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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid-crystal polymer film and a manufacturing method thereof.

BACKGROUND OF THE INVENTION

[0002] In the recent use of electronic material, demands are continually increasing for heat resistance and surface
accuracy in insulating films. When an insulating film is used as a substrate material, and particularly when a metal is
sputtered, itbecomes possible to form athinner pattern as surface accuracy increases forthe film functioning as a base.
[0003] According to JP (Kokai) 4-49026, a liquid-crystal polymer (LCP) film with high surface accuracy can be ob-
tained by the coextrusion of an LCP and a non-LCP. A liquid-crystal polymer film with high surface accuracy can be
obtained by using as a lamination film a polyether sulfone (PES) film according to JP (Kokai) 7-323506, and a thermo-
plastic polyimide (TPI) film according to JP (Kokai) 7-251438.

[0004] However, all these reports concern liquid-crystal polymers with boiling points of 285°C.

[0005] JP (Kokai) 9-131789 depicts an embodiment in which a liquid-crystal polymer with a melting point of 330°C
is drawn using a PES film as a lamination film, and then the lamination film is peeled off to yield a liquid-crystal polymer.
[0006] In an LCP with a melting point of 335°C or greater, the temperature at which drawing is actually possible is
at or greater than the melting point, and drawing at this temperature is impossible with PES, TPI, and the like because
of their insufficient strength as lamination films.

[0007] Furthermore, JP (Kokai) 9-131789 and 10-34742 have embodiments of manufacturing an LCP film with a
melting point of 335°C or greater, but the surface roughness Rz value of the film is at best 0.5 um, and its surface
accuracy is insufficient.

[0008] Thus, none of the reports so far have cited a manufacturing example of a liquid-crystal polymer film with a
melting point of 335°C or greater and a surface roughness Ra of 0.1 um or less both in the machine direction and in
the transverse direction.

[0009] An object of the present invention is to provide a liquid-crystal polymer film (and a manufacturing method
thereof) with a melting point of 335°C or greater and high surface accuracy, and specifically with a surface roughness
Ra of 0.1 um or less both in the machine direction and in the transverse direction.

[0010] The inventors completed the present invention as a result of intense research aimed at resolving the above-
mentioned problems.

[0011] Specifically, the presentinvention provides a liquid-crystal polymer film with a melting point of 335°C or greater
and a surface roughness Ra of 0.1 um or less both in the machine direction and in the transverse direction, which is
obtained by a process in which a laminate of a fluororesin porous film and a resin film made from a liquid-crystal polymer
or a polymer alloy containing a liquid-crystal polymer is drawn, and the fluororesin porous film is peeled off.

[0012] The present invention also provides a method for manufacturing a liquid-crystal polymer film with a melting
point of 335°C or greater and a surface roughness Ra of 0.1 um or less both in the machine direction and in the
transverse direction, characterized in that a laminate of a fluororesin porous film and a resin film made from a liquid-
crystal polymer or a polymer alloy containing a liquid-crystal polymer is drawn, and the fluororesin porous film is peeled
off.

[0013] The liquid-crystal polymer used in the present invention is preferably a thermotropic liquid-crystal polymer
with a melting point of 335°C or greater, and various types known in conventional practice can be used. A preferable
melting point is 335-400°C. Such liquid-crystal polymers include, for example, aromatic polyesters that display liquid
crystallinity when melted and are synthesized from monomers such as aromatic diols, aromatic carboxylic acids, and
hydroxycarboxylic acids. Typical examples thereof include type 1 polymers comprising p-hydroxybenzoic acid (PHB),
terephthalic acid, and biphenyls (formula 1 below); type 2 polymers comprising PHB and 2,6-hydroxynaphthoic acid
(formula 2 below); and type 3 polymers comprising PHB, terephthalic acid, and ethylene glycol (formula 3 below).

Chemical Formula 1

+4o-O-Qroc O cito-O<1- (1)
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Chemical Formula 2

(ool {91 =

Chemical Formula 3
ocmcumc—@-c o‘@c-)— '
i | /m | /o (3)
s} ») 0

[0014] Inthepresentinvention, itis acceptable to use a polymer alloy containing a liquid-crystal polymer as a polymer
alloy component instead of using a liquid-crystal polymer alone. In this case, polymers that can be mixed or chemically
bonded with the liquid-crystal polymer include, but are not limited to, polyether ether ketone, polyether sulfone, poly-
imide, polyetherimide, polyamide, polyamide-imide, polyarylate, and the like. The mixture ratio of the macromolecules
and liquid-crystal polymer is preferably (by weight) 10:90-80:10, and more preferably 30:70-70:30. The polymer alloy
containing a liquid-crystal polymer also has excellent properties due to the liquid-crystal polymer.

[0015] Inthe presentinvention, the resin composed of a liquid-crystal polymer or a polymer alloy with a liquid-crystal
polymer as the alloy component may also contain additives such as compatibility accelerators, plasticizers, or flame
retardants, or fillers such as inorganic powder or fiber, which are added in accordance with the intended purpose.
[0016] In the present invention, the liquid-crystal polymer or the polymer alloy containing a liquid-crystal polymer
(these will also be referred to hereinbelow simply as "liquid-crystal polymer") used as a raw film is formed into a film.
Film forming in this case can be done by extrusion, roll calendering, or the like. This raw liquid-crystal polymer resin
film has a thickness of 5-1000 um, and preferably 10-500 um.

[0017] The fluororesin porous film used as a lamination film in the present invention preferably has a specific gravity
of 1.3 or greater, and more preferably 1.5 or greater, the upper limit of which is commonly about 2.0. The porosity
thereof is preferably 40% or less, and more preferably 30% or less, the lower limit of which is commonly about 5%.
The elongation at break in the direction of draw is preferably 400% or greater, and more preferably 600% or greater.
The upper limit thereof is commonly about 900%.

[0018] The fluororesin porous film preferably has an average pore size of 0.05-5.0 um, and more preferably of 0.2-1.0
um. The thickness thereof is preferably 5-300 um, and more preferably 20-150 um.

[0019] In addition to polytetrafluoroethylene, examples of possible fluororesins in the fluororesin porous film include
tetrafluoroethylene/hexafluoropropylene copolymers, polyvinyl fluoride, polyvinylidene fluoride, polytrifluorochloroeth-
ylene, and the like. In the present invention, an drawn porous polytetrafluoroethylene film is preferred on the basis of
heat resistance and chemical resistance.

[0020] If the specific gravity of the fluororesin porous film used in the present invention is too small, the surface
roughness Ra of the resulting liquid-crystal polymerfilm increases (the surface becomes rough). The surface roughness
Ra of the resulting liquid-crystal polymer film also increases (the surface becomes rough) when elongation at break in
the direction of draw is too low.

[0021] The method for manufacturing a liquid-crystal polymer of the present invention comprises steps of forming a
laminate film, drawing, cooling, and peeling. Each of these steps is described below in detail.

[0022] This step entails forming a laminate film by the thermocompression bonding of a fluororesin porous film on
both sides of a liquid-crystal polymer film. The preferred temperature for obtaining the laminate film differs depending
on the melting point of the liquid-crystal polymer film employed, but it is essentially a temperature which softens at
least the surface of the liquid-crystal polymer film, or else the area in contact with the fluororesin porous film or the
entire film, while the fluororesin porous film maintains sufficient strength.

[0023] When the laminate film is manufactured in this manner, a pair of thermocompression bonding rolls or a hot-
press device is used as the thermocompression bonding device. When thermocompression bonding rolls are used,
the liquid-crystal polymer film and the two fluororesin porous films laminated to both surfaces thereof are fed to a gap
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(clearance) between the pair of thermocompression bonding rolls and are thermocompression-bonded in the gap be-
tween the thermocompression bonding rolls. The liquid-crystal polymerfilm used herein can be a solid sheet, a softened
film extruded from the T-die of an extiruder, or the like. Conversely, when a hot-press device is used, a fluororesin
porous film is laid on the bottom plate of the hot-press device, a liquid-crystal polymer film is laid thereon, a flucroresin
porous film is placed on top, the resulting assembly is thermocompression-bonded by applying downward pressure
with a top plate for a specific period of time, and the product is cooled. In this case, the bottom plate and/or top plate
is heated, and at least the surface portion of the liquid-crystal polymer film is softened. The laminate obtained by the
laminate film forming step is sent on to the subsequent drawing step either directly or after being cooled.

BRIEF DESCRIPTION OF THE DRAWING

[0024]

Fig. 1 is a diagram of one example of the method for manufacturing a laminate film.
[Key to Symbols]
[0025]

1: thermocompression bonding rolls

2: guiding rolls

A: liquid-crystal polymer film

B-1, B-2: fluororesin porous films

DETAILED DESCRIPTION

[0026] Fig. 1 is a diagram illustrating an example of the method for manufacturing the laminate film.

[0027] In Fig. 1, 1 indicates thermocompression bonding rolls. 2 indicates guiding rolls, A indicates a liquid-crystal
polymer film, and B-1 and B-2 indicate fluororesin porous films.

[0028] During manufacture of a laminate film according to Fig. 1, the liquid-crystal polymer film A and the two fluor-
oresin porous films B-1 and B-2 are fed to a gap (clearance) between the pair of thermocompression bonding rolls 1,
1 and are thermocompression-bonded in the gap between the thermocompression bonding rolls. In this case, the
fluororesin porous films B-1 and B-2 are supplied to both sides of the liquid-crystal polymer film A. The liquid-crystal
polymer film A can be a solid sheet, a softened film extruded from the T-die of an extruder, or the like. The laminate
obtained by the laminate film forming step is sent on to the subsequent drawing step either directly or after being cooled.
[0029] During this step, the laminate film obtained by the laminate film formation step is drawn uniaxially or biaxially,
that is, only in the direction perpendicular to the orientation direction of the liquid-crystal polymer film (transverse di-
rection) or both in the same direction as the orientation of the liquid-crystal polymer film (machine direction) and in the
direction perpendicular thereto (transverse direction), under temperature conditions in which the fluororesin porous
film softens but the liquid-crystal polymer film melts or softens while remaining substantially unmelted. The drawing
may either be sequential or continuous. In this case, the draw ratio in the machine direction is 1-10, and preferably
1-5, and the draw ratio in the transverse direction is 1.5-20, and preferably 3-15. The draw ratio in the transverse
direction should be established as 1.0-5.0 times the draw ratio in the machine direction, and preferably 1.5-3.0 times.
The drawing speed is 1-200% per second, and preferably 5-50% per second. The drawing device may be a conven-
tionally known device.

[0030] This step entails cooling the laminate film obtained during the drawing step, and cooling and solidifying the
molten liquid-crystal polymerfilm, and can be implemented using a pair of cooling rolls. The step may also be performed
by natural cooling.

[0031] This step entails peeling off the fluororesin porous films thermocompression-bonded to both sides of the
laminate film obtained by the cooling step. The fluororesin porous films are weakly bonded to, and can be easily peeled
off from, the liquid-crystal polymer film due to adequate lamination and thermocompression bonding conditions, allowing
the porous films to be easily peeled off by being pulled up from the liquid-crystal polymer film.

[0032] The liquid-crystal polymer film thus obtained is a drawn liquid-crystal polymer film with a surface roughness
Raof 0.1 um orless, and preferably 0.07 um orless, both in the machine direction (the same direction as the orientation
of the liquid-crystal polymer film) and in the transverse direction (the direction perpendicular to the orientation direction
of the liquid-crystal polymer film).

[0033] The thickness of the liquid-crystal polymer film of the present invention is 10-300 um, and preferably 25-125
um.
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Example 1

[0034] Next, the present invention will be described in detail through a practical example.

[0035] A liquid-crystal polymer (LCP) was melted in a short-screw extruder (screw diameter: 50 mm), the melt was
extruded into a film shape from a T-die at the tip of the extruder (lip length: 300 cm, lip clearance: 2.5 mm, die temper-
ature: 350°C), and the film was cooled to yield a raw LCP film with a thickness of 250 um.

[0036] Next, each side of this raw LCP film was laminated with the lamination films (thickness: 100 um) shown in
Table 1, the films were thermocompression-bonded with the aid of a pair of rolls (temperature: 330°C, roll peripheral
speed: 2 m/min), and the bonded films were then cooled by being passed between a pair of cooling rolls (temperature:
150°C, roll peripheral speed: 2 m/min).

[0037] Next, the laminated film was drawn with the aid of a biaxial drawing device at a drawing temperature of 350°C,
a draw ratio of 1.3 in the machine direction and 3.9 in the transverse direction, and a drawing speed of 20% per second.
Finally, the lamination films were peeled off from both sides of the liquid-crystal polymer film, yielding a liquid-crystal
polymer film product with a thickness of 50 um.

[0038] The surface roughness Ra (um) of the LCP film obtained as previously described is shown in Table 1 in relation
to the lamination films employed.

[0039] The surface roughness and other such physical properties shown in Table 1 were measured as follows.
[0040] A surface roughness measuring device SY600 made by Mitutoyo Corp. was used to measure the surface
roughness Ra (um) (refer to JIS B0601) of the liquid-crystal polymer film both in the machine direction and in the
transverse direction.

[0041] A liquid-crystal polymer sample of 10 mg was weighed, and a differential scanning calorimeter made by TA
Instruments was used to measure an endothermic thermograph by raising the temperature at a rate of 40°C per minute
from 50°C to 370°C and maintaining it for 5 minutes, then lowering the temperature at a rate of 20°C per minute to
25°C, and then once again raising the temperature at a rate of 20°C per minute to 370°C. The melting point was
calculated from the temperature at which an endothermic peak was observed during the second temperature increase.
[0042] The elongation at break shown in Table 1 refers to elongation at break in the direction of draw. This was
measured according to JIS K7161.

[0043] The specific gravity was measured by cutting out a specific area of the film, measuring its thickness, and
calculating its volume V. The weight W of the cut-out film was then measured.

[0044] Specific gravity G was calculated as weight W (g)/volume V (cm3).

[0045] The porosity P (%) of ePTFE was calculated as [(2.2 - Specific gravity G)/2.2] X 100 (%) because the true
specific gravity of PTFE was assumed to be 2.2.

Table 1
Experiment No. | LCP Lamination film LCP film
Type Specific gravity | Porosity (%) | Elongation at break (%) Ra(um)
MD TD
1 A ePTFE 1.90 13 850 0.042 | 0.039
2 A ePTFE 1.50 32 680 0.059 | 0.051
3 B ePTFE 1.50 32 680 0.043 | 0.041
4* A EPTFE 0.50 77 100 0.167 | 0.121
5* A EPTFE 0.76 65 140 0.163 | 0.08
6* A Skived 211 4 300
7* A TPI 1.45 0 50
* shows comparative examples

[0046] The symbols shown in Table 1 are as follows.

(1) LCP: A

Sumitomo Chemical Co., Ltd.; Sumika Super E6000 (melting point: 355°C)

(2) LCP: B

Polyplastics Co., Ltd.; Vectra E950 (melting point: 345°C)

(3) ePTFE

Drawn porous polytetraflucroethylene

5
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(4) Skived

PTFE skived film

(5) TPI

Heat reversible polyimide film

[0047] As can be seen from the results shown in Table 1, the LCP film of the present invention has low surface
roughness and high surface accuracy.

[0048] The lamination films in Experiments No. 6 and 7 ruptured during drawing.

[0049] The presentinvention provides an improvement in surface accuracy in a resin film composed of a high-melting
liquid-crystal polymer or alloy with a melting point of 335°C or greater. This film can be used to advantage in a wide
range of fields.

Claims

1. Aliquid-crystal polymer film with a melting point of 335°C or greater and a surface roughness Ra of 0.1 um or less
both in the machine direction and in the transverse direction, which is obtained by a process in which a laminate
of a fluororesin porous film and a resin film made from a liquid-crystal polymer or a polymer alloy containing a
liquid-crystal polymer is drawn, and the fluororesin porous film is peeled off.

2. The liquid-crystal polymer film according to claim 1, wherein the fluororesin porous film has a specific gravity of
1.3 or greater and an elongation at break in the direction of draw of 400% or greater.

3. A method for manufacturing a liquid-crystal polymer film with a melting point of 335°C or greater and a surface
roughness Ra of 0.1 um or less both in the machine direction and in the transverse direction, characterized in
that a laminate of a fluororesin porous film and a resin film made from a liquid-crystal polymer or a polymer alloy
containing a liquid-crystal polymer is drawn, and the fluororesin porous film is peeled off.

4. The method for manufacturing a liquid-crystal polymer film according to claim 3, wherein the fluororesin porous
film has a specific gravity of 1.3 or greater and an elongation at break in the direction of draw of 400% or greater.

EX1047 /IPR2025-00383 & 00384 /Page 6 of 11
Murata Manufacturing Co., Ltd v. Georgia Tech Research Corporation



EP 1375 112 A2

Figure 1
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APPENDIX 2
PATENT ASSTCNMENT AGREEMENT

WHEREALS, Japan Gore-Tex Inc. a Japanese corporation having its
offices at 1-42-~6 Akatsutsund, Setagaya-ku, Tokyo, Japan (JGI) owng
by assignrient all right, title and interest in the patents and patent
applications listed on Schedule 2-attached and all inventions claims
therein; and

Primatec Inc¢. a Japanese corporation having its offices at 4~10-1
Yoga, Setagaya-ku, Tokyo, Japan (PMT) degires to own JGI' g entive right,
title and interest in and to the invention in all countries throughout
the world and in all the patents and patent applications listed on
Bohedule 2.

NOW, THEREFORE, for good and valuable consideration, receipt
of which ig acknowledged, JGI sells, assigns and transfers to PMT,
JGI’ g entirve vight, title and interest in and to the patents and patent
applications listed on Schedule 2, the inventions claimed therein and
all patents that maybe granted thereon and all rights to claimpriority
on the basis of such applications.

Additionally, JGI grants to PMI all right, title and interest
toany applications or pa ténts in foreign countries that claimpriority
from the patents and patent applications listed -on Schedule 2. JGT
authorizes and requests any official in any cou@trijhose duty it is
to lssue pateuts on applicationg described above, to issue all Letters
Patent for these iInventions to PNT in accordance with the terms of
this assignment; JGI has full rights to convey the interests assigned
by this Asgigmment. JGI will take all-actionand execute all documents
to perfect the interests assigned, provided, that such costs and
expenses of such assignment shall be borne by PMT.

Subscribed for and on behalf of,

JEI 1 Japan Gore-Tex Inc. PMT :  Primatec Inc.
Ty /2

By: i 2 R g bl By : ' - %,
Toru Sasamoto Tadaghi Inoue
Representative Director Representative Director

Marceh 29, 2011
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