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menmory densi Inythe assembly of integrated semiconductor circuit elements such as integrated

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 multi 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 process, 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 to 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
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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 as glass 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 processing 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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substrate with electri y 1solated conducting vias fromone face to the
other and with

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---6 of Figure 5 of the module in
Figure 5 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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3 were to be of a dielectric such as glass the providing of an electrical 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.



for the intra chip, the inter chip and the external connections of the
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15 mechanical polish.

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
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15 application. The openings are then filled with a metal 6 such as copper. Vias at 25 -

50 micrometer are routine. Chemical - mechanical polishing is employed at the surface

10 to insure planarization around the vias.

The high density wiring 5 is fabricated on the surface 10. The circuitry 5 may
have multiple interconnected layers fabricated using techniques which are known in the
20  art of semiconductor 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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conpared to other packages known in the art. The well established
techniques for fabricating wring on silicon wafers allows for the easy
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connection to |ess dense higher power output circuitry through the
opposite face. 7 WO 02/086971 PCT/ US02/ 12207 WHAT IS CLAIMED IS: 1. In an
i nt egr at ed ciasimsareﬂmmmgbemufea giaterialrtplere from thecgrodprod semiegdatotol and cui t
el ement s |nt erconnected into a functional unit and then further
connectél(ﬁe G power and signal external circuitry, characterized in that
the integrated circuit package 5 conprises: a substrate member of a
material taken fromthe group of sem conductor and dielectric, said
substrat e haweeitysubsteate havingdishand seeond assantiadly phrallel fagsss, sai d
substrate having high density wiring positioned on said first of said first
and 10 second essentially parallel faces, said substrate having at |east

one via menberikxikEIE halMgrgh deasitly wiring positioned on said first of said first and
10  second essentially parallel faces,

said substrate having 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
member positioned on said first of said first and second parallel faces of said substrate
15 and inter and intra including said at least one via 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.

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

expansion.

2
3. The improvement of claim 1 wherein said 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 involves ball metallurgy.



substrate fromsaid first to said second of said essentially parallel
faces, at | east one said conponent including at |east one said integrated
circuit worReseppsitioned on said first of said first aneczasont2parall el
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densi t y ooppetiifickedmmecdluminymsi ti oned on said second of said first and
second parallel faces and connected to at | east one said via nenber. 2. The
i nprovenent of claim1l wherein said substrate nenber and at | east one of
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via nem$@MRIRI N&SIERPOTmet al 1 urgy. 8 WO 02/ 086971 PCT/ US02/ 12207 4. The
i nprovenent of claim1l wherein said via nenbers are of at | east one of
copper, nickel and alum num 5. The nethod of interconnecting integrated
circuit el ensiogding @ stbstiatetrhemdbler havingdirst and secondl edsemtitlly paellel faces

connecti_n id.unit int.o power. and.signal external circuitry, 5
conpr.i si ga?%ggé]tye%br%%'cww%m@sﬁ’r&ubst rate nmenber having first and
second essentially parallel faces separated by a first thickness

dimension, formng a pattern of holes for vias in said first face of said
substrat e t o farnaisgtanpatiemt ofiholesky viamin ssid dratifaca of saidlenbsttat@ teemdepth, 10

filling i.d via holes wth .a conductor.naterial, plagiarizing said first
face of t@%l lg I%%ﬁ) pas[aéd msélﬂﬂulﬁwﬁ%sss P19 ed vi as,
10 filling said via holes with a conductor material,
plagiarizing 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 from

said vias on said first face of said substrate, and,

15 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,

positioning on and contacting into said high density circuitry each of said at least

20 one integrated circuit members, and,

contacting each said exposed via in said second face of said substrate into

external power and signal circuitry.



applying high density circuitry on said first face of said substrate, said
applying step serially including providing contacts into said circuitry
from saiwoweasoon said first face of said substrate, andpCIBSpre20Ti ng

contactg in rf f ! .
connect ions. 1 e reCoRedtio Aot o PuibrEFRL ALY it ol Bptrateds,
sai d seadivdnf ace of said substrate thereby exposing said conductor filled
vias, positioning on and contacting into said high density circuitry each

of said at least 20 one integrated circuit menbers, and, contacting each

a1 3 Sxm05el | dheSAERIRRSABI AOaln S RANTHETHE S dehBichl BTl dpouer
met hod dgolaticn an shevaallsiof saideviadiobes ladfood theastep sffilingagaéd vim halés withrmetal.

The interconnecting nethod of claim®6 including the step of providing a
| ayer of isolation on the walls of said via holes before the step of

fillgnggsaid 'I\Heain’fé?b%né{&t ? B of Chaifh 7%@@"5%@%%%‘ lg% et ten

claim7 wherein said isolafion is a naterial taken fromthe group o

si | i con fiom the geupi efilicun exide, silicomn ritride, tantatuamaad dantalum initéde 9.  The

i nterconnecting nethod of claim®6 wherein said vias are filled with at

| east one netal taken fromthe group of copper, nickel and al um num 10.

The intex Conﬂfl’fétlhtwcﬁm’ﬁé'&iﬁg%eﬁio@l'@&l%@ﬁ/\ﬂiéﬂelﬁ%aﬁh Qi%@ta?étfilléﬂ witht & 189%E"
and 10 signal external ci rcwtr¥ i nvol ves ball netallurgical contacts. 11.
€

| n i nt eoBernetd taken fremdhatasaur iof copperenishehand aluntingaich ot her and into
power and external circuitry, the packaging nethod conprising the steps
of : providing an insul ating substrate nenber said substrate nenber having

first an@. The interconnecting method of claim 6 wherein said contacting into power and

10 signal external circuitry involves ball metallurgical contacts.

11.  Ininterconnecting integrated circuit elements with each other and into power 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,

15 said substrate having a pattern of conductor filled vias each exposed on said first

and said second faces,

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

20 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 said

substrate into power and signal external circuitry.

10



second essentially parallel faces, 15 said substrate having a pattern of
conductor filled vias each exposed on said first and said second faces,
appl yi ng WD okes®r1 one | ayer of high density circuitry on tlea/fSor/s2onf said

first a S sali ulst L. it hy.ext I I: to said
exposed i as. IO EFETe ol el orat £ MoREH T BPE ER SR BrOURRS
connect ipagteirmbbcomd uttdi filledddaslensh exposed obhtsaid it aad $ald ssdoridessbfatsai d
substrate, and, applying a contact to each said exposed via on said second

Y Nt a L
of sai d fAeRShepraviding of glratrieal dsqlaien alersh WAd signal external circuitry.
10 WO 02/ 086971 PCT/ US02/12207 12. The interconnecting nethod of claim1l
including in said step of providing a pattern of conductor filled vias
each exp@sed Towe isteérdofinectingandtieai of danohtl whebsinrsaic substests,is bheilipowvi di ng
of electrical isolation at each via. 13. The interconnecting nethod of
claim 1l wherein said substrate is of silicon. 5 14. The interconnecting
nmet hgd ofy cl giHg; i i I il ' iatd [ ri O | tcon the
el 19 of i 00 AP Maa et g PR Sotel iy IR
i nt er comxisationgmitiehwalloéf sdidivia Ndleshpniarita fillligdvittomedak is i nto power and
signal external circuitry involves ball netallurgy. 11

15.  The interconnecting method of claim 14 wherein said contact is into power and

signal external circuitry involves ball metallurgy.

11



