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Prionity is claimed from United States Provisional Patent Application No.
60/016,665 filed on May 1, 1996. |

This invention relates generally to methods for producing printed circuit
boards. In particular, it relates to a new method of forming very fine circuit lines.

In the typical production of printed circuit boards, thin copper foil is
laminated to an insulating substrate, most often a glass reinforced epoxy resin
prepreg, and then that laminate is further processed to convert the copper foil into
a circuit pattern by selectively removing portions of the copper by chemical
etching. Such etching is generally satisfactory, but its limitations become apparent
whenever finer (narrower) circuit lines are required.

Quite frequently, the copper foil may be treated prior to lamination in order
to enhance its ability to bond to the insulating substrate. For purposes of this
application, unless otherwise specified, references herein to copper foil shall
be construed as referring interchangeably to both treated and untreated copper foil.

In practice, the etchants do not create vertical sides of the circuit lines.
Instead, they tend to etch away too much copper at the top of the line by
undercutting the resist and less at the bottom of the line, leaving a somewhat
rapezoidal-shaped circuit line. As a result, the minimum width of the circuit lines
is limited by the need to allow for such non-uniform etching. This problem was
discussed in US 5,437,914 and it was shown that the shape of the etched circuit
lines was affected by the shape of the grain structure of the copper foil. Improved
accuracy of etching was to be obtained according to the '914 patent by laminating
the copper foil to the substrate with the "shiny" side down, which is contrary to the
conventional practice. An improved etching factor was obtained, indicating that
the sides of the circuit lines were more nearly vertical.

Another approach to improving the accuracy of circuit lines is to use
thinner copper foils, since they can be etched quickly with less undercutting.
However, such foils are not easy to handle. Consequently, it has been proposed to
deposit thin layers of copper on supporting sheets which can be removed after the
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foil has been laminated to a substrate. One example is found in US Patent
3,998,601 in which a 2-12 um layer of copper is deposited on a conventionaily
thick copper foil (say 35-70 um) and separated by a release layer. After laminating
the composite foil to a substrate, the supporting copper foil is mechanically
stripped away, leaving the thin 2-12 pm foil ready for processing into an electronic
circuit. Such a procedure may result in removing portions of the thin foil when the
supporting foil is stripped away.

The present invention solves the etching problem in a completely different
manner. No etching away of the copper foil is used in creating the circuit lines, but
instead the circuit lines are electrodeposited onto very thin conductive layers
within trenches defined by a resist. The method is particularly advantageous when
used to make the outer circuit layers of multilayer circuit boards, but also
may be used for inner layers or one- and two-sided circuit boards.

SUMMARY OF THE INVENTION

In one aspect, the invention is a new method of forming very narrow circuit
lines on a non-conductive substrate by applying copper over a thin conductive
layer in regions defined by a cured photo resist. This is made possible
by applying a thin layer of a conductive metal, metals, or alloys to the non-
conductive substrate. The conductive metal, metals, or alloys are applied to a
sheet of copper foil and then the copper foil is laminated to a substrate, with the
conductive metal layer between the copper and the substrate. If the copper foil is
treated to enhance its ability to bond to the substrate, the conductive metals may
be applied to the copper foil either before or after such treatment. During
processing of the circuit board, the copper foil is etched away, leaving the thin
conductive metals in place. A photoresist is then applied, imaged, and cured. The
uncured resist is removed, thus defining the region or "trench” in which the circuit
lines are wanted. Since the conductive layer is now exposed, it is possible to
selectively apply the circuit lines in those regions. Finally, the cured photoresist is
removed and the conductive metal layer which has been exposed is removed by
chemical etching, leaving the finished circuit.

It will be understood by those skilled in the art that the copper foil and
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conductive metals may be applied to the respective surfaces by any conventional
method including, but not limited to, electrolytic deposition, chemical vapor
deposition, electroless deposition and sputtering.

In a preferred embodiment, electroless copper plating is used to cover the
conductive metal layer before electrodepositing the circuit lines.

DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of the process of the invention applied to muiti-
layer circuit boards.

Figure 2 is a block diagram of the prior art process for multi-layer circuit
boards.

Figure 3 illustrates cross-sectional view of conventional circuit lines
compared with those of the invention in multi-layer circuit boards.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention comprises a new process of forming a printed circuit board
and the board which results from that process. The process employs conventional
procedures, but has significant advantages, particularly in that the circuit lines are
more accurately defined than in conventional processing. Thus, finer circuit lines
can be produced, which can be more densely packed on the board.

Itis éonventional practice to electrodeposit metals onto copper foil. For
example, in the ‘914 patent a nodular deposit copper is formed on the shiny (the
smooth) side of copper foil in order to roughen it and improve its adhesion to
insulating substrates. In co-pending commonly assigned US patent application
08/517,321 a fine deposit is placed on copper foil in order to improve adhesion,
although the measured roughness of the foil is not changed. A similar approach is
disclosed in US 5,482,784.

In a series of patents assigned to Ohmega Electronics {e.g., US 4,808,967)
a technique for creating resistors on the surface of a printed circuit board is
discussed. It starts with the electrodeposition of a layer of nickel-phosphorus on
the surface of copper foil, which is then laminated to an insulating substrate.
Rather than acting as a typical conductive layer, the nickel-phosphorus layer is

exposed by selective etching away of the covering copper where resistors are
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needed in the circuit design. The remaining copper layer is turned into the
conductive circuit lines by conventional etching brocedures.

The process of the present invention is clearly different from conventional
circuit board processing in which the circuit lines are formed by selectively etching
copper away. As explained above, chemical etching has inherent
limitations which become particularly troublesome as circuit lines become
narrower and their pitch closer. The new process of the invention deposits the
circuit lines directly into spaces created by the use of a photoresist, which leaves
open trenches to be filled by electrodeposition of copper. This is made possible by
the conductive layer which remains on the surface of the substrate once the
covering copper foil carrier has been removed. The process of the invention is also
different from that of the Ohmega process in which the layer at the surface of the
substrate serves as a resistor.

The process is shown in the block diagram of Figure 1 as applied to the
outer layers of a multi-layer board. In the first step, copper foil is passed through
a bath of soluble compounds of the conductive metals and they are
electrodeposited to a thickness of about 0.2 to 5 um on one surface of the foil,
either the matte or shiny side. As previously identified, either before or after
application of the conductive metal, the copper foil may be given a treatment (such
as nodular copper) to improve its adhesion to the insulating substrate. The
metals or alloys may be tin, nickel, tin-zinc, zinc-nickel, tin-copper and others,
provided that they are resistant to the etchant used to remove copper during a
subsequent step. The conditions of the electrodeposition process are typical of
those used commercially to provide protective metal coatings on copper foil.

In the second step the coated copper foil is laminated to an insulating
substrate, such as the commonly used glass reinforced epoxy resins, using
conventional techniques and with the conductive metals next to the substrate.

The next step is to etch away the copper foil, leaving the thin layer of
conductive metal embedded in the surface of the substrate. For this purpose, the
etchant is selected from those which will remove copper, but not the metals of the

conductive layer to a significant extent. An example of such etchants is
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ammoniacal cupric chloride. Thin copper foils have been applied in the past from
aluminum supporting layers, with the aluminum being etched away in a similar
manner. It is an advantage of the present process that copper is recoverable and
that contamination with dissolved aluminum is avoided, which would occur if
aluminum were to be substituted for copper in the process of the invention. Once
the copper has been etched away the conductive metal (or alloy) layer is exposed
and ready for application, imaging, and curing of the photoresist.

In the process of this invention, the uncured photoresist is removed to
expose trenches which will form the circuit lines. It will be evident to those skilled
in the art that cured photoresist will more accurately define the circuit lines and
that the copper which fills the trenchés will more closely approach the ideal
rectangular shape than would circuit lines formed by etching away copper in
exposed areas. This means that finer circuit lines can be made because their shape
is not determined by an etching process. Consequently, rather than 4 mil (100 um)
lines and spaces, the new process permits reducing the lines and spaces to about 1
mil (25 um).

The copper is electrodeposited using conventional procedures such as are
often used to plate copper onto the outside of multilayer circuit boards. It is
possible to do this when the thin layer of metals embedded in the surface of the
substrate is sufficiently conductive. If not, electroless plating of copper can be
used to facilitate the electrodeposition of the circuit lines. The copper can be built
up in thickness as desired, up to the height of the photoresist which defines the
shape of the trenches. Conventional electrodeposition conditions will be used.

At this point, the circuit lines have been formed. What remains is to
remove the photoresist by conventional means, following which the conductive
metal layer which has been exposed is removed by using an etchant, such as acid
cupric chloride or sulfuric peroxide.

It will be readily apparent to those skilled in the art that the specific steps
of the invention (e.g. those illustrated in Figure 1) may be performed in any order
that is commercially practicable. In particular, the steps subsequent to applying the
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conductive metal to the laminate may be performed in whatever method is feasible
for the operator.

The invention has particular value in making the outer layers of multi-layer
circuit boards. Multilayer circuit boards generally have holes connecting outer
with inner layers which are electroless plated with copper and then the circuit lines
are formed by electroplating. The typical procedure is shown in the block diagram
of Figure 2. Copper foil is laminated with an intervening layer of
prepreg to the inner circuit layers, but is not etched away. Electroless plating is
used to deposit copper over the foil and down the holes which connect the layers.
Then, a resist is applied and the copper circuit lines are electrodeposited. At this
point, the excess copper foil must be removed by etching. However, the circuit
lines and the plated holes must be protected by a step of electrodepositing a
resistant metal, such as tin. Then the resist can be removed and the exposed
copper foil etched. It can be appreciated that such a step causes the sides of the
circuit lines not protected by the tin to be attached also. In the present invention,
tin need not be applied since it is only necessary to remove the thin conductive
layer, which can be accomplished very quickly. Importantly, the substantial costs
of disposing of solutions needed for applying and removing the tin layer are
avoided.

Figure 3 illustrates the circuit lines formed in the outer layers of multi-layer
circuit boards by conventional etching processes, compared to the essentially
rectangular line formed using the process of the invention. The circuit
lines of the prior art are severely undercut by the need to etch away copper foil
after the circuit lines are formed (the top being protected by the tin coating).

_The process of the invention makes. possible more accurate production of
circuit lines and thus, the circuit designer does not have to compensate for the
inaccuracy inherent in the formation of circuit lines by etching. This means the
resulting circuit can be smaller and more compact. The process uses techniques
which are familiar to circuit board manufacturers and does not involve large
changes in technology. In fact, it is expected that the production processes will be
simplified when the process of the invention is adopted.
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A method of forming circuit lines comprising the steps of

applying on a sheet of copper foil a layer of conductive metals
resistant to etchants used to remove copper;

laminating the conductive metal containing sheet of copper foil of
(r) with a prepreg or a film substrate;

etching away the copper foil from the laminate produced in (b) and
leaving the conductive metal(s) embedded in the surface of said
prepreg or film substrate;

applying, imaging, and curing a photoresist over the conductive
metal(s) and substrate produced in (¢);

removing the uncured photoresist of (d) leaving trenches having
exposed conductive metal(s);

applying copper onto the exposed conductive metals of () to
produce circuit lines;

removing the cured photoresist of (d) to expose conductive
metal(s) and etching away the exposed conductive metals, thereby
producing a circuit on said substrate.

The method of Claim 1 wherein said layer of conductive metaiis 0.2 to §

pm thick.
The method of Claim 1 wherein the conductive metals are applied to the
copper foil by electrolytic deposition.

The method of Claim 1 wherein the conductive metals are applied to the

copper foil by chemical vapor deposition.

The method of Claim 1 wherein the conductive metals are applied to the

copper foil by electroless deposition.

The method of Claim 1 wherein the conductive metals are applied to the

copper foil by sputtering.

WO 97/41713
CLAIMS
1.
(a)
5 (b)
©
10 (d)
(e)
®
15
®
2.
20
3.
4.
25 5.
6.
7.

The method of Claim 1 wherein said conductive metals are selected from

the group consisting of tin, nickel, tin-zinc, zinc-nickel, and tin-copper.
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8. A laminate comprising a substrate on which circuit lines are formed by the
method of Claims 1, 2, 3,4, 5,6 or 7.
5 9. The laminate of Claim 8 wherein said substrate is the inner layers of a

multi-layer circuit board.
10. A copper foil for use in making circuit boards by the method of Claims 1,
2,3,4,5,60r17.



