1 System In Package (SIP) Structure TECHNICAL FIELD [0001] The present
invention is related to integrated circuit packaging and more specifically to
systems in package (SIP) arrangemen{s using flip chips (FC) and wire bond
(WB) integrated circuits having conductive lines or traces on the top side of

the chip. On flip chigﬁﬂéﬁf@ﬁcpﬁﬁk% '@e(ggpym@fﬁlc@posite the bump

contacts, and on the ‘wire bond chips, they are” on the same side as the wire
terminations. BACKGROUND [0002] Assembling several ICs required by a
i ingle package is now a common practice for complex electronic
TEC@E@%S&% Is often referred to as a SIP (System In Package). Using a SIP
assembly results in improved performance, less cost, and reduced size or
[0001HimerBierprofean islertionic sybterhtcHarbzBiRiteictwnio logyagarg badedwe spirgfically
bond structure or chips. However, as the number of different ICs in an
to syselestropickyst¥li creasguronberamgdmete ps 6hplend e dadrgedrilvibeneirated
wire bonds is almost unmanageable, and, making hundreds of closely
circuitsgaoewivedvohivedomyautiomsioudhg diffiside. Fuhhehipor@ndiliorcbipmphex
wire bond arrangements are prone to breaks and/or shorts between wire
condugbmel§nfB003]arhe gueioppes Fgheeb urip anmatitalapd oro graphrsthonihghthe they are
resulting complexity of wire bonding or connecting two stacked wire bond
on thectips fadg sugisontisutssmanetionsonnection 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
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[0002] Assembling several ICs required by a system in a single package is now a common
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



appropriate for many uses. Further, the cost of designing and manufacturing
a FC, having the circuits that are alregdy available on a WB type chip may
not be economically worthwhile in 2 many situations. Therefore, as SIP
complexity increases, it would be advantageous if existing WB chips could

many BRUGSIRRINGH it RV all 3ipkebla siseiti SnfreatRe I Qreu 18 R léantageous if existing
interconnecting technology has become difficult. [0004] Therefore, effective

WB cteshpiuesdebmbancanacting s reraumbers. ofladmaR| Rwiiuetuigdiddhnecting
minimal wire bonds would be advantageous. 3 SUMMARY OF THE

technd MY hbEI6ANOIAO OBt thg issues discussed above are addressed by the
present invention, which generally comprises a plurality of IC chips

interc ted [ ackage haV| at least a stac f two levels o
100040} SRR LRTEARS EEIea B8 Lk g SE B Sttt STP
and wherein at least one of th acéed electronic chips is a wire bond chip
st G B SR WA TRYS608] According to one
embodiment, an electronic package comprises a stack of electronic circuit
chips that includes at least one wire bond chip, and at least one flip chip. The
remainder of the chips in the stack can be either a WBC (wire bond
integrated circuit) or a FC (flip chip). [0007] If the first level chip is a flip chip,
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
SUMMIikR Yoo pais 1 Imeriaed above, the package will also include at least
one wire bond chip, which will be on a higher level of the stack. The wire

[ooosgond il eoarse soond elegiie, MR MIC 5 COMNBCERIR cencray
econa wire pads on a connec 10N sli e wire

comprise tlL alaln 2#) s1n Sé)c];;ct, ensetlacalémag be EIthetrlg Chl R Orﬁ‘f'\;/% levels
rbonc?% ere ]isonge mcludeg }(GC%I’ICBJ cd%m ons omt

of sucﬁlgf:trgchcc (s)relt%?r ceﬁf"”d Irfee\é? Wehshadip Ch'Hf Qe hongen d% Wherein at

Tirst Ip c glecirical 4 connections e electronic c |p on
least QL%(%“HE St éﬁ‘eect%ecéraﬁ‘ s‘ih' Wil Sn%F%%g‘wﬁ? and [tfé%r {40 chip
ond c is on th ese evel of a stac ee chips, t en the

(FC). connectlon surface or substrate will define additional wire bond pads and
further comprise at least one wire or electrical connection from one of the at
least one multiplicity of wire bond pads on the first wire bond chip to one of
[0006]he adiitordingsneie pabiedment soaleetworr Naekise epmpbstpaetfdooBtlectronic
Another embodiment of the invention includes arrangements of a stack of ICs
circuipghépaihahmedudes ar est Rnemics iBoadwrahend dHinshaeedhe eithe llspemainder
ICs is the at least one flip chip. Then as was the case in the first
of the shipd HirHenttagtecranhaipithgn e ¥iB 4 e itisbintagkstad cffigniéven ki diip chip).
another wire bond chip. In both of the embodiments, whether the first
[0007] If the first level chip is a flip chip, 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



level chip is a flip chip or whether the first level chip is a wire bond chip, it will
be appreciated by those skilled in the Z?rt 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

connebfdRétasiadicontaetpadsHn sherdomaid e pfitheidraeandishippantienstiend level.

back side of the flip chip. The contact pads are connected to wire bond pads
Furth@itBSRMELIAE thip TWR)SsQfiLIRSWicalid CaRUUEHRIRCESHREIWERR, fRen the

two. The pattern of these contact pads is selected to receive and make

conneBlREIGAeOAGIMER@RN@THP SIRIBAMIRG RWHRIGRAASHS, fHENBHIPASE at

contacts are a mirror image of the pattern of the contact pads. [0009] Sitill

least GHOQARBPeRiFReAISCHIGIEEC A VRIMMIE TRyl le6HORIGINPREAYSS Widd bond pads
comprise at least two SIP packages of the type disclosed in the above

on theefiogironis (BQLR] Iheoioneoingibad eutlinadiathar deoasidhefeatfes or

and technical advantages of the present invention in order that the detailed
substrd@scription of the invention that follows may be better understood. Additional
features and advantages of the invention will be described 5 hereinafter,
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anothfi:rr“{'ﬁ{)] .g\glefial%? E)Eoz{rtlgtﬂgrtbv?rg BBSd (cjl%% .Cﬁi rl';]osth(sof the embodiments, whether the first
level chip is a 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.

[0009] 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



BRIEF DESCRIPTION OF THE DRAWINGS [0011] For a more complete
understanding of the present invention, and the advantages thereof,
reference is now made to the foIIowinngescriptions taken in conjunction with
the accompanying drawing, in which: [0012] Figure 1 shows the maze and

hereinG@RAPIOKIBA FoMArO QRIS NOWRE TRARY HEtRY $ERRIH IROIIHbIAUse 2 ppistiaies by
a stack of three IC chips on a substrate or connection surface and the

those VRilIRHSPASSIRlenapiReSiRBptRRIARIDH QI HAEIAHS AR R HRRUSIAE MSy be readily
according to the present invention; [0014] Figures 3A and 3B illustrate a

utilized MPATRE PRMAGH DI ViR ANt bR VigwdasRastivRlyeelad fioe witlyiRumR the
contacts; [0015] Figure 3C illustrates a FC similar to that of Figures 3A and

same BEPUEEs GINELpHMRAFageeEBThe: RACKI SIS Pbdheahiced B9 Rb figkidsi4A @Bdrt that
4B illustrate a perspective view of the top side and a side view respectively of

such esivapiiednieicanwie RankeiiprivithimdregRana CorspepadsiaveiR OB set forth
side; [0017] Figure 4C illustrates a wire bond chip similar to that in Figures 4A

in the apPefBetuctaphdncluding 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;



7 [0020] Figures 7A and 7B respectively show cross sections of the contact
pads and traces having a dielectric coger layer on the back side of a flip chip
and the top side of a wire bond chip according to the teachings of another
embodiment of the present invention; [0021] Figure 8A is a cross section of a
FC illustrating how insulating material may be deposited between and under
BRIEEhBDBSEIRIRTOOSOOHUCHEDRASSIAIGESFigure 8B illustrates how recessing the
conductive connections below the top surface of the insulating material can
elp prevent degradation and shorting: [0022] Figures 9A through 9C
00 e R e B R v
thereot GOl RIS DONG, Chl othY {0hs mdé's“c'f"}géﬁa%so aﬁ%e‘a”'c B 6, the
number or possible connections maybe increased; BQ%fﬁléure]f
illustrates the use of alignment marks on the back side of the flip chip; [0024]
accon]ﬂ%rmglg Ja;ia\ﬁn §?éns\|%%el%lléws of the basic arrangement of Figure 6 and
illustrate various chip arrangements and connections or sub-embodiments of
[00124 threBigareHiphstaskhsrmpzebstiraapevonnbsticnbondasewhen anydkés syftipns;
chip on the first level and at least one wire bond chip on the second or third

[0013feve! accardngindhe Sachingst afthaearpabiny QR EON RIS Larface and

illustrates a second embodiment of the invention wherein the first level IC is a

the vafili&s PRRAKNWVEFRIRI dROZE] FigHIes iord 31 SidnvignS QIR RASICto the present

arrangement of Figure 15 and illustrate various chip arrangements and
invenG@nections of a three IC chip stack wherein at least one level of the second
and third level of IC chips is a FC;

[0014] Figures 3A and 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;

[0017] 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;



[0027] Figure 20A shows a stack of three flip chips with various electrical
connections according to the teaching ,;)f the present invention; and 8 [0028]
Figure 20B also shows three flip chips ‘except two of the three chips are at
the first level and the third is at a second level and provides a bridge across

[00201he twaairtier ArahieyBli@pedPRAPk gk eS¢ dcanbk 2 fitHsEatRPAFKAOIN traces

and connections of two or more sub-packages similar to those discussed

havin@RNE Wit TeSRETh{erg e DRI brEaRtANSsitha ©ihgige BAskaE bdnd chip
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS [0030] The

accordNiakiogrRneausings frthe-asantypreiersdirphadinanisam discussed in
detail below. It should be appreciated, however, that the present invention

i licable in ' ts.that be embodied i i
LU i e e st R e e
s e B B B e o B B e A s v

illustrated a stack of three ICIS: ips 20, 22, a(r%d 24 r’%ounte toasubg,\.tléflteo 1
reces U HISCHY WA BRCSHRRSAY & B B AU RG4S 85 LB e 8T e P
enec ions ma(gggpossible by different arrangements of flip chips and wire

Cco
prevelﬂ)tocﬂ(?r flﬁ%o%%% fﬁa%’the present invention. As will be discussed in detalil

later, each of the three chips 20-24 may be either a flip chip or a wire bond
[0022¢hip. HigweserAakoaphfGCanhertnbedihventheisoubset ¢atacehanithedaykrisdel of a
of three flip chips and shown in Figure 20, each arrangement of
flip chip or the top 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;

[0026] 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



the three chips will include at least one flip chip and at least one wire bond
chip. [0032] The arrangement shown i% Figure 2 illustrates connections at
each level that are possible with variotis combinations of both flip chips and
wire bond chips and therefore it should be appreciated that Figure 2 is for
[0028¢liscussiQne-ansRilusIratinm eRlye RIPEHDEISCUpS NG therReani:catipyaiioustife first
chips, arrangements, and their connection, refer now to Figures 3A, 3B, 3C,
level £, tftBhAAGsut [DAIIhEIRES B iSraviIIQrA5E aBRLIGH 18P RS SPaIFesViBVel; and
and Figure 3B is a side view illustrating flip chip 28, and showing the bump

ontacts 30a, 30b, and 30c on the bottom of active side 32. As will be
0029 iR 3] P LHNRTR THCE UGSl B oy ore sub-packages

. .. connected.to selected electronic circuits (not shown) comprising the flip.chj
1530 R kD SRS VA ORI o ChEWATS Sl AdhEP IS o g
contacts, it will be appreciated that the number of bump contacts may be
§anificantly greater than nine. It will also be appreciated that the terminology
such as "top side", or "back side", or "bottom side" is for convenience only
and to aid understanding of the invention since the flip chip circuits could be
mounted in substantially any spatial orientation, including upside down.
[0034] Figure 3C illustrates a flip chip 28a similar to that of Figures 3A and
3B, except the back side 34 of the flip chip 28a includes contact pads 36,
wire bond pads 38, and traces 40 connecting one each of the contact pads
to one each of the wire bond pads. The term "back side" is used herein only
with respect to flip chips, and refers to the side of the flip chip opposite the
bottom side that has the bump contacts.

packa



[0035] Figures 4A and 4B illustrate a prior art simplified top perspective view
and a side 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
DET AheBRDDdige RARTOON OV e D08 T RAIPIMBYEMBODEMENE $lurality of contact
pads 36, a second set of wire bond pads 38 and traces 40. It will be
preciated that includin tact race % nd t rﬂe sec nd set.0
[0030\?/ ire (te)%ﬁd p%lf(ds%@l\(/lvlﬁs o% 8%%&3 w?%rr% ﬁeerrecomp 8% e to Sedfl n detail
th nd chi Quever, t ntact $; fraces, and |re
belon s T i %R&h.e%rgﬁdyfﬁgphcable

n a.c mat%zclén rsr}gcgle@%ﬂVT@e das ed.lines. @Hre 5i strates

mvenﬁwvepc 16 tSc |pcﬁl§ aSmg bum;l)n Eontacts %‘6& Ogcf'gem c%tﬁos Red ific

emboé'f‘ IR ek sQ&%CEgre?% 1§ Hﬁ‘ls%“a*ilsvtéaé eé??%“egg;’ iy m%k%%%dtﬁ‘s%_ Oe“fli%lltion,

s on the back si Ip ch iport & contact on the top side o

and d3i 0et pgpgtﬁggo A % (gvlnrllvggtﬁgpre0|ated that the contact pad pattern is a
mirror image ofo% ump contacts of a flip chip such that electrical contact is

made between bump contacts 30a, 30b, and 30c and contact pads 36a, 36b,
[00314nd 3Befregpeativelp. E@nﬁi%aﬂy:mﬁduewmda@e@d%f, Bots Iardhipocthen. and 24

provide electrical connections from the contact pads 38a, 38b, and 38c to the
mouniggéo BoRBISPaRsoBaNBBHINgrig BB s pedttive iy PIObSTAT Hrerfo e akisfsharg the

~again to Figure 2, various possible connections will be discussed. For .

variousyeasteti pigne asstinss tRRb olisfer g s Fp 2 e thek élinifbes o ige henetships

on
according to the present invention. As will be discussed in detail later, each of the three chips
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,



the bottom side of the flip chip, which make electrical connections with
contact pads on the substrate or congg{/tmg surface 26. Therefore as shown
in Figure 2, there are a pair of conductive traces or leads 48a and 48D,
extending from the contact pads (not shown) out from under the flip chip 20

althoulShGPIPNSGH RS Hoaka Wil g Madtép (MaoVTBIFHY R dFREQS, if Wi ueppaterlted that

circuit 20 as shown in Figure 2 is a wire bond chip, then, there will be

the nu®ICSIhWiie BanacRAclSy BeCH csivhia 196 R2dRA0An 01, IDaRRlOeppeEL iated

on the top side or surface of the first level wire bond chip. The wire bond

that tHeadmiRalo2)RuahndsSAsARIN, trmRRReEE Lo BEeheiearicatdraces &dénce only
52b, and 52c on top of substrate 26 by means of connecting wires 54a, 54b,

and to2d SdersThRNafose i Gandaa siean db alceithesapine hand ehip Ohd fhe-ehip
may be used as the first level chip 20 according to the invention. [0038] If the

subst3RLANG Ve chitoZifaaoNiaoeam chipBdithafirst level chip is a flip chip
as was discussed above, then, it will be appreciated that there will need to

o R BB o v
d chi h ill b d d 6 of th
S e e

58b, 58¢c d58d It wil] be a of coyrse, th .
conne “B%ta‘h%% Erﬂ %tepi(gsf%)u?l%?% o ot WISBOnEDadse sﬁ@t?{% bagk side
bodlm nt |Il trated th wire.bond ect other wir
is useg A mo Oa onrﬁ‘%getcotposurace of ﬁ?g fitst e%)eﬁjc ||§l %{ﬁ aR/OBBOSEethe

botto elth(e ﬁ ra ere%Popd chip), by means of another connectlng wire
BN THE ere émp)ag 84t may simply serve as an intermediate stop for
another wire connectlon 62b from the
[0035] Figures 4A and 4B illustrate a prior art simplified top perspective view and a side
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



wire pad 60a to a contact pad 64a on the top surface of substrate or
connecting surface 26 as indicated by dashed lines 62b. Alternately, wire
bond pad 60a may be directly connected to a circuit (not shown) comprising
part of the first level chip 20 such that circuits on first level chip 20 and

wire bRl ENIP3E PeaypprR dNiRCannatiednAlGDHaAS SRR thRaIHENRGAOf the

second wire bond pad 58b on the top side of the second level chip 22, which

bumpiSosReEFROEY eatly Jecrphainges capifch Pack b4l HebSHAI® RhpRBIAG s 30a, 30D,
surface 26. The wire bond pad 58c also on the top side 56 of the second

and 3dRvelckiptde pilldsodisuissad kgerwpitrRepecEleciie dNrddauateiniddes 40a, 40D,

[0039] Therefore, now assuming that the second level chip 22 is also a flip

and 40hiReit pvill iR apprecipésaiaioherkaskiridentdcopiae I8! Beehabips2Qontle wire

include contact pads, traces, and wire bond pads similar to the contact pads

bond péistBRees sH) aaad Y¥irespengvppds 38 as discussed in Figure 3C. Therefore,
referring again to Figure 2, it is seen that a trace 36a extends out from under
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substrate 6|s nco cted. to an electricall conductve trace 68.for
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under l'tlﬂe ?hp C gOrtlg UShnections that will be made to the conductive traces. If the integrated
circuit 20 as shown in Figure 2 is a wire bond chip, then, there will be included wire bond pads
such as wire bond pads 50a, 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 52¢ 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.

[0038] 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



the other pads 70a, 70b, 70d, 70e, and 70g, and 70h will be discussed. As
shown, wire bond pad 70a is connect(f\g directly to a contact pad 64d on the
top surface of substrate 26 by a bond ‘Wwire connection 72a. Further as
shown, there is an electrical trace 74 leading to an outside connection. In

four vaEdBiRI fndIS Slirsgl GARABGHONPBIWERB ARG IeveAehiRRABRILEIRI pad 58a is

substrate or connecting surface 26, there is also shown a wire bond

conneCRIANBGHRIMEZ R e uaapia e shhrO e PadfAeb InHE gk tay et ckilh 26 aRchich may
the wire bond pad 58c on the top side 34a (if a wire bond chip) or back side

be citid4 GfRpftRiphip) ofifoe SREonih eventdliRs2A dibther eBIRRIME NN OV WHE wire

bond pad 58c is further connected to a wire bond pad 60b on the top side

bond PR RRSKSiElE] B 4o e thealirsiteMRIdehiP L6h B MLENS Ol O RBBEEREWBED from the

72c. Thus, it is seen that the wire bond pad 58c may simply be an
wire prdesnaediai@sarnpsliondMmib e piiahondiad stiean Hoadbitth evalacbipdas

the wire bond pad 60b or wire bond pad 58c could possibly be connected to

indica@REbSf dhehedingrtitsoiot shewmialetpprishg BpRartonHh e diedils ebithected to a
second level chip 22. Likewise, the wire bond pad 60b of the first level chip

circui2Q60sHevals e hiepeine pedoioHgd Cirits dNEt e B yueh AMAtiSIAG As RV iR Bfvel
the first level chip 20. [0040] Further as shown, there may be a direct wire

chip 200iHieGiion dnene MaRep e Heisk 1@ loyn fer B CNIgovil §hbch beassing Baer second
second level chip completely to a wire pad 60c on the top side 34a (if a wire

wire Haaddh e fRosbarksdaed3b(iftr Hieahipyof tddiet, eualichipabeélsddigctly to
shown, there may be a wire bond connection 72e between the wire bond pad

anoth&@Qwofabitglaeéeb chipuBtadhe dopisttrfactacef 16 Thbsiiai®@idcpane®diaBo on the
surface 26 to a contact pad 64e. As was discussed previously, contact 64e

top side&@p beé thensestidddv:hobdndDciitetisalie U4k don seteeigtrespanactibashiodie el
outside or other systems. Yet another connection may comprise a wire bond
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 extends 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



connection from wire bond pad 70e on the top of third level chip 24 to wire
bond pads 58d on 14 second level chip 22 by means of connecting wire 72f.
Wire bond pad 58d may then in turn be” connected to a contact pad 64f on
the connecting surface 26 by another connecting wire 72g. Finally, there

wire H&@Yﬂiﬁﬁm&r—e(ﬂ?nmﬁ%f }ﬁ%‘{yﬁ‘@s@ yogeTopnsh@ady e othe dhrshiev@tehiBwever,

24 which bypasses the second level chip 22 and is bonded directly to a wire

the otRGh@ATHROTHBNiIS! 7Ry @hahin2@n (OPdH viinBthas AR emaRbwherate Hiad

third level chip 24 is a flip chip is now discussed. As shown, if the third level

pad 764ip iz adircbinythetopnsidead ofdhs seeesssavatebindamite mrbidebond

traces extending from contact pads under the third level chip (not shown)

wire déanedraleT he Fehitaadditionahovdr e hartpadalamiber 1opslifiageRbutside
Therefore as shown, there is a trace 76a extending from under the third level

conne€hitihlo1@ MitRi bRR6l tRadif&a esmiledop iiiace @t ihersesandhlpvel shipfdsubstrate
According to this connection there is no further wire connection from wire

or coneBin Paek%8a 2a)drie s alsoRASFHANWINgbbhe diseitdiibthewiserhens thadvire bond
78a was connected directly to a portion of the circuitry in the second level

pad 70high2Rird Nere thpse showie &v§ewyid pandactiiethsace si6b Rdendingfeahd
underneath the third level chip 24 to a wire bond pad 78b also on the top

chip) stibfagesafie aeadiig evg) chipeXecdherevid tiiher inelueeensbeanneatii®wn wire
where 76¢ bonded to pad 78b and extending to a wire bond pad 60e on the

bond pap ssefacRdhdhediisidedabehipiboftiphdes0bnattiaopcsadid3 4aesakplile 34 of
connect a circuit in the third level chip to circuits in both the first level chips

the firanid agchijsilews! elkips. j0042] Bithirdvermdectiveutrace d6enaktrmekingifedsond
underneath the third level chip 24

pad 58c may simply be an intermediate connection from the wire bond pad 70b on the third level

chip to the wire bond pad 60b or wire bond pad 58c could possibly be 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 shown, 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



extends to a wire bond pad 8 of the first level chip 20 and in turn to a contact
pad 649, 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

secon@Methe G20 oiRenS WIRbaIR AIEORNectan suHassndGRY SNARGIIAGHYH €urn be
79. 15 [0043] Thus, it is seen that according to the teachings of the present
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between the three levels of integrated circuit chips, no matter whether the

FinallGhiRsr@igNiBEhiRS O cyvire R ehiRen (W44 Reieinghentiie figaneel chip 24

there is shown a first embodiment of the invention, which will also include

whichS@MeiakY aiatiars @TsebBiprodiments shad ikl digch ssee hinie Rrif60d A8 first
shown, there is the substrate 26 to which is connected a flip chip 20a having

level dMiprpocontacts 80, which will be arranged according to a particular pattern
on the underside 82 of the flip chip 20a. The bump contacts 80 are

ositioned over an array of conta% ds 84, which will be arranged in a ..
100415 oA RN B SERTRY HE o IR T HE At SR EHBANISHE i tsed
bump contacts 80. These contact pads 84 are pr v'%e%t outside circ j?t%.b .
As sy dETF SRR RS STIRAAS 1R S oot ol HaacophT e g 22 wil
: 76¢, and 36 ifll:ustr ted in Fi uredlz. In the, generalized m%(l)diment f Figure
ineludg ey g S Lo U S VA S SR ' Sy St ynder he
.. wire hond chi %EZb s is also the case witfé third level chip 24. However,
e A R SR R LIS Snfs e B e hrece 70
exten&pne% %}Qr%r. Onr}f%rotfh%h&lig eog&cﬁ?g t})halfrgvfreehvg(l)%glhegdl %‘%ﬁ'}%ﬂ%{? %?Pa%é: (r)]{qhe second
can be either a wire bond chip or atlip chip as was discussed above.
level c%lelg %qli%%gd%%%%h&risp éonn%tetcre%r? %%&Qqsl?lg%]u?t@g \szzlrlés c%r\ll}lllégtlj?)% rom wire bond
pad 78a and such a connection might be useful if the wire bond pad 78a was connected directly
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 76¢ 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.



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

[0043fPPretiated thalchrgaiGRAPREHSNS et R RILQST \HEHRABE GRVIRIIO NSRS are a
connections through bump contacts and contact pads. [0045] Referring now

very 1iodeiguaser b delPothoimdsilbasiatad 6Eo besretOna MiewrR AfIsOntiatgrated
pads and conductive traces according to the teachings of the present

circuilRY@HHI 9. g ttB whener, thecRipsarseainiBs &f ¥he: baal sigpsportion of a flip

chip is shown as including a buffer layer 90, a conductive traces layer 92, the
t ds 94, and a.diel t t t Im 96 f do b
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tracesgsé'ug 35 con IIQ’CEPV% %racgsugg 4§€C?§a Mgbal}gcl%%r%lﬁs%a?ed in Figure 2. In the

generalized 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



copper, aluminum, or any other conductive metals and alloys thereof. The
dielectric film 96 will cover the metalliﬁéayers 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

showrEQR¥Y#66s Eeda dir RO oneh e oRadsRiligrinotAss) P Eh M RAARRE Riligen&lassbuffer

or silicon nitride. The contact pads 94 may typically be made out of

layer SdUMdHANSEMCRMEDaRE (ReIEShEOPPRISTAOhRr NaairRiale angidi&ctive film 96
formed in apertures selectively positioned through the dielectric film 96 such

formethah tAebAORKEIE AR iRet it thruriativ davers93f ferthpreaphaugtiipehip is also
contact pad arrangement of Figure 7 is particularly suited for use with a flip

showit BiAntedsaine iatsangemeniuimey alseebs uredidicpraviding aaniastgsadshen
the top side of a wire bond chip. 17 This allows the novel arrangement of an

integrhiRBRYidayiepfigoahipides hetble akiaady sRNicrieectmsentaciRads WeaiatkRBdnnect
the wire bond chip. [0046] Figure 7B illustrates the cross-section of a wire

structii@nd8hiprapasis sinilandachigucel Hfere¥ae phihahthg danetpads R4salip),
wire bond chip are designed as part of the interconnect layer 99. Conversely,

prefertityionddpacis 94 @hstilip Chip 1y diclesiginagyenta bk 15160l e be composed

semiconductor substrate 88. [0047] In addition, referring to Figures 8A and

of sili8sh tamearglibustinedfwithaicombodime sl yiae praieetinaibedniegiatestress
circuits 98 of a flip chip from shorts from the conductive traces on the back

buffersitiacafdihne fifeakiphdsi ghemasdes rigurendArdhetirauwatacbayet @i infk. The
below the metallic conductive traces 92 and between the individual traces as
metal b esulistirigiticeh 3B co0itlie: aihéidibrdrdeednptintluda theaielctitfttiodbetween

below the metallic traces. However, in this
the contact pads 94 and other connection points on the chip such as wire bond pads. It will be
appreciated that the conductive traces or metallic redistribution layer 92 can also be replaced by
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.



embodiment the metallic traces 92a, 92b, 92c, 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

This JMOKS thanRre Javasahsnesallic G usiveiinesp BHsbRuUmAIFSLiaR%S ©

metallic conductors or traces 92a are deposited and covered by a first

contaRPRN Kbl endiRieebismiloni g second layer of metallic traces 92b is then
formed on the top of the first portion 96a of the dielectric layer. The metallic

ias or.inter ctions 92¢ may be used to connect the first Jayer o metalllc
Loy 5
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d Igr nductive tr ces a 18 sub antlally larger number of layers have been used.
S16€ O HiFS i élcéﬁ'b?‘g P88 PRat using two or more layers of metallic traces
provides much more flexibility in the possible contact arrangements. Also as
[0047§liscusseddboresctieeringritabigpeacs DY ganddsthée desijneched fhetmetaliiodiments
redistribution layer and serve as the conductive traces. [0049] Figure 9B
for priiustiretebeastagretcdrmpiaioniy, of hifipddnsifyote vhimtl foaw structudaasingraces on
the technique shown in Figure 9A as compared to the less dense structure of
the bafkgude 0Chesihg chipylé\ kasrervoondbigive 8racte. inkutetsp nific Ay sisosihbelnvinthe
Figure 9B, there may be two or even more rows 97 of wire bond pads on
metalleachndiithiey fdracsidEs andthetentnatimedivsholirdsygs as shown. Figure 8B, on the
other hand, does not include the dielectric film 96 below the metallic traces. However, in this
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



using the multilayers of conductive traces as discussed with respect to Figure
9A. [0050] In addition, by using the conductive traces and protective dielectric
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

substdg & PidhR diglpekicoMalerishsHCh-as shHVTRISR wadrBerp PR QhfetGhdQising two

These alignment marks are protected and readily visible even with very
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significant improvement in the density of stacked levels of integrated circuit
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also be appreciated that the multilayered conductive traces such as

redistHIRUSSRYWERT espRGIehFigHaRsHAA tBReand the large number of wire bond
pads illustrated in Figure 9B may be used on the connection side of a wire

| the back sid T f
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substrate or connecting surface 26 by wire 110b. Still another connection
[0050ay He hdstitianwire usomgithadobdBctor thetoprsigeaéaiive diokudteiifil22BG@s
wire bond pad 108b
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



on the back side of flip chip 20a and then to a wire bond pad 102c on
substrate or connecting surface 26. Thus, it is seen that great flexibility of
connections is possible using the teachings of the present invention. [0052]
Referring to Figure 12, there is a circuitry shown similar to that of Figure 11,

trace BXCERlstR! Shewhite 18y IChip iSsate denwipadorsh ehithe Haell Bigredereirtbond

addition to all the connections discussed above with respect to Figure 11,

chip 22BthAs SERWIhIR ki &k bhiRI pamayhicoR M ®atRANREtDD ERIP POWHE a wire
bond pad 112a on the top side 113 of wire bond chip 24b directly to a wire

conneb@bE CatagliRagh i havus DS Fa s A8 patkendsathe iR Buana@ueEtectly to a wire
connection from a wire bond pad 112b on the top surface 113 of wire bond

bond FRP1 82 da eithebiaetos: suaciaf Wikeadarwlshia k2l 06, te titeahagie sidafction

flip chip 20a. As was discussed above with respect to Figure 11, all of the
may be@ssikle waBmeatiqnsl hebyernibeopasandfianal wirel BRLCBIR A2Retedhe Sl 108b

chip 20a and the substrate 26 are also still possible with the embodiment
on theShWRitle bitie chep EIRE3digH e kSwsrsibohariathecei iy sefatd Gui@ddecting
except that the third level chip is a flip chip 24a. Therefore as shown, there is
surfac@ festTene| flips cbip 20a geesefleribiemedbdoakendnshipaliblandifetiekdaveings of
flip chip 24a. [0054] Referring now to Figure 13, there are shown examples of
the prédenyaii@msieonnections. 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

hip, EC, requires.a matching set of contact pads on the chip below. 20 it, i e.
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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



where bump contact 116a is electrically connected to a contact pad 118a,
which in turn is connected by a trace 120a to a wire bond pad 122a. The
wire bond pad 122a is then shown as “Deing connected to a contact pad 124a
on the substrate or connection surface 26 by a connecting wire 126a. There

it, i.c. I9ipISRIFRAW RGP HRREREIA EOReWRIENh ISR BlEGHHERANIRG 29I Aherefore,

contact pad 118b, which is directly connected by an internal via 128 to a
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shown in electrical contact with contact pad 118c and in turn in contact with

whereBilihpeodipad 1821 bieaiacs 8 Wireohoashadphd2l smayhioemnb@rm is

connected to a wire bond pad on flip chip 20a by a wire 126b (solid line), or
connetrBRtEly0dre2bans Padkd Bahdpay b gommecies toadcpatacaad thédbhomn as

the connection surface or substrate 26 by a connecting wire 126¢ shown
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respect to Figure 12, a circuit 130b internal to the wire bond chip 22b may be

wire 10@aneies byagyishd2Bh tunipe-Hoack paebl 236 MirenkangrRatbaZe mdwh be
connected, as discussed above, to any suitable terminal on flip chip 28a or
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there is shown a stack of chips wherein the first chip is a flip chip 20a, the
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[0056] As shown in Figure 14, flip chip 20a on the first level includes contact
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contacts on flip chip 22a may be connected by wire 132a to substrate or
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It should also be noted that this example illustrates the double level of
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having connections
surface or substrate 26 by a connecting wire 126¢ 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 122c. 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



21 on the back side. More particularly, flip chip 22a is shown having a circuit
134 connected by an internal via 136 to a bonding pad 138a on the back
side of flip chip 22a. In the embodime%? shown, bonding pad 138a is
connected to the wire bond chip 24b by a connecting wire 140a. Similarly as

on theShQWRi R COMRRGIRE IR LADD Bhay e conmactesh{mam iR RonguchinmdRddby an
the back side of flip chip 22a as shown by a solid line, the back side of flip
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surface 26 as shown by a dotted line. [0057] Referring now to Figure 15,
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20b, and wherein the second chip may be a flip chip (22a) or wire bond chip
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may be a flip chip or a wire bond chip as indicated by reference nhumbers

back s2d@l.fliwwapen asWaswissussetd abey et delastdens aighaipermng erdkirtby a

level chips is to be a flip chip. Therefore as shown, the connecting wire bond

dashe@hife20Ptody bebeaneasieshintha Suhsiaie OFLHIACHNG ddtiageind by
means of connecting wire 142a, which extends between wire bond pad 144a

d 146 th f f th bst Il-k
[0057ii’ann ﬁaeﬁé‘egw SR oid a”b%shra%ﬁ%fh% %%ﬁé%h gl S ! chip
d I bond pad d 14 hich. b
o R SR e L R RS ke
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W erel e secon evel cnip Is a secona wire

chip o&haevtvh}a ey, balipghip 26 Ll bePamffa?et%%Of sourseaie. g
wire IS connec o the 'su e or connection sur ace

above at ea&%rnglgg%gg (s;"f(:jcgrtlj(f) or tﬁ\{lrt(? IAE 1tptso i's: gye al ip ch1p 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



addition, wire bond chip 22b is shown having an internal circuit 147a
connected to a wire bond pad 148a op_the back side or top side of wire bond
chip 22b, which in turn is connected béba connecting wire 150a to either the
top side of wire bond chip 20b, as shown by the solid line, or 22 to the

to the CORNEHANsaH{ac 8 fubUREEats, 26 sRswahpWihbY R dashed fingaStMiaotfer
the other embodiments shown above, wire bond chip 22b further includes

embodRIAG! Mt SHERaERNaRH AR 1E2Ambichdnaenpaaied jadiinuehins24atact

by a bump contact such as bump contact 154a. Contact pad 152a, in the

pad 1EMbRHIEMERISRAVING IO entp 2isasNNBEIRH dorRasesthintRIAcSMabit] 54a.
147b of the wire bond chip 22b by an internal via. Further in a manner that

Contabggadlneadyihger sisctissad, saotp iaantasts1 boHMxantdkdcaus eamadatethal
to bonding pads 148b and 148c such that the flip circuits in the flip chip 24a

circuifMayhefcRoReeiedHd YAIHOLE B andamenisas PeCRSSAIY andas dischsseideady
above. In the embodiment shown, the bonding pad 148b is connected by a

been dieARSEHNEhMIbe IRAEIa MW iRdOIFId prRd:ddddrel thewiiehbeadsCinBbti@2hsc
Similarly, wire bond pad 148c may be connected by a connecting wire 150c

such tBst fREAssacuidOROIhE g e Mhistiatescan arehodimentiviereih fombng as
chip is a wire bond chip 20b, the second chip is a flip chip 22a, and the third

neces&itipamayshiseithird asipchip okawiaiboas whipraédbohaaiginie | 4Bb is connected
addition to the connections discussed above with respect to Figure 15, the

by a cenmeodipentot Fguoea il bstidtpsdniowtia thp wide ehdicahord 2htp 3ahilarly,
may include contact pads as discussed in Figure 4C above, as well as

wire bowdtpeddl4gendug e tiacesctbbyprovidisgiagnnections 4o thecsiaylits of the
flip chip 22a. As shown, the bump contacts of flip chip 22a are in electrical

[0059fCMRAELWIh Confact hads on the back ide 2l wire g hip 205,304 chip 20b,
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



connected by double level traces to the bonding pads 156a and 156b.
Similarly, the back side of flip chip 22$ will include bonding pads, such as
bonding pad 158, for providing output i%'nes, such as output line 160a, for the
flip chip or wire bond chip 20a/b. [0060] The circuit of Figure 18 illustrates the

of flipAFFANISMALY WBRKRINBBRdHStIavel 6hiRvisiah YiseiROBE SN ARt hiersearnird

and third level chips 22a and 24a are both flip chips. The connections for this

level Gifceniy are Jubstantalyibesampyandndriguiedthd, @xceptihatiiaiRark sidept the
23 of flip chip 22a also includes bonding pads 162, which provide output lines

back si@ddprifperiyreb densklipt i 24 prdvayreutBuiscoubstantiahythe sareasd

that discussed in Figure 18, except the back side of flip chip 22a does not

chip 2260 HIRAYIFIR, URIERNNEFIABSHIRY iecwiitQemthchipAAh. igiR¥aPinding

wire bond chip 24b may be connected in a normal manner to a bonding pad

pad 1466momdmadrasksidelqs Hippctin 22rdfre@SiFRaydvereNRs boie pan cheh il snay

also be connected by a connecting wire 168b to any other suitable

conneCRIABCHRBHNEMdIN G 1he] BHY $iden ofotiviies biontsl cchiprnob | e slips iateogBide of
Of course the flip chip 22a may include any of the connections discussed

wire baRdvipitosesnRE s tddtigerecl SOfRRGBEJRBiaIehOI ionfig el Z@Aarthiorats
still another embodiment of the present invention that is substantially similar

connet@ithatiseussedbwithwibpegida ogugaré4.3except that the third level
integrated circuit is also a flip chip 24a. Therefore, in addition to the contact

ads, traces, and wire.bond cqnnection pads on the first level flin chip 20a
CUwel ooptiiifd piiNna s (e A

men YRR SR RER R SATTEElers e LR
third level integrated circuit is also a flip chip 24a. Therefore, in addition to the contact pads,
traces, and wire bond connection pads on the first level flip chip 20a, there are 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



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 Sads for providing outputs to the third
flip chip 24a. Thus, there is also shown a connecting wire 172 connected to

chip 2he aek sidesetdlin aiprRproied &tlllarNRINEE PO oaNQGHOBARR the first flip

substrate or connecting surface 26. [0062] FIG. 20B also comprises three flip

chip 20RiRSd HRWSYE Hihendsmp controls of the third flip chip 24a are in contact
with another set of contact pads on the connection surface or substrate 26.

I h . the backside of the third fli 24a al t
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integrated circuits. Also as shown, additional connecting wires such as connecting wires 182a,
182b,and 182c can bridge between different levels of the two stacks of flip chips. In addition,
the 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,



182b,and 182c can bridge between different levels of the two stacks of flip
chips. In addition, the above concept ?cgm also be applied to a structure,
where the first level of the two stacks tomprise 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

there WKBORANS 6P a HIOGAT higke 22 hrsys atl MOIE GANORIBK AHANBRMERISRE third
flip chips and wire bond chips according to the teachings of this invention. As

and theowh 1BecsuksHRate LEiFanRastNdSuifiage 26p 2R heafikstdwladHiip ciPSugh
184a and 184b is similar to the structure discussed above with respect to

not illrigdred2d HiQWEN &vild reditende tha dicRl A5RREprociaalehk B8Rt stacks
respect to flip chip 184a, which is similar to those embodiments discussed

of AB&DQRVE, WIB(E 19 $860NB EVebHlimahipsdtthihatdrid des theedinst iggebflip It will of
chips 184a and 184b. There is also shown a third level flip chip 188a that

coursdbélgpsrtirmeaaandirvelficuchipg g6 manch L Bl AXDuw thhiayestehipn only and is

stacked on top of flip chip 188a may be either another flip chip or a wire bond

not in@ieSiviarihidhdhee isshewndartbita idhisdaiovlevel aipsib88wiaaBond chips,
190b, which illustrate that both the third and the fourth level integrated

and flireiips Maybbid &itheeai flipoehigl @iRuiiyeihand shiphdthipughipnet dtkstraiesbond
in FIG. 27, wire bond connections could also be provided between different

chips, stackse e BEHEi i MIBLid dasanst \WBRisL90daiihe same manner as
discussed in FIG. 21. It will of course be appreciated that the particular

(0065} TANISENL O lgsed%éasvéo sl S and e, IRLNGNed g b

imiting erent combina |onso c |ps wire
51 d fli ch| st at brld er |nte rated circuits | lng othe{)fh c(p S or
shoul ﬁ?llll ers§ at van USC a %‘ stitutons a d 10 S can é?)] € nerein
er wire chips, are it e Inclu he scope of

Without\é%paRPrig 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.
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[0065] Although the present invention and its advantages have been
described in detall, it should be under, % ood that various changes,
substitutions and alterations can be e herein 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

WHAES pdridM®Dersbodiments of the illustrated circuits, methods and steps
described in the specification. As one of ordinary skill in the art will readily

iate from the di closure esent. mventL n.and cir

ft RY u
B

wire b %Stﬁln tlz?rlly ' dfeeas?me leg)Ct 0?3' Osral%catl"[I Vaestsunbesvtveipetlg(l)l}{({?% J) oGtk S(%'Intoae of a first

Pe cor espondi iments escrl erein may ti |ze accor

and sa cfz;é’veelseréf '”‘{Félti%eﬁ‘st%%‘éﬁ{j'” 1805 edO(E’ (ediclaims %%aﬁ'&ﬁr%gn& decond
inciude within 1 e|rscope suc IE)roc sses an CIrCUIt arrangements

level y@‘el'léa #AIM D IS: 1 1. An electronic package having a stack of
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chips; 7 said at least one WII’ avmg atop d comprising

conneSIEFHIGRY d?é[‘ééi‘ e g0 %ﬁ?@dﬁ%ﬁ%ﬁgf&ﬂo?'{lﬁ%%fo%ﬁ&&’é“&l%dﬁ' Rligaof

wire pads on said top si

said at least one flip chip having an active side and a back side and comprising electrical
circuits connected to a multiplicity of bump contacts positioned to be in electrical contact with a
first set of contact pads, said first set of contact pads located on one of said connection surface or
said top side of said wire bond chip, and said back side of said at least one flip chip defining a
third multiplicity of wire bond pads; and

electrical connections from said at least one wire bond electronic chip to at least one
other electronic circuit chip in said stack, or one of said first multiplicity of wire bond pads on

said connection surface.

2. The electronic package of claim 1 wherein at least one of said wire bond chip or said flip
chip further comprises a layer of dielectric material with said multiplicity of wire bond pads on
an outside surface of said layer, and wherein said dielectric layer defines at least two layers of
metal conductor therein and a plurality of vias electrically connecting said layers of metal

conductors with selected ones of said multiplicity of wire bond pads on said outside surface.



9 said at least one flip chip having an active side and a back side and
comprising electrical 10 circuits conc\%ﬂed to a multiplicity of bump contacts
positioned to be in electrical contact a 11 first set of contact pads, said
first set of contact pads located on one of said connection surface or 12 said
3. topnsidratsaidpadie Rosdshin, aadisaichbaeknsiiriabsaidiailgRat AR said
chip defining a 13 third multiplicity of wire bond pads; and 14 electrical
dielecB@ONELIOSMGMnsaidi @ieaRlyeReowifR APAshalResaNic chip to at least one
15 other electronic circuit chip in said stack, or one of said first multiplicity of
wire bond pads on 16 said connection surface. 1 2. The electronic package
4, Ot[ﬁ? Ierpec]trvgriﬁ%reé@kat Ieegﬁ Elf%{] 8 ? f tsuail{ge\fvggnp Ops(ii Challp 14T defil‘f% grighlI%onnection
further comprises aal%yer of dielectric matenal with said mu Iplicity of wire
bond.pads on 3 an putside surface of said layer, a herein said dielectric
from Qe e e Y I BB RSB o
least off %Fé%f‘&r%%%‘l%ﬁ {‘P’IE:?E'y“ %"’}'r%bl%cegs é’gsrﬁﬁtsaahé C&&n%%dﬁto%d’%%es%%%g%ird
ones of said multipficity of wire bond pads on said outside surface. .
. The electroni ckage of clai nd further rsing. lignment marks
multlrl;ﬁ}gg?é%;&] |§I§g?hac a?gg’e?l?()sfgl a E%ﬁ%gs? %%?gl %\%lvlg f};lgy%%? 0?1 g%}%%cﬁﬁd uctors. 1 4.
The electronic package of claim 1, further comprising at least one electrical
connection 2 from one of said second multiplicity of wire bond pads on said
S atlikastesHenireapkRs QR 38t SRR HEPE L ARASHANG SIRGH GH whrnection
bond pads on said connection surface or said third 4 multiplicity of wire bond
betwepn gaconf saifl plaekisakedicuiar gt é??étfﬁ’aecﬂia.%.&Pﬁp@@re%ftﬁaméhlrd

multi ity S wire bond pads on said BECK A2 of Said At 16ast one g chipr oo "

6. The electronic package of claim 4, wherein said back side of said at least one flip chip
further comprises a layer of dielectric material having an outside surface and wherein said third
multiplicity of wire bond pads are on said outside surface and wherein said at least one electrical
connection extends from one of said third multiplicity of wire bond pads through said layer of

dielectric material to an electrical circuit in said flip chip.

7. The electronic package of claim 4, wherein said at least one flip chip further comprises at
least one electrical connection extending from one of said multiplicity of bump contacts through
said flip chip, to another one of said third multiplicity of wire bond pads on said back side of said

flip chip.

8. The electronic package of claim 1, further comprising a second wire bond chip on a third

level having a fourth multiplicity of wire bond pads, on its top side.



2 between one of said electrical circuits on said at least one flip chip and one
of said third 3 multiplicity of wire bond pads on said back side of said at least
one flip chip. 1 6. The electronic pack ée of claim 4, wherein said back side
of said at least one flip chip 2 further comprises a layer of dielectric material

9. havipgiaseHISisR RAEERSEAI SNRIEIR A PRLEs & MeEltiblieiblRtNdAe JAREction

pads are on said outside surface and wherein said at least one electrical 4
from GRNBEGHATR¥E MBS BN QNS Qfigalbhai fhdn Wi Rlikity RE WHiRIRONS RAESd third level

through said layer of 5 dielectric material to an electrical circuit in said flip
to oneChiiRaill A Teh&: BlRCWABIBRRICKAPDOS SPIThsVEIRY €l SRig.at least one flip

chip further comprises at 2 least one electrical connection extending from

one of said multiplicity of bump contacts through 3 said flip chip, to another

10, oAfobraidinrdmultilsty.ofwirg bond adion saiflback side.of said. 4.0,
chip e electrénic packagé of claim 1, further comprising a second wire
ond chip on.a third 2.level having a fourth multiplicity of wire hond,pads .
secon B B B B P e ISR fbving
I ne electrical connection 2 from one of said f tiglicity. of wir
b e T AW LR
one wire bond chip or said at least one flip chip. 1 10. The electronic package
of claim 1, wherein the chip on the second level comprises a 2 second set of
. cdhaelesdaaionakagp Sderind wHrE said thlrasevet 2hip hoadiihipten the first
having 3 bump contacts positioned to be in electrical contact with said

level andtBHtheeinstudsienie seatct pefs facaptargagk pitkraykrbleartinne fliprdrgmnd a

said at least one wire bond chip is on the first ] ]
second flip chip having bump contacts for connecting with contact pads on said at least one flip

chip and said at least one flip chip further comprising electrical traces from said contact pads to

said third multiplicity of wire bond pads.

12.  The electronic package of claim 1, which said at least one flip chip is on said first level
and said bump contacts are in contact with contact pads on said connection surface and further
comprising electrical traces between said contact pads and said first multiplicity of wire bond

pads.
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2 level and further includes said contact pads for connecting with said at least
one flip chip, and a 3 second flip chip having bump contacts for connecting
with contact pads on said at least oneffip 4 chip and said at least one flip
chip further comprising electrical traces from said contact pads to 5 said third

13.  MaHipligioicpiekhenthreielvkid?a T pRaHosiG Rk R AfGlaiMip Wiy ehtcuits,
said at least one flip chip is on said first level 2 and said bump contacts are

said ptieadashiikigentact pads on said connection surface and further 3
comprising electrical traces between said contact pads and said first

muliiplicity 8f wirefosdsbads d2fnink3l ArRigaiRRicthackagetbaldpelusiasaces

a multiplicity of stacked electronic flip chip circuits, 2 said package
exten@ANRUSITR B ROBUIRCHAR Sl Hage QitsttisitatadefittRerelesisicahiacasd wire
thereon, said electrical traces 4 extending from first wire bond pads to first
bond ggdyact pads, and further comprising second wire 5 bond pads; 6 a first flip
chip having an active side and a back side, said active side comprising first 7
eleeiicaligicbiptEsonnectadite sideshauibplicdiief dumpbaniakisanmaithg first
active side, said 8 multiplicity of bump contacts in electrical contact with said

electrié8tecRniact padsen waidieanietiioni’ sttace, srichhack site tithestias! Slip
chip defining electrical traces extending from second 10 contact pads and

multigiertrieabyraproaciad io ducdivirehond padsiald fasecone flichim badirgra@ction
active side and a back side and having second electrical 12 circuits

surfacepsui@¢igk tade seoantonditipbbify efibingRleotiods aesaideadiiversie ssaifld
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;

a third flip chip including a third multiplicity of bump contacts in electrical contact with
third contact pads, said third contact pads on one of said back side of said second flip chip or on
said connection surface; and

at least one wire bond connected 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.

14.  The electronic package of claim 13 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.



13 multiplicity of bump contacts positioned to be in electrical contact with said
second contact pads 14 on said first rlé@ chip; 15 a third flip chip including a
third multiplicity of bump contacts in etectrical contact with 16 third contact
pads, said third contact pads on one of said back side of said second flip chip

15. 08B elet®aiicGAINESH O GHIFRES ARG elS Al dedfldm o RNt CORRSEennection
between one of said third wire bond pads on said back 19 side of said first

surfactiR £0iBRRA AR Of5aithise ERP LY euRABH PAdaRT At comaecHRI SHH AR rein
1 14. The electronic package of claim 13 wherein said third contact pads are
said s€bSdidipasksideerahsrigesagonstlipahiRisuevtvanhsaidifitd piRiabHR#to be in
stacked on top of said second flip chip, 3 and wherein said third contact pads
conta@RigPRAagRE Y elerisal d@ces datpu ke Raok BadsidQetokt fTipehip
electronic package of claim 13 wherein said third contact pads are on said
bridgetQdessinnR g soHagessdifhastkd sidriafipaisipeird flip chip further includes
fourth contact pads and wherein 3 said second flip chip further includes a
fourth multiplicity of bump contact positioned to be in 4 contact with said

ot'cijiiehe? crt‘§ AR "%%t(?% 'Pn”iisﬂ rﬁlﬂep ;Fﬁ%saﬁ]i%as %”‘E’Vf ﬁi%‘ﬂﬁ Sonnected

ges an nect Sald Irst an IpS.
t t.0
e S e

conneéﬁSEggﬁ%'(g bond pads on said 3 connection surface. 1 17. The electronic
package of claim 14 further comprising an electrical connection between 2
one of said second electrical circuits and one of said third contact pads on

said back side of said ) o . .
17. The electronic package of claim 14 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.
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3 second flip chip. 31 1 18. An electronic multi-package device comprising: 2
a connection surface or substrate defiging electronic traces thereon, said
electronic traces 3 extending from firs Wire bond pads to a first group and a
second group of contact pads; 4 first and second electronic sub-packages

18. complisingnk saidtifipatriectienicsstbnpackage comprising at least a first flip
chip having an 6 active side and a back side, said active side including first

elegtigalabpuiisraNGeaIBeiAe ddiMhlReyOkhkNR ARG SRKIRMINAC traces
contacts in electrical contact with said first 8 group contact pads, said back

extendigle ivpginOwa s asachudsa b fidspachupcha dikstyvitesfonprd ebtibuct pads;

comprising second electrical circuits connected to wire bond pads on a top

siflest Aadfesaidiwisethand shipatkagaidcsagrnghelectronic sub-package

comprising at least two electronic chips 12 selected from a group consisting

of wire baind fehipd nd o chipscrie ablapstiareokak8said thip elestignits an

chips connected to said connection surface; and 14 at least one wire bond

capfiectegehaivepncRRRIOf Sadchsecosdaviiel hang Aadsletuseil hacktislosideted to
of said first flip chip and at least one first wire bond pad on said connection

surfagriptiathpbf Bakgasbeaetyyig bbns connactian bleiween eieaof Gadel dhiddirst
wire bond pads on said top side of said 17 first wire bond chip to one of said

seeomsl wirehgadspeda phanssaidienibisideseobaaid lisBdtip gaichia. alfikS wire
The electronic package of claim 18 wherein each electronic sub-package and
s@iéhd chip comprising second electrical circuits connected to wire bond pads on a top side
of said wire bond chip;
said second electronic sub-package comprising at least two electronic chips
selected from a group consisting of wire bond chips and flip chips, and at least one of
said two electronic chips connected to said connection surface; and
at least one wire bond connected between one of said second wire bond pads on said back
side of said first flip chip and at least one first wire bond pad on said connection surface, and at
least one wire bond connection between one of said third wire bond pads on said top side of said

first wire bond chip to one of said second wire bond pads of on said both sides of said first flip

chip.

19.  The electronic package of claim 18 wherein each electronic sub-package and said
connection surface of said multi-package device has a selected area such that the area of each
sub-package, and each circuit chip comprising an electronic package is less than the area of the

electronic circuit chip or the connection surface located below it.
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20.

2 connection surface of said multi-package device has a selected area such

that the area of each 3 sub-package, and each circuit chip comprising an
electronic package is less than the ar % of the 4 electronic circuit chip or the
connection surface located below it. 32 1 20. An electronic package having a
stagkaeawiRlib Aglerianic cliatitea R SANPIiSiRGiofi A GRNCHIPE comprising:
surface defining contact pads for electrically connecting at least one of said 3

Pl caliiyeofi ShegiFRIC dfiiii CboREi4 pideast Qp&aditaIshid i &aiflssiatkRbone of said

plurality of electronic circuit chips; 5 at least one wire bond chip in said

pluralftpsker aleradty; @ualestpenic circuit chips; 6 a back side surface on at least

one of the stacked plurality of chips having contact pads 7 for connecting a
flig chig theraip;anslis eagheiicdtshiney said stackrd-pliralityi g electronic
circuit chips having a selected 9 area, such that the area of each circuit chip

isdeisssihare W areaditheisissldtseiearinea it connastiancsertacechgiow it
in the stack.

a back side surface on at least one of the stacked plurality of chips having contact pads

for connecting a flip chip thereto; and

each circuit chip of said stacked plurality of electronic circuit chips having a selected

area, such that the area of each circuit chip is less than the area of the circuit chip or the

connection surface below it in the stack.



