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SPECIFICATION

PROCESS FOR PRODUCING MOLDINGS FOR
PRECISION FINE-LINE CIRCUITS

The present invention relates to a process Eof forming a
metallic coating on the surface of a molding which is
prepared by molding a resin compdsition comprising a
melt-processable polyeéter capable of forming an anisotropic
molten phase (hereinafter referred to as "liquid-crystal
polyester”) and which ines a molding capable of forming a
precision fine-line circuit by the subtractive method. The
invention also relates to moldings produced by this process.

In particular,. the present invention relates to a process
for producing a molding capable of forming a precision
fine-line circuit by the.subtractive method, wherein a
molding prepared by molding a'liquid-crystal polyester resin
compositibn having excellent heat resistance and moldability
can be'efficiently coated tb form a metallic coating on the
surface theréof.

Liquid-crystal polyesters are rigid polymers, unlike
well-known thermoplastic polyesters such as polybutylene
terephthalate or polyethylene terephthalate. Their
molecular chains are difficult to bend and‘keep their
rod-like shapes even in a molten state. Therefore, the
molecules are entangled with each other only to a small
extend even in a molten state and are orientated in one
direction by even a slight Shearing force. They are thus
crystalline even in .the 11qu1d form, namely, they are liquid

crystals.



9 cess. pePhACED

_particular, the present inventi a process ng a
*mol di ng capabl e .of formng a pram m l]'i ne circuit by the subtractive
met hod, wherein a. nolding prep g a liquid-crystal polyester

resin conposition having excell ent heat resistance and noldability can be
efficiently coated to forma netallic coating on the surface thereof.
Liquidlcrystal pol yesters are rigid polyners, unlike well-known

t hermolpl asti c pol yesters such as pol ybutyl ene . .

. . . e THIS SHEET HAS BEET
invention also relates to nol dings produc elg¥dth|s pr

Although-liquid-crystal polyesters can be molded by an
ordinary injection moiding-pfocess_and:have excellent
moldability, heat resistance and dimensional stability, they
have a defect in that the surface.layér of a molding
prepared by molding'them:peels off to cause a fuzzing due to
the strong orientation thereof. Thus they have not
hitherto been successfully subjected to a surface processing
such as vacuum deposition, ion plating or sputtering.

Although it might be thought possible to roughen the surface
of a liquid-crystal polyester by pretreatment with a
chemical used for treating ordinary resins, the surface of
the molding thus prepared is chemically quite inert and has
no affinity with any solvent. Thus it is impossible to
roughen the surface by removing the oriented surface

layer. Another method of sutfacé roughening comprises

" adding an inorganic filler for weakening the strong
orientation of the liquid-crystal polyester resin or an
additive which can be easily leached and treating the
surface with a strong acid or alkali solution. However,
when a conductive circuit is formed on the etched surface
by, for example, wet plating according to electroless
plating, a fragile oxide film is formed between the metallic
coating and the material by water incorporated in the wet
step and impurities cohtained in the solution used for the
treatment, thereby reducing the adhesion of the metallic
coating to the material. - Thus,-a'higher surface roughness
is necessary to obtain a higher adhesion. In this case, a
resist ink for forming a circuit pattern is attached to only
pacrt of the surface because of the unevenness of the surface
of the base plate entirely coated'with the metal, and in the
pattern-sticking method with a dry EiLm, the adhesion of the
£ilm to the molding is poor. Since the thickness of the
metallic coating formed on a highly rough surf;ce is uneven,
the formation of a precision fine-line circu@t:by’the
subtractive method is difficult. = T
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When a metallic coating is directly formed on a base plate
improved in only orientation'by vacuum deposition,
sputtering or ion plating, the adhesion of the coating is
poor, though a smooth surface can be obtained. Thus this
process is impractical. Particularly when an ordinary
thermoplastic resin is subjected to vacuum deposition,
sputtering or ion plating, a gas is generated in too large
an amount from the raw material in _vacug to allow a metallic
coating having excellent properties to adhere to the resin
firmly. Although the liquid-crystal polyester is
substantially free from the problem of gas formation, no
metallic coating can be firmly adhered thereto for the
above-described reasons. Even when a precision fine-line
circuit is to be formed by the subtractive method on a board
prepared by adding an inorganic filler readily soluble in an
acid or alkali to the resin, etching the resulting resin
with te acid or alkali and subjecting the etched resin to an
ordinary electroless plated to form a metallic coating on
the entire surface, the minimum possible line width is
0.30mm and the minimum possible space width is 0.30mm in a
circuit produced by the conventional process. In addition,
when the surface roughness is improved in order to increase
the fineness of the lines, the adhesion of the coating film

thereto is reduced impracticably.

The terms "line width"” and “space width” as used herein
refer to the width of each line of the circuit and the space
between the lines adjacent to each other, respectively.

Liquid-crystal polyesters have features such as a low
coefficient of linear expansion compacable to the
coefficient of thermal linear expansion of an ordinary metal
and a thermal resistance which causes no trouble even when
it is dipped in a soldering bath at 260°C for 10 sec.
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Although investigations have beeh'made for the purpose of
developing a process for coating the surface of a molding
with a metal in order to improve the above-described surface
properties and to produce parts ioined to a metal with an
adhesive or molding plated with a metal, taking advantage of
these properties of the liquid-crystal polyester, no
satisfactory process has hitherto been found.

The present invention arose from investigations into
producing a molding suitable for forming a precision
fine-line circuit by the subtractive method for forming a
metallic coating closely adherent to the surface without
impairing the physical and chemical properties of the
liquid-crystal polyester and also without forming any easily
peelable surface layer, taking advantage of the advantageous
thermal properties of the liquid-crystal polyester. The
inventors have found that a firmly adherent metallic coating
can be formed on the surface of a molding made of a
composition comprising a liquid-crystal polyester and an
inorganic filler added thereto when the molding is etched,
dried by dehydration and surface-treated by sputtering, ion
plating or vacuum deposition. By this process, a better
precision fine~line circuit than that produced by a
conventional process can be obtained according to the
subtractive method. The present invention has been
completed on the basis of this finding.

Thus the present invention provides a process for producing
a molding capable of forming a précisich fine-line circuit
by the subtra&tive'héthod, characterised in that a molding
prepraed by molding a liquid-crystal polyester resin
composition comprising a melt-ptocessable polyester
(liquid-crystal polyester) capable of forming an anisotropic
molten phase and an inorganic filler added thereto is etched

n
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and then treated to form a metallic coating on the surface

theceof by sputtering, ion'plating or wvacuum deposition.

The subtractive method for forming a circuit herein
comprises coating or laminatiné the entire surface of a
molding with a conductive material such as a metal, coating
those parts of the surface whichfare'necessary for forming a
conductor pattern based on the circuit design with an
acidproof material serving as an etching resist, dissolving
in an etching solution in which the metal is soluble the
metal in the conductor paﬁtern-free parts which are not
coated with any etching resist and removing the etching
resist by dissolving it in a chemical to expose the
conductor pattern, thus forming a circuit.

The inorganic filler used in the present invention is
preferably one or more inorganic fillers selected from the
group consisting of the Group II elements of the periodic
table and their oxides, sulphates, phosphates, silicates and
carbonates or the group consisting of aluminium, silicon,
tin, lead, antimony and bismuth and elements and the

oxides. Particularly preferred ino:génic fillérs are one
or more inorgamic fillers selected from the group consisting
of oxides, sulphates, phosphates and silicates of the Group
11 elements of the periodic table.

The oxides of the Group II elements of the periodic table
include magnesium oxide, calcium oxide, barium oxide and
zinc oxide. The phosphates include magnesium phosphate,
calcium phosphate, barium phosphate and calcium
pyrophosphate. The sulphates include magnesium silicate,
calcium silicate, alumimium siiicate,.kaolin, talc, clay,
diatomaceous earth and wollastonite. '
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These inorganic fillers are particularly preferred in the
surface treatment (etching) of the molding with an acid or
alkali prior to the surface treatment with the metal.

Among them, the phosphates are preferred. In addition, one
or more substances selected from the group consisting of
aluminium, silicon, tin, lead antimony and bismuth and theirc
oxides are also preferred. = Particularly, amphoteric metals
such as zinc, aluminium, tin and lead and their oxides are
preferred. '

The amount of the inorganic filler is 5 to 80% by weight,
preferably 20 to 70% by weight, based on the whole
liquid-crystal polyester resin composition. If it is less
than 5% by weight, nonuniform flow marks are formed on the
surface of the molding and a thin film formed on the surface
is easily peeled off the molding when an adhesive tape is
applied to the surface and then stripped. Ia addition,

R T S N VY R

uniform etching of the surface is impossible. If, on the
other hand, it exceeds 80% by weight, the fluidity of the
resin is reduced and the obtained molding has poor surface
conditions and reduced mechanical strength.

The inorganic filler is prefe:ably in the form of a fine
powder. 1Its average particle diameter is 0.01 to 100um,
preferably 0.1 to 30pum and most preferably 0.5 to 1lOum.

When the average_particle'diameter is less than 0.01lum,
lumps tend to be formed on the surface of the molding due to
an insufficient dispersion énd, on the contrary, when it
exceeds 100um, the molding has such a poor surface
smoothness that the formation of fine lines for a precision
circuit by the subtractive method becomes extremely
difficult and no good appéarance can be obtained.
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Fibrous inorganic substances are also conveniently used as
the inorganic filler. They can be used either singly or in
combination with the above-described finely pulverized
inorganic filler. |

The fibrous inorganic fillers include fibers of glass,

milled glass, carbon, asbestos, silica, silica’/alumina,

opedn

alumina, zirconia, boron nitride, silicon nitride, boron,
potassium titanate and metals such as stainless steel,
aluminium, titanium, copper and brass. They are used in an
amount ranging from 1 to 60% by weight, preferably 5 to 40%
by weight, based on the total composition for the

molding. Preferably they have a diameter of 1 to 30um
and a length of Sum to lmm, particularly 10 to 100um.

epAnracomiuait it bha e e

The preferred fibrous inorganic fillers are glass fiber,
"milled glass fiber and potassium titanate fiber. Glass
fiber is particularly preferred. It has been unexpectedly
found that when the glass fiber is used in combination with
‘the above-described inorganic filler, the surface of the
molding becomes more uniform and the adhesion of a metallic
coating for forming a ccnddctive circuit to the molding is
further improved. Milled glass fiber which is ranked
between the glass fibers and the finely pulverized glass
from the view point of the balance between the surface
roughness and the mechanicaleproperties of the material is
particularly preferred.

It is not preferred Erom the viewpoints of the moldability
and physical properties that the total amount of the finely
pulverized inorganic filler and the fibrous inorganic
substance exceeds 85% by wexght based on the composition for

forming a molding.:
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In the etching of the molding, an acid, alcohol, alkali or
water or a homogeneods mixture of two or more of them is
used. Among them, an aqueous solution of mainly an alkali
! metal hydroxide or potassium hydroxide is preferred. In 3
prefecred embodiment, the etching is conducted with a 40 to
50 wt.% aqueous hydroxide solution at 40 to 60°C for S to 30
minutes. In a particularly preferred embodiment, the
etching is conducted with an about 45 wt.% aqueocus potassium
hydroxide solution at 60°C for about 10 min. After the
completion of the etching, the molding is immersed in a
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dilute hydrochloric acid or dilute sulphuric acid solution
to neutralize the alkali solution temaining on the surface
thereof and to remove the filler from the surface,
thoroughly washed with water and dehydrated and dried with
hot air at not less than 100°C or with a reduced pressure or
vacuum dfyer.

Instead of the wet etching, an etching cbnducted under
reduced pressure or in vacuo from the initial stage, such as
plasma etching, sputter etching or ion etching is also
convenient.

In these methods, the molding is physically etched by
energitic particles in a reduced pressure chamber. These
methods are classified as described above according to the
manner of the treatment.

The term "plasma etching” herein refers to the following
.method of treatment: a plasma treatment chamber of a plasma
treatment apparatus is evacuated to about 1.33mPa (1 x

10-5 Torr), a very small amount offa gas is introduced
thereinto (flow rate: SO SCCM) and the gas atoms are excited
by, for example, 3 high—Erequency (radio wave: 13.56MHz)

electrode to form a plasma. The molded base plate is

wr %
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forned by the subtractive method on a boardgprepared by adding an inorganic
fillier readily soluble in an acid or alkali to the resin, etching the
resultlng resin wwth the acid or al kali and subjecting the etched resin to
an ! exposed to the plasma atmosphere to attack the surtace '

thereof with the plasma to roughen it physically. In the
sputter etching method, a very small amount of an inecrt gas
is introduced into a reduced pressure chamber of a sputter
etching device, a high-frequency current or a high-voltage
direct current is applied thereto to cause discharge, a
cation of the inert gas thus formed is attracted to and
impinged against the cathode, and the base plate is etched
by the impact caused by the impingement. In the ion
etching method, the same procedure as described above 1is
repeated in an ion plating apparatus.

The term "treatment of the surface to form a metallic
coating” as used herein means a dry metal coating process to
be conducted under reduced pressure or in vacuo. In
particular, it means a process wherein a metallic coating is
directly formed on a resin molding by any of sputtering, ion
plating and vacuum deposition.

The molding is preferably produced by a molding means
selected from among injection molding, extrusion molding and

compression molding.

The liquid-crystal polyester used in the present invention
is characterized in that the amount of a gas generated from
it in a reduced pressure chamber is smaller than that
generated Erom.other'materials. Although a thin metallic
coating firmly adherent to the resin surface can be prepared
merely by sputtering, ion plating or vacuum adhesion, the
gas thus generated_frohﬁthe resin molding can be eliminated
by heating and the hardness of the surface is reduced at the
elevated temperature to further improve the adhesion of the ‘
metal atoms to the resin surface.  The surface treatment
with the metal is desirably conducted under a reduced
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Although the minimum possible line width and minimum'
possible space width of the conventional circuit were both
0.30 mm as described above, both of them can be reduced to
0.25 mm or below by the process of the Present invention for
the surface treatment with the metal Further according to
the process of the present invention, the circuit has a high
adhesxon and a precision fine- line circuit can be produced
by the subtractive method.

The liquid-crystal polyester of the present invention is a
melt-processable polyester. Its molecular chains are
regularly arranged in parallel in a molten state. Such an
arranged state of the molecules is called a liquid crystal
or a nematic phase of a liquid-crystal Substance. These
polymer molecules are usually slender and flat and have a
considerably high rlgldlty along the major axes of the
molecules. The polymer usually has chain- -extending
linkages which are coaxial or in parallel.

The properties of the anisotropic molten Phase can be
.conf1rmed by an ordinary polarlmetrlc method using crossed
nicols. In particular, the anisotropic molten phase can be
confirmed by observing a molten sample thereof placed on a
Leitz hot stage of a Lextz polarlzlng microscope at x40
magnification in a nltrqgen atmosphere. The polymer of the
present invention transmits polarized light even in a molten
static state when it is 1nspected between crossed nicols,
i.e., it is optically anlsotrop1c
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 The liquid-crystal polymers suitably used in the present

invention are substantially insoluble in an ordinary solvent
and, therefore, unsuitable for the solution processing.
However, these polymers can be easily worked by an ordinary
melt processing method as described above.

Preferred polymers capable of forming an anisotropic molten
phase used in the present invention are not only aromatic
polyesters and aromatic polyesteramides but also polyesters
partially comprising an aromatic polyester and an aromatic
polyesteramide in the same molecular chain.

Particularly preferred are liquid-crystal aromatic
polyesters and iiquid—crystal aromatic polyesteramides
comprising as 3 constituent at least one compount selected
from the group consistiné of aromatic hydroxy carboxylic
acids, aromatic hydroxy amines and aromatic diamines.

In particular, the polymers used in the present invention
include:

1 polyestérs mainly comprising one or more compounds
selected from the group consisting of aromatic hydroxy
carboxylic acids and derivatives thereof,

2) polyesters mainly comprising:

a) - one or more compounds selected from the group
consisting of aromatic hydroxy carboxylic acids and
derivatives theteof,

b) oné or more combounds selected from the group
consisting of aromatic dicarboxylic acids, '
alicyclic dicarboxylic acids and derivatives
thereof, and o

c) one or more compounds selected from the group

' consisting of aromatic diols, alicyclic diols,
aliphatic diols and derivatives thereof;



developlng a Process for coating the surface of a nol rw-'thﬁjafni&?w—r
ordeii o inprove the above-described surface propertlbéngﬁé*ﬁbT AIBERN

par £4% oi ned to a met aIThiMShhm i nmol di ng pllated
|

t aki ng advantage of thes the l'i qui d-crystal polyester, no
fgg%’!tatisfactory proce [ been found. Insert new paragaph
(sad nnexure attached hereto - page 4a) The present invention arose from
i nvestigations into producing a nolding suitable for formng a precision
fine-line circuit by the subtractive nethod for formng a

12

3) polyesteramides mainly_éompfising;

a) one or more compounds selected from the group
consisting of atomatié hydrozy carboxylic acids and
derivatives thereof,

b) one or more compounds selected from the group
consisting of aromatic'hydroxy amines, aromatic
diamines and derivatives thereof, and

c) one or more compounds selected from the group
consisting of aromatic dicarboxylic acids,
alicyclic dicarboxylic acids and derivatives
thereof, and

4) polyesteramides méinly comprising:

a) one or more compounds selected from the group
consisting of aromatic hydroxy carboxylic acids and
derivatives thereof,

b) one or more compounds selected from the group
consisting of aromatic hydroxy amines, aromatic
diamines and derivatives thereof,

c) one or more compounds selected from the group
consisting of aromatic'dicarboxylic acids,
alicyclic dicarboxylic acids and derivatives
thereof, and '

d) ~one or more compounds selected from the group
consisting of aromatic diols, alicyclic diols,
aliphatic diols and derivatives thereof.
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I nventors have found that a firmy adherent netallic coating can be forned
on the surface of a nolding nmade of a liquid crystal conprising a
i quid-crystal polyester and an inorganic filler added thereto when the
mol ding is etched, dried by dehydration3dand surface-treated by sputtering,
i on '
Preferrced examples of the compounds constituting the
liquid-crystal polyesters of the présent invention include
naphthalene compounds such ase 2,6-naphthalene-dicarboxylic
acid, 2,6~dihydroxynaphthalene, l—4—dihYdroxynaphthalene and
6-hydroxy-2-naphthoic acid; biphenyl compounds such as
4 -dihydroxybiphenyl; compounds represented bY the
following general formulae (I), (II) or (III):

””‘@-X—@—UH_ (1)

" /CU
'\CU /,\\/) ()

HOOC —@—r-@-cuun (@)

wherein X represents an alkylene gtoup'having 1 td'4
carbon atoms, an alkylidene group, -0-, -S0-~, —SOZ-,
-S~-, or -CO-, and

R4 represents -(CHZ)n- in which n is 1 to 4 or
—O(CHZ)nO— in which o is 1 to 4;

p-substituted benzene compounds such as p-~hydroxybenzoic
acid, terephthalic acid, hydroquinone, p-aminophenol and
p-pheanylenediamine each having a nucleus which may be
substituted with a chlorine, bromine, methyl, phenyl or
l-phenylethyl group; and m-substituted benzene compounds
such as isophthalic acid and resorcinol. '

The liquid-crystal polyester used in thé present invention
‘may comprise, in addition to the above-described
.constituents, a polyalkylene terephthalate which does not
form any anisotropic molten phase in the same molecular
- chain. The alkyl group of the polyalkylene terephthalate
has 2 to 4 carbon atoms. '
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among the above-described constituents, one or more
compounds selected from the group donsiSting of the
naphthalene compounds, biphenyi compounds and p-substituted
benzene compounds are preferably used as the indispensable
constituents. -Among the p-substituted benzene compounds,
particularly prefetred'ére p-hydroxybenzoic acid,
methylhydroquinone and 1—phenylethylhydroquinone.

Examples of the compounds haQing ester forming functional
groups as the constituent and polyesters capable of forming
an anisotropic molten phase preferably used in the present
invention are described in Japanese Patent Publication No
36633/1988.

‘The liquid-crystal polyesters preferably used in the present

invention have usually a weight-average molecular weight of
about 2,000 to 200,000, preferably about 10,000 to 50,000
and particularly preferably about 20,000 to 25,000. The
preferred aromatic polyesteramides have a molecular weight
of usually about 5,000 to 50,000, preferably about 10,000 to
30,000, for example, 15,000 to 17,000. The molecular .
weight can be determined by gel permeation chromatography or
another standard method wherein no polymer solution is
formed, such as infrared spectrophotometry wherein the
terminal group Oof ‘a2 compression-molded film is determined.
In another method of determining the molecular weight, the
molecular weight is determined by dissolving the sample in
pentafluorophenol by the light scattering method.

A 0.1 wt.% solution prepared by dissolving the aromatic
polyester of polyesteramide in pentafluorophenol at 60°C has
usually an inherent viscosity (I.V.) of ét least about
2.0dl/qg, for example, about 2.0 to 10.0dl/g.

| "[i'
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In the present inyehtion, the above-described inorganic
fillers (finely pulvérized inorganic filler and fibrous
inorganic substance) can be used in combination with vacrious
inorganic substantes-in order to improve Ehe properties of
the produce. These inorganic substances are preferably
used to form a molding'having excellent mechanical
properties, thermal resistance and dimensional stability
(resistance to deformation and warping). The inorganic
substances used may be powdery, granular or platy depending
on the purpose. '

The powdery or granular-inbrganic substances include carbon
black, graphite, §ilica, quartz powder. glass bead, glass
balloon, glass powded, metal oxides such as iron oxides,
ferrite, silicon carbide, silicon nitride and boron nitride.

The platy inorganic substances include mica, glaSs flake and
various metal foils.

These inorganic substances to be used in combination with
inorganic filler are used either alone or in combination of

two or more of them.

From the viewpoints of the moldability and physical
properties it is preferred that the total amount of the
inorganic filler and the inorganic substance does not exceed
85% by weight based on the total weight of the composition
to be molded. It is desirable to use the inorganic filler
and the inorganic substance in combination with a binder or
sucface treatment, if desired.

Another thermoplastic resin can be incorporated into the
composition of the present invention so far as the object of
the invention is not hindered within the scope of the

present invention.



ution: COﬂtalnln one or nDre a01ds -akeehol .. .ak

Cand t ppl yi ng t he 5 ee eblecetihe ol di ng by sp TS %%ET
ol af i untdep05| then treated to fotm.a HAGSP
bafing on the surface ttering, ion plating or vacuum

siting (see annexure attached hereto - page 5a)
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" The thermoplastic res1ns usable herein are not particularly
limited. They include polyolefins such as polyethylene and
polypropylene, pclyacetals (homopolymers and copolymers),
polystyrene, polyvinyl chloride, pPolyacrylic esters and
copolymers of them, polyamides, pPolycarbonates, ABS,
polyphenylene oxides, polyphenylene sulphides and
fluororesins. The thermpplastic resins can be used either
alone or in the form of a mixture of two or more of them.

The resin composition may further contain known additives
usually added to thermoplastic and thermosetting resins such
as plasticizers, stabilizers (such as antioxidants or
ultraviolet absorbers), antistatic agents, surface treatment
agents, surfactants, flame retardants, colorants (such as
dyes or pigments), lubricants for improving the fluidity and
releasability and crystallization promoters (nucleating
agents) depending on the required properties.

The molding produced by the process of the present invention
is, for example, a board for use in forming a pin grid array
(PGA), a board having a pin inserted thereinto or a molded
board for use in forming a printed wiring board. The shape
thereof is not particularly limited and can conveniently be
a plate, cube, film or sheet.

As described above, according'to the process of the present
invention for the surface treatment of a liquid-crystal

polyester resin molding with a metal, wherein the etching
pretreatment is conducted,_a precision fine-line circuit
(having a line width of 0.23 mm or below and a space width
of 0.25 mm or below) can_be:p:oduced by the subtractive

method. The surface layer of the product is not easily
peeled off. The product has a uniform, dense sucface
structure. - The adhesion of the metallic coating to the
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ractive ne&_od for formng a circuit herein conprFses—EoaFH
ing t he ent i &S
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b HaBB&y, Rf,,2 ol ding with a conduct|i VeISrRHELT AS BEEN
& nglﬁ Mt he surface which ar e [lnecesB&PYATER

m ng a conduct or mﬁ on the circuit design with an aci dproof
material serving as an etcC Ssi st, dissolving in.-an etching solution in
whi-ch the netal is soluble the netal in the conductor pattern-free parts
which are not coated with any etching resist and renoving the etching

resist by dissolving it in a chemcallfo expose the

surface is higher than that obtained without the etching
treatment. The problem offpeeiing at a high temperature
which is caused by a difference in the thermal expansion
coefficient between the resin and the metal is solved,
though the inhibition of the peeling has been difficult when
an ordinary thermoplastic resin is used. Dipping in a
soldering bath (time: about 10 sec) is also possible. Thus
the process of the present invention can be applied to the
fields related to printed circuit moldings.
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or nore inorganic fillers selected fromthe group consisting of oxides,
sul phat es, phosphates and. srllcates of the G oup
Examples

The following non-limiting Examples will further illustrate
the present invention.

The liquid crystal polyesters A to F used in the Examples
comprised the following structural units:

Co-
w00y, QT —1asa
L
8 - -u—4<::>-cu-// -OJEEEI§§]— % 2z:>>-cu-//

cC - -0-4<§§>-c0-// -UJZEEIEEI—GQ,/ -0c-«<::>—cu-

58020720
cn-
—0 -n-@-n- / oc-@-cu-
=70/15/15
c
:-0—@—[:0 / 0 / oc'co—
=170/26/4

F :-0-@-0}—/ -0 0~/ -UC~@‘CU—/
zjym«=65/1s/15/s

(The numerals refer to the molar ratio).

it
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bari um phosphat e and caIC|un1pyrop

clay, diatomaceous earth and mnllastonlte.
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Examples 1 to 12 and Comparative Exampies l to 7

Ci T
sul phat es
un1n1un15| i cate, kaolin,

One of the liquid-crystal polyester resins A to F which will
be described below was kneaded togethér_with a filler listed
in'Tables 1 and 2 in terms of % by weight based on the whole
composition by melt blending with an extrudeE to form
pellets. The pellets were dried at 140°C for 3 hours and
molded into flat plates having a size of SOmm x 70mm x 3mm

with a molding machine having a mold of a controlled

temperature.

The flat plates (base plates) thus formed were subjected to
an etching pretreatment as described below and then to the
surface metal coating treatment by the following methods:

L

Vacuum deposition - the above plate was placed in'a
reduced pressure chamber of a vacuum deposition
apparatus (EX 500; manufactured by ULVAC Corporation)
and the chamber was evacuated to 533 pPa (4 x 10~°

Torrc).

The surface temperature of the molding was adjusted to a
ptedetermined value with a halogen lamp for heating the
molding placed in the chamber. Metallic copper was
evaporated with electron beams to form a thin metallic
copper coating (thickness: 3 to Sum) on the surface of
each plate. After the completion of the deposition,
the formed board was cooled and taken.out.

Sputteging: the molding was placed in a reduced pressure
chamber of a sputtering abparatus (BES: manufactured by
Tokuda Seisakujo Ltd). After evacuation to 400 pPa (3
x 1078
the}equilibrium pressure was adjusted to 667 mPa (5 x
10

Torr), argon gas was introduced thereinto and

Torr). After the plate temparture was




Tﬁﬁs the present invention provides a process for producj = '
.-ipkidi ng capabl e of forming a precision fine-1ine circuit 8 BHEETBIASRERN
‘Ti8ffhod, which process conprises (A provi di ng a base -roulldi ng REPWAGED rom 3

I'i"qui d crystal conposition conprising a | i qui d-grygtal pol yester "and 5 to

80% by wei ght, based on the whole (liquid crySta%”

. . eplaggi N
conposition of an inorganic filler, (B) etching i on of the
Mfiched surface

base nol ding and then (C) formng a netallic coa
of the base nolding by sputtering, ion plating or vacuum deposSition,
characterized in that the netallic cegting i.s.formed under conditions of
el evated tenperature and reduced pressure so as to reduce the hardness of
t he surface '

adjusted to a predetermined value with a halogen lamp,

the plate was rotated at 10 rpm and the molding set on
the plate was subjected to sputtering with a metallic
copper target 100mm distant from the'molding to form a
thin metallic copper coating.

3) n atipg: a reduced pressure chamber of an arc
discharge type ion plating apparatus (AIF-850 SB;
manufactured by Shinko Seiki Co Ltd) was evacuated to
400 pPa (3 x 1078 Torr). The temperature of the
molding on the plate set in the chamber was adjusted to
a predetermined value and a thin metallic copper coating
was formed theron by ion plating. The ionization
current was 1l00mA and the vacuum deposition rate was

0.5um/min.

The etching was conducted by the following methods:

1) Plasma etching: a reduced pressure chamber of a plasma

treatment apparatus (PV-10 S; manufactured by Samco
International Inc) was evacuated to 133 pPa (1 x 10”8
Torr) . Oxygen gas was introduced thereinto (flow rate:
S0 SCCM) to form an oxygen plasma therein with a
high-frequency electrode apparatus (13.56 MHz) and the

surface of the flat plate was physically roughened with

the plasma. The treatment conditions comprised 170 W x
10 min (the reduced pressure in an quQen atmosphere: 8
Pa or 6 1:_10"2 Tocc) . The temperature of the base

plate was 35°C.

it S



ofizidhe base nolding and to elimnate gas generatedmf[onﬂtﬁQSQ§§§ggﬂ§§ngN
ugﬁgiein t he reduced pressure for the formation of the netaltie nl'S N
range oir 13.3 [err] to I33 mPaferri—to—terr] TMfQ%a}hSBREPLACEMEN£==:~“”.

SHEET These inorganic fillers ace particularly pref epagedf ace
treatment (etching) of the nolding with an acid or I”MI t he
surface treatnent wth the netal
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2) utk tching: a reduced pressure chamber of a
sputtering treatment apparatus (8 ES; manufactured by
Tokuda Seisakujo Ltd) was evacuated to about 133 uPa

-6
(10
rate controlled so that the reduced pressure was 133 mPa

Torr). Argon gas was introduced thereinto at a

(1 x 1073 Torr). A negative voltage was applied to a
holder of the molding to conduct discharge. The
molding on the base plate was etched with the plasma
cation for 10 min. The temperature of the base plate
was 30°C.

3) ng_g;gnigg: an ion plating apparatus was used. Before
conducting the ion plating, a reduced pressure chamber

6 Torr).

thereof was evacuated to about 133 puPa (10~
Argon gas was introduced into the reduced pressure
chamberc. A direct current voltage (1.3 kV) was applied
between the base plate to which the molding was fixed
and an opposing electrode so that the plate side would
be negative to conduct the ion etching by an ion

bombardment with argon gas.

This treatment was conducted for 10 minutes under conditions
comprising a degree of vacuum of the argon gas atmosphere of
133 mPa (1 x 1073
and a current value of 0.3 mA. §

Torr), a base plate temperature of 200°C




,'"}g them the phosphates ace preferred. I n addition, E DL-bPfRs BEEN
., S@PStances serected fTonm rire—group—eons+sti ng - ‘of alunlnlunl silicegeptin,
| ead anti nony and bi smuth and- their oxi des ace ahisShgst M@mﬂtﬂ:ﬁlaced

Particul arly, anphoteric netals such as zinc, alu d |l ead and
their oxides are preferred. The anount of the I no

|s 5 to 80%
by weight, preferably ZO to 70% by weight, based on
| i qui d-crystal polyester resin conpositton. i's Iess than 5%
wei ght, nonuniformfl ow marks are forned on-the_ _”
4) Alkali etching: the molding was degreased and the
surface of the molding was etched with an alkali bath and
washed with water. It was then immersed in a dilute

hydrochloric acid solution to neutralizé a remaining alkali,
washed with water and dried at 150°C for 1 hour.

degreasing 50g/1 of Ace Clean A-220,

' 55°C, S min
washing with
water

etching 650 to 800g/1 of potassium
' hydroxide, 60°C, S0 to 30 min

washing with
warm water

*J
neutralization 50ml/1l of 36% hydrochloric
acid, room temperature, 2 min
washing with
water
- .
drying hot air, 150°C, 1 hour.

Immediately after the surface treatment with the metal, the
molded plate was electroplated with copper to form a
metallic coating having a thickness of 30 to 40um, since
the peeling strength of the plate per se could not be
determined. It was cut into strips having a width of Smm
with a knife and the peeling strength of the strip was
measured with a spring scale. The peelidg rate was S0
mm/min. The results are shown in Tables 1 and 2

4
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REPLACENENT SHEET 7 flbrous i ani ¢ substances are al so convenlentl
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inorganic filler e Wlbers of glass, mlledyg rb n 0s,
silica, S|I|ca/alun1na alum na, zirconia, boron n| nltride,
bocon, "#
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potassiumtitanate and netals such as stainl

be used either si thon
ukveri zed |norganr +ﬁ+ﬂ%#ﬁgﬁﬁé§-m olis

CLAIMS

l. A process for producing a molding capable of
Forming a precision Eine-line Circuit by the subtractive
method, characterized in - 'that a molding prepared by molding
a liquid-crystal polyester resin composition comprising a
melt-processable polyester (liquid-crystal polyester)
capable of forming an anisotropic molten phase and an
inocganic filler added thereto is etched and then treated to
form a metallic coating on the surface thereof by
sputtering, 1ion plating or vacuum deposition.

2. A process for producing a molding according to
claim 1, wherein an acid, an alcohol, an alkali or water orc
a homogeneous mixture of two or more of them is used in the
etching treatment.

3. A process for producing a molding according to
claim 1, wherein the etching is plasma etching, sputter
etching or ion etching.

4. A process for producing a molding according to any
of claims 1 to 3, wherein the inorganic filler is one or
more finely pulverized inorganic fillecs selected from
either the group consisting of the Group II elements of the
periodic table and their oxides, sulphates, phosphates,
silicates and carbonates or the group consisting of .
aluminium silicon, tin, lead, antimony and bismuth elements
and their oxides, and the amount thereof is S5 to 80% by
weight based on the whole composition.

5. A process for producing a molding according to
claim 4, wherein the finely pulverized inorganic filler has
an average particle diameter ranging from 0.0l to l00Qum.

————— e
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ion for the nol di A

> My they have
30pmand a length of 5[err] to 1nm particularly 10 t

preferred fibrous inorganic fillers are glass fiber,
potassiumtitanate fiber. dass fiber
been unexpectedly found that when the gl%fs

fiber
wi th the above-described inorganic filler

the surface of the

6. A process for producing a molding according to any of
claims 1 to 3, wherein the inorganic filler is a fibrous
inorganic sunstance having a diameter ranging-ﬁrdm 1 to
30um and a length ranging from Sum to lum, and the

amount thereof is 1 to 60% by weight based on the whole
composition. |

7. A process for producing a molding according to claim 1,

wherein the inorganic filler is.a combination of one or more
finely pulverized inorganic fillers selected from either the
group consisting the Group II elements of periodic table and
their oxides, silicates and

sulphates, phosphates,

carbonates or the group consisting of aluminium, silicon,
lead,

with a fibrous inorganic substance, and the total amount of

tin, antimony and bismuth elements and their oxides
them is 85% by weight or below based on the whole

composition.

8. A process for producing a molding according to claim 6
or 7, wherein the fibrous inorganic substance is glass
fiber, milled glass fiber or potassium titanite fiber.

9. A process for producing a molding according to any
preceding claim, wherein the molding is formed by a molding
means selected from among injection molding, extrusion
molding.and coméression molding.

10. A process for producing a molding according to any
preceding claim, wherein the molding is one for use in
forming a pin grid array (PGA), is a bbard'having a pin
insected thereinto oc is a molded board for printed wiring.

11. A process for producing a molding according to any
preceding claim, wherein the molding is in the form of
Eilm or sheet.

plate, cube,

qzuﬁmﬁgﬁnl titanium copp d brass. They are used iﬂ=%FF%EEE#¢=¢¥#EF#E-
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becones nore uni-form and the adhesion of a aﬁﬁaénlmﬁa‘fed)r

*}% ¢£1 a_conductive circ | g i's further | 18—
gl'ass fiber which'rs rankm‘lm ass fibers aHmﬁB SEEN
pul veri zed gl ass fromthe e bal ance be sur ace

roughness and the nechani cal properties of the material is particularly
preferred. It is not preferred fromthe viewpoints of the noldability and
physi cal properties that the total anoun57of the fineLy pul verized
inorganic filler and the fibrous inorganic

12. A molding which is capable of Ebrming a precision

fine-line circuit by the subtractive method whenever

prepared according to a process as claimed in any preceding
claim.



substance exceeds 85% by wei ght based on the conp05|t|on for for

;nm}déng In the etching of the nolding, an acid, aﬂb&ﬁ&b, bka | or
#ei or a honpgeneous mi xture of two or nore of them
them an aqueous solution of mainly an al kali netal ssrUT
hydroxi de is preferred. In:a preferred enbodi nent,
conducted with a 40 to ‘
28
ABSTRACT

P ; INE-

A molding capable of forming a precision fine-line circuit
by the subtractive method is produced from a liquid-crystal
polyester resin composition compriéing a melt-processable
polyester (liquid-crystal polyester) capable of forming an
anisotropic molten phase and an inorganic filler added
thereto, the molded composition is etched and a metallic
coating is then formed on the etched surface by sputtering,
ion plating or vacuum deposition.

_)



!

1

50- w % aqueous hydroxi de sol ution at 40 to 60[err]lC
~In a particularly preferred enbodi ent “the—et-ehi gy 1Sy
*about 45 wt . % aqueous pot assi UTh 0 utlon at

After the conpletion of the etc 'ﬂu I@E’,ﬁﬁ

hydrochloric acid or dilute sul
al kali solution remaining on th

utlon t
eof and to renove the filler

fromthe surface, thoroughly washed Wth water and dehydrated and dried

with hot air

at not less than 100[err]C or with a reduced pressure or

SPECIFICATION

PROCESS FCR PRODUCING MOLDINGS FOCR
PRECISION FINE-LINE CIRCUITS

The present invention relates to a process for forming a-
metallic coating on the surface of a molding which is
prepaced by molding a resin composition comprising a
melt-processable polyester capable of forming an anisotropic
moiten phase (hereinafter'referred'to as "liquid-crystal
palyester”) and which gives a molding capable of forming a
precision fine-line circuit by the subtractive method. The
invention also relates to moldings produced by this process.

In'particulac, the present invention relates to a process
focr producing a molding capable of forming a precision
fine-line circuit by the subtractive method, wherein a
molding prepared by molding a liquid-crystal polyester cesin
composition having excellent heat resistance and moldability
can be efficiently coated to form a metallic coating on the
sucrface thereof.

Liquid-crystal polyesters are rigid polymers, unlike
well-known thermoplastic'polyesters such as polybutylene
tecephthalate or polyethylene terephthalate. Theirc
moleculac chains are difficult to bend and keep their
rod-like shapes even in a molten state. Thecefore, the
molecules acre entangled with each other oaly to a small
extend even in a molten state and are ocientated in one
direction by even a sLLght shearing force. They are thus
ccystalline even in the liquid €ocm, namely, they ace liquid

Qcystals.
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wacuum dryec. Instead of the wet et=hrrggr—etch@ ~!,
reduced pressure s Sheet Ha B, Kb tl‘l@ SHERT ﬁé\ggﬁﬁﬂe

etching. sputter e chln.EﬂéﬁﬁﬁBo con Qjentz ?
net hods, the nol di SR 5 O Fi frl

reduced pressure chanber. e nethods are cl assifT€ed as descrlbed above
according to the manner- of the treatnent. “The term pl asnma et ching" herein
refers to the fol |l ow ng

Although 1lqu1d—cryqta1 polyesters can be molded by an

ggehﬂéé et |
4%

ordinary injection molding process and have excellent
moldability., heat resistance and dimensional stability, they
have a defect in that the surface layer of a molding
prepared by moldlng them peels off to causa & fuzzing due to
the strong orientation thereof. Thus they have not
hitherto been successfully subjected to a surface processing
such as vacuum depqsitidn, ion plating or sputtercing.

Although it might be thought possible to roughen the surface
of a liquid-crystal polyester by pretreatment with a '
chemical used for treating ordihacy cesins, the surface of
the molding thus prepared is chemically quite inerct aad has
no affinity with any solvent. Thus it is impossible to
roughen the surface by removing the oriented surface
layer. Another method of surface roughening comprises
'adaing an inorganic filler for weakening the stroag
orientation of the liquid-crystal polyester resin or an
additive which can be easily leached and treating the
surface with a strong acid or alkali solution. However,
when a conductive circuit is formed on the etched surface
by. for example, wet plating according to electroless
plating, a fragile oxide £ilm is formed between the metallic
coating and the material by water incorporated in the wet
step and impurities contained in the solution used for the
treatment, thereby reducing the adhesion of the metallic
coating to the matercial. Thus, a higher surface roughness
is necessary to obtain a'hiqher adhesion. In this case, a
resist ink for forming a circuit pattecn is attached to only
pact of the sucrface because of the unevenness of the sucrface
of the base plate enticely coated with the metal. and in the
pattern-sticking method with a dry film, the adhesion of the
film to the molding is pooc_ Since the thickness of the
métallic coating formed on a highly :Ough sucface is uneven,
the formation of a precision fine-line circu;t.bywthe

subttactive method is difficult. , .

PRSP
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el ectrode to forma pl asna.

When a metallic coating is directly tormed on a base plate
improved in only orientation by &acuum deposition,
sputtering or ion plating, the adhesion of the coating is
pooc, though a smooth surface can be obtained. Thus this
process 1s impractical. Particularly when an ocdinacy
thermoplastic resin is subjécted to vacuum deposition,
sputtering or ion plating, a gas is generated in too large
an amount from the raw material ipg vacug to allow a metallic
coating having excellent properties to adhere to the resin
Eirmly. Although the liquid-crystal polyester is
substantially free from the problem of gas formation, no
metallic coating caan be firmly adhered thereto for the
abhove-~described reasons. Even when a precision fine-~line
circuit is to be formed by the subtractive method on a board
prepared by adding an inorganic filler readily soluble ia an
acid or alkali to the resin, etching the resulting resin
witﬁ te acid or alkali and subjecting the etched resin to aa
ordinary electroless plated to form a metallic coating on
the entire surface, the minimum possible line width is
0.30mm and the minimum possible space width is 0.30mm in a
circuit produced by the conventional process. In addition,
when the surface roughness is improved in order to increase
the fineness of the lines, the adhesion of the coating film
thereto is reduced imp:acticably.

The terms "line width" and “space width" as used herein
refer to the width of each line of the ciccuit and the space
between the lines adjacent to each other, respectively.

Liquid-crystal polyesters have features such as a low
coefficient of linear expansion comparable to the
coefficient of thermal linear expansion of an ocdinarcy metal
and a thermal resistance which causes no trouble even when
it is dipped in a soldecing bath at 260°C for 10 sec.
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gas thus forned is attracted to and i npishged agai nst the cathode, and the

base plate is etched by the inpact caused by the inpingenent.

Although investigations have been made fac the pucpose of
developing a process for Coating the sucface of a molding
with a3 metal in ocder to:improve the above-described surface
properties and to produce parts joined to a metal with an
adhesive or molding plated with a metal, taking -advantage of
these properties of the liquid-crystal polvester, no
satisfactory process has hithecrto been found.

The present invention arose'frcm investigations into
producing a molding suitable . for forming a precision
fine-line circuit by the subtractive method for forming a
metallic coating closely adherent to the sucface without
impairing the physical and chemical propecties of the
liquid-crystal polyester and also without forming any easily
peelable surface layer, taking advantage of the advantageous
thermal properties of the liquid-crystal polyester. The
inventors have found that a firmly adherent metallic coatxng
can be formed on the surface of a molding made of a
composition comprising a liquid-crystal polyester and an
inorganic filler added thereto when the molding is etched,
dried by dehydration and surface~treated by sputtering, ion
plating or vacuum deposition. - By this process, a better
precision fine-line circuit than that produced by a
conventional process can be obtained according to the
subtractive method. The present invention has been
completed on the basis of this finding.

Thus the present invention provides a process for producing
a molding capable of Eorming'a precision fine-line circuit
9y the subtractive method, characterised in that a molding
ytrepraed by molding a liquid-crystal polyester resin
-omposition comprising a melt-processable polyester
liquid-crystal polyester) capable of focming an anisotropic
olten phase and an inorganic giLle: added thereto is etched

In the ion
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under reduced pr acta n particul ar, :asprﬁﬁess’
wherein a netall dlrectly fornmed on a re5|n nDIdlng by any of
sputtering, ion plating and vacuum deposition. The nolding is preferably

produced by a nol di ng neans selected f¥ om among i nj ecti on nol di ng,
extrusi on nol di ng and

and then treated to form a metallic coating on the surface
thecreof bY sputtering, ion plating or vacuum deposition.

The subtractive method for forming a circuit herein
comprises coating or laminating the entire surface of a
molding with a conductiﬁe material such as a metal, coating
those parts of the surface which are necessary for forming a
conductor pattern based on the circuit design with an
acidproof material serving as an etching resist, dissolving
in an etching solution in which the metal is soluble the
metal in the conductor pattern-free parts'which are not
coated with any etching resist and removing the etching
resist by dissolving it in a chemical to expose the
conductor pattern, thus forming a circuit.

The inorganic filler used in the present invention is
preferably one or mare inofganic Eillefs selected from the
group consisting of the Group II elements of the periedic
-able and their oxides, sulphates, phosphates, silicates and
:arbonates or the group consisting of aluminium, silicon,

in, lead, antimony and bismuth and elements and the

xides. Particularly preferred inorganic fillecs are one

r more inorganic fillers selected from the group consisting
£ oxides, sulphates, phosphates and silicates of the Group

[ elements of the periodic table.

ie oxides of the Group II elements of the periodic table
clude magnesium oxide, calcium oxide, barium oxide and
nc oxide. The phosphates include magnesium phosphate,
lcium phosphate, barium phosphate and calcium
sophosphate. The sulphates include magnesium silicate,
.cium silicate, alumimium silicate, kaolin, talc. clay,
-tomaceous earth and wollastonite.



conpressi on nol di:ng..-. The 1i qui d- crystal polyester _used Ln.Lhe
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adhesion, the gas thus generated fromthe resin nolding can be ellnlnated
by heating and the hardness of the surface is reduced at the el evated
tenperature to further inprove the adhesi on of the

These inccganic fillecs acae pacticulacly gcefeccad in the
ucdacge kceatment {etching) of the molding with an acid oc
alkali prioc to the surfaée tceatmens with che mecal,
Among them, the phosphates acs preferced. In addizion, ¢ne
cr more substances selec:ed:ftom the groug consisting aof
aluminium, silicon, tin, lead antimoar aad dismuth and theirc
oxides ace also prefecced. Particulazsly, amphotzcic metals
such as zinc, alumiaium, &in and léad and their oxides ace

pcecarred.

The amount of the inorganic fillez is 5 to 80% by weight,
gcefacably 20 to 70% by weight, based on the whale
liquid-crrstal polyaster resin compositian. I€ tt is less
than 5% by weight, nonunifocrm flow marks ar2 formed on the
sucface of the molding and a thin film formed on the sucface
is easily peeled off the malding when an adhesive tage is
applied to the surface and then stcipped. Ia addition,
uniform etching of the surface is impossible. [€, on the
octher hand, it exceeds 80% by weight, the fluidity of the
resin is veduced and the obtained molding has poar sucrface
conditions and reduced mechanical strength.

The inocrganic filler is preferably in the focrm of a fine
powder. Its average particle diameter is 0.0l to Ll00um,
prefecably 0.1 to 3JOum and most prefecably 0.5 to LOum.

wWwhen the average pacticle diametec is less thaan 0.01lum,

lumps tend to be formed on the sucface of the maldiag due to
an insufficient dispersion and, on the contracy, when it
exceeds L00um, the molding has such a poor sucface
smoothness that the focmation of €ine lines foc a grecision .
ciccuit by the subtractive method becomes extcemely '
difficult and no good appeacance can be obtained.



getalL atons to the resin surface. The..surface treatne
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Fibcous 1nACganic subsrances acve alsc convenizancly used as
she nocgan:ic fillec. Thev can be used =ithacr siagly ac ia
combinakion with the chve—desc:i:ed Einely pulvesizad
inocganic cillec. .

The fitbcous iaocganic €illecrs include fibecs of glass,
millad glass, cacbon, asbestos, silica, silicasal
alumina, zirconia, boron nitride, silicon nitrice, Tocon,
potassium titanate and metals such as stainless s
aluminium, titanium, copper and brass. They are used in an
amount canging from 1 to 60% by weight, greferably 5 to 40%
by weight., based on the taotal composition for the

melding. Prafacably they have a diametac af 1 ta 30um
and a length of Sum to lmm, pacticulacly 10 to 100um.

The preferced fidtaus ingcgaaic fillecs ace glass fibec,

"milled glass fiber and potassium titanate fitez. Glass
fiber is pacticulasly preferced. It has beea unexpectadly
found that whea the glass fiber is used in combination with
‘ehe abaove-described inorganic filler, the sucface of the
molding becomes moce uniform and the adhesion of a metallic
coating for forming a conductive circuit tec the moldiag is
fucrther improved. Milled glass Eiﬁer which is tanked
petween the glass fibers and the finely pulvecrized glass
from the view point of the balance between the sucface
roughness and the mechanical properties of the matecial is
pacticulacly prefecced. '

[t is not prefecred fcom the viewpoints of the moldability
and physical pcopecties that the total amount of the finely
pulvecized inocganic fillec and the Eibcous inocqanic
substance exceeds 85% by weight based on the compositian fnc
focming a melding.
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i nvention Eoc the surface t
the process of the present invention, the CIrCUIt has a'ﬁ”@ﬁ—édhe5|on and a
precision fine-line circuit can be produced_by_the subtractive nethod. used
in the process The |iquid-crystal polyqfter;' the present invention is a

{n rhe 2tching af the'moldinq,_ahudcid. alcohol, alkale ac
wat2c¢ Of 3 homogeneous mixzuca of Ewo QC mace of them i3
usad. Among them, an aquecus solution of maialv an alkal:
metal hydcuxide oc potassium hydroxide is grefarccad. Ia 3
prafeccad 2mbodiment, the etching is coaductzed with a 40 :a.
S0 wr.% aqueous hydcoxide saluticn az 40 to 60°C fcc S ko 10
miaucas. Ia a pacticulacly preferred embodiment, tha
gtching is conducted with an about 45 wt.% aqueous patassium
hydcoxide solution at §0°C far about 10 min. Aftac the
complation af the etching, the moldiag is immersed in a
diluce hydrochloric acid or dilute sulphuric acid selutian
ro neutralize the alkali solution remaining oa the sucface
theceof and to cemove the filler from the sucface,
thoroughly washed with water and dehydratad and dried with
hot aic at not less than 100°C or with a ceduced pressure oc
vacuum dcyec. '

Instead of the wet etchiag, an etching ccaductad uandect
reduced pressuce oc¢ ja vagug from the initial stage, such as
plasma etching, sputter etching or ion etching is also

caavenient.

In these methods., the moldiag is physically etched by
enecgitic pacticles in a reduced pressure chambec. These
methods ace classified as described above accocding to the
mannec of the treatment.

The tecm ~"plasma etching~ herein refecs to the following
methad of treatment: a plasma tceatment chambec of a plasma
treatment appacatus i3 evacuated to about 1.33ImPa (1l «x

g3 Tacc), a vacy small amount of a .gas is intcoduced
rheceinto (flow cate: 50 SCCM) and the qas'atoms ace axcited
by, €or example, a high-frequency (cadio wave: |J.$6MHZ)

electcade to form a plasma. The molded base plate is
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in parallel in a tﬁ eenRelc Ich_an_arran atie onp b S e
called a liquid cr H SIPFEEET%ASa %W" _cr%s a

These p0| yn,er ITD| ec .e...a ....................
consi derably high r| he_ggth_aynﬂ af-f'he DI ecul es. The
pol ymer usually has chai n-extending |inkages which are coaxial or in
parallel. The properties of the ani.sotroplc nolten phase can be confirned
by an ordinary polarinmetric nmethod using crossed

axposed t0 the plasma scmospheca to atrack the 3uciice
rhec20¢ wtth_tﬁe plasma to roughen it physwically. in the
sputtec etching methudf &:very small amount Qi an Lnect gas
i3 tancnducad into a ceduced grassuce chamces 2% 3 sgutea
2rching device. 2 high-fcequency cucsant c¢ a high-valrage
dicact cuccent is applied therato to cause dischacgs, a
cation of the inert gas thus formed i3 azucactad te aad
impinged agaiast the cathode, and the base plate is szched
oy the impact Caused by the impiagement. In the iz2n
etching method, the same procedure as described above is
rapeatad in aan ion plating apparatus.

The tacm ~“tceatment af the surface te focm a merallic
coating” as used herein means a dry metal coating process to
be conducted uader reduced pressuce ocC ig wvagua. in
gacticulac, it means a process wherein a2 metallic coating is

 directly formed on a resia moldiag by aany of sgutteciag, iaen
ctating aad vacuum degositian.

The molding is pceferably produced by a molding means
selected from among injection molding, extrusion molding and
compression molding.

The liquid~crystal polyester used ia the present iaveation
is chacactecized in that the amount of a gas generated from
it in a reduced pressure chamber i1s smallec than that

' genecated fcom other materials. Although a thin metallic
coating firmly adherent to the resin sucrface can be prepared
mecely by sputteciang, ion plating oc vacuum adhesion, the
gas thus generated from the resin molding can be eliminated
by heating and the hacdness of the sucface is ceduced at the
alevated tempecatuce to fucthec improve the adhesion of the
metal atoms to the resin sucface. The sucface treatment
with the metal is desicably conducted undec a reduced



hicol s. In particular, the anisotropic nolten phase
observing a nolten sanpl e thereof pla
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optically anisotropic 10

prassuce of 13.1 uPa ro 131 mea (L0~™° €a 10”7 Tocs).

ac. if the tceatment method s3a permits, moce desicably L1.3

-

23 ra L.33 m@a (10-3 ta 10”7 Tocz).

Alzhough the miaimum possible line width and miaimum
possible space width of the conventional ciccuit wers bocn
0.30 mm as desccited above, both of them can be cacducad 2o
0.25 mm oc below by the process of the present inveaszion foc
the sucface trteatment with the metal. Fuzthers accocdiang o
the process of the present invention, the circuit has a hignh
adhesion and a precision fine~line circcuit can be praduced
by the subtractiva methed.

The liquid-crystal polyester of the present iavention is a
melt-processable polyester. Its moalecular chaias ace
regulacly acranged in parallel in a molten state. Such an
acrranged state of the molecules is ¢alled a liquid ccystal
gr .2 a2matic phase of a liquid-crystal substance. These
polymer molecules are usually slender and £lat and have a
considecably high rigidity along the major axes of the
molecules. The polymer usually has chaia-extending
linkages which are coaxial or in parallel.

The properties of the anisotropic molten phase caa be
confirmed by aa ocrdinary polarimetric method using crossed
nicals. In particular, the anisotropic molten phase'can be
confirmed by obsecving a molten sample thereof placed on a
Leitz hot stage of a Leitz palarizing miccoscope at x40
magnification in 3 nitcogen atmosphere. The polymec of the
pcesent invention tcansmits polarized light even in a molten
static state when it is inspected between crossed aicols,
i.e., it i3 optically anisotcopic.
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Howevecr, Lthesa polvmers can be easily wocked by an ozdinacy
melt processing method as desccibed above.

preferred polymers capable of forming an anisotropic moltan
phase used in the present invention are not only acomatic
polyestecs and aromatic polyesteramides but alse polvesters
pacrtially comprising an aromatic polyester and an aromatic
polyesteramide in the same molecular chain.

Particulacly preferred are liguid-~crystal aromatic
polyesters and liquid-crystal aromatic polyesteramides
comprising as a constituent at least one compount selected
from the group consisting of aromatic hydroxy carchoxylic
acids, aromatic hydroxy amines and aromatic diamines.

In particular, the polymers used in the present iaventian

tnclude:

1) polyesters mainly comprising one or more compounds
selected from the group consisting of aromatic hydroxy
carboxylic acids and derivatives thereof,

2) polyesters mainly comprising:

a) one or more compounds selected from the group
consisting of aromatic hydroxy cacboxylic acids and
decrivatives thereof,

b) .one or mocre compounds selected from the group
consisting of aromatic dicarboxylic acids,
alicyclic dicacrboxylic acids and derivatives
theceof, and ,

c) one oc more compounds selected from the group
consisting of aromatic diols, alicyclic diols,
aLiphatic diols and derivatives thereof;

This Sheet Has Been Re ,i
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carboxylic acids, aromatic h -
parti,cul ar, the pol yners useo present invention incl ude: 1)
polydsters mai nly conprising one or nore conpounds selected fromthe group
consi sting of aromatic hydroxy carboxylic acids and derivatives thereof,

3) polyesteramides mainly comprising:

' a) one or more compounds selected from the graup
consisting of aromatic hydrozy carboxylic acids and
derivatives therceof, |

b) one ot moce compounds selected from the group
consisting of aromatic hydroxy amines, aromatic
diamines and derivatives thereof, and

c) one or more compounds selected from the group
consisting of aromatic dicarboxylic acids,
alicyclic dicarboxylic acids and derivatives
thereof, and

4) polyesteramides mainly comprising:

a) one or more compounds selected from the group
consisting of aromatic hydroxy carboxylic aéids and
derivatives thereof,

b) one or more compounds selected from the group

'~ consisting of aromatic hydroxy amines, aromatic
diamines and derivatives thereof,

c) one or more compounds selected from the group
consisting of aromatic dicarboxylic acids,
alicyclic dicarboxylic acids and derivatives
thereof, and

d) one orf more compounds selected from the group
consisting of aromatic diols, alicyclic diols,
aliphatic diols and derivatives thereof.
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t hereof, and C) one or nore conpounds sel ected fron1the group con5|st|ng
of aromatic diols, alicyclic diols,

Preferred examples of the compounds constituting the
liquid-crystal polyesters of the present invention include
naphthalene compaunds such ase l.6-naphthalene-dicarboxylic
acid, 2,G-dihydrox?naphthalene, l-4~-dihydroxynaphthalene and
6-hydroxy-2-naphthoic acid: bipheayl compounds such as

4 -dihydroxybiphenyl; compounds represented by the
following general formulae (I), (II) or (III):

““‘@‘*"Q-ﬂﬂ (1)

AN
H ' (1)
co /\/‘

v00c < v - H-coos ()

wherein X represents aan alkylene group haviang 1 to 4
carbon atoms, an alkylidene group, -0-, =-SO-, -SOZ—.
-S-, or -CO-, and

¥ represents -(CHz)n- in which g is 1 to 4 or
-O(CHz)nO- in which g is 1 to 4:

..

p-substituted benzene compounds such as p-hydrozybenzoic
acid, terephthalic acid, hydroquinone, p-aminophenol and
p-phenylenediamine each having a nucleus which may be
substituted with a chlorine, bromine, methyl, phenyl orc
l-phenylethyl group; and m-substituted benzene compounds
such as isophthalic acid and resorcinol.

Che liquid-ccystal polyester used in the present invention
\ay compcise, in addition to the above-described
'onstituents, a polyalkylene terephthalate which does not
‘orm any anisotropic molten phase in the same molecular
‘hain. The alkyl group of the polyalkylene terephthalate
1as 2 to 4 carbon atoms.



afiphatic drmgﬁ,e@ngsggg,;k g‘g ves thereof; REPLACENMENT;

. pol yesteram r|S|n

" the group co;mm,mmnmn mat i ¢ fjhyidiScEeEETaADBFEENC) aci
REPLACED

14

Among the above-described constituents, one .oc moce
compounds selected from the group consisting of the
naphthalene cqmpounds, biphenyl compounds and p-substituted
benzene compounds are preferably used as the indispensabla
constituents.  Amoag the p-substituted benzene comgounds,
pacrticulacly preferced are p-hydroxybeanzoic acid, |
methylhvdroquinone and l-phenylethylhydroquinone.

Examples of the compounds haiing ester Eorminé functional
groups as the constituent and polyestecs cagable of forming
an anisotropic molten phase preferably used in the preseant
invention are described in Japanese Patent Publication No
36633719%88.

The liquid-crystal polyesters preferably used in the praseant
iavention have usually a weight-average molecularlweight of
about 2,000 to 200,000, preferably about 10,000 to 50,000
and particularly preferably about 20,000 to 25,00Q0. The -
preferred aromatic polygsteramides have a2 molecular weight
of usually about 5,000 to 50,000, preferably about 10,000 to
30,000, for example, 15,000 to 17.000. The molecular
~weight can be determined by gel permeation chromatography or
another standard method wherein no polymer solution is
€ormed, such as infrared spect:ophotcmetry wherein the
terminal group of a compression-molded film is determined.
[n another method of Qetecrmining the moleculac weight, the
nolecular weight is determined by dissolviang the sample in
Jentafluorophenol by the light scattecing method.

\ 0.1 wt.% solution pcepared by dissolving the aromatic
jolyester of polyesteramide in pentafluocophenol at 60°C has
1sually an inheceat viscosity ([.V.) of ét least about
'.0dl/q, for example, about 2.0 to 10.0dl/g.
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. consisting of ar OﬂﬁgtSheetH neg and derivatives
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In the present invention, the above-described inorganic
fillers (finely pulverized inorganic €iller and fibrous
inorganic substance) can be used in combination with vacious
inorganic substances. in order to improve the properties of
the produce. These inorganic substances are prefecably
used to form a molding having excellent mechanical
properties., thermal resistance and dimensional stability
(resistance to deformation and warping). The inorganic
substances used may be powdery, granular or platy depending
on the purpose.

The powdery or granular inorganic substances include carboan
black, graphite, silica, quartz powder, glass bead, glass
balloon, glass powded, metal oxides such as iron oxides,
fercite, silicon carbide, silicon nitride and boron nitride.

The platy inorganic substances include mica, glass Elake and
various metal foils.

These inorganic substances to be used in combination with
inorganic filler are used either alone or in combination of
two or more of them.

From the viewpoints of the moldability and physical
properties it is preferred that the total amount of the
inorganic filler and the inorganic substance does not exceed
85% by weight based on the total weight of the composition
to be molded. It is desirable to use the inorganic fillec
and the inorganic substance in combination with a binder or
sucface treatment, if desired.

Another thermoplastic resin can be incocporated into the
omposition of the present invention so far as the object of
she invention is not hindered within the scope of the

icesent invention.



. ——————EEE

e

consi sting of aronatlc hydrrm@ﬁhggggg% c aC|
one or nore conpounds selec

hydroxy ami nes, aromatic di vatgn/es th .
conpounds sel ect ed fron1the g _ tiLC_di-caek :
acids, alicyclic dicarboxylic acids and derlvatlves t her eof an‘a)*“'one
or nore conpounds selected fromthe group

et e e

Ls

The thecmaplastic resins usable hecein are not pacticulacly
timirted. They inélude pnlvyaladins such as polyesthyl=ne and
palypcopvliene, pclyacerals (hamaogolymecs and cogalymecs),
golystyrene, galvviayl chlcocide, polraccylic escarss and
copolymecs of them, polvamides. polycacbonates, ABS,
galyphenylene oxides, polyphenvliene sulghides aad

€ luococesins. The thecmogplastic resias can be used eithec
alone or ia the form of a mixture of two or moce of them.

The resia compositioa may further conktain kaown additives
usually added to thermoplastic and thermosetting cesias such
as plasticizers, stabilizers (such as antioxidants or
ultcaviolet absocbecs), antistatic agents, sucrface treatmen:
agents, sucfactaats, flame ratacrdants, colacants (such as
dyes oc pigments). lubricants for improviang the fluidity and
relesasability and ccystallizatioca prometecs (aucleatiag
aged:s) depending aon the required progpecties.

The moldiag produced by the process of the preseat inveation
is, for example, 3 board for use in forming a pin grid accay
(PGA), a board having a3 pin insected thereinto oc a molded.
moacd faoc use in forming a printed wiring board. The shape
thereaf is not pacticularly limited and can coavenieatly be
a plate, cube, film ocr sheet.

As described above, according to the process of the present
invention for the sucrface tcreatment of a liquid-crystal
polyestec tesin molding with a metal, whecein the etchiag
pretceatment is conducted, a precision fine-line ciccuit
(having a line width of 0.23 mm or below and a space width
o0f 0.25 mm oc below) can be produced by the subtcactive
method. The sucface layec of the product is not easily
peeled off. The pcoduct has a uniform, dense sucace
stcuctu:e.-' The adhesion of the metallic coating to the



consi sting of aromatic diols, almmygka¢h9b§¢ I phatr‘ gqror s—an

~derivatives thereof. Preferred npo nagkaFEMF¥D§ﬁﬁ5T
" the liquid-crystal polyesters of - e on |n Iudgz Jm_]g%
napht hal eneconpounds such as 2. 6 xylhe T A

2, 6- di hydr oxynapht hal ene, 1-4- drhydroxynaphthalene and
6-hydroxy-2-naphthoic aci d; bi phenyl conpounds . such as

17

sucface is hiqhe_c than that obtained without the atching
kceatment. The problem qof geel.i.ng: at a high temnec:u:uca
which is caused by a difference in the thermal =2xpansion
coefiicient between the cesin and the metal is solv sad,
though the inhibition of the .geeling has beea difficule when
an acdinacy thermoplastic cesin is used. Dipping in a
soldering bath (time: about 10 sec) is also possibls.  Thus
the process of the present invention can be agglied to the
Eields related to printed circuit moldiags.



4, 4 - di hydr oxy lbeerids '

f'or mul ae (), T(}m [er r] h §(§H€E§ﬁ$BEEIQ Rapgj\dgmlngﬂc SHEETP
having 1 to 4 ¢ n al kil i denRERk -0, -S02-, ~S-
-CO, and Y represents [err in whichgn 15 L tO & of lernygeﬁ 2l 8

1 to 4; p-substituted benzene conpounds such as p- hydroxybenzere—acndzxzz-

terephthalrclacrd hydr oqui none, ' p- anm nophenol and

|{nﬁ

Che Eollow1ng non-limiting Examples will further illugtcas

the present invention.

The liquid crystal Polyesters A to F used in the Examples

comprised the following structural units:

co-
A ;-0-<::>—c0-/'e013§1253—_ =70/30

-0c
B :-o-<<:j>-ca-/f -o.E§§IZ§ZT'“”' / ii:>>-co-,f
-m<:}m =80/20/10/10

C - -o;4<§§>—co-,/ -UJZEiIEEI-O-// -uc-<::>-co-

=50/20/20
' co- ' H
-u / -0~@—u- / -uc—@-cu-

=10/15/15

co-
E :-0-<::>—cu-,/ -oJ:::Iiii' / -0c-<::>—co-

—10/26/4
F :-oco-/ -uu-/ -oc—@—cu-/
-ac

<>4m=55/15/15/s

'(The numerals refer to the molar ratio).

S



piphenylenedia ne e as wnh Q,nucleus whi ch may be ]

_ghlorine br omi d thél 1- ne;%hﬁka gro pREahMCﬁMEHB§ﬁ?F td
enzene conpoun efor Ci

| i qui d-crystal n the Lnveltion hﬁ@wGZﬁg{rse ----- A

addition to the above descrlbed constituents, a pol yal kyl&fé-terepht hal at e
whi ch does not orm any ani sotropi clfolten phase I n the sane nol ecul ar hain
The al kyl group of the polyal kyl ene terephthalate has 2 to 4 carbon atons.

:xamples 1 to 12 and Comparative Examples 1 to 7

ne of the liquid-cr?stal_pdlyeste: resins A ko F which will
e described below was kneaded together with a filler listed
n Tables 1 and 2 in terms of % by weight based on the whole
:omposition by melt blending with an extruder to form
ellets. The pellets were dried at 140°C for 3 hours and
10 lded intb flat plates having a size of SOmm x 70mm x 3mm
ith a molding machine having a mold of a controlled

emperature.

he flat plates (base plates) thus Eormed were subjected to
n etching pretreatment as described below and then to the
urface metal coating treatment by the following methods:

). Vvacuum depqsition - the above plate was placed in a

reduced pressure chamber of a vacuum deposition
agparatus (EX 500; manufactured by ULVAC Corporation)
and the chamber was evacuated to 533 pPa (4 x 10”8
Torc) .

The surface temperature of the molding was adjusted to a
predetermined value with a halogen lamp for heating the
molding placed in the chamber. Metallic copper was
evaporated with electron beams to form a thin metallic
copper coating (thickness: 3 to Sum) on the sucface of
each plate. After the completion of the deposition,
the formed becard was cooled and taken out.

Sputtering: the molding was placed in a reduced pressuce
chamber of a sputtering apparatus (B8ES: manufactuced by
Tokuda Seisakujo Ltd). After evacuation to 400 pPa (3
x 10°% Tocc), argon gas was introduced thereinto and

the equilibrium pressure was adjusted to 667 mPa (S x
1073 Tocc).  After the plate temparture was



14° Anong the above-descri bed constituents, one o =FBP
.fromthe group consisting of th%pg[aatmalse éiﬁ

and p-substituted benzene conpou ny us
i ndi spensabl e constituents. AN

particularly preferred are p-hydr n20|c aci d,

1)

‘he

i t UTed

ddjusted to a predetermined value with a halogen lamg,
the plate was rotated atc 10 cpm and the molding set an
the plate was subjected to sgputtecing with a metallic

copper tacget l00mm distant from tne molding to form a
thia metallic copger coating.

Ion olakiag: a reduced pressure chamber of aa arc
discharge type ion plating apparcatus (AIF-850 sS3;
manufactured by Shinko Seiki Co Ltd) was evacuated -to
400 pPa (3 x 1078 Torc). The tempecatucre of the"
molding on the plate set in the chambec was adjusted to
a predetermined value and a thin metallic copper coating
was formed theron by ion plating. The ionization
current was l00mA and the vacuum deposition rate was
0.5um/min.

etching was conducted by the following methods:

Blasma etching: a reduced pressuce chamber of a plasma
treatment apparatus (PV-10 S; manufactured by Samco

International Inc) was evacuated to 133 pPa (1l x J.O'6
Torr). Oxygen gas was introduced thereinto (Elow cate:
S0 SCCM) to form an oxygen plasma therein with a
high~frequency electrode apparatus (13.56 MHz) and the
surface of the flat plate was physically roughened with
the plasma. The treatment conditions comprised 170 W x
10 min (the reduced pressure in an oxygen atmosphece: 8
Pa oc 6§ x 10° To:c) The temperature of the base
plate was 35°C. ' |



met hyl hydr oqui none and l-phenyléthj

hydr oqg 'gg
~having ester form ng functional grnam _' Em
pr esent r |

capabl e of formi ng an ani sotropic
i nvention are described in

X% | of ’ l

cgffiggns aﬁﬁpﬁﬂﬁ§§g§8%ggg§

eferalf y Jused imot hpy 1998
i cap P8I

t

36633/ 1988. The liquid-crystal polyesters preferably used Th thé present

I nvention have usually a wei ght-average nol ecul ar wei ght of about 2,000 to
200, 000, preferably about 10, 000 toqu,ooo and particularly preferably
about 20,000 to 25, 000. The

2)

1)

Sputtacg atching: a reduced gressura chamber of a
sputtering treatment appacatus (8 ES; manufactuced by
Toku@a Seisakujo Ltd) was evacuated to about L33 uea
(LO"Q Torcrce). Argon gas was introduced thecrsinto a: a
tats cong:olled S0 that the reduced pressucrs was 133 mPa

(L £ 1077 Torr). A negative voltage was agelisd to a
holder of the molding to conduct dischacge. The
molding on the base plate was etched with the plasma
cation f£or 10 min. The temperatuce of the base plate
was 30°C.

Ion etghing: an ion plating apparatus was used. Beface
conducting the ion platiag, a reduced gressuce chamber

therecf was evacuated to about 133 pPa (1.0-6 Torcr) .

Argon gas was introduced into the reduced pressure
chamber. A direct current voltage (1.3 kV) was apglied -
between the base plate to which the molding was fixed

and an opposing electrade so that the plate side would

be negative to conduct the ion etching by aa ion
bombardment with argon gas.

‘his treatment was conducted for 10 minutes under conditions

:omprising a degree of vacuum of the argon gas atmosphece of

.33 mPa (1 x 10~

3 Torr), a base plate tempecatuce of 200°C

nd a current value of 0.3 mA.



preferred aromatic pol yesteramn des ha) ﬁD| cular MEIght of usually about

. 5,000 to 50,000, preferably about 10, y u 3¥ _E rﬁéflAééMQQPShQET

17, 000. The nol ecul ar wei ght can be g

chromat ogr aphy or anot her standard ne

nﬁ\ Pl 212 QJULi 1996
formed, such as infrared spectrophotonetry wherein the ter pi.nal gr aiip of A"
conpression-nol ded filmis determined. In another method of determ ning the
mol ecul ar wei ght, the nol ecul ar wei gh2 is determ ned by dissolving the
sanpl e in pentafluorophenol by the |ight scattering nethod.

4) Alkall 2tEching: the molding was degreased and the
sucrface of the molding was atched with an alkali bath and
washed with watec. [t was then immersed in a diluks2
hydcochlocic acid solution to aeutcalize a :émaininq alkali,
washed with water and dried at 150°C focr 1 houc.

degreasing " 509/l of Ace Clean a-220,

$5°C, S min
washiag with
watker
7
etching 650 to 800g/l of potassium

hydroxide, 60°C, 50 to 30 min

washing with
warm water

~
neukralization S0ml/1 of 36% hydrochloric
acid, room temperatuce., 2 min
washing with
watearg
-
dryiag hot air, 150°C, 1 houcr.

Immediately after the surface treatment with the metal, the
molded plate was electroplated with copper to form a
metallic coating having a thickness of 30 to 40um, since
the peeling strength of the plate per se could not be

determined. It was cut into strips haviag a width of Smm
with a knife and the peeling strength of the strip was
measuced with a spring scale. The peeling cate was 50

mm/min. The cresults ace shown in Tables L and 2
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ces to be used in conblna |on Wi I 11-er -areTused eFrther

r in combination of two or nore of them Fron1the vi ewpoi nts of the

anmount
of the inorganic filler and the inorganic substance does not exceed

ity and physical properties it is preferred-that the t ot al
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L. A pcocess far groducing a molding cagabla c¢
Fgcmiag a gracisicon fine-line ciccuit by the subtcactivrs
methad, charactecized in-that a me lding pregarsd By molding
a liquid-crystal polyester casin composition comprising a
melt-grocessable polysstec (liquid-crystal golvester)
capable of farming an anisotropgic molten phase and an
inocganic filler added therato is etched and then crea;ed ko
form a metallic coating on the surface theceof by
sputteciang, ion glating ar vacuum degasitioa.

2. A process for produciag a molding accarding to
claim 1, whecein an acid, an alcohol, an alkali or water oc¢
a homogeneous mixture of twag or more of them is used ia the

akchiag tceatment.

3. A process far groducing a molding accocding to
claim 1, whecein the etching is plasma etching, sguttec
etchiag oc ion etching.

4. A process for producing a molding according te any
of claims 1 to 3, wherein the inorganic fillecr is one oc¢
more finely gpulvecized inorganic fillecs selected £rom
either the group coasisting of the Group II elements of the
peciodic table and theic oxides, sulphates, phosghates,
silicates and cacbonates or rhe group consisting of .
alumiaium silicon, tin, lead, antimony and bismuth elements
and theic axides, and the amount thereof is 5 to 80% by
weight based on the whole composition.

S. A pcocess fac pcaducing a molding accacding to
claim 4. whecein the finely pulverized inq:qanic €illes has
an average pacticle diametec canging from 0.0L to Lquum.




85% by wei ght based on the total weighj Lahgﬁg

It is desirable to use the inorgan
conbi nati-er—-wth-a--bi-nder—or surfac llmml
te

t her mopl a incor por
process pﬂwﬁk Iﬁmﬁiﬂﬂ so far as the object of the i NV ertianta oo ] |
hi nder ed of the present invention. .
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6. A process for producing a3 molding according to any of
claims 1 to 3, wherein the inorganic filler is a €ibrous
inocganic sunstance having a diameter ranging from 1 to
joum and a length ranging from Sum to lum, and the
amount thereof is 1 to 60% by weight based on the whole

composition.

7. A process for producing a molding according to claim 1,
wherein the inorganic filler is a combination of one or more
finely pulverized inorganic fillers selected from either the
group consisting the Group II elements of periodic table and
theic oxides., sulphates, phosphates, silicates and
carbonates or the group consisting of aluminium, silicon,
tin, lead, antimony and bismuth elements and their oxides
with a fibrous inorganic substance, and the total amount of
them is 85% by weight or below based on the whole
compositioan.

8. A process for producing a molding according to claim 6
or 7., wherein the fibrous inorganic substance is glass
fiber, milled glass fiber or potassium titanite fiber.

9. A process for producing a molding accerding to any
preceding claim, wherein the molding is formed by a molding
means selected from among injection molding, extrusion
molding and compression molding.

10. A process for producing a molding according to any
preceding claim, wherein the molding is one for use in
focrming a pin grid arcay (PGA), is a board having a pin
insected thereinto or is a molded boacd for printed wicing.

11. A process for produciang a molding according to any
preceding claim, wherein the molding is in the form of
plate, cube, film or sheet.



The thernopl astic resins usable her &hinskeg, 0ot acticularly Linited.  They
i ncl ude pol yotefins--such_as_pol yet hyy MMQ ﬁ @py| e .
| :

(homopol yner ol yners). polys ﬂ ﬂ yI_.Nc
esters and cm@m!ﬂgﬁ'ﬁﬁm/mﬂ pol yam | bon‘atE
pol yphenyl ene'« , ANIpMENy| ene sul phides and. fl :
t hernopl astic resins can be used either alone or in the T®

of two or nore of them The resin conposition may further contain known
addi ti ves : 27

2. A i ; . _ .
lf Toldlfg.“h1Ch 15 capable of €orming a precision
fine-line circuit by the subtractive method whenever

prepared according to 3 : .
process as claimed in an r i
claim. Y Preceding



usual |y added to thernoplastic and thernosetting resi
pl asticizers. stabilizers (such as antioxidants or ul
antistatic agents, surface treatnent agents, surfacta
colorants (such as dyes or pignents), lubricants for
and - releasability and crystallization pronoters (nu€
dependi ng an the required properties. The nol di ng produced by the process
of the present invention is, for exanple, a board for use in formng a pin
grid array (P&), a board having a pin inserted thereinto or a nol ded

SPECIFICATION

PROCESS FOR PRODUCING MOLDINGS FOR
PRECISION FINE-LINE CIRCUITS

The present invention relates to a process for forming a
metallic coating on the surface of a molding which is

(_5 prepared by molding a resin composition comprising a
melt-processable polyeSter capable of forming an anisotropic
molten phase (hereinafter referred to as "liquid-crystal
polyeéter") and which gives a molding capable of forming a
precision fine~line circuit by the subtractive method. The
invention also relates to moldings produced by this process..

In'particular, the present invention relates to a process
for producing a molding capable of forming a precision- Rt
e fine-line circuit by the subtractive method, wherein a..
molding prepared by molding a liquid-crystal polyester resin
composition having excellent heat resistance and moldability
ro can be efficiently coated to form a metallic c¢oating on the
N surface thereof.

Liquid-crystal polyesters are rigid polymers, unlike
well-known thermoplastic polyesters such as polybutylene
terephthalate or polyethylene terephthalate. Their
molecular chains are difficult to bend and keep their
rod-like shapes even in a molten state. Thecefore, the
molecules are entangled with each other only to a small
extend even in a molten state and are orientated in one
direction by even a slight shearing force. They are thus
crystalline even in the liquid form, namely, they are liquid
crystals.



board for use in formng a printed wring board. The
particularly limted and can conveniently be a plate,

,LNQﬁMﬁﬁﬁsﬁﬁﬁ%J.
As descri bed above, according to the process of the prgsent i 'q§%gor
the surface treatnent of a liquid-crystal polyester Haiqﬁ%bﬂgnﬁgkﬁk--~a

nmetal, wherein the etching pretreatnent is conducted, a precrsion 1ine-1ine
circuit (having a line width of 0.23 nm of bel ow and a space width of 0.25
nm or bel ow) can be produced by the subtractive nethod. The surface

llayer of thg;phodyat 1iguialc8dskhY polyesters can be molded by an

ocrdinary injection molding process and have excellent
moldabiiity, heat resistance and dimensional stability, they
have a defect in'that the surface layer of a molding
prepared by molding them peels off to cause a fuzzing due to
the strong orientation thereof. Thus they have not
hitherto been successfully subjected to a surface processing
such as vacuum deposition, ion plating or sputtering.

Although it might be thought possible to roughen the surface
of a liquid-crystal polyester by pretteathent with a
chemical used for treating ordinary resins, the surface of
the molding thus prepared is chemically quite inert and has
no affinity with any solvent. Thus it is impossible to
roughen the surface by removing the oriented surface

layer. Ancther method of surface roughening comprises

" adding an inorganic filler for weakening the strong
orientation of the liquid-crystal polyester resin or an
additive which can be easily leached and treating the
surface with a strong acid'or alkali solution. However,
when a conductive circuit is formed on the etched surface
by. for example, wet plating according to electroless
plating, a fragile oxide film is formed between the metallic
coating and the material by water incorporated in the wet
step and impurities contained in the solution used for the
treatment, thereby reducing the adhesion of the metallic
coating to the material. Thus, a higher surface roughness
is necessary to obtain a higher adhesion. In this case, a
resist ink for forming a circuit pattern is attached to only
part of the surface because of the unevenness of the surface
of the base plate enticely coated with the metal, and in the
pattern-sticking meﬁhod with a dry film, the adhesion of the
film to the molding is poor. Since the thickness of the
metallic coating formed on a highly rough surface is uneven,
.the formation of 3 precision fine-line circu;tfby‘the
Subtractive method is difficult. . B '



ﬁeeLed of f. The product has a uniform dense surface sffructure, — —the
adhesion of the metallic coating to the 17 surface i o MEFRAPEMERT SHEET

O6bt ai ned wi t hout the etching treatnent. The probl em of gg&ﬁgﬁsﬁgﬁamﬁhgh

tenperature which is caused by a difference in the thernj
coefficient between the resin and the netal is solved,

When a metallic coating is directly formed on a base plate
improved in only orientation by vacuum deposition,
sputtering or ion plating, the adhesion of the coating is
poor, though a smooth surface can be obtained. Thus this
process is impractical. Particularly when an ordinary
thermoplastic resin is subjected to vacuum deposition,
sputtering or ion plating, a gasfis generated in too large
an amount from the raw material jn vacuo to allow a metallic
- coating having excellent properties to adhere to the resin
(¥ firmly. Although the liquid-crystal polyester is
substantially free from the problem of gas formation, no
metallic coating can be Eirmly adhered thereto for the
above-described reasons. Even when a precision fine-line
circuit is to be formed by the subtractive method on a board
prepared by adding an inorganic filler readily soluble in an.
aci? gg alkali to the resin, etching the resulting resin
with %e acid or alkali.and subjecting the etched resin. to an
ordinary electroless piated to form a metallic coating on
the entire surface, the minimum possible line width is
0.30mm and the minimum possible space width is 0.30mm in a
circuit produced by the conventional process. In addition,
when the surface roughness is improved in order to increase
the fineness of the lines, the adhesion of the coating film
thereto is reduced impracticably.

The terms "line width"” and "space width" as used herein
refer to the width of each line of the circuit and the space
between the lines adjacent to each other, respectively.

Liquid-crystal polyesters have features such as a low
coefficient of linear expansion comparable to the
coefficient of thermal linear expansion of an ordinary metal
and a thermal resistance which causes no trouble even when
it is dipped in a soldering bath at 260°C for 10 sec.



,though the inhibition of the peeling has heen d'ff'C“'%%ﬁ”ﬁ?t@ﬂMgﬁﬁbnaEY ]

‘thernopl astic resin is used. Dipping in a sol dering 1 I e Bﬁgﬁ
sec) is al so possible. Thus the process of the prese | v&hﬂkﬁﬂﬁ _______
“fapplied to the fields related to printed circuit noldi g%i_;;géﬁﬂﬁﬂﬁaFﬁ..
following non-limting Exanples will further |IIustraté“'
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Although investigations have been made for the purpose of
developing a process for coating the sucrface of a molding
with a metal in order to improve the above-described surface
properties and to produce parts joined to a metal with an
adhesive or molding plated with a metal, taking advantage . of
these properties of the liquid-crystal polyester, nof[“v

sat1sfactory process has hitherto been found.
Insert new paragraph {see  annexure. atfached ‘hereto - page 4a1

The presernt invention arose from: 1nvest1gat10ns into
producing a molding suitable for forming a precision
fine-line circuit by the subtractive method for forming a
(" metallic coating closely adherent to the surface without
- impairing the physical and chemical properties of the
liquid-crystal polyester and also without forming any easily
peelable surface layer, taking advantage of the advantageous
thermal properties of the liquid-crystal polyester. The
inventors have found that a firmly adherent metallic coating
can be formed on the surface of a2 molding made of qﬁ1quu1cmwta1

'J@%£§§§§€¥§ﬁntomprlslng a liquid-crystal polyester and an

inorganic filler added thereto when the molding is etched,

dried by dehydration and surface-treated by sputtering, ion '
plating or vacuum deposition. By’-%%gi-'s proces W
precision fine-line circuit than that produced by a
conventional process can be obtained according to the
subtractive method. The present invention has been

completed on the basis. of this finding.

. ctharacterised in that a molding
rystal polyester resin




the present invention. rhe liquid crystal pol yesters A t e

Exanpl es conprised the following structural units: - ! %’ﬂ%’ﬁeﬁﬂﬁ?

refer to the nolar ratio). 19 l 2 1 MAR 1838
4a

P

Our earlier patent application JP-A-6254073 relates to a surface-metalised molded
resin article which is produced by injection molding, extrusion or compression
molding of a liquid crystal polymer with a content of an éasily etchable material such
" | as kaolin so as to form a molding of desired shape, etching the surface of the molding
with a solution contfaining one or more acids, alcohol, alkalis and water and then

applying the metal coating to the molding by sputtering, ion plating or vacuum

deposition.
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Exanples | to 12 and Conparative Exanples 1, to 7
pol yester resins Ato F which will be described bel eaded togel her
with a filler listed i.n Tables 1 and 2 in terns of {|%hy.9et ggg8ed |on
t he whol e conposition by nmelt blending with an extr ngﬁﬁpﬂﬁa
The peIIets were dried at 1400C for 3 hours and nolded into flat plates
having a size of 50mm x 70mm x 3mm Wth a nol ding machi ne having a nold of
a controlled tenperature. The flat pl&es (base plates) thus formed were
subj ected to :

eﬁé’ﬁ\.&cﬂﬂué‘hﬁﬁﬂdﬁﬂ yst al

- e eing—i Lot ; iom.
. fsee ‘annexuré attached hereté - page 5a)
The subtractive method for forming a circuit herein
. comprises coating or laminating the entire surface of a
molding with a conductive material such as a metal, coating

those parts of the surface which are necessary for forming a
conductor patterﬂ based on the circuit design with an
acidproof material serving as an etching resist, dissolving
in an etching solution in which the metal is soluble the
metal in the conductor pattern-free parts'which are not
coated with any etching resist and removing the etching
resist by dissolving it in a chemical to expose the
conductor pattern, thus forming a circuit.

The inorganic filler used in the present invention is
preferably one or more inorganic fillers selected from the
group consisting of the Group II elements of the periodic
table and their oxides, sulphates, phosphates, silicates and
carbonates or the group consisting of aluminium, silicon,
tin, lead, antimony and bismuth and elements and the
oxides. Particularly preferred inorganic fillers are one
or more inorganic fillers selected from the group consisting
{ of oxides, sulphates, phosphates and silicates of the Group
| II elements of the periodic table.

"The oxides of the Group II elements of the periodic table
jnclude magnesium oxide, calcium oxide, barium oxide and
zinc oxide. The phosphates include magnesxum phosphate,

calcium phosphate, barium phosphate and calcium
pynophosphate. The sulphates include magnesium silicate,
calcium silicate, alumimium silicate, kaolin, talc, clay,
diatomaceous earth and wollastonite.



an etch| ng pretreatnent as described bel ow and then to the surface netal
coating treatnent by the follow ng nethods: 1) Vacuum

above plate was placed in a reduced pressure chamber of 3‘%‘3&?&%&%@&
apparatus (EX 500; manufactured by ULVAC Corporation) g)% MER"
evacuated to 533 [err] (4 x 106 Torr). 5Bhe surface terrp 5%’(5 of‘ ‘the™*

nol ding was adjusted to a predeterm ne¢~—value with a halogen lanp for
heati ng the nol ding placed in the chanber. Metal li c copper was

S

Thus the present invention provides a process for producing a m_e_t_a__l_;_c_:oqted
molding capable of forming a precision fine-line circuit by the subtractive: ﬁlethod,
which process comprises (A) providing a base moulding formed from a liquid crystal
composition comprising a liquid-crystal polyester and 5 to 80% by weight, based on
the whole (liquid crystal polyester) resin composition of an inorganic filler, (B)
etching at least a portion of the base molding and then (C) forming a metallic coating
on the etched surface of the base molding by sputtering, ion plating or vacuum
deposition, characterized in that the metallic coating is formed under conditions of
elevated temperature and reduced pressure so as to reduce the hardness of the surface
of the base molding and to eliminate gas generated from the base molding, wherein
the reduced pressure for the formation of the metallic layer is in the range of 13.3 uPa
to 133 mPa (10 to 107 Torr).




-evaporated with el ectron beans to forma thin nmetallic =
(thickness: 3 to 5[err]) on the surface of each plate. EMENT
conpl etion of the deposition, the fornmed board was cool and

Sputtering: the nolding was placed in a reduced pressurmCFﬁang;?ﬁgﬁzggw
sputtering apparatus (8ES: manufactured by Tokuda Sei sakuj o TTd)~ Ater
evacuation to 400 [err] (3 x [err] Torr), argon gas was introduced
thereinto and the equilibriumpressure was adjusted to 667 nPa (5 x 10 3
Torr). After the plate tenparture wasg

EET

These inocganic £illecs ace particularly preferced in the
surface tceatment (etching) of the molding with an acid orc
alkali prioc to the surface treatment with the mecal. : X
Among them, the phosphates are preferrced. In addition, one
or more substances selected from the group consisting of
aluminium, silicon, tin, lead antimony and bismuth and their
oxides ace also preferred. Particularly, amphotecric metals
such as zinc, aluminium, tin and lead and their oxides are

preferred.

The amount of the inorganic filler is S to 80% by weight,
preferably 20 to 70% by weight, based on the whole
liquid-crystal polyester resin composition. If it is less
than 5% by weight, nonuniform flow marks are formed on the
surface of the molding and a thin £ilm formed on Ehe surface
is easily peeled off the molding when an adhesive tape is
applied to the surface and then stripped. In addition,
uniform etching of the su;face is impossible. I€, on the
other hand, it exceeds 80% by weight, the fluidity of the
resin is reduced and the obtained molding has poor surface
conditions and reduced mechanical strength.

L The inorganic filler is preferably in the form of a fine
powder. Its average particle diameter is 0.01 to 100um,
preferably 0.1 to 30um and most preferably 0.5 to iOum.
when the average particle diameter is less than 0.0lum,
lumps tend to be formed on the surface of the molding due to
an insufficient dispersion and, on the contracy, when it
exceeds 100um, the molding has such a poor surface
smoothness that the formation of fine lines for a precision .
ciccuit by the subtractive method becomes extremely '
difficult and no good appearance can be obtained.



v —

20 adjusted to a predeterm ned value with a halogen | a
rotated at 10 rpm and the nol ding set on the plate was §uH BNJ SHEET
sputtering with a netallic copper target 100mm distant firomt L di t
forma thin netallic copper coating. 3) lon plating: a Hé&@%é@fﬂggégﬁ@ga'
chanmber of an arc ’

Fibrous Lnocganic substances ace alse conveniancly used as
rhe inocganic fillec. They can be used eithec siagly oc in
combination with the above-described finely pulvacized
inocganic Ciller.

The fibrous inorganic fillers include fibers of glass,
milled glass., carcbon, asbestos, silica, silicasalumina,
alumina, zirconia, boron nitride, silicon nitride, bocon,
potassium titanate and metals such as stainless steel,
aluminium, titanium, copper and brass. They are used in an

~

amount ranging from™F to 60% by weight, preferably 5 to 40%
by weight, based oan the total composition for the

molding. Prefecably they'have a diameter of 1 to 30um
and a length of Sum to lmm, parcticularly 10 to 100um.

The preferred fibrous inorganic fillers are glass fiber,

"milled glass fiber and potassium titanate fiber. Glass
fiber is pacticularly preferced. It has been unexpectedly
found that when the glass fiber is used in combination with
‘the above-described inorganic filler, the surface of the
molding becomes more uniform and the adhesion of a metallic
coating for forming a conductive circuit to the molding is
further imp:oved. Milled glass fiber which is ranked
between the glass fibers and the finely pulverized glass
from the view point of the balance between the surface
roughness and the mechanical properties of the matecial is
particulacly preferred.

It is anot preferred from the viewpoints of the moldability
~and physical propecties that the total amount of the finely
pulverized inocrganic f£iller and the fibrous inocganic
substance exceeds 85% by weight based on the composition Enc

focming a molding.



e e st

adlscharge type ion plating apparatus (Al F-850 SB; .manuf ufed=gy—snrnka—
"Seiki Co Ltd) was evacuated to 400 [err] (3 x [err] Tor{f REPLAGEMENT SHEET
tenperature of the nolding on the plate set in the chanper was

‘a predeternined value and a thin netallic copper coatin Dtes'- f%m% o]
by ion plating. . The ionization current was | OOMA and the vacuum
deposition rate was O 5[err]/mn. The etching was conducted by the

foll owi ng nethods: ) Plasma etching: a reduced pressure chanber of a plasm
8

fn rkhe etching of the molding, an acid, alcohol, alkali or
watec Or 3 homogeneous mixturs of two ot more of them 13
used. Among them, an aqueous solution of mainly an alkal:i |
metal hydroxide or pbtassium hydroxide is preferred. In 2
prefecced embodiment, the etching is conducted with a 40 ta
50 wt.% agqueous hydroxide solution at 40 ko 60°C for 5 to 30
minuteas. In a particularly preferred embodiment, the
etching is conducted with an about 45 wt.3% agueous potassium
hydroxide solution at 60°C for about 10 min. After the
completion of the etching, the molding is immersed in a
dilute hydrochloric acid or dilute sulphuric acid solution
to neutcralize the alkali solution remaining on the sucface
theceof and to remove the filler from the sucface,
thoroughly washed with water and dehydrated and dried with
hot air at not less than 100°C or with a reduced pressure ot

vacuum dryec.

Instead of the wet etching, an etching conducted undec
reduced pressure or in vacuyo from the initial stage, such as
plasma etching, sputter etching or ion etching is also

convenient.

L In these methods, the molding is physically etched by
energitic particles in a reduced pressure chambecr. These
methods are classified as described above according to the
manner of the treatment.

The term "plasma etching” hecein refers to the following
method of tceatment: a plasma treatment chamber of a plasma
treatment appacratus i3 evacuated to about 1.33mPa (1l x

LO'S Tocec), a vecy small amount of a gas is intcroduced
theceinto (flow rate: SO0 SCCM) and the gas atoms ace excited
by, for example, a high-frequency (radioc wave: 13.56MHZ)
electcode to form a plasma. The maolded base plate is



-treatment apparatus (PV-10 S; manufactured by Santo Int rﬁ%% T [”§ﬁ
evacuated to 133 [err] (1 x 10 6 Torr). Oxygen gas wa 4T

thereinto (flowrate: 50 SCCM to form an oxygen pl asmaijt %reld? ﬂERa
hi gh-frequency el ectrode apparatus (13.56 MHz) and the $urface of -t K8

pl ate was physically roughened with the plasna. The treatnent conditions
conprised 170 Wx 10 mn (the reduced pressure in an oxygen atnosphere: 8
Pa or 6 x 10 2 Torr). The tenperature of the base plate .was 35[err]C,

axposed to the plasma atmosphece to attack the sucrface
rheceof wirh the plasma ta roughen it physically. ia the
sputtec etching methad, a very small amount af an inect gas
iz intcnduced into a reduced pressuce chambec of a sputtac
etching device., a high-frequency curcent or a high-volrags
dicect cucrent 1s applied thereto to cause dischacge, a
cation of the inect gas thus formed i3 attcacted to and
impinged agaianst the cathode, and the base plate is etched
by the impact caused by'the impingement.' In the ica
etching method, the same prdcedure as described above is
repeated in an ion plating apparatus.

The tecm ~treatment of the surface to form a metallic
coating~ as used herein means a dry metal coating process to
be conducted under reduced pressure or iag _vacuq. In
particularc, it means a process wherein a metallic coating is
dicrectly formed on a resin moldiag by anvy of sputtering, icn
piatinq anéd vacuum deposition.

The molding is preferably produced by a molding means
selected from among injection mclding, extrusion molding and
compression molding.

The liquid-crystal polyester used in the present invention
is characterized in that the amount of a gas generated from
it in a reduced pressucre chamber is smaller than that
genecrated from other materials. Although a thin metallic
coating ficmly adhecrent to the resin sucface can be preparced
mecely by sputtering, ion plating or vacuum adhesion, the
gas thus generated €rom the resin molding can be eliminated
by heating and the hacrdness of the surface is creduced at the
alevated temperature to furthec improve the adhesion of the
metal atoms to the resin sucface. The sucface treatment
with the metal is desieably conducted under a reduced



.21 2) Sputter etching: a reduced pressure chanber of a |-

‘apparatus (8 ES; nmnufactured by Tokuda Sei sakuj o Ltd) BERVACEMENT SHBET
~about 133 [err] (10 6 Torr). Argon gas was introduced therekpto at a rat
‘controlled so that the reduced pressure was 133 nPa (1 j{'pzﬂer.]....ioﬂ IQgA
negati ve voltage was applied to a

10

prassucre of 13.3 pPa rto 133 mPa (1.0_3 to L0-7 Torcz).

ocr, iLf the treatment method 30 permits, more desicably L13.3

pPa tao 1.33 mPa (107> e 10”7 Tace).

Although the minimum possible line width and minimum
possible space width of the conventicnal circuit wers both
0.30 mm as described above, both of them can be reduced to
0.25 mm or below by the process of the present invention foc
the’surface treatment with the metal. Further according to
the process of the present invention, the circuit has a high
adhesion and a precision fine-line ciccuit can be produced:
by the subtractive method.

used in the process
The lxquzd-crvs;al polyesterﬁg? the present invention is a

melt-processable polyester. Its molecular chains are _
regularly arranged in parallel in 2 molten state. Such an
arranged state of the molecules is called a liquid crystal
or .2 nematic phase of a liquid-crystal substance. These
polymer molecules are usually slender and flat and have a
considecably high rigidity along the major axes of the
molecules. The polymer usually has chain-extending
linkages which are coaxial or in parallel.

¢ The properties of the anisotropic molten phase can be
conficrmed by an ordinary polarimetric method using crossed
nicols. In particular, the anisotropic molten phase can be
confirmed by observing a molten sample thereof placed on a
Leitz hot stage of a Leitz polarizing microscope at x40
magnification in a nitcogen atmosphere. The polymer of the
p:esené invention transmits polacized light even in a molten
static state when it is inspected between crossed nicals,
i.e., it is optically anisotropic.




.hol der of the nolding to conduct discharge, The nol dilinge
AP ck? Shce]

plate was 30C. 3) ron etch: an ion plafjng apparatus
conducting the ion plating, a reduced pressure chanber

——

e ———

was etched with the plasma cation for 10 min. The t et

a
e

.....................

evacuated to about 133 [err] (10 6 Torr). Argon gas was introduced intp t he
reduced pregsre fiiderysta lApfiHLryQ@r:ﬁLE\j?@ibI/@ Laee {d. 8n&\pce@sngppl i ed
bet ween the base plate to which the nolding was fixed .
invention are substantially insoluble 1n an ordinary solvent
and, therefore, unsuitable for the solution processing.
However, these polymers can be easily worked by an ordinacy
melt processing method as described above.
Preferred polymers capable of forming an anisotropic molten
phase used in the present invention are not only aromatic
polyesters and aromatic polyesteramides but also polyesters
partially comprising an aromatic polyester and an aromatic

polyesteramide in the same molecular chain.

Particularly preferred are liquid-crystal aromatic
polyesters and liquid-crystal aromatic polyesteramides
comprising as a constituent at least one compount selected
from the group consisting of aromatic hydroxy carboxylic

" acids. aromatic hydroxy amines and aromatic diamines.

In pacticular, the polymers used in the present invention

include:

1) polyesters mainly comprising one or more compounds
selected from the group consisting of aromatic hydroxy
carboxylic acids and derivatives thereof,

2) polyesters mainly comprising:

a) one or more compounds selected from the group
consisting of aromatic hydroxy carboxylic acids and
derivatives thereof, i

b) one ot more compounds selected from the gtoup
consisting of aromatic dicarboxylic acids,
alicyclic dicarboxylic acids and derivatives
theceof, and

c) one ocr moce compounds selected from the group
consisting of aromatic diols, alicyelic diols,

aliphatic diols and derivatives thereof:;



-and an opposing el ectrode so that the plate side woul d_bhe negative.tg
conduct the ion etching by an ion bonbardnent with arg'héﬁﬁicéﬂﬁﬁTSHEETJ
treatnent was conducted for 10 mi nutes under conditiong conpgisi.ng a deglee
of vacuum of the argon gas atnosphere of 133 nPa (1 x Qﬁﬁé;“"m“.éﬁ _____________
plati tenperature of 200[err]C and a current val ue of 3

mA

T
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3) polyesteramides mainly comprising:

a) one or more compounds selected from the group
consisting of aromatic hydrozy carboxylic acids and
derivatives thereof,

b) one or more compounds selected from the group
consisting of aromatic hydroxy amines, aromatic
diamines and derivatives thereof, and

P c) one or more compounds selected from the group
" consisting of aromatic dicarboxylic acids,
alicyclic dicarboxyiic acids and derivatives
thereof, and .

4) polyesteramides mainly comprising:

a) one or more compounds selected from the group
consisting of aromatic hydroxy carboxylic acids and
derivatives thereof,

b) one or more compounds selected from the group
consisting of aromatic hydroxy amines, aromatic
diamines and derivatives thereof,

c) one or more compounds selected from the group

t consisting of aromatic dicarboxylic acids,
alicyclic dicarboxylic acids and derivatives
thereof, and

4) one or more compounds selected from the grodp
consisting of aromatic diols, alicyclic diols,
aliphatic diols and derivatives thereof .



22 4) Alkali etching: the nolding was degreased and the spyrfaes—6i=tHe —
mol di ng was etched with an alkali bath and washed with wa REPLAGEMERISSHERT,
iTmersed in a dilute hydrochloric acid solution to neutralli ze ﬁeggkn'n
al kali, washed with water and dried gty 150[err]C for 1 ho rDmdggre ﬂ@ggm'

509/1 of Ace O ean A-220, 55[err]C, 5 mn washing wth water

Preferred examples of the compounds constituting the
liquid-crystal polyesters of the present invention include
naphthalene compounds such ase 2.6-naphthalene-dicarboxylic
acid, 2,6-dihydroxynaphthalene, 1-4~-dihydroxynaphthalene and
6-hydroxy-2-naphthoic acid; biphenyl compounds such as

4,4 '-dihydroxybiphenyl: compounds represented by the
following general formulae (I), (II) or (III):

HO *<Z:>-X-<:3>-UH (1)
C HO @—H - /\@—uu (1)

HOOC —@—-r —@-cnuu (@)

wherein X represents an alkylene group having 1 to 4
carbon atomsf an alkylidene group, =0-, -SO-, -502-,
-S~, or -CO-, and

Y represents -(CHz)n- in which n is 1 to 4 or
-O(CHZ)nO- in which g is 1 to ¢;

p-substituted benzene compounds such as p-hydroxybenzoic

('. acid, terephthalic acid, hydroquinone, p-aminophenol and
p-phenylenediamine each having a nucleus which may be
substituted with a chlorine, bromine, methyl, phenyl or
i-phenylethyl group; and m-substituted benzene compounds
such as isophthalic acid and resorcinol.

Che liquid-crystal polyester used in the present invention
1ay comprise, in addition to the above-described
ronstituents, a poly;lkylene terephthalate which does not
‘orm any anisotropic molten phase in the same molecular
‘hain. The alkyl group of the polyalkylene terephthalate
1as 2 to 4 carbon atoms.



‘et chi ng 650 to 800g/1 of potaSS|un1hydrOX|de 60[err] C, 50
to 30 mn mashlng with warmwater neutralization 50T+

hydrochl oric acid, roomtenperature, 2 mn | washing tREﬂkﬁQﬁMEﬁﬂﬁﬁEFT
hot air, 150[err]C, 1 hour. | mredi ately after the surface t ?tmt th
the netal, the |} Date
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Among the above-described constituents, one or more
compounds selected from the group consisting of the
naphthalene compounds, biphenyl compounds and p-substiktuted
benzene compounds are preferably used as the indispensable
constituents. Among the p-substituted benzene compounds,
particularly preferred are p-hydroxybenzoic acid,
methylhydroquinone and l-phenylethylhydroquinone.

Examples of the compounds haQing estér forming functional
groups as the constituent and polyesters capable of forming

(v: an anisotropic molten phase preferably used in the present
N invention are described in Japanese Patent Publication No
3663371988.

The liquid-crystal polyesters preferably used in the present
invention have usually a weight-average molecular weight of
about 2,000 to 200,000, preferably about 10,000 to S0,000
and particularly preferably about 20,000 to 25,000. The
preferred aromatic polyesteramides have a molecular weight
of usually about 5,000 to 50,000, preferably about 10,000 to
30,000, for example, 15,000 to 17,000. The molecular
weight can be determined by gel permeation chromatography or
another standard method wherein no polymer solution is
formed, such as infrared spectrophotometry wherein the
terminal group of a compression-molded film is determined.
In another method of determining the molecular weight, the
nolecular weight is determined by dissolving the sample in
pentaflucrophenal by the light scattering method.

'"40 1 wt.% solution prepared by dissolving the aromatic
polyestet of polyesteram1de in pentafluorophenol at 60°C has
visually an inhereat viscosity (I.V.) of at least about
2.0dl/g, for example, about 2.0 to 10.0dl/g.



mol ded plate was el ectroplated with copper to form a netgk-c=ceating
having a thickness of 30 to 40[err], since the peeling Si FRERYROEMENTISHEET
pl ate per se could not be determ ned. It was cut into{gtrips,having a
width of SMmwith a knife and the peeling strength of theDstrif..

measured with a spring scale. The peeling rate was 50 .

Aaad.d.no

.1998..

results are shown in Tables | and 2 15

—

In the present invention, the above-described inorganic
fillers (finely pulverized inorganic filler and fibrous
inorganic substance) can be used in combination with various
inorganic substances in order to improve the properties of
the produce. These inorganic substances are preferably
used to form a molding having excellent mechanical
properties, thermal resistance and dimensional stability
(resistance. to deformation and warping). The inorganic
substances used may be powdery, granular or platy depending |
on the purpose. '

The powdery or granular inorganic substances include carbon
black, graphite, silica, quartz powder, glass bead, glass
balloon, glass powded, metal oxides such as iron oxides,
ferrite, silicon carbide, silicon nitride and boron nitride.

The platy inorganic substances include mica, glass flake and
various metal foils.

These .inorganic substances to be used in combination with
inorganic filler are used either alone or in combination of
two or more of them.

From the viewpoints of the moldability and physical
properties it is preferred that the total amount of the
inorganic filler and the inorganic substance does not exceed
85% by weight based on the total weight of the composition
to be molded. It is desirable to use the inorganic filler
and the inorganic substance in combination with a binder or
sucrface treatment, if desired.

;iﬁqtngyytpermqplastic resin can be incorporated into-the

e L in th . ,
;composLtig%¥%+ﬂéﬁ§J§¥§§%%t invention so far as the object of
A b}

the invention is not hindered,within the scope—ofthe

—3Fasent—inventi-on.



ﬁelt-proce abl e polyester (liquid-crystal polyester) capable of Rén1 ? a
ani sotropi c nolten phase and an nM

e en-cieie plph e

a liquid rystal polyester resin conposition c MmﬂpiﬁmngﬁTSHEET

Daie
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The thermoplastic cresins usable herein are not parcticulacly
limited. They inélude polyalefins such as polyethylene and
polyprapvlene, pclyacetals (homopolymers and copalymers), .
polkstytene, polyvinyl chlocride, polyacrylic esters and
copolymers of them, polyamides, polycarbonates, ABS,
polyphenylene oxides, polyphenylene sulphides and
fluorocesins. The thermaoplastic ‘resins can be used either
alone oc in the form of a mixture of two or more of them.’

The resin composition may further contain known additives
usually added to thermoplastic and thermosetting resins such
as plasticizers, stabilizers (such as antioxidaats or
ultraviolet absocrbers), antistatic agents, surface treatment
agents, sucfactants, flame retardants, colorants (such as
dyes or pigments), lubricants for improving the fluidity and
releasability and crystallization promoters (nucleating
ageﬁté) depending on the required properties.

The molding produced by the process of the preseant invention
is, for example, a board for use in forming a pin grid acray
(PGA), a board having a pin inserted thereinto ocr a molded
boacrd foc use in forming a printed wiring board. The shape
thereof is not éarticularly limited and can coaveniently be
a plate, cube, film or sheet.

As described above, according to the process of the present
invention for the surface treatment of a liquid-crystal
palyestec resin molding with a2 metal, wherein the etching
pretreatment is conducted, a precision fine-line ciccuit
(having a line width of 0.23 mm or below and a space width
of 0.25 mm ocr below) can be produced by the subtractive
method. The sucface layec of the product is not easily
peeled off. The product has a unifocm, dense surface
stcucture. * The adhesion of the metallic coating to the



nmetallic oating on the surface thereof by sputtering, ionTﬁfaFFﬂgﬂﬁﬁT*’“'”m
deposition. 2. A process for producing a nolding akéb%&#ﬁ MEFTIHEER

1, wherein an aci an al cohol, an alkali or water or a hgonbgene ' e
of o or nore of themis used in the etching treatnent. {38.Date ?OTMBMS
for producin a nolding according to claim1, wherein the—etching TS5 plasna_

etching, sputter etching or ion etching.
17

inorganic filler added thereto is etched and then treated to forma

. . . Dipping in a
about 10 sec) is alsg i

_ : pPossible. Thus
tée process of the Present invention can be applied to th
fields related to printed circuit moldings h )

P
'



4. A process for producing a mol ng according to any of claims 1 to

- 3, wherein the inorganic filler is one or nore finely pol¥érizet———_

“inorganic fillers s lected fromeither the group con5|stlkﬁgﬁﬁﬂﬁﬁMEﬂ?sngEf
| ements of the periodic table and their oxi des, sul phateg,

silicates and carbonates or the group consisting of alu d%ﬁﬁ?ﬁpqﬁhgﬂbaaun

| ead, antinony and bisnuth el ements and their oxides, ana )

t her eo}x3mP Ee$ o 80% by wei ght based on the whol e conposition. 5. A
process for producing a nolding according to

fhe following non-limiting Examples will further illustrate
<he present invention.

fhe liquid crystal polyesters A to F used in the Examples
comprised the following structural units:

co-
A:-O—@-CO-/ -u-@@ =70/30

N Co-
(/B :-ucu-/ -o@(@— @-co /
0<0)r0- =50/20/10/10

-G—O-CU % ow / —uc~@—co-
50,2020 -
_Ocu-/ —u—@—:— / -uc-@—cu-

S =70/15/15

E :-n«@co-/ NOC R, -nc—@-cu-

=70/26/4

F :-0<O)-0-/ -0 {0y—0)-0- -0t <0yt /
@—cu-=s'5/1 5/15/5

(The numerals refer to the molar ratio).



tlaim4, wherein the finely pulverized |norgan|c fi'll erffhas=an
particle diameter ranging fromO0.01 to [00[err]. ;ﬂ ﬁEPiACEMEﬂIﬁ*ﬁEHS
f.or producing a netal -coated noul di ng capable of form

fine-line circuit by the subtractive method, which pro b@@eggﬁgbﬁﬂeﬂgaA)
providing a base molding formed froma I|qU|d crystal po

conposition conprising a |iquid-cr¥3tal polyester and 5 to 80% by wei ght,
based on the whol e ,;and.4. ' :

Examples 1 to 12 and Comparative Examples £&Eo 7

One of the liquid-crystal polyester resins A to F which will
%%@<desc:ibed below was kneaded together with a filler listed
in Tables 1 and 2 in terms of % by weight based on the whole
composition by melt blending with an extruder to form
pellets. The pellets were dried at 140°C for 3 hours and
molded into flat plates having a size of S0Omm x 70mm x 3mm
with a molding machine having a mold of a controlled
temperature.

The flat plates (base plates) thus formed were subjected to
an etching pretreatment as described below and then to the
surface metal coating treatment by the following methods:

1) ygggum_ggggsigign - the above plate was placed in a
reduced pressure chamber of a vacuum deposition
apparatus (EX 500, manufactured by ULVAC Corporation)
and the chamber was evacuated to 533 pPa (4 x 1078
Torr) ..~

-Thé sufface temperature of the molding was adjusted to a
predetermined value with a halogen lamp for heating the
molding placed in the chamber. Metallic copper was
evaporated with electron beams to form a thin metallic
copper coating (thickness: 3 to 5um) on the surface of
each plate. After the completion of the deposition,
the formed board was cooled and taken out.

Sputtering: the molding was placed in a reduced pressure
chamber of a sputtering apparatus (8ES: manufactured by
Tokuda Seisakujo Ltd). After evacuation to 400 pPa (3
-8
x 10
the equilibrium pressure was adjusted to 667 mPa (5 x
-3
10

Tocc), argon gas was introduced thereinto and

Torr) . After the plate temparture was



(l'iquid-crystal polyester) resin conposition, of an inorgamtcafiddstatt)—
etching at |east a portion of the base nolding and then | BErLATEMERT SHEET
metallic coating on the etched surface of the base nDIdlng bzzSiw%terlng,
ion plating or vacuum deposition, characterized in that k bete

coating is formed under conditions of elevated tenperat ZrFe=ard=recdoeed
pressure so as to reduce the hardness of the surface of the base nol di ng
and to elimnate gas generated fromthe base nol ding, wherein the reduced
pressure for the formation of the netallic layer is in the range of 13.3
[err] to 133nPa [err] to [err] Torr% " A process for producing a

nol ding according to claim1l, where % the etching is plasma etching,
sputter etching or ion etching. -

adjusted to a predetermined value with a halogen lamp,
the plate was rotated at 10 crpm and the molding set on
the plate was subjected to sputtering with a metallic

copper target 100mm distant from the molding to form a
thin metallic copper coating.

1) Ign plating: a reduced pressure chamber of an arc
discharge type ion plating apparatus (AIF-850 SB;

oy

manufactured by Shinko Seiki Co Ltd) was evacuated to
400 pPa (3 x 1078 Torr). The temperature of the
molding on the plate set in the chamber was adjusted to
a predetermined value and a thin metallic copper coating
was formed theron by ion plating. The ionization
current was l0O0mA and the vacuum deposition rate was

0.S5um/min.
‘he etching was conducted by the following methods:

) Plasma etching: a reduced pressure chamber of a plasma

treatment apparatus (PV-10 S; manufactured by Samco
International Inc) was evacuated to 133 pPa (1 x 10”6
Torr). Oxygen gas was introduced thereinto (flow rate:
50 SCCM) to form an oxygen plasma therein with a
high-frequency electrode apparatus (13.56 MHz) and the

surface of the flat plate was physically roughened with

—

the plasma. The treatment conditions comprised 170 W x
10 min (the reduced pressure in an oxygen atmosphere: 8
Pa ot 6 x 10°% Tocr). The temperature of the base

plate was 35°C.



3. A process for producing a nolding according to eithgrpeeceding.....__
., claim wherein the inorganic filler is a finely pulverizeﬁiﬂﬂﬂﬂEﬂHﬂEhTsHEET

substance with an average particle dianeter ranging from@.01 tQ 100 pm

26 either 6. 4. A process for producing a nol di ng accor di [hdateo. .Hﬂﬂm
of clains 1 , Wherein the inorganic filler is a fibFrees i
2L
'2) Spukbter ebching: a reduced pressure chamber of a

sputtering treatment apparatus (8 ES; manufactured by
Tokuda Seisakujo Ltd) was evacuated to about 133 uPa
(10"6 Torr). Argon gas was introduced thereinto at a
cate controlled so that the reduced pressure was 133 mPa
(1 x 10-3 Torr). A negative voltage was applied to a
holder of the molding to conduct qischarge.' The
molding on the base plate was etched with the plasma
cation for 10 min. The temperature of the base plate
was 30°C.

3) Ion etching: an ion plating apparatus was used. Beforce
conducting the ion plating, a reduced pressure chamber
thereof was evacuated to about 133 pPa (1078 Torr).
Argon gas was introduced into the reduced pressure
chamber. A direct current voltage (1.3 kV) was applied
between the base plate to which the molding was fixed
and an opposing electrode so that the plate side would
be negative to conduct the ion etching by an ion

bombardment with argon gas.

This treatment was conducted for 10 minutes under conditions
comprising a degree of vacuum of the argon gas atmosphere of
133 mPa (L x 107> Torr), a base plate temperature of 200°C
and a current value of 0.3 mA.



subst ance having a dianeter ranging from!| to 30[err] pet-a-l.ength=ranging
fromb5[err] to l[err], and the anopunt thereof is 5 to |bG#rRCEMEYHTSHEET(

on the whol e conposition. . process for producing d} nol di j ngjlt o
claim1l1, wherein the inorganic filler is a conbination ﬁbﬁﬂéQ?Oﬁgggbgam

finely pulverized inorganic fillers selected from eit heFhFc=—Fo

consistin roup Il elenments of periodic table and their oxides,
sul phat es hates, silicates &hd carbonates or the group consi st
f alumnium silicon

4) Alkali etching: the molding was degreased and the

surface of the molding was etched with an alkali bath and
washed with watecr. [t was then immersed in a dilute
hydrochloric acid solution to neutralize a remaining alkali, .
washed with water and dried at 150°C for 1l hour.

degreasing | " 509/l of Ace Clean A-220,
55°C, S min
washing with
- water
L ¢
etching 650 to 800g/1l of potassium

hydroxide, 60°C, 50 to 30 min

washing with
warm water

~
" neutralization SOml/l of 36% hydrochlocic
acid, room temperature, 2 min
washing with
water
-~
drying hot air, 150°C, 1 hour.

Immediately after the surface treatment with the metal, the
molded plate was electroplated with copper to form a
metallic coating having a thickness of 30 to 40um, since
the peeling strength of the plate per se could not be

determined. It was cut into strips having a width of Smm
with a knife and the peeling strength of the strip was
measured with a spring scale. The peeling rate was SO

mm/min. The results are shown in Tables 1 and 2
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A process for producing a molding capable of

melt-processable polyester (liquid-crystal polyester)
capable of fiyrming an anisotropic molten phase and an
inorganic filler added thereto is etched and then treated to

oo

form a metallic soating on the surface thereof by

sputtering, ion pl{ting or wvacuum deposition.
2. A process fof producing a molding according to
claim 1, wherein an aci an alcohol, an alkali or water or
a homogeneous mixture of o or more of them is used in the
etching treatment.
3. A prOceSs for producing 2 molding according to
claim 1, wherein the etching is pYlasma etching, sputter
etching or ion etching.
‘:> q. A process for producing a molding according to any
of claims 1 to 3, wherein the inorganic fjller is one or
more finely pulverized inorganic fillers s@lected from
either the group consisting of the Group II lements of the
periodic table and their oxides, sulphates, physphates,
silicates and carbonates or the group consisting\of .
aluminium silicon, tin, lead, antimony and bismuth\elements
and their oxides, and the amount thereof is S5 to 80%\ by

weight based on the whole composition.

5. A process for producing a molding according to
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CLAIMS

1. A process for producing a metal-coated moulding capable of forming a
precision fine-line circuit by the subtractive method, which process comprises (A)
providing a base molding formed from a liquid crystal polyester resin composition
comprising a liquid;crystal polyester and 5 to 80% by weight, based on the whole
(liquid-crystal polyester) resin composition, of an inorganic filler, (B) etching at least
a portion of the base molding and then (C) forming a metallic coating on the etched
surface of the base molding by sputtering, ion plating or vacuum deposition,
characterized in that the metallic coating is formed under conditions of elevated
temperature and reduced pressure so as to reduce the hardness of the surface of the
base molding and to eliminate gas generated from the base molding, wherein the
reduced pressure for the formation of the metallic layer is in the range of 13.3 pPa to
133mPa (10° to 107 Torr).

2. A process for producing a molding according to claim 1, wherein the etching

is plasma etching, sputter etching or ion etching.

3. A process for producing a molding according to either preceding claim,
wherein the inorganic filler is a finely pulverized inorganic substance with an average

particle diameter ranging from 0.01 to 100 pm.
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either
6~ 4.A process. €or producing a molding accordzng toﬁg&y o34
claims 1 6 whereln the inocganic filler is a fibrous
subs
P §Eﬁsé§£%% hav1ng a diameter ranging from 1 to

30um and-a length ranging from Spm to lpm, and the
amount thereof 1s‘§rto 60% by weight based on the whole

composition.

ized inorganic fillers selected from either the
Group II elements of periodic table and
sphates, silicates and

finely pul
group consisting
their oxides, sulphates,
carbonates or the group consist
tin, lead, antimony and bismuth elemen
with a fibrous inorganic substance, and the t
them is 85% by weight or below based on the whole

<compesition

of aluminium, silicon,
nd their oxides
amount of

-8-._5;_1\ process for producing a molding according to claim €4
-or—%, wherein the fibrous inorganic substance is glass

fiber, milled glass fiber or potassium titanite fiber.

6. ¥6. A process for producing a molding according to any
-—'preceding-claim, wherein the molding is one for use in
forming a pin grid array -¢BGA), is a board having a pin
inserted thereinto or is a molded board for printed wiring.

J. ¥+ A process for producing a molding according to any
preceding claim, wherein the molding is in the form of
plate, cube, film or sheet.
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A molding capable of forming a precision fine-~line circuit
by the subtractive method is produced from a liquid-crystal
polyester resin composition comprising a melt-processable
polyester (liquid-crystal polyester) capable of forming an
anisotropic molten phase and an inorganic filler added
thereto, the molded composition is etched and a metallic
coating is then formed on the etched surface by sputtering,
ion plating or vacuum deposition.




