o~:- poor· _\,;e:lding· .q~ th.e . . . . ·.. . . .. . . . . . . . 

.· sold~r~n_g_ ·.surfa:ce· · d~e·.··to 'impropeJ:;" ·f_lux_·:·oi; ··_.badly .. o~id:i,zed 

~urfaces· is eliminated·. · The: .:probiems· ··of: =¢oplan~-r.ity and· 

. tomb1$t,oni.ng are .also- reduc~d or eliminated. rising; the-:.-.solder . . . . . ~ .. . . . . . ~ . ·~ . . 

balls. 150 b_ecause- sµrface ·tension ort both side·s of the·, solder . . . .· . . . . . 

·balls 150 is equal. Also, the problem o~ st-itching a very 

· fine wire bond that. can be easily ·broken· by slight mechanical -

~tress is further eliminated-. 

Open joints. are usually caused by . problems . with 

coplanarity, while cracking may o.ccur when trapped moi.sture 

within·an integrateq circuit package expands as the device is. 

·.heated for reflow. · The ~ncrease. in internal _.pressure, causes 

the integrated circuit package to. split. open,. usual_ly at one 

of the corners. The splitting of the package causes solder 

bonding from the lead frame to the sil.icon chip to break and 

in some cases the silicon chips have cracked due tc) the 

warpage at the top of the package as the temperature 
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differenti"als. betw~en the t_O~- a_nd:· the. 'bO_ttom _Of_ the· device 
··. . .. ' 

. " cau'se d:£fferent rates .9f '.. exp~J,i~ion-~. 
·. . . . .. 

: . , Usi~g .. t·h~~ _p~e~l~nt:-. ~nveD.~i·~~' · ~~e· ·.ti~¢. · .s~·r.fac~ · ~:~mp~ratu:re 
. . ~ . . . . . . . . .. : : . . . . . . . •. · .. 

_di.f~eren~_i_a--is. -:~~'.t __ -o~~urs··_ ~i~ -:bet~e.eµ · :~~e:_: s~l.de~· .bo~di_ng- · s-o 
---arid 'the .ea,;rier--:?.'.o ... o·r.- -.the·.·salder· pail 1·s·o 'and .1;,he--·.carrie:t. 1.o"_ 

-_.sy--isdlati~g. :t;h~ --:refiot•r.--seepa---~nd- --u·si~g--4~fferent --~utectics;-_. 
...... 

or-by ·concurrent;:1.y:-re:f1ow:i.p.g both. said.er bonds .so-- and solaer 

ba~ls -150 ~hen - .using -~-ither vapor -pli~se ·solder.: reflow or -

radi_an-t -heat· soider -reflow the _present· invention can be 

elect;:rical~y connec~ed_. 

The ~mall si~e .of_ tll.e -solder ._bonds -80 and the - .solder 

balls 1so, and of- the integrated circuit - package -30 as a 

whole, allows .for any oe the reflow systems to be used with 

the because the tetnperature di_fferential bet.ween the 

components is almost negligible. 

-- Although .. the board-on-chip ~ayout of integrated circuit 

package 3 o ha~- been describe<;!· u.sing centralized bonding· pads 

120 ,- it should be understood by one sk~11ed -in the art that 

the principles o·f the present invention are applicable to a 

silicon chip · S:O wi,th bonding pads 1.20 in alternate l_ayouts 

such as positioned along· the sides of the s.ilicon chip so. 
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.. ·: 

."~).so; ·-i~---sh()uld'}~~ n_oted·-9y ·'?Il~ ·s~_~1,1e~ ·_ix,i the art _tha,t 

te~nals io·o ·_and-·,bus: bars_ ~y. b_e· located -·on. a "single._ l~yer __ <;)f . 
. . ·.: . . ·.. . .. · . . .·. .. . . .. 

cat-~i~-r -10' ~--- -_-deil~:µ;i.i-y ~: · ~ ·:laye.r.- -~_f --~~sul.ated. . __ tap~ or·-~aatl.·ng 
.. ·. .· . . . ·.. .. . . . . . . .. . .· . . . ',· 

. . . 
: · isolation~ -.. : . , .... The:. -·B:O.vantag~ . ot _.a mult"i:.,.·l~yer ··carrier . 70 ,· 

l'loWeve,r, is :tJ:te elimination of . ehe". ~eed. to _.ins~late ·-t:ht: bus 

bar~ ._ · 'i'~e- present inve~t-ion _- .. d~sp~se:s - wi .. th · th~ need .for 
.. 

··isoi·at.iC>n~ _,Add,i~~Qna:Lly--, th,;e nuilti~l~yer ca-rri¢r 70 pray.ides - . . . . 

a gx-eater process :margin_· f-Or solder bonci~ng BO. Additionally1 

reduc_ed environmental _.impac_t- is obtained. v,sing the method and. 

apparatus ·of t:h~·present·inventian due ·ta the overall decr~ase 

in the size of- the integrated circuit package 30. 

While t;:his invention has been· described in reference to .. 

illustrative -eml:;>_odiments, this description i-s -not -intended to 

be-construed in -a limiting-sens~. ·Various modifications and 

combinations of the illustr~tiveembodirnents, as well as other 

embodiments Of the invention, will be apparent _to persons 

ski].led in the art upon reference co the description. It is 

therefore intended that the appended claims encompass any su_ch 

modifications o.r embodiments. 
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w.h~:t is·· .ciaimed. · is·: I 1\\1\\l Ill\~ \\\ll II\\) II 1\\1 

~ ... · · .. A '.~i.gh.·. O.e.rtsity. unit C~ql.pr:i;sing :_ .: 
. ·. . . ~ . . . . . . . 

.. · ... 'a:·.·fi.~s~ .. ··integi,ate.d. circuit; package·· .haying a.: ca:rri~r.:, .·.a 
. ~ . . . . . . ·. . . . . . . . . ·. .. . . ·. . . . . . ·· . . = . . . . . ·.. . . . . . . . . . . 

... 

·s.il~.con chip. ·at.taGll:~d· t.o .said ·carti~r by··an· adhesive .layer. ·and .. 
. . . . . ~ . . . . 

solAer .bqndi.ng ~;te.·c.tX'.~c·~liy .. :c.otmec£'ip.g··:said.····s;tiican ·.:chip·. to·. 
. : . . ,·. . . . . . . .. . 

.· said, carrier··· and . 
. • ~ . < I . . . . 

~: f,(le9qnd. .i~~~grated ¢ircuit. pac;:kag$ .. :haviI?-"g a. c.a:i;r;i,.er, ~ 
. . . . . . . . . . . . . . . . . . . . . 

. . ·. . . . . 

·sil~con·· chip. atta~hed to said c·~rieZ'.· by an. aCihesiv~t l~yer·.a~d 

. solder. bqndi~g . ·e1ectric~lly conn~cti.ng ·said . sflic:::on chip . to· 

sai<i. ca:rri~~· · .stackably wherein said first and.·· second 

integrated c"irCUi·t: pa~ges are electrically. connected to sa;Ld 

first integrated circuit package. 

2 . The high· density ~nit as r~cited in cl~im 1 ft~.rther 

comprising a third integrat:,ed circuit package·. stackably and 

electrically connected to . said second ·integrated. circuit 

pac.kage. 

3 . . The high density unit as rec:l.ted in claim 1 wherein 

eight · integrated circuit packages are · stackal;lly and 

electrically connected; 

---------
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· n±pE:· · iI~teg~ated.· .: ci·rc{iit 

e.1~ct~i.t:ally e::~nnected:~ 

I lllllll llllll lllll lllll II llll 
* C L M S * 

. . ~ -~ 

pac~a9es . -are. 'stackabl v · and 
. : -

s ·.. · .. ~he h~h .·4ensity· ~it . a~: re9it·~ t.n · c.~a~rit 1, wherein · 

·.said' first. and. seconci~"integrate.d-"··c.ir~~it··,packages -~r~ ~urther 

define~' as· c;::ompz-ising: · 

-~~- plu:i;-a~i~y -of rou¢ing st-rip.s_ being i,ntegi;al ··with said 

a plurality . of terminals· dispose.d on said first and 

s~cond su;rfaces,. at· l~a·st one of said terminals· disposed on 
. . . . . . 

said first.surface· being electrically connected with at least 
. . 

one of said routing strips and at le.ast one of said terminal.s 

di~posed.on said· second surface being electrically connected 

with at least one 9f said routing strips; and 

at least one via.electricaily connepting.at least one of 

.said·. t~rminals disposed on said first surface· with at least 

one of said terminals disposed on said second surface. 

6 . The high density unit as recited in claim 1 wherein 

said first and se<;!ond integrated ·circuit packages further 

include at least one bus bar being integral with said carrier, 

-29-
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* C L M S * 

... 

·. _.· .b.ond.irig pads. and ::at -l~q..s·t· one :s~id ·termin.~is -.dispose4 on saia 
·. . . . . . ·. . 

. at lea~t OtJ.e ·of ·said termiJ:icl.ls .. qisposed·""Oll sa.fd. S~cond surface 

.· . of:. ·sa.id:.:fir.E!t "integratec{. :circ·uit . p;ackB.ges· is e1·e.~trically. 
. . . . . . . . . . . . . . . . . 

con,hected .wit;:h -at· least·. ~ne ,.:.of said .tetininais.- -~isposed · ori ·_said -
. ~ . . . . . . . . :_ . . . . . 

f.irst surfa·ce of said s~cond :i,.ntegrated· circuit p~ckages. 

8. The ·high density unit. as recited-.· :j.n claim 1 further 

comprising solder balls disposed between said first and .. said 

second integrated.circuit packages. 

9 . Tµe high density unit as recited in claim 1 further·· 

comprising columns dis.posed between: said first and· said second 

integrated circuit.packag~s. 
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. 10·. )\. high ·deµs:i.·~y.·.~ni:~ -co~p_ri~~ng_: . 
.. . . . .. - .. 

..... :·: . .. 

. .a<f i~s. t -irit~gr_at.a~. c_irdu:it .. pac~age_ .·catnpris ing: 
. . . . . . · .. :'"•. '.. . .· 

:· _a ·-~ii;lgl.e; l.ay~~< .carz-ier:··h~ving ·tirst ·and.. second.· ·su+faces 
. . .. . . ' 

carrier·;. 

· ·. · .·· .'. ~ aq.h_esive .·1,ayer. at·t~~~ ·t:o·. s~id. fi.ecanci" _surface ··of. said 

.. ca~riei; r · 

. . ... 
~ chip -~~tach.ed· to' said"" adhesive. l.ayer_; 

· · solder. ]:;landing el~ctrically conneqting s~id ·.silicon chip . 

·.ta . said routing· Strips ·Carrier using: .a solder ball; and 

one or· more terminals:·disposed ori. said first" and .second. 

Sur.faces said terminals. disposed on said first and second 

surfaces being elect::.rically connE;!cted by a via; ·and 

a second integrated c~rcuit· package .stackably and 

electrically attached . to said first·· integrated circuit 

package, each first and· second integrated circuit · pa-::kage 
. . 

-being electrically co·nnected. together. 

lJ.. The high density unit as recited in claim 10 fu-:;:-ther 

·comprising solder balls disposed between said.first and second 

integrated circuit packages~ 
-- ------------- ·-·· 
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12 ~ 'nie ·higll· de~~ity·._un~t a_s recited in ·claim 10 ;furthe~ 
. . 

.. cqmpri_f;ii.ng- ·cp~uµms ··".dispose~· :i:>et:wee.n. saip. ·i.ntegrated · circui.t. 
. : . . · .. ·.· . . .. .· . 

moQ.ui.es and . a printeQ. ci.;-cu.it ·.boa~d;~ 
. ·· ... ·. .. . 

··eigl;lt. .integrated. .. : ci:rcui~· 
. ' : .. 

pack~ges .·· ,. are .~tackably and 
. . 

. . . . . : . . . 

. _elect::i;ic_al.ly ._conne_cted.:: . · 

14·. The high· density· unit as recited in claim 10 wherein 

nine · integrated circuit . packages are stackably and 

electrically connected. 

/ 

'• 

---·--- ----

Th.is Sheet 11. - ·-
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. . ·' .· . . ... . . .· . . . 
. ... · ... · · co~p:q.s;ng_." the. steps . of: 

: . . . . . . . . . . . . .. 

a . ~a-rrier ·. ~aving ... first· and·. ·seco~d sides.; a silicon chip 

attached ·to s:aid· ca:r:z-i.er: by ·an· -aqh~sive · layer. :and· ·solder 

. _lio.nding ... e+ectric~ily: -oonnectipg. said silfcori. cl:lip to. said. 

· .carrier· ··.and ·. . • . . I. . 

.. . . . .. 
connecting, ·st~ckably and electrically. at·:. leas.t one 

.. int~gr~ted circuit. package: compri~dng· ~ c~rrier having·. ".first 

. . 

and s.econd .sides, a silicon chip ·attached to said· carrier by 

an ad):lesive layer and solder bonding electrically _connecting 

said silicon chip·to said carrier to said first side of said 

f.i,.rst integ_rated circu,it pa,ckage. 

16. The process as recited in .claim 15 :wh~rein the step 

·of. connecting, ·stackably and electrically a third integ~ated 

circuit packages to said first and second. integrated circuit 

packages. 

1. 7. The process as re<;:ited in claim 15 wherein the step 

of "connecting, stackcibly and electrically. further- includes 

connecting at least six integrated cir,-~,.,;_t_.J2?iCkages to said 
--····-.... 

··· .. -... 
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first. ·and seccmd .int,egrated:¢ircti.i~".:pa~kages ·tO.·fOrm_an eight· 
. . . .. - • .. I . . , , 

.. of. connet~~~g:,. stackably . .-and ·:e.lectr~c~liy" f~rthez: includes 
·.. :"·. .· .. . . :- ·. . . . . .. . . . 

. cb_nnecti~g ·at .. least".-seye~ °i.~tegrated ci~~uft ·.pack~ge.s. to·. said- . 
. .. . . . . . . . . . ~ . . . . . 

. .. . - . . . 

ti-~st .-.and· .sec:ond·· ,i~t·e.gt;ated' .ci"rc,uit, pac~ages".to :~a-rm· a ni;ne 
. ' ... 

integ~ated cit:C:uit p~(;kag~ :µllit ~ . · 

19 . The ·process as recited in· .claim · 15 wherein the step 

of. co~ecting,. stackably. ~d· electrically ·.said integrated 

circuit::pac~ages· is further ·ciefineci as µsing .solder ·colutm1s to 
. . . . . . . . . . 

connect said integrated clrcuit packages. 

20. i:I'he proces·s as. r_ecited in claim 15 wherein the step 

of connecting, stackably and electrically said integr.ated 

circuit pack~ges is further defined as using solder balls to 

.. -connect_ said integrated cir~uit. pac~ge~. 

---------------
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