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TECHNICAL FIELD

The invention relates to electronic packaging and particularly to such
packaging which utilizes at least two different levels of conductive layers,
5 e.g., signal, power and/or ground, as part thereof. Such packages are
' particularly adapted for use in information handling systems (computers).

. BACKGROUND OF THE INVENTION

Typical electronic packages of the type described above include a
dielectric substrate as a critical element thereof, this substrate, e.g., of
10 ceramic or a suitable polymer material such as fiberglass-reinforced epoxy

resin (FR4), having the various desired conductive layers located thereon
and/or therein.

One representative example of such a multileveled electronic package

is referred to in the industry as a multileveled ceramic polyimide (MCP)

15 package which utilizes a ceramic substrate having thereon at least two
conductive layers, e.g., copper, separated by an interim layer of dielectric

(in the case of MCP, typically polyimide). Such a package structure may

further include conductive pins or the like projecting from an external surface

thereof (opposite the surface of the substrate having the aforementioned

20 layers thereon) for being inserted with associated conductive receiving
means, e.g., metallic sockets, located with a second substrate such as a
printed circuit board (PCB) or the like. Such a package also typically
includes one or more (usually several) semiconductor devices (chips) located

on the upper surfaces of the substrate and electricaily coupled to the

25 individual conductive layers as deemed necessary. It is known in the art to

provide such connections using solder, with one very well known and widely
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referred to in the industry as a nultilevel-ed ceranic pol yinilfle ( MBSPLACED.
package which utilizes a ceram c substrate having thereon at Teast~—TWo :
conductive layers, e.g., copper, separated by an interimlayer of
dielectric (in the case of MCP, typically golyimde). S%k@tﬂﬂﬁkﬁﬁg‘s:@lz :
structure may further include conductive pins or the |ike projecting from
an external surface thereof (opposite the surface of the substrate having
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known in the art to provide such connections ugi ng sol der, wth one very
wel | kigown and Wi Ggla¥rples of various electronic packages of the type referred to herein

' are also described in the following identified US Letters Patents:

4,430,365 - Schaible et al.

4,446,477 - Currie et al.

4,805,683 - Magdo et al.

10 4,835,593 ~ Arnold et al.

 Further attention is also directed to the following International Business
Machines (IBM) Corporation Technical Disclosure Bulletins (TDBs) for
descriptions of various ceramic substrates having circuitry thereon:

IBM TDB Vol. 22, No, 10, March, 1980
15 IBM TDB Vol. 32, No. 10A, March, 1990

In one known process for manufacturing an MCP package which will
include at least one chip electrically coupled to the circuitry thereof, the
procesé begins with the deposition of a first layer of metal on the ceramic's top
surface. This layer is initially comprised of chromium-copper-chromium (Cr-

.20 Cu-Cr) and is sputter deposited using known sputtering techniques. A layer
of photoresist is then used to cover the Cr-Cu-Cr layer, this layer then
subjected to a series of photolithography steps (soft bake, expose, develop
and bake) to form a desired pattern of such resist on the Cr-Cu-Cr. Areas
of unprotected metal in the underlying Cr-Cu-Cr layer are then removed

25 using a known etching operation. The remaining protective pattern of resist
is then removed (stripped) to expose the desired circuit pattern remaining on
the ceramic's top surface. This pattern » understandably, includes at least
one and preferably several contact locations, each of which is adapted foz_-
being electrically coupled to a respective contact site on the chip(s). In the
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devel oped by the assignee of the instant invention. This proc S :

referred to in the industry as controlled collapse chip connection (C4),
sai d process described in various publications (including patents). -Further

description is thus not believed necessard. Exanpl es ofDocket Dios ENE4012ni
packages of the type referred to herein are al so described in the foll ow ng
identified US Letters Patents: 4,430,365 - Schaible et al. 4,446,477 -
Currie et ahext step in the operation, a layer of dielectric, e.g., polyimide, is then

deposited over the entirety of the remaining circuit pattern, including the

contact locations, such deposition referred to in the industry as blanket
coating (meaning to cover the entire circuitry). Another series of

5 photolithography steps are performed on the polyimide to define a pattern of
openings (which are referred to as "vias"), selected portions (those which

have been developed) of the dielectric polyimide then being removed to
thereby expose parts of the circuitry thereunder. Understandably, the
aforementioned contact locations are so exposed. At this point, the polyimide

10 is baked and raised to a high cure state. In an alternative operation, laser
ablation may be used instead of the chemical processing which forms part of

the described photolithography steps to effect the desired selective removal

of polyimide. The top layer of chromium of the Cr-Cu-Cr layer is then
removed using a known etching operation, such that the remaining exposed

15 parts of the layer (the contact locations) are comprised of an upper portion

of copper and a minute layer of chromium (which promotes adhesion of the
copper-chromium to the ceramic).

In the next step of this manufacturing operation, a second layer of
metal is deposited over the polyimide and the exposed conductive contact
20 locations. A procedure known as a batch evaporation process is used, the
result being that a layer comprised of chromium-copper-chromium is again
formed. The aforementioned batch evaporation process is used at this stage
rather than the described sputtering step because such a process has a
prolonged heat cycle that serves to drive off solvents and water vapor which
25 might remain and possibly interfere with the resulting interconnections
between conductive layers. The previously described photolithography and
wet processing steps are then repeated to define a second desired pattern for
the second conductive léyer. Final photolithography patterning followed by
top chromium etch is then perforr.ﬁed to selectively remove the chromium
3¢ originally found in the top conductive layer. As in the case of the underlying
first conductive layer, this second cohductive layer will include at least one

and preferably several contact locations for providing chip coupling.
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4,805, 683-- Magdo et al. 4,835,593 - Arnold et al. Further ﬂttentﬁenmssp

also directed to the follow ng International Business Machi n€S=TBW
Cor poration Technical Disclosure Bulletins (TDBs) for descriptions of

vari ous ceram c substrates having circuitry thereon: 1BM TDB Vol. 22, No,
10, March, 1980 IBM TDB Vol . 32, No. 10A, dmrch, 1990 Innmtlmpvmnpgmgss
for manufacturing an MCP package which will include at |east one chip

electrically coupled to the circuitry thereof, the process begins with the
deposition of a fiThe tempitr oﬁftheshbbverptdeessasame: fsrmamomwff ateleadtitwo

lsgﬁ'?'[ elrsdlagl)tsc‘{ gdg%tﬁ%rmi} ﬁe&fﬁe%erl ng fq‘g&ﬁﬁ{e &Qfe% @e{'&cb?g l%%orem A

usi ng nomn Sp ues. st
i s then used layexsowith atdeast -ong- @nﬁaymtmhl@emwha%iﬁ 9@%’9'@&@!}‘ being

series of phqiolididesy aiped! @RE. | SRihg R¥fider BXRRIRIONEAVEIAR, to respective

5 contact sites on a chip which is then to be }ocated over the exposed contact
locations and coupled thereto. As further understood, these conductive
layers are also separated by the dielectric layer of polyimide, which serves to
electrically insulate the two as is necessary for successful operation of the
package.

10 At least two disadvantages are associated with the above-described
manufacturing process. One is that this process requires the performance of
several diverse steps, requiring relatively large periods of time and the use
of elaborate and expensive equipment. A second is that the process requires
the formation of metal-to-metal interconnections at selected locations (those

15 contact locations of the first layer with metal from the second conductive
layer). Such interconnections are susceptible to variations in electrical
resistance, which is of course highly undesirable in the manufacture of such
precision-demanding products as multileveled electronic packages. Toassure
reliability between such interconnections to the levels' demanded in this

20 industry, special control measure and test operations are essential. This also
adds to the overall costs of the final packages.

< Aswill 'be described herein, the present invention describes a multilevel

electronic package wherein at least two conductive layers are used, each with
individual contact locations for being electrically coupled to respective contact

25 sites on a semiconductor chip. Significantly, the contact locations of one
layer are located at a greater distance (elevation) above the dielectric
substrate's upper surface while still being directly electrically coupled to the
respective chip contact sites. As will be further described herein, the
process for manufacturing such a product is capable of being performed with

30 fewer steps and in less time than the aforementioned process for the MCP
product described above. Equally significant, this process results in a

product wherein metal-to~-metal interconnections between separate metal
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of unprotected netal in the underlying Cr-Cu-Cr layer are thep—tenspved
usi ng a known. et ching operation. The renaining protective pattern of resist
i s then renoved (stripped) to expose the desired circuit pattern remaining

on the ceranmic's top surface. This patter®, understandabPbgketi No} k994012
| east one and preferably several contact |ocations, each of which is

adapted for being electrically coupled to a respective contact site on the
chi p(s). | n ednsluctoRkmelCEnENNERFFSAr Y, theneby\orercoming the ebovepentioner
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particularly adapted for the manufacture of MCP products, this is not meant
to limit the invention in that the process as defined herein may be readily
adapted for utilization with other types of substrate packages, including those

which use known FR4 and other dielectric materials for the base substrate
member.

It is believed that such an electronic package and process for
manufacturing same would represent a significant advancement in the art.

Disclosure of the Invention

It is, therefore, an object of the present invention to enhance the art

of electronic packages, including the processes used in this art to produce
such packages.

It is another object of the invention to provide an electronic package
which includes at least two individual conductive layers, each with respective
contact locations, wherein the locations of each layer are located at a different
distance from the underlying substrate's upper surface while still providing
direct electrical connection to the respective contact sites on a semiconductor
chip when the chip is positioned on the substrate to form part thereof.

It is yet another object of the invention to provide a process for making
such an electronic package.

It is still another object of the invention to provide such a process and
resulting package structure which can be produced using fewer operational
steps than that as described heretofore, as well as in less time, thereby

representing a cost advantage to the ultimate consumer of the package as well
as to those who produce it.
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depésited over the entirety of the remaining circuit patter4
contact |ocations, such deposition referred to inthe industiy—as=tamket
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coating-(neaning to cover the entire circuitry). Another series of

photol i t hography steps are performed on the polyinmide to define a pattern

of openings (which are referred to as "vigs"), selectedppekét Nos ENJ9Q0E2

whi ch have been devel oped) of the dielectric polyinde then being renoved.
to thereby expose parts of the circuitry thereunder. Understandably, the

af orenmenti oned coi actotrdanebi with measpewmmeimﬁntﬁdzi,stmis proreided a
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the refai ni nHrekpdsawt ppattern, with ed-!eéﬁf%Flc( pRteTia)st BEQVE & §Regm r(grczut
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is located at a different level from the contact location(s) of the first pattern,
and then removing a portion of the dielectric layer to expose the contact
location of the first layer. Both contact locations, being at different levels
(distances from the substrate's upper surface), are, significantly, adapted
for being directly electrically connected, e.g., soldered, to respective sites
on a semiconductor chip when the chip is positioned on the substrate.

In accordance with another aspect of the invention, there is provided
a circuitized substrate which comprises a dielectric substrate having an upper
surface, a first circuit pattern on the surface and including a first exposed
contact location located a first distance from the surface, a layer of dielectric
on the first pattern and including an opening therein to provide exposure for
the first contact location, and a second circuit pattern on the dielectric and
including a second contact location located at a second, greater distance from

the surface than the first contact location of the first pattern. This second

contact location is also exposed, with both exposed first and second contact

locations adapted for being directly electrically coupled to the respective
contact sites on a semiconductor chip.

Brief Description of the Drawings

FIGS. 1-5 illustrate the various steps in the process for manufacturing
a circuitized substrate in accordance with one embodiment of the invention,

this substrate designed for being used in an electronic package of the type
described hereinabove;
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of, 'éopper and a minute |ayer of chrom um (which pronotes aﬂi
copper-chromumto the ceramc). In the next step of this

operati on, i s deposited over the polyinide and the

a second | ayer. of netal
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exposed conductive contact |ocations. A procedure known as a batch
evaporation process is used, the result bging that a la Ekgpﬂgrlm‘lg{z
chrom um copper-chrom umis again formed. The aforenentioned batch
evaporation process is used at this stage rather than the described

sputtering step bmus euﬁmhte“s e RS tiad @w&a@wﬁrwadedckm@o&aahce

serves to driy

I t
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| ayers.

are then repeated to define a second desired pattern for the second

conductive layer. Final photolithography patterning followed by tﬂhp
chroniumetch i s FH@D. Jemndr Betepresent cwo ewbgdiments coft nen@ﬁeﬁm ps for
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respectively providing electrical connection between the outermost portions
of the two conductive layers on a package such as shown in FIG. 6.
Best Mode for Carrying Out the Invention

For a better understanding of the present invention, together with
other and further objects, advantages and capabilities thereof, reference is

‘made to the following disclosure and appended claims in connection with the

above-described drawings.

In FIGS. 1-5, there are shown various steps to manufacture a
circuitized substrate in accordance with one aspect of this invention. As
understood, this substrate is specifically designed for use within an electronic
package structure of the type mentioned above, particularly for use in
information handling systems. It is well accepted in this field that such
package structures must meet stringent design requirements. As defined

herein, the present invention is able to do so while still assuring a final

structure that can be produced with relatively fewer costs and in less time
than many such package structures known in the industry.

In FIG. 1, a substrate 11 is provided including at least one
substantially planar upper surface 13. Substrate 11 is preferably of ceramic
or alumina, but this is not meant to limit the scope of the invention in that
other materials are possible. A thin conductive layer 15 is applied to surface
13, a preferred material for layer 15 being a combination of chromium, copper
and chromium applied in three stages using a sputtering process.
Specifically, a first layer (e.g., .08 micrometers (um) thick) of chromium is
sputter-deposited using standard sputter processing known in the art. In
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above process is the formation of at |eastgtwo conducti \Bodkey®Nos EN9I4082

upper surface of the dielectric ceramc, each of these |layers with at | east

one cont act

coupl ed, e. goneg¥ample ffjeuchia procdssncan dbding sputtering systam suchags thet es
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Further description is not believed necessary. This first chromium layer
serves to promote adhesion of the following metal layer to substrate 11. A 4.0
pum thick layer of copper is then sputter-deposited onto the chromium,
following which a very thin covering layer of chromium, having a thickness
of only about .08 um is then sputter-deposited. (Following subsequent
processing (defined below), including partial removal, layer 15 is to serve as
the first circuit pattern for the circuitized substrate of the invention.)

Layer 15 is subjected to a series of photolithography steps known in the
art to define a first electrical pattern, including necessary contact locations,
and, possibly accompanying fine circuit lines. Such contact locations, as to
be understood, will serve to eventually electrically couple this first layer to
respective contact sites on an electrical device such as a semiconductor chip
17 (FIG. 6) which is to form part of the final package which utilizes the
circuitized substrate formed in accordance with the teachings provided
herein. During such processing, a suitable photoresist is applied (e.g.,
coated) onto layer 15, following which the photoresist is heated (baked),
exposed (e.g., using a projection printer), developed (e.g., using a xylene-
containing developer), and then heated (pakeii) again. Selected areas (not
shown in FIG. 1) of layer 15 may be removed as a result of this process, the
remaining portions, understandably, forming the desired circuit pattern for
this initial layer on substrate 11. Alternatively, it may be desired to retain
layer 15 of substantially solid configuration, e.g., should this layer serve as
a ground or power function. In the earlier described embodiment, this layer
may serve as a signal layer. The preferred process for removing portions of
layer 15, if this is to occur, is by etching. Whether layer 15 is to function as
a signal, power or ground layer, it will still include at least one and
preferably several contact locations as part thereof. In one embodiment, a
total of about 300 such locations were provided.

Following etching, any remaining photoresist is then removed. The
result is that a desired final circuit pattern has now been provided on surface
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| ocations and coupled thereto. As further understood, these ¢ nduchg&gAch

| ayers are al so separated by the dielectric |ayer of polyim des—wisch
serves to electrically insulate the two as is necessary for successful
operation of the package. At |east two di sadvantages are assom ated with
t he above-described manufacturing process. gOne is that th gﬁemgmom
requires the performance of several di verse steps, requi r| ng relativel

| arge periods of time and the use of el aborate and expensive equi pnent. A
second is that3 tofesybssieats 1r.1equm el BALbANERM| Ofhi® fpdteért] PYoRsé®ied a total
mterconnecth?s] at eé ﬁl c‘gé]l ons (those cont act | ocations of the
first |ayer Waat S Pt ?1‘% cdfd conducti ve | ayer). Such

i nt erconnecti ons are susceptl bI eto variations in electrical resi st ance,

whi ch is of cour sephiy mauf r
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5 first layer 15. Preferably, a thickness of about 8.0 um (after all cures) is

provided, the polyimide applied using a standard coating operation. During
this operation, polyimide diluted with a cosolvent is sprayed onto the parts
and baked in a conveyorized oven at about 90 degrees Celsius (C) for several
minutes, until the polyimide reaches what is defined as an A-stage cure. Such
10 cure stages (e.g., A, B, C) are known in this art and further description not
believed necessary. It is understood that the invention is not limited to
polyimide, in that other polymers , e;g. » Teflon (a trademark of E. I. duPont
deNemours Company), may be successfully used. Significantly, the coated
polyimide is then baked to a high cure state, in one example, to a temperature

15 of about 365 degrees C. High cure of the polyimide is accomplished in order
to permit subsequent treatment on the polyimide as defined in greater detail
below.

In the next step, a second layer of metal 21 is deposited onto the cured

polyimide 19, this step depicted in FIG. 3. The preferred process for

20 achieving such deposition is to use a sputtering operation as defined

hereinabove. This second layer, like layer 15, is preferably a composition of

chromium, copper and chromium, and is preferably deposited in the same

manner and using the same equipment as was used to provide layer 15. In this

second layer 21, however, 8 um of copper is applied. The process as defined

25 herein is thus able to maximize use of equipment, thereby assuring cost

savings in this regard. As indicated, such a sputtering operation is carried

out at relatively high temperatures, e.g., at above 400 degrees C. Of

significance, the underlying polyimide, being highly cured, is capable of

withstanding such temperatures for the time periods utilized. Additionally,

the polyimide has not been subjected to a series of wet chemical processes (as

occurred in similar processing known in the industry) wherein etching
typically occurred. Such etching could serve to promote water absorption in |

30
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industry, special control measure and test operations are ess ntlalngﬁim@ED
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al.so adds to the overall costs of the final packages: As will’

herein, -the present invention describes a nmultilevel electronic package
wherein at |east two conductive |ayers are used, each with individual

contact locations for being electrically gpupl ed t o respgekétVRoC BN9DEH12
sites on a sem conductor chip. Significantly, the contact |ocations of one

| ayer are | ocated at a greater distance (el evation) above the dielectric
substrate' s thepslyimidéaadhydroseopitinidtelial Ngestilting h puegsssing ofiayex oapoed

the. process JUHBAIRIRER A el HPSHPRy The BRss b i End ST ShnB e iR O
with fewer spagsibilityl.in |ess tine than t he af orenenti oned process for the

MCP product described above. Equally significant, this process results in a

product wherein netal-to-nmetal interconnections between separate netal
With second layer 21 in place, a series of photolithography steps are

5 performed, preferably similar to those used to form the first pattern on layer -
19 (assuming such a pattern is formed and not a solid layer as shown in FIGS.
1-3). During this phase, photoresist is applied (blanket coated) onto the
metal layer 21, following which a first bake occurs, following which exposure
and develop 'steps are pei;formed. A subsequent bake operation then occurs.
10 These steps are preferably similar to those currently known in the industry
for circuitization of substrates such as those of ceramic and FR4 materials,
and further description is not believed necessary. Equipment known in the
industry may also be used, indicating yet another example of how the present
invention represents a cost (and time) savings. The result is a pattern of
15 individual conductive elements 23, e.g., lines, pads, ete. This pattern, like
the first pattern of layer 15, will also include at least one and preferably
meny, e.g., 700 contact locations (referred to in the drawings with the
numeral 23') which, like the contact locations in first layer 15, are specifically
designed to be electrically coupled to respective contact sites on chip 17 (FIG.
20 8). Inone example, contact locations 23' possessed a substantially cylindrical
configuration with a diameter of only about 100 um, this location also having
a total thickness of only about 8.0 um. Significantly, both layers 15 and 23,
if of the aforementioned chromium-copper-chromium (Cr-Cu-Cr) material,
still include the top sublayer of protective chromium. That is, this top
25 sublayer has not been removed from the first layer 15 during the foregoing
processing, including prior to the addition of polyimide 19. Thus, each layer
15 and 21 (elements 23 and 23') is comprised, in a preferred embodiment of the
invention, of Cr-Cu-Cr. In the case of layer 15, however, the overall
thickness at this stage may be somewhat less than that of layer 21, due to
30 possible different utilization of these layers. For example, a thinner layer 15
may be desired if this layer is to serve as a ground or power layer, whereas
a thicker layer 21 is possible- if layer 21 is to function as a signal layer.
Regardless, the invention is versatile enough to permit varying thicknesses
_\\
. This Sheet Hag

e coxemenmiat G



T A : HISSHEETHASBEEN '
REPLACEMENT SHEET Date: 13 NOV 1995 5 conduct or level s are un ecessmgmcED

t-her eby overcomi ng the above-nenti oned di sadvant ages associ at'e e ,
Al t hough the present invention is particularly adapted for the rranuf act ure
of MCP products, this is not nmeant to limt the invention in that the

process as defined herein may be readily gfapted for utDocket Nen Byddaons her
types of substrate packages, including those which use known FR4 and ot her
dielectric materials for the base substrate menber. It is believed that

such an el ecfarothesepiayearge aind opeoambediment Toontawtt locatign s2itewas Hrsced a
represent a &is%&hcfzé 8@8&&1@%&1&%@%&8 thg elbdst adjacent element 23, indicating

once again the high density attainable for the conductive circuitry of the
invention.

5 In the embodiment of FIG. 4, it is understood that any remaining
photoresist (including residue) has been removed, leaving the structure
substantially as shown in FIG. 4.

In the next step of the invention, as shown in FIG. 5, selected portions

of polyimide 19 are removed, leaving a series of exposed underlying segments

10 25 on first layer 15. Significantly, exposed segments 25 are to serve as the

desired contact locations for layer 15, to thereby couple layer 15 to the

respective, chosen contact sites on chip 17. In one embodiment, a total of 300

such exposed segments were provided, typically spaced apart from one

another a distance of only about 230 um. Considering the spacings of the

15 above located segments 23 and 23" , the overall distance from one such segment

(23 or 23') from the nearest underlying exposed segment 25 is only about 35

pm. In one example, each of the exposed segments was also of substantially
annular configuration and included a diameter of only about 100 um.

The preferred method for removing the designated portions of polyimide
20 to thereby expose segments 25 on layer 15 is to use laser ablation. In this
process, an excimer laser may be used, the laser also capable of being used
with as associated mask (e.g., dielectric) to ablate the desired connection
sites. The preferred equipment used to perform this process is a known -
industrial laser, coupled to beam shaping optics. The laser ablation process
25 was accomplished in only about 10 to 15 seconds, leaving the aforementioned
total of exposed segments 25. Significantly, the underlying metal of layer 15
serves to protect the substrate during this process, a particularly significant
feature if a polymer or other more heat sensitive material is used.

Significantly, the respective upper surfaces of exposed segmehts 25
30 and top segment 23' are established at two different levels above surface 13.
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. . JL THIS SHEET HAS BEEN |
Disclosure of 'the Invention It is, therefore, an object of the pres&&PLACED ,
i.aventi on to enhance the art of el ectronic packages, includi ng=the— —
processes - used i.n this art to produce such packages. It is another object
of the invention to provide an el ectroni c package which includes at |east

two individual conductive |ayers, each w{d respective ¢pekeCNo. ENYouss.
wherein the | ocations of each |ayer are located at a different distance

fromthe underlying substrate's upper surface while still providing direct
el ectrical chnnnetmmenhesemmstﬁmemﬁﬁbhshéd as aOuﬁnsmm('Dthﬂﬁbw

hi p wh th | D Al t
"o Vet anot narul g FRNR EOEE0TT pigtipRd ) bR edch octaBiBRId o S 8idibeq o,
an el ectroni (Dphok apout |20 s, m'ldppmmmty fivjectimes fthe distancernfi the closer
provi de suchggREREesS Tafd o ?ﬁ%&tﬂgawgﬁp%{a&ﬁtf&a‘fui@'o@htﬁ@'inbénuon,

pr oduced u5|n ewer operati
5 because, as understood both of these segments (contact locations) are

adapted for directly connecting to the respective chip contact sites, e.g.,
through a suitable conductive solder or the like material. The lack of a metal
to metal interface (e.g., copper to copper or chrome) as would occur should
layer 21 be applied directly onto layer 15 as opposéd to the unique teachings
10 of the invenﬁon, overcomes the potentially adverse consequences mentioned
hereinabove, e.g., inconsistent current resistances thereacross which in turn

mandates relatively excessive testing and possible corrective actions if at all
possible.

Following the above step, it is desired to remove the top layer of

15 chromium (assuming that Cr-Cu-Cr is used) from both of the layers 15 and 21
(that is, only the exposed segnients thereof). Thus, in the embodiment of

FIG. 5, the upper surfaces of segments 23', as well as the exposed segments

25 of underlying layer 15, are treated. Segments 23 may not be so treated by
providing protection (e.g., photoresist) thereon. The preferred method for

20 accomplishing such removal is etching, a known process in the field. The

result is that the selected exposed surfaces are comprised of copper, the
chromium having been removed.

In FIG. 6, semiconductor chip 17 is positioned above substrate 11 and,

using a plurality of solder elements 31, is directly electrically connected to

25 exposed segments 23' and 25. A preferred method for accomplishing this is
the aforementioned C-4 solder process developed and utilized extensively by

the assignee of this invention. Other bonding processes are also possible and

the invention is not meant to be limited to this particular process. The
preferred solder is 3 percent tin (Sn) and 97 percent lead (Pb), designated

30 in the industry as 3:97 Sn:Pb solder. Each solder element 31 is initially
-deposited on a respective contact site (conductor), not shown, located on the

undersurface of chip 17. Such conductor sites are well known in the

This Sheet Has Been R,
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- . . “THIS SHEET HAS BEEN
steps than that as described heretofore, as well as in less fline, g E%ﬂ.ﬁ«%b !
representing a cost advant age to the ultimte consumer of th ‘

well as.to those who produce it. REPLACEMENT SHEET Date: 13 NOV 1995 6 In
accordance with one aspect of the invention, there is provided a nethod for

nmeking a circuitized substrate which conpjj ses the steppoofetPNeYiEdigador
substrate having a first surface, providing a circuit pattern on this first
surface which will include at |east one contact |ocation, covering the

first circuiéeicbh@ucton industgt andrivr-thed aééaﬁpupnqylnbtr@mveacmsemui t
In a preferred embodiment, equal size solder amounts (e.g., 6 ugrams) are |
used for each of the segments 23' and 25, thereby illustrating ready
adaptability of the invention to utilization of currently known chip-solder

5 combinations (such combinations typically utilizing identical solder amounts
per chip contact site). The invention is not so limited, however, in that it is
also possible to use different solder amounts (e.g., greater solder volumes at

the segment 25 locations than at the lesser distance (from the chip
undersurface) segments 23').

10 In a preferred method, each solder element is attached (soldered) to the
respective chip site using well known industry methods (solder bumping).
The chip is then inverted and aligned, e.g., using television camera and
related precision equipment, relative to substrate 11, particularly assuring
precisioned alignment between the respective solder elements and associated
15 exposed contact locations. Once positioned (with the solder elements engaging
the respective contact locations), the substrate-chip assembly is then heated,
e.g., in a nitrogen reflow furnace, to a temperature of about 350 degrees C
for a time period of about 3 minutes. Solder reflow occurs and a sound
electrical connection achieved at all desired locations. Chip to package
20 reliability can be further enhanced by using encapsulation technology which
is well documented in the industry. Specifically, encapsulant material,

several types of which are known, may be dispensed about the various solder
connections.

In FIGS. 7 and 8, there are depicted two different embodiments for
25 electrically coupling selected portibns of the invention's substrate to other
circuitry, e.g., as found on a separate circuitized substrate 41 such as a
printed circuit board (PCB) or the like. In a preferred embodiment of the
invention, substrate 11, having chip 17 coupled thereto to thereby form what
can be referred to as a first level electronic package assembly, is then
electrically coupled to such an external, additional substrate, particularly if
the eventual use for the invention is within a computer. The embodiments in

FIGS. 7 and 8 represent relatively simple yet effective means for

ox comvana. i
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pattern on the dielectric which will also include its own conf ach{ls-lSH I BEEN
which is located at a different level fromthe contact |ocati aat S

first pattern, and then renoving a portion-of the dielectric layer to
expose the contact location of the first layer. Both contact |ocations,

being at different |evels (distances fromghe substrat e'DpckepNo. ENIRAGES .
are, significantly, adapted for being directly electrically connected, -
e.g., soldered, to respective sites on a sem conductor chip when the chip
I S posi ti onedceomplishingbtiiis gherpdse. acktoisdanderstobd, domever, atpd ctheoimebhs

e o L BRI RIS A b A bl Eiin? HRICHRE HOLtlof D BveRafather

dielectric su ] aving an upper s I TSt Ccrrcul attern on
the surface alernadveapproashes s ncluding.cel & o solder ballnitach ¢ cdivepins; st

di stance frogihdtss agfe. ,2cdrP¥8 'sulbesliraligGideldc On the first pattern and
i ncl udi ng an openi ng therei’n to provide exposure for the first contact

|l ocation, and a second circuit pattern on the dielectric and including a
second scont act | ogatpIaN %,06akigB13%e. 2. 5 8edilbss $t6a 02 coppetr i€ 8hbwABs being

soldered directly to the upper layer 21 at the outer peripheral portion thereof
(from the internal portions depicted in FIGS. 4-6). In one embodiment, a total
of 376 such clips may be used, and the invention is not meant to be limited to
use of only one as shown herein. Each clip is curved in shape, as shown, and
10 preferably has a thickness of only about 0.2 millimeters (mm). The lower part
(53) thereof is designed for being positioned on and directly connected (e.g.,
using solder 57') to a pad or similar conductor 55 on PCB 41. In FIG. 7, clip
is soldered (using solder 57) only to upper layer 21, also at the outer
peripheral portion thereof. In one embodiment, 10:90 Sn:Pb solder was used
15 for this purpose. The solder is preferably initially applied to the clip
following which direct engagement between the lead attach site and solder
occurs. Reflow is then accomplished by placement of the clip-substrate in an
oven (as described above) at a temperature of about 350 degrees C for about
3 minutes. The preferred method of clip 51 and chip 17 attachment is to use

20 a simultaneous reflow of both solders 31 (between the chip and locations 23'
and 25) and 57.

_ In the embodiment of FIG. 8, clip 51 is soldered to the first (e.g.,
ground) layer 15 of the substrate instead of to layer 21. This is achieved
following selective removal of part of the covering polyimide 19 to thereby

25 expose a part of layer 15 thereunder. This step (removal) is preferably
accomplished simultaneously with the removal of polyimide 19 that resulted in
the exposure of segments 25. Laser ablation is preferred for this step.

Thus there has been shown and deseribed a new circuitized substrate
and a method for making same wherein effective electrical coupling between
30  the substrate's contact locations, located on at least two different levels, is

attained. The invention's teachings are readily applicable to use of additional
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- ‘LTHIS SHEET HAS BEEN
the surface than the fi rst contact location of the first patt TEPLACED
second contact |ocation is also exposed, with both exposed first—and Second
contact tocations adapted for being directly electrically coupled to t he
respectlve contact sites on a sem conducter chip. Brief Description of the
Drawi ngs FIGS. 1-5 illustrate the variousisteps in the [DeaketNd. OEN994012
mmanufacturing a circuitized substrate in accordance with one enbodi nent of
the invention, this substrate designed for being used in an electronic
package of t kendygtiveldayarssed therinventionds thus noREFPbe\GEitetoSHeRIselsft anly 13

- NOV 1995 two such layers as described herein. The method taught herein is capable of
being performed with a maximum utilization of processing equipment, and can
be performed with less steps and in less time than many known methods of the

5 prior art, including that described earlier herein. The invention thus
represents a cost savings to the package purchaser.

While there have been shown and described what are at present
considered the preferred embodiments of the invention, it will be obvious to
those skilled in the art that various changes and modifications can be made

10 therein without departing from the scope of the invention as defined by the
appended claims.
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v _— : o L rl‘ THIS SHEET HAS BEEN ‘
7 FIG ‘6 illustrates the circuitized substrate as. produced in| acCoORgERRACED
with the steps above, having an el ectronic device (sem conducte =5 :
positioned thereon and electrically coupled to the substrate; and FIGS. 7
‘and 8 represent two ‘enmbodi nents of conductive clips for respectivel ,
provi ding el ectrical connection between th& outernost p&opkehyoefmigﬁ%loﬂ%
conductive |ayers on a package such as shown in FIG 6. Best Mde for
Carrying Qut the Invention For a better_understandi ng of b_ e_pr eEt _
i nvention, together with other and furt®&AMEj ects, advan een Replaced
capabilities thereof, reference is made to the follow ng di H HHNﬂ
appended cl aj .0 _coennectjon with the above-descri bed drawi

Wt i cfetd

1-5, there a i'ous steps to manufacture a circuitized substrate
I n accordance with one aspect of this invention. As

1 1. A method of making a circuitized substrate adapted for being
2 electrically connected to an electronic device, said method comprising:
3 providixig a substrate having a first surface;

providing a first circuit pattern on said first surface of said substrate,
5 said pattern including at least one contact location;

substantially covering said first circuit pattern, including said contact
7 location, with a layer of dielectric material;

providing a second circuit pattern on said layer of dielectric material,
said second circuit pattern including at least one contact location;

10 removing at least a portion of said layer of dielectric material to expose
11 said contact location of said first circuit pattern, said contact locations
12 of said first and second circuit patterns being exposed and located at
13 ~ different levels relative to said first surface of said substrate, said
14 contact locations adapted for being separately directly electrically
15 connected to said electronic device.

1 2.  The method of claim 1 wherein said first circuit pattern is formed by
depositing at least one metal layer on said first surface of said
substrate.

1 3. The method of claim 2 wherein said first circuit pattern is formed

2 utilizing photolithographic processing, said processing including

3 ~ depositing a layer of photoresist on said metal layer and thereafter

4 exposing and developing selected areas of said photoresist to define

5 said first circuit pattern. |

_—
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THIS SHE
understood t—hrs—subsrh'—are—rs-—spemflcal |y designed for use V\n”th ﬁgpigé,s)BEEN

el-ectroni ¢ pagkagfesid BehRefactd the type nentioned above, partMJ' ar
use in informat zmlﬁ“ ystems It is well acceptedlnthlsfleldthat

such package st meet stringent design requirenents. As defined
herein, the pre is able to Hb so while stDptketsNar ENPSA012 nal
structure that can be produced with rel atlvely fewer costs and in less tine
t han many such package structures known in the industry. In FIG 1, a
substrate 11 is provided including at | east one substantially planar upper

surface 13. ilu bst£8k rethod Sf Blafth 2 M beiREaidah el & dleletthidinkterialis blahket S
not nmeant to limt the scope of the inyention in that other naterials are

possi bPe. A thin e%éa‘ﬁeye%%;fgﬁtfsr%tabﬁﬁmd to surface 13, a preferred
material for |ayer 15 being a conbi natlon of chrom um copper and chrom um

"yer “de. g. . Bop Therarpiad o elEf fryBereid S8 iaTR; 6P dpleekie miterfhl ss' 8

2 polymer, said polymer thereafter being cured following said depositing
3 on said first circuit pattern.

6. The method of claim 1 wherein said second circuit pattern is formed by
depositing at least one metal layer on said layer of dielectric material.

7. The method of claim 6 wherein said depositing of said at least one metal

layer on said layer of dielectric material is accomplished using
sputtering.

L N =

8. The method of claim 6 wherein said second circuit pattern is formed
utilizing photolithographic processing, said processing including
depositing a layer of photoresist material on said metal layer and
thereafter exposing and developing selected areas of said photoresist
to define said second circuit pattern.

Ot B W N =

(I
[¥=}

The method of claim 1 wherein said portion of said layer of dielectric
2 material is removed using laser ablation.

1 10. The method of claim 1 further including electrically connecting said

electronic device to said exposed contact locations of said first and
second circuit patterns.

11. The method of claim 10 wherein said electrically connecting of said

electronic device to said contact locations is accomplished using
soldering.

12. A circuitized substrate adapted for being'electrically connected to an
2 electronic device, said substrate comprising:

:\
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sputt er - deposi ted using standard sputter processing known in &h—réﬂﬁ
REPLACEMENT SHEET Ddhis Sheetlkhis R&v Reéfl¥ed 8 one exanpl e of such a
in-1ine. sputterlng sy

U vac Corporation may

necessary. This first chromum
foll ow ng net al

coverihg |ayer ofe éiglestrimpubsiyatf)ineluding@n ypper S@ﬁf%Feabout

t hen sputter-deposited. (Follow ng subsequent

4
5
6

- 10
11
12
13
14
15
16
17

13.

14.

15.

16.

17.

roce E"LA

AS BEEN

Further description is not believed
ayer serviEs to pronote Ra¢ist No. EN994AQ12

he Ul vac- 850 syst em nanuf act ured by t he

| ayer to substrate 11. A 4. O [err]mthick |ayer of copper
is then sputter-deposited onto the chromum follow ng which a very thin

a first circuit pattern on said upper surface and including at least one
exposed contact location established at a first distance from said upper
surface;

a layer of dielectric material positioned on said first circuit pattern and
including at least one opening therein located adjacent said one exposed
contact location to thereby provide exposure of said contact location;

a second circuit pattern located on said layer of dielectric material and
including at least one exposed contact location established at a second
distance from said upper surface of said dielectric substrate and spaced
at a predetermined distance from said exposure contact location of said
first circuit pattern, said second distance being greater than said first
distance, said exposed contact locations of said first and second circuit

patterns adapted for being separately directly electrically coupled to
an electronic device.

The circuitized substrate of claim 12 wherein said dielectric substrate
is comprised of ceramic.

The circuitized substrate of claim 12 wherein said first circuit pattern
is comprised of copper.

The circuitized substrate of claim 14 wherein said first circuit pattern
is of substantially solid configuration.

The circuitized substrate of claim 12 wherein said layer of dielectric

material is comprised of polyimide.

The circuitized substrate of claim 16 wherein said polyimide is-

substantially fully cured.

.08 [err]mis
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processi ng (deflneq,g
~as the first circuit
i nvention.) Layer 15
known in the art to

cont act
cont act

circuitized substrate o

to a series of photol|thography st eps

% | udi ng partial renoval, |ayer 1§H prTEg@‘%QEEN

electrically couple this first layer to respective contact sites on an

el ectry cal d8vi celkeeircuitized supsizatriof claim A8 vhereprpad epenipgcwithin saidf or m

part of the finaljapackpgfiddtvidmatelial aafacbﬂﬁsﬁurowe&epéeéd auﬂféc&@&&tiﬁ&ed

| n accordance wth the t eachi ngs provid herein. During such processi

sui tabl e phot or es§edd fixstpigepipatterp is cﬂga’i‘él?ﬁtaﬁﬁ?%ylté?ﬁedm’m H1seghie

whi ch 4 he phot or esnfiguratidaat ed (baked), exposed (e. g., using a projection
devel oped (e. g., using a xylene- containing devel oper), and then
heat ed (baked) again. Selected areas (not. shown in FIG 1) of layer 15 may

printer),

be renbved d$.a rEsetircuftized sulmtoatesf cldiind 2 wherein said second circuit pattern

2

[S I~ SV R I

N

20,

21.

22.

23.

24,

is comprised of copper.

The circuitized substrate of claim 12 wherein said second circuit pattern
is comprised of a plurality of lines, said exposed contact location of said
first circuit pattern being located below and substantially between two
of said lines at said first distance from said upper surface.

The circuitized substrate of claim 12 further includiﬁg an electronic
device having at least two contact sites thereon, selected ones of said
contact sites being electrically connected to respective ones of said
exposed contact locations of said first and second circuit patterns.

The circuitized substrate of claim 21 further including at least two
solder elements, selected ones of said solder elements providing
electrical connection between said contact sites of said electronic device

and said respective exposed contact locations of said first and second
circuit patterns.

The circuitized substrate of claim 12 further including a solder element
positioned on and in contact with at least one of said exposed contact
locations, said circuitized substrate further including an electrically
conductive clip secured to said circuitized substrate and electrically
connected to said solder element.

The circuitized substrate of claim 23 further including a second
circuitized substrate, said conductive clip electrically connecting said
first circuitized substrate to said second circuitized substrate.

el ectrical pattern, including necessary
| ocati ons, and, possi bI y acconparigi ng fine ci r cRédketi Nies ENGa4012
| ocations, as to be understood, wll serve to eventually
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remai ni'ng portions, understandably, forning the desired cirg&i?“%§%$ﬁ?h#§kﬂEEN
this initial |ayermgshatidsBeatiepicdd Al ternatively, it may beldesi REPLACED

retain layer 15 of solid configuration, e.g., should This

| ayer serve as a grB function. In the earlier described

enbodi nment, this la rve as a siggal |ayer. TheppsRdteNs EENIOIGLS S
for renoving portions of layer 15, if this is to occur, is by etching.

Whet her layer 15 is to function as a signal, power or ground layer, it wll
still }ncludB-at Thesirenitizet$ubpstiateaif slame 24 rwhereimsait séanal chrefititeddar t
thereof. In one edbdRMompibd 8pfltedP Qi3 Qagyich | oCations were

provi ded. Foll owi ng etching,” any reé&nal ni ng ﬁﬁbtore5|st is then renoved. The
result is that a desired final circuit pattern has now been provided on
surface

[

————

FLLLLs
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REPLACEMENT SHEETDat-e-—13——NOv-1995 9 13 of substrate 11. “lﬁ“ﬁ TS BEEN
enbodi ment, thi shiPsHel fhiBRPRSESSEd @ total thickness of onl JEGLAL
[err]m :In the n m,m ugl'ﬁ; i nvention, as shown in FIG 2,7 a [ayer of

prm——

dielectric materi oI yinm de, is blanket coated onto the pattern
of first layer a thicknes?l of about 8. 0Dpe9t Ne( ZNogH0L] |
cures) is provi ded the pol yi m de applied using a standard coating

operation. During LSwape n.9 Wi ent is
sprayed onto the patts &gﬁ&ﬂ %m*%méﬁiﬁﬁgo degr ees
Celsius (C) for several m nut es, until the poI yi m' de reaches what is

"defined as an A-stage cure. Such cures\gsalgsﬁ A B C) are known in
this art and further description not 8 necessa I s under st ood
that the invention is not limted to

A circuitized substrate for use in an electronic package wherein the

substrate, e.g., ceramic,' includes more than one conductive layer, e.g.,

5 copper, thereon separated by a suitable dielectric material, e.g., polyimide.

Each layer includes its own conductive location(s) which are designed for

being directly electrically connected, e.g., using solder, to respective

contact sites on a semiconductor chip positioned on the substrate to form part

of the final package. A method for making such a package is also provided.

10 Significantly, the resulting package does not include interconnections between

the conductive layers at the desired contact locations, these locations, as
mentioned, instead being directly connected to the chip.

IBM CONFIDENTIAL



poly|n1de I n that other polyﬁgfgthﬁggg' U;eFfon (a tradenarﬂﬁgﬂiEHFEfHAS/Jﬂav
duPont deNenours Conpany), may be s | y used. SlgnlflcﬁhL_x__Lng__N___‘_
coated polyimde is then baked to a high cure state, in one exanple, to a
tenperature of about 365 degrees C. Hi 3h cure of the polyim ol &hi eetHasBeenRe laced
acconplished in order to permt subseq é ‘treatnent on the po

defined in greater detail below In the next step, a second Ia MHM("I
21 is deposited onto the cured polyimde 19, this step depicted in F

The preferred process for achieving such deposition is to use a sputtering
operation as defined hereinabove. This second layer, |ike layer 15, is
preferably a conposition of- chrom um copper and chromum and is '

pref erably deposited |n the sane f nner and using the same equi pment as was

used to provide | ayer In this ~ond | ayer 21, however, 8 [err]m of
copper is applied. The pro e e ' LA maxi m ze
use of equipnent, thereRQNasSUNIQOL SOSIN NN NN NN NN NN NN
11 NONN NN NN NN NN N NSNNNNNYNNAANYN
NONN NN NN NN NN NN NNNNNNNANN
NN N NNNNNNNNNNNNNNNNNNN
NONN NN N NN NN NNYNNNNNNNNANAN
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savi'ngs in this regard. As i nd R

WM& Sbu?' tering oper athiOsheit$ias Been Replaced
carried out at- relatively high tenp at above 403 “ﬂﬁumﬁum ﬂ“

O signi-ficance, the underlying polyinide, be| ng hi ghly cured
of wi thstanding such tenperatures for thg time periods utilize
Addi tionally, the polyimde has not be ubjected to a series of wet
chem cal processes (as occurred in simlar processing known in the

i ndustry) wherein etching typically occurred. Such etching could serve to
pronote.water absorption in REPLACEMENT SHEET Date: 13 NOV 1995 10 the
pol yl m de, a hydroscopic material, resulting in .outgassing of water vapor
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pattern on | ayer 19 (assum ng such a pa‘[sg%rn is formed and not
subsequent bake operation then occurs. These steps are preferably simlar

during é-ubsequent nmet al deposi t‘f%?\m%%ga%ﬁ;%n?t "HVent I on eI a enﬁe laced
possibility. Wth second layer 21 in series of phot m
| ayer as shown in FIGS. 1-3). During th phase, photoresist Is appl I ed

(bl anket coated) onto the netal |ayer 2 followng which a first bake

to those currently known in the industry for circuitization of substrates
such as those of ceramc and FR4 materials, and further description is not

steps are perfornmed, preferably simlar to those used to forn1 Ill"
occurs, follow ng which exposure and develop steps are perforned. A
bel i eved necessary. Equi pnent knomm in the industry may al so be used,

i ndi cating yet another e fﬁ‘ Q& N 8SH NIWenti on represents a
cost (and tine) saving % A DAt eI\ 0 ivi dual conductive
el ements 23, e.g., ling pads, etc Th| S pattern, N\K¥ _
51 \\ Y, 37 9
Yo L fre o L 21
2272277 77 7777777777
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Qreferably many, e. ¢g., 700 contact locations (referred to
with the nuneral 23') which, like the contact locations in
are specifically designed to be electrically coupled to res
sites on chip 17 (FIG 6). I.n one exanpl®, contact |ocation

the first pattern of layer 15, will also include at |east of

cREMACEMENT SHEET
he 4d '
i N0,

s 23' possessed

a substantially cylindrical configuratiomwth a dianeter of only about 100

orrim sioni 11 canegTBGAtE PACEACE WrHMLTEREE. ChMBOTIORR, © .

chrom um copper-chromum (Cr-Cu-Cr) material, still include
subl ayer of protective chromum That is, this top sublayer
renoved fromthe first layer 15 duri

the top
has not been

f or egoi ng processing, including

ng_t he
prior to the addition of polyini dCECH %F,I@aﬂh | ayer 15 and 21 (el enents
23 and 23') is conprised, in a preferred enbodi rent of the invention, of

Cr-Cu-Cr. In the_case of, | ayer

st age may

15, however, the qverall thickness at t.his
be sofd¥hER" : sti9-f1egiro E?cq?ﬁln@ 824 Bar'lxclha%% to such
packaging which utilizes at least two different levels of conductive layers,
e.g., signal, power and/or ground, as part thereof. Such packages are

particularly adapted for use in information handling systems (computers).

- BACKGROUND OF THE INVENTION

Typical electronic packages of the type described above include a
dielectric substrate as a critical element thereof, this substrate, e.g., of
ceramic or a suitable polymer material such as fiberglass-reinforced epoxy
resin (FR4), having the various desired conductive layers located thereon
and/or therein.

One representative example of such a multileveled electronic package
is referred to in the industry as a multileveled ceramic polyimide (MCP)
package which utilizes a ceramic substrate having thereon at least two
conductive layers, e.g., copper, separated by an interim layer of dielectric
(in the case of MCP, typically polyimide). Such a package structure may'
further include conductive pins or the like projecting from an external surface
thereof (opposite the surface of the substrate having the aforementioned
layers thereon) for being inserted with associated conductive receiving
means, e.g., metallic sockets, located with a second substrate such as a
printed circuit board (PCB) or the like. Such a package also typically
includes one or more (usually several) semiconductor deirices (chips) located
on the upper surfaces of the substrate and electrically coupled to the
individual conductivé layers as deemed necessary. It is known in the art to

provide such connections using solder, with one Véry well known and widely
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“possible different utilization of these layers. For exanplef a thin

t-ayer 15 may be desired if this layer is to serve as a grou d)m oﬁd\lﬂVl&%
‘layer, whereas a thicker layer 21 is possible if layer 21 i
a signal layer. Regardless, the invention is versatile enough to permt
varyi ng thicknesses REPLACEMENT SHEET2Date 1 3 NOV 1995 11 for these

I ayers. In one enbodi ment, contact location 23' was spaced a distance of
onl'y about 35 [err] m-f rom t he near est chnt el enent 23, Edl cati ng once

agai n the licgeptadhprogess for fiaing sode Rash &Y. the assigres of vt

i nventi on. jnyention. This process is referred to in the industry as controlled collapse
chip connection (C-4), said process described in various publications
(including patents). Further description is thus not believed necessary.

Examples of various electronic packages of the type referred to herein
are also described in the following identified US Letters Patents:

4,430,365 - Schaible et al.
4,446,477 - Currie et al.
4,805,683 - Magdo et al.
4,835,593 - Arnold et al.

Further attention is also directed to the following International Business
Machines (IBM) Corporation Technical Disclosure Bulletins (TDBs) for
descriptions of various ceramic substrates having circuitry thereon: -

IBM TDB Vol. 22, No, 10, March, 1980
IBM TDB Vol. 32, No. 10A, March, 1990

In one known process for manufacturing an MCP package which will
include at least one chip electrically coupled to the circuitry thereof, the
procesé begins with the deposition of a first layer of metal on the ceramic's top
surface. This layer is initially comprised of chromium-copper-chromium (Cr-
Cu-Cr) and is sputter deposited using known sputtering techniques. A layer
of photores-ist is then used to cover the Cr-Cu-Cr layer, this layer then
subjected to a series of photolithography steps (soft bake, expose, develop
and bake) to form a desired pattern of such resist on the Cr-Cu-Cr. Areas
of unprotected metal in the underlying Cr-Cu-Cr layer are then removed
using a known etching operation. The remaining protective pattern of resist
is then removed (stripped) to expose the desired circuit pattern remaining on
the ceramic's top surface. This pattern, understandably, includes aLt least
one and preferably several contact locations, each of which is adapted for
being electrically coupled to a respective contact site on the chip(s). In the



-

w

Ln the enbodiment of FIG 4, it is understood that any remai nFEPgLACEMENTSHEET

phot oresi st (including residue) has been renoved, |eaving tlie strugt 4
substantially as shown in FIG 4. In the next step of the i v@ﬂf’loﬁajg@vm

shown in FIG 5, selected portions of pol]yinide 19 are renoved, [eaving a
series of exposed underlying segnents 25 on first | ayer 15. Significantly,
exposed segnents 25 are to serve as the desired contact |ocations for |ayer

chi p. 17 IHeA B OR anacRerediopy a1 SP0RSkElie, Bnden beipRbAP. if, b O

provi ded, depdsitdd yvepaheenthrty dfrthe vemaiaing leircuit patterng dncfudingythebout
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near est unecueting nmeaningedosegwent i entiem| girewidey) .35 Appthen seriescof

cont our at PRAHyb ey RRA ﬁﬁ%&?ﬂ%@ﬂ%@%‘?@%ﬁ%ﬁﬁ#ﬁ@ .
openings (which are referred to as "vias"}), selected portions {those which
have been developed) of the dielectric polyimide then being removed to
thereby expose parts of the circuitry thereunder. Understandably, the
aforementioned contact locations are so exposed. At this point, the polyimide
is baked and raised to a high cure state. In an alternative operation, laser
ablation may be used instead of the chemical processing which forms part of
the described photolithography steps to effect the desired selective removal
of polyimide. The top layer of chromium of the Cr-Cu-Cr layer is then
removed using a known etching operation, such that the remaining exposed
parts of the layer (the contact locations) are comprised of an upper portion
of copper and a minute layer of chromium (which promotes adhesion of the

. copper-chromium to the ceramic).

In the next step of this manufacturing operation, a second layer of
metal is deposited over the pélyimide and the exposed conductive contact
locations. A procedure known as a batch evaporation process is used, the
result being that a layer comprised of chromium-copper-chromium is again
formed. The aforementioned batch evaporation process is used at this stage
rather than the described sputtering step because such a process has a
prolonged heat cycle that serves to drive off solvents and water vapor which
might remain and possibly interfere with the resulting interconnections
between conductive layers. The previously described photolithography and
wet processing steps are then repeated to define a second desired pattern for
the second conductive layer. Final photolithography patterning followed by
top chromium etch is then performed to selectively remove the chromium
originally found in the top conductive layer. As in the case of the underlying
first -conductive'layer, this second conductive layer will include at least one

- and preferably several contact locations for providing chip coupling.



The preferred nethod for renoving the designated portions of pBF@W%ME(PBSHEET
tihereby expose segnments 25 on layer 15 is to use |aser ablati|jo [N t31iNﬂV1995
process, an exciner |aser may be used, the |aser al so capabl ¢ eX=1 1 a0 MRV EST Yo M
with as associated mask (e.g., dielectric) to ablate the desired connection
sites. The preferred equi pnment used to perfformthis process is a known

I ndustrial |aser, coupled to beam shaping optics. The | aser ablation

process was acconplished in only about 10 to 15 seconds, |eaving the

af orenenti oned t dThé weEsulk pfsthe sbpvenprotdss & ¢hef formution of het Ueakstr twbng
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contact sites on a chip which is then to be located over the exposed contact
lécations and coupled thereto. As further understood, these conductive
layers are also separatéd by the dielectric layer of polyimide, which serves to
electrically insulate the two as is necessary for successful operation of the

package.

At least two diéadvantages are associated with the above-described
manufacturing process. One is that this process requires the performance of
several diverse steps, requiring relatively large periods of time and the use
of elaborate and expensive equipment. A second is that the process requires
the formation of metal-to-metal interconnections at selected locations (those
contact locations of the first layer with metal from the second conductive
layer). Such interconnections are suscepfible to variations in electrical
resistance, which is of course highly undesirable in the manufacture of such
precision-demanding products as multileveled electronic packages. Toassure
reliability between such interconnections to the levels demanded in this
industry, special control measure and test operations are eséential . This also
adds to the overall costs of the final packages.

As will be déscribéd herein, the present invention describes a multilevel
electronic package wherein at least two conductive layers are used, each with
individual contact locations for being electrically coupled to respective contact
.sites on a semiconductor chip. Significantly, the contact locations of one
layer are located at a greater distance (elevation).above the dielectric
substrate's upper surface while still being directly electrically coupled to the
respective chip contact sites. As will be further described herein, the
process for manufacturing such a product is capable of being performed with
fewer steps and in less time than the aforementioned process for the MCP
product described above. Equally significant, this process results in a

product wherein metal-to-metal interconnections between separate metal
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enbodi nent, segnents 25 were established at a di stance (D1)|f of onlé Sbﬂw 1995
4.0 [err]m while the above segnents 23' were each establ i shé@tet

di stance (D2) of about 20 [err]m or ap%roxi mately five tines the darstance
of the closer segnents. This represents®a very inportant feature of the
I nvention, because, as understood, both of these segnents (contact

| .
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mat eri al . disedvantages sssoeciatedt themewith. ntAdthough (thegpresantpinventiondger or

chrome) a}at%‘ﬂaﬁ %&qp%@&%ﬂ thé¥Rinuddctifre UPMEP brdiuhets, this'ih Rok Rigkintl5 as

opposed t he “uni
to limit the invention in that the process as defined herein may be readily

adapted for utilization with other types of substrate packages, including those
which use known FR4 and other dielectric materials for the base substrate
member.

It is believed that such an electronic package and process for
manufacturihg same would represent a significant advancement in the art.

Disclosure of the Invention
It is, therefore, an object of the present invention to enhance the art
of electronic packages, including the processes used in this art to produce
such packages.

It is another object of the invention to provide an electronic package
which includes at least two individual conductive layers, each with respective
contact locations, wherein the locations of each layer are located at a different
distance from the underlying substrate's upper surface while still providing
direct electrical connection to the respective contact sites on a semiconductor
chip when the chip is positioned on the substrate to form part thereof.

It is yet another object of the invention to provide a process for making
such an electronic package. |

It is still another object of the invention to provide such a process and
resulting package structure which can be produced using fewer operational
steps than that as described heretofore, as well as in less time, thereby

representing a cost advantage to the ultimate consumer of the package as well
as to those who produce it.
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of the invention, overcones the potentially adverse conseqiences nenti oned

hereinabove, e.g., inconsistent current resistances there rggsesvl'uﬂ _____ NO Vriqes..

turn mandates rel atively excessive testing and possi bl e co

if at all possible. Follow ng the above %tJep, it is desired to renove the
top layer of chrom um (assum ng that Cr- I's used) fromboth of the
| ayers 15 and 21 (that is, only the exposed segnents thereof). Thus, in the

enbodi nent of FiG ﬁ,é" f ¢ RS EHVRIN the
exposed segrrentg Fauncfperl In ayer fgth}re trg%ﬁgtheggziﬁ‘é‘ﬁ%iwggd d
not be so meéh'?@of%‘ympmcﬂ mgrqwﬁﬁegw@stwe Q’mdbm%sst‘?etméoﬂf The
preferred Offingd s a%‘f‘dié &irigha @rcudt paORINIPCESS

L%P%Lh%m@f%%éfs#%wbﬁ%@hmﬂe 5 %%iﬁn%éﬁa&g& SiHgHs ovgring the

sem conduc st Céirfuit 7 pattepswitho ld@sieetmvemsmbiﬂl; givevidingnd, second circuit
pattern on the dielectric which will also include its own contact location which
is located at a different level from the contact location(s) of the first pattern,
and then removing a portion of the dielectric layer to expose the contact
location of the first layer. Both contact locations, being at different levels
(distances from the substrate's upper surface), are, significantly, adapted
for being directly electrically connected, e.g., soldered, to respective sites
on a semiconductor chip when the chip is positioned on the substrate.

. In accordance with another aspect of the invention, there is provided
a circuitized substrate which comprises a dielectric substrate having an upper
surface, a first circuit pattern on the surface and including a first exposed
contact location located a first distance from the surface, a layer of dielectric
on the first pattern and including an opening therein to provide exposure for
the first contact location, and a second circuit pattern on the dielectric and
including a second contact location located at a second, greater distance from
the surface than the first contact location of the first pattern. This second
contact location is also exposed, with both exposed first and second contact
locations adapted for being directly electrically coupled to the respective
contact sites on a semiconductor chip.

Brief Description of the Drawings

FIGS. 1-5 illustrate the various steps in the process for manufacturing
a circuitized substrate in accordance with one einbodifnent of the invention,
this substrate designed for being used in an electrohic_: package of the type
described hereinabove; - '



using a plurality of solder elenents 31, is directly electrigally cgnfecte

tb exposed segnents 23' and 25. A preferred nmethod for acconglpghin

wesa

i's the af orenmentioned C-4 sol der process devel oped and util i Eeg—exi-ensi
by the assignee of this invention. O her _bonding processes are al so

possi ble and the invention is not neant
process.
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fo be limted to this ‘particul ar

The preferred solder is 3 percent tin (Sn) and 97 percent |ead
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FIGS. 7 and 8 represent two embodiments of conductive clips for
respectively providing electrical connection between the outermost portions
of the two conductive layers on a package such as shown in FIG. 6.

Best Mode for Carrying Out the Invention |

For a better understanding of the present invention, together with
other and further objects, advantages and capabilities thereof, reference is

‘made to the following disclosure and appended claims in connection with the
-above-described drawings.

In FIGS. 1-5, there are shown various steps to manufacture a
circuitized substrate in accordance with one aspect of this invention. As
understood, this substrate is specifically designed for use within an electronic
package structure of the type mentioned above, particularly for use in
information handling systems. It is well accepted in this field that such
package structures must meet stringent design requirements. As defined
herein, the present invention is able to do so while still assuring a final
structure that can be produced with relatively fewer costs and in less time
than many such package structures known in the industry.

In FIG. 1, a substrate 11 is provided including at least one
substantially planar upper surface 13. Substrate 11 is preferably of ceramic
or alumina, but this is not meant to limit the scope of the invention in that
other materials are possible. A thin conductive layer 15 is applied to surface
13, a preferred material for layer 15 being a combination of chromium, copper
and ‘chromium applied in three stages using a sputtering process.
Specifically, a first layer (e.g., .08 micrometers (um) thick) of chromium is
sputter-deposited using standard sputter processing known in the art. In
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13 semi conductor industry and further description is not beljeved

necessary. In a preferred enbodi nent, equal size sol der anou tﬁatéle.'ga‘ NBV 199

---------------------------

[err]grans) are used for each of the segnents 23' and 25, thereby
illustrating ready adaptability of the inyention to utilization of
currently known chi p-sol der conbi nati ons ?such conmbi nations typically
utilizing identical solder amunts per Chlp contact site) . The invention

| d hat it f
sol der anoufie Smpls G Een o phockes’ o nSUSE RTEE HReeBC e o8l BN
t han at theUlm-GBOchys&ananTﬂﬁﬁaomtdlhbwhthe mwwrpam)ommhesxﬂbzed- I n
f d
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The chi p i sserres topromate aémsm ofloying a@r&ﬂdﬂ%\r mxﬁ%bﬁm‘atea#'e-r A 4y
rel ated pregpSi eRicRdHyFEot ,cobﬁbitisV%érP spuittdr-deposited Htd| €i¢ dhbdmium,

assuring following which a very thin covering layer of chromium, having a thickness
of only about .08 um is then sputter-deposited. (Following subsequent
processing (defined below), including partial removal, layer 15 is to serve as
the first circuit pattern for the circuitized substrate of the invention.)

Layer 15 is subjected to a series of photolithography steps known in the
art to define a first electrical pattern, including necessary contact locations,
and, possibly accompanying fine circuit lines. Such contact locations, as to
be understood, will serve to eventually electrically couple this first layer to
respective contact sites on an electrical device such as a semiconductor chip
17 (FIG. 6) which is to form part of the final package which utilizes the
circuitized substrate formed in accordance with the teachings provided
herein. Dtiring such processing, a suitable photoresist is applied (e.g.,
coated) onto layer 15, folloﬁng which the photoresist is heated (baked),
exposed (e.g., using a projection printer), developed (e.g., using a xylene-
containing developer), and then heated (pake’d) again. Selécted areas (not
shown in FIG. 1) of layer 15 may be removed as a result of this process, the
remaining portions, understandably, forming the desired circuit pattern for
this initial layer on substrate 11. Alternatively, it may be desired to retain
layer 15 of substantially solid configuration, e.g., should this layer serve as
a ground or power function. In the earlier described embodiment, this layer
may serve as a signal layer. The preferred process for removing portions of
layer 15, if this is to occur, is by etching. Whether layer 15 is to function as
a signal, power or ground Ilayer, it will still include at least one and
preferably several contact locations as part thereof. In one embodiment, a
total of about 300 such locations were provided.

Following etching, any remaining photoresist is then removed. The
result is that a desired final circuit pattern has now been provided on surface
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preci sioned al i gnment between the respective sol der el enentsg| and associ at ed
exposed contact |ocations. Once positioned (with the sol der |ehgrents). NOV.1995..
engagi ng the.respective contact |ocations), the substrate-c

then heated, e.g., in a nitrogen reflow furnace, to a tenperature of about
350 degrees C for a tinme period of about 8 m nutes. Sol der refl ow occurs
and a sound el ectrical connection achieved at all desired | ocations. Chip
to package reliability can be further enhanced by using encapsul ation-

technol ogy WRi e subsfeate bcufdnong embedimentq this \pattprn ipossessed a total

encapsul ant tHRiielesdlof oty Ubduti4e/PgamOf whi ch are known, may be di spensed
about the  various solder connections. In FIGS. 7 and 8, there are depicted

two different enbodi ments for electrically coupling selected portions of
the invention's dJddbfii¢ alext! Stept bEthei invéntion, & $howasid RIG] 2)) & lopdabht €

cl roul {1 20 SuRShAS Worahal 167 608, 2 pRiiRLES, & Biabkbe B ST Padelin b
first layer 15. Preferably, a thickness of about 8.0 um (after all cures) is
provided, the polyimide applied using a standard coating operation. During
this operation, polyimide diluted with a cosolvent is sprayed onto the parts
and baked in a conveyorized oven at about 90 degrees Celsius (C) for several
minutes, until the polyimide reaches what is defined as an A-stage cure. Such
cure stages (e.g., A, B, C) are known in this art ahd further description not
believed necessary. It is understood that the invention is not limited to
polyimide, in that other polymers , e.g., Teflon (a trademark of E. I. duPont
deNemours Company), may be successfully used. Significantly, the coated
polyimide is then baked to a high cure state, in one example, to a temperature
of about 365 degrees C. High cure of the polyimide is accomplished in order

to permit subsequent treatment on the polyimide as defined in greater detail
below. '

In the next step, a second layer of metal 21 is deposited onto the cured
polyimide 19, this step depicted in FIG. 3. The preferred process for
achieving such deposition is to use a sputtering operation as defined
hereinabove. This second layer, like layer 15, is preferably a composition of
chromium, copper and chromium, and is preferably deposited in the same
manner and using the same equipment as was used fo provide layer 15. In this
second laye; 21, however, 8 um of copper is applied. The process as defined
herein is thus able to maximize use of equipment, thereby assuring cost
savings in this regard. As indicated, such a sputtering operation is carried
out at relatively high temperatures, e.g., at above 400 degrees C. Of
significance, the underlying polyimide, being highly cured, is capable of
withstanding such temperatures for the time periods utilized. Additionally,
the polyimide has not been subjected to a series of wet chemical processes (as
occurred in similar p'rocessing known in the industry) wherein etching

typically occurred. Such etching could serve to promote water absorption in
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what can be referred to as a first level electronic packagh mse |3/_,NGVS1995

substrate 11, having chip 17 coupl ed thereto tojjthereb

then electrically coupled to such an external, additional oo

particularly if the eventual use for the_ inventionis within a éonpUter.

------

The enbodi nents in FIGS. 7 and 8 represéﬁt relatively sinple yet effective

means for
pur pose.

and 8 are

REPLACEMENT SHEET Date : 13 NOV 1995 14 acconplishing this

It is . upderstqod, howeyver,. that th s illustrated jn FIGS. 7
tha DolIRAe, 6 FY drosSPRls ATl SRERISRE I putgRSIn et Epteh T4ROT
appr oachesduring subsegiuentnetat degosition. Phd pﬁhsen:tdmbuntiioneelphm,tes this

possibility.

With second layer 21 in place, a series of photolithography steps are
performed, preferably similar to those used to form the first pattern on layer
19 (assuming such a pattern is formed and not a solid layer as shown in FIGS.
1-3). During this phase, photoresist is applied (blanket coated) onto the
metal layer 21, following which a first bake occurs, following which exposure
and develop 'steps are pei;formed. A subsequent bake operation then occurs.
These steps are preferably similar to those currently known in the industry
for circuitization of substrates such as those of ceramic and FR4 materials,
and further description is not believed necessary. Equipment known in the
industry may also be used, indicating yet another example of how the present
invention represents a cost (and time) savings. The result is a pattern of
individual conductive elements 23, e.g., lines, pads, etc. This pattern, like
the first pattern of layer 15, will also include at least one and preferably
many, e.g. ,— 700 contact locations (referred to in the drawings with the
numeral 23') which, like the contact locations in first layer 15, are specifically
designed to be electrically coupled to respective contact sites on chip 17 (FIG.
6). - In one example, contact locations 23' possessed a substantially cylindrical
configuration with a diameter of only about 100 pm, this location also having

~ a total thickness of only about 8.0 um. Significantly, both layers 15 and 23,

if of the aforementioned chromium-copper-chromium (Cr-Cu-Cr) material,
still include the top sublayer of protective chromium. That is, this top
sublayer has not been removed from the first layer 15 during the foregoing
processing, including prior to the addition of polyimide 19. Thus, each layer
15 and 21 (elements 23 and 23') is comprised, in a preferred embodiment of the
invention, of Cr-Cu-Cr. In the case of layer 15, however, the overall
thickness at this stage may be somewhat less than that of layer 21, due to
phssible different utilization of these layers. For example, a thinner layer 15
may be desired if this layer is to serve as a ground or power layer, whereas
a thicker layer 21 is possible if layer 21 is to function as a signal layer.
Regardless, the invention is versatile enough to permit varying thicknesses
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wi rebondi ng, etc., can be successfully used. In FIG 7, aclip 5
o1 b 986

stai nl ess steel or copper, is shown as being sol dered d| r ecit Ipaid .0

lTayer 21 at the outer peripheral portion thereof (fromthe

portions depicted in FIGS. 4-6). In one enbodinent, a total of 376 such

clips may be used, and the invention islhot neant to be linted to use of

only one as shown herein. Each clip is curved in shape, as shown, and

preferably has a thi-ckness_of only about 0.2 mllinmeters S% The Ici)vver
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Sn: Pb sol dgyvemionised for this purpose. The solder is preferabl y initially

applied to the clip follow ng which direct engagenent between the |ead

attach site and sol der occurs. Reflow is then acconplished by placenent of
t he cli p-substr h ethenembodiment of FIG. 4, it is understood .that any remaining

photoresist (including residue) has been removed, leaving the structure
substantially as shown in FIG. 4. '

{q

In the next step of the invention, as shown in FIG. 5 » selected portions
of polyimide 19 are removed, leaving a series of exposed underlying segments
25 on first layer 15. Significantly, exposed segments 25 are to serve as the
desired contact locations for layer 15, to thereby couple layer 15 to the
respective, chosen contact sites on chip 17. Inone embodiment, a total of 300
such ex'posed segments were provided, typically spaced apart from one
another a distance of only about 230 um. Considering the spacings of the
above located segments 23 and 23', the overall distance from one such segment
(23 or 23") f;-om the nearest underlying exposed segment 25 is only about 35
pm. In one example, each of the exposed segments was also of substantially
annular configuration and included a diameter of only about 100 um.

The preferred method for removing the designated portions of polyimide
to thereby expose segments 25 on layer 15 is to use laser ablation. In this
process, an excimer laser may be used, the laser also capable of being used
with as associated mask (e.g., dielectric) to ablate the desired connection
sites. The ;)refex'red_ equipment used to perform this process is a known -
industrial laser, coupled to beam shaping optics. The laser ablation process
was accomplished in only about 10 to 15 seconds, leaving the aforementioned
total of exposed segments 25. Significantly, the i.mdez_'lying metal of layer 15
serves to protect the substrate during this process, a particularly significant
feature if a polymer or other more heat sensitive material is used.

Significantly, the respective upper surfaces of exposed segments 25
and top segment 23' are established at two different levels above surface 13.
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oven (as described above) at a tenperature of about 350 degrgges C fo{£ t1995 |

3 mnutes. The preferred nmethod of clip 51 and chip 17 attachmpgie:i.s..

a simul taneous reflow of both solders 31 (between the chip and=tecaitiens
23" and 25) and 57. In the enbodinent of FIG 8, clip 51 is soldered to the
first (e.g., ground) layer 15 of the subBrate instead of to l'ayer 21. This
I s achieved foll ow ng selective renoval of part of the covering polyimde

19 to thereby expose-a part of |layer 15 thereunder. This step (renpval) is
pref erably Iamﬂwgw%%% FEEmERLD 38 | WerR; Qﬂtabh%h%ﬁﬁﬂadismn%(él hrfienly

that resul g@gut 4.0 if, WHERStHeE B t§ 286webfdtth ethBlis el Afa RithRks €d
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coupl i ng bsegments.he Fhisstepresents antvary impaitant featnof dthwn iavehtdon two
difteront uatehss, b GhhakABHa, Wiknl BY lde8 adpudiS" (A8l Soleiilid) ave
: adapted for directly connecting to the respective chip contact sites, e.g.,
through a suitable conductive solder or the like material. The lack of a metal
to metal interface (e.g., copper to copper or chrome) as would occur should
layer 21 be applied directly onto layer 15 as opposéd to the unique teachings
of the inveﬁtion, overcomes the potentially adverse consequences mentioned
hereinabove, e.g., inconsistent current resistances thereacross which in turn

mandates relatively excessive testing and possible corrective actions if at all
possible.

Following the above step, it is desired to remove the top layer of
chromium (assuming that Cr-Cu-Cr is used) from both of the layers 15 and 21
(that is, only the exposed segments thereof). Thus, in the embodiment of
FIG. 5, the ﬁpper surfaces of segments 23', as well as the exposed segments
25 of underlying layer 15, are treated. Segments 23 may not be so treated by
providing protection (e.g., photoresist) thereon. The preferred method for
accomplishing such removal is etching, a known process in the field. The

result is that the selected exposed surfaces are comprised of copper, the
chromium having been removed.

In FIG. 6, semiconductor chip 17 is positioned above substrate 11 and,
using a plurglity of solder elements 31, is directly electrically connected to
exposed segments 23' and 25. A prefefred method for accomplishing this is
the aforementioned C-4 solder process developed and utilized extensively by
the assignee of this invention. Other bonding processes are also possible and
the invention is not meant to be limited to this particular process. The
preferred solder is 3 percent tin (Sn) and 97 percent lead (Pb), designated
in the industry as 3:97 Sn:Pb solder. Each solder element 31 is initially
deposited on a respective contact site (conductor), not shown, located on the
undersurface of chip 17. Such conductor sites are well known in the
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is thus not to be linited to the use of only two such | ayer ddsB N%Vedgﬁ
herein. The method taught herein is capabl e of being perfor \Ai"f'H"'é: """""""""

maxi mum utilization of processing equipnent, and can be performed with |ess
steps and in less tine than many known md8hods of the prior art, including
that described earlier herein. The invention thus represents a cost savi ngs
to the package purchaser. \Wile there have been shown and descri bed what

are at prestomiconductor industey sng funther deseription is Bet belieyed aecessary .«
wi Il be obviypdspreferred embodiment, equal size solder amounts (e.g., 6 ugrams) are

used for each of the segments 23' and 25, thereby illustrating ready
adaptability of the invention to utilization of currently known chip-solder
combinations (such combinations typically utilizing identical solder amounts
per chip contact site). The invention is not so limited, however, in that it is
also possible to use different solder amounts (e.g., greater solder volumes at

the segment 25 locations than at the lesser distance (from the chip
undersurface) segments 23').

In a preferred method, each solder element is attached (soldered) to the
respective chip site using well known industry methods (solder bumping).
The chip is then inverted and aligned, e.g., using television camera and
related precision equipment, relative to substrate 11, particularly assuring
precisioned alignment between the respective solder elements and associated
exposed contact locations. Once positioned (with the solder elements engag'ing
the respective contact locations), the substrate-chip assembly is then heated,
e.g.,ina x;itrogen reflow furnace, to a temperature of about 350 degrees C
for a time period of about 3 minutes. Solder reflow occurs and a sound
electrical connection achieved at all desired locations. Chip to package
reliability can be further enhanced by using encapsulation technology which
is well documented in the industry. Specifically, encapsulant material,

several types of which are known, may be dispensed about the various solder
connections.

In FIGS. 7 and 8, there are depicted two different embodiments for
electrically coupling selected pdrtions of the invention's substrate to other
circuitry, e.g., as found on a separate circuitized substrate 41 such as a
printed circuit board (PCB) or the like. In a preferred embodiment of the
invention, substrate 11, having chip 17 coupled thereto to thereby form what
can be referred to as a first level electronic package assembly, is then
electrically coupled to such an external, additional substrate, particularly if
the eventual use for the invention is within a computer. The embodiments in

FIGS. 7 and 8 represent relatively simple yet effective means for
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clainmed is: 1. A method of making a circuitized substrate adapted for
being electrically connected to an el ectrldni c devi ce, said -nethod

.conprising: providing a substrate having a first surface;

accomplishiné this purpose. It is understood, however, that the means
illustrated in FIGS. 7 and 8 are not meant to limit the invention. Several other
alternative approaches, including, e.g., solder ball attach, conductive pins,
wirebonding, etc., can be successfully used.

In FIG. 7, a clip 51, e.g., stainless steel or copper, is shown as being
soldered directly to the upper layer 21 at the outer peripheral portion thereof
(from the internal portions depicted in FIGS. 4-6) . In one embodiment, a total
of 376 such clips may be used, and the invention is not meant to be limited to
use of only one as shown herein. Each clip is curved in shape, as shown, and
preferably has a thickness of only about 0.2 millimeters (mm). The lower part
(53) thereof is designed for being positioned on and directly connected (e.g.,
using solder 57') to a pad or similar conductor 55 on PCB 41. In FIG. 7, clip
is soldered (using solder 57) only to upper layer 21, also at the outer
peripheral portion thereof. In one embodiment, 10:90 Sn:Pb solder was used
for this purpose. The solder is preferably initially applied to the -clip
following which direct engagement between the lead attach site and solder
occurs. Reﬁow is then accomplished by placement of the clip-substrate in an
oven (as described above) at a temperature of about 350 degrees C for about
3 minutes. The preferred method of clip 51 and chip 17 attachment is to use

a simultaneous reflow of both solders 31 (between the chip and locations 23"
and 25) and 57. '

In the embodiment of FIG. 8, clip 51 is soldered to the first (e.g.,
ground) layer 15 of the substrate instead of to layer 21. This is achieved
following selective removal of part of the covering polyimide 19 to thereby
expose a part of layer 15 thereunder. This step (removal) is preferably
accomplished simultaheously-with the removal of polyimide 19 that resulted in
the exposure of segments 25. Laser ablation is preferred for this step.

Thus there has been shown and described a new circuitized substrate
and a method for making same wherein effective electrical coupling between
the substrate's contact locations, located on at least two different levels, is

attained. The invention's teachings are readily applicable to use of additional



providing a first circuit pattern on said first surface of |5HERLAGEMENTSHEET
said pattern including at |east one contact |ocation; substiantiall 3 N&ﬂv Eﬁ
covering said first circuit pattern, including said contact IDSE,eah ‘on:

a layer of dielectric material; providing a second circuit pattern on sald
| ayer of dielectric material, said secod® circuit pattern including at

| east one contact |ocation; renmoving at |east a portion of said layer of
dielectric material to expose said contact |location of said first circuit

pattern, seanfuctivelayergandithginventon is thyssnoptabe imited to these phenkyr ns
bei ng expogssisaas 1dyraisi dedcriidd ReRilh . | BHE hithed du ﬁ:ﬁé’rﬁﬁ i1l chpable of
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deposi tind ab .| $85! 1245l that Wetorfibd® 2atlidd Hokefl! f F1 ?ﬂv&?ﬁgn thus

represents a cost savings to the package purchaser.

While there have been shown and described what are at present
considered the preferred embodiments of the invention, it will be obvious to
those skilled in the art that various changes and modifications can be made
therein without departing from the scope of the invention as defmed by the
appended clmms



substrate. 3. The nethod of claim2 wherein said first ci *@Lﬁ%%%\”ﬂs'ﬁgn

formed utilizing photolithographic processing, said process i ncy @i
depositing a |l ayer of photoresist on said netal |ayer and tL%%ftLrE@Nwm

exposi ng and devel opi ng sel ected areas of, said photoresist to define said

first circuit pattern. REPLACEMENT SHEET 1 3 NOV 1995 Date : 17 4. The
met hod of claim1 wherein said |ayer of dielectric material is blanket
' CLAIMS -

~ What is claimed is:

1. A method of making a circuitized substrate adapted for being
electrically connected to an electronic device, said method comprising:

providing a substrate having a first s.urfac_e;

providing a first circuit pattern on said first surface of said substrate,
said pattern inchiding at least one contact location;

substantially covering said first circuit pattern, including said contact
location, with a layer of dielectric material;

providing a second circuit pattern on said layer of dielectric material,
said second circuit pattern including at least one contact location;

removing at least a portion of said layer of dielectric material to expose
said contact location of said first circuit pattern, said contact locations
of said first and second circuit patterns being exposed and located at
different levels relative to said first surface of said substrate, said

contact locations adapted for being separately directly electrically
connected to said electronic device.

2. The méthod of claim 1 wherein said first circuit pattern is formed by
depositing at least one metal layer on said first surface of said
substrate.

3. The method of claim 2 wherein said first circuit pattern is formed

utilizing photolithographic processing, said processing including
depositing a layer of photoresist on said metal layer and thereafter

exposing and developing selected areas of said photoresist to define
said first circuit pattern. '
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coated over said first circuit pattern. 5. The net hod of c] QFMCWEP&S#EET
r

gaid layer of dielectric material is a polyner, said polyne g)?ar_ea]‘ 3NOV 1995
Being cured foll owi ng said depositing on said first circuit €

The nethod of claim1 wherein said second circuit pattern is fornmed by
depositing at |east one netal |ayer on i d | ayer of dielectrirc material.

7. The nmethod of claim6 wherein said depositing of said at |east one
netal |ayer on said |ayer of dielectric material is acconplished using
Sputtering. 8. The met hod of claim®6 wherein said second circuit pattern

is formed uij!i ZkeOmethddS dlbingl sitivreirpsaid dyrraf, dieleictirip matexial iscblanketidi ng
Choreaf tor oxpolPRIPLARCRESE BB o ORNa e i oas of sai d phot or 6si st to
define said second circuit pattern.
5. The method of claim 4 wherein said layer of dielectric material is a
polymer, said polymer thereafter being cured following said depositing
on said first circuit pattern.

6. The method of claim 1 wherein said second circuit pattern is formed by
depositing at least one metal layer on said layer of dielectric material.

7. The method of claim 6 wherein said depositing of said at least one metal

layer on said layer of dielectric material is accomplished using
sputtering.

8. The method of claim 6 wherein said second circuit pattern is formed
utilizing photolithographic processing, said processing including
depositing a layer of photoresist material on said metal layer and

thereafter exposing and developing selected areas of said photoresist
to define said second circuit pattern.

9. The method of claim 1 wherein said portion of said layer of dielectric
material is removed using laser ablation.

10. The method of claim 1 further including electrically connecting said
electronic device to said exposed contact locations of said first and
second circuit patterns.

11. The method of claim 10 wherein said electrically connecting of said

electronic device to said contact locations is accomplished using
soldering.

12. A circuitized substrate adapted for being electrically connected to an
electronic device, said substrate comprising:

AT
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9. The nethod of claim1 wherein said portion of said |aye ?ﬁ*%ﬁ%ﬁ%&%ﬁ??EgT_‘
material is renoved using |laser ablation. 10. The nethod of: q&ggn1ﬂ_3 NUV'EBﬁ
further including electrically connecting said el ectronic deWte £o_ —
exposed contact | ocations of said first and second circuit patterns. 11

The method of claim 10 wherein said el edfrically connecting of said

el ectronic device to said contact |ocations is acconplished using

sol dering. 12. .circyitized suhst e adapted for being electrically
connected to anaéld@FF’E%ﬁisé‘%&g’cﬁtEéPcé’giﬂgﬁPogPPﬁ’f BUEfA%Es i si ng:
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a first circuit pattern on said upper surface and including at least one
exposed contact location established at a first distance from said upper
surface;

a layer of dielectric material positioned on said first circuit pattern and
including at least one opening therein located adjacent said one exposed
contact location to thereby provide exposure of said contact location;

a second circuit pattern located on said layer of dielectric material and
including at least one exposed contact location established at a second
distance from said upper surface of said dielectric substrate and spaced
at a predetermined distance from said exposure contact location of said
first circuit pattern, said second distance being greater than said first
distance, said exposed contact locations of said first and second circuit

patterns adapted for being separatély directly electrically coupled to
an electronic device.

13. The circuitized substrate of claim 12 wherein said dielectric substrate
is comprised of ceramic.

14. The circuitized substrate of claim 12 wherein said first circuit pattern
is comprised of copper.

15. The circuitized substrate of claim 14 wherein said first circuit pattern
is of substantially solid configuration.

16. The circuitized substrate of claim 12 wherein said layer of dielectric
material is comprised of polyimide.

17. The circuitized substrate of claim 16 wherein said polyimide is
substantially fully cured.

-
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Dat e: 13 NOV 1995 18 a dielectric substrate including a
@ first circuit pattern on said upper surface and including
exposed contact |ocation established at a first distance fr .
surface; a layer of dielectric material positioned on said first circuit
pattern and including at | east one openi therein | ocated adj acent said

one exposed contact |ocation to thereby provide exposure of said contact
| ocation; a_secqpd cj- [
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first configuration.

19. The circuitized substrate of claim 12 wherein said second circuit pattern
is comprised of copper.

20. Thecircuitized substrate of claim 12 wherein said second circuit pattern
is comprised of a plurality of lines, said exposed contact location of said
first circuit pattern being located below and Substantially between two
of said lines at said first distance from said upper surface.

21. The circuitized substrate of claim 12 further including an electronic
device having at least two contact sites thereon, selected ones of said
contact sites being electrically connected to respective ones of said
exposed contact locations of said first and second circuit patterns.

22. The circuitized substrate of claim 21 further including at least two
solder elements, selected ones of said solder elements providing
electrical connection between said contact sites of said electronic device

and said respective exposed contact locations of said first and second
circuit patterns.

23. The circuitized substrate of claim 12 further including a solder element
positioned on and in contact with at least one of said exposed contact
locations, said circuitized substrate further including an electrically
conductive clip secured to said circuitized substrate and electrically
connected to said solder element.

24. The circuitized substrate of claim 23 further including a second

circuitized substrate, said conductive clip electrically connecting said
‘first circuitized substrate to said second circuitized substrate.

/ .
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di stance, said exposed contact |ocations of said first and s &E&LACEMENH'SHEET
patterns adapted for being separately directly electrically gpupl edst m
él ectronic device. 13. The circuitized substrate of clai m 13| kaisret r?md .
dielectric substrate is conprised of ceramc. 14. The circuitrzed ————
substrate of claim 12 wherein said first2Circuit pattern is conprised of
copper. 15. The circuitized substrate of claim 14 wherei n sai d fi rst
circuit pattern is of. substantially salid configuration,

ci rcui ti ze@dsubskheclreyitizedsybsiratp afcelain 24 whenpin sgid &P@%ﬁ‘f“éﬁﬁ&?‘érl al

is conprised of substidtet®mprises dpiniedCeirbuitybasa@bstrate of claim 16
wherein said polyimde is substantially fully cured.
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adj acent said one exposed contact |ocation of said first circ i'@atgat..t.einqqg..%.
of substantially tapered cross-sectional configuration. 19. The ===
circuitized substrate of claim 12 wherein said second circuit pattern is
conprised of copper. 20. The circuitized substrate of claim 12 wherein

said second circuit pattern is conprisegd of a plurality of lines, said

exposed cont act

and substantially between two
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of said lines at said first distance from said upper surface. BEPLAQ%MENTSHEET
ckrcuitized substrate of claim 12 further including an el ect I.C qgﬂ m
having at | east two contact sites thereon, selected ones of aﬁ@ contac ---------------

sites being electrically connected to respective ones of said exposed
contact |locations of said first and second circuit patterns. 22. The
circuitized substrate of claim?2l1 further including at |east two sol der
el ements, selected ones of said solder 2l enments providing electrical
connecti on between said contact sites of said electronic device and said
respecti ve exposed contact |ocations of said first and second circuit
patterns. 23. The circuitized substrate of claim 12 further including a

sol der el ement pds '0“6‘213"” S Aata 23 W}ogt ?;t Ieeasz ol OfclstéJuolslng an .
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connected to said solder element. 24. The circuitized subs
23 further including a second circuitized substrate, said c
el ectrically connecting said first circuitized substrate to

erid
[<ser b BNV,

circu!tized substrate. REPLACENMENT SHEET Date: 13 NOV 1995 20 25.
circuitized substrate of claim24 wherein said second circuitized substrate

conprises a printed circuit board.
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ELECTRONIC PACKAGE WITH MULTILEVEL CONNECTIONS
ABSTRACT

A circuitized substrate for use in an electronic package wherein the
substrate, e.g., ceramic, includes more than one conductive layer, e.g.,
copper, thereon separated by a suitable dielectric material, e.g., polyimide.
Each layer includes its own conductive location(s) which are designed for
being directly electrically connected, e.g., using solder, to respective
contact sites on a semiconductor chip pbsitioned on the substrate to form part
of the final package. A method for making such a package is also provided.
Significantly, the resulting package does not include interconnections between
the conductive layers at the desired contact locations, these locations, as
mentioned, instead being diréctly connected to the chip.



