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type of circuit. Integrating . _
circuit chips and other passive and active electrical components into a complete unit,

these elements are typically mounted in an electronic package which provides for
interconnection among the elements. Electronic packages typically provide a much

15 lower density of interconnection and wiring than is available within an integrated circuit
chip. Thus as many diverse functions as possible are often combined within single
integrated circuit chips in order to make use of the dense muilti layer chip wiring to
maximize the functionality and performance of the complete unit. As the function
performed by the unit increases in complexity, the chip size typically increases.

= 20 As the size of an integrated circuit chip becomes larger, the yield of satisfactory
chips in a typical manufacturing process decreases exponentially and the cost of the
chip increases beyond acceptable limits. Furthermore, the diverse parts of the chip
must all be fabricated using the same fabrication proéess, typically leading to difficult
compromises. For example, combining logic and memory circuits on the same chip

25  with a compromise process degrades logic performance and memory density

compared fo using the optimal process technology for each type of circuit. Integrating
many diverse functions on a single chip also greatly increases design time. These
problems can be avoided by using a number of smaller chips connected together in an

R RT A

~Goguss:

AR




nany diverse functions on a single chip also greatly increases design tine.
These problens can be avoi ded by using a nunber of snaller chips c‘p\%@ftm
together in an 1 1111111111111 *Q&0 &1V 1111111111111 | e JUL 2005

02/ 086971 PYFP/988697H 2207 el ectroni c package, but perfor maRE®USEYI2Y

degraded dlegtronic peckageebut gErRINMARBS fidyBb dégtRabd Hhégo gine fBV\%ir ﬁggﬁogﬁﬁéé’tﬂﬁé-

There has been sone erfort in the art, "as ilTustrate .

6, 025, 638CaRALI¥REtyRicalipsskages.c packagi ng which provides a greater density
of interconnects. This- 5 approach enploys a conplex fabrication process

whi ch uses materials and processes which are not typically practiced as

part of semi chweredtasrbesn some efferthatie arlus il@étianed il U dleha 0256889
' there also considerations in

consi derations of chip size and partiti oning, : ) (
choosi g Bptoe SlackpliRadiofiauirapLovdRe 5 Bisaissiansinof interenneasihisy
ract i £edapp@bbh Ehdslopd 8'coAffex faBASRARINS ich! : Lt o
5)0 such co%g»?derationgé arce di sxcgssed inbﬁgegz%{oﬂggt#’g%\?ﬁtéﬁgg dn@ﬁr?@%snseg

| nt er pos eWhir@caTRdI% dypicatlyrpragtipedmsart of semicanducttiycHipbs pacietgesfabricationt he
Proceedi ngs of the 50th | EEE El ectronic Conponents and Technol ogy

Conf erence, 2000, pages 1455-1459; wherein the use of a silicon interposer

attached to a kniadgitorctu thei considieeations .of Chipr dizerasd phaiibningetheré Bisphe art for
15 operate to provide a high

1t or connSTIIATAIANS ITRNAESITG eloCtiANGBaRkads mateiinls 40 pIoapsds whibb e ho

Vel | abl & AmOrAy praaoas el Hardurdiird ottty SR e SPRBERBRAIY, ¢ ne

i nvent( onsuch eeifsiderations aendiscussedima miblitation tiieti“Siicominterpiset Fethinslogrch
For High-Density Package” by Matsuo et al., in the Proceedings of the 50th IEEE
Electronic Components and Technology Conference, 2000, pages 1455- 1459; wherein
the use of a silicon interposer attached to a single chip is advanced.

There are clear needs in the art for an electronic packaging capability that will
15 operate to provide a high interconnect and wiring density between chips and which will
allow the package to be fabricated using a simple technique involving commonly
available fabrication processes and tools.

SUMMARY OF THE INVENTION

In the invention, a wafer of a semiconductor such as silicon or a dielectric such
20  asglass is used as an electronic module package substrate. Conducting vias through
the wafer and high density, inter and intra, chip contacts and wiring, are fabricated
using conventional silicon wafer procéssing tools and processes available in the art.
The substrate may be chosen to have a similar thermal expansion coefficient as that of
the chips mounted thereon. The use of vias through the substrate provides for a high
25  density of connections exiting to the neat level of packaging hierarchy, allows short
paths for power and signals and improves power and ground distribution.
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10 Figure 5 is a top view of a four integrated circuit module that has been diced
along the dotted lines of Figure 2.

Figure 6 is a cross sectional view along the line 6--8 of Figure 5 of the module in
Figure § showing the chips positioned on the substrate, the chip attachment contacts,
the inter and intra, module wiring and the vias.

15 . Figure 7 is a cross sectional view of the module as in Figure 6 after mounting to
an external package substrate using ball contacts.

DESCRIPTION OF THE INVENTION

The invention provides an electronic package with a semiconductor or dielectric
substrate with electrically isolated conducting vias from one face to the other and with
20  high density conducting wiring and contacts on one or both surfaces.

For clarity and simplicity of explanation, the description will be focused around
the material silicon for both the substrate and for the processes employed.
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and 3 were to be of a dielectric such as glass the providing of an electrlcal insulating layer
around the via would not be needed. The vias 4 are distributed throughout the area of
the substrate 3 so as to provide short length external electrical connections to the
surface circuitry 5. The circuitry 5, which may have multiple layers of conductors and
20  insulation, provides wiring with a density comparable to that on integrated circuits and
much greater than is typically found on electronic packages. The circuitry 5 provides

for the intra chip, the inter chip and the external connections of the package.

The substrate member 3 may be fabricated as a portion of a larger wafer as

shown in Figure 2. Figure 2 is a top view of a silicon wafer in the process of becoming
25  aset of packaging substrates with an example layout of modules, wiring and via

locations. Figures 3 and 4 show partial depictions of the wafer of Figure 2 along the

line 3--3. Figure 3 depicts the wafer after the etching, isolation and the filling of the

vias to a depth D. Figure 4 depicts the wafer at a later stage of processing, following

the formation of the surface wiring pattern and the thinning of the wafer to expose the
30 back of the vias that extend through the wafer.
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Referring to Figure 4, which is a further cross sectional depiction, high density
wiring 5 has been fabricated on the surface of the wafer. This wiring, which may
consist of one or more metal levels with necessary dielectric levels and vias, may
contact the metal 6 in the substrate vias. Further, the lower surface 40 of the wafer 20

20  has been eroded away using such techniques as grinding or chemical mechanical
polishing to the dimension D from the surface 10, exposing the bottom of the vias 4 with
the metal filling 6. Ball metal contacting may now be employed in making external
connections to the metal fillings 6 in the surface 40.

In accordance with the invention, wiring in the module may form connections

25  within and between integrated circuits and other components mounted thereon so as
to assemble functional circuitry, up through a complete system. Referring to Figs. 5-7
using the same reference numerals for like elements from previous figures, an
illustration is advanced in Figure 5 of a top view of a four integrated circuit module such
as 27 of Fig. 2, with intra chip wiring 29 and inter chip wiring 31, that has been diced

30 along lines 22 out of a wafer such as 20 of Figure 2. Figure 6 is a cross sectional view
along the line 6---6 of Figure 5 of the module such as 27 in Figure 5 showing four chips

5



Referring to Figure 4, which is a further cross sectional depiction, high
density wring 5 has been fabricated on the surface of the wafer. This
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50 micrometer are routine. Chemical - mechanical polishing is employed at the surface

10 to insure planarization around the vias.

The high density wiring § is fabricated on the surface 10. The circuitry 5 may
have multiple interconnected iayers fabricated using techniques which are known in the
20 artof semiconductqr chip fabrication. The circuitry-5 may involve both inter chip wiring
as illustrated by element 31 in Fig. 5 and intra chip wiring as illustrated by element 29
in Figure 2. Chip attachment contacts may be made with such techniques as solder
technology and diffusion bonding.

The silicon wafer may then be thinned as illustrated in Figure 4, to establish the
25 dimension D the filled 6, isolated 7 vias 4 in the surface 40. The thinning step can be
performed earlier in the process. The ball type 51 metallurgy well known in the art is
used to make contact to an external wiring member 52, The ball metallurgy permits
contacting with a simple temperature excursion and dwell and is well within the usual
process windows. Contacts may be made on the surface of the wiring 5 to specific
30 contacts of the 50 type where needed. The wafer may be then diced into modules
along the lines 22 of Fig. 2.
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density of wring than is achieved on other substrates. Silicon has a high
thermal 5 conductivity and its thernal expansion coefficient matches that
of silicon based integrated circuits which may be nounted thereon}BTbgmm
vias are selCGbAEMSe in | ocation throughout the nodul e area, which i
advant ageous power and signal distribution arrangenent, and further there
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process. 10 What has been described is an el ectr nic pac
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2005 1. An i‘RU@HF&Eted circuit package wherein conponents including
integrated circuit elenents are interconnected into a functional unit and

then further connecteubstrateomepberof aanstesalgalah fioth e @bugs bf §e¥ﬂ1&drﬁﬂuctor and
characterized in that the integrated circuit package s conprises:
substrate maidestriQf a material taken fromthe group of sem conduct or and
dielectric, said substrate havi ng first and second essentially parallel
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havi ng at | east one _vi ext.endi n through said substrate fromsaid
first to said seconaalgfugsgﬁn% @hﬂ?fglt}savﬁ%ma Rositioned on said firstafsaidrfirstsai d

conponent i ncI udi ng at | east one said integrated circuit el enent

posi ti onféd @Rd &erond esseatialkyrpagalielifaces, st and second paral l el faces of said
substrate and 15 including said at |east one via inter and intra connected
t hrough sai d hi gh desidisulystratertiaming at least one via member extending through said substrate

from said first to said second of said essentially parallel faces,
at least one said component including at least one said integrated circuit
element positioned on said first of said first and second parallel faces of said substrate and
15 including said at least one via inter and intra connected through said high density wiring,
and,
at least one external density circuit connection positioned on said second of

said first and second parallel faces and connected to at least one said via member.

20 2. The integrated circuit package of claim 1 wherein said substrate member and
at least one of said integrated circuit elements have a matching specific temperature

coefficient of expansion.

3. The integrated circuit package of claim 1 wherein said at least one external
25 density circuit connection positioned on said second of said first and second parallel faces
and connected to at least one said via member involves ball metallurgy.
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and, at |east one external density circuit connection positioned on said
second of said first and second parallel faces and connected to at1i8eagtys
one said via nmenber. 20 2. The integrated circuit package of claiml

wher ei n .sai d. subst r dhe integrived cradt patkageesfllaiRMevidreinahid vidhRabREsSde 6 4tCUi t
el ements have a matching specific tenperature coefficient of expansion. 3.

The i nt egr a@d: SdddTebppRanikid an®iutli/in? 1 Wherein said at |east one
external 25 density circuit connection positioned on said second of said
first and second parallel faces and connected to at |east one said via
menber involves ball netallurgy. -8 [R\LIBSE 653731SG clains.doc:|RG
18 JUL 2005, 4. The_jntegrated circuit package of claiml| wherein said via
menbers are‘of at | &A&MmeHipd alfnterspppseting niegsated piacuit ¢lamentamints a fsionalt hod
of interconnecting integrated circuit elements into a functional 5 circuit
uni t andst hehcyitivmihand themfrsther ennseting said wnif intoopqyeanend aipdalsixgstaal cissierpal
circuitry, conprising the steps of: providing a substrate nenber having
first and secmprsiegdentdpsloffy parallel faces separated by a first thickness
di mension, formng a pattern of holes for vias in said first face of said

substrate 10 Ge! frovkding Belbelicfsd hang B ahd Lhnl MBHRARASlETS! On

filling said via holes w a con materi a anarizing Bard first
face of sai [ ' I sai.d fi.lled vias, applying high density
circuitry ogacgg?%twfa?érds?}}é]g}csgﬁ% g%slddmgﬁ%%lh ate, said applying step serially
i ncludi ng providing.contacts i n1t>,€h said circuitr 15 fromsaid vias on said

first face of said QiBdRE apAterypifolesigyyigs Hgsa&ﬁtsatacs of pai gebseirisde edlepth

surface of said high density circuitry for connections to said integrated
circuit el ethahisdess than said first thickness dimension,

filling said via holes with a conductive material,
planarizing said first face of said substrate including said filled vias,
applying high density circuitry on said first face of said substrate,
said applying step serially including providing contacts into said circuitry
15 from said vias on said first face of said substrate, and,
providing contacts in the exposed surface of said high density circuitry for
connections to said integrated circuit elements,
removing material from said second face of said substrate thereby exposing
said conductor filled vias,
20 positioning on and contacting into said high density circuitry each of said at
least one integrated circuit elements, and,
contacting each said exposed via in said second face of said substrate into

external power and signal circuitry.

25 6. The interconnecting method of claim 5 wherein the material of said substrate

is silicon.
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renoving material fromsaid second face of said substrate thereby exposing
sai d conductor filled vias, 20 positioning on and contacting into S?ijlﬁﬂizﬂﬂ
density circuitry each of said at |east one integrated circuit el enents,

and, contacting eaciThs aitelcentpotiggimeihad ofclamh @ isdeding Heatd HprodifgIUbedr at e
into external power and signal circuitry. 25 6. The interconnecting nethod

of claim5 WhRbRILBN LR jrahiQf; | | il = .
[R\LIBSG 653731 SG S AIRIdfRnidVia AALLOHIThE BB of Ale ek hoifs with, | ng

met hod of cl. Al i i ng the step of providing a |layer of isolation on
the walls o %ﬁcﬁvéﬁéﬂeﬁ%{es before the step of filling said via holes with

conductive material. 5 8. The interconnecting nmethod of claim7 wherein
said isolation is a material taken fromthe group of silicon oxide, silicon
nitride, tantalumand tantalumnitride. 9. The interconnecting nmethod of

cl ai m 6 fwheBei n sai dheimgrcenmscting methodiof tlabn 7 vdmsdin eaid isvddtivh it akewerfai om t he
group of copper, nickel and alum num 10 10. The interconnecting nethod of

cl ai m 6 whetakien fivai the gesipaisilitgn oride, MU nitride dabiaBMRhnEsh@lRhitgid cui try

i nvolves ball netallurgical contacts. 11. In interconnecting integrated
circuit elenments with each other and into power 15 and external circuitry,
t he packagi ng nethod conprising the steps of providing an insul ating

substrate nber sai 1 ving first .and secpond essentially
paral | el fgg'es, sai Eﬂ%ﬁ‘g%? é‘g'}%éﬁ%n@%gd SP fa)lglﬁ gr‘"ﬁle{ﬁm ﬁ%&ﬁli‘étaﬁer 1ieq ‘V@ﬁa\/i as
each exposed on said,  first and said second faces, 20 applying at |east one
| ayer QP hi gq‘?Stcfgﬁé’Pec@ té‘f?"c‘%ﬂ”@r‘ BauR OIPP?rsPng?I aé‘ﬁiahlmlplgglt Y

10

10. The interconnecting method of claim 6 wherein said contacting into power

and signal external circuitry involves ball metallurgical contacts.

11 In interconnecting integrated circuit elements with each other and into power
15 and external circuitry, the packaging method comprising the steps of:
providing an insulating substrate member said substrate member having first
and second essentially parallel faces,
said substrate having a pattern of conductor filled vias each exposed on said
first and said second faces,
20 applying at least one layer of high density circuitry on the first of said first
and second faces of said substrate with external connections to said exposed vias,
positioning said integrated circuit elements on and connecting into said high
density circuitry on said first face of said substrate, and,
applying a contact to each said exposed via on said second of said faces of

25 said substrate into power and signal external circuitry.
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[RALIBSG]6537318G claims.doc:IRG



and second faces of said substrate with external connections to said
exposed vias, positioning said integrated circuit elenents on and .
connecting into said high density circuitry on said first face of sJinJUL 2005
substrate, ak¥d, applTherigtezconoentiagimetitodesfcinimal Idneluing éal said atepof paividiagaond
of said faces of 25 said substrate into power and signal external

circuitry. -pefternd¥cohdRtSs BdAdis cabh 64 RiseFortl@fd iRPand 6aid sé&?a Q%tr.a%:?face-g,he

i nterconnecting nethod of claim1l including in said step of providing a
pattern of i Is ed on said first and said second
substrate fgggggﬁaﬁﬁ%gﬂéggﬂﬁyﬁ§&%@ﬁ§P%§?5@§a| isolation at each via. 5 13.
The i nterconnecting nethod of claim12 wherein said substrate is of

silicon. 14. The interconnecting nmethod of claim 13 wherein said electrical
isolation is oxidation on the walls of said via holes prior to filling with
metal . 1d 153 The i ntherivisrrearecting meshaded climdiavhardin seidenbstratsiiof sitioon.act
is into power and signal external circuitry involves ball netallurgy. -11-
[ R\ LIBSE 653731 SG cl ai ns. doc: | RG

14. The interconnecting method of claim 13 wherein said electrical isolation is

oxidation on the walls of said via holes prior to filling with metal.

10 15, The interconnecting method of claim 14 wherein said contact is into power

and signal external circuitry involves ball metallurgy.
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