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ABSTRACT

To provide a method of making a film of organic material
excellent in moisture barrier property and/or oxygen barrier
property and also to provide an electronic device excellent
in long term stability, in which the film obtained by such film
making method is utilized to form a protective film for
protecting an electronic device, and particularly an organic
electronic device, to avoid deterioration of the performance,
which would otherwise be brought about by moisture and
oxygen in the atmosphere. The film is formed by depositing
and solidifying, on a substrate, an evaporant formed by
irradiating a liquid crystal polymer capable of exhibiting an
optical anisotropy with pulsed laser.
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PROCESS FOR PRODUCING FILM OF LIQUID
CRYSTAL POLYMER
FIELD OF THE INVENTION
[0001] The present invention relates to a film prepared
from an evaporant formed by irradiating a liquid crystal
polymer (LCP) exhibiting an optically anisotropy with a
pulsed laser and also to an electronic device utilizing such
film as a protective film. More specifically, the present
invention relates to an organic electronic device such as, for
example, an organic electroluminescence element (hereinafter referred to as an organic EL element), an organic field
effect transistor element (hereinafter referred to as an
organic FET element) and an photoelectric conversion element.
[0002] The electronic device of the present invention has
excellent water and vapor barrier properties, an excellent
oxygen barrier property, an excellent electric property, an
excellent thermostability, an excellent chemical resistance
and an excellent electrical characteristic all derived from the
liquid crystal polymer (LCP) without adversely affecting
merits such as, for example, los cost producibility and a
light, thin, short and small feature.
BACKGROUND ART
[0003] In recent years, as a result of the advance of
research and development conducted to improve the performance, demands for the electronic devices such as, for
example, EL elements, FET elements and photoelectric
conversion elements all made of an inorganic material
and/or an organic material are increasing. See, for example,
non-patent document No. 1 entitled "Macromolecular Rapid
Communication", vol. 25, pp 196-203 (2004). However, of
those electronic devices, the electronic devices utilizing the
organic material are susceptible to reduction in performance
as a result of quick reaction with moisture and/or oxygen
contained in the atmosphere, it has been pointed out that the
electronic devices of such kind should be provided with a
protective film to avoid deterioration thereof. See, for
example, the Japanese Laid-open Patent Publication No.
7-169567.
[0004] For the protective film, inorganic materials such as,
for example, SiO, SiON, SiN, AIO, A1N, Al 203 and DLC
(Diamond Like Carbon) have hitherto been employed and,
on the other hand, application of organic materials such as,
for example, epoxy resin, polyimide resin and polymethyl
methacrylate is currently examined. By way of example, the
FET element, in which a semiconductor is made of an
inorganic material is manufactured by sandwiching the
inorganic material with electrodes, followed by sealing the
assembly with an epoxy resin. The epoxy resin used therein
must contain a substantial amount of filler for the purpose of
suppressing penetration and/or residual in the epoxy resin of
moisture and/or oxygen contained in the atmosphere and
accordingly, it is difficult to make the FET element lightweight, thin, short and small. Also, the semiconductor made
of an inorganic material has such a low producibility that
requirement to reduce the cost of manufacture thereof is
correspondingly limited.
[0005] On the other hand, the FET element, in which a
semiconductor is made of an organic material can be manufactured at a low cost if the semiconductor is made of the
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organic material, but since the organic material is more
susceptible to deterioration in the presence of moisture
and/or oxygen contained in the atmosphere than the currently utilized inorganic material, development of an excellent protective film for protecting the element is desired for.
[0006] As a material for protecting the semiconductor of
the organic FET element to block off the moisture and/or
oxygen contained in the atmosphere, the organic materials
referred to previously can be employed, but would not give
rises to such merits of reduction in weight and cost as
brought about by the use of the organic material. On the
other hand, in order to use the organic material for the
protective layer, a chemical reaction with the semiconductor
and deposition of impurities have to be avoided and, hence,
the organic material diluted with a solvent cannot be coated.
Also, even if a suitable organic material for the protective
film is discovered, the organic material is susceptible to
damage. For example, since the organic semiconductor layer
is necessarily deteriorated when the sputtering technique is
used, an alternative method of forming the protective film
uniformly without impairing the organic semiconductor and,
at the same time, capable of maintaining the performance
thereof is required.
[0007] Also, the foregoing situation discussed in connection with the organic FET element can be found even in the
case of the organic EL element and the photoelectric conversion element referred to above, so far as the use of the
organic material as the protective film is concerned.
DISCLOSURE OF THE INVENTION
[0008] In view of the foregoing, the present invention is
intended to provide a method of making a film of organic
material excellent in moisture barrier property and/or oxygen barrier property and also to provide an electronic device
excellent in long term stability, in which the film obtained by
such film making method is utilized to form a protective film
for protecting an electronic device, and particularly an
organic electronic device, to avoid deterioration of the
performance, which would otherwise be brought about by
moisture and oxygen in the atmosphere.
[0009] The present invention is based on the result of a
series of studies conducted by the inventors of the present
invention to accomplish the foregoing object. Specifically,
the inventors of the present invention have found that the
film of the present invention, which has an excellent moisture barrier property and/or an oxygen barrier property could
be formed when an evaporant formed by irradiating a liquid
crystal polymer exhibiting an optically anisotropy with
pulsed laser is deposited and solidified on a substrate.
[0010] Accordingly, the present invention is featured by
including projecting pulsed laser to a target comprised of a
liquid crystal polymer exhibiting an optically anisotropy
(which polymer is hereinafter referred to as LCP) to evaporate the latter, and depositing and solidifying the resultant
evaporant on a surface of a substrate of an electronic device,
which is disposed in face-to-face relation with the target.
BRIEF DESCRIPTION OF THE DRAWINGS
[0011] In any event, the present invention will become
more clearly understood from the following description of
preferred embodiments thereof, when taken in conjunction
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with the accompanying drawings. However, the embodiments and the drawings are given only for the purpose of
illustration and explanation, and are not to be taken as
limiting the scope of the present invention in any way
whatsoever, which scope is to be determined by the
appended claims. In the accompanying drawings, like reference numerals are used to denote like parts throughout the
several views, and:
[0012] FIG. 1 is a schematic diagram showing a sectional
representation of an organic FET element manufactured by
a film making method according to the present invention;

TABLE 1-continued
Chemical formulas of the representative examples
of aromatic or aliphatic dihydroxy compounds
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[0013] FIG. 2 is a schematic diagram showing a sectional
representation of the conventional organic EL element;
[0014] FIG. 3 is a schematic diagram showing a sectional
representation of the organic EL element manufactured by
the film making method according to the present invention;

HO

a Y

(Y: -O---, —CHz , —S— or like groups)

[0015] FIG. 4 is a schematic diagram showing a sectional
representation of the EL element manufactured by the film
making method according to the present invention; and
[0016] FIG. 5 is a schematic diagram showing a sectional
representation of a sample used to measure the insulation
characteristic of a protective film formed by the film making
method according to the present invention.
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[0017] Properties of the LCP employed in the practice of
the present invention are not specifically limited, but either
a lyotropic LCP capable of exhibiting an optically anisot-

HO(CH2)nOH
(n: an integer from 2 to 12)

ropy in the presence of a solvent or a thermotropic LCP

[0019] (2) Aromatic or aliphatic dicarboxylic acids, representative examples of which are shown in Table 2 below.

nylene-bis-benzothiazole. On the other hand, examples of
the thermotropic LCP include known thermotropic liquid
crystal polyester and thermotropic liquid crystal polyester
amide that can be derived from any compound classified
under (1) to (4) below and their derivatives. It is, however,
to be noted that in order to obtain a polymer capable of
exhibiting an optically anisotropic molten phase, suitable
combination of repeating unit is required.

^ ox

HO

BEST MODE FOR CARRYING OUT THE
INVENTION

capable of exhibiting an optically anisotropy in melted
condition may be employed. However, from the standpoint
of the LCP that can be molded to a shape suitable as a target,
the use of the thermotropic LCP is preferred. Examples of
the lyotropic LCP include aromatic polyamide and polyphe-

OH

TABLE 2
Chemical formulas of the representative examples
of aromatic or aliphatic dicarboxylic acids
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[0018] (1) Aromatic or aliphatic dihydroxy compounds,
representative examples of which are shown in Table 1
below.
HOOC

COON

I

TABLE 1
Chemical formulas of the representative examples
of aromatic or aliphatic dihydroxy compounds
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X
X: hydrogen atom or halogen atom, or
group such as lower alkyl group or

phenyl group
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TABLE 2- continued

TABLE 4-continued
Chemical formulas of representative examples
aromatic diamines, aromatic hydroxyamines or
aromatic aminocarboxylic acids

Chemical formulas of the representative examples
of aromatic or aliphatic dicarboxylic acids
HOOC

H2N \ / COOH
\ / COON

HOOC(CH2)nCOOH
(n: an integer from 2 to 12)

[0022] Representative examples of the thermotropic LCP
prepared from any of those starting material compounds
include copolymers having such structural units as indicated
in Table 5 below.

TABLE 5

[0020] (3) Aromatic hydroxycarboxylic acids, representative examples of which are shown in Table 3 below.

Examples of Thermoplastic Liquid Crystal Polymers

TABLE 3
—froC

Co-i-tOCHZCHZO oC

Chemical formulas of the representative examples
of aromatic or aliphatic dicarboxylic acids

copolymer

HOOC \ / COOH

X
X: hydrogen atom or halogen atom, or group
such as lower alkyl group or phenyl group

/

I

\ COOH
O

\

/

copolymer
HOOC \ /

HO \ / \ / COON

HO

OC

CO

[0021] (4) Aromatic diamines, aromatic hydroxyamines or
aromatic aminocarboxylic acids, representative examples of
which are shown in Table 4 below.

TABLE 4
Chemical formulas of representative examples
aromatic diamines, aromatic hydroxyamines or
aromatic aminocarboxylic acids

H2N

a

NH2

H2N \ / OH

copolymer

a

coi_
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TABLE 5-continued

sphere of 10 -i Torr or smaller. If the degree of vacuum
departs from this range, the evaporant will not deposit and
solidify.

Examples of Thermoplastic Liquid Crystal Polymers

oNH

copolymer

[0027] The wavelength of the pulsed laser that can be
employed in the practice of the present invention is preferably within the range of 200 to 1,200 nm. If it depart from
this range, not only is the speed of deposition of the
evaporant low, but also the eventually formed film will lack
a sufficient gas barrier property and an electric insulation
performance. For the wavelength at which the LCP can be
efficiently evaporated, 354-355 nm, 532 nm and 1064 nm in
the case of the YAG laser, 248 nm in the case of the KrF
laser, or 193 nm in the case of the ArF laser can be
enumerated.
[0028] The pulsed laser that can be employed in the
practice of the present invention is preferably of a type
capable of generating energies within the range of 0.1 to 3.0
7/cm2 . If the laser energy departs from this range, cabonization will be so accelerated that no film can be effectively
formed and, if not impossible, the resultant film will lack a
sufficient gas barrier property and a sufficient electric insulation performance. More preferably, the energy generated
by the pulse laser is within the range of 0.1 to 2.0 7/cm 2
.

copolymer
(Y: —0---, —CH z , —S— or like group

[0023] Also, the thermotropic LCP that can be employed
in the practice of the present invention is preferably of a kind
having a melting point within the range of about 200 to
about 400° C. and more preferably within the range of about
250 to about 350° C. as this melting point facilitates formation of a film of thermotropic LCP on the substrate.
[0024] In order for it to be used as a target in an equipment
having a high productivity, since the thermotropic LCP
facilitates replacement of the target and allows continuous
supply of the target, the thermotropic LCP is preferably in
the form of a film and more preferably in the form of an
elongated film.
[0025] The film of thermotropic LCP that can be used as
a target in the practice of the present invention can be
obtained by means of an extrusion molding of the thermotropic LCP. Although any arbitrarily chosen extrusion molding method is employed for this purpose, the T-die film
forming and stretching method, the laminate stretching
method, the inflation method and others all well known to
those skilled in the art can also be employed. Particularly
with the laminate stretching method and the inflation
method, stresses can be applied not only in a direction of the
mechanical axis (hereinafter referred to as MD direction) of
the film, but also in a direction (hereinafter referred to as the
TD direction) perpendicular to the MD direction and, therefore, the laminate stretching method and the inflation
method can be suitably employed to eventually manufacture
the film having balanced mechanical and thermal properties
in both of the MD and TD directions.
[0026] The method of making the film of LCP according
to the present invention is preferably carried out using a
pulsed laser irradiating apparatus capable of generating a
specific wavelength and energies under the vacuum atmo-

[0029] For the substrate on which the evaporant formed as
a result of irradiation with the pulsed laser is deposited and
solidified, any substrate can be employed. By way of
example, any material of various shape such as, for example,
sheet, film, plate, tube, fiber, cloth or product of heteromorphic shape can be used as a substrate. Of them, the use of a
material having a flat shape such as, for example, sheet-like,
film-like or plate-like material is preferred because a uniform film can easily be formed. Also, material forming the
substrate is not also specifically limited to a particular one
and any of polymers such as, for example, polyamide imide,
polyether imide, polyimide, LCP, polyether ketone, polyether ether ketone and polyphenylene ether; metals such as,
for example, gold, silver, copper, aluminum and nickel;
paper, glass, ceramics, inorganic semiconductor and organic
semiconductor as will be described later can be conveniently
employed.
[0030] When the evaporant formed by irradiation with the
pulsed laser is deposited and solidified on the surface of the
substrate, the substrate may have its surface held at any
suitable temperature. Although the temperature of the surface of the substrate may be equal to room temperatures, it
is preferably set at a temperature as low as possible.
[0031] With the film making method of the present invention, the film made of LCP can be formed on the substrate
of a kind discussed above, thereby forming a laminate
including the substrate and the LCP film. The laminate so
obtained can be used in any of suitable applications, but the
use of the laminate in such applications where the such
excellent properties of the LCP as gas barrier property
and/or electric insulation performance can be efficiently
utilized, for example, electronic devices such as, for
example, organic FET element, organic EL element and
photoelectric conversion element.
[0032] The film thickness of the film formed by the film
making method of the present invention is not always
limited to a particular value, but from the standpoint of the
gas barrier property and the electric insulation performance,
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the film thickness is preferably not smaller than 30 nm. In
particular, the film having such a film thickness can exhibit
an excellent performance as a protective layer for the
electronic device. Where the electronic device is either the
EL element or the photoelectric conversion element and the
film formed by the film making method of the present
invention is desired to be formed on a light emitting surface
of the EL element or the light receiving surface of the
photoelectric conversion element, the film thickness has to
be determined in consideration with the light transmittance
as well.
[0033] With the film making method of the present invention, the extremely thin film having a film thickness of, for
example, smaller than 1 µm can be easily formed. Such an
extremely thin film of LCP has hitherto been difficult to
make with the conventionally known methods.
[0034] As an example of the electronic device, an organic
FET element is shown in FIG. 1 in a sectional representation. This FET element can be made by, with the use of a
laser molecular beam epitaxy apparatus, depositing a gate
electrode 3, a gate dielectrics 5, an organic semiconductor 6,
a drain electrode 7 and a source electrode 8 on a substrate 2
such as, for example, a sapphire substrate, the resultant
assembly of which is then covered with a protective film 1
of LCP formed by the method of the present invention.
[0035] Examples of material for the gate electrode 3 of the
organic FET element, which can be employed in the practice
of the present invention, includes metals such as, for
example, aluminum and gold, and a doped silicon. Those
material should be necessarily chosen in consideration of the
work function of the semiconductor used and the method of
operating the FET element.
[0036] Material for the gate dielectric layer 5 of the
organic FET element, which can be employed in the practice
of the present invention, includes, for example, oxide,
nitride, sulfide or organic material, such as aluminum oxide,
hafnium oxide, silicon nitride and dielectric polymer, and is
feasible if the use of it can minimize a leak current and can
exhibit a high withstand electric field and a high dielectric
constant as the electric field can easily be applied. However,
the particular material should be selected in consideration of
the intended output and, therefore, it may not be always
limited to the particular ones enumerated above.
[0037] Material that can be used as the organic semiconductor 6 of the organic FET element includes an organic
material that can exhibit a field effect. In particular, an acene
type 7t conjugated organic material such as, for example,
pentacene, tetracene or rubrene, phthalocyanine and
fullerene (C60) are feasible because of the mobility, but the
particular material should be selected in consideration of the
intended output and, therefore, it may not be always limited
to the particular ones enumerated above.
[0038] Material that can be used as the drain electrode 7
and the source electrode 8 both used in of the organic FET
element includes, for example, gold, silver, aluminum, magnesium, an alloy of magnesium and silver and is feasible if
it have a high electroconductivity and exhibits a good
consistency of the work function with the organic material.
However, the particular material should be selected in
consideration with the intended output and, therefore, it may
not be always limited to the particular ones enumerated
above.
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[0039] As another example of the electronic device, the
organic EL element is shown in FIG. 2 in a sectional
representation. What is shown in this figure is the conventional organic EL element, in which the transparent substrate
such as a glass plate is deposited with an anode made of ITO
(Indium Tin Oxide), a hole transport layer, a light emitting
layer, an electron transport layer if required, and a cathode
in this specified order. The hole transport layer, the light
emitting layer and the electron transport layer are prepared
from an organic material of a low molecular and/or high
molecular and are formed by a process, in which the
molecules sublimated under vacuum are deposited or a
method in which the material is dissolved in a solvent and
is then coated.
[0040] In this example, where a flexible polymer film such
as, for example, PET film is used as a transparent substrate
of the organic EL element, the resultant organic EL element
can have light-weight, portable, storable and inexpensive
features as compared with that utilizing the glass substrate.
However, the highly transparent flexible polymer film is
generally considered having a low moisture permeability
and a low gas barrier property, the characteristic of the
organic EL element is open to deterioration in the presence
of moisture and oxygen contained in the atmosphere. Attention is called to the non-patent document No. 1 previously
referred to for the details of the structure of the organic EL
element.
[0041] An example of the structure of the organic EL
element, in which a film made of LCP in accordance with the
film making method of the present invention is utilized as a
protective layer, is shown in FIGS. 3 and 4 in a sectional
representation. The protective film overlaid on the light
emitting surface of the organic EL element must have a
practically sufficient light transmittance and, in order for the
LCP to be used for that purpose, the protective film must
also have a film thickness as small as possible. While any
known conventional film making method has been difficult
to manufacture such a thin LCP film, the film making
method of the present invention makes it possible to provide
an extremely thin PCT film having a film thickness of, for
example, smaller than 1 µm.
[0042] The orgaiic EL eiement of the structure shown in
FIG. 3 can be obtained when an LCP film (protective film)
11 is first formed on a transparent polymer (substrate) 12 by
the film making method of the present invention, followed
by sequential deposition of the anode 13, the hole transport
layer 14, the light emitting layer 15, the electron transport
layer 16 and finally the cathode 17 in a manner similar to that
used to form the conventional organic EL element of the
structure shown in FIG. 2.
[0043] Also, such an organic EL element as shown in FIG.
4 can be obtained, when using the film making method of the
present invention, the LCP film (protective film) llA is
formed so as to cover, in its entirety, the organic EL element
of the structure shown in FIG. 3.
[0044] Furthermore, as an electronic device having a similar structure, the photoelectric conversion element, in which
an electrode layer, a photoelectric converting layer and so on
are formed on a substrate, is well known in the art and, in
this electronic device, the LCP film (protective film) may be
formed on a surface thereof with the use of the film making
method of the present invention.
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EXAMPLES
[0045] Hereinafter, the present invention will be demonstrated by way of some examples that are not intended to
limit the present invention, but are only for the purpose of
illustration. In those examples, the protective characteristic
and the insulation performance of the protective film formed
in accordance with the film making method of the present
invention were measured in the following manner:
(a) Protective Characteristic:
[0046] With respect to organic FET elements prepared,
each of those elements was, immediately after the preparation thereof, allowed to stand for 9 days within a vacuum
apparatus having a field-effect mobility (A) and the relative
humidity of 60%, and followed by measurement of the
field-effect mobility (B). Using the following equation (1),
the protective characteristic was evaluated. It is to be noted
that the field-effect mobility was determined from a curve
V0 -In within the saturation region, using the following
equation (2).
Protective Characteristic (unit: %) =(B/0x100
.

IDr [W C: µFE(VG VT)Y2L

(1)
(2)

Wherein Insert represents the drain current within the saturation region, W represents the channel width, L represents
the channel length, C ; represents the capacitance per area of
the dielectric layer, µ FE represents the field-effect mobility,
V. represents the gate voltage, and V T represents the threshold voltage.
(b) Insulation Characteristic
[0047] As shown in FIG. 5, a sample was prepared, in
which an insulating substrate 2 made of sapphire was
sequentially deposited with an electrode A of gold, a protective film 1 formed by the film making method of the
present invention, and an electrode B of gold in this specific
order, and followed by measurement of a breakdown voltage
between the electrodes A and B.
Reference Example 1
[0048] A thermotropic LCP prepared from a copolymer of
p-hydroxybenzoic acid and 6-hydroxy-2-naphthoic acid and
having a melting point of 280° C., which was used as a target
for the pulsed laser, was extruded in a molten state at a
discharge quantity of 20 kg/hr. to inflate at a transverse draw
ratio of 4.77 and a longitudinal draw ratio of 2.09 to form a
LCP film having a film thickness of 50 µm.
Reference Example 2
[0049] A thermotropic LCP prepared from a copolymer of
p-hydroxybenzoic acid, terephthalic acid, isophthalic acid
and biphenol and having a melting point of 340° C., which
was used as a target for the pulsed laser, was extruded in a
molten state at a discharge quantity of 20 kg/hr. to inflate at
a transverse draw ratio of 3.56 and a longitudinal draw ratio
of 2.81 to form a LCP film having a film thickness of 50 µm.
Reference 3
[0050] An organic FET element was prepared, in which a
sapphire substrate of 1,800 A in thickness was sequentially
deposited with a gate electrode of 300 A in thickness made
of aluminum by the use of a vapor deposition technique, a
gate dielectric layer made of an aluminum oxide of 2,000 A

in thickness by the use of a sputtering technique, an organic
semiconductor layer of 500 A in thickness made of pentacene by the use of a laser molecular beam epitaxy technique,
a drain electrode of 300 A in thickness and made of gold,
and a source electrode in thickness of 100 A and made of
nickel. The latter two are formed by the use of a vapor
deposition technique.
Example 1
[0051] Using the thermotropic LCP film obtained under
Reference Example 1 as a target, a sample of a structure
shown in FIG. 5, which is for use in evaluation of the
insulation characteristic, was prepared in which a protective
film of 700 A in film thickness was formed by irradiating the
target with KrF pulsed laser, having a wavelength of 248 nm
and an energy density of 0.56 7/cm 2, under the vacuum
atmosphere of 10 -7 Torr.
[0052] On the other hand, using the organic FET element
obtained under Reference 3, but having no protective film,
the organic FET was treated in a manner similar to that
described above to form a protective film of 700 A on a
surface thereof, with the resultant organic FET element
representing such a structure as shown in FIG. 1.
[0053] The insulation characteristic of the sample for use
in evaluation of the insulation characteristic so obtained and
the protective characteristic of the organic FET element are
shown in Table 6 below.
Example 2
[0054] Using the thermotropic LCP film obtained under
Reference Example 1 as a target, a sample of a structure
shown in FIG. 5, which is for use in evaluation of the
insulation characteristic, was prepared in which a protective
film of 700 A in film thickness was formed by irradiating the
target with KrF pulsed laser, having a wavelength of 248 nm
and an energy density of 0.84 7/cm 2, under the vacuum
atmosphere of 10 -7 Torr.
[0055] On the other hand, using the organic FET element
obtained under Reference 3, but having no protective film,
the organic FET was treated in a manner similar to that
described above to form a protective film of 700 A on a
surface thereof, with the resultant organic FET element
representing such a structure as shown in FIG. 1.
[0056] The insulation characteristic of the sample for use
in evaluation of the insulation characteristic so obtained and
the protective characteristic of the organic FET element are
shown in Table 6 below.
Example 3
[0057] Using the thermotropic LCP film obtained under
Reference Example 1 as a target, a sample of a structure
shown in FIG. 5, which is for use in evaluation of the
insulation characteristic, was prepared in which a protective
film of 1,100 A in film thickness was formed by irradiating
the target with KrF pulsed laser, having a wavelength of 248
nm and an energy density of 0.56 7/cm 2, under the vacuum
atmosphere of 10 -7 Torr.
[0058] On the other hand, using the organic FET element
obtained under Reference 3, but having no protective film,
the organic FET was treated in a manner similar to that
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described above to form a protective film of 1,100 A on a
surface thereof, with the resultant organic FET element
representing such a structure as shown in FIG. 1.
[0059] The insulation characteristic of the sample for use
in evaluation of the insulation characteristic so obtained and
the protective characteristic of the organic FET element are
shown in Table 6 below.
Example 4
[0060] Except that the thermotropic LCP film obtained
under Reference Example 2 was used as a target, a sample
of a structure, shown in FIG. 5, which is for use in evaluation
of the insulation characteristic, and an organic FET element
of a structure shown in FIG. 1 were prepared, in which a
protective film of 700 A in film thickness was formed in a
manner similar to that under Example 1.
[0061] The insulation characteristic of the sample for use
in evaluation of the insulation characteristic so obtained and
the protective characteristic of the organic FET element are
shown in Table 6 below.
Example 5
[0062] Except that the Nd/YAG laser having a wavelength
of 532 nm and an energy density of 0.133 7/cm 2, a sample
of a structure, shown in FIG. 5, which is for use in evaluation
of the insulation characteristic, and an organic FET element
of a structure shown in FIG. 1 were prepared, in which a
protective film of 700 A in film thickness was formed in a
manner similar to that under embodiment 1.
[0063] The insulation characteristic of the sample for use
in evaluation of the insulation characteristic so obtained and
the protective characteristic of the organic FET element are
shown in Table 6 below.
Comparative Example 1
[0064] Using the organic FET element obtained under
Reference 3, but having no protective film, the protective
characteristic thereof was evaluated, the result of which is
shown in Table 6.
TABLE 6

Example 1
Example 2
Example 3
Example 4
Example 5
Comp. Ex. 1

Breakdown Voltage
(MV/cm)

Protective
Characteristic (%)

1.4
0.6
1.4
0.6
0.8
not evaluated

88
70
92
88
71
not higher than 1

Example 6
[0065] Using the thermotropic LCP film obtained under
Reference 1 as a target, a protective film of 700 A in film
thickness was formed on a substrate of 100 tm made of
polyethylene terephthalate by irradiating the target with KrF
pulsed laser, having a wavelength of 248 nm and an energy
density of 0.56 7/cm 2 under the vacuum atmosphere of 10 -7
Torr. Thereafter, an ITO electrode of 700 A in thickness, a
TPD layer of 50 nm in thickness, an Alg3 (Tris-(8-hydroxyquinolate)-aluminum) layer of 60 nm in thickness, and
Mg:Ag electrode of 50 nm in thickess were successively
formed and, further, an organic EL element of a structure
similar to that shown in FIG. 4, but having no electron
transport layer, was prepared by forming a protective film of
700 A which, using the thermotropic LCP film under Reference 1 as a target, was formed by irradiating it with KrF
pulsed laser, having a wavelength of 248 nm and an energy
density of 0.56 7/cm 2, under the vacuum atmosphere of 10 -7
Torr.
[0066] From the foregoing description, it has now become
clear that not only can the LCP film excellent in moisture
barrier property and/or oxygen barrier property be manufactured, but when such LCP film is formed as a protective
film for electronic devices and, particularly organic electronic devices, the electronic devices excellent in long term
stability with minimized deterioration in performance
thereof, which would be otherwise brought about by moisture and oxygen contained in the atmosphere, can be manufactured.
What is claimed is:
1. A film making method comprising an evaporant deposited and solidified on a substrate, the evaporant being formed
by irradiating a liquid crystal polymer capable of exhibiting
an optical anisotropy with pulsed laser to evaporate the
liquid crystal polymer.
2. A film formed by irradiating a liquid crystal polymer
capable of exhibiting an optical anisotropy with pulsed laser
to deposit and solidify a resultant evaporant on a substrate.
3. A laminate comprising a film, as recited in claim 2, on
a substrate.
4. An electronic device comprising a film, as recited in
claim 2, as a protective film.
5. The electronic device as claimed in claim 4, wherein
the electronic device is an organic electroluminescent element.
6. The electronic device as claimed in claim 4, wherein
the electronic device is an organic field-effect transistor
element.

