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ft:~OUX. .~S 

integrated cir.cuits and in p~rticular to a packaging 

arrangemen~ fQr an in~egrated circuit assembly. 

-~~ OF. '.mB·-~:CON. 

J:ncrea~ing the density of ~nteqrated ~ircuits, 
maximizing performance and-lowering.costs· are ongoing 

goals of ·the elect~onic industry.. :J;n particular, . . . . . . . . . . . 

portable systems and computers h~ve spurred the 
efforts tc;> define rel~_able packaging technologies for 

supplyinq ci.rcuits in the smallest possible area, and 

in many appli~ations with inc~eased operating speed. 

Advances in interconnect teChnology have provided 
the key enaplers toward these ends. Direct connection 

of tn~ active surface of a semiconductor die to a 

sUbstrate or package ··using solder balls .for flip-chip 

attachment, ~urnished the bas~c ~echnology for low 
inductance, area arrqy ~ssembly of integrated circuits, 
and in turn supports.improved overall switching speed. 
Flip~chip technology was developed years ago,. and has 

. surqed recen~ly a-s more p.rac,tical means. of direct chip 

attach h~ve __ evolve~~ ~~d bequn to replace wire 
bondinq_. The early technique -of ·forming solder balls by 
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. ·- - · e~"'?9ra_t~~-~-~, ·_. ~~~~~~+~:~-;::: '?~;·,:~~~-.1,o~i~g ~o:lq~r~ on_.. . 
~eini<;onQ.uqt;or wate.~!f· ~s · ~ ·m~~ris_' to make contact between 

.tbe fnpu:t./~utput .. pads o.n. tbe~ .. chip an~ tn.e substrate is 

b~;{~g~:-·'r.~P.l~c~q. ~-~~h~l~e~, sudh ··a.~ plating·. solde"rs or 

~~h~·~ : -~~~ai~·ic b.1,µll~s, ' ~sln~ -~ :?Ol~e ~ ~r ·. ~o~ducti ve · 

-~~l:~~.~~. :~o ·.adher·~. ~-~~d~c.~i~e. sphetes,. o.r us·inci. 
·. . . .. . . . ·. . .· . . . . . . . . 

co~d.uctive polyme_z;.s ~r. ·apisot~op"ic conductive mater.ials 

-~~~~-<b~:en:·.de:r,reloped. ·fo);,_.dir~Qt ~ttacbme~t a_nd · . . . ·-..;. . - .... . . . . . .. . . . . . .·. 

. ~-~egt-r_:i;C;a.l .. :con~act . l;:>etween·' ch~ps. and .. a .substrate. 

· .· .. :; . ·_.:~~9~-- q~_ly ar.~- .. ~ti~p~: ~-~·ta~h~d ·t.o. ·sµ,~s~rate~ by· 

di~~ct- ~trip· ~~~cli~- ·but ·p.acka9es such ·as ball grtci' · 
~ri-_ay (B~) ~· c~~:P: $C~l~ pa~kaqes (CSP), and bo~;-d-.on- . 

·chip .caoc) ·pack~ges ar~ attached to clr.cuit boa~ds or 
. ' 

other second level inteJ;connection by ~eans of balls or 
·bumps~ ·Th.ese ~ump conn(i)cted p_a·ckages a~e .beginning t.o · 

re~lace leaded packages which require more circuit 
' . 

board area and have higher inductance. B.all sizes vary 

f~om those in the range of 75 microns ~sed for flip-
. . .. 

chip attachment ·to those ·greater than a millimeter in 

diameter for CSP and aGA·attachment. Fiqure lA 

provides a cr.oss sectional view of a flip-chip 105 

~ssembly in a B~A package 106, and demonstrates the use 

of di-t:fer~nt ~·al}. sizes, i.e. solder balls 115 on t:he 

flip-chip a~sembly typically yield a stand· off height 
of about 65 m~crons, whereas balls 116 on the BGA 

package have ~bout 0.9 mm stand off. 

Device_perfo~nce is enhanced by the lower 

inductance of sho:r;t, wide bal.:l connections, as a 

replacement fo:~ ·long, thin wire bonds or lead 

conductors. The=;Je bumped <;ievices may also have 

terminals in ~n array under the device, rather than at 

th~ perimeter, and thereby minimize conductor lenqth. 

-Substrate space is reduced by placing the terminals 
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:~;i.tbi~ t~~ ac::~iv.~ .~r~~, an~ thereby . supports inc;reased 

packing densi~Y.· 
tigur~-·ia ··~_hC:>ws· a 'cros;5.:..sectional view o_f a soc 

. - . . ~· . . . . 

.P~Gkag·~. wJ;li_oh_: ·.inciuqe.s .a ··thin, rigid.·P..rinte:d wirj,.ng-· · 
'·boa·~d · 110 to.<~tii·~h· th~ .a:c:tive su~f~c¢. of the 1nt~grated -

. :· . ·. . . . ·.. . . ·. . 

circuit 111 is attached on one· surface of the· board py 
~ ~~-~~>l_l-3.~with: ~dh~~:ive ·on .both· ~-~cl~~, ~nd ~~11. 

. . . . . 

c<?nn~,ctions.11:z. ·for ·~onta~t to ~he.· ·sec.end level of 

. - in:t.er:qcm~~~~io~i:·:ar~ "p·~.aced. on: the oppO.si,te. side of."tbe· 

-bo~~<i-~ · ~he .i~~·~gJ;a~~.d qircuit. · i$ : ele~trically connected 

"; 't~ th~: su.i:>stliate ... b~ard by .wire" bonds ... i14 ~~ by·· di~ec~ .. . - . . - . . . 

. chip ~.t_tachment, a11:~ the contact area' i_s· pr~tected by a 

~olYIJle~lc pott·ing 120 or moldiJlg com.po1:Jnd. BOC packages 

a.;e one ·of -m.any forms of Chip_' S.cale Packag·es (_CSP), and 

· ·zna.y be very thin a,s a re.&1ult of· the:. pr~nted wiring 
bo.ard thickness. 

Often i~ order to make an electronic device 

f~~ctional, one or more i.ntegrat~d circ::uit chips may be 

coupled electronically, and conveniently the chips are 

· posit·ioned next to ea:ch other and are connected. by 

circuitry on a c~rcuit board. Multichip modules provide 

a means for fabricating subsystems by· interconnecting 

chips on a co;mmo~ substrate or package. Figure 2 
demqnstra~e$ an example of such an assemblage wherein a 

'. die 20_1 may be connected by fli1>-chip 1;:erminals 202, or 

by wire bonds 203 to the substrate~ The substrate 211 

pr~vide.s the i_nterconnection both ·between the chips 

within the· assembly, and to external contacts 2.3·0 which 

in turn will1 contact the second level of 
interconnection, such as a printed wiring board 220. In 

multichip asseniblies interconnections between chips 
. . 

often provides a means for decreas.ing the total number 

of input/output pins on the module, as compared to the 
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.·."o\mlber :~~qu~:~e.d ;~.<>~·,·tll-divid~~l co~onents.~ Few~~ .. 

input/otitp~t :i.:p.t.~~conn,ectio~s to -the ·second :leve·1 

print~d ·qircui-~ bq~:i:d red~ces · ar:ea required .. f_o~ 

i~t~i~~~n~C;:~·i,pn:$-./~·:~.~~t·.~llo~~-· p~_rfoimance. to .b~ ·epha~ced 
: by .~hQr~~-~'.{~~-~~-~~hn~~tto~~·,··with. .. -~o~er lndQ~t~nc~. 

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

·Gommori_pow~~ ·and. gr<;>up~·li~~s further de.crease 

input/output,~-. .requi.r~~~ts··. and p~.ov:ide e~ha~~ .. ed.: 

p~rfornia~c.e;. ·~ul.~iC'.hip modules: f.req\lent.ly ~~ve 
m~lt.iieV:~·1. sUb~trates .1:0 sat;.isfy:· this . nee4 • 

. . · · --~~~h~-~-· -~~-~~n,iq~~ ·i<>~. inc:r•a~l~g d~~sity ··of 

.+~t-egta~~.d-- ci:i;~ui·t>deyic•~ · ·:h~·s· ·.bee~ ·stac"~d· packa~es 
~~dlo~· ·a:taciced ... chtp$_. -.Two ~z;- mo~.~ ·1nteg·r~ted ·circuit 

. .··· - ·- . . 

chips .are st-aeked. on top of each other, and in the 
con-ve,.-i~iona1 arrangement a·ll chips face the same .. : .. . . . . . . . . 

the· 

direction, ~ •. e_. ,. downward, upward o~ side by side. A 

·common example is Memory modules, either as chips or 

packaged units having similar size and type which are 

st;~ck~d face-to"'.' back and a_re electrically 

interconnected vertically on the perimeter. 
Leaded surface mount.packages on double sided 

printed ~iEin~. bQards were a forerunner of face-to-face 

stac~ed packaqe.s.. Chips have also been stacked face-to­

face. on an interposer. One such. assembly, shown in 

Figure 3 pr9vides a first flip-chip 301 positioned 

face..:to.-face with a second flip-chip 302 on an 

interp_ose~ 30_3 betwe~n the chips to provide electrical 

connec1;ion 313. ~ong the flip-chip terminais 311, and. 

to external circuitry terminal 315. This assembly uses 

a flex circuit as the interpo.ser 303 between the facing 

flip-chips, and thus requires a separ·ate mechanical 
support 320 to provide the interconnection between the 

interposer and a second level interconnection. This 
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.. res~l:ts,, ~--a:;:.CQ¥~~~ .and co~1;:ly assembl,y~ Moreover, the 
. . . . ....... ··. ·. . : .. . . . . . . . . . . . .... ·. . . ·. . ,,, . . . . . . . 

package height ~s increased by this _arrangement. 

-~-~t· ~ouid ·l>e. ~dva~tage9us to· dev.el~P .. a technique . 

for !.~cir~as.~ng t~e ··packi"ng. den~ity of. in~egrated 
cir:c_~it:sj .t~ki~9 advantaQe of . .low ind.uc~~nce . 
co~p~,~t:P~~, ··.-d.e~te·a.~·i.~9 . ~he n~ml?er of .inp~t/outp.ut 
con~~c~'~':.as is _f~und with.multichip·,o~·.:st·il~ked . 
. .. .. ·. .··. . :· . . 

.. as~.en.tb1·y, ,_and· ma·lc~s. ~se ~-f lo"' c:o.a.t, t'e.a.~ily :availab.ie 
·· !i$s-~ly~··.m;te-~lals f0.r· -·pac:i~~-ging·~ .Iii pa+ticul:ar,. · tt>.ere 

is:- .a .. ·~~~d.·_~<;>:i:· i.~~reasing .t~~--- <i~~sity· Qf --~~~ry. ci~·cuits 
· .. ··used -~i~·-·_~o~puters ori :.~-IMM~i: ·"c:sin~le. · inl.ine .. ~em~:ry · · . 

. -·module>' or· ci~~µ:it boards .•. This. app1·icai~on must 
-

comprehenc:i n~t onl¥ the area restric~i_ons_, but also t;he 

pac_kag.~ h.~ight. MemC?ry .module applicat~ons would lik~ 
to ta~e adv.antage of ·the ability t_o _dou~le the memory 
capac:j.ty by st~ckin9 ch~ps, but sQ..ffer no penalty in 

the space ·allotted for m~ory· modules· •. 
. . . 

. . 
S~Y Of .TIJB DVD'lIOH 

It is the pri,mary object of the pr;esent· invention 

to provide a novel .. packaqi~.9 structµre for a very thin 

integrated __ circuit packaging structure having a stacked 
chip arrangement for improved packing density and 

pe~formance.of integrated circuits devi,ces. The above 

and· other objects, features and. advanta.ges of the 

~rese~t invention will be apparent from the following 

des.c~~pti,.on~-~ . . ., 
It is ·an object of this invention to provide a 

. -~ 

face-_t~-f.ace' st.acked integrated circuit arrangement on 

a thint rigid interposer circuit board which includes 

external contact terminals, and electrical 
interconnections between the chips a~d from the chips 
to the external contacts. 
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· ···· ·: ... · .. · I·t)_~s. all pbj~ct. qf;_ tnis invention t<;> provid.e a 
- ... ·- ... . . . . : .· . . ... . . ..: ·... . . . . . . : .... 
·1nt~grated · ?ircuit ·pa_ckagi~g structure having · an 

. . -'; -. . . . . .. ·. . 
. in~'.~r.P.9.~7,r; ~hi-9h inc.llldes .. sol~er .~al~ ter~inals which · 

.. w{~_l _·b.e· ·~:~~4 .. t.o -~o,nta~t .. ~. next _iev~~ .. ~~- ,i.nterc~mnect . . 
c.irc~itry,. · su,cn as print.ed wiring bo_a.td or SI~ inodule~ · .. ··. . .. ·. . . . . : . . 

·.:rt .".i~ .. fu~ther ·an ()bje.ct of t)iis .-~nventi,on. t~ 
·' .. . . . . . . . . . 

provi<'.ie·. ~.: _fac·~~.~9::.~'-.P.~:.:.:tnt~.grat~d circu.i t pac kacjing 
. . . . ·-.: ·. . . . :;·-~·- . : .... :'.':•''"'·· ..... , . . ::. . . . .. ·. . . . . . . 

str-q.~tu.re wher.etn. _th~. -1.z:ite·rpo.~er . .-comp; ~-s.e·~ a .iow ··cost 

. ~:ir~~:it:.~oa~d ·,materia:1: ~hfch .·i~ 'b~th 'read.il~ available, . 

and ~a:k~~ 'u'~ :9£.·. t~_cbn~io9~ fot ·~apldly' and "co·~t . 

effe<:~ively prod,ucing t:~e ·i~t~·rc~.ri~~c~s. ·It is ·f~r~her 
. . . . . . . . . . . . . . 

.~n object ·of this inve.n_tion ~~- provi~e an interposer 

whi_ch _ ~y _have. mul~iple lay~rs -for· electrical 

fn·tez-6.onn~ctions. . . . . 

It -is an· Qbje~t of this in_vent;i.:o.n· to provide a 

·ta~e~to•face stacked integrated circuit packaging 

struc~ure wherein the rigid interposer supports chips 

w~d.ch may t?e ~imilar in -si.ze and sh.ape, or may be very . . . . . . 

different in size and shape. 
It ~s an object of this invention to provide a 

packaging structure wherein the terminals of the 

integrated circuit chips are att~ched directly to the 
corre$ponding contact pads on.the interposer, and the 

dir_ect eh:i~. attachment may ta_ke the form of sold.ered 

flip-chip using reflow techniques,_ may be conductive 

pedestals or-spheres.adhered .to both surfaces by solder 

or CQnductive adhesive, or may be contacted by 

. aniso~ropic conductive mate~ial. 
·It is an object o~ this inventio~ to provide a 

packaging structure having low alpha emissivity 

materials in close proximity to active surfaces of the 

integrated circuits. 
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.-·· ·: , .. , ... .- · ... :J:t. is an ... objec;:.t .of this inve.ntion to provid~ a 

. ·.:. p~ck~~-J.~g stru~tU~Et inclu~inq .· ~ ~~~e~ia~· b~t~~e~ the 

- 'chip~_--.and'.the i:nte~oser ·to. mit.~qate -~tres$eS On th~ . 

. ¢.~~~~c~ jo,i~:t.$., t9 .. enh~nce ·thermal-. diss:ipat_ion fro~- th_~ 

. : .. --~hip .. ~urfaces-, . and which f1irth.ei protect~ .·aq~i~st an : 
.. . ·.· . . . : ·.• . . . 

:·1n9r~$s: o.f mo·isture or oth~r · co~ta~il)an_ts. 

· Tb~ . preferred· ~mbo~iment of -tn~· pre~·~mt · invE!ntion ·. 

in~_l\ides ... a .fi~st_.and sec~n,d ·integrated circuits chips 

. whicl) .are ide.ntical -in functtcm; such as· a· :p.air. ·of . 

·.64.Meg .O~s,. ·4i~~ctly ·att~Qh~d .tQ -~-. thi.n,. ~igid ·: .. 

. irtt~~~os·e·~·.' _:Cnp~i>~ut;put .. £~~1-~'ai_s co~on to the ·two···.· 

chips are routed to a common ·via at the board perimeter" 
.'"- - .. . 

. 

which couple.s the il).tercon_nections and terminates in a 

sold~r ball ext~rnal conta~t. · I-n this emb.od.ime-nt, 
. 

. 

·terminals on ~e two integr.at~d cir~uit chips are 

· co~Ofl: . ·excep~ fo_~ .chip select· a1:1d clock enable 

·functions which .are connected to designated individual 
I . . . . 

. 

external contacts. An underfill material fills· the 
. . . . . . - . . 

. . 

sp_ace between the each chip and the interposer board. · 

In yet another embodiment, an_interpos~r board 

incl~de_s both ~ .first and second surf ace having contact 

pads and interconnections to ~erimet~r vias for a_ first 

and second integrated circuit chip of different sizes 

and function, such as a. digital signal pr_ocessor and a 

microprocessor. In this embodiment,· the interposer 

includes additional metal rich layer between the 

surf~ces with power and ground connections to the vias. 

~he dra~in9s con.stitute a part ~f this 

specificatio"n and include exemplary embodiments to the 
. . . . . . 

invention which may be embodied in various forms. It is 
. . . . 

to be ·under.stood that in some instances aspects o.f the 

invention may be ·shown exaggerated or enlarged to . 

- fa~ilitate and understanding of the invention. 
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.. ·· .. . :: . 

. . .. _;. ..... . ... ... . .... 

· .. •. 

. . . . . .. " . . . . .~ . . ·. .. . 

. '.-mu:~F .--DESCRJ:P~l:QN 01' ~BE DDAWDtGS .. 

: Fi9ur~_ lA dem9nst·rates a f.l~p~chip·_ device in a. BGA · 

· .. · ~' .. ·.· .· P.cic.kag_~- (Prior-:. a~tJ . .· ·. ·.· . 

·.Figure. lB sh.ows. an exampl_e ... Qf·.·-a Boa'i:d-On-Ch.ip (BOC) 
:.' . . . ·- . . .. 

.:pack~ge·. (pri~r art_). .· 

. . . 

. F~9U.~e 2:. s_h()WS .,a C~·p.ss · seqtion of: ~ ~Qltichip · ll\Od~le .. · 
· °(P.rior ~rt) · · 

. . . ~-. 

Fi.qure 3 demonstrates ·a ; st.a-C:.ked chip on· flex interposer . 

packa~e. ( J?;-iQ+ art·) 

Fi9ure 4A·is a cross sectional view of the present 

~nvention. 

F~9ure 48 sh~w~ an alternate arrangement with different 
chip sizes. 

Figure S. demonstrates a cross sectional view of a thin 

package assem}:)ly havinq power and ground plane. 

Figure-6A d~monstrates a cross.sectional view of a 
direct chip attachment having bump contacts. 

Fi~ure 6B "demonstrates a cross sectional view of a 
direct chip attachment .by anisotropic conductive 
adhes·ive. 

Fi9ur,es 7A and 7B ·show a interconnection p.atterns for a 

D~ .assembly of. the present invention. 
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f.ig_ure 8 shows ·a cross· sectional. vi,e~. o~ a pa(:?kaging 
. . . ·. . . . . . . . . . . .... ·. .. . 

~tructure wi.th different- ·size chip$, multiple ·rows ·of 

ext~rna.i (:onn~cto_:r;s; ·.an~. m:µlt.il~ye~. interpos~r ~-
. .. . . . · .. ·.. ·.. . . . . . . . 

. · .· 

.. ·.·.· '~.:··>~:·· ..... '< '._,;_ .. _.1:<-:··::..+:) ... :,.(;·:·/.·:~ . . . . . 
_·g~~ DE~~~;~:Qp. ·91:·PREF£.RRED. EMBOD~ 

·'.J.''1t~iing. now. to th:e'· d:r.awings ·.which desc.~ibe -the 

cur~ent .in~e~ti~-n~· I~· ·:r..J;9~re. 4.A there. "is shQ.~~. ~ thin, 

~aqe•.to-f ac;:~.. pa~_kaging str~~tu.re ~hich, j..rtciuc:tes a 
·.~.1-:z:st in~eg~ated···c~r~-~~ ::~h·i~ .. ·40.1.·ha~ri~q .a.n· ~rr·a.y· of·· 

el~~t-rigal .t~rmi_i~ais: ·~:·~··i. ·<:f.i·~eC.tly' _corin~cte4 to a. . . . . 
·.c~r.~~~p~nd~rtq ·.·a~ra_y -oi···.~~~~~ct ... pad~ .. ··(not: .shown)·. o~ the 
f.1-rst_.·su~fac~ .of a' rigi_d .. interposer ·pri11ted ·cfrcuit. 

bo~~d 420. A. s~con~ -ilit.egrat:ed' circui"t: 402- having _.an 
array of ·electrical terminals 412 is directly contacted 

. to. a corres·~ondinq a;ray of contact pads (not shown) on 

the second suZ.face of said interposer board 420·. The 
- . 

interposer inclu.des circ~itry fol; electrically 

il\~e.rc·onnec~ing_ designated electrical terminals on the 

first chip to those electrical terminals of the second 

·chip, and interconnecting designated pads from either 

.chip terminal tq external· contacts. Vias 430 through 
said inte~pos_er board .~ear the perimeter support 

interconn~ction from t:he chip. te.t;minals 411 .. to external 

contacts which coq)rise solder balls 440. Ari electrical . . 

termina~ on.chip 402 which provides a common function 
with a terminal o~ chip 401 are routed to a common 
solder contact., and those terminals not common between . . . . . . 

the two inte~rated circuit:s are routed .. on the· 
interposer·to other soldel;' ball contacts. 

The solder balls 440 provide a means of electrical 

and mechanical contac~ to the next level of 
interconnection which may be any motherboard, SIMM, 

DIMM or other external circuit by the user. Solder 
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balls is .i.Jltended · .. to .-include. any form -~f . so~~er 

conne .. ction· wh.ich ,~y ~e· in.· the (·orm of _spheres, .-o.r 

colu~ris . ~nd- -~y· va;ry in ,size "from about. o. 4mm to about 
- . . . . . . . . . ~ . . · . 

. 0. 9ninl. -lnfrastruct-ure within .. the industry ls adapted to 
eutec~i:~· -ti~/~~~~ ·s.ol·d~r · .. and· -a~ s~·ch· -~s t~e· preferred 

emt>od.iment,.: b~t->'.i~,.-·-·n~t·'·iimit'e~ to thi~ soider. form.··· . 

Thf! .. ·i~te_r_pos~r· .42o ~ompr~ses -a· rig:i,.d sUb~t~ate !°~ 
t~e range ,of Q~ l"~i;Dm to o.~9nun thic~ess· hav:ing pr-inted· -

interco~pe~t C?ir.c.Uitr.y 4isp_~$ed ori. both. sur.fapes. Said· 

il'lt~r_p~!)nect c~·+cu1_~l;'y. inc1tiQes.~ an .. arr~il "c>t . co~tact · 
pads ~~ich. ~or~~-sp~nd to t~~- ·chi·~ ·terminal~, : m~tal 
tra~es to conn~ct s~id pads to vias thr~u9h the 

interpQser which t~rminate at "external contact 
-. . . . . . . 

terminal,s. Adiagr~ of the interconnect circuitry will 
. . . . . . 

be discuss~~. i·at~.r .in c~nnection with ~igure 5. 
-

A thin·, riqid int~rpos~r for f ace~to-face 
. . . . . . . . ~ 

in~egrated circuit packaging structures has significant 
. . 

advantages.as .compared to known face-to face packaging 
• t . . . 

structures. The rigid interposer of this invention 

includes external contacts attached directly to the 

interposer. Prior art has taught a flexible interposer 

on which ~ubsequent to connecting the· chips, the 

interpose~ i$ at~ached to a sepa~a~e substrate board 

having exte~nal contacts. The. known. thicker structure 
. . 

having both an interposer and ~ support ~oard for 

·external contacts does not meet the need for very thin 

structures requir~d in ~Y compact ·applications. 
. . . . . 

In addition,_ a.single connection between the . . . . . 

i_nterpose:r interconnection and the ·external bump 
. . 

cont~ct is provided in the current invention, as 

opposed to multiple connections required by the known 

art for contacting the interposer and then a substrate 

board. Such additional connections incre·ase the 
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;ests~apc~ an~ i~ductance of. the circuitry with 

conseq~ent · lO:s.s in speed. o.~ pperation. 

J:Ur~.h~; -~dvant.~ge~. of· the lriterpos.er of ·the 
· curr~~t .J~~~n~i~n-· .ar~, ·.~e~li"z~d· ·1p · :t:h.at. ·readily 

. .3.~ailable -~·~:~~ial:$ . a~d ·-t~·ch~~l-oqi~~ .whi~h ar~· amenable 
.. :· ......... ·. ·.'. · ... ·-.·~- .· · ... -·· .. ·.. . . 

to rapid. cl:langes· in inte~c<;)nnect. de~i-gn$ are_ specified.· 

_The ··:i~t-~~S,~f. ;:q9~~:~~ti~g·· .ot . ·.e;:~mv'.~~t i.onal . pr.in t·~.d 
wiri~9 li9a.:r~ · · of:~~r~ -~·-mueh ·)_ow~~· c~sJ: material than 

fle~ible. poi.:yhrl.d~ fil~ w~th · -phot9li th°c)graphicaliy 

· de.fi-~ed :-inte~cp.n_n~ctiQns.~ ·:M~_ltil.ay~~ prin.te4 wi~ing 
.·board;. are ~ell ·icn~~;- whe;e~~- Diµl~~-la·yer .flexible. 

. . .: . ·.. ·. :. : . 

circuits 'ar.e difficult to ·manufacture- an~ are co.stly. 

In the current invent~o.n, only one i.nterposer is 

requ"i;-e_d for two integrated circuit~, whereas in some 

face-to~fac:~. chip arr~ng_eme~ts .. a sepa.x-~t~ interconnec~ 

structure or i·ead ·frame is required foi·. -~ach chip. 
. . ~ . . . 

~rther, the rigid interposer of the curre.nt 
invention allows -chip sizes and placement· of th.eir . . . 

electrical terminal~ to be random, whereas flexible 
interposers are more amenable to simil.ar sized chips 

which provide some rigidity to the structure. Printed 

wiring interconnections readily accommodate area array, 

perimeter or centrally located· electrical terminals of 

th~ integra~·ed circuits .. Lati~ude in the method of 

d1.rect chfp attachment is als.o affo.t;:ded by the self 

·supporting, .rigid i~terposer of· the ·current invention. 

Further; the interposer .may include multiple 
electrical interconnection layers. ·Multilayer 

l 
substrates c~n be a means to further reduce the number 

of input/output connections ~y providing common ground 

and/or.power planes for the multichip devices, and are 

applicable to this invention. Operating performance, 

reduceq area and thermal dissipation are improved by 
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sue~ .metal ri~h planes. E"igµr~ 5 shows ~ wiring board 

where .. cc?mmon ground COn~act·s _5",10 ~re . C.On·necte.d by a 

.gro\.i.?ld_:pl~~~~ ·~1_2. "to~ .!J; c~~o~·-:via :.5i1 .a·ri~ ·e~ternal 
.cont~c:t •. ·:in ·.a'··si~iiar .. ma.riner> ~~-~n po~~i; ·co~tacts· are 
con~~ct~d. ~tb~o~gh· .. a.: p.o~er p.la?l~·. s22. to .. a. co~o~· . vi~ s2i 

.·.. . . . . . . . . . .. ~ . . . . ' . . 

and ~n. turn" t~.:d:ie externa~ :cont~ct •. 
. . 

. In .... th.e, pref err~d. eml:>odiment of this ·,invention, the 

int~~pose,i:- .coqlprise$ ·a compo.s.i.te· polymeric. board, such 

a·~ ~~..:_~4·.-~Qich~JS'. r,e~c:µ.ly .aY~i·l~.ble, ·low cos~,· a:~.d the·. 

:~r:iuf act~~i~g .lnf~a~tructu~·~. 'i:s:· ... ~e~1 ·. ~~t-apl:ished .. 
Alterna~e. polyme~ic o.r ceramic ·substrat~ materials are 

.. . - . 

~pp~J.pable -to the inventio?l., li~i ted only by· the 

sp_ec;:if-ica.tion of being ~hi~, :Cigid and compatible with 

print·ed wirin.9. Printed circuit. or wirinq · int.erconnect 

-· techn~l~gy wit·h_ copp•:r trac~s. tiavin~ a gold flash 

cqmpr~ses the ·preferred interconnections on t·he 

j,.nte~po·ser. Techµology for thin circuit bo~rds having 

·fine metal traces has been established ·and is used for 
. .. . . 

such i~tegrated circuits pa.ckaging structures as BOC 

(board~on-chip) devices p~evi~usly disclosed in 

U.S. Patent· ~pplication Serial Number 08/863848 (TI 

docket nu~er TI-19653) which is .incqrporated herein by · 
reference. 

Return;ng now to Figure 4A,·space between the 
chips 401 and 402 and t~e.iz:iterposer circuit board 420 

is filled with an polymeric materi.~l 450 generically 

refer:red to as "Un,derfill" • The -underfill material 450 
. . 

. comprise~ a the.rmose·t~ing._pol_yme~ .compounded with 
. . . 

thermally conductive, electrically insulating 

particles. The cured polymer serves:to lower expansion 

and absorb ·$ome o-~ the stresses ·arising from mismatch - . . . . 

in thez:mal expansion between th.e chip and interposer 
board, to control th,e ing.x:ess of external contaminants, 



13 

and to di$.sipate heat froµi-. the. chip surfaces. Thermally 

co~du9tive underfill allows lleat gen~rated at 

loc~~i-ze.ci areas. ~n the ac~"ive circ;:u.i"ts t~ be spread 

. ·ov~x: i~~ger ~r~as -~nd. t~ be .<;C?nducte~ away. from the 

.~ourc~-· 

. A::_ very.· thi_I_l ~a_yer of pol~eric ch·ip coating 

· .·~_ter.ia.1 .. (~o:t ~~own).· may ~~:-. appli~.d to t~e bac_k~iCie. of 

··th~ f~rst; ~hip, a~d ·may .~e b_en~fic~~l. ~or 

e.l.~~tr~si;·at·~.c · protec:tio~ ~- ¢h~p. ·coatings. a·re · .rea~ily 
. . . ' ... : . . . . . 

·ava,if.aQ.ie .·as _eith~·r ···~iqu,ids;.· c).j:. vac~~ dep~s~ted .·. . 

. polyrite~s:. I~· shou+d b~· ·.no.~~d_:· ~tia~ the ~nc~p~ul'ation is 

not required to effectuate the purp~se of· the present 

invent.ion. 
In practice the area o.f . the. packaging structure ~f 

this. invention anc:l tJ\e · interposer boa·rd are rela.ted t~. 
. . : . . . . 

those of the integrate.d.·-circul.t chips; the in.terposer 

bo~d dime_nsions must exceed. . those of the lower chip 

402. , in order to allow spaqe ,for. solder balls 440 to 
.. . - . . . 

be :attached. Figure· 4B shows an arrangement wherein the 

chips are different si.ze. In $Uch an arrangement, chip 

403 is smaller than chip 404, and is within the area of 

the ~xternal bumps, but cnip 404 may extend to very 

near the edge of the interposer 421. It should be· noted 

that this ~odiment includes multiple rows of vias 431 

and bumps 441, as dictated by ·the integrated circuit 

inp~t/output design. 

To explain further the overall pac_kaging 

structures. depicted in Figure.s 4A and 4B, the board is 
j . 

in the range· of 0.15mm. to ·o.3Smm. thick, the integrated 

circuits are in the r~nge of 0.25mm to O.Smm thick, and 

the solder balls are in the range of 0.4 to 0.75mm in 

diameter. In the preferred ~diment the stacked face­

to~face inte9pited circui.t device is abc:;>ut 1. 3mm 
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thickness, ~i;id h~s an .. area only $lightly greater than 

.the larger ch~P.,.·:·.~Y.·. 'W_!/iY of comparis9n, a typical singl~ 
• ; • ; ~ • . . ~ •• ·• :- . :. : "! • ·:· .: ·• .. • •. . • ... •. •. :_ ' . . .• . .. • ": •.• . • • 

chip:, ~hi~ 1nolde~·-:Pa9:~age -i-$ ~bout l. 24mm thick.· The 

·area 0..~ tn~ .fa~~':"'t~.:.£~e;~ $.·tacked· in~eg~ated circuit · 

_·p~c~~iti:c;J .:~ti~~t:~~~-- ?;:-t.~.i~·,·:ii~~~ntion fs.· :<;>nly_ sl~ght.iy 
q_re~t~_r .. tha~· tli¢· ·~i~~ge~ c;:hiP:. siz~ ··a~d·· ~e~d.ily ~~ets, the 

i~tent of.· a "chip_ ... se~.~~ ,J?ac~ge( ·but" co~ta·ins two chips·. 
. . . . .. · ,. . 

TJ'l~ pre~en~ _.tnyent.ion comp_ris.es a. pair of · . 

integt:at~d ·._q_ir.c~it ·-·chtps h.~vin~ elect~.i~i terminals 
- . '· . . . . . . 

. Q.i·recit.ly ~tta(::hed. ~o. c::ontact. ·pads on. the in~erpoaer • 
. The a.ttachm~~t .~Y· :b~ ·by· m~an~ o.i r~·flow~ng flip chip 

solder terminal~~ by attaching a· conductive balls or 

pedestals Q.s;ng se>l.4~;,or conductive adhesive, or by 
. . ·... . . . . . . . 

anisotropic ~onductive film. Alternates to tin/lead 

solder bumps ~or.te;rminals of chips are condµctive 
- - . . . 

polymers, lea~ fr~e solders, metals such as copper, - . . . . . 

nickel or gold, ·or c;:ompo$ite ba.lls attached by. mean~ of 

either solder or cond.uctive polymers. A number of 
. ,,... . 

composite bumps have been previously disclosed in 

Application Se.rial Number 60/078056 (TI docket number 

. TI-26208) wniqh is ~ncluded herein by reference. Figure 
. . 

6A shows an exaJnple of direct chip attach using 

conductive balls 630 which ha·ve been preformed and 

attaching w~~p a cond~ctive adhesive 631 to both the 

contact pad.of the.~~ip 633 and the interposer 634. 

Dire.ct· chip .att•chment using anisotropic 

conducti-ve materi:als _pro,, ides yet another method for 

electrically and mechanically connecting·terminals of 

the chips to the i~terposer board of the current 

invention. In Figure 6B an anisotropic conductive 

material 650 typically a thermosetting polymer is 

sparingly +oaded with metal particles 651. The polymer 

is 9ompressed so that there are more particles between 
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the b\11'(\p t.~rmi~al,~ 6_60 of the chip 610 and the contact 

pads 67:0 .. ot ... the .. intet'.pos:er 6~0 than in the non-bumped 
- . . . . . 

areas. c.o~pz;e~.~i.on: 't.~om the~al or mechanical means 

cau$~.~·-· ~~,· ~i~6-~ri~a~· <?ont~:ct. to·. be ma.de between the 

two. ~c;::irc;:\li.~s. · · ·If?-,-.f-ig~rE! 6B, · ·aiii~otrop{c _ ma,terials are 

availal:>ie: ,either ·as _f i,lms Or· ,as paste. form~lations. 

~ · ~~i~otrqp-~c ·. ~.t_eria.ls, . co~pos ;i, te· b_~ · · ~tructures . 

. ·or lead f re~ . solder~ have a distinct· advant-ages .. over 

. · ie~:d' ·c ~b.) ·:c~'n\:~'ining .. · s~~de-~s b~caq~'e .. : they: are a~ailable 
in· _mat~:~i~·ls····~hi'~h: ha~e. -lit'ti~ ·to .n<:> .·alpha emi-ssio~--

. Thi~:.:~~ ·p~~tic~a;l_y· ~dy~~~a~eo~~- -~~- -t~~~~ · i~teg_rated_ 
. . . 

circuits ·whi~h ·are_· ·subject- ·to -soft ··error failures. 

In .the ·_pr~ferred ·.einb~diment, the i~nte9rated 
. . . 

circuit chi~s compri$e···memot:Y ·circuits_,- such :as DRAMs 
. . . 

(dyn~ic_ -random acc~ss memory) having the same 

input/output functions). on each dev~ce terminal, except 

for sp~cific c~ip select ·terminals. Typ.ica.lly in. memory 

circuits, the meln:ory is increas~d in-· eac:::h generation of .. . . . 

inte_g·i:.ated circuits, for exampie 16Mbi t DRAM was 

followed by Ei4Mbit DRAM. Ho~ever, .with. a stacked chip 

configuration,· the amount of memory may be doubled 

within_ the sam~ area and same generation of circuit, 

suc;:h as two 16Mbit chips to provide 32Mbits of memory. 

This is oft~n-particularly desirable because of the new 

generation may·not be available, or may be 

significantly higher in cost, or may require that the 

user r~conf~gure the receiving circuit board. 

·Fiqure 7A depicts an_ example of a the printed 

circuit int~rco~ections on the first or upper surface 

720 of the. irit_erposer board where the active surface of 

a DRAH integrated circuit chip (not shown} will J:?e 

attached to contact pads 721. Figure 7B depicts the 

second or bottom surface 160 of the interposer where 
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the active surtace of a sec.ond DRAM chip of the same ... ·. - . . ·. . ..... 

. desi9n .will be .. co~nect~d,. fac~-up tow~r.d the .second 

s~rface. 760. of the. i.nterposer at cc;mtact pads 761 . 

. El~c_t~ica:l ~~~~n~l:~ :o.f. ai~ .. · '?~rcti~t~ -~re ~ommo~ with 

. the e~c~p,ti.on. of :Ch!p .~.elec;t .771. ,and _Clock En~bl~ ?71 
• '• • ••I:-·-' o• = • • 0 o o • 

. tern\in~i"~(olj_ '.tfo:{_.first~. ~nt"e~po.s~r su.rface 720 I and Chip . 
~el~~t .773 .. and cio.~k ~~-~bie 7.7·4._on· the :Second s.urface - . - - . . . . .. . 

1·60_.. ~e~~~C1-~~--· co~n· ~to b~t_h -~~v~ce~. ~r·~ routed . t<:> 

conduct·~:ve v~a~ · 74·9·. thJ;:"ough :the ·i·nte-rpo~_er-. On the 

~-~:~.ol)d ... 8ui:£ade ·7·60·, th~· vi.~$ t.~rminat~ in ·external 
~ co~t~c"t." ·t~~i~·als. 741 ~t· -~h~ .ici~a~·ion ·of. :the·· vi·a·. Metal 

. . ~ . - . . . . . . . . . . . . . . 

trac~s. 13-0 in~~rconnect the contact· pads to vias and to 
e~ternal contacts. In.the preferred embodiment, chip 

. . . 
~erml:n~l~ are lo.ca.ta~ along the long axis of the chip 

in the cent~r and requir~ no ch~nges ~n the routing 011 
~ . . . . 

· eithe.r s.u,J::face of the interposer except at the chip 

select 771 and 773 and clock enable terminals 772 and 

774. These-contacts are routed to an individual .. 
external terinin~l for each device. 

. . 

-Interp.o~er conductor~ 730 are metallic t+aces 

typically comprised of copper which interconnect 

circuits within the packaging structure, and between 

each of the integ~ated circuits and an external contact 
· point~ · Inter<?onnections bet.ween chips serves both to 

decrease the total number of external contacts required 

for the system, and to provide very short conductor 

len~ths between ._chips. The potential for high speed 

per~~rman9e of the device of this invention is 
·supported by. short interconnections and by·direct chip 
attachment. 

In yet another embodiment as shown in Figure 8, an 

interposer board 880 includes a first surface 881 and a 
second surface 882 having contact pads and connections 
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·to. ·perime~~r vias for a first and second _integrated 

ci~c;:ui:t·. cnips. of . di;fferen1;: s"izes and function, such as 

. . a ·digi.t.~).. ~~gnal p~_ocessor and.~ micr~proce.ssor. An 

.. ~x~~Pi.e· ··o~ . iti~s. · ~yP~· ·of ·packagi~~ ~t:J:'uctur~ given· in 
Fig~~~ .. ·a·, .·~he·r~i.n: tl\e <;:hips 80~ and. 804 a,l:e dissimilar. 

· i~:··~r;a_ .. in .th~~ ·.~inbodim~nt,. t-b~. s~_iier ·~hip 4d3 is 

a~.~ached t.o the ·s~c~nd ~ur~-ace ,a·a2 so that space is 

.· .~l~()~ed_: ~9f.;.~9J~~f. ,p~s. ·Q·~~; •. ~he l~rger .ch_ip '.804 is 

·-. · · ". _: __ ::~.~ti:~ch·¢~·<·to. th~_ .. ·ii~·st·: ·~ur-i~~-e~.=.8.ai : .. an_~---~y ·be· · 
.. : · ~PPi'.o~lma,t~·ly ... the :·s.ame s·iz~ .~s. the .. interposer _board . 

. · . ·. · ,_: ~ · · Thi~·'. ~e~~nd: ·d~~~t 'taic~~ ad~antaq.~ -~f · · . 

. ,:ad~it-~~-~al· ·te~tur~s made poss.ible _by the rigid. printed 

·.wi.~~.n~{ boa.I'.~ ~~ns·.tru~tion ~f ~he int-erpos~r aao·~ .· 

.· M1.ll.tipl~, .ro~~- of. ,ex,t~rnai .conta~t. :~~ider l;>~ps· 841 

. acconimQqa~~-. hi~h~r pin coun1;: devices. A anot~er featttre 

. _made·. po~~~Ql,e by the printec:i ~i~ing boa.r;d co.nstruction 

is that the· board·.· incl.udes metal rich la.ye-rs 8.22 and 
. . . . . 

a2:3 with power and ground connect'ions to the vias. . . . . 

~n siµmna~y, the pr~sent invention provides a novel 
. . 

st.acked face--to-face integrated circuit :packaging 

struc;~ure which supports a need for very thin, high 
. . 

. d_ensi~y ~nd h~gh perfo~ance devices .. A rigid 
. . . 

· ~nt:epposer- a.)."_lows '!:;wo chips to. be directly attached to 

the -interposer and to external contacts affixed to the 
. . . 

same ·_interpose~. While the invention has been 

describ~d i~ connectic;>n with preferred eI\'.lbodiments, it 
·-is ·n..ot. ·inte.nd~d to 1-imit the scope of the invention to 

.· . . .. . . . 

·:·a p~rti<?Ular"form .set forth, but on ·the contrary, it is 

intende<:i to ~cover alternatives, modifications, and 

equivalent~ ~s .may be included within the spirit of the 

inven~ton within the spirit and scope of the invention 

. ·as de :e"ined by the appended claims. 
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What :i.a CJ.a~d is: 

. l.,..~ thi_?l face"!"'to~face stacke~ · integrated circuit 

·p~ckagi~g structure cor.npri§ing: 
. . P .··~igid. inte·rpo~~r· -bo.~~d: h~vi~g _a· ~irst: s_u.rfa.c;:e and a 

. $"econd. suffac.e "wi~h ·:prlnt.~d · .. ~iiirig. c;:i~cuit"; ciisp6$~d .on each 

· .. $'urtace. ~o~ ~o.un~1·n~··a~. i.nt~qrated c·~rcuit: c~ip .on. eacih 
. . . .· . . .. . . . . . . 

su,rface.;"·anc:i· 

s.a.~(j· ·~wo ~n.:t;egra~·ed: ·circu.it ch~ps ha.ving an · ~-r~ay of 
.. : .. -~lec~·~i-~ai · te:~iti~i~ · ·c~nne.6t~d electric~l).y and me.charii·cally 
. . . . . . . . . ~ . . . - . 

. · ... -~~ 9ont~c.t . PCldS :o~. 1:,hEf :f ir~t and. ~he.>·se~Qnd .:surfac~s· of . said 
· : ~~-~e~q~~-~- "b~a~~ -~~~p~c~i~~l·y:; : -~n~ .-, : .. . . · · · · . · .. . ·- · 

. .·satd·. integ~ate~·· circu~t te.rmin~ls electrically 

· · interconnected by p.~inted · metal ·traces ·on sai9 interposer to . .. .: . . . . . 

c9~ductive _vias bet~e.en·. the .fir$t ~nd secQ.nd surfaces; and · 

said vias. terminate in· external connectors.which . - . . . . . . 

. c;:e>mprise s9lde.r ba:11~ on the lower (or sf;!lcond) surfa·ce of 

the structure. 

2-A stacked i~tegrated circuit st_ructure as in claim 1 . . . . . . . 

wherein said the p~r~mete~ of the structure is sl~ghtly 
. . 

greater than the larger ~hip, and the thickness of the 

structure is in the range of l .• 25mm to 1. Snun. 

3-A dev~ce_as .in claim 1 wherein the electrical 

terminals of the inteq.rated circuit are connected to the 

interpos~r by flip· chip reflowed solder. 
4-- .. A. dev-ice as in claim 1 wherein the electrical 

_terminal.s of the i.nt.egr_ated. circuit a-re connected to the 

int~;p~ser by anisotropic conductive adhesive. 
. . . . 

s-:A device as i~ ~~aim 4 wherein the anisotropic 

c;onducti_ve ~-adhesive has low. alpha particle emission. 

6- A device as in claim 1 wherein an underfill polymer 

formulated with an electrically insulating, therma1ly 
conductive powder occupies the space between said chips and 

said interposer. 
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-
7• A deviqe ·as .i~ claim 3 wherein said electrical 

te~~inals·:.of each· chlp ~re located in"an· area array, around 

.th~· .. P.~i~~e:~~~f .. ·.in:.-~Af1. c;:e~te;. ~l;'· any COmb~I)ation ther~of .. 
-.·. · '·s~A- dE)~ice :~~- i~:. -~1~k ·1 ·whe~~-in .·said inte·rpos~~ .. board 

.. comp~·(~es ~-~ -~fll,e·~ ·.P~_"lym~ri.6 mate~ial· s.~_ch as FR-4. . 
. . . . . . . . . . . 

. · · 9--: A device· .as in · cl~im ·.1 wherein· sa.:i,d interposer 
. . . . . . . . 

includes. ·more than. two lev_els .. of ·printed w.iriri9 cir~uitry. 

. . 10_-.. A -d:e:v.ic;~ a·s . !;n. claim 9 wher~in ·sa~d Vias pro.vide_. a 
. -mecin_s .. of' inter'c;:onnect:iori . bet~een selected terminals of the .. 

· · ~~ ..... · .i~te~~~t·e_d .. _c'.i~-~~tt~f ,. __ ~e~n-~ ·of -~op~~c~ to .inner. level . 

. ·c~n~u~to'f: ·1-~ye~~~- on.: th~ ci~e.ti~t· 'bo~rdt ·a·s wel.l a~ 'to the . 

e~ternal . c~ntacts._. 

11-A device as in claim l wherein one integra t·ed 

circuit :ch~p h~vinq a smaller area.is attached to the second 

or· lower surface of s·aid interposer and a second chip havirig 

a larger are~ is attached to the upper surface of the 

. inte~~Qs-er.: · · 

. 12.~ A thin. ~ace-to-face stacked integrated circuit 

packaging st~ucture coll).prisin9: 

a rigid interpose~ board comprisi:n9' FR-4 having a first 

surface aµ.d a ~econc;l surtace w~th printed wiring circuits 

disposed on each sur.face for mov.nting an integrat.ed circuit 

chip on each surfac~.; and 

. said two_integrated circuit chips having an array of 
. . . . . . 

~lectrical te_rmin~ls connected electrically and mechanically 

to contact pads on the first and the second surf aces of said 

,inte~poser·b.oard by .a condu9tor having low alpha emissivity; 

and 
. j 

· said :inte9ra,ted circuits te~inals electrically 

interconnec::ted by p~in:te.d metal traces on said interposer 

board to conductive vias between the first and second 

surfaces; and 
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~ai.d vi"as terµi.inate in external connectors WHICH 

compr;is.e solde.r. on. the lower (or. second) surface .of the 
·. .. ... . . . . . 

S:t;.r.uctlit°~ W:hi_ch ·COi;rlprise so:J,.der ba_:J_ls; .and 

. :.~.a~~---~~f:~c::(S'lf~~-,~'~~Yi~~ ... ~~r-~~e7~·rs- slig~tly grea~er 
-.. ·t,han .. the. ;i,;_~~g~er'·~h~.~,· ··a~cf the .. ·~l~·knes$: ·o·f the: ·structur.e is 

.~n the range. of l . .-2?mm ·,to· l. Smm/ and- · 
. ·. . _:.. · .. · . . . . . 

t,l)e _space be.tween said chips. arid interposer filled with 
. ' . . . . . 

a-n ul'!perf.:ill:".Po~·ymer .. form~la,~~d· with .an el.ec~rically . 

· ·insul~ti~g.,. 1:~,~~lly qonduqtiv_e· p~\.,.der~ . 


