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Description

Citation List

Technical Field

Patent Document

[0001] The present invention relates to a substrate film
and a sintering method.
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Background
[0002] To form a conductive layer such as a semiconductor, metal and the like on a substrate, for example,
the conductive layer may be formed by printing an ink
layer on the substrate using an ink composite (conductive
ink) in which conductive particles are dispersed, and sintering the conductive particles in the ink layer.
[0003] For example, the below described Patent Document 1 discloses a technique that coats an adhering
layer by applying an adhesive to a substrate, coats a
water repellent layer on the substrate on which the adhering layer is coated, prints conductive ink on the substrate on which the adhering layer and the water repellent
layer are coated, and performs sintering of the printed
conductive ink and curing of the adhering layer.
[0004] Further, the below described Patent Document
2 discloses a device that manufactures an electronic
component by scattering metal microparticles on a substrate including an insulating pattern formed by a thermoset resin to adhere the metal microparticles on the
insulating pattern, melting the insulating pattern by heating, fixing the metal microparticles on the insulating pattern, and removing the metal microparticles adhered to
a surface of the substrate other than the insulating pattern.
[0005] In the method of Patent Document 1, a sintering
condition is heating for 1 hour at 200°C (paragraph 0044
of Patent Document 1), and in the method of Patent Document 2, a heating temperature of the insulating pattern
is 150 to 200°C (paragraph 0028 and the like of Patent
Document 2), however, generally, upon heating a conductive pattern or an insulating pattern on a substrate,
the heating is performed on an entire substrate; thus, the
substrate that can be used is limited to those with high
heat resistivity, such as substrates made of a thermoset
resin with a high thermal resistance, for example, a BT
resin including bismaleimide-triazine compounds and the
like.
[0006] Due to this, as described in Patent Documents
3 to 5, there had been attempts to use an ink composite
including nanoparticles, and form a metal pattern from
the ink composite by photo irradiation. Methods that use
light energy or microwaves in heating can selectively heat
only the ink composite (nanoparticles), and there is a
possibility that a resin having a lower thermal resistance
than the above described resin can be used as the substrate.
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[0007]
[Patent Document 1] Japanese Patent
Laid-Open No. 2010-75911
[Patent Document 2] Japanese Patent
Laid-Open No. 2005-203396
[Patent Document 3] Japanese Patent
National Publication No. 2008-522369
[Patent Document 4] WO 2010/110969
[Patent Document 5] Japanese Patent
National Publication No. 2010-528428
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[0008] However, in a case of using an ink composite
in which silicon particles or nickel oxide particles are for
example dispersed, energy of light to be irradiated needs
to be increased because energy is required for transition
of a crystal structure of the silicon particles or reduction
of nickel oxides. Further, also in a case of forming a thick
conductive layer by using an ink composite in which copper particles or copper oxide particles are dispersed, the
energy of the light to be irradiated needs to be increased
because more energy is required than in forming a thin
film. Due to this, when a resin with a low thermal resistance such as PET and the like is used for the substrate,
there were problems in that wrinkling or melting occurs
in the substrate during sintering of the ink composite.
[0009] Further relevant background art is disclosed in
documents US 2006/257625 A1, US 2010/059251 A1,
US 6 251 507 B1 and US 2008/020304 A1.
Summary
[0010] An objective of the present invention is to provide a substrate film and a sintering method capable of
preventing the occurrence of wrinkling, melting and the
like in a substrate during photo irradiation.
[0011] In order to achieve the above objective, one aspect of the present invention is a substrate film comprising a base film, and a coating layer (heat resistant layer)
formed on the base film, wherein the coating layer is
formed of a heat resistant resin having a higher Tg than
the base film, and has a surface on which a functional
thin film is to be sintered by photo irradiation. The heat
resistant resin has a Tg (glass transition temperature)
higher than 200°C.
[0012] The resin that forms the coating layer can be a
crosslinked three-dimensional resin. Thickness of the
coating layer may be 0.1 to 10 mm.
[0013] Further, the heat resistant resin that forms the
coating layer can contain 5 to 80 mass % of at least one
filler selected from the group consisting of silica, alumina,
titania and zirconia, the filler having 500 nm or less average particle diameter d50 measured by dynamic light
scattering.
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[0014] Further, the base film can be a polyethylene
terephthalate film, polyethylene naphthalate film, polycarbonate film, polyacrylate film, polyolefin film, polycycloolefin film, or polyimide film, or paper. Thickness of
the base film can be 10 mm to 3 mm.
[0015] Further, another aspect of the present invention
is a substrate provided with a functional thin layer (pattern) which is sintered by photo irradiation on the coating
layer (heat resistant layer) of the above mentioned respective substrate films.
[0016] Further, another aspect of the present invention
is a sintering method comprising preparing the respective
substrate films, forming the functional thin film (pattern)
on the surface of the coating layer, and sintering the functional thin film (pattern) by the photo irradiation.
[0017] The light to be irradiated can be pulsed light
having a wavelength of 200 to 3000 nm.
[0018] The functional thin film (pattern) may comprises
at least one selected from the group consisting of gold,
silver, copper, aluminum, nickel, cobalt, oxides thereof,
graphite, graphene, carbon nanotube, zinc oxide, tin oxide, indium tin oxide, and polysilane.
[0019] Further, the functional thin film (pattern) can be
formed by sputtering targeting silicon, germanium, tin,
lead, arsenic, antimony, bismuth, gallium, indium, tallium, zinc, cadmium, selenium, tellurium, and oxides and
complex oxides thereof.
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[0020]
Fig. 1 is a partial cross sectional view of a configurational example of a substrate film of an embodiment.
Fig. 2 is a diagram for explaining a definition of pulsed
light.
Fig. 3 is a Raman spectrum showing that a change
in a crystal structure of silicon has occurred by photo
irradiation in Example 2.
Fig. 4 is a picture showing a pattern forming surface
after photo irradiation in Example 1.
Fig. 5 is a picture showing a pattern forming surface
after photo irradiation in Comparative Example 1.
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Description of Embodiments
[0021] Hereinbelow, exemplary embodiments (hereinbelow referred to as embodiments) will be explained with
reference to the drawings.
[0022] Fig. 1 shows a partial cross sectional view of a
configurational example of a substrate film of an embodiment. In Fig. 1, the substrate film is configured by including a base film 10, and a coating layer 12. Further, in the
example of Fig. 1, a functional thin film 14 is formed on
a surface of the coating layer 12.
[0023] The base film 10 is for example formed of polyethylene terephthalate, polyethylene naphthalate, poly-
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carbonate, polyacrylate, polyolefin, polycycloolefin, polyimide, or paper that is processed in a film shape, however, a material thereof is not limited to these, and any
material that can be used as a substrate can be used.
Further, thickness of the base film 10 is not limited, and
can be 10 mm to 3 mm or more,. If the thickness of the
base film is too thin, such is not preferable due to a reduction in film strength, whereas on the other hand, although there is no specific limitation to the thickness being thick, a too thick base film cannot be used for cases
which require flexibility. Due to this, the thickness of the
film is 10mm to 3 mm, and more preferably 16 mm to 288
mm when the flexibility and easy acquisition are taken
into consideration.
[0024] Note that, measurements of the above film
thickness can for example be performed by a reflection
spectroscopic film thickness meter.
[0025] The coating layer 12 is suitably formed by a layer having a higher thermal resistance to the base film, a
layer formed of a resin having a Tg (glass transition temperature) higher than 200°C. This is because resistance
to heat generated upon below-described photo-sintering
of the ink composite should be given. As a material configuring the coating layer 12, a crosslinked three-dimensional resin such as a polyfunctional acrylic resin is suitable, however, no limitation is made hereof; and those
with a surface onto which printing can be performed by
using the ink composite in which conductive particles,
semiconductor particles and the like are dispersed, or
lamination of metal, metal oxide and the like can be performed by sputtering and the like can be used. Further,
triazine thiol can be mixed in the resin configuring the
coating layer 12 to improve adhesiveness to the conductor particles and the semiconductor particles. Further,
the thermal resistance can be improved by mixing 1 to
80 mass % of silica and/or alumina and/or titania and/or
zirconia having 500 nm or less average particle diameter
D50 measured by dynamic light scattering in the resin
configuring the coating layer 12. Here, if a mixing ratio
of the silica and/or alumina and/or titania and/or zirconia
is small, an effect of improving the thermal resistance
cannot be obtained, and if the mixing ratio is too large,
coating becomes difficult. The mixing ratio is preferably
5 to 70 mass%, and more preferably 5 to 50 mass %.
[0026] Further, thickness of the coating layer 12 can
be 0.1 to 10 mm. The coating layer 12 thinner than 0.1
mm is not preferable because such coating layer cannot
function as the heat resistant layer. Whereas on the other
hand, if the thickness of the coating layer 12 is thicker
than 10 mm, although such can be used, there may be
cases in which the coating layer spoils the flexibility of a
flexible base film when the coating layer is used in combination with the base film.
[0027] The thickness of the coating layer 12 formed on
the base film 10 can be measured for example by reflection spectroscopic film thickness meter FE-3000 manufactured by Taiyo Electronics Co., Ltd. by previously obtaining refractive indices of the base film 10 and the coat-
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ing layer 12. In a case where the refractive indices are
unknown, such may be estimated from coating amounts.
[0028] By having the configuration of the substrate film
of the present embodiment, occurrence of wrinkling,
melting and the like in the substrate caused during the
irradiation of light can effectively be suppressed in cases
of using a base film with a relatively low thermal resistance such as polyethylene-terephthalate, however, this
does not exclude uses of polyimide film and the like having a relatively high thermal resistance as the base film
10.
[0029] The functional thin film 14 formed on the surface
of the coating layer 12 is produced as an ink layer formed
by printing the ink composite in which particles of at least
one selected from the group consisting of gold, silver,
copper, aluminum, nickel, cobalt, oxides thereof, graphite, graphene, carbon nanotube, zinc oxide, tin oxide, indium tin oxide, and polysilane, are dispersed in an appropriate solvent as the conductive particles. Note that,
a conductive layer is formed by sintering this functional
thin film 14 (ink layer) by the photo irradiation.
[0030] As the solvent to disperse the conductive particles, for example, carbonyl compounds such as acetone, methyl ethyl ketone, cyclohexanone, benzaldehyde, octyl aldehyde and the like; ester compounds such
as methyl acetate, ethyl acetate, butyl acetate, ethyl lactate, methoxyethyl acetate and the like; carboxylic acids
such as formic acid, acetic acid, oxalic acid and the like;
ether compounds such as diethyl ether, ethylene glycol
dimethyl ether, ethyl cellosolve, butyl cellosolve, phenyl
cellosolve, dioxane and the like; aromatic hydrocarbon
compounds such as toluene, xylene, naphthalene, decaline and the like; aliphatic hydrocarbon compounds such
as pentane, hexane, octane and the like; halogen hydrocarbons such as methylene chloride, chlorobenzene,
chloroform and the like; alcohol-based compounds such
as methanol, ethanol, n-propanol, isopropanol, butanol,
cyclohexanol, terpineol, ethylene glycol, propylene glycol, glycerin and the like; water; and mixed solvents thereof may be exemplified. Among the above solvents, watersoluble solvents are preferable, and especially alcohol
and water are preferable. Note that, in a case of using
the metal oxides as the conductive particles, it is preferable for the solvent to contain a reducing agent. Although
the above mentioned organic solvents have reduction
properties, however, in considering reduction efficiency,
polyalcohol such as ethylene glycol, propylene glycol,
glycerin and the like and carboxylic acids such as formic
acid, acetic acid, oxalic acid and the like are suitable.
[0031] Further, in order to print the ink composite, a
binder resin can be used for a purpose of adjusting viscosity and the like. Polymers that can be used as the
binder resin may be thermoplastic resins or thermoset
resins such as: poly-N-vinyl compounds such as polyvinyl-pyrrolidone, polyvinyl-caprolactone and the like, polyalkylene glycol compounds such as polyethylene glycol,
polypropylene glycol, poly THF and the like, polyurethane, cellulose compounds and derivatives thereof,
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epoxy compounds, polyester compounds, chlorinated
polyolefin, and polyacrylic compounds. These binder resins all have functions as reducing agents although there
are differences in degrees of their effects. Among these,
polyvinyl-pyrrolidone is preferable in considering the
binder effect, polyalkylene glycol such as polyethylene
glycol, polypropylene glycol and the like is preferable in
considering the reduction effect, and further, polyurethane compounds are preferable from the viewpoint
of the adhesiveness of the binder.
[0032] A method of printing the ink composite is not
particularly limited, however, a wet coating can for example be exemplified. The wet coating refers to a process
of producing a film by applying liquid on the coating layer
12. The wet coating used in the present embodiment is
not particularly limited so long as it is one of the known
methods; and spray coating, bar coating, roll coating, die
coating, dip coating, drop coating, ink jet printing, screen
printing, relief printing, intaglio printing, planographic
printing, gravure printing and the like can be used.
[0033] As the light used in the above sintering, continuous light or pulsed light of 200 nm to 3000 nm can be
used, and the pulsed light by which heat accumulation
upon sintering is more unlikely to occur is more preferable.
[0034] In the present description, "pulsed light" refers
to light having a short photo irradiation period (irradiation
time), that is, in a case of repeating irradiation of pulsed
light for plural times, as shown in Fig. 2, the photo irradiation includes a period during which the light is not irradiated (irradiation interval (off)) between a first photo
irradiation period (on) and a second photo irradiation period (on). In Fig. 2, although photo intensity of the pulsed
light is shown as being constant, the photo intensity can
change within one photo irradiation period (on). The
pulsed light is irradiated from a light source provided with
a flash lamp such as a xenon flash lamp. The pulsed light
is irradiated onto the layer of the ink composite by using
such a light source. In a case of repeating n times of
irradiations, one cycle (on + off) in Fig. 2 is repeated n
times. Note that, in the case of repeatedly irradiating, it
is preferable to perform cooling from a substrate side so
that the substrate can be cooled to substantially a room
temperature upon performing a subsequent pulse photo
irradiation.
[0035] One irradiation period (on) of the pulsed light
has a range of 5 microseconds to 1 second, and more
preferably of 20 microseconds to 10 milliseconds. The
sintering will not progress if the period is shorter than 5
microseconds, so an effect of improving property of the
conductive layer (improving conductivity) becomes low.
Further, if the period is longer than 1 second, an undesired influence due to photo degradation and heat deterioration becomes greater. Although the irradiation of the
pulsed light can achieve the effects with a single irradiation, the irradiation can be repeated as described above.
In the case of repeatedly irradiating, the irradiation interval (off) may have a range of 20 microseconds to 5 sec-
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onds, and more preferably of 2000 microseconds to 2
seconds. If the period is shorter than 20 microseconds,
the light becomes close to the continuous light and is
irradiated again with hardly any interval to be cooled after
the previous irradiation, so there is a possibility that the
substrate is heated, whereby a temperature thereof is
increased and deterioration occurs. Further, if the period
is longer than 5 seconds, although the effects to some
degree can be achieved because the cooling progresses
in the meantime, the effect of repetitive irradiation is reduced. Note that, the light source that operates at or more
than 0.2 Hz can be used for the irradiation of the pulsed
light. Further, electromagnetic waves having a wavelength range of 1 pm to 1 m can be used as the pulsed
light. As an example of such electromagnetic waves,
gamma ray, X-ray, ultraviolet ray, visible light, infrared
ray and the like can be exemplified. Note that, in considering the conversion to thermal energy, too short wavelengths will cause larger damage to the ink layer itself,
and too long wavelengths will not have an efficient absorption property which makes heat generation difficult.
Accordingly, as the range of the wavelength, among the
aforementioned wavelengths, especially the wavelength
range of 10 nm to 1000 mm that is from far ultraviolet to
far infrared is preferable, and the wavelength range of
200 nm to 3000 nm is more preferable.
[0036] Further, as the functional thin film 14, a film
formed by sputtering targeting silicon, germanium, tin,
lead, arsenic, antimony, bismuth, gallium, indium, tallium, zinc, cadmium, selenium, tellurium, and oxides and
complex oxides thereof can be used.
[0037] By sintering the thin film itself formed by the
sputtering, at least a part of the amorphous thin film can
be crystallized; and by applying it as a semiconductor
material for example for a field effect transistor, a field
effect transistor having an improved charge mobility can
be manufactured.
[0038] In the case of manufacturing the substrate film
of the present embodiment, the resin material that will be
a raw material for the coating layer 12 is applied at the
thickness of 0.1 to 10 mm on the surface of the base film
10 by the roll coating, bar coating, spray coating, dip coating, drop coating, die coating, spin coating and the like,
to form the coating layer 12 on the base film 10. The ink
composite is printed on the surface of the coating layer
12 of the substrate film produced according to the above
by using an appropriate printing method, to form the functional thin film 14. Next, the formed functional thin film 14
is sintered by the photo irradiation, to form the conductive
layer (functional thin layer). At this occasion, since the
coating layer 12 has the thermal resistance, the base film
10 can be protected from the heat generated as a result
of internal heat generation caused by the photo irradiation in the conductive particles, so the generation of wrinkling or the occurrence of melting in the base film 10 can
be avoided.
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[0039] Hereinbelow, Examples of the present invention will specifically be explained. Note that, the following
Examples are provided for the sake of easy understanding of the present invention, and the present invention is
not to be limited to these Examples.
Reference Example 1

10

Preparation of coating solution for coating layer (heat resistant layer)
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[0040] Coating solution was prepared by mixing 40
parts of KAYARAD UX-5000 (pentafunctional urethane
acrylate, manufactured by NIPPON KAYAKU Co., Ltd.),
60 parts of KAYARAD DPHA (mixture of dipentaerythritol
pentaacrylate and dipentaerythritol hexaacrylate, manufactured by NIPPON KAYAKU Co., Ltd.), and 2 parts of
Irgacure184
(1-hydroxy-cyclohexyl-phenyl-ketone,
manufactured by Ciba Japan Co., Ltd.).
[0041] Further, aside from the above, 40 parts of KAYARAD UX-5000 (manufactured by NIPPON KAYAKU
Co., Ltd.), 60 parts of KAYARAD DPHA(manufactured
by NIPPON KAYAKU Co., Ltd.), and 0.02 parts of AIBN
(azoisobutyronitrile) were mixed, and cured between two
glass plates at 40°C for 1hr, 60°C for 3hrs, and 120°C
for 1hr. The glass transition temperature of this cured
resin was confirmed to be 259°C.

30

Reference Example 2

35
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45

[0042] Coating solution was prepared by mixing 10
parts of 3’,4’ - epoxycyclohexylmethyl 3,4 - epoxycyclohexane carboxylate (CELLOXIDE 2021P, manufactured by Daicel Corporation), and 0.2 parts of CPI-100P
(photo-cationic curing agent, manufactured by SANAPRO Ltd.).
[0043] Further, aside from the above, 10 parts of CELLOXIDE 2021P, and 0.2 parts of San-Aid SI-100L (thermal cationic curing agent, manufactured by Sanshin
Chemical Industry Co., Ltd.) were mixed, and cured between two glass plates at 100°C for 1hr, 120 C°for 3hrs,
160°C for 1 hr. The glass transition temperature of this
cured resin was confirmed to be 178°C.
Reference Example 3

50

55

5

[0044] Coating solution was prepared by mixing 7 parts
of Ripoxy VR-77 (vinylester resin, manufactured by
Showa Denko K.K.), 2 parts of cyclohexyl methacrylate,
1 part of KAYARAD DPHA (mixture of dipentaerythritol
pentaacrylate and dipentaerythritol hexaacrylate, manufactured by NIPPON KAYAKU Co., Ltd.), 20 parts of methyl ethyl ketone, and 0.2 parts of Irgacure 184 (1-hydroxy-cyclohexyl-phenyl-ketone, manufactured by Ciba
Japan Co., Ltd.).
[0045] Further, aside from the above, 7 parts of Ripoxy
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VR-77 (vinylester resin, manufactured by Showa Denko
K.K.), 2 parts of cyclohexyl methacrylate, 1 part of KAYARAD DPHA (mixture of dipentaerythritol pentaacrylate and dipentaerythritol hexaacrylate, manufactured
by NIPPON KAYAKU Co., Ltd.), and 0.1 g of dicumyl
peroxide were mixed, and cured between two glass
plates at 120°C for 1hr, 140°C for 3hrs, and 160°C for
1hr. The glass transition temperature of this cured resin
was confirmed to be 148°C.

spherical approximation, and the median diameter D50
was obtained.
Example 1
5

10

Reference Example 4
[0046] Coating solution was prepared by dissolving 10
parts of ACRYPET VH (polymethylmethacrylate, manufactured by Mitsubishi Rayon Co., Ltd.) in 50 parts of
methyl ethyl ketone.
[0047] Further, aside from the above, a glass transition
temperature of ACRYPET VH was measured, and was
confirmed to be 106°C.
[0048] The glass transition temperature was measured
under the following conditions.

15

20

<Glass transition temperature (Tg)>
[0049] The measurement was performed by a thermomechaical analysis (TMA). A thermomechanical analyser TMA/SS6100 manufactured by SII Nano Technology
Inc. was used to perform measurement of a sample of 9
3 9 3 3 mm under the conditions that the temperature
ranges from -10 to 300°C, the rate of temperature rise is
5°C /min, and the load is 20.0 mN. In the obtained expansion curve showing temperature transition, the temperature at the intersection of two lines respectively extrapolated from linear regions located below and above
the inflection point was determined as the glass transition
temperature.

25

30
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Reference Example 5
[0050] Binder solution of 40 mass % was prepared by
dissolving polyvinylpyrrolidone (manufactured by NIPPON SHOKUBAI CO., LTD.) as a binder in mixed aqueous solution of ethylene glycol and glycerin (reagent
grade manufactured by KANTO CHEMICAL CO., INC.)
(mass ratio of ethylene glycol: glycerin : water = 70 : 15 :
15) as a reducing agent. 1.5 g of this binder solution and
0.5 g of the mixed aqueous solution were mixed, 6.0 g
of NanoTek CuO (spherical shaped, D50 = 270 nm) manufactured by C. I. KASEI CO., LTD. was mixed therein
as copper oxide particles, the resulting mixture was well
mixed by a planetary centrifugal vacuum mixer "Thinky
Mixer" ARV-310 (Awatori Rentaro) (manufactured by
THINKY CORPORATION), and a paste for printing (composition for forming a conductive film) was produced
thereby.
[0051] Note that, particle diameters of the particles
were measured by Nanotrac UPA-EX150 (dynamic light
scattering), the particle diameters were calculated by
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[0052] The coating solution prepared in Reference Example 1 was coated on Lumirror 125U98 (polyethyleneterephthalate film manufactured by TORAY INDUSTRIES, INC.) that is a base film, irradiation of 100 mj/cm2
by a high-pressure mercury UV lamp was performed
thereto for curing, and thereby, a heat resistant layer having a thickness of 5 mm was formed. The paste obtained
in Reference Example 5 was used to screen print a pattern of 2 cm 3 2 cm square on this heat resistant layer.
Pulsed photo irradiation was performed on a paste-printed surface side of the obtained sample by using
Sinteron3300 manufactured by Xenon corporation. The
irradiation conditions were single irradiation with pulse
width of 2000 microseconds, voltage of 3000V, and irradiation distance of 20 cm. Pulse energy upon that occasion was 2070 J. Thickness of a conductive film formed
in accordance with the above was 25 mm. Note that, the
series of the above procedures were carried out under
air atmosphere.
[0053] It had been confirmed that the volume resistivity
of the obtained film was 8.7 3 10-5 Ω·cm, and that transition to the conductive film was performed by photosintering.
[0054] Fig. 4 shows a picture of the pattern forming
surface after the photo irradiation. In Fig. 4, portions with
wrinkling and melting were not generated in the base
film, and no damage caused by the photo irradiation was
recognized in the base film.
Example 2 (not part of the invention)
[0055] The coating solution prepared in Reference Example 2 was used, but aside from the aforementioned,
similar operations as those of Example 1 were performed. The obtained conductive film had a thickness of
22 mm, and a volume resistivity of 9.6 3 10-5 Ω·cm.
Example 3 (not part of the invention)

45

50

[0056] The coating solution prepared in Reference Example 3 was used, and COSMO SHINE A4300 (polyethylene terephthalate film, manufactured by Toyobo Co.,
Ltd.) was used as a base film, but aside from the aforementioned, similar operations as those of the Example
1 were performed. The obtained conductive film had a
thickness of 23 mm, and a volume resistivity of 4.2 3 10-5
Ω·cm.
Comparative Example 1

55

[0057] The coating layer was not formed on Lumirror
125U98 (polyethylene terephthalate film manufactured
by TORAY INDUSTRIES, INC.), and the paste obtained

6
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in the Reference Example 2 was directly screen printed
on Lumirror 125U98, but aside from the aforementioned,
similar operations as those of the Example 1 were performed.
[0058] Fig. 5 shows a picture of the pattern forming
surface after the photo irradiation in the same manner
as Example 1. In Fig. 5, a part of the printed pattern was
blown up, and a part of the base film (PET film) had melted.
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Reference Signs List
[0065]
film

10 base film, 12 coating layer, 14 functional thin

5

Claims
1.

A substrate film for photo irradiation, comprising

10

Comparative Example 2
[0059] The coating solution prepared in Reference Example 4 was used, but aside from the aforementioned,
similar operations as those of Example 1 were performed. As a result, a part of the printed pattern was
blown up, and a part of the base film (PET film) had melted.
Example 4
[0060] Similar to Example 1, the coating solution prepared in Reference Example 1 was coated on Lumirror
125U98 (polyethylene-terephthalate film manufactured
by TORAY INDUSTRIES INC.) that is the base film, irradiation of 100 mj/cm 2 by the high-pressure mercury UV
lamp was performed thereto for curing, and thereby, the
heat resistant layer having a thickness of 5 mm was
formed. Silicon was deposited by sputtering on this heat
resistant layer so as to have a thickness of 200 nm.
[0061] Single photo irradiation was performed on a silicon-deposited surface side of the obtained sample by
using PulseForge3300 manufactured by Novacentrix
Corporation with a voltage of 350V and a pulse width of
2000 microseconds.
[0062] As a result of having measured Raman spectrum of the silicon film of the obtained sample (Fig. 3), a
peak was observed at 500 cm-1. Due to this, it has been
discovered that the amorphous silicon film formed by
deposition had been transferred to a microcrystal silicon
film by having performed the photo irradiation thereon.
No abnormality caused by the photo irradiation was found
in the base film (Lumirror 125U98).
Comparative Example 3
[0063] Other than having deposited silicon without
forming the coating layer on Lumirror 125U98 (polyethylene-terephthalate film manufactured by TORAY INDUSTRIES INC.), similar operations as those of Example
4 were performed.
[0064] Although a peak was observed at 500 cm-1 in
the Raman spectrum, similar to Example 4, deformation
caused by heat upon the photo irradiation occurred in
the base film (Lumirror 125U98).

a base film (10), and
a coating layer (12) formed on the base film,
wherein the coating layer is formed of a heat
resistant resin having a higher glass transition
temperature than the base film and a glass transition temperature of higher than 200°C.
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2.

A substrate film according to claim 1, wherein the
heat resistant resin that forms the coating layer is a
crosslinked three-dimensional resin.

3.

A substrate film according to claim 1 or 2, wherein
the heat resistant resin that forms the coating layer
contains 5 to 80 mass % of at least one filler selected
from the group consisting of silica, alumina, titania
and zirconia, the filler having 500 nm or less average
particle diameter d50 measured by dynamic light
scattering.

4.

A substrate film according to any one of claims 1 to
3, wherein the base film is a polyethylene terephthalate film, polyethylene naphthalate film, polycarbonate film, polyacrylate film, polyolefin film, polycycloolefin film, or polyimide film, or paper.

5.

A substrate film according to any one of claims 1 to
4, wherein the coating layer has a thickness of 0.1
to 10 mm.

6.

A substrate film according to any one of claims 1 to
5, wherein the base film has a thickness of 10 mm
to 3 mm.

7.

A substrate comprising the substrate film according
to any one of claims 1 to 6 and a functional thin layer
(14) obtainable by sintering by photo irradiation on
the coating layer (12), wherein the photo irradiation
is pulsed light irradiation using a pulsed light having
a wavelength of 200 to 3000 nm.

8.

A substrate according to claim 7, wherein the functional thin layer comprises at least one selected from
the group consisting of gold, silver, copper, aluminum, nickel, cobalt, oxides thereof, graphite, graphene, carbon nanotube, zinc oxide, tin oxide, indium
tin oxide, and polysilane.

9.

A substrate according to claim 7, wherein the func-
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tional thin layer comprises at least one selected from
the group consisting of silicon, germanium, tin, lead,
arsenic, antimony, bismuth, gallium, indium, tallium,
zinc, cadmium, selenium, tellurium, and oxides and
complex oxides thereof.

durchmesser d50 von 500 nm oder weniger aufweist.
4.

Substratfolie nach einem der Ansprüche 1 bis 3, wobei die Basisfolie eine Polyethylenterephthalatfolie,
Polyethylennaphthalatfolie, Polycarbonatfolie, Polyacrylatfolie, Polyolefinfolie, Polycycloolefinfolie oder
Polyimidfolie oder Papier ist.

5.

Substratfilm nach einem der Ansprüche 1 bis 4, worin die Beschichtungsschicht eine Dicke von 0,1 bis
10 mm aufweist.

6.

Substratfilm nach einem der Ansprüche 1 bis 5, worin der Basisfilm eine Dicke von 10 mm bis 3 mm
aufweist.

7.

Substrat, umfassend den Substratfilm nach einem
der Ansprüche 1 bis 6 und eine funktionelle dünne
Schicht (14), die durch Sintern durch Lichtbestrahlung auf der Beschichtungsschicht (12) erhältlich ist,
worin die Lichtbestrahlung eine gepulste Lichtbestrahlung unter Verwendung eines gepulsten Lichts
mit einer Wellenlänge von 200 bis 3000 nm ist.

8.

Substrat nach Anspruch 7, worin die funktionelle
dünne Schicht mindestens eine aus der Gruppe bestehend aus Gold, Silber, Kupfer, Aluminium, Nickel,
Kobalt, Oxiden davon, Graphit, Graphen, Kohlenstoff-Nanoröhren, Zinkoxid, Zinnoxid, Indiumzinnoxid und Polysilan umfasst.

9.

Substrat nach Anspruch 7, worin die funktionelle
dünne Schicht mindestens eine Mitglied umfasst,
das aus der Gruppe ausgewählt ist, die aus Silizium,
Germanium, Zinn, Blei, Arsen, Antimon, Wismut,
Gallium, Indium, Tallium, Zink, Cadmium, Selen,
Tellur und Oxiden und Komplexoxiden davon besteht.

5

10. A sintering method comprising
preparing a substrate film according to any one
of claims 1 to 6,
forming a functional thin film (14) on the surface
of the coating layer (12), and
sintering the functional thin film by photo irradiation.

10
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11. A sintering method according to claim 10, wherein
the light to be irradiated is pulsed light having a wavelength of 200 to 3000 nm.
12. A sintering method according to claim 10 or 11,
wherein the functional thin film is produced by printing an ink composite containing at least one selected
from the group consisting of gold, silver, copper, aluminum, nickel, cobalt, oxides thereof, graphite,
graphene, carbon nanotube, zinc oxide, tin oxide,
indium tin oxide, and polysilane.
13. A sintering method according to claim 10 or 11,
wherein the functional thin film is formed by sputtering targeting silicon, germanium, tin, lead, arsenic,
antimony, bismuth, gallium, indium, tallium, zinc,
cadmium, selenium, tellurium, and oxides and complex oxides thereof.
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Patentansprüche
1.

Substratschicht für die Lichtbestrahlung, umfassend
einen Basisfilm (10) und
eine auf dem Basisfilm gebildete Beschichtungsschicht (12), worin die Beschichtungsschicht aus einem hitzebeständigen Harz mit einer höheren Glasübergangstemperatur als der
Basisfilm und einer Glasübergangstemperatur
von mehr als 200°C gebildet ist.

2.

3.

Substratfilm nach Anspruch 1, worin das die Beschichtungsschicht bildende hitzebeständige Harz
ein vernetztes dreidimensionales Harz ist.
Substratfilm nach Anspruch 1 oder 2, worin das die
Beschichtungsschicht bildende hitzebeständige
Harz 5 bis 80 Masse-% mindestens eines Füllstoffs
enthält, ausgewählt aus der Gruppe bestehend aus
Siliziumdioxid, Aluminiumoxid, Titanoxid und Zirkoniumdioxid, wobei der Füllstoff einen durch dynamische Lichtstreuung gemessenen mittleren Partikel-
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10. Sinterverfahren, umfassend
das Herstellen eines Substratfilms nach einem
der Ansprüche 1 bis 6,
das Bilden eines funktionellen dünnen Films
(14) auf der Oberfläche der Beschichtungsschicht (12) und
das Sintern der funktionellen Dünnschicht durch
Photobestrahlung.
11. Sinterverfahren nach Anspruch 10, worin das zu bestrahlende Licht gepulstes Licht mit einer Wellenlänge von 200 bis 3000 nm ist.
12. Sinterverfahren nach Anspruch 10 oder 11, worin
der funktionelle dünne Film durch Drucken eines Tintenverbunds hergestellt wird, der mindestens ein
Mitglied der Gruppe enthält, die aus Gold, Silber,
Kupfer, Aluminium, Nickel, Kobalt, Oxiden davon,
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quelconque des revendications 1 à 6 et une couche
mince fonctionnelle (14) pouvant être obtenue en
frittant par photo-irradiation la couche de revêtement
(12), dans lequel la photo-irradiation est une irradiation de lumière pulsée qui utilise une lumière pulsée
dont la longueur d’onde est comprise entre 200 nm
et 3000 nm.

Graphit, Graphen, Kohlenstoff-Nanoröhrchen, Zinkoxid, Zinnoxid, Indiumzinnoxid und Polysilan besteht.
13. Sinterverfahren nach Anspruch 10 oder 11, worin
der funktionelle dünne Film durch Sputtern von Silizium, Germanium, Zinn, Blei, Arsen, Antimon, Wismut, Gallium, Indium, Tallium, Zink, Cadmium, Selen, Tellur und Oxiden und Komplexoxiden davon
gebildet wird.

5

8.

Substrat selon la revendication 7, dans lequel la couche mince fonctionnelle comprend au moins un élément sélectionné dans le groupe comprenant l’or,
l’argent, le cuivre, l’aluminium, le nickel, le cobalt,
des oxydes de ceux-ci, le graphite, le graphène, un
nanotube de carbone, l’oxyde de zinc, l’oxyde
d’étain, l’oxyde d’indium étain et le polysilane.

9.

Substrat selon la revendication 7, dans lequel la couche mince fonctionnelle comprend au moins un élément sélectionné dans le groupe comprenant le silicium, le germanium, l’étain, le plomb, l’arsenic, l’antimoine, le bismuth, le gallium, l’indium, le thallium,
le zinc, le cadmium, le sélénium, le tellure ainsi que
des oxydes et des oxydes complexes de ceux-ci.

10

Revendications
1.

Film de substrat pour photo-irradiation, comprenant:
un film de base (10), et
une couche de revêtement (12) formée sur le
film de base, dans lequel la couche de revêtement est constituée d’une résine résistant à la
chaleur qui présente une température de transition vitreuse supérieure à celle du film de base,
et une température de transition vitreuse supérieure à 200°C.
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2.

Film de substrat selon la revendication 1, dans lequel
la résine résistant à la chaleur qui forme la couche
de revêtement est une résine tridimensionnelle réticulée.
30

3.

4.

5.

6.

7.

Film de substrat selon la revendication 1 ou 2, dans
lequel la résine résistant à la chaleur qui forme la
couche de revêtement contient de 5 % en masse à
80 % en masse d’au moins un agent de remplissage
qui est sélectionné dans le groupe comprenant la
silice, l’alumine, l’oxyde de titane et le zircone,
l’agent de remplissage présentant un diamètre de
particule moyen d50 de 500 nm, ou moins, mesuré
par diffusion de lumière dynamique.
Film de substrat selon l’une quelconque des revendications 1 à 3, dans lequel le film de base est un
film de polyéthylène téréphtalate, un film de polyéthylène naphtalate, un film de polycarbonate, un film
de polyacrylate, un film de polyoléfine, un film de
polycyclooléfine ou un film de polyimide, ou du papier.
Film de substrat selon l’une quelconque des revendications 1 à 4, dans lequel la couche de revêtement
présente une épaisseur comprise entre 0,1 mm et
10 mm.
Film de substrat selon l’une quelconque des revendications 1 à 5, dans lequel le film de base présente
une épaisseur comprise entre 10 mm et 3 mm.
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10. Procédé de frittage, comprenant les étapes suivantes:
préparer un film de substrat selon l’une quelconque des revendications 1 à 6,
former un film mince fonctionnel (14) sur la surface de la couche de revêtement (12), et
fritter le film mince fonctionnel par photo-irradiation.

35

11. Procédé de frittage selon la revendication 10, dans
lequel la lumière à irradier est une lumière pulsée
dont la longueur d’onde est comprise entre 200 nm
et 3000 nm.

40

12. Procédé de frittage selon la revendication 10 ou 11,
dans lequel le film mince fonctionnel est produit en
imprimant un composite d’encre contenant au moins
un élément sélectionné dans le groupe comprenant
l’or, l’argent, le cuivre, l’aluminium, le nickel, le cobalt, des oxydes de ceux-ci, le graphite, le graphène,
un nanotube de carbone, l’oxyde de zinc, l’oxyde
d’étain, l’oxyde d’indium étain et le polysilane.
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Substrat comprenant le film de substrat selon l’une

9

13. Procédé de frittage selon la revendication 10 ou 11,
dans lequel le film mince fonctionnel est formé par
pulvérisation ciblée de silicium, de germanium,
d’étain, de plomb, d’arsenic, d’antimoine, de bismuth, de gallium, d’indium, de thallium, de zinc, de
cadmium, de sélénium, de tellure ainsi que d’oxydes
et d’oxydes complexes de ceux-ci.
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