| SystemIn package (SIP) Structure TECHNI CAL FIELD [ow y The
present invention Srelated to integrated circuit. packagi ng an nore
Secifically to syste s, in package ( rll) aC ang- neats using flip
chips IFC) and W'ird bond (WB) integrated cirrc:aiit having
conductive lines or traces on the top side o the chip. On, flip

clips, t e conductive lines or_traces are opposite the bunp e
on'tacts, and on the .m§%€isah§né?ﬁ€§%%gﬂ aP@UGH e he sane side as

the wire termn; _atiors. BACKGROUND [0002 Arse =ab i Yg several ICs
required by a systemin a single package is now a comon practice

for comphexielectroni c systens, and is often efelred to as a Sip
(System to Package). Using a SIP assenbly results in inproved per

0?' mnce, |less cost, and. reduced sine of d nnension. of. v
el ect {oli¢ s; SthemresBairinyerSbhls tdohhol ioggravakcibasieaohagng el lordspecifically
structure or ¢ nips. However, as the nunber of :i ffeivent 1Cs is an

el ect n@RystersyistROk4daC R H3Sen @fmbecadinSfl s (CORn@Xirettied l(armgentegrated
nunber of wi re bends is al nbost unm anagSeabl e and, naki nghundreds 09-

{7150 Sircdivs 19RZd &ﬁhué’ﬂ%%rﬁ@Bgtr%§g§-{ﬁ&560?5ide@f %&éhipy@%ﬂigc ips, tge
f'1_Pl?.ct?it, .t'idA'tlaeTRf}"'" such complex 41. ('v_ ..?g-a

arran nt. rone to bre and/ or _sharts .be . wen wire bonds.
0003 SREREs BpE PRy B oBpo R g Db o B e G R el RSy e
resui i lg co%,%}éi t%" of wire lit tiding or wonnea" ting two

. sack@8.1e e ol 'ChIPE FOUA2EUSport substrate or ¢ nn. .t ion
surface. Consequently, nomand nore !a ": are being aP..: of to ,G as
l:" '"s (flip chips) to be fin vils:,;rzTzd the connections of a SM

sl Cs packbrowteT, "4sa E'. fwl , iDnail; 11, ci"hika_;, are
still ?C(,!'liTTaG'all t' appropriate for 1lnami ' s j-bw, | he cost

of desigiimp and, ",nani Aa :tum o a Fr, having etbe circuit: that
aft; aGEady ahssehblingseonradlWBqtirgd pea sehinpimayingetpable:gaos tdwhicbanan

practice for complex electronic systems, and is often referred to as a SIP (System In Package).
Using a SIP assembly results in improved performance, less cost, and reduced size or dimension
of an electronic system. Early SIP technology was based on wire bond structure or chips.
However, as the number of different ICs in an electronic system increased or became more
complex, the large number of wire bonds is almost unmanageable, and, making hundreds of
closely spaced wire bond connections is very difficult. Furthermore, such complex wire bond

arrangements are prone to breaks and/or shorts between wire bonds.

[0003] The prior art Figure 1 is an actual photograph showing the resulting complexity of
wire bonding or connecting two stacked wire bond chips to a support substrate or connection
surface. Consequently, more and more ICs are being manufactured as FC’s (flip chips) to help
simplify the connections of a SIP. However, WB (wire bond) IC chips are still economically
appropriate for many uses. Further, the cost of designing and manufacturing a FC, having the

circuits that are already available on a WB type chip may not be economically worthwhile in



many situation ch..fA, as SIP conplexity increa es, it would be
advant ageous i existing WB chips cou d by conbined with vaiiable
i'"(_'Grcuits. Furtherm, re, CV G° FCi??tircvnliectu_2y

,echno.log y Phas becone ,--f icult. 100041 Therefore, effective
techniques fo intrconneeti..ng large nunbers of ICs in a SIP sa

U... turn with mmne) wre honds, 13-ould be. adv ageous. 3 SUMMARY
OF THE“E’I‘HV\?@WW%\I%F@\%GWE&% %?&8@?&%%%&%%@%%%%33% Adsgesus Chiying
be present in'VeJ xion, which generally conprises a pl.ur pity of ER
_ chi p¥Bidhirsrcephnectoathing witharkuge Hacirasts. avrtheasre.gvet Heknisfconpesting
leve3d3s of su h elect obit {hips e.iect? caity' connected to a

connectdhngloguthbhabeocore dtfhstorate and h.er' e3 at | east one of the
stacind electronic chips is a wire bond chip YI' E ) and at leait one

is a hip . PC). [0006]. According.to one enbodinent, an e|lectron
packagé"‘%@rrpr i@@ggfal[esﬁﬁ%{zws@c PERET O HCTCOn LR g 1af%6rﬁ%§betfﬁ9%1 Sina Sip
incl:ides at | east one wire bond chip, and at e3g one flip chip. The
r emai nideeturcolith Fenigkil perel vndhwerlkkdie adamibgeogit her a V13C (wire bond
integrated Grcuit) or a F (flip chip). 100071 if the first |evel
chipis a flip chip, the connection surface or substrate will define
i. 1. ;f3Tital:t 1)a. d ?i for e, eCrliwa' f} ~~?lne'Ciri{; the
flip; 3E~J. The flip chip 5*/ta a~sra.!'' an active sill:: and a.
back side and conprises first electrical circuits connected a mfp
city of bunp contacts on the active side. These bunp contacts are
arranucd ':ccoidi g to a pattern that is ,substantially a Mrror
imge of th,e pattern of contact pads provi tied on the sub tra_e,
The bunp contacts on the flip chip are Step positioned so that they
are in electrical. contact with the (contact pads on the



connection surface or substrate. side The back idof the flip chip
further de,:i t7eS a Tails tidIp 1t;J of wire bond.. pads. As

menti oned above, the package wll also include at le_ st one wire
bond c' htp, which will be onr higherﬁlcvel of the sack. The Wrt,
tUWIlI CGsasv -C] ts,_ . Fi chip N~ |,~3s2 . s:i'r,r electric

t .lcudts, which are connected to Set de. wire bond pads on a

-conn ik d: I of the irF , bond chip. '"I-laird and
subseéﬁ@%%ggﬁygégg?ﬁ{ﬁ§£§$g¥ may he either 1ti C. chips or wke bond
chins an 1 there i7 td also h included electrical corinee d ons from

the %[egysji me ThiiRuendkheseSLCAPdd fMelssedmietBresantihRn&Bh NwiOEh WkiBally
bond :,hip, tod brst flip chip and al.) e ,c_P.ical a s - onthe e

" co ; o L ' . : _ >
B T
wi re bond chi i.S an _.the secon evel of a stack of ree chips,.
FF ar o o Bl o M e 3R sk B on b e Shfet @ bRy miyAtpin
., bond pars and further co npnd4.se at east one, wire o,. e e tiica,
cor pi &6t PECFPRHPEE ol GRPsiipagtredinedichip el pindat eyt g i e chip
bond pads on the, first wire bond. Mn to one of the additional coca
.ct pdl§)or. the connection .dace or substrate. [0008] Anot ,er

enbodi ment of the invention includes rrangene_ats of a stack of 1Cs =

her ei low or zirst ewel ICis .",.., vi ire b?nd eydd f2Yfld one .
& tndier reordhy o nalined i oo Bee AR B el HePleotonic
case? in the firs= enbodi nent, the remaining |evels can be either
anot h&HCpif Epp dipbinciepaigeash OBpivHE LR AelPbbitdit dsonel fHp sbich 18F repainder
enbodi ents, whether the first l|evel chipis a flip chip or whether

t he, faf tistchipvielthaHigk candeaither @Wath Gvichbpd integwitéd cibeitapps ECI (8irechip).
by those skilled to the art that there wll be a | arge nunber of

con ne%&b&ﬁ Optl% &%%ir?ﬁév& %Esli?}lis? !a %hgl) thp, the connection surface or substrate will define

contact pads for electrically connecting the flip chip. The flip chip will have an active side and a
back side and comprises first electrical circuits connected to a multiplicity of bump contacts on
the active side. These bump contacts are arranged according to a pattern that is substantially a
mirror image of the pattern of contact pads provided on the substrate. The bump contacts on the
flip chip are then positioned so that they are in electrical contact with the contact pads on the
connection surface or substrate. The back side of the flip chip further defines a multiplicity of
wire bond pads. As mentioned above, the package will also include at least one wire bond chip,
which will be on a higher level of the stack. The wire bond chip will comprise second electric
circuits, which are connected to second wire bond pads on a connection side or top side of the
wire bond chip. Third and subsequent chips of the stack may be either flip chips or wire bond
chips and there may also be included electrical connections from the electronic chip on the

second level, whether a flip chip or wire bond chip, to the first flip chip and also electrical



the prior art. For e xanpple, both the fliip chips and the.. wire
bond chi ps may include contact pads. That is, there my be included
contact pads on the top Site of the wire bond chip, and on, the
backside of the [lips dill. The contact pads are conne ted to wire
boiid pads o -n the sane side by neans of electric |ly conduct Y
traces between_the t lie patter: of these onto pads

sel oot aeBOROERREC Hrg orikETRACHS Mdilewit Be ¢ RPHC SHR HEbe pyqond level.
chip having hunp contacts, Wich hunp contacts are a ''.irror inmage
of t hé'uphet &rthe wigfbonh ehigdiY ) isonppatksond BO4I0g R ssrakldf tloehelrips, then the
ernbod. i nents include even norn conplex C ectronic packages Lat -;

ri 3ar icopnatioh easicetonouSkiRtepadkages aoditibhe iypeordi sdt asefhrihencddgise at
above em od.snent . 100101 The 3 . gv)ii x; has outlined rather

broadhysst b kxabuEesriandofheciibs tehonP3nd & the at b8 ohOMRMIIRAY bF 'WH‘@%[I& pads
i "ha" the uv.ailei.'E description of the .7Y :;ris3C'sil 1122

(tiif, >
{ eat ur(%%éngm %Yrg%%gd tchl%ztb gﬁé gf the’ afidxitxr?}xﬁ cgl:_l{ac% }l:»adls étthe éd:il%%&ion?%urface ern
hen s herelnafter "ch onn the subj ect of the dish c=5 of file
i nvent’ %% ¢ should be t i iP:iat Cby 1:hose skilled. in the ad
that th eoncept on and specific t odinent disclose ' may be readily

uti. . Jo@hg. Arﬁ)ﬂ?@% cthbRB8nendof tie ihvdnBbh indludeb hr@fig e‘rﬁe%ts Aoyl Rg ol hes

stns L tvY3 c,, S or processes for carrylng out t hi same purposes
f th ;
gkl |t | gv(}%&‘eqﬁ eel&g%{ &%ﬁﬁebé@[}gﬁg éaxﬁ%va g%% § é 8 %: ﬁﬁg@ﬁ&s 58@?@ gt least one

depar hi e sp |r|t and e of t e nvenflo as forth

Che - aRAEEG TErARHER: e cam N ORSEr DL FIeON H e B BT IS FRCES Pt
For a nore co.- plete understanding of the present in en ioon, and
the advaheagiedevd Keipesrnotheeyaedppechis. fn both ofyihpedebademetie Whsithes Wianyst
descriptions takor in cc :J nc,tion with 0o; accoi~, panyii ig dra;
M ng, léwel whipcha flip chip or whether the first level chip is a wire bond chip, it will be appreciated

by those skilled in the art that there will be a large number of connection options not possible in
the prior art. For example, both the flip chips and the wire bond chips may include contact pads.
That is, there may be included contact pads on the top side of the wire bond chip, and on the
back side of the flip chip. The contact pads are connected to wire bond pads on the same side by
means of electrically conductive traces between the two. The pattern of these contact pads is
selected to receive and make electrical contact with another flip chip having bump contacts,

which bump contacts are a mirror image of the pattern of the contact pads.

10009] Still other embodiments include even more complex electronic packages that

comprise at least two SIP packages of the type disclosed in the above embodiments.

[0010] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may be

better understood. Additional features and advantages of the invention will be described



[0 0121 F :r=s73re 1 shows tli i122.~e arid. 5."0.i }+it."-.".t y of
wi re bonds now on 1"i361%v IC. d SCE* Si,"M 0013] Figure 2 Must
rates smack of three I C chips on substrate or connection surface and
the various possible Fconres t..i?ns available on various SIP
arrangenments accorr. Iing to the present invention; 004] Figures 3A

and str Afi ri.or art bottom X nd side vj ew
res pe?’t@f‘?}%ﬁ% ’o‘?hlﬁh Hﬁ%\% eﬁ@ﬁg“%&%ﬁ dhe ipggiony i &io{j@ra@ agpreciated b
illustrates a S|nllar to tha™ of Figures 3f. and 3B with

condu éh@&?éhﬂ@d at@ g ahihag He cpicapkositesrefilFcrboRmerogelnsF gay ke raily
and 'IBillustrate a perspective View of tie sop side and a side view
res pecmiﬂi\zet ys Dbasas ©F npldiff/irgdr peiigringothenstnetibondr ehig@ses ohcanryies bartte
con'tat pads on :lre- top side: 0017 Figure 4Cillustrates a wre

bond ching é}ﬁtpﬂs&sa@‘f thoptecbatt ihnfib@ul eBodAarBte 481160 bieiose bitilltd GRhy b$'ifat
, .conductive, pads taces, and termila]s for connectlng with a

fl ip Q%tpﬁqdwé,letﬁfcbn hQULEs & h&t%fe{)ar fE‘OJﬁl fre sSiribeW Ldage By on&%ﬁ @'zg i@?ffmth

a FCt e cont act contact _-a

si de ogt ‘3§ awre .ciao. c ip of the type shomn in iPigure 4C
or thé }Wzg@?n"déigﬁ a substrate or bonri c'ing surface; k "vtJ s.~
I, . ~F>1 '"t'.S> ,i[ku 6 illustrates a first enbodinent C the
3!1L'e".C,oi3 fiervil"i the fire (5 ." ;~ 15 C[0020] Figures

7A and 7B respectivel show cross sections of the contact pads and
traces hiving iel ct cover |layer on the hack side of a fIip chip and
the top side of an wire bond. chip accord Slg to the tt'i+.ni:?aS of
another ::.eit3t".E i'S7C+xl of the "ae esf.;n Q' . c¢,41 tioid: 0021
i. Figure 8Ais a cross section of a ""'r.. illustrating how

i nsFadat "nt material nmaybe deposited between and under the netallic
or conductive traces and Figure 8B it u orate s ho v,,



recessing the conducive', connection > below the top spa- face or the
insulating ma=terial can help prevent degradation and shorti ng;
iOv'P + .9 Figures 9A db3' :"iC@l1'i 9C Ililt >rll"t~, Il how p: ae,
Conductive trades on the back side of @ flip chip or the top side of
a wre bond Chip May include multilayers of nmetallic such that the
in=u ber Cs. t gossi.hie {.onneeti.ons may Ci e increrse~d; [00234

Fi gur , i i.gnment marks on the back side of
Chi f%%{%gjfﬁ%géﬁ%%}i OEHS%#@E{‘}%?&ES?H are side -dews of the basic
arrangenment of Figure 6 and illustrate various dip arra' gcinents

and copg1igect irQRs nre SHRpR BRGIstdeh gl Ihe Are®int & khhi&€ ahCuthidy st ack
0-n .. substrate or connection surface that includes a flip chip o n

the fi A " . Wi - bo L'p.ar 0 o,
th Tolte o0l fmfteiftle Sugfill dReiBRS kP B PBaSE6YE 05
Figure d ild, astra es a second enbodi nent of thee ., invention

wher e ACPHE eV Bl Il's a wire lend t ddi ), chit;:; [9Cf26]
Figures 16-1.9 are side Yews o fthe basic arrangenent of Figure 45

and | [psiz)al € rank QUho GOUR AELINGCTRBIry of diCHRANCALPBE by ActRtets:
i{. chip stack wherein at feast one fcvs; ! of .he second gnd hird
tenet of iCchipis a PC 100271 F-ngua , 20A shows a stack of We
flip ¢tiipd M Haat 2oisteleedbcak of dnnet clops on actimtdieny chondchien torface and
king, of the drew Cx invent coon; and 8 [0028] Figure 2DB al so shows

t hr ee fd VPiceBbpSieXc@Plecliom @hildeot hieeisCP pEraddnadts dckoidd thShe present
level and the t ;kk-d is at a second Eye! and pr vides b dge a .oss

the Twoatiot-he first le vs |; and [0029] Figures 21 . and 22 e || ust
rate pa-Aagin and connection' of two or norr Rib-packages similar to
those 'discussed ¢ Sovf ,with respect to Figuces 2 and t 1-1.4

cont ail®®142 i n Fagwsen@h end 3B illustrate a simplified prior art bottom view and side view

respectively of a FC with bump contacts;

[0015] Figure 3C illustrates a FC similar to that of Figures 3A and 3B with conductive

traces on the back side of the FC;

[0016] Figures 4A and 4B illustrate a perspective view of the top side and a side view

respectively of a simplified prior art wire bond chip with wire bond contact pads on the top side;

[06017] Figure 4C illustrates a wire bond chip similar to that in Figures 4A and 4B further

including conductive pads, traces, and terminals for connecting with a flip chip;

[0018] Figure 5 illustrates how the bump contacts of a FC (flip chip) make contact with the
contact pads on the back side of a FC, or a wire bond chip of the type shown in Figure 4C or the

contact pads on a substrate or connecting surface;

[0019] Figure 6 illustrates a first embodiment of the invention wherein the first level IC is

FC;



packa. Ue. 9 DETAI LED DESCRIPTION OF I T L US'RAT I "/E EMBODI MENTS . |
[0030i The dT9 _"Ydiir: -.itu ..: :3!'rg of | ie presently }7.Sf ~Lt
Cc u c'al}pGiTen's 2re ~1 v ,.., (ABS;;d. in + iewid . below=.
It shoalld be appreciated, flr}tmmeve'? that the present n vention_
provi des many appi cable invei,a vc Concepts that camhe (-ril;oc

i ecd ; vari et f ecsic co:nt ts. TheseC|f|c "' G bo
arvar e Doai Shrre oh Sl 2B rasa%é?‘éﬁ)ly ?IFQ‘@%‘PP%%FCV%“S ﬁrlh%f@&w PRdyRyErACEs
make and use the irv e_ntionn, and do not limt the sctxoe. of the

i nventhiaging 2 gelscirig cover Rpfee an dippasbwide of Eifguelep2nd Hertep isslejof pstiscatoad caip
stack of three IC chips DOD, 122, and 24 nounted to a substrate o-,,
Connecttngingus tlacea i@ sliahotas antRdboartchf (lEheteni sivakisom; shown. t he
vari ous connecti ons made possible by different 2CT', Sgf isedlt5 of
flip" S an bond rhizls accordin to the a .resent
|nvent{8@ﬁ Pd Jaure B ip s S wRa A bl et NsEahe BRicHiAbTaY Bf ee
chip's 20--24 mar he either a flip chip or a wwre bond chip, HoseF
ever, dereept btbreeanneé mld@ Wedme2Eiv @ condipiss ddces|aat gigirh 8B illgstrates how
conprised of three a '"mchips and shown in Figure 20, a h arrangenent
o f trbestihg ée ohilpsiveicbhneadbudeao@thd eastcfan of liginehbinamnatedibl da@astp
one noire bond chip. [0032] The arrangenent shown i Figure 2

i1l ustyateapiconnest honswatingach level that are possible with v;

rious corriibia ations of both ip ch~ Ps and vv' |re bond chi ps and

t herefoi-e should be appreciated 'l it Fig ,Pre 2 's for discussion
and i I[PUBAIr at iFoguron® 4 thiPngloP Ctidusdiasdussi thg cvmrbx.ctimtwces andha/bakisoleus a
| C chips, ar angenents, and their = on_nec on, refer now to Figures
3A, 5SBlip Sp oA thefop side of a wire bond chip may include multilayers of metallic such that the

number of possible connections may be increased;
[0023] Figure 10 illustrates the use of alignment marks on the back side of the flip chip;

[0024] Figures 11-14 are side views of the basic arrangement of Figure 6 and illustrate
various chip arrangements and connections or sub-embodiments of a three IC chip stack on a
substrate or connection surface that includes a flip chip on the first level and at least one wire

bond chip on the second or third level according to the teachings of the present invention;

[0025] Figure 15 illustrates a second embodiment of the invention wherein the first level IC
is a wire bond (WB) chip;
100267 Figures 16-19 are side views of the basic arrangement of Figure 15 and illustrate

various chip arrangements and connections of a three IC chip stack wherein at least one level of

the second and third level of IC chips is a FC;

[0027] Figure 20A shows a stack of three flip chips with various electrical connections

according to the teaching of the present invention; and



4B, and 510 a'l.. a 1 Figure, 3Ai8 n =r.&3r air PnT,i'iRa 0.C .2
top a}.'.YF, p}lee, tY,.-,lv "i.".; vV and Figure 3B is a sedc' view
Il1lTustrating flap chip 28, and. show ng the hunp contacts 30a: 3Db,
and. SQOC on the bottomor active si 32. As tr.ili be ap ppjef
ated, by those ,{i',.led the an, bu. _snl: cornics 3(la -30c are c 03

nette r ssY.i.,t 'te elects ile circuits (n,qt shown). conprisi
The. 9928t p Bt 20BAReRoNE s PRudui Fror i ts b e ghe i Do
nui ider (nine) of bunp contacts, it will be appreciated th.:at t he
| 1u bdpvetse thegjhind sowpaetdlarmy aby Poviies £ibeidet pyossgheavert the firafevel; and
nine. It'Nktl. also? G appreciated that the term nol ogy such as
"top si or " L des, .0r ; r ide" I. cond_.ri..enc
only %gﬁgﬂto g?%ﬁﬁﬁ%iég %%%?ﬁ%g%Fmgﬁégﬁﬁﬁéﬁ g%%ﬁéﬁégty?ﬁgl?$Fﬁm%ﬁ§%agw
circuits.could be nounted in . substantially an pati al .orjientation,
el udiTRRSiE CHORRC [0S THCqRI L C3G2Te ASH A 68 TR RS S8
siimi ac to that of figures 3A and 3B, excepi the back :side 34 of
ah? flfepkaghi p 28a i ncl udes contact pads 36, Wse bond pads, 38, and
traces, 40 eonneetsn.g one each of the contact pads to one each of
the wire bond pads. The term "back side" 1is used. hrein ordy with
respect to flip chips, and reins to the side of the fl+p. chip
opposite the bottomside tiaE. has the bunp contad;tz,. [00351
Figures 4A and 4B illustrate- a prior art sinplified top perspective
view and a. side viet+.a respectively of a wire bond chip 42 shnxi i,
a6 _, st sit of wire bond pad s 44 444 on the No side 34a of wre
bond chip 4G Pads 44, a-440, include ¢ nnaectirig wir s 46a and. 46d
bonded.. tt3 i"ICi c3,s.. Tr:, termtLli+ s!L.te, is used herein
only with respect to wire bond Onhl pS. a zg?4l15"C 'ii, ilustrates how
the top side 34a of the v/itc, bons. chip may al so include a
plurality of contact Pads 4, a second sett of wir bond pads 38, and

i acres 40. It viili be appreciated. that including



contact pads 36, traces 48, and the second so of who bone pads 38 of
course, increase the conplexity of the top 34a oft wire bond chip.

However, these cunt ct pads, traces, and wire bond rds vvil_ a so
increase the flexibility of coF b|n|n% wi re bond chips and nip chi ps
ina CL7r "loina-tion s "acl~. 0036] The dashel lines of Figure 5 i

1st ;-?tes hoe the flip chip 2 having bump t e nLialJS: "c tx:ac,

tiJa, i S i-- , N3 O sonnet pads on
a sub§$$£%3i§3I%%%ﬁ%%ﬂ?Bgmi#g@ﬁgggéAggggE@&g'} Ypack side o- a flip
chip ¢, the contact pads on the top side of a 11 wire bond s chip.

Thus i 903@]' | bene maﬁtﬂ@ﬁn& &@né:@ﬂhégtegéﬂt[}f &Etc‘%rcd le @b Prerksare @B@ﬁs%g& ?nt &4ail

pad rl. iP:r buali contacts o a
h t t
Ch o ShE S5 E, 3 oe SERR T D G 2 8.

Electrlcall conductive traces 40a and 4EOc _t hen proyv

of oct FPHEIVE GHRFSEE: BHSBRT ¢ 0%‘8?2%%%"’%3%16%% \Peg5t Canlaniaod ht cocgific
w fe bond pads 38a, 38b, and 38c respectively. [0037] 'Therefore,

r ef er K EGE A disesFIGre reerdy NG Us O oS siiBlveye bnmekt ishscwid invbetion,
di scussed. For exanple, if the bottom chip 20 is flip chip, then

t her e awilldb rbelimimnthe sepmaftis ioventibhe | rtoril side of the flip chip, -
hi ch make, eIectricaI connections wi th cont act pads on the substrate

orcon d"face 26, fore. as Shown in
are ar@ﬁl of oRdaceTe %vg% s gﬁﬁgra%a SQHH of @r?e IC Hips ?’9 @gn@nd 24
frontthe contact "fad; (not shovn) out from under the flip chip 20

" conmEetd orissubkigte Wi $annpeingeteace & $Uré ag oty e Theracedso fiovthae
|ntegrated circuit 2t; as S. L'"Alr?_in Figure 2 is avi .re, bond
fill IVasotis &nnbdftﬁme nwidk Ipom}e e diffteehturvhgenhond Piadsipssud mte%om:trcﬁips
bond pads bCa, :5,0b, and' SCc | ocated on the top side or surface of

the f |a5§6rdin@\(§ (M Fr8senP BBl Ay withe: G8@rstedandsiinads «3W br X inranchifr
are in sire. connected t , other electrical

20-24 may be either a flip chip or a wire bond chip. However, except for an embodiment
discussed later that is comprised of three flip chips and shown in Figure 20, each arrangement of

the three chips will include at least one flip chip and at least one wire bond chip.

[0032] The arrangement shown in Figure 2 illustrates connections at each level that are
possible with various combinations of both flip chips and wire bond chips and therefore it should
be appreciated that Figure 2 is for discussion and illustration only. Prior to discussing the many
and various IC chips, arrangements, and their connection, refer now to Figures 3A, 3B, 3C, 4A,

4B, and 5.

[0033] Figure 3A is a prior art simplified top perspective view and Figure 3B is a side view
illustrating flip chip 28, and showing the bump contacts 30a, 30b, and 30c on the bottom or
active side 32. As will be appreciated by those skilled in the art, bump contacts 30a-30c are

connected to selected electronic circuits (not shown) comprising the flip chip 28. Further,



traces 52a, 52b, and 52, on top, of substrate 26 by r neans of
connecting wres 54a, 54b, and Mc. Therefore., it can be seen that
either a wire bond chip or a flip chip my he used a$ the first |eve-
chip 20 according to the invention. [ﬂﬁ_ 8"] if the se %ond | evel.
chip 22 is a who bond chip arid. the first level chipis atrip chip

as was, di scussed ve, the it. wll | )e appreciated. that there
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as shown. In the enbodinent illustrated, the wire odt id 58a is
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bond chic), | y neans of another connecting ,,ire 62a, The wire bond
pad 0a0@2], Y SiigpkypCs@nvetas: @ip dhit Btamiediabehstod fiduors Bt and BBy ewhpiehe
connection 62b the wre pad bCa to .: contact pad 64a o ti the top
sur f aceciofids Ubsf fiatfEp @hipl 28aNn@GddsIc@nSbl §6 86 26ir@Sond HidisCAt dh trl¥s 40

dashed pries 6217. A.., . rnateiy, who and pad 60a nmay be directly
conne . I i r ¢St Ng: t f.Lrst IR
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I evel .chip.22.may be .interconnected. spo _as shown, .there i be

second® Uil GO aR BeR-oR TRettithetl arop Br ALt oekisrib B Amog e
22, 4t hfc,h " _s connected d ec-dy t{i aitoffi.ei contact pad 64b on
subst PaitemeidecBat e thsyapRc28acthe. wire hron 2 pad 58c al so on the op

side 56 of the second level chip 22 will be discussed later with
t hewt hi | .chi . e .10, '
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view respectively of a wire bond chip 42 showing a first set of wire bond pads 44a-44d on the
top side 34a of wire bond chip 42. Pads 44a-44d include connecting wires 46a and 46d bonded
to the pads. The term top side is used herein only with respect to wire bond chips. Figure 4C
illustrates how the top side 34a of the wire bond chip may also include a plurality of contact
pads 36, a second set of wire bond pads 38, and traces 40. It will be appreciated that including
contact pads 36, traces 48, and the second set of wire bond pads 38 will, of course, increase the
complexity of the top 34a of the wire bond chip. However, these contact pads, traces, and wire
bond pads will also increase the flexibility of combining wire bond chips and flip chips in a

combination stack.

[0036] The dashed lines of Figure 5 illustrates how the flip chip 28 having bump
contacts 30a, 30b, and 30c is positioned against the contact pads on a substrate or connection

surface, the contact pads on the back side of a flip chip or the contact pads on the top side of a



appreci ated Chat the back side 34 of the first. level chip 20 w dI

i ncl ude contact pads, traces, a ns"i wre bond pads simlar to the
contact pads 36, traces 40, and =wire bond pads 38 as d seussed in
Figure 3C, Therefore, ref erring againlto Figure 2, it is seen that a
trace 36a extends out ;'rom under the second level. chip 22 (whichh
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directly to a. contact pad 64 on, the top surface- of substrate 26 by

a bondiscwidee. €ONNLEtIIONT hddorthi dhﬁﬁZ(F i1 chi®, ¥enYherk kl@ﬂ%e %ﬁm@r&ontac;ts on
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connectJ n, 72h between t d 70b_on od | evel. ip 24
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chi p) or back side 34 (if a flip drip) of the second |eve chip
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a W bond pad 60U or _ the top side 34a or tack side 34 of the first
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that the wire bond pad 38c ..da.y siirp'y be an internedi ate
conneetrtein 26 bosmdvheinipecdnd vaachofARhgy, thehh@eteiviithd @vRtied GheBoh® pads

the wire bond pad 6Dti or wire bond pad 58c coul d possibly be
connechgdys 9 HG &[ds@bg,’ 50b, and 50c located on the top side or surface of the first level wire
bond chip. The wire bond pads 50a, 50b, and 50c are in turn connected to other electrical
traces 52a, 52b, and 52c on top of substrate 26 by means of connecting wires 54a, 54b, and 54c.

Therefore, it can be seen that either a wire bond chip or a flip chip may be used as the first level

chip 20 according to the invention.

[06038] If the second level chip 22 is a wire bond chip and the first level chip is a flip chip as
was discussed above, then, it will be appreciated that there will need to be connections made
from the second level chip 22 to either the first level chip 20 or the substrate or connecting
surface 26. Therefore, if the second level chip is a wire bond chip, there will be included on the
top side 56 of the second level chip 22 a plurality of wire bond pads such as wire bond pads 58a,

58b, 58c, and 58d. It will be appreciated, of course, there may be substantially more than the



ciracuits (not shown) conprising a portion of the circuits of the se
o "lI! level chip 22. Likew se, the :earn bond pad 60u of the first
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side 34 (if afit; Cllpé of the first "a vel Chip 20. Also as howfi
t her e crayecksd ta appther Bondoebpiedte wrihe mhb@@@\@fe&he i Isyer elap BOndvipadmay
dG of first -ever. <chipiOtothet ;p surface of the substrate or
con na&ectther Stiprchiaarew26 bbndchip), bgomtaac bt padhb4onnectiAs /iE28. The wire
di scussed pirevioe sty, contact 64e nay be connected too a conductive
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first chipe2Gmnd s€himpl 1243 chip D044} bAinvtrhemeeted. iAdgershbtvnhbeeimast trea sdrond
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level chip 22 will inciude traces extending omcontact pads and r
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trace tgp6§a1de 56 of the second level chip 22 will be discussed later with respect to the third level

chip 24.

[0039] Therefore, now assuming that the second level chip 22 is also a flip chip, it will be
appreciated that the back side 34 of the first level chip 20 will include contact pads, traces, and
wire bond pads similar to the contact pads 36, traces 40, and wire bond pads 38 as discussed in
Figure 3C. Therefore, referring again to Figure 2, it is seen that a trace 36a extendé out from
under the second level chip 22 (which is another flip chip) to a terminal point 38a. Terminal
point 38a may then be connected to another contact pad 64c on the top surface of substrate or
connecting surface 26 by means of a connecting wire 66. As shown, the contact pad 64c on the
surface of substrate 26 is in turn connected to an electrically conductive trace 68 for selected
outside connections. Referring now to the third level chip 24 and as was discussed above, it will
be appreciated that this third level chip may either be another flip chip or another wire bond chip.

Therefore, if the third level chip 24 is a second wire bond chip, there are shown a plurality of



extending fromunder the third level chip to a Fire '.oad pad 78a on
the top surface of the second |evel chip 22, According to 7i is
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",r .> 1 "rge iilLtnber or v ii ety of Cori ectiont( C %: iques
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the i nventi on, al so i nclude several variations ﬁr sub-
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pat t erchispotgoﬂgqulra :t?aléq; gg{jéﬂtg?r Wye (Pﬂéi Qad CERT p%@tggly%e connected to one of the

circuits (not shown) comprising a portion of the circuits of the second level chip 22. Likewise,
the wire bond pad 60b of the first level chip 20 could also be connected to circuits (not shown)

comprising a portion of the first level chip 20.

[0040] Further as showﬁ, there may be a direct wire connection from wire bond pad 70d by
connecting wire 72d bypassing the second level chip completely to a wire pad 60c on the top
side 34a (if a wire bond chip) or back side 34 (if a flip chip) of the first level chip 20. Also as
shown, there may be a wire bond connection 72e between the wire bond pad 60c of first level
chip 20 to the top surface of the substrate or connecting surface 26 to a contact pad 64e. As was
discussed previously, contact 64e may be connected to a conductive trace 74 for selected
connections to the outside or other systems. Yet another connection may comprise a wire bond

connection from wire bond pad 70e on the top of third level chip 24 to wire bond pads 58d on
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to a portion of the circuitry in the second level chip 22. There is also shown a second conductive
trace 76b extending from underneath the third level chip 24 to a wire bond pad 78b also on the
top surface of the second level chip 22. There is further included a connecting where 76¢ bonded
to pad 78b and extending to a wire bond pad 60e on the top surface of the first level chip 20.

Such a connection could, for example, connect a circuit in the third level chip to circuits in both

the first level chips and second level chips.

[0042] A third conductive trace 76c extending from underneath the third level chip 24
extends to a wire bond pad 8 of the first level chip 20 and in turn to a contact pad 64g, which is
connected to another electrical trace on the surface of substrate 26 to outside circuitry. Another
trace 76d extends to another wire bond pad 78d,which is in turn connected directly to another

contact pad 64h on the surface of the substrate or connection surface 26 by connecting wire 79.
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except t'~"a the bond pads 94 of Te who Had chip are designed as par

of t h.teced, ptddras"contheidt tlaayset8adBb, Conviebselcy and heilhengepadSigh4 Df Inahe

flip chip are designed onk) the back side of the sem conductor

subst 1:8h&a8d embodiment of Figure 6, it is seen that the second level chip 22 may either be a flip
chip 22a or a wire bond chip 22b as is also the case with a third level chip 24. However,
typically, one of the second or third level chips will be a wire bond chip and the other one of the
second and third levels that is not the wire bond chip can be either a wire bond chip or a flip chip
as was discussed above. Regardless of whether or not the second level chip 22 is a wire bond
chip or a flip chip, there will be a connection between the second level and the first level chip.
Likewise, regardless of whether or not the third level chip is a flip chip or wire bond chip, there
will be a connection between the third level chip and the second level chip. As was discussed

above, it will be appreciated that these connections may be either wire bond connections or

connections through bump contacts and contact pads.

[0045] Referring now to Figures 7A and 7B, there is illustrated cross sectional views of

contact pads and conductive traces according to the teachings of the present invention. As
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the pad conductive material 94 to serve as the conductive traces. Metallic layer 92 may be
copper, aluminum, or any other conductive metals and alloys thereof. The dielectric film 96 will
cover the metallic layers 92 and prevents direct contact of these metallic layers with the air and
thereby prevents erosion and/or oxidation of the metallic conductive traces. The dielectric
films 95 may comprise FSG (Fluorine doped Silicon Glass), USG (Undoped Silicon Glass), or
silicon nitride. The contact pads 94 may typically be made out of aluminum but could be made
out of copper or other materials and are formed in apertures selectively positioned through the
dielectric film 96 such that they make contact with the metallic layers 92. Further, although the
contact pad arrangement of Figure 7 is particularly suited for use with a flip chip, the same

arrangement may also be used for providing contact pads on the top side of a wire bond chip.
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cture of i igure 9C Using single |ayer conductive traces. Mre s
peeifietJiy as showmn n Figure 9B, there nay be two, or even nore
raw s 97 of wire bond pods on each of ltthe four sides in the

enbodi ment shown by using the muitila Less of conductive.. traces as
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appr edifgtaegnedidayet A wontdrseas tiebed wonddef pViep thigcesdssigphd agto the back
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fllp bg aher' eforie, _referring to 1tE1*i E there E S
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flip I n
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embodiment the metallic traces 92a, 92b, 92¢, and 92d are recessed below the top surface of the

dielectric layer 96 to prevent degradation and shorting of the connections and to more firmly

secure a bottom level chip to an upper level chip.

[0048] Figure 9A shows still another embodiment, wherein there is more than one layer of
metallic conductive traces. As shown, a first layer of metallic conductors or traces 92a are
deposited and covered by a first portion 96a of the dielectric film. A second layer of metallic
traces 92b is then formed on the top of the first portion 96a of the dielectric layer. The metallic
vias or interconnections 92¢ may be used to connect the first layer of metallic traces or
conductors 92a to the second layer of conductors or traces 92b. The second layer of dielectric
material 96b completely covers the second layer 92b of metallic traces and apertures are then
formed into the second layer 96b of dielectric material followed by the formation of the contact

or contact pads 94. Although Figures 7A and 9A only show two layers of conductive traces, a



bond pad 102b or the substrate or connecting surface 26 by wfe

10b. Still anoi lien connection ' ay be froma wire bond pad 106¢

on, is e, t'up side of wire bond ship 22b to, wire bond pad 108b on

t he back side. of flip chip 20a and tHén to a ire bond pad 102c on
substrate or coninec titg surface 26. Thus, it is seen that great
flexibility. of .connections.is possible; usi t he_ teachin 0 t he
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excepto” MHataER HIpiRIEC [Fev@| Pro WA pMPE BPso e i ipeinEBhaos ot
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di rect connection froma vvire bond. pad. | r 2 on the i.op side 113
W re befigtriehiigh R4dranddiereck liye cdndudiwitfeedond contact pad 102d on
substrate 26. | <keGS ise there may a direct Connection froma wre
bond . pad 11.2b on the top surface | 13, of wire hand czhi-,? 24-b
to ei A1t ne Hgpe Siritlaatetasiincaampgra e hinpelpdemity fermgnal fed paekus vgias
of flip chip 20a. s tr i., dsti se 1 shve GQu:tit rei ect tor ig;
ar e | ithe @bhnigfe shose ipdsSgirbPé capripectlitothe Ibetdweensttineirs ef Niedrd - esing
wire bond Chip2 '.b tto tide: tiep chip 20a and the substrate 26 are

al so strighd lapassihbh@iwitthes. thiereapbadtaBs ssHEWIn Fizuld 98I 18e/Q md0053)0 or

Figure 3 is s.,ri.la; to One circuitry of Figi re, i2 except that e
third ; A S ' 4. chi TR T,
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as shown, thereis ar rat 1.

wire bond.. chip 221 .al-Oa . third |eve lip chip 24 0054], Referring
mow ¢ 0 P P BBt sl ety Mgl L Bofiig o R
conneciion.S. As ha-" be. *. di..SCus ed above with regard to i C3s.
3A, 'Boosand a 1bad@inen as @i We BoRBictiSe Raded ahd pAfectiveWielectric film 96 as
discussed in the embodiments above, alignment marks, such as alignment marks 99a, 99b, and
99c, may also be included below the top level of the dielectric material such as shown at the

corners 99 of FIG. 10. These alignment marks are protected and readily visible even with very

complex back side or top side surfaces of chips.

[0051] Thus, it is seen that significant improvement in the density of stacked levels of
integrated circuit chips may be accomplished in accordance with the present invention. It will
also be appreciated that the multilayered conductive traces such as discussed with respect to
Figures 7A, 9A, and the large number of wire bond pads illustrated in Figure 9B may be used on
the connection side of a wire bond chip as well as the back side of a flip chip. Therefore,
referring to Figure 11, there is shown a specific version of the stack of chips discussed with
respect to Figure 6 in which the second level chip is a wire bond chip 22b. As shown in

Figure 11, the flip chip 20a is connected by it’s bump connections 80 to contact pads 84, which

in turn may be connected to outside connections or another wire bond pad 102a by connection or



by those skilled in the a't, a flip chip, FE., iegoi-r ma nasalg

set of eomact ads "~i.,. t. -"Fp 5el . iv 20 it, e. 5,62 chip
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wire thanga€hom @ 2B.suSihtdorGOntdcdia g Guifface 26tbyl wire RIOY." Stitl andihes c§ﬁg€bchbn
9'l ctrical coat ct with :; EC$ pad 118c and in turn in contac with

wire Pag, 1220 9%0 dextdri 90?{ fet Bsmﬁelcﬁ wRengd, 8%ﬂ1p1§2%t}0 ixggeybo%xﬂgﬁdg%b

connected to a wre p 20a y awre
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connectlng re | 26¢c shown partially in dotted lines. Further in the
sari s SBfpEmter s, lai%%@%g@agreafb%%b%mf BRHEETS BFORIYasingshe gachings of
circuit 130b internal to the wire bond chip 22b may e Connected by

a n athe P8t owaiie.i' fe_ d pad.. 122c. Wr. ,, bond pad 11 22c¢c n ray
h:e- coil, ected, as discussed above to any suitable term anal on

flip chip,283.0r. an gstr ing.W...r 26d. [0055.5
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connections discussed above with respect to Figure 11, and as shown in Figure 12, there may be
a direct connection from a wire bond pad 112a on the top side 113 of wire bond chip 24b directly
to a wire bond contact pad 102d on substrate 26. Likewise there may a direct connection from a
wire bond pad 112b on the top surface 113 of wire bond chip 24b to either the top surface of wire
bond chip 22b or to the back side of flip chip 20a. As was discussed above with respect to

Figure 11, all of the possible connections between the second level wire bond chip 22b to the flip

chip 20a and the substrate 26 are also still possible with the embodiment shown in Figure 12.

[0053] Figure 13 is similar to the circuitry of Figure 12 except that the third level chip is a
flip chip 24a. Therefore as shown, there is a first level flip chip 20a, a second level wire bond

chip 22b, and a third level flip chip 24a.

[0054] Referring now to Figure 13, there are shown examples of the various connections.
As has been discussed above with regard to FIGs. 3A, 3B, and 5, and as will be appreciated by

those skilled in the art, a flip chip, FC, requires a matching set of contact pads on the chip below



ca '"herirat 1 _.-vel includes contact pads, traces, a tierrniiiai.
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enbodi nent mhere the first Level chip is wee band chip 20b, and
wher eiCRYEHeP8 dd Shdviorh p@rectly sgnissted T %ﬂﬁﬂ@ﬁ'}% viagggyio aEirghit ) dDpiarir wire
chip %ga) as indicated by reference ru-n-orals 22alh. Si ilariy, the
t hi r d brey ehipcRbp Brayp detat f16Gqpof fohichipoitaas shoevnboréEcotiapcagadt mdihcanedt
be reference nunbers, 24al/b. However, as was di scussed aboveat | east

one ofpatl hedsaconduarinthitd Wiy elreGbhppad 2denvea frideci 20Bi Vird betdedr @2b
as shown, the connecting wire bond chip 20b nay he connected to the
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surface or substrate 26 by a connecting wire 126c shown partially in dotted lines. Further in the
same manner as discussed above with respect to Figure 12, a circuit 130b internal to the wire
bond chip 22b may be connected by a via 128b to wire bond pad 122¢c. Wire bond pad 122¢ may
be connected, as discussed above, to any suitable terminal on flip chip 28a or on substrate 26 by

connecting wire 126d.

[0055] Referring now to Figure 14, there is shown a stack of chips wherein the first chip is a

flip chip 20a, the second chip is a flip chip 22a, and the third chip is a wire bond chip 24b.

[0056] As shown in Figure 14, flip chip 20a on the first level includes contact pads, traces,
and terminal points on its back side such that the bump contacts on flip chip 22a may be
connected by wire 132a to substrate or connection surface 26 or to any other connection as
illustrated by wire 132b. It should also be noted that this example illustrates the double level of

metallazation on the back side of flip chip 20a. Flip chip 22a is also shown having connections



later, the :wire bon clip top side will include additional wre bond
pads such as w re: bond pad 144b, ;which nay be connected to circuits
in the chips of the second and third |le, 0. [0058] lLefef"Dit to
F:gl1F3' c”®, 16, there is shown a . CPC: Zil1C exanple of the circuitry of
Figure 15 wherein the second leve chip is a second wire bond. chip
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bond chip 22b is shown having an internal circuit 14'+a con.necded to
a W3i ;seoborendpadal48aa orronhecthiokhsivie bond tiop 2dbde aofonmwting wibohida.
ch.il 22b, | ic! in turn L e conners..,t. Jy a. core nc ng wee 1 50a

to evidiiiltfead ORwWAJS cofineciih€ wdendos nidy be chbRdektshtroh WirdWorldh@iSs243@. the
line, or 22 to the cornection surface or substrate 26, as shown }y
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wi re bond chip lcr= 1:zver "~ turll/Et ., contact pads such as

cont act d 52C v ich is co'in ted to . flip chi 4 r..by a bunmp
cont adestedfte g 3oul uRIEhE of forkBife tifiel 2 b Gohfa teda

enbodi ment shown ii7 Figure 16, is connected to a second internal
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a manner that has spread y been discussed, linp contacts 5?h and |
Me ad ;conneci.ed nding ﬁéﬂk hd € i G ird b
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arrangenentts as,. necess and as discussed..above. .In.the e :
hod ol ehou e Bt RuRSaB R SERIBET e i) 187 ofinaes b e
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Si ni | &APIRRT 2 Wi Peishehip At ntxgiediyyrelEerce AREEPEE 4By - 41wEiRbB s Mg ditrywed
150c as necessa% p. [00591, Figure 17 illustrates an enbodi nent
wher eizhotehet Epstsne ohihg seeond anithied buridchifohs p @0bflip chip. Therefore as shown, the
connecting wire bond chip 20b may be connected to the substrate or connecting surface 26 by
means of connecting wire 142a, which extends between wire bond pad 144a to a contact
pad 146a on the surface of the substrate in a well-known manner. However, as will be discussed

later, the wire bond chip top side will include additional wire bond pads such as wire bond

pad 144b, which may be connected to circuits in the chips of the second and third level.

[0058] Referring to Figure 16, there is shown a specific example of the circuitry of

Figure 15 wherein the second level chip is a second wire bond chip 22b and the third level chip
is a flip chip 24a. It will be appreciated of course that the wire bond chip 20b is connected to the
substrate or connection surface 26 in a manner discussed above with respect to Figure 15. In
addition, wire bond chip 22b is shown having an internal circuit 147a connected to a wire bond
pad 148a on the back side or top side of wire bond chip 22b, which in turn is connected by a

connecting wire 150a to either the top side of wire bond chip 20b, as shown by the solid line, or



the second chip is a flip chip 22:a, and the third chip may be
either a nip chip or who bond chip 20a/b. Therefore, 5n. add.ition.
to the connections di scussed. above with respect to Figure 1,5, the
et onodi ment of Figure Y! illustrates Bail' the top side ofsvii~:e
bond. chip 20b may include contact pads as disco: Sped in Figuro 4C
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t hi r d sugeipgt the Alip elgupts 24 gie fHpghine24ponayen etraprctgdin YErione asaAs s s(30at
di scussed in Figure : 8, except the back. side of flip chip 2.2a
does motespegdnd todprwsad devoulplt coboieadrit oinsvi,ohe bdreling pael 148bndcatmieped
24b. For exanple, ;"ire bond chip 24b nraa be connected in a norml
nmannehyta-oanendiwige 1 ado k66irOPorld fid BaBknshad@iebofd cirdRirg R 2idaldfy,
de rd".", i@ F47J3,;,V{ ', wire bond chip my Filsobe connected by a
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the flip hip 22.a may include any of the connections discussed above
with rfégPéct togike dunBustratels ane@B6dimdRef@rereimieriew chep Eiaguireb@ diip 20b,
there is still another orabodirne-at of the present

the second chip is a flip chip 22a, and the third chip may be either a flip chip or a wire bond

chip 20a/b. Therefore, in addition to the connections discussed above with respect to Figure 15,
the embodiment of Figure 17 illustrates how the top side of wire bond chip 20b may include
contact pads as discussed in Figure 4C above, as well as multilevel conductive traces for
providing connections to the circuits of the flip chip 22a. As shown, the bump contacts of flip
chip 22a are in electrical contact with contact pads on the back side of wire bound chip 20b and
connected by double level traces to the bonding pads 156a and 156b. Similarly, the back side of
flip chip 22a will include bonding pads, such as bonding pad 158, for providing output lines,

such as output line 160a, for the flip chip or wire bond chip 20a/b.

[0060] The circuit of Figure 18 illustrates the arrangement wherein the first level chip is a
wire bond chip and the second and third level chips 22a and 24a are both flip chips. The

connections for this circuitry are substantially the same as in Figure 17, except that the back side



invention that is substantially simlar to that discussed with

respect to Figure 14, except that the third. |evel integrated

circuit is also a flip chip 24a. Therefore, in addition to the
contact pads, (races, and wire bond éonnect i on pads on the first
level. flip chip 20a, there are also, of coursie, bonding pads on
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output=to the third flip chip 24a, Thus, there is al so shown a
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22a, Thus, the secor, ; flip chip bridges and is in electrical

cont acenictibnssbsdysieHabDinpit résppg to Ergupe 2Da and the ti.urd flip chip

24a. [00631 Figure 21. illustrates a. nore coalplr } arrangenent

wher ei gstrate i.r-chid n_altiset s of contact,.pads such

s cofoyetd % RBSHAZHEw 10 e A TP Fioofn Sl AL PR e

X21 the two sets of contact padsaErOV|de el ectrical cootact between

the tWycBIAERSE BrupHategy supigd (o g9 grissed Wit sespegido Figure 1psxcqmg that the

exanple, if the first level is s flip chipp, the remaining |evels my

be anyrdfevelheteptakdrcisnodilrently diigedis sEtralbooy & whienel w the centidtpsds,

| evel was a flip chip and the second and. third. |levels were various

cor nhiabisi onswé bbhd porebiips: @adbethemitelebantp ehip®a, (hBRree also, of course,
bonding pads on the back side of the second flip chip 22a that can be used to provide output
connections for the third flip chip 24a. Thus, as shown, there is a connecting wire 170 between a
bonding connection on the back side of flip chip 20a to a connection pad on substrate or
connecting surface 26. Likewise, it is seen that the back side of flip chip 22a will also include
bonding pads for providing outputs to the third flip chip 24a. Thus, there is also shown a

connecting wire 172 connected to the back side of flip chip 22a to, still, another bonding

connection on substrate or connecting surface 26.

[0062] FIG. 20B also comprises three flip chips. However, the bump controls of the third
flip chip 24a are in contact with another set of contact pads on the connection surface or
substrate 26. Also as shown, the backside of the third flip chip 24a also includes contact pads

that are in electrical contact with another portion of the bump contacts on the second flip
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other integrated cir u_ts, including other Flip chips or other wire
bond e above concept can also be applied to a structure, where the first level of the two stacks

comprise wire bond chips or where the first level of one stack is a flip chip and the first level of

the second stack is a wire bond chip.

[0064] Figure 22 shows still more complex arrangements of flip chips and wire bond chips
according to the teachings of this invention. As shown, the substrate or connecting surface 26
and the first level of flip chips 184a and 184b is similar to the structure discussed above with
respect to Figure 21. However, in addition to the typical arrangement of chip 186a with respect
to flip chip 184a, which is similar to those embodiments discussed above, there is a second level
flip chip 186b that bridges the first level flip chips 184a and 184b. There is also shown a third
level flip chip 188a that bridges the second level flip chips 186a and 186b. A fourth layer chip

stacked on top of flip chip 188a may be either another flip chip or a wire bond chip. Similarly,
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flip chip circuits said package conprising: a connection surface or
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traces thereon, said first ectrical traces extending fromb m wire
bond péags. tre iftpndstl tobntradtdegad the, sce of thsecomdor. ectrical traces
extending fromsecond wire bon .. pads to Fourth ,,of hact pads; a

first chi hav ng an a tive. si a bac
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without departing from the spirit and scope of the invention as defined by the appended claims.

[0066] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the illustrated circuits, methods and steps described in the
specification. As one of ordinary skill in the art will readily appreciate from the disclosure of the
present invention and circuit connections presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include within their scope such processes and circuit

arrangements.



back side of the first flip chip defining electrical traces ex nding
from second contact pads and electrically connected to third wre
bond pads; a second dip chip having an active side and a. back side
and havi ng second electrical circuits cooleacted to a second
multiplicity of bunp contacts on said agtive side, said second
multiplicity of hunp contacts positioned to be in electrical ,,0 to
ct with said second contact pads on said first flip chip; said back
side o,f said sec-o0: d flip chip conprising third contact pads and
fourth wirer ;doondigadss: a third Flip chit including a third
_n.ltiplicity of b#um ., contacts in e ectrical contact with third.
contact pads, at |east one first wire bond connecti on between one of
said third wire bond pads on said. back side of said first flip chip
and onei.o: sai dieSeconghckast next WaldepadsiionicBabsieapnectron surd:accirand said
21 alb least one second wire bond directly connected between one of
sai d fourthzﬁf%§@83WHBB§ds on back side of said second lip chip and
0 e of said first wire bond pads on said connection surface. 2 [tie

.lea r.nl¢ Pagk:i9g 0fra @D MblWhesgidy 821 diethbdi b0 dddaGtoRadSct @ traces
on sai d baekside of said. secono i.Yip chip such that Ste. thirst
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wi re bond pads. 3 The el ectronic package of claimi flirt .er

conprising an el ectrical connection between one of sa d second
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at |least one of said plurality of electronic Crcuit c=lips;
back side of the first flip chip defining electrical traces extending from second contact pads and

electrically connected to third wire bond pads;

a second flip chip having an active side and a back side and having second electrical circuits
connected to a second multiplicity of bump contacts on said active side, said second multiplicity
of bump contacts positioned to be in electrical contact with said second contact pads on said first
flip chip; said back side of said second flip chip comprising third contact pads and fourth wire
bond pads;

a third flip chip including a third multiplicity of bump contacts in electrical contact with third

contact pads,

at least one first wire bond connection between one of said third wire bond pads on said back side

of said first flip chip and one of said second wire bond pads on said connection surface; and



at least one flip ch p in said stacked plural. ty'rips'electronc

6=hit chips; at |east one wire bond on a hank s: de surface of a

second chip of said stacked pwra ty of electronic circuit chips; a
third, chip | ocated between said second chip and said connection snr
lice., said third chip being connected to/ said CSInO taet pad.', i.
i'LfLRfsi...:Yrst il .z2ap eo%ta.dvtq on a first side and al so
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connectio n surface, whey in said second v Y-" -"ad is connected to

at v ., :}ne rf s 2:.(l contact ;, ads.

2 The electronic package of claim 1 wherein said third contact pads are on said backside of said
second flip chip such that said third flip chip is stacked on top of said second flip chip, and

wherein said third contact pads are connected by electrical traces to fourth wire bond pads.

3 The electronic package of claim 1 further comprising an electrical connection between one of said
second electrical circuits and one of said third contact pads on said back side of said second flip

chip.

4 An electronic package having a stacked plurality of electronic circuit chips comprising:

a connection surface defining contact pads for electrically connecting at least one of said plurality

of electronic circuit chips;
at least one flip chip in said stacked plurality of electronic circuit chips;

at least one wire bond on a back side surface of a second chip of said stacked plurality of

electronic circuit chips;

a third chip located between said second chip and said connection surface, said third chip being
connected to said contact pads through first bump contacts on a first side and also connected to

said second chip through second bump contacts on a second side; and

at least one wire bond connected directly between one of said wire bond pads on said back side
surface of said second chip and a second wire bond pad on said connection surface, wherein said

second wire bond pad is connected to at least one of said contact pads.



