=1°METHOD OF MAKI NG A Cl RCUI TI ZED SUBSTRATE USI NG TWO DI FFERECE{'#}O@‘ﬂ O
METALLI ZATI ON PROCESSES Technical Field The invention relates to nﬂﬁﬁgps of
making circuitized substrates, e.g., printed circuit boards, and
particularly those substrates capable of being utilized in information
handl i ng systens (conputers) or the like. Such substrates typically include
one or nore dielectric layers sandw ched together with one or nore
el ectrically conductive |layers which may function as power, signal, and/or
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manuf acture of circuitized s es such as printe (or wiring)
boards is an establ i TN IFFERENT MEFABLEZATIEON PROGESSEEh processes
described in the following U S. Letters Patents: 4,705,592 - Bahrle et al
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The invention relates to methods of making circuitized substrates,
e.g., printed circuit boards, and particularly those substrates capsable of
being utilized in information handling systems (computers) or the like. Such
substrates typically include one or more dielectric Iayers sandwiched together
with one or more electrically conductive layers whlch may ﬁmcﬁon as power,
signal, and/or ground layers in the completed structure.

Background Of The Invention

The manufacture of circuitized substrates such as printed circuit (or
wiring) boards is an established art, with various examples of such processes
described in the following U.S. Letters Patents:

4,705,592 - Bahrle et al
4,925,525 - Oku et al
5,017,271 - Whewell et al
5,050,038 ~ Malaurie et al
5,252,195 -~ Kobayashi et al
5,277,787 - Otani et al

Various other publications also describe such processes, including,
e.g, IBM Technical Disclosure Bulletin, Vol. 35, No. 6 (11/92), p. 407.

Typically, the metallization processes used to deposit the desired
conductive members, e.g., power planes, signal lines, etc., fall into one of
two categories: (1) additive metallization; and (2) subtractive metallization.
As a broad generalization, additive metallization involves the addition, e.g.,
using electroless copper plating into defined channels in a dielectric material,
e.g., photoresist, while subtractive metallization involves the removal of
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al Various other publications also describe such processes, including, e.g,
| BM Technical Disclosure Bulletin, Vol. 35, No. 6 (11/92), p. 407.
Typically, the netallization processes used to deposit the desired
conductive menbers, e.g., power planes,gsignal lines, etc., fall into one
of two categories: (1) additive netallization; and (2) subtractive
nmetal i zation. As a broad generalization, additive metallization involves
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circuitry on the substrate's external surfaces. Both

A typical starting material for use in the additive metallization process
is an electrically insulating (dielectric) material such as epoxy resin
reinforced with glass fiber (more typically known as "prepreg'"). Copper
layers, e.g., each 0.5 mils thick, are laminated to both sides of the interim
dielectric. A relatively large percentage, e.g., about 66 percent, or about
0.30-0.35 mils, of the copper is then removed using & known procedure such
as etching. The external surfaces are then ground, cleaned and dried,
following which a photoresist, e.g., negative-type, is applied and exposed in
what is often referred to as a Yblanket" exposure step. Registraﬁon holes
and/or through-~holes may then be formed, e.g., using punching, drilling,
laser ablation, etc., the surfaces of such holes then "activated" with a
palladium chloride solution. The negative resist is then removed (usinga step
referred to as "stripping") and the exposed surfaces of the substrate treated
with a benzotriazole bonding agent and thereafter coated, again, with a layer
of negative resist. This photoresist is exposed according to the desired
conductive circuit pattern, and then developed. The substrate is now ready
for the deposition (addition) of metal, e.g., copper, to provide the
substrate's conductive circuitry.

The copper is deposited, typically, by immersion of the substrate in a
copper bath for a prolonged period, e.g., several hours, during which the
copper is electrolessly deposited to a desired thickness, e.g., 40 microns,
including on the aforementioned remaining 5 microns of copper previously
applied. The various holes, particularly the through-holes, serve to provide
electrical connection between the opposing side circuitry and/or between one
or both such circuitry and any internal conductive layers, e.g., power or
ground planes. Following copper deposition, a thin layer of tin may be
deposited onto the copper circuit lines and the defining photoresist then
stripped. Any exposed portions of the thin (5 micron) copper may then be
etched away following which the exposed tin-coated lines are treated, e.g.,



* ptokesses are described in greater detail hereinbelow A typical starting
material for use in the additive netallization process is an electrically
insulating (dielectric) material such as epoxy resin reinforced with glass
fiber (nore typically known as "prepreg"). Copper |ayers, e.g., each 0.5
mls thick, are lamnated to both sides,of the interimdielectric. A

relatively |l arge percentage, e. g., about 66 percent, or about 0. 30-0. 35
mls, of the copper is then renoved using a known procedure such as
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process are clearly distinguishable and, therefore, of satisfactory dimensjons

so as to function effectively in the final circuit board structure. Such a

process has proven somewhat ineffective, however, in providing conductive

features, e.g., a relatively large (e.g., 15 mil square) copper pad of lesser

resolution which may also be desired as part of the final substrate product,

e.g., to serve as a heat sinking member for a semiconductor device {chip)

positioned thereon. For example, such a procedure, typically involving one

or more wet activation processes, has resulted in the generation of hydrogen

as a by-product, this hydrogen often causing "blistering" of the substrate as

a result of penetration thereof into the dielectric epoxy resin material or by

lying on the substrate's external surface during subsequent processing.

Such blistering is obviously unacceptable when producing circuitized

substrates wherein both high and low resolution conductive features are
desired.

Regarding the subtractive metallization process, a typical starting
dielectric material for use in same is also "prepreg". A copper layer is
laminated to one or both sides of the dielectric. In the course of further
processing, several such substrates can be packaged simultaneously.
Through-holes and clearance holes are then drilled using, typically,
numerically controlled automatic equipment. A copper base layer is deposited
on the hole walls by purely chemical means, and then reinforced by
electroplating. A photoresist pattern is then photolithographically generated
on the surface of the copper-laminated substrates in those areas where the
required conductive circuit lines are to be formed. The individual substrate

is then fed through an etch system where the copper layer is etched off in the



* for*the deposition (addition) of netal, e. g., copper, to provide the
substrate's conductive circuitry. The copper is deposited, typically, by
i mrer sion of the substrate in a copper bath for a prol onged period, e.g.,
several hours, during which the copper is electrolessly deposited to a
desired thickness, e.g., 40 mcrons, ingluding on the aforenentioned
remai ning 5 mcrons of copper previously applied. The various holes,
particularly the through-holes, serve to provide electrical connection
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exposed pg{\}\hg{)‘%ﬁ of the thin (5 micron) copper may then be etched away
fol |l ow ng ef the exposed tin-coated lines are treated, e.g., 3

The subtractive method of metallization has the disadvantage that a
relatively thick layer of copper must be laminated to the insulating substrate,
most of the copper layer being removed upon subseguent etching. In
addition, substantial undercutting typically occurs during etching, thereby
limiting the resulting conductor width, thickness and spacings, such that
those of high resolution (as defined above) cannot effectively be produced.

In view of the above, it is seen that any one of the above two
metallization processes is inadequate for providing circuitized substrates of
the type mentioned herein wherein the substrates are to include conductive
metal features of both high and low resolution, e.g., closely spaced very thin
circuit lines and relatively large heat sinking chip pads.

It is believed that a process capable of producing a circuitized substrate
while utilizing many of -the advantages of selected processes (e.g., the
aforementioned additive and subtractive metallization processes), while

avoiding some of the disadvantages thereof, would constitute a significant
advancement in the art.

Disclosure Of The Invention

It is, therefore, a primary object of the present invention to enhance
the art of producing circuitized substrates such as those of the printed circuit

board variety designed particularly for usage in computer or the like
environments.

It is a particular object of the invention to provide such a process which
can be readily performed in an expedited manner, thereby rendering the
process adaptable to mass production and the many advantages thereof.



* etched, to renove the tin. Inspection and electrical testing then typically
foll ows. The above-descri bed additive process is especially adapted for
providing circuit features, e . g., conductive |ines, of high resolution.
By the termhigh resolution is neant to include circuit lines of, e . g.,
only about.- 1-2 mls (thousandths) thickness, less than about 3 mls wdth
and spaced at very close distances, e. ¢g., no nore than about 2.3 mls.
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dielectric material using a second metallization process different from the first
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Brief Description Of The Drawings

FIGS. 1-14 depict the various stages of produéing a cir'cuitized
substrate, in accordance with one embodiment of the invention. Optional
(albeit desired) steps, i.e., through-hole provision as shown in FIG. 3, are
also shown. FIGS. 9-12 are slightly larger in scale than FIGS. 1-8, while
FIGS. 13 and 14 are slightly larger in scale than FIGS. 9-12, such
enlargements being for illustration purposes. '

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.

As stated, FIGS. 1-14 represent various steps that may be utilized to
produce a circuitized substrate in accordance with a preferred embodiment of
the invention. By the term circuitized substrate as used herein is meant to
define a substrate member including at least one dielectric layer and at least
one layer of circuitry formed on the dielectric layer. Understandably, the
invention as defined herein is readily capable of producing circuitized
substrates of much greater complexity, including, e.g., those with several
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' lyifig on the substrate's external surface during subsequent processing.
Such blistering is obviously unacceptable when producing circuitized
substrates wherein both high and | ow resol uti on conductive features are
desired. Regarding the subtractive netallization process, a typical
starting dielectric material for use irbsane Is also "prepreg". A copper
| ayer is lamnated to one or both sides of the dielectric. In the course of
further processing, several such substrates can be packaged simultaneously.
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In FIG. 1, there is shown a substrate member 21 which may serve as an
initial member which is to be subjected to various processes (as defined
herein) to eventually form the desired final product (circuitized substrate).
Member 21 includes at least one dieléctric layer 23, preferably of a known
electrically insulative material such as fiberglass reinforced epoxy resin (also
known in the industry as Y*FR4"). In the example of FIG. 1, two additional
dielectric layers 25 and 27 are shown. At least two internal conductive planes
29 and 31 are also shown, in addition to external conductive layers 33 and 35.
Member 21 is preferably formed by initially bonding (using a laminating
operation) the 25, 29 and 31 elements as one siructure. This structure can
also be referred to as a core and, in one example, possessed an overall
thickness within member 21 of about 20 mils (thousandths), the dielectric 25
having a thickness of about 17.6 mils and the two opposed conductive layers
29 and 31 each of a thickness of about 1.2 mils. The preferred dielectric 25
is FR4 and the preferred conductive layers 29 and 31 are each of copper.

Formation of member 21 is then preferably accomplished by individually
aligning the dielectric layers 23 and 27 with this core, and then aligning the
outer conductive layers 33 and 35. These elements are then laminated using
known techniques to produce the subassembly shown as member 21. Member
21 as so produced may include an overall thickness of about 30 mils, with each
of the laminated dielectric layers 23 and 27 having a thickness of only about
3.9 mils. The two outer conductive layers 33 and 35 may each possess an

initial thickness {(as shown in the laminated member 23in FIG. 1) of about 0.8
to 1.2 mils.



* 4 régions that are not protected by photoresist. That is, this copper is
renoved; hence the term"subtractive". After renoval of the residual
resist, only the circuit lines of the printed circuits are left on the
epoxy resin substrate. The subtractive nmethod of netallization has the
di sadvantage that a relatively thick |ayer of copper nust be lam nated to
the insulating substrate, nost of the copper |ayer being renoved upon
subsequent etching. In addition, substanti al undercutting typically occurs
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sinking cOifPAde layers 33 and 35 have been treated to reduce the thickness
thereof. The preferred treatment is to subject these layers to a fluid etch
(e.g., using cupric chloride, a well-known etchant) such that both layers now
possess a thickness of less than only 0.2 mils. Such thickness reduction is
accomplished using known etching equip:hent and process parameters, such
that additional description is not believed necessary. It is understood,
however, that fluid etching is not the sole means by which these layers can be
reduced in thickness. The invention is thus not limited to such etching. In
this particular embodiment, the etching was carried out with 3 molar cupric
chloride at a temperature of about 135 degrees Fahrenheit (F) contained within
a horizontally conveyed etcher. The conveyor speed was adjusted to obtain
the final defined copper thickness of .1-.2 mils.

In FIG. 3, member 21, having the reduced thickness outer conductive
layers 33 and 35, may be subjected to a drilling or the like operation in order
to provide a plurality of throuigh—holes 41 therein. The use of through-holes
is well-known in the circuitized substrate field, these elements typically used
to interconnect one or more internal/external conductive layers to thereby
further enhance the operational capability of the finished product. It is
understood that in accordénce with the broader aspects of the invention,
however, this represents an optional step and is not necessary to accomplish
the main objectives described herein.

Holes 41 are preferably provided by drilling, but other procedures,
e.g., laser ablation, may be used. In one example of the invention, a total of
five hundred through-holes 41 were provided in a substrate of rectangular
configuration having external dimensions of fourteen millimeters (mm) wide by
fourteen mm long. Following the drill operation, these holes are deburred and

otherwise chemically treated, e.g., desmeared, using sodium permanganate.



It is believed that a process capable of producing a circuitized substrate
while utilizing many of the advantages of sel ected processes (e.g., the

af orenenti oned additive and subtractive netallization processes), while
avoi di ng sone of the di sadvantages thereof, would constitute a significant
advancenent in the art. Disclosure O Fhe Invention It is, therefore, a
primary object of the present invention to enhance the art of producing
circuitized substrates such as those of the printed circuit board variety
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adapt abl metessaxys production and the many advantages thereof.
accordance with one aspect of the invention, there is provided a rret hod of

In FIG. 4, member 21 is subjected to a first metallization process in
order to form a first electrically conductive member on the dielectric. In a
preferred embodiment, several such members are formed, including on both
upper and lower surfaces of member 21. The description provided herein will .
be specifically directed to the formation of but a few of these.

In FIG. 4, member 21 is subjected to the first of various steps in what
is understood to be a process similar to (using some of the steps thereof) the
aforementioned subtractive metallization process. In this pi-ocess, a dry film
of photoresist 45 is applied to member 21 to cover the conductive planes 33 and
35 and, significantly, to "tent over'" (cover) holes 41. In a preferred
embodiment, the photoresist 45 is CFI aqueous photoresist, available from
Hercules, Inc. The significance of covering both ends of the through-holes
41 will be understood from the following.

In FIG. 5, photoresist 45 is exposed and developed, following which
selected parts thereof are removed, all of the above using procedures known
in the art. The result, as shown in FIG. 5, is that a plurality of remaining
photoresist elements 45 are shown positioned on the upper and lower surfaces
of member 21. Understandably, under each of these remaining portions 45 is
located the respective, substantially thin conductive layer 33 or 35, except of
course at locations wherein the photoresist bridges holes 41.

In FIG. 6, member 21 has been subjected to an etching operation
wherein the etchant, e.g., cupric chloride, is used to remove exposed
portions of the conductive layers 33 and 35. Significantly, there is still no
conductive material within the holes 41. Further, the tenting portions of
photoresist 45 have thus prevented potentially adverse chemical materials
such as cupric chloride or others from penetrating holes 41 and thereby
possibly attacking the internal walls of the holes.



maki*ng a circuitized substrate conprising the steps of: providing a
dielectric nenber including at |east one dieletric |layer having a first

| ayer of electrically conductive material thereon; formng a first
electrically conductive nmenber on said at | east one dielectric |ayer of
said dielectric menber fromsaid first l,ayer of electrically conductive
material using a first nmetallization process wherein sone of said first

| ayer of electrically conductive material is renoved, providing a second
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several others may be readily provided in accordance with the teachings
herein. As will be understood, pad 51 is to form a part of a heat-sinking
conductive structure on the upper (or lower) surface of member 21 designed
for having a semiconductor device (chip) positioned thereon. If pad 51 is
. electrically coupled to other conductive parts of the conductors 51' , the chip
may thus be coupled to several other portions of the conductive layers within
the formed member 21. In FIG. 7, such connections have not yet been made
" and will be provided in accordance with the teachings hereinbelow. In FIG.
7, it is'thus seen that selected portions of the unprotected metal within the
layers 33 and 35 have been removed from member 21; hence the term
"subtractive" is used to describe such a metallization process.

In one example, a relatively large rectangular pad 51 having side
dimensions of about 15 mm by 15 mm was formed. Additionally, the respective
lands 53 located about the cylindrical holes 41, were also substantially
cylindrical with an overall outer diameter of ¢.65 mm. It is thus understood
that such large dimensions serve to define conductive members, e.g., lines
and pads, of relatively low resolution. Significantly, the process as defined
thus far has been able to provide such relatively low resolution conductive
structures with a minimum of cost and effort in comparison to many other
known techniques in the art.

In FIG. 8, member 21 is now subjected to a first of various steps which
may be defined, as stated above, as similar to some of those used in additive
metallization process. In FIG. 8, a thin conductive layer (stripe) of palladium
seed layer 61 is provided to cover substantially all of the exposed, external
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i ncl*udi ng onto said second | ayer of electrically conductive nmaterial over
said first electrically conductive nenber, thereby providing said
circuitized substrate. Brief Description of the Drawi ngs Figs. 1-14 depict
the various stages of producing a circuitized substrate, in accordance with
one enbodi nent of the invention. Optiopal (albeit desired) steps, i.e.,

t hr ough-hol e provision as shown in Fig. 3, are also showmn. Figs. 9-12 are
slightly larger in 5a scale than Figs. 1-8, while Figs. 13 and 14 are
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example, a palladium layer having a surface concentration of about three
micrograms per square centimeter (cm) was provided. Significantly, itis seen
that this palladium also is deposited atop the remaining portions of the
conductive layers 33 and 35, including the through-hole lands 53.

Although palladium is described as the material used in the above
example, this is not meant to limit the invention in that other metals, e.g.,
copper, may be used. The preferred step for applying the palladium seed
layer is to utilize a vertical dip process which includes the following list of
chemicals to be used in the .order Héted: (1) a 1-5 minute dip in an alkaline
cleaner; (2) a 1-2 minute dip in a cationic polyacrylamide solution; (3) a 0.5-2
minute dip in a solution of’ sodium persuifate or like copper etchant with a
known etch rate of 1-2 microns per minute; (4) a 1-5 minute dip in a collodial
solution of palladium-tin; and (5) a 1-2 minute dip in a 1 molar solution of
sodium hydroxide or similar accelerator solution. These steps to be followed
by a drying step, e.g., 20 minutes at 175 degrees F. Rinses with deionized
water may occur between one or more of these steps.

In FIG. 9, layers of photoresist 71 have been provided to both the
upper and lower surfaces of member 21. Preferably, the photoresist is
provided in dry film form as was done in the embodiment shown in FIG. 4.
The resist used here is referred to as "T-168" and is available from the E. I.
duPont deNemours Company, and possessed an initial thickness of only about
1.0 mil. Portions of photoresist 71 are exposed, developed and removed to
leave the configuration of individual photoresist segments 71 as shown in FIG.
10. Significantly, the resist is removed from the larger portion 51 and the
corresponding layer 61 covering portion 51, to thereby leave a dual metal
layered conductor at this part of member 21. Understandably, it is again

worth mentioning that several such members can be produced, depending on
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circuitized substrate in accordance with a preferred enbodi nent of the
invention. By the termcircuitized substrate as used herein is nmeant to
define a substrate nenber including at |east one dielectric |ayer and at

| east one layer of circuitry formed on the dielectric |ayer.

Under st andably, the invention as defined,herein ts readily capable of
producing circuitized substrates of much greater conplexity, including,
e.g., those with several 6 internal conductive planes (signal, power and
ground) an@eWgdraBiSHal ?éqxﬁhca&a@ﬂtst fawmnbehﬁan( Pkl )ceﬂﬁﬁhﬂg%rftﬁhs 71 of
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In FIG. 11, a layer 81 of conductive metal, e.g., copper, is deposited
on the upper and lower outer surfaces of member. 21, including within
through-holes 41. These through-holes are thus understood to be comprised
of two metals (palladium, copper) as is true for the other illustrated upper
and lower surfaces of member 21. Of further significance, however, it is
understood that some areas on the upper and lower surfaces now include three
conductive metals, e.g., the underlying thin copper pad 51, the covering
palladium layer 61 and finally, the most recently added copper layer 81.
Notably, copper is not deposited onto the upper surfaces of the portions 71
of photoresist as was previously applied. This is because the process used
(electroless plating) does not result in metal such as copper being deposited
on the dielectric or the like materials such as photoresist sections 71.

The above copper plating process is accomplished by immersion of
member 21 in an autocatalytic electroless copper plating solution for a time of
between 5-24 hours. The typical time is 11 hours, or that time required to
achieve a copper thickness of approximately 1.0 mil (25.4 microns). It is
further noted in FIG. 11 that the somewhat rougher outer surface of copper
81 projects slightly above the substantially planar outer surfaces of the
photoresist portions 71. Accordingly, both upper and lower outer surfaces

. are planarized, the preferred planarization process being a mechanical one,
e.g., sanding or the like. Other processes, e.g., using pumice with a sodium
silicate solution may also be used and the invention is not limited to that
described above. The result is a planar outer surface (excluding of course

holes 41) on both the upper and lower surfaces of member 21, as depicted in
FIG. 12.



‘heréin) to eventually formthe desired final product (circuitized
substrate). Menber 21 includes at |east one dielectric layer 23, preferably
of a known electrically insulative material such as fiberglass reinforced
epoxy resin (also known in the industry as "FR4"). In the exanple of FIG

1, two additional dielectric layers 25 gnd 27 are shown. At |east two

I nternal conductive planes 29 and 31 are al so shown, in addition to
external conductive layers 33 and 35. Menber 21 is preferably forned by

initially bondiagIGusisngha rleaﬁirﬁ&tgixslgote@@i@t j:@rt]}oﬂdm Béve Baelﬁﬂdm&le@bg”ent S
as one structure. S str c.ture eferr as a gore an in
one exanpfg, °§5‘§8§%2§8 rgﬁl f%ﬁé@%‘%isﬁeﬁﬁ% rfl‘”b S BBRET 20

m | s (thoasdnibwes) dieléetrik Qioetmnscoﬂﬁlelné)erngla fmieskmsqmseﬂ sdxctidnsl 3r6 il s
and the t e r Ngy 31
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then pref ghpflide 2660 2NESiRYntdlE} ¥RV sgimg Wedthidd) %vrﬁbﬁlﬁeiddés hayers
23 and 27 with this core, and then aI | gm ng the ‘outer conductive |ayers 33
and 35. THeskepicalbrushineaeen. | ani nated usi ng known techni ques to produce
t he subassenbly shown as rrenber 21. Menber

In FIG. 14, member 21 has been exposed to a seed str1pp1ng operation
in which the exposed portions 61' of the palladium seed are removed.
Preferably, this is accomplished by exposing the surfaces of member 21 to a
solution of sodium cyanide (two grams per liter at 52 degrees Celsius (C)) for
a period of about 20 minutes. This is accomplished using a vertical dip
process. This process step is then followed by a back at 180 degrees C for
about 4 hours. Member 21 is then processed for a second time through the
sodium cyanide solution for 20 minutes to effectively maximize the removal of
the palladiuin from the dielectric surfaces. K

Significantly, the upper and lower surfaces of member 21 include the
earlier described pad(s) which now includes the added layer of copper
thereon, thereby forming a relatively thick conductive pad for member 21.
This pad is represented by the numeral 91 in FIG. 14. It is understood, of
eourse, that several other pads, including that represented by the numeral
92 in FIG. 14 can be added. Additionally, smaller pads, e.g., which may
represent conductive lines, such as represented by the numeral 93 in FIG. 14,
may also be formed. As seen in FIG. 14, the conductive pads and coated
through-holes are not in electrical connection along the upper and lower
surfaces of member 21, due to the removal of the remaining conductive layer
of palladium. The above process wherein quantities of metal are added up to
form the circuitry and other conductive members for the product may thus
understandably be referred to as one form of an additive metallization
process. Such process, as defined herein, is substantially different than the
aforementioned subtractive form of metallization process used earlier above,

but, uniquely, has been proven in the instant invention to be readily



21 as so produced may include an overall thickness of about 30 mls, with
each of the lamnated dielectric layers 23 and 27 having a thickness of
only about 3.9 mls. The two outer conductive layers 33 and 35 may each
possess an initial thickness (as shown in the |am nated nmenber 23 in FIG
1) of about 0.8 to 1.2 mls. 7 Menbgk 21 is |am nated using known
equi pnent and processes and it is theretore believed that further
di scussion with respect to such equi pment and processes i s not necessary.

In the erRGitaBR f6f oS theNRAth GR e RMMIAtIoR efided ! hq‘wkﬁrcugﬁagﬁct lve
| ayers 33 and 35 have biexgrllzgéreat ed to reduce the thickness thereof. The

pr ef er r e FURSLERIRREmPEr bjléqan PRI hape oneor more seqicgndugtor deviges
usi ng cupiduplédlthereto, & gngldt-Had . ePeioento) swdtcidditidn bittie priferfed oy
Possess 3 LItk eiSodd eledtfich Akt b 1ls Airfid iz SiBstritS K ERRsASINEY 0N 1S
pad 91 is seen as being "blister free" as a result of the initial formation of a
first pad element on the substrate's dielectric surface which substantially
covers the dielectric to prevent "blistering" which could occur during the
second, different metallization process, particularly one in which a relatively
high concentration of hydrogen may result.

Thus there has been shown and described a method of making a
circuitized substrate in which at least two substantially different metellization
procedures are utilized, depending on the resolution needed. In the first
step (using selected steps similar to those used in subtractive metallization)
electrical conductors of relatively low resolution were formed. Subsequently,
selected steps of an entirely different metallization process, e.g., a form of
an additive metallization process, were used to now define conductive members
of much greater resolution. For example, in the structure of FIG. 14, the
lines (i.e., number 93 to the far left in FIG. 14) possessed a width of less
than 3 mils and a thickness of only about 1-2 mils. The spacing between this
conductive member and its nearest adjacent conductor may be no greater than
about 2.3 mils. The invention thus combines the attributes of additive and
subtractive metallization in a unique manner to produce a product hairing
conductive members of different resolution thereon while saving considerable
added expense as would be required if only additive metallization were
utilized, such metallization being essential to provide the high resolution
needed for various portions of the resulting circuitry layers. The invention
is thus deemed to represent a significant advancement in the art.

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 modifications and changes can be made

therein without departing from the scope of the invention as defined by the
appended claims.



‘acconpl i shed using known etchi ng equi pmrent and process paraneters, such

that additional description is not believed necessary. It is understood,
however, that fluid etching is not the sole neans by which these |ayers can
be reduced in thickness. The invention is thus not limted to such etching.
In this particular enmbodi ment, the etchjng was carried out with 3 nolar
cupric chloride at a tenperature of about 135 de renheit (F)

contained within a horizontally conveyed etcher. Tgﬁ conveyor spee

adj usted to obtain the final defined ganpgrgt hi ck gﬂl”‘m“my“',ﬂ
yers 33

FIG 3, nenber 21, having the reduced thickness o
and 35, may be subJ ected to a drilling or the like operatloﬁ ih order to
provi de awpatisblainie®fist hr ough- hol es 41 therein. The use of through-holes
is well-known in the circuitized substrate field, these elements typically
used to interconnect one or nore internal/external conductive |ayers to

t hereby fdrt heA metiadce! mhking ercitcuitized cabsaibrdte topmyrising fliensteipsdfpr oduct .
It is understood that in accordance with the broader aspects of the
invention, however, this represents an optional step and is not necessary
to acconpli sh pheviding aidielectrie member incuding @ first layer of electrically

conductive material thereon;

forming a first electrically conductive member on said dielectric member
from said first layer of electrically conductive material using a first
metallization process;

providing a first layer of dielectric material on said dielectric member
including at least one opening therein; and

forming a second electrically conductive member in said opening of said
first layer of said dielectric material using a second metallization
process different from said first metallization process, thereby
providing said circuitized substrate.

2. The method of claim .1 wherein said second electrically conductive

member is provided with a greater resolution than said first electrically
conductive member.

3. The method of claim 1 wherein said first layer of electrically conductive
material is positioned on said dielectric member using a lamination
process.

4. The method of claim 1 wherein said first metallization process is a

subtractive metallization process and said second metallization process
is an additive metallization process.

iy T




“Hol ées 41 are preferably provided by drilling, but other procedures, e.g.,
| aser abl ation, may be used. In one exanple ofWot al of

five hundred through-holes 41 were provided in Q‘@{angul ar
configuration having external dinensions of fou ﬂﬁt m) w de
by fourteen nmlong. Follow ng the dri{4 operatlan ct se‘ hél et afe

deburred and ot herwi se chemcally treated, e. g., desneared, using sodium
per manganat e. 8 Resulting through-hol es each i ncl uded a di aneter of

about twejve Mmie melhed APQULInD 4ORREPEIRSsedd fsdmemwa ndiglatiodNgrbsydsher
description is not.beljeved ne essa{} In FI G i nt}e g%lﬁt S sub ect ed to
a first metal CPTRVISSS o%t§§'§ 9t Pt FB‘F‘?ﬂda %Yetrs‘f Fiecmpt
conducti ve meminssaid firsh taykiraif @t¢ctiricallyrcoadoetive mteriaij pehoeinig sedestedal
“such menbers I r.surfac f

" 345 ke ALY AR e s i

said first layer of electrically conductive material which will not form

said first electrically conductive member, and removing said exposed

portions of said first layer of said electrically conductive material.

6. The method of claim 5 wherein said second layer of dielectric material

is positioned on said first layer of electrically conductive material in
sheetlike form.

7.  The method of claim 5 wherein said exposed portions of said first layer

of electrically conductive material are removed using‘ an etching
process.

8. The method of claim 5 wherein said second layer of dielectric material
is photoresist material, said removing of said selected portions of said
second layer of dielectric material being accomplished using an
exposure process in which selected regions of said photoresist are

exposed and a development process in which said exposed selected
regions are removed.

9. The method of claim 5 further including providing at least one through-
hole in said dielectric member prior to the step of positioning said
second layer of dielectric material, said second layer of dielectric
material covering said through-hole.

10. The method of claim 4 wherein said additive metallization process
comprises the steps of depositing a second layer of electrically
conductive material in said opening of said first layer of said dielectric

material and thereafter removing said first layer of said dielectric
material.
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* be specifically directed to the formation of but a few of these—In FIG 4,
menber 21 is subjected to the first of various, steps |

n: under st ood
to be a process simlar to (using sone of the: jmﬂm I W&\ﬂj mt
af orenenti oned subtractive netallization proce a dry
filmof photoresist 45 is applied to nber 21 t cover the conductlve

pl anes 33 and 35 and, significantly, "tent over" (cover) holes 41. In a
preferred enbodinent t he photoresist 45 is CFl aqueous photoresist,

ava"ab'ﬁol [ Ofhs &p},&%fdx 1d egiegng&hc ﬁ%g%vala&cbﬂ%hagap%fof the

t hr ough- be understo omt
phot or esi st 4@ectriesllic sondustiveematenizlols F@(FQWC\AHFW S8 élﬁ(‘éﬁdﬁaﬁ?t s

thereof are r préddss0f the above using procedures known in the art.

The result, as shown in FIG 5, is that a plurality of remaining

phot oresi st el ements 45 are shown positioned on the upper and | ower

sur f acesyf nfﬁlbemei’ﬂ%d umealﬁi&xarnahmereim gﬁideéwélttlarﬁeésﬂ epl&tfr%‘dwn‘ﬁd&gs

portions 45 is |located t subs tla. uctive | ayer

S or °55, " excimgres s SEelf Y dibbhie Stot SRt AR e HBIGIRE Sopk R oo

hol es 41. | n isldipped mmﬁm-aﬁﬁy bﬂdxﬁﬁemntmb;ﬂmlsa,dfdllmwdbyardnygngmept i on
in which said dielectric member is substantially dried.

13. The method of claim 10 wherein said first layer of dielectric material is
photoresist material, said removing of said first layer being
accomplished using a stripping process.

14. The method of claim 1 further including planarizing said second
electrically conductive member.

15. The method of claim 14 wherein said planarizing is accomplished using
a mechanical process.

16. The method of claim 15 wherein said mechanical process is sanding.
17. The method of claim 1 further including the step of providing at least
one through-hole in said dielectric member prior to forming said first

electrically conductive member.

18. The method of claim 17 wherein said at least one through-hole is
provided using a drilling process.

. ez - d
19. A circuitized substrate comprising: heet Has Been Reﬁace

T

a first electrically conductive member on said dielectric member having

a first resolution;
THIS SHEET HAS BEEN
REPLACED

a dielectric member;




3

wherein the etchant, e. g., cupric chloride, is used to renove expesed
portions of the conductive layers 33 and 35. Significantly, there is still
no conductive material within the holes 41. Furth “mmuﬂ \jﬁort I ons
of photoresi st 45 have thus prevented potentiallyTu

materials such as cupric chloride or othgrs from penefrating hol es 41 and
t hereby possibly attacking the internal walls of the holes. 9 The

remai ni ng portiops of resist 45 are next stripped by subjecting nenber 21
to a solution ot (?a‘l‘lfrﬁlﬁmliyciMeriﬁmanrsaimhiélg&r&?&tahgﬁaﬁf LAE fonduct i ve
layers 33 and 3dperdifbiniesin/;0r med by this described subtrac jye&luding an
nmetallization process, are of relatively lowresolution in conparison to
that of the conductive elenents to be |later provided herein. In one

exanpl e, a pad &decond elddiri¢«lly t6n r _separate sections 51",

i ncl udi ng thos%ak@%?;;?, d_ 2 a5 & o eﬁ%ﬁﬂgggmﬁl%a%“%ﬁmwtm

menber 21 relative T0 Not ) S&IB yer of dielectric material and being of a second
resolution greater than said first resolution.

20. The substrate of claim 19 wherein said dielectric

‘ member is comprised
of fiberglass-reinforced €poxy resin. i

21. The substrate of claim 19 wherein both of said first and second

conductive members are comprised of copper.
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"was f or med. Only one pad 51 is shown in FIG 7, but it is understood that
several others may be readily provided in accordance with the teachings
herein. As will be understood, pad 51 is to forma part of a heat-sinking
conductive structure on the upper (or |ower) surface of nenber 21 designed
for having a sem conductor device (chip) positioned thereon. If pad 51 is
electrically coupled to other conductive parts of the conductors 51', the
chip may thus be coupled to several other portions of the conductive |ayers
within the fornmed nmenber 21. In FIGg 7, such connections have not yet been
made and will be provided in accordance with the teachings hereinbelow In
FIG 7, it is thus seen that selected portions of the unprotected netal

within the layers §gmapd ﬁﬁgﬁﬁqmgﬂ mggvgr 21, hence the
term"subtractive" 1s use g@scrlg suc | ization process. In one
exanple, a relatively Iﬂmggffﬂﬁﬁﬁ 5ﬂﬂﬁgﬁﬁng si de di mensi ons of
about 15 mm by 15 mm was f or ned. Addltlonally the respective | ands 53

| ocat ed about the cylindrical holes 41, were also substantially cylindrical

with an overall outer dianeter ofAb8t:@6t nm It is thus understood that such
| ar ge di mensi ons serve to define conductive nenbers, e.g., lines

A process for meking a circuitized substrate is defined wherein the substrate
is treated with two different, e.a., additive and subtractive, metallization processes.
The process is thus able to effectively produce substrate having a first layer (61) and
a second layer (81) including conductive features, e.g., high density circuit lines and
chip heat-sinking pads, of two different degrees of resolution in a cost effective and
expeditious manner. The resulting product is also defined.

Figure 14

Has Been Reraced
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and pads, of relatively low resolution. Significantly, the process as
defined thus far has been able to provide such relatively | ow resolution
conductive structures with a mninmum of cost and effort in conparison to
many ot her known techniques in the art. In FIG 8, nenber 21 is now
subjected to a first of various steps which may be defined, as stated
above, as simlar to sone of those used ) addi tive netallization process.
In FIG 8, a thin conductive |ayer (strlpe) of palladium seed | ayer 61 is
provi ded to cover substantially all of the exposed, external 10 surfaces
of menber 21. As seen in FIG 8, the palladiumseed material 61 extends
into holes 41 to provizde a substantially uniformcoating therein. This seed
| ayer al so, significant i s deposited within the exposed open portions
l(.ﬁr.uwr.mrlmu.uam-mu'JJJJ Il:uw:.m.ul.» el ectric
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%
exanpl e, a palladiumlayer having a surface concentration of about three
m crograns per square centineter (cm was provided. Significantly, it is
seen that this palladiumalso is deposited atop the renai ning portions of
t he conductive |layers 33 and 35, including the through-hole | ands 53.
Al t hough palladiumis described as the material used in the above exanple,
this is not neant to limt the inventi@ 7 n that other netals, e. g.,
copper, may be used. The preferred step for applying the palladi um seed
|l ayer is to utilize a vertical dip process which includes the follow ng
list of chemcals to be used in the order listed: (1) a 1-5 mnute dip in
an al kaline cleaner; (2) a 1-2 mypute dip in a gatlonic pol yacryl am de
solution; (3) a 0.5-23Fn4te di p in\a solution sodi um persul fate or like
copper et chant vvith cngul)_et ch Qf -l mi.crons. . per.Jdnute; (4) a 1-5
mnute dip i@l | | ot » N\ a 1-2 minute
dipinal nolar I@ﬁ g e i nt s 3 si mragdl| er at or
sol ution. These stepfa el 20 minutes at
175 degrees F. R nses3Wwdxfd=icfnig ctrineni one or nore of

these steps. In FIG 7K N5 ovi ded to both
t he 4.
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upper and | ower surfaces of nenber 21. Preferably, the photoresist is
provided in dry filmformas was done in the enbodi nent shown in FIG 4.
The resist used here is referred to as "T-168" and is available fromthe E
| . duPont deNenours Conpany, and possessed an initial thickness of only
about 1.0 m|. Portions of photoresist 71 are exposed, devel oped and
renoved to | eave the configuration of i3 vi dual photoresist segnents 71 as
shown in FIG. 10. Significantly, the resist is renmoved fromthe | arger
portion 51 and the corresponding | ayer 61 covering portion 51, to thereby

| eave a dual netal |ayered conductor at this part of nenber 21.
Understandably, it is again gnrth ynentioning that several such members can
be produced, dependlgg n e opexati onal % enen W the

i nvention. The i n ' hotor ' f unction to
protect the res pect e un erNYI hi"n fc t er 61. It is
further noted that t he t hq M ph | SN portions 71
al l ow t hese portions t%ﬁp Moht | e
I
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substantially planar surface of conductor 61. In FIG. 11, a |layer 81 of
conductive netal, e.g., copper, is deposited on the upper and | ower outer
surfaces of nenber. 21, including within through-holes 41. These

t hrough- hol es are thus understood to be conprised of two netals (palladium
copper) as is true for the other illustrated upper and | ower surfaces of
menber 21. O further significance, howdayegr, it is understood that sone
areas on the upper and | ower surfaces now i nclude three conductive netals,
e.g., the underlying thin copper pad 51, the covering palladiumlayer 61
and finally, the nost recently added copger | ayer 81. Notably, copper is
not deposited onto the upﬁ?r sur fEpe 2\ portions 71 of photoresist as
was previously appl3&ct

pl ating) does; Aoty es2B
dielectric or the |1peg Ifa

‘{ 71. The above

copper plating proce ISUCC M) 5'4"’; ""”"' "'3"!""5’-i-§"= 21 in an
autocatal ytic electr $ ’ ; ' e of between
5-24 hours. The typi Y ER ‘ " ot ;; ﬁ..-;k;.'gﬂ to achi eve
a copper thickness o QNI O N 5. It is
35 ey il e ;
i
oy 21
FIG. 7
33 61 '. 53 41l 61 61 |
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further noted in FIG 11 that the somewhat rougher outer.surface of copper
81 projects slightly above the substantially planar outer surfaces of the
phot oresi st portions 71. Accordingly, both upper and | ower outer surfaces
are planarized, the preferred planarization process being a mechani cal one,
e. g., sanding or the like. OQher processes, e. g., using pumce wth a
sodiumsilicate solution may al so be use8l/and the invention is not limted
to that described above. The result is a planar outer surface (excluding of
course hol es 41) on both the upper and | ower surfaces of nenber 21, as
depicted in FIG 12. 1 12N n FI 661354 he remaining photoresist portions

71 have been renove 330 as t\Q -8l adi um
seeded | ayers on-{he etk uer 21
These exposed2$gg?Hens KPrESH ~ FebrarohaEaRtEGd3. Strip
renoval is preferably29 |\ N |
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acconpl i shed using propyl ene carbonate, G butyrol actone, nethyl ene

chloride, etc., in a horizontally conveyed spray machi ne which includes a
mechani cal brushing action. In FIG 14, nenber 21 has been exposed to a
seed stripping operation in which the exposed portions 61" of the palladi um
seed are renoved. Preferably, this is acconplished by exposing the surfaces
of nmenber 21 to a solution of sodiunlcyaﬁége (two granms per liter at 52
degrees Celsius (C)) for a period of abo 20 mnutes. This is acconplished
using a vertical dip process. This process step is then foll owed by a back
at 180 degrees C for. about 4 hours. Menber 21 is then pggcessed for a
second tine through@: sod® cyani de soVdgion for 20 minytes to-6}

effectively maxin ze33 al of the pal I'adi um fromlthe \di efectric
surfaces. Signjifivant!d z 2y Thdlude
the earlier describeds Neh | ddey t a &2 opper
t hereon, thereby form y (NG | VERpa er %1
This pad is represent al ' 14. §J 00d; lof
course, that - several QS SNC| u preg nuner a
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92 in FIG 14 can be added. Additionally, snaller pads, e.g., which may
represent conductive |ines, such as represented by the nuneral 93 in FIG
14, may al so be fornmed. As seen in FIG 14, the conductive pads and coated
t hrough-hol es are not in electrical connection along the upper and | ower
surfaces of nenber 21, due to the renoval of the remaining conductive |ayer
of palladium The above process whergin quantities of netal are added up to
formthe circuitry and other conductive nenbers for the product may thus
under standably be referred to as one formof an additive netallization
process. Such pra@pess, agjdefined herei ' fal ferent than
the aforenenti gn btf acitgve for@‘ofE’ 7S Used earlier
above, but, un| ' @n{ion to be
readily EERABAISERY | RS B3 repeRatsa_Bef i ned. The
circuitize ; W

sem conductor de\a
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coupled thereto, e.g., at pad 91. Prior to such addition, it i% pr ef ?éﬁd
to conduct various electrical tests on the circuitized subst rate. {
Significantly, pad 91 is seen as being "blister free" as a result of the
initial formation of a first pad el enent> on the substrate's dielectric
surface which substantially covers the dielectric to prevent "blistering"
Wwhi ch coul d ocdu racclcmdamg with GrRCTt ofi the dnesntionpthetd 1szpttowmhedpr oetssl of
particularly one in which a relatively high concentration of hydrogen may
resul t. Tskidgweciecuidmedsabsirasdicomprisiey theseps d£d a met hod of nmeking a
circuitized substrate in which at |east two substantially different

metal |i zation pragemEe rae&e&&&mwhbxhbaeﬁhclud&gemédag o dleltri¢ e HAViRE angRfed.

In the first step (using selected steps simlar to those uSed in

subtracti Yfe pgfa%&lgayw&h sequen.llq uctors of relatively | ow

resol uti on“were sel écted steps of an entlrely
different netallizati a for of an I ve tal zatlon
process, were GUSHR %8%?{8 E‘gﬂ‘*ﬂg’ ?%'ﬁﬂ%‘f W?n ’(‘a)tfdle?% 8‘%@%

resol ution, Fqr_exanple, in the str cture of FIG 14, the Ilnes

nunber 930f gaid lielectric mamber fraty epid lazs%rsc&eé@al%llwce@qmcawe eateyi wamgaa mls

and a thickness of only about 1-2 mils. The spacing between this
first metallization process wherein some of said layer of electrically conductive

material is removed;

providing a second layer of electrically conductive material on said at least one
dielectric layer including on said first electrically conductive member;

providing a second dielectric layer on said second layer of electrically conducting
material and thereafter removing portions of said second dieletric layer .to expose portions
of said second layer of electrically conductive material, includin'g over said first
electrically conductive member; and

forming second electrically conductive members on said exposed portions of said
second layer of said electrically conductive material using a second metallization process
different from said first metallization process wherein electrically conductive material is
added to said exposed portions of said second layer of electrically conductive material,
including onto said second layer of electrically conductive material over said first
electrically conductive member, thereby providing said circuitized subsu'afe.

Brief Description of the Drawings

Figs. 1-14 depict the various stages of producing a circuitized substrate, in
accordance with one embodiment of the invention. Optional (albeit desired) steps, i.e.,
through-hole provision as shown in Fig. 3, are aiso shown. Figs, 9-12 are slightly large; in
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conductive nmenber and its nearest adjacent conductor may be no greater than
about 2.3 mls. The invention thus conbines the attributes of additive and
subtractive netallization in a unique nmanner to produce a product having
conductive nenbers of different resol utban thereon while saving
consi der abl e added expense as would be required if only additive
sret al | i zakdabnthan Fégsu @8, iwidld, FigaidB anmdtidlake siiphil darbed ingeals sentHigd. 912, pudyi de
t he high resolution needed for various portions of the resulting circuitry

| ayers. Tgﬂﬁﬁmﬁgi&mgﬁrnm&a ode§. represent a significant advancenent
in the art. il e there have been shown and described what are at present

consi dered the preferred PRl i : ' L&danl T W 11 be obvious
to those skilled in the art tﬂﬁiat ea;é:iag&éﬁ%géﬁtp?ggw%ﬁ?nand changes can be
made therein wgthout departing.fr the scope of the Jnvention as, defined
by the appende oréia&.tﬁ%r_ Lﬁl%ersﬁxgmg %e presen; 119ven80n, together Wit ofher S ﬁixrt er

objects, advantages and capabilities thereof, reference is made to the following disclosure
and appended claims in connection with the above-described drawings.

As stated, Figs. 1-14 represent various steps that may be utilized to produce a
circuitized substrate in accordance with a preferred embodiment of the invention. By the
term circuitized substrate as used herein is meant to define a substrate member including at
least one dielectric layer and at least one layer of circuitry formed on the dielectric layer.
Understandably, the invention as defined herein is readily capable of producing circuitized

substrates of much greater complexity, including, e.'g., those with several
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CLAI M5 1. met hod of making a circuitized substrate aft “ e steps
of : providing a dielectric nmenber including at | eaimm%muﬁm | ayer
Raving a first |ayer of electrically conductive nat &g ereon; *formng a
first electrically conductive nenber onl%aid at |east one dielectric | ayer
of said dielectric nenber fromsaid first |ayer of electrically conductive
faterial using a first metallization Px88¥8s wherein some of said first

| ayer of electrically conductive material is renoved; providing a second

| ayer of &l ect mhethod 9f mokidgatciresitized srtisthte comprsiolg the skapasf: one diel ectric

| ayer including on said first electrically conductive nenber; providing a

second di el ect Ei@idiﬁg%rﬁaacﬁairﬂeﬁB&Qﬁauﬂi@gQ& 16kt ShecGikletiic? aly¥r BAMEL 6 11irS0
material and thereafter renoving portions of said second dieletric |layer to

expose POfalLOptSelQtriSMyton8HIE nhAUS) tfredst €Ct ri cal Iy conductive material,

including over said first electrically cohnductive menber; and forning

Second |ayer ol G IR GT IR B R P IRRER TeBP Rl At 0

nd T ay: _ Cere _
retal 11 22l oRLCess hhlenent LAAMAR IRk} A ERN MBLPSSRS «

first metallization process wherein some of said first layer of electrically conductive

e

material is removed;

providing a second layer of electrically conductive material on said at least one
dielectric layer including on said first electrically conductive member;

providing a second dielectric layer on séid second layer of electrically conducting
material and thereafter removing portions of said second dieletric layer to expose portions
of said second layer of electrically conductive l;lateﬁal, including over said first
electrically conductive member; and

forming second electrically conductive members on said exposed portions of said
second layer of said electrically conductive material using a second metallization process
different from said first metallization process wherein electrically conductive material is
added to said exposed portions of said second layer of electrically conductive material,
including onto said second layer of electrically conductive material over said first
electrically conductive member, thereby providipg said circuitized substréte.
2. The method of claim 1 wherein said second electrically conductive members are of
a greater resolution than said first electrically conductive lmember.

3. The method of claim 1 wherein said first layer of electrically conductive ma{terial is

positioned on said dielectric member using a lamination process.
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added to said exposed portions of said second |ay ﬁm
conductive material, including onto said second | B! ﬂmﬂmr‘ 1y
conductive material over said first electrically ucts ved mEnbér, thereby
providing said circuitized substrate. 25 The net hod of claim!l wher ein
said second electrically conductive nenbers are of a greater resol ution

t han sai dt.fir stTheethad ofiblaim combersin said rfinybeetallization piteessrit hcdbuéctileai m |
wherein said first |ayer of electrically conductive material is positioned
on sai d dhehBizhtibr preebeand saidgeeoddametaliization Praaess . an additive meldlBzathhod
of claim1l wherein said first netallization process is a subtractive

netal | i zagioeysprocess and said second netallization process is an additive
netal li zati on process. 5. The nethod of claim 1 wherein said second

layer of aifj' el opid :}Ig?tﬂ&i ! ?L‘unﬁs R %Lhoghs&i éé@or?la'lgeh'c{fshle Wfe’ n%{t]enal is, g

electrically cond |vemaer|a ormo eet
Conduct | ROSTHREE Pasei e IR £ el e erdbiiye i dn fas o of dondee.

6. The method of claim 1 wherein said some of said first layer of electrically

»oo

conductive material is removed using an etching process.

7. The method of claim 1 wherein said second dielectric layer is photoresist material,
said removing of said portions of said second dielectric layer being accomplished using an
exposure process in which selected regions of said photoresist are exposed and a
development process in which said exposed selected regions are removed.

8. The method of claim 1 further including providing at least one through-hole in said
dielectric member, includihg through said at least one dielectric layer and said first layer of
electrically conductive material, prior to the step of positioning said second dielectric layer,
said second dielectric layer covering said through-hole.

9. The method of claim 8 wherein said some of said first layer of electrically
conductive material is removed using an etching process, said second dielectric layer
coveriﬁg said through-hole protecting said through-hole during said etching process.

10. The method of claim 1 wherein said added electrically conductive material is added
to said exposed portions of said second layer of electrically conductive lﬁaterial using an
electroless plating process.

11.  The method of claim 10 wherein said electroless plating process comprises a

plurality of dipping steps wherein said dielectric member is dipped in a plurality of
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7. The nethod of claim1 wherein said second dielectric layer is

phot oresi st material, said renoving of said portions of}} "uﬂ

di el ectric layer being acconplished using an exposure p“mumm m”“l

sel ected regions of said photoresist arhgexposed and a dévef opgneft protess
in which said exposed sel ected regions are renoved. 8. The net hod of

¢l ai m 1 fdifferent sohationdi fgllowesdibyi Agdmying etept inorvéhicthsaidg Hickastres inpensbeirdis

di el ectric menber, including through said at |east one dielectric |ayer and
sai d fi rssubsaytallyodried.ectrically conductive material, prior to the step of
-positioning said second dielectric |ayer, said second dielectric |ayer
covering gaid The gHéRod QUfeelafin 1 furh® RMARE Plan&diAhgNsBidVBROAA NelSAichIFOME
of said first layer of electrically conductive nmaterial is renoved using an

etching p giflegecond dielectric |ayer covering said through-hole
protecti n%&ggﬁtavetrar oug -hol e during said etching process. 10. The net hod

0
oai 0 oxpobh poit iRl S SRlmCLZhAGER e CAREMe s TRGHNRRed S
materi al usgihnﬂ%épggpel ectrol ess plating process. 11 The method of claim

10 wher ei | BCF¥ol ess plating process conprises a plurality of

di ppi ng steps wherein said dielectric nmenber is dipped in a plurality of
The method of claim 13 wherein said mechanical process is sanding.

15.  The method of claim 8 wherein said at least one through-hole is provided using a

drilling process.
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16 different solutions, followed by a drying step in which said dielectric
menber is substantially dried. 12. The nmethod of claim 1 further

i*ncl udi ng pl anari zing said second electrically conductive nenbers. 13.

The met hod of claim 12 wherein said planarizing is acconplished using a

mechani cal process. 14. The nmethod of claim 13 wherein said nmechani cal
process i s sanding. 15. The nmethod of claim8 wherein said at | east one
t hrough-hole is provided using a drilling process.

17

METHOD FOR MAKING A CIRCUITIZED SUBSTRATE USING
TWO DIFFERENT METALLIZATION PROCESSES

Abstract

A process for meking a circuitized substrate is defined wherein the substrate
is treated with two different, e.g.. additive and subtractive, metallization processes.
The process is thus able to effectively produce substrate having a first laver (61) and
a second layer (81) including conductive features, e.g., high density circuit lines and
chip heat-sinking pads, of two different degrees of resolution in a cost effective and
expeditious manner. The resulting product is also defined.

Figure 14
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