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15 BACKGROUND OF THE INVENTION
The present invention relates to the packaging of semiconductor
devices, and more particularly to a system and method for interconnecting integrated
circuits (ICs) on a semiconductor substrate.
Electronic systems typically are manufactured from two or more ICs to
20  provide complete system function. Until recently the limitations on performance and
number of [/O pins were not significant for the vast majority of applications.
However, as more devices are integrated in a single IC and as clock speeds increase,
limitations on performance and number of I/O pins would be of paramount concern to
semiconductor manufacturers. This is because the overall performance of the system
25  is based on multiple ICs is a function of the performance of the individual ICs and of
the performance of the signals between the ICs. The performance of the signals
between the ICs is in turn a function of the number of signals and the electrical
characteristics of the means used to connect the I/O pins of the ICs. A more efficient
means for interconnecting ICs is therefore becoming an important influence on the

30  cost, size, performance, weight, and efficiency of electronic systems.
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2 Currently, the nost common net hod used for

I nterconnecting ICs is to first package the individual I Cs, and then
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characteristics of the package, the length of conductors, the electrical parasitic

introduced by the structures of the printed circuit board, and the dielectric material

used in the printed circuit board all limit the electrical performance of the method.

These limitations in turn limit the number of signals on the system to at most a few
20  hundred regardless of the complexity of the IC or the system. Since the current IC

interconnection has lower performance than the ICs, it limits the overall system

performance.

Integrated circuits are performing at above 100 MHz. The current

method of interconnecting ICs is, however, limited to systems operating below 100

25  MHz. An efficient means of interconnecting integrated circuits is therefore necessary

to keep pace with corresponding advances in integrated circuit performance.

SUMMARY OF THE INVENTION
The present invention provides a system and method for efficiently

30 interconnecting a plurality of ICs, thereby improving the electrical performance of the
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The present invention provides a systemand nethod that allow efficient
I nterconnection of a plurality of 1C s, thereby inproving th?c‘?}&%/{({s‘i@
ctof

performanc&'oo“?8 fd  overal | system Accordi ng to one aspe
the present invention, there is provided a npunting assenbly for an
integrated circuit, conprising: a first insulative nmenber having a

plurality of bond sites (i SRQ : L | I ,
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conpri sing steps of: In one e¢ebodimhentmf the meshall 6f thetpresenv imviention, e plueslitya
plurality of stﬁEed-apart bond sites, and a plurality of signal traces, wth
each of said BFHenisimounied &g eorEeSPORAINECAERICISH FEarh qosrasPending rawsier dias a

ying in a i Parabe AR SyieRRof cobfadh, ol KB offOpBRE 6h plelbartl Bbeliitordi,

of signal trapfeontitt§anithe R2usingienffedBbd ffterconnects. A board having o erx.in s is f
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2b depositing, on said second insulative nenber, a plurali
spaced- ajart providesiadsd shedllGs ok fittedi into epeningsrial the hokrsd, with the earcieroéngaging
plurality of gignal paths extending fromone of said plurality of bond
pads, said se afthsul ati ve menmber incl udi ng a face

These and other embodiments of the present invention, along with
many of its advantages and features, are described in more detail in the text below
and the attached figures. In the figures, like reference numerals indicate identical or

20  functionally similar elements.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows an exploded view of the different components for
efficient interconnection of ICs according to the system of the pfesent invention;

25 Figs. 2A-2C show a top view of the IC/carrier subassembly on the
board, a side view of the IC/carrier subassembly, and a side view of the IC/carrier
subassembly on the board, respectively;

Fig. 3 shows an example set of electrical interconnections on a
carrier;

30 Fig. 4 is cross sectional view of the carrier shown above in Fig. 3;

Figs. 5A-5B show a single IC mounted on a carrier, and multiple ICs

mounted on a carrier, respectively;



lying in a second plane with said plurality of bond pads and said plurality
of signal paths lying in a said second pl ane; formng a plurality of
spaced-apaybosgssst ures in said first insulative nenber, PCT/UABADHG a
plurality of spaced-apart tenons to extend from said second insulative
menber, with each said plurality of spaced-4apart tenons being adapted to
fit into one of said plurality of spaced-apart apertures; and )
coupling said first andFigedoshowsrtheisteps for intereennecting L& efficiently; arcapiing to

j oi nt therebetween; wherein neans are provided, connected to said

second i nsul db¢ methadefcthe present BYGRUMY novenent about said joint.

?EPLACENEW SHEET Fig. 7 shows the steps of a method for interconnecting ICs according

to an alternate method of the present invention;
5 _ Fig. 8 is a simplified plan view of a carrier wafer in accord to the
present invention;
Fig. 9 is a detailed plan view of a portion of the carrier wafer shown in
Fig. 8;
Fig. 10 is a perspective view of a microrack assembly;
10 Fig. 11 is a perspective view of a microrack assembly in accordance
with an alternative embodiment; and
Fig. 12 is a perspective view of a microrack assembly in accordance

with a second alternative embodiment.

15 DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention provides a system and a method for efficient
interconnection of ICs to form a complex electronic component with improved overall
system performance.
Fig. 1 shows an exploded view of an integrated circuit (IC) 10
20  mounted to a carrier 12, and a board 14 with a plurality of openings 16. As shown,
board 14 has four openings 16, however, the number of openings 16 changes
according to the number of carriers to be connected to board 14. Similarly, though
openings 16 are shown to be of equal sizes, they may differ in size in another
example as the sizes of the openings are determined by the sizes of the ICs to be
25  electrically connected to board 14. In the example as shown in Fig. 1, carrier 12 is
connected to IC 10 only. However, as later discussed, carrier 12 may be connected
to more than one IC or to other electronic components. If carrier 12 is connected to
only one IC, the number of carriers for the system will depend on the number of ICs
in the complex IC. In a preferred embodiment, the sizes of the carriers correspond to
30 the sizes of the ICs in the complex IC, and the size of the board corresponds to the

size of the complex IC.



I'n one enbodi nent of the system.of the present invention, a plurality
of carrierg,GoEL&sponds to a plurality of 1Cs, and a board hpermsid/ibssd ity
of board regions for receiving the plurality of 1Cs. Each carrier
has first and second sets of contact8, and a set of interconnects
t herebetween. The first set of contacts connects to 5 contacts on the
correspondi ng | C when t arG& 12 HAseferatly thernfallysomplibleo witheboard 14 and IC 10,
carrier's surface. Each board region has a set of board contacts connecting
to the sineesgarrier 12 copnactselC 30 sud boardsb4.  diherrpal expansion egmprasationr d
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] to
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respect i vel y;therefore, serves both as a mechanical base and implements at least a single layeér of
Fig. 6 shows the steps for interconnecting I1Cs efficiently according to

t he met hod ofroutieg hreughnintergomngctions 20 between neighboring carrigrsand1Gsh clhere hze
steps of a nethod.for interconn i ng 1 Cs.accordin t.0 | ternate
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neighboring chips. Since all subsystem routing is preferably distributed across the

individual carriers, the complexity of the board routing is reduced to single node sets.
Compared to a single interconnection board, interconnection distributions among the
carriers greatly simplify the interconnection task, and significantly improve the

25  overall system performance. Although board 14 preferably has only one level of
interconnect, in applications where yield is not critical, board 14 could have multiple
levels of interconnect. In such applications, there would be vias in board 14 as the
interconnections would include pass-throughs as well as crossovers.

Figs. 2A-2C show a top view of an IC/carrier subassembly 25 on

30  board 14, a side view of IC/carrier subassembly 25, and a side view of IC/carrier

subassembly 25 on board 14, respectively. As shown in Fig. 2B, subassembly 25

consists of IC 10 mounted to carrier 12. Carrier 12 is pre-manufactured with solder



present invention; Fig. 9 is a detailed plan view of a
portion of the carrier wafer shown in Fig. 8;

Fig. 10 i VAIBEIShective view of a microrack assenbly; 10 PCT/US98/10525
Fig. 11 is a perspective view of a microrack assenbly in accordance

with an alternative enbodi nent; and Fig. 12 is a
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wires to nmake connecti ons between package
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preferred nmethod, however, t o, haye carrier nd board 14 be nmde of
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t he sane rraterl a cal |l y manuf act ured
fromsingle crystal si ITmmvanﬁgebfhamgesomraiuml tys doﬁnect(ihe ICt& théédrtiepn
Is the preferred carrier and board material. However, gallium arsenide

or ot her rrat ang shescarrieh i ieoarhisshamm aweg aarayonay beused teemaximize the number

Fi 1 erconnectio n 14. Board 14
g: ai o? externarf mgnaf connections avaﬂable llx)1 a%dmon parasmcs associated with wire

bonding_‘may be eliminated. Solder bump flip chip bonding is an automated process,
and bumping cost does not increase with pin count. Hence, the use of solder bumps
also enables integration of higher I/O pin counts while keeping cost low.
Fig. 3 shows an exemplary electrical interconnection configuration on
25 carrier 12. For simplicity, a relatively small number of connections are shown. As
can be seen, carrier 12 has connections 22 along its peripherals and connections 21
around its central portion. Connections 21 and 22 connect IC 10 to carrier 12, and
carrier 12 to board 14, respectively. Connections 21 may be routed to connections 22
using embedded interconnects, and such routing may have at least one crossover.
30  These crossovers allow signals to be passed to and from the IC on carrier 12. In
addition, the signal paths on carrier 12 may be independent of the IC routing. These

independent signal paths serve as pass throughs for signals from a neighbor IC to
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parasitics associated w wWre
The carrier 12 contains a multiple level interconnection matrix with at

least 800 signal paths /cm?. The configuration of the interconnection matrix is mask
programmable and facilitates high-speed data signal propagation in excess of 20GHz.
The input and output (I/0) signals of the IC 10 can be routed to multiple sides thereof
30  the die, effectively tripling the I/O density of the IC 10. The carrier 12
interconnection matrix is composed of two signal layers 12a and 12b sandwiched

between reference planes for power 12c and ground 12d. Each layer is 5



bondi ng may be elimnated. Solder bunp flip chip bonding is an automated

process, and bunpi ng cost does not increase with pin count. Hence,
the use of sBPPEP3inps al so enabl es integration of hi gREFUSP#ISEH
counts whil e keeping cost |ow. 8 Fig. 3 shows an
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simplicity, a relativel | unpher of cannectiops a shown. As .

can be seen, caW?TSF’e%Ey Hggﬁﬁ%ﬂé}éﬁi%’ﬂge@ ng"? BRY®H agebiﬁ: Bﬁ%‘\ﬁg‘l’ssa Igfgrence plane
connections 21 % OHPRIdES § hEfiY inAvhieR al bdHa: @%Hﬂ@ 5

connect IC 10 tg)rcai‘f’r]ﬁ%ir 12, and fn 1éiglraraiBedri\ialpzato ggﬂr&gp?&g% a&%sé& By
respectively. Canrmuiingthe 2dorspycedeapacydigahl tpathsorPaetidi IBtsbétdeen two po@iel Planes
enmbedded i nterconnects, and such routing may have at |east one croSsover.

30 These crosksands124, thaneisgnuich as gronstabi ard simuytaagens switching nbige ¢8SN), in

carrier 12..In . ddition signal paths on carrier 12 may be

i ndependentsof f[llﬁ@&ﬂ&fi?%hf hﬂ@m‘srﬂz@és %ﬁucedt.)i ndependent signal paths serve
as pass throughs for signgisssidipm j ; . .

7 ot her nei ghbori ng IsCs. I%lt? E#(gﬁ'ﬂng{]t%ielﬁab?cﬁ;[ags%gﬁtr%egp itgr? k) acteﬁtemgr&;asl
are distribut edines. For thacaies 12} ¢hel resilting ¢adsseadkt hbise an be estimated as follows:

Connections 21 and 22 are predeterm ned according to the application
of the particular conmplex ICs. Since connections 21 and 22 are manufactured

using 5 sem conductor photolithogra chnl S.. the resulting routing
density is very simlar to tﬁe %Bﬁ%ﬁ%%% &fb i nterconnect.

Speci fical {¢y, connections 21 and 22 are made t hrough inner and outer
rows of sol der bunps, deposited in patterns to match t he bond pads
of the I C 10 armhearbd peaingut voltaei sFarlendioradsedk tdirisneednded aptias be HefREted.
bunps on i ndivi | 1Cs., The_nunber of connections between |ICs, known as 10
external inter greated B the Yiob{V s depnsifosmed byiithe ewtput hufferts dissbange patheist
density than It t densi used to connegct . transistors on
the 1 C tence, Toquenty Gl o2 BBl 3R3 f1s MR bmrRsRE PR e lnral Bioupd Hiane
made hi gh enoughgd i gﬂﬁlﬁ& 1.COF t
process that is ug(g%ﬂ? gqgé%é:?%gﬁgﬁ%l?%sﬁ%t‘ggpf?qﬁﬁ% t |S§F{He%%§§°rlr%ée

t echni que, 13 he canberapptoximatedas follaws:ons may al so be nade to fit into an
area that 15 is the sane or less than the area of the ICitself. This
provides a significant yield advant age over the current nethod as
the size and area of printed circuit bo%rds_____iredlldt generally many tines
| arger than the |ICs thensel ves. ssn eff Referring to both
Figs. 3 and 4, Carrier 12 is manufactured from a mul ti-1evel

sem conductor netallization process. Crossovers between the signal paths 20
are achi eved t WhstRyb.t isdheiefieativesefdndudtancie ofithe tiectatpadkage toi grouhd comisetions.

| ayer. Singe all the vias are in_jhe sa |.ayer, custom changes to
connect | ofd 21 THREUIFIGR{FII0 OVersstimase V. o by Meglesting peariie feadhaskiafigoisall4IT.
by si ngl e- mask hig. . | i he ..l ocat.i on
oY S0, kTR o s AL ASMencen o ABRLAGAB oblSb RS0

i nt er connect i opeeselicel ofe8EN.OThe flipehipattdchaieat pfockécusetddr Y ErPee N2 and the
determ ned, only 25 t he vi a-contai ni ng :Nﬁé/er needs to be changed.
<€

The carrier 12b2%dtl4; sssembly pfferpestremelyllo Pcadheparasitic inductancey add the

| east 800 sign S../ err]. The cgonfiquration of the interconnection
TRLTiX QS nask@irrﬁiatla con&ms no -per}_orateﬁ rererence ptlanes.

25 By surrounding the two spaced-apart signal paths 12a and 12b between

two power planes 12¢ and 12d, the distance between each of the power planes 12¢
and 12d and the signal paths 12a 12b may be easily controlled so as to be constant
over the volume of the carrier. This facilitates formation of a constant impedance
between power plane 12¢ and signal path 12a, as well as power plane 12d and signal

30 path 12b. In addition, the crosstalk is avoided by placing signal path 12a proximate
to power plane 12c and signal path 12b proximate to power plane 12d. In this

fashion, the remrn path for the current in the signal propagating along one of the



programmabl e and facilitates high-speed data signal propagation in excess
of 20GHz. I nput and output (I/0O signals of the IC

routed to %???’ﬁ-ggﬁsi des thereof 30 the die, effectively tr@@ﬁ%’ﬁﬁzes /0O
density of the IC 10. The carrier 12 igit erconnection matrix is
conposed of two signal |ayers 12a and 12b sandw ched bet ween
reference pl afceﬁﬁlsﬁ% P A2Bris %8&1@3@%&1 @uﬂﬂacija&m EifGBro, BEFathér @e power plane

8 m croneters of electroplated copper. The power layer "12c

provi des a refleeend2dpl ane for Vdd and includes a hiatus in which a
bond pad connection 12e is disposed. By surroundi ng the two L.
spaced- apart signal pat hNoisemaynbe frthepseditcsd bywbrpadiing rfiegten noise, whichois
and 12d, the noise, such as_crosstalk and sinultaneq swi t chign oi se..
(Son -t s CauE by e aast s Ay R PR " RBelfon oise
Crosstal k ges @’6\: I i W ¥4 i8db '

i nes. Forsrthgl‘:{::(grrlérslr r %ﬂ?hﬁﬁﬁﬁltﬁﬁggﬁ%ﬁa T(lénoilse @gn ééggtﬂﬁhn%t ed
as follows: signal's rise time. Consequently, very short connectjons thatsafisty the folldWiagp’ |
(Verr] /[err]rise) 10 . where V[err] = input voltage. Far end
crosstal k t engenstenintamidlemininize reflesdonm agise preblems. SSN created in the
V[err]/Vierr] |oops forned by the output bu% r"f di scharge path is
frequently call ed ground bounce since i thighe g'pyé i nposed on the | ocal
ground plane g IV e Tl L) : rehRlt A 8fntgs wWell). The
magni t ude of tr?éar%ﬁnse \?o tagegﬁfgpmt[ca% e ’apprgﬁ?(r)rat gél as follows:

Vlerr] =10 err] dil/dt wher e L[ flighk - S0pSe effective self

i nductance of the die to package to ground connections. 20 The equation
tends to over &enrehyekegping ishgnd ] dmes i) 200p8.t reflectiennoise knd theresulting/ dT.

Tnthe o' "mPa R seulie B canhe ponelFhr 20 ElAnaRbRs BlcRS i p
the carrier 1&@&%:115&@ load cagac(:}%%é dr46a5P ?@Pkﬁfeﬁbhgé&. 9 thiS Tadbion, e Carrfbr
nd the arrirer 1

InH) parasitic 1 nductance, cont al ns
non- per f or at ed2ipedvides hight-demsity rddting structure with low noisdybys which dintgcddiect
two spaced-apart signal paths 12a and 12b bet ween two power pl anes

12c and #2d, ¥ardous padsefa sigledent (s o5 muetipletCslher pl anes 12c and
12d and the signal path e hly.C rolled so as.to b

const ant over t hesI\‘/l'l(j)eI%iﬁor?%8 g# ?Fﬁ éﬁ)%g&@? b#d'ﬁ%&esfaﬁcq %egkg{né%al #’3?%&’&“6‘?\
of a constant ciffepdanel idiRE sMBRN1R VS ﬁi%ﬁlﬁw@@& Rt evic t a,
as well as pO\(/:\BI’ pl ane fz%m;hd %ig%al ago u[gat 12b. ?ﬁag%rgitlor{?ﬂ?hgrﬂcz
crosstal k i s eembnetiobyf piuti-layer camnexl 12mtércofrection mateixe and the sihgiefayerr

| ane 12c¢ and si gnal th 12b proxi mate to power plane 12d. In this
P signal path g? the board I?4therconnect e ec\{\ﬁel produces a continuous connect X

20 Y interconnect plane over the multi-chip subsystem. Carriers 12 that do not have
direct connections to a board 14 adjacent thereto shares a power plane 12 ¢ or 12d
with another carrier 12. Although it is not necessary, it is preferred that carriers
and/or ICs 10 that are to be in data communication, i.e., electrically coupled, should
be positioned proximate to each other.

25 In addition to providing adequate current-carrying paths for the total
peak requirements of the individual IC 10, the carrier 12 and board 14 combination
must provide sufficient power dissipation to satisfy the estimated power consumption
of the device. In an effort to improve the power characteristics of the carrier 12
board 14 combination, it is preferred that the IC 10 employ low-swing signal

30 techniques.

Fig. 5A shows a single IC 10 mounted on carrier 12. As shown in

Fig. 5B, multiple ICs may also be mounted on carrier 12. Although Figs. 5A and 5B



fashion, the return path for the current in the signal propagating al ong
one of the 9
paths 12a WO 9%/3¥5ts not the signal path adjacent thereto, b REUREPhe

power pl ane 12c or 12d. 10 Noi se may be further
reduced by abrogating reflection noise, which is caused by an

| npedance m tch begtween a.drj.ver .and receiver. ect o)

becomes pr oblgﬁﬁﬁ‘?rgyiﬁéﬁnt‘:ﬁgl% 1o TGRHSIPIS, é:ﬁ[)ac(stprsa agﬁgc#é 4 elécq S%p‘g’?ﬁa%?ne
the S LR be S %Juh&% 8 SrieCRR RAIANIth Yhe N VHERR! tcaﬁ’i’é}”@?fdn‘éﬁ&n}s B@a
satisfy the fo constrail mnimze reflection noise
probl ens. multi-chip module within itself. This is very advantageous 4s[more compmenty fady

For a typical carrier 12 signal interconnect, the tinme of flight is: 10
flight ~ 50psbe interconnetied o8, boayd kée Morgoves svigh earrigr |12as ppdntermegdiste board,

reflectio se and the, resulti act on settling tinme can be

avoi ded. or ?WE’E@&H%‘%“PP%H’?c‘l‘ﬂ‘i?"éawé?igpéz{@%‘qt?ffwléq‘ﬁ i nt er connect
| oad capacitance of < 6 t | B8tchid?6eds rr| er
12 provi des a hi gh-densi I‘OU?I ng?{é ruct rﬂele\t/:\n&[rﬁllgv‘\?{sn | se lg:y ﬂ&h?c

i nterconnect ihbludey éhp l@g§ c&%ﬁtx@ﬁal&h&hﬁ@l &ap6ét déposiionredHniqpies. IIﬁSoriEOexample
The board 14, on the ot hand, serves as a nmechani cal base for the

carrier 12 wh Wafqm rippregared for pricessing by removinggative wsisie thejeskommt Thereafier s
and the si ngleIRyGrsartace s Micieaied with & {2ger ot (onBer ARproR FAEId, 010 agstfoths '
effectiveyy RLAYUCPR éﬁépgggi"ﬁ gﬁ%g%eﬁ)tha%g%osubst 1&1&‘ W&%ﬁ%%s@b%@ver

the mul ti-chip subsys rrier at do not I rect

connections tﬁrﬁc@@ﬂﬂfb wdfendjsapeat oﬁ ﬂstmtete@xss isadspaswedommrth@ hacieatiénsclager th2d
wi th another carrier 12. Al though I S not necessary, Is preferred that
carriers a thickngssoin thegange aof] lO 760( gugrensge The laper a’f@BQMPﬁlﬁtdﬁ |“6PF1 as ae,

oLect 1ol 1Y ek Eoict R Hth e povsr S Soh SR o B R RS, O
paths for t hm&gll?ei 12 albb PO FREEY 8 nPisk iV WLl iscWositéd A€ p Of dfitfe

carrier 12 a I nat1on nmust provide sufficient powe

di ssi pat1®n tpghoerebist. yThéreafest| aphbrdesistvamisotrmpivietph sep removes tfe pltumnbs:st ce.
In an effort to inprove the power characteristics of the carrier 12
board 14 conbfremxthegegiens defingd bydhe mpsknexposing thenueleation kayer-of laxengf

Tount ed o caOeREr THFRcHRns i djpposed in the pedibfls e RAMELE oRdirolied |
mount ed on. cagteh Sfep %3rng@léc%ﬁ%n§'t&§muﬁfésa"Si)eéﬁcally, the periphery of the wafer is
attached to a plating electrode to allow contact between the electrode and the

20  nucleation layer. The wafer is then immersed in a copper electroplating bath where
approximately 5 microns of copper are plated into the aforementioned regions. After
completion of the electroplating step, the photoresist is removed leaving the patterned
power planes 12a and 12b. The copper nucleation layer remains shorting all metal
patterns present on the wafer.

25 A blanket wet etch is then performed to remove the copper nucleation
layer and provide electrical isolation between power planes 12a and 12b. An
adhesion promoter, 3-Aminopropyitriethoxysilane (3-APS), 0.5% in methanol, is
used disposed on the wafer. The 3-APS solution is dynamically dispensed onto the
center of the wafer while the wafer spins at 3000 rpm. The spin speed is then

30 increased to 5000 rpm for 30 seconds to dry the surface. Thereafter, a dielectric
layer of BCB is deposited. The dielectric layer has a thickness of approximately



10 show only 1Cs on carrier 12, resistors, capacitors, and ot her

el ectrical (¢ nts may be mounted on carrier 12 al ong
| Cs. Hence,“&gggl?érgleér 12 functions as a mul ti-chip nodul e vﬂ%‘”{gﬁb%
itself. This is very advantageous as nore cpmnponents nay be

I nterconnected on board 14. Moreover, with carrier 12 as an internediate
board, 5 t5g hitrEaCARM QSR AsBlabR TAVEPI8ndsO1 24 dd B, | FOHAILON i
The process for fabricating thegzzarri er 12 él}?igng sa_ bat ch process Hﬁ%§tﬂp
i ncl udes enpl trpssntissiow tine stratture) eThe 8- APS jeahantes alse bdiesidresHBCBUsCopper.one
exanpl e a wafer is prepared for processing by renpving native oxide
therefrom Thereafter, A secondmpskygdisposadsatap ofithe diglactrie layevite positipnynd

f ' |y .4, 000 0] - hi cky,, Th I '
R e e T
he vl ers 1, Pt oIy GERT00T o Ui T SRRk 18

phot oresi st i entirsevhfers Fhe TiCu layet &trctignbas aiplatiigocleattadd fod DUMEqQRING BSSper
12a and 12b, .shown above in Fig. 4. The . power planes 12a and 12b "are
defined by a ¢geironlating steihi dhe ielectroge gttachmentdp oofthe huter Bdge pfitheoweferstA

Thereafter, a _photoresist, ani sotropic. etc tep.renoves. t he phot qresi st
fromthe regi #%gncfjgap'rnhgﬁp Oﬁeﬁ’ég ﬁ%@ xug%sgs$%?9 rucEans) thick; 18 deposjted. The

| ayer of s i okl os. di | ' ed
by the_ af o erssPfE PRSbresisPisTsEHa Juidybactick (G038 fhe Gnd B ole LTl TS
Speci fi ci | y, andhR2dpevhiigthisrdefintd byea masler The photoresistak thah atiséPopicRll? bichel,

el ectrode to all ow contact between the el ectrode and the 20 nucl’eat i on
| ayer. The weG*Ppsing the\EiCy layer devariousxegions of the photorgsist: iCappes; bp thive

approxi matel y_5 m crons af copper ,are. plated into the afprenenti oned

bgi ons.Af t dpitrons thitkis depasitd in ¢ sfobementionsd viss, 3s Walkss therseins capassist
is renoved | i'r@@th : i'ef@0usi a . er
nucl eati on |§§}i§r reéraaﬁlggﬁ‘é%grti ngsnéﬁ fmr?gagl%la%gqua er'n?ﬂ% égte()r{gﬁ%r{g%

waf er. 25 . removed leaving the sijnhl pathel2¢wrnd 424 formed by an pdditiverpdcéss, rgmove
t he copp, mi)il eation | ayer and provide electrical isolation between
es

power pl i

anket wet atsh is pow performgd e semave thenbiCar layer and provide electrical

i sposed on ircledh Seskaks Safal s o by A, "ARORF e of 3RS AdbiEh o 1 e
center of thermbei 2l BCB i elAbFosiRR nPheafagg‘xOQPB%Tfst g?%:ﬁﬁagbclg&?@ﬂﬁ&%ns

t hen 30 increased to 5000 rpm for 30 seconds to
Thereafter, 4ahigkel ectric | ayer of BCB is deposited. The dielectric

| ayer has a thickness of approxi pately, . .

11y 5.0 ni crons&fﬂ‘g‘pﬂépb"é A§ spplied to defing the interzennentions 2 11and 22:d
12b, for® ng ] i . 1SS i tructyre., The ,3- APS
enhanceszq he fgléiqe]% %5{51@ &Bégu ch r%%lp%%&.%pngﬁg 8l BEBThyLS A mdﬁgiéé‘gcﬁ%‘f) mask
i's disposed plaingdé peifermiédinedt afreh@yibndPpoiafon! A fifhdnask is appliddtd géﬁne .

vias, which are sybs?ﬂ;ent | y etched during-a Photo-BCB devel op “process.
This is fol | $ieresinpstwhere pegments nfjthsf BEGBAayaois aemevedyraxposing régidas wifitieh
covers the .. . -
silicon wafer. A dry etch is then used to remove the segments of the BCB layer. A
layer of 3-APS adhesion promoter is now applied to the side of the wafer opposite to
25  the side where the fifth mask was deposited, and a 2 micron thick layer of BCB is
deposited thereon, defining a backside BCB layer. A sixth mask is disposed on the
backside BCB layer and defines regions where the silicon wafer is to be exposed. A
dry etch is used to expose the wafer silicon. followed by removal of the silicon from
these regions. The backside BCB layer is then removed. The board 14 is made in an
30  analogous manner.
Fig. 6 is a flowchart showing the preferred method of interconnecting

ICs according to the present invention. As shown, for each complex IC, the board



entire wafer. The TiCu | ayer functions as a plating electrode for a
subsequent copper el ectropl ating step. The el ectrode_attach t is
on the outwp %8F3&1of the wafer. A second | ayer of ph%‘f’gpﬁ%s(@
approximately 8 to 10 microns thick is depfofi ted. The second
photoresist is used as a plating barrier to formthe one of the signal

| ayers 12c¢ 10 and 12d, whjich is defined by a nask.,The oL or esi L S

t hen ani sot r oyAfers) the Gargefewaters, and th%k;(’ﬁ@g‘?’fé a7, SEPATEGLY %ﬁgf:wrﬁﬁ%tﬁrgmg
regi ons of the ph resl teon £ - Ways ' |
deposited in%® ﬁ%pﬁo rgﬁ@f\#ﬁacl)’%‘gjo@%faegé,j&aestgbméﬁ\fg%’sogeﬁ%ngrs%lﬁ gﬁlgﬁee%(gfo{sﬁgyo Ards
during the anj§@b'sp8i CriRtiahividial Bods atesdpartdihi stgp 506 handitested Histep 507.
photoresi st i's then renmoved | eaving the signal paths 12c and 12d
formed by an Figciattiers ape fabeicated/at step 52 1phmchiest tested andshrted fondefoetivequnitsdatt o
renove the Ti Cu Iagier and proyvide gl I.sol ati on between

si gnal | dyer stepod2 nH?fFQEYCM’&%FSrdlﬁ 20 rig?aé &ew%%qrgﬁeparate % oot er
thick s " aBvERRPEArHER ar SR 32 Reflingidd ol P iHbIRY Su¥, Seliclaté RS

defihet
i nterconnect ipisy fok dafti?dncedfey afeFabiymel. bThazodl Wnitelake hlsb SOREE Frope tid ONS
of the BCB | ayer. A nickel and ‘gold plating is perfornmed in the

af or enent i onal¢fqtive units and\afel sephratedsinta imdiviual dst Atdsép A50, the goodlGalies

regi ons where segnents of the BCB | ayer, i s, renmoved,  .exposi ng,regions qQf the
silicon waf erare mogntedeanig, cvgemaﬁmag@&dtcarwmfeg?we?@ai!éﬁg begyy mopgted

| ' | o ' . . : . g
of the i er BEEUETE 3 aribt of B T s Fophal ke 357 TR Btk WeleTe
and a 2 m cr g (diif ¥R with H&8r hbsystem 1Cdisina@d thdbhirie of peddutingg a
backsi de BCB layer. Asixth mask is disposed on the backsi de B

| ayer and def'knewnrgegd dlies " whince no hssugiptions arevmde regardingisbe guplityenf thedie,

A 1 S SR St e F 40 S G or

The board 14 j e.l 3 1?&1@] 8% ney 5 0.
6 is a flomﬁhgpggrﬁoa\}ms%&esyﬁéosparde erlr:% n}fﬁg% 0 folrrz]ltt(satreBOSr?r%ég?cllrtllgonpassﬁ Cs
accor di ngs t 0 thefeshItRS @stembly Biontpletedat stoydM4. for each conplex IC the

boar d WO 98/ 53651 _ _ _
PCT/ US98/ 10525 Referring to Figs. 7 and 8, an alternative method of intergonnecting

f , he i f d t.he |C f | d.
Roferring 05 acepralia oqae prepmaRvenons Sam e sBroinl + S B3f 4pB" 65 ©
openi ngs are daﬁxﬂrdmcto%g%@ﬁ @%'géﬂssm, 503, 595 ﬁgﬁg%‘/;,gﬁscﬁg@d él_me"\hﬁlk’?és?@&ﬁbds

are separated at step tested at ste he carriefrs are
fabricated atFigt 6P Théinethod! skowen ireBiged, Aoweser, défferfsdn thisfthe indieidual ICs B0 5
step 523. Defective units are discarded, and the EOOd units are separated

into 20 | rege assembledcente ithe earsiersdnepstomvn) befars the garriess dfespgmeated: hr ough

The’ goa un tPeCifEay. e corick o HzA s Mrititen A5G SoEYo B fo hAA ity
separat ed i ntgy sbﬁ&hvzi arr'i&sr-egﬁins 312 RodaBd theRn 999 @ sefadteprocess, ICS120

nmount ed onto cofrespondi ng good carriers. After the | have been nounted
to 10 the cae fibeicatedat Siepaid1t cEheredfter hthellCsild Ocaradegmentediat step$455Rd Thi s
addi tional test before

Gl m nat os. 1 FSSegRAER ARGrthp CERISE YRRT 1122 3t SR AT Goi i JONEEAED tghaidues
SSUT 505 G874 VP chp S iy 12 il pove RN o1 o
110 associated therewith.
Referring to Figs. 3, 7 and 8, attachment of the ICs 110 before
segmentation of the carriers 12 allows performing 100% functional testing or burn-in
of the ICs 110, before final assembly. To that end, the carrier wafer 112a includes a
30  power plane 120 and a ground plane 122, as well as signal paths 124. Each of the
carrier regions 112 may be coupled to the power plane 120 and the ground plane 122

through interconnects 126. In this configuration, ICs 110, associated with the carrier



the board at step 570. Bad connections are tested for at step 572, and upon
passi ng 15 the test, the assenbly is conpleted at step 57
ReferringWQo%5381 7 and 8, an alternative nmethod of interchnCnTe/g%?ngszs

| Cs according to the present invention is ggown. Specifically, steps 601,
603, 605 and 607 correspond to steps 501, 503, 505 and 507, discussed

above with respect Fi 6. The . ' i 7

differs in th‘&.g‘qqﬁeﬁ?nmib&ﬁ?tgq peforq 50D hggggé‘%@gygrﬁ%ﬁtee "87r?t' OS?%EH%;{‘ P o
(not shown) b afHd hid PEFEE Plades 120 and 12Re&d the tkdtonbéds 126
carrier mferﬁg%‘ialiﬂgqugbﬁécgogg@at tep 621 20 agnto have a plurality

of spaced- apajrk ifi @lectrival comirunicatidr witlctieqequisite eomnections 23 ¢p faciliatebiasings,
I Cs 110 are fabricated at step 641. Thereafter, the r1Cs 110 I%e
segnent ed at andesigirlsragsmission to the 1@q Tows oearhedetgstioncof defeeiveikos11)

step 647, _usin he sol der..attach techni.guyes ' S n this
fasﬁi on, %;cl &&’Fiaﬁﬁm?’%‘gi g‘ﬁe fi‘i‘%f%mﬁéaz agfi%?eysqj{n%&te&l %gca?ggd’gq¥0 |

i at ed t her.ew..t: ' ' : '
e tachment of Sgfiénidtion, bt before final subasserblyHtEh boBAL 14, thefiby sdving BECosk of

al | ows perf Ordlﬁisﬁkﬂsiriq)Gf Ypfopeelyi fanetiorims boad by, Inaddition, reducedofs theerobabilityo,
before final assenbly. ?o that end, the carrier wafer 112a includes _a 30
power pl ane 1tat dartage tgrtheid 130awidl ocenr duringdunctignakiesiing, hesevse copplingofph

Phe oround pl et Signafs4od s ialAbey pe e nlD odoBut At cRBlRE R P24 da 2"
configurggio nlzda@{%g ’is-hg?/ ﬁggéit?{el??g%ktgv]j&l*}ﬁe $€'110%nd the testinﬁtgxlngllt (&ot shown)

13 regi ons ore conpleting asse step
570. Specifi ing birnsin, signal paths 124, 'the ground and power pl anes
120 and 122 and the interconnects 126 are in electrical comunication

with the requisite connBefarring to Figso 8rand; 9, thasigngl pathy 424 and intgrepnaeess 426
transm ssion to the 1Cs 110, .Thus. ear| ction of f WY Q 5
may be achi eviFg Foyed 1R g2 gﬁmFé:&%‘ﬁ rf&'f’%ﬁﬂg_&l qaf@nﬁgﬁgﬁgﬁégcc@hggy é%glgx?s
segmentati on, 1%?10.%%@6&%&:&‘ jaesHR 3R Ye¥idns 11922 ARaiskidded @k QE cErRithg
the cost of I Sposi ng of” a properly functioning board 14. In

addi t i on15r edtegishsi 130tdve ofirep loirbiiit ieleynents necessany tal proppelyt configerd thell(3 locatkd
occur during functional testin because _coupl i nlgq e test si gn3a2I S -

|

and bias vol tisighs cewieriegipns 11 @fo@éﬁﬁi%t‘esélﬁﬂpl gwée,ﬂ’iéign%ae%or_s 1
(2. oer e | sad B3 hh nE Hierly fkeit! 1 il fadeiod e e {86iphy Bk cBiptHllth the

(not shown) : ef'erting

and 9, the si r Rasd' 520 84k SfRind PiATeCEP i tiSoldddh resistorsABE andui3A] to each
of the carrier redions 112 by passing through test circuitry regions

130, | ocated respevtivelyadhkis prevents a short assgriatest with onglof theé earrigdeegions 112,
test circuit r% 15 regions 130 are ot he{]i circui.t el enents necessa

Lyoto
pr oper | y2@onf irgushorting hesnfire earpigr wafer 1323. (uripg the seemeniationsstap 87.or

functional tegting.. {&ar~e nay ' may
be i spoced +HEPAriR Fif 7y HEIE BechR REZENPS0 B34 TP haude nd gronnd it a0
power plane lx{i pop] sHoWHAA R 29\ card Bisewied. i Bliib allows sé@fierhiés of e cufied Sfer
respectively. This prevents a short associated with one of the carrier

regi ons 112, DPI2a withaunthdamagingrthe individual casricnregions 1. eBad connections are tepted

segmentation t%tr %P stgg %72, and upon passing the test, the assembly is completed at step 674,

8

25  shown in Fig. 7.
Referring to Fig. 10, the overall bandwidth among the ICs 710 within a

system is a major determinant of the performance of an electronics system, with the

external performance of the ICs 710 being equal to the interconnect routing density

times the frequency bandwidth between I/O pins. To further increase the density of
30 the integrated circuits, in a unit volume, and the performance thereof, a backplane

" 711 is provided so that the individual boards 714 may be coupled thereto thereby
extending the 2-D board 714 into a 3-D subassembly. As discussed above, the board



shown in Fig. 7, the test circuit regions 130 and the power and ground

pl anes 120 ~and 122, shown in Fig. 9, are bisected. This
segrent at i orW@P8FIE! carrier wafer 112a wi t hout damagi ngP?lﬁ}e‘%%/mszs
i ndi vi dual carrier regions 112. Bad connecti ggs are tested for at

step 672, and upon passing the test, the assenbly is conpleted at step 674,
25 shown in Fi . : . rJ i ' e

overal | bandwi dj(ﬂ‘ Q&Rﬁvet %8arP&g7]7218' ltvl\} %}nﬁeéﬁfeﬁ crnlCHgy@t9 e@b‘?%te%%n%’}:@f The
determ nant of gh&pRAE 701 RNERs afphaalie) 6Eb6MIpats ABsdndna pMirdlitytdfasignal paths
external performante of the I1Cs 710 being equal to the interconnect routing
density T1howith & subisecofithe plurblitydvil ehind peds irag on/ aXipst msajofl surffaget T23r of
i ncrease the density of in.a unjit _val ne,,?i';\lnd

t hg pe (r]I f olr nmancethe H%F’ﬁﬂ%‘}esﬁ lp aéﬂlgﬁli %% a(;cueg 7"%‘!}&E ?ﬁé %?@W‘G@ dmé’o‘LF Wé?kﬁqﬁ@
the pe 48, , . :
2D board 7141 LN oREa O T DRI REIE st major, LR T8 it an

14 714 Hﬁ)bsﬁ@’xﬁaj@r QifackgR5712 with an integrated circuit 710
nount ed thereto.” The backpl ane 711 includes a plurality of bond pads

715 and a plurality of si §feh eptending the 2-D bpard, 714 inte 21.3-d) pukassemblyhis is

| it f bond, pads | vyi. first | f JA f t

backpl ane 711, Sesithblsde 2dmathAF 6OSFYVRPoFRBIE e Lo} TR APITRInS e opiciya 4 t

711 5 and extth‘é%gﬁdwfrdﬁpmtﬁﬂ tRP6EArHE ?IZZ%hfqu@‘ﬁgs h%ﬁ%ﬁg’fﬁc&ﬂr{eﬂr in'density
an opp sarface :

surface 723, towar 0SI ng mmj or

Wien ext engilh ng bdtweeh boapdaT 1k, relidiringt sonte forkl Gilspasaeehlove thd sighals between the
desirable to as match as closely as possible the 1/0O bandw dth anong t he

boards 714 to planes ofithe2-Bubnsvdsdi L4. Vistaresult,ithe peraplexity of 2 31R) subpssgmblisisa
hi gh i nterconnect rauti depsi 10 bet ween boards 714 uiri SO
form of ot ruct ARPrstely eave] o the complexds,plaisgonstituent boatds Siames (8 sugtber
boards 714. As , i . i

oot o1y oS EFSHAE FAPRRBIAEY By B CpERSaRRR LS, e gyl e

approxi mately equal to the co oards 71
the number level@onipheityd$srEOX FT6 igtetogphect the beards P i4 andthe/bdehylang 71 &N
boards 714, the overall system | evel conplexity is 10X. To

i nt er connel? t herepisaieesrof ofithg mpnufacturingdslerareces pf the seme is peegssiated o dortbat enf,

th facturi t al f ot ' i tated. . t hat end,

the backpl ane 74 PREKRIERE I 15 FPTIIER AP aRRes ESEdoP LR E, HRTRSPEL SEHE 1 o

th f ' 7 1y - ' : b St ncal
e or F@gﬁﬁﬂox%f BRIP4/ hls-gl'lb%saés# ﬁ%ﬁé&%ﬁgg&iﬁgﬂ%ﬂ&@ﬁ%@%ﬁa

t ol erances of vari ous fteatures o y usli

phot ol i t hogr aphyarivag fetabd sfthé Subasiemtas using photolithegraphyeadd stchingaechniques.
crystalline structure of silicone allows Eée'(:i se etching of the board 714
20 and backpl Spesifically, thecrysteHinestucioine ohsibipend allws preasaatchingodf the hpardoti 4

m sal s gl acehbaekPc B i Bnltnd S Rens RIS Brefp b 1 Fhcet e b formed
built. Theref het | '
and ¢ he mechani DAl SR PASE ISREER Yokt tal) BRallpion: gcouracy SR2076 pal "

al i gnment equi pithes of 2fmicron could be built. Thereftwe,fthe tdlerantes batwesrothe ebeztiidal ng

of the boards 714 to, the backpl ane 711,
connections and the mechanical structure may be set by the accuracy of the photo

alignment equipment.

25 To facilitate accurate coupling of the boards 714 to the backplane 711,
each board includes at least one tenon 727, one end of which has a cross-section
complementary to a cross-section of the through-way 719. Although the tenon 727
may be formed so as to extend from any surface of the board 714, preferably at least
one tenon 727 extends from a periphery 729 of the board 714 that lies in a plane

30  orthogonal to the plane in which the opposed major surfaces 731 and 733 of the board
714 lie. In this fashion, upon reaching a final seating position, with respect to the

backplane 711, the opposed major surfaces 731 and 733 of the board 714 lie in planes



each board includes at | east one tenon 727, one end of which has a

Cross-section conplenentary to a cross-section of the = Ay
719. AItho‘L’f'&”(-‘ﬁEﬂt enon 727 may be formed so as to ex EW?’E?#%W
surface of the board 714, preferably at |egst one tenon 727 extends

froma periphery 729 of the board 714 that Ties in a pl ane 30 orthogonal

o ihe plane 1o WHLRNANSCABRPASH: BRIAS iR WAL Sinaldd nish Sl 158 oli0R5¢

714 lie. Int Ion n reaching a sea posi

respect to thge In this Eﬁﬂ‘%@hﬁﬁ?paﬁﬁontdﬁeﬁ?@ﬁé@f‘tﬂ@ﬁlﬁfalﬁy’bf%ﬁépZ§s17P515§ 733
of the board 714 lie in planes

15 t hpdsitéotied adjacemtrioone ftiye phurality bhondrpad patterheaineopomss 2 om e
surfaces 723 and_ 725 lie. In this final seating position, at |east
one of the plliﬁa&‘lii H of bond pads 715 is positi oned adjacent to one

g e PIaralily bong PR0 Rl b B R ¥4 St habdif e he banaBBle 1

backpl ane 71l %éferred to solﬂ& ietont'pad 715 U sikid p gpﬂi‘fépﬁ cBﬁ’ﬂ’ecﬁﬁg 7?@ a bond

pad pattern connection 72 positioned adjacent thereto ining a
joint 735. Topdsktiuned radjactrhethmu:d defiding/d foinu7B85. To thatteind, teenbombphds A 15eand
connections 724 must include a material which wettabl e by sol der.

Typi cal |y, tH&eHoRd PB‘&B%“CFES”ER%FQOH& 736 ﬁ@lsﬁ anrlyda a materiad rWh!éli “&ﬁgbfpzw are

Cechnlque . oidbrd ity il ond 0408 733 §3P€gxﬂ<§%%8?t 5 EmBetings %2l e
flowed eqp! prlﬁtﬁd%nthgﬁh'o%%kel The sbﬁﬁihﬁg tséeﬁ&%&e phdly %Qﬁ gé%,mm@ed. In

this manner, 'sol der nmay be flowed wt

surroundi ng tknewanindhe atto Rnefnwabiyyhohewdr thieysolde! 1k ﬂpvﬂeﬂaembleymgwlocahzed

bet ween adj acent, boards 714 is a function of the worst case tol erance which
15  det er mi rheating techpigne sich aeinfiarisdg HRdfismannes) salderemay befloweshwithqny

quant  ty ot *Supissting S s8R ndits WiCeonGaLE <Lhckeivebal TaBisAly, dedidiiee,cr o
are no voids Heﬂﬂéé?ﬁadt]ﬁeﬂi boakds 714 is a function of the worst cA¢e M&@%ldﬂl th

enpl oyi ng sol der hat it facilitates rework by | om ng

r epl acenknt (Il‘ctemmseht shze off tlzer tlkrdllghway 71 eeiptiviead the teahnt72710rma‘ height of20
t hereon. Thi s s part AZ#’ L}Bort considering that the 10X increase
provi ded by thepa EPH aue T apd,theiquanty ofispldersamplayed a

10X hi gh I d
i ndi v= guglr Eggrgg bfhﬁ%\ﬁ{t ° enﬁuée?ﬁ'a?trtgév\%ragé/ﬁ{; vﬂﬁtfs%ﬁttﬁe J(ﬁﬂsu agse?ﬂc;l f/ml S
facilitated by reflow ngn hbeaxﬁ@gwlwrthtempi@ﬁﬁgmbﬂealmﬁeﬁtfa&ﬁml@&%wfﬂﬁy

from the backplane 711, shown nore clearly at joints 837 in Fig
Referring agailewkeg rep!asemcgt ofipdefgetivenbpard & 14 exdniegratert cigeyit 7h@ present pads

L T L, PR RGP
d
DL ocess  Uoc IR RARIETI . RGeS o s AR S

connections f st&them&éfeh@vedm @ to an individual board 714. WIEEPscn&éﬂ o g
at the joint 735, a side of thgﬁgoards 714 positioned oppo&??éﬁﬁ he

joint 735 magubassdmiblg infailitdted by efioesing rtg soldentodecsiiplé Aeiefeti®t board 714

from the backplane 711, shown more clearly at joints 837 in Fig. 11. Referring again

25  to Fig. 10, during the rework process, the bond pads 715 and the bond pad
connections 724 may be cleaned in a manner similar to the rework procedures for
flip-chip technology. The process used for final assembly may then be repeated.
After final assembly, the 3-D subassembly can be placed in a protective package and
connections to the next level made.

To relieve stress at the joint 735, a side of the boards 714 positioned

opposite to the joint 735 may include a stud 737 extending from one of the major



16 surfaces. The stud 737 has di nensions sufficient to contact an adjacent
board 714 and reduces cantilevering of the boards about the joint 737.

Ref erri ngw®98%351 11, in anot her enbodi ment, cantilevering B¥T{USeH5%? d 814
about the joints 837 nmay be avoi ded by pr orédi ng a second backpl ane 811b,
whi ch may be di sposed opposite to the first backplane 81la or extend
transversely thereto,_ The nd ,backpl ane . 811h .is sjimlar .t |

" backpl ane, buurfases. Hbbg Wéﬁ;%&ﬁfim‘}?&“ﬁ&&f Gl¢ ttozgﬂﬁgagae%ﬂc&'agg;t?%éd?g‘%ons

Fi et and sccBRdonikes cpiEdidglof e BRarg JBHR cheSTRETER O 1% "ot havi ng

nul tipl e backpl anes is Rbpbrigd@y Figl 13] insdotietetsbodimelns cantileverdng of ther eby
reduci ng the worst case path Tength between signals on any boards to the

average of bchuaed 844laboysithsjointe 887 aiay bmavaidesbby proiding 4 secpnd backplane

parasitic capacitances and inductances, whil e increasin ge transm ssi on
speed of si griilb; whichemay pe dispased opposite to the first éiﬁ@?l@l"glgﬁ 40§ el’—‘Feé‘ 12

anot her enbodi e ' | fint:he:

Fointe 015 i MUt ABFE" T Ing ARohd SHALAE £11r) IS SRA R M sE Kbl but
di ffering di shapesd §14oWbRA9nelhdd fifst @R @6chdNFR}sf t8r0HisaB2Ta 1A 182 eSdtBobf
the board 914. To that end, one or nore of the tenons 927 may extend,

toward the bawkichast Beluriquély assosintedowithope off s Bt angl secondr baskqdanps B1dad
Fachi on. " he Ao abgRHRe etk aE T 8 B BEOda i s
r1<7ad uced due ttﬁa); Be p%o%@éds, tlkéﬂ:&grédﬂcﬁl‘é‘ﬁg WOE'&E%% Réhqgligih bet%eer?osl}%lﬁl% 811 any

assenbly for pyardsYoqfié av@dge bf bokrd widnplus sig®ickplane separatién.r This redutet i ve
menber having a plurality of bond sites disposed thereon and a plurality of
si gnal t r acesparasiihcapiacitdtice$ ardk inductanéasonhileincrdasingi the pransmissiop speedofid
sites,

signal in the 3-D module.

Referring to Fig. 12 another embodiment to prevent cantilevering of
the boards 914 about the joints 915 includes having tenons 927 attached to the
backplane at differing distances from one of the opposed major surfaces 931 and 933
of the board 914. To that end, one or more of the tenons 927 may extend, toward the
backplane 911, from one of the opposed major surfaces 931 and 933, with the
remaining tenons 929 extending from the periphery. In this fashion, the cantilevering
of the boards 914 about the joints 915 is reduced due to the joints lying in two

different planes.



wi th a subgroup of sai ' nd sites lying on a surface of said
first i nsul%%g_mgﬁnbeﬂ!ﬂ!ﬂmml“!p"mr" ﬁﬂfi rst plane; PCAACHDRH 0525

i nsul ati ve nenber havi cplfwurad i sy ef signal paths and a plurality of
bond pads di sposed thereon, with a subset ofl7said plurality of bond pads

| ying on a face of said second insul.ative nenber extending in a second
plane, wth sawlATISCIPABMEDER: endi ng transversely to said second plane
and said first 1 nsulative nmenber having a plurality of apertures fornmed
therein, said second insulative nenber including a plurality of tenons

t endi f id di | at i mb i d pl it ft
having & shape conpl menkary AdUAURIAEERERBN G by nEgr el PR OB DR B el ng

di sposed therein, defini L Q) h%ﬁh' fAihSii ii0sshAt i ve
menber s, V\?th each of sa?grgo%sgil%g’g?ﬁ%ﬁggl sggsﬂé{légg?ﬁgbﬁ%g%eddggdé}egcent
to one of 3ai theRBf afild byiunlitsef sighadlhecesipeachf which exten@Bftom 6yoLSdi@d t O
sai d second insul ative nenber, for reducing novenent about said joint. 2.

The nountifg oguralitt of bond sitsst withiasubigeoun of saidh piurakity ofi pndesites 1yiog on a
reduci ng veneni is_di,sposed osite to saig¢ plurality of tenons on the
second i nghpl at Uy ?rﬂfrii’é& Tst lﬁqutg)velmﬁmbﬁﬁﬁl“feﬂ n&é%é%ls‘yg]ége;r ecited in claim

1, - furthergconprising at . .S Al syl atsl v
members. -S4, The mouhteans iR HiedBE: fhvildh pIRERGNYY SRR Rl o
conpri singy at pieasity of BRRIOpuls Pisposéd thrrdbrl, ivith a isibset of baie pliralisy 6f beRCPadaf
said first insulative nenbers lying in a differing plane, wth said neans
for reduci®hg nipingmema face of safidrsgeend insylative membesfexteadingpinua sécong ptemet avitns
di sposed i n aperjures_of one of the plurality of first ingulatjive, )

18" hebel s SHd Bk plade sRipndMB taIsyFrsely; o spid fespnd plage 2P, TBRLEE insulasive;

t he apert g es ' ' Lr ' ] r |k [ty of
first i nstt? at |l§£em€rr%-ntg‘g§l{sge a bﬁg%ﬁty o?ta?hxgﬁf#gﬁhﬁﬁ% H];egési gh%ﬁq{l/ sg(gdnge@%@é‘g“f n
claim 1, pher ehémbet idcliBibigsa plaralitp @8 edrvtis haVing EsHapt ¢oinpRIMERARY oS Erods-St ud
extending fromsaid face, with sard stud being positioned proximte to an
edge of sk d fsectionivfssaidaperbwesvand being dispoged thesein upen saidi first andk s¢vond

13 insulative members reaching a final seating position, with each of said bonds pads of

14  said subset being disposed adjacent to one of said bond sites of said subgroup.

1 2. The mounting é.ssembly as recited in claim 1 further including a
2 conductive fusible alloy rigidly affixing one of said bonds pads of said subset with

3  one of said bond sites of said subgroup.

3. The mounting assembly as recited in claim 1 further includix{g a

2  plurality of said second insulative members.

1 4. The mounting assembly as recited in claim 1 further including a

2 plurality of said first insulative members.

5. The mounting assembly as recited in claim 1 further including a
2 stud extending from said face, with said stub being positioned proximate to an edge of

said face disposed opposite to said first insulative member.
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6. The nounting asse
reducing novement co ’Tﬂ'm’ﬁﬂ
i nsul at i ve WRRMHBHS! abou The nounting a

recited in claiml, wherel n sal d f| rst and ggcond insulative nenbers are

formed fromsilicon. : The nmounting assenbly as recited in claim1,

o8 d secorld | nsulative b ﬁﬁ@d rafiptihd abtelptl 23 PRCsRaH Sl SPErnisE) e e
si gnal paths %E&@ﬁ&ﬂhﬁ@ﬂeﬂb&haﬁ%ﬁn&dﬁﬁﬁngﬂi@w ‘of bond pads and extend

away fromsaid region, defining an electrically non-conductive area and

further including a routing carrier having a plurality of conductive traces

and pIurallty of conductive bond areas,_ a subgroup of which superinposes
said firstl group bond pa'BsTllﬂ)mOWé%g assembbr a%@mae%ub@amé lgrainss &sst group

superi npose S St Qu f baond of s

o1l ol 1Ty of S wagciobty phhdid Sles dhrifie 8 PRgou BT 55 JHfst GnfiRe et and an
ext.endi ng goet

ai T of oai d Doy y8ap or aid IS O %ﬁ%ﬁ%@‘%‘?ﬁ%ﬁﬂm%ﬁﬁ@w
9. The 4subdjondtsite and extend avvay firomh saithr8gionhdefining anietbctritally minedndudtivei t
is coupled to the remaining bond areas of  said routlnﬂ carrier and is
posi ti oned t hdregsdnd furshertigCludinge fouiing @arsrenrdlawm rtam #yiafeonductive tracey.

The substrate a d wher ei n rated circuit is
Coupt ed t & t nat antaiRG ot huBiR Sond WER TR ighy bf Wl Ginfr ages Sl
non- condueg i v qrgf _Iﬁ%uﬁ) BEh& RS so that each of said third group bond areas superimposes one of
REPLACEMENT SHEE

EF2 3JEJ7@  said first group of bond sites, when placed in a final resting position, with ofi®of said

orifice having an area which exceeds a, cross-sectional area of said
i ntegrated ci plurality of conductive traces superimposing said nonconductive area and extending

10  between a pair of bond areas of said third group so as to place a pair of said bond

11 sites of said first group in electrical communication.

8. . The substrate as recited in claim 7 wherein said integrated
2 circuit is coupled to the remaining bond areas of said routing carrier and is positioned

thereon so as to superimpose said nonconductive area.

9. The substrate as recited in claim 7 wherein said integrated
circuit is coupled to the remaining bond pads of said routing carrier and said
nonconductive area includes an aperture having an area which exceeds a cross-
sectional area of said integrated circuit, said integrated circuit being positioned on

said routing carrier so as to fit within said aperture, upon said routing carrier

D W BN

reaching a final seating position with said insulative member.

10. A mounting assembly for an integrated circuit comprising:
a first insulative member having a plurality of bond sites disposed
thereon and a plurality of signal traces, each of which extends from one of said

plurality of bond sites, with a subgroup of said plurality of bond sites lying on a

L A W N e

surface of said first insulative member extending in a first plane;
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fs?![ d\Mi tnmagrat ;ad ci rgm on said rouﬁdsmgetﬂasrlze'bxemepﬁebtdgs to
circuit cor?%ﬁigg/f%%.h ““\“““ ‘\_m Hlﬂﬂlra}%\j% 01;1
0 iC

Hﬁ ting assenbly i

s | msul ative nmenbe
bond sites di sposed thereoh and a pluralityygof signal ,
extends fromone of said plurality of bond sites, with a subgroup of said
pluralitygof bond sites i hBerki ' t: paehyyeTed
ext endi ng6i nafirst pl gr}:)eﬂ;xfé@it)paf &cégﬂ Eﬁ%&?&t@&%?elééga?#ddﬁgkpal??@g k
nenbers, gachhafinpiphiralitycofisigsal paftncad weplurdgity of bond pady dispossdaheteonpsdis
and a plurality of bond pads di sposed thereon, said face belng surrounded
by a peri Bher facabgingausreand dyi mperipheroard pxigndingrin arieeend plane weiestated t o
said firsy plane, with a i.r of tenons extending from.said per.ipher sai d
Frrst i nedl b RaBsveiehcio vl Ay Pansy Al 4 B9t BF beohd s Hon i Begbteny; e
therein, qgith i B@fn. : : _SA4 i
second i%gul af]ﬁggﬂsr’rte Igéﬂé el ngelgglas‘}é@%ggﬁl vﬂlﬂfﬁp%r?gé%?ﬁinggéﬁ%%ﬁ%g of
spaced- apart eheedihUwith eath bf sfé phahlityadftendnsr ¢l dath ofkaidgsiorutity 6§ sécoht Ve
menbers extending fromsaid first insulative nenber Egr allel to an adjacent
second i A3ul ainsulative membenpbeing dispogaduwithin gneodf said phwdalityaf spacadeapastrber s

d of jd first i ti . ' . final t I.fion, with
ach of 34 o BRAREC e Sarl S5 TN Bliely HaPH e Bun TS AReRRaB B

ch of <did _ _ Oepdngreont
21 d stuatboi Rt pet A REANE 3R 9 AR Sehihd TATOL fhcre urth

di sposed 1§pposdid phirglityasfdetordsinsiuiatve lembers@itdeiid firstlidsulativid@ieffiben kédeling
assenbly as recited in claim11l, further including a conductive fusible

al l oy ri ¢6dl ya finaj searing pesition, with ¢a¢jvefisaid bendy padsafeaisk subsetbding disppses .
13. The,mount.i n ssenbly. recited. in claim12, wherein said plurality
of bond E?ids %\cijgceg'fF“aﬂ’beeﬁ}%lﬂggmb‘fﬂfeélqc}tsﬁ'do?“béfgﬂ’ps, each of which encl oses
a region of said second insulative nmenber, formng nultiple regions, with
signal traces associated with each of said plurality of groups extending
away fronisaid region, defiThengounthiglassémbly afreciterin claimh 19 fifheceRididg ¥ €
areas, and further including a plurality of routing carriers each of which
has a pl utal i ¢egpdyetiveofugible aﬂey rigiidye affieiag ang pf)paid ibopdypadsopiiaid subsebwith
areas, a . . . 20
subportio% ofo%ea?fosabqnhmf‘Wé)f%‘ﬁlosug%oé'?'superi nposes one of said groups of
said plurality of bond pads so that each of said conductive bond areas of
sai d subportion

1 12. The mounting assembly as recited in claim 11 further including a

2 stud extending from said face, with said stud being positioned proximate to an edge of

3  said face disposed opposite to said first insulative member.

13.  The mounting assembly as recited in claim 12 said plurality of
bond sites are arranged as a groups, each of which encloses a region of said first
insulative member, forming multiple regions, with signal traces associated with each
of said plurality of groups so as to extend away from said region, defining a plurality
of electrically nonconductive areas, and further including a plurality of routing
carriers each of which has a plurality of conductive traces and a plurality of
conductive bond areas, a subportion of said conductive bond areas superimposes one

of said groups of said plurality of bond sites so that each of said conductive bond

O 00 1 O W A W N

areas of said subportion superimposes one of said group of bond sites of said group,

[y
o

when placed in a final resting position, with one of said plurality of conductive traces

fa—
Jowd

superimposing said nonconductive area and extending between a pair of bond areas of
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superi nposes said one of ' said plurality of bond pads, with
one of said plurali tﬂI“LI j ﬂ“ﬂaﬂl\gces superi nposi ng said
non- conducwiows/sassea a i , en a pair of bond arRaKUSS/183%5d

subportion so as to place a pair of said bgpd pads of said one of said
plurality of groups in electrical conmunicdation. 14. The nounti ng

assenbly as recited in claim13, further_ including a plurality of. .
ot ogral 43 ci sad Hhis! EERBIFOG Blach A R Of G bov Sicof it vt efotn inelerraine
of one OB said Ellursg.'! y of routing carriers and-is positioned thereon so
as to su éri nf)(gg]vu on- conductive area associated with said one of
said plurality of routing carriers. .15, The nounting assenbly as
recited in claim 14, wherein said non-conductive area includes an orifice
havi ng anlarea whi ch exdéeds Thecsubstsate as recitedlin slaim Fwheren an integgatad strcuit

circuit, said integrated circujt bein ositioned.on said routing.carrier
so as to 2fj tlsvﬁof-‘m%ﬁ tg sherepaiping bond agq%_o ea‘i*he?%gﬁ?‘i“%g AR ARG 155

recited iR clalm. i ' ' ' | 2t 2 and each of said
b aral i ty2or e HEEHEs0 a8 Hhnckintbost 35k el a6ta. 00 each, 1 o2
" nmethod of routing signal paths on first and second insul ati ve nenbers,
conprising the steps of: depositing, on said first insulative
menber, alplurality of dpaced@hepsabstraioas regited<n ghaimal 4owherdin sgidafoncongiugtive
traces, with each of ;said plurality of si | . traces extending formo e.&)f
sai d plurdl it §eanAngludes ag;aperurehay § AR afea Walch 55 Sﬁéiﬁﬁ%srsquBF%}cﬁrFPg°€5m

surface | ¥ing.li i . P, | 1d: L& ' '

pl ural i tygof gr%t%{%eﬁtcgrgﬁlé,séﬁfnr%ﬁ | %dggﬁcgltﬁe?ﬁﬁ %#%%rfeé;h diP e %‘%‘g“})@ﬂfzﬁg‘% gson
sai d second i fsfit withinSsaieaieefure cupdinlsaid routingfcasieroedeling atfilddReathgdsosaivh a
plurality of signal paths, with each of said plurality of signal paths

ext endi ng3f r owithrseidoihswative wembar.i ty of bond pads, said second insul ative
menber including a face lying in a second plane with said plurality of bond
pads and said plurality of signal paths lying in a said second pl ane;

21 1 formng a phyr s oRingPREEHbBPA fecRPi AT 15%WIRALA shid fifst

i nsul ati ve nmenber; orm ng plurality of spaced-apart tenons to
extend fr2m sadlinsslativelmenrbet and esch of said plurality of second insulative members are

3 formed from silicon.

17. A method of routing signal paths on first and second insulative
members comprising steps of:

depositing, on said first insulative member, a plurality of spaced-apart
bond sites and a plurality of signal traces, with each of said plurality of signal traces
extending from one of said plurality of bond sites, and a distance between adjacent
bond sites defining a first pitch, said first insulative member including a surface lying
in a first plane with said plurality of bond sites and said plurality of signal traces lying

in said first plane;
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depositing, on said second insulative member, a plurality of spaced-

[
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apart bond pads and a plurality of signal paths, with each of said plurality of signal
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paths extending from one of said plurality of bond pads and a distance between

| adjacent bond pads defining a second pitch, said second insulative member including

—
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a face lying in a second plane with said plurality of bond pads and said plurality of

pa—y
o

signal paths lying in said second plane; .
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menber, with each said pgmmi aced-apart tenons being adapted to
fit into o id pl -apart apertures; an

! & ‘b?/.ssé@ P r Hﬂ H p p . anfletyses/ios2s
coupl i ng sal 8 Irst and 1 menbers together, defining a

j oi nt therebetween; wher ei n nmeans ai2é provi ded, connected to said
second i nsul ati ve nenber, for reduci ng novenent about said joint. 18.

The nethotb as recited i nfortringra pluralityesfspacedrapare bpertires il suidlfirbtingilaieand
pads are positioned adjacent to one of said plurality of bond sites after
sai d coupfﬁ ng memsperaneitiin atfirst predeterrinegg tolegancerp of sol dering each of said

plurality,pf bond sites t@ one of  sai. ural ity of bond pads posjfioned
adj acent Pﬁer eto. 19, a9ﬁ*ﬁé‘“ﬁ€rﬂl&5{i‘h§58¥ %QQCF‘(IL.'&%?‘% tORS 4R e S\R»Egr%msu@awa
second i | aty SEB 4 'lfﬁflﬁi | . ' i ty
t enons e@ndimn%&ﬁ?r om salddg%g#gﬁeg%&ﬁﬁ sa%famfelt’ &slﬁfg%goésfe%gdn@u%lg&@

bei ng posi% i onpaced-dpangenaid bein® adanéd & fieintabhe of §ﬂdgmﬁﬁnﬁ}1 b @a&écﬁagan 20.
The nmethod as recited in claim17, wherein said second side is disposed

opposi t e 2 sapertatessand de. 21. The nethod as recited in claim 17,
wherei n the neans for reduci eans for reducing

N venent . conpri.se .
cantileveting of the sec‘Eﬂ‘t’é?il g§gﬁa§‘is§/%nq‘r§"rﬂggﬁ I tvegnembers;tagether, with said
REPLACEMENT StiekiTand second pitches being determined as a function of said first and second

.23 predetermined tolerances.

18.  The method as recited in claim 17 wherein each of said
plurality of bond pads are positioned adjacent to one of said plurality of bond sites
after said coupling step and further including the step of soldering each of said
plurality of bond sites to one of said plurality of bond pads positioned adjacent

thereto.

L I R S

19.  The method as recited in claim 17 wherein said second
insulative member includes a periphery with each of said plurality of tenors extending

from said periphery with said first and second planes being positioned orthogonally to

AW e

each other after said coupling step.

[y

20. The method as recited in claim 17 wherein said first and second

2  insulative members are formed from a silicon compound.
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