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(57) ABSTRACT 

A fibrillated liquid crystal polymer powder containing fibril 
lated liquid crystal polymer particles. A paste containing a 
dispersion medium and the fibrillated liquid crystal polymer 
powder. A method of producing the fibrillated liquid crystal 
polymer powder. A resin multilayer substrate obtained by 
laminating a plurality of resin sheets including at least one 
layer of a liquid crystal polymer sheet. On a Surface of at least 
one layer of the liquid crystal polymer sheet, a thickness 
adjustment layer made of a fibrillated liquid crystal polymer 
powder containing fibrillated liquid crystal polymer particles 
is provided in a region insufficient in thickness when at least 
the plurality of resin sheets are laminated. 
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FIBRILLATED LIQUID CRYSTAL POLYMER 
POWDER, METHOD OF PRODUCING 

FIBRILLATED LIQUID CRYSTAL POLYMER 
POWDER, PASTE, RESIN MULTILAYER 

SUBSTRATE, AND METHOD OF PRODUCING 
RESIN MULTILAYER SUBSTRATE 

BACKGROUND 

0001 1. Technical Field 
0002 The present disclosure relates to a fibrillated liquid 
crystal polymer powder, a method of producing a fibrillated 
liquid crystal polymer powder, a paste, a resin multilayer 
Substrate, and a method of producing a resin multilayer Sub 
Strate. 
0003 2. Background Art 
0004 As a method of producing a resin multilayer sub 
strate, a method is known in which resin sheets made of a 
thermoplastic resin with a conductive pattern formed thereon 
are laminated, and heat and pressure are applied by a heat 
press plate to bond a laminate as a whole. 
0005. In a resin multilayer substrate obtained by such a 
method, there are some locations where the thickness is par 
tially different because of the presence/absence of the con 
ductive pattern, the presence/absence of a built-in part (a void 
due to the difference between cavity volume and volume of a 
built-in part, mismatching between the height of the part and 
substrate thickness), the level difference between a via and a 
resin portion (overfilling of a via paste, difference in amount 
of elastic deformation during compression, difference in 
thickness after cooling due to difference in coefficient of 
thermal expansion), or the like. However, the surface of a 
resin multilayer substrate is desirably as flat as possible for 
mounting thereon Surface mount devices, such as IC chips 
and connectors, or for mounting this resin multilayer Sub 
strate on a printed circuit board or the like. A possible method 
for obtaining such a flat Surface is to bring a member which is 
as flat as possible and which has high rigidity into contact 
with a surface of a substrate when bonding a plurality of resin 
sheets together through heating and compression. 

PTD 1: Japanese Patent Laying-Open No. 2004-315678 

PTD 2: Japanese Patent Laying-Open No. 2003-268121 

PTD 3: Japanese Patent Laying-Open No. 60-239600 

PTD 4: Japanese Patent Laying-Open No. 6-341014 

PTD 5: Japanese Patent Laying-Open No. 2010-77548 

PTD 6: Japanese Patent Laying-Open No. 2002-348487 

PTD 7: Japanese Patent Laying-Open No. 2004-043624 

SUMMARY 

Technical Problem 

0006 Generally known as a suitable insulating material 
used for an electronic material is a “liquid crystal polymer 
(LCP). LCP is a thermoplastic resin, from which a resin 
multilayer substrate can be obtained using the above-de 
scribed method of producing a resin multilayer Substrate. A 
film of LCP used as a substrate material is controlled to have 
a coefficient of thermal expansion close to that of metal. Such 
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as copper, used for a conductor by controlling the molecular 
orientation, thereby controlling dimensional changes and 
warping. If a flat and highly rigid member is brought into 
contact at the time of bonding through heating and compres 
Sionin order for flattening, a phenomenon will occur in which 
the film of LCP directly under a portion which is essentially to 
be a convex portion is subject to a high pressure, and flows 
into a recessed portion which is less likely to be subject to 
pressure. By such a method, an obtained substrate has a 
disordered internal molecular orientation since LCP has a 
property that molecules are oriented in a resin flow direction, 
causing problems such as warping, deformation and exfolia 
tion. Since internal conductors are also moved and deformed 
along with the resin flow, interlayer connections become mis 
aligned, and the Substrate no longer functions as a resin mul 
tilayer substrate. In order to flatten (smooth) the surface of a 
multilayer Substrate, it is possible to apply a varnish obtained 
by dissolving this LCP in a solvent to a desired region (a 
location insufficient in thickness) of a multilayer circuit base 
material. Such as a sheet, using a printing technique or the 
like. 

0007. However, as LCP used in the case of making an LCP 
varnish, a special LCP of comparatively low molecular pack 
ing with amide bond introduced into the molecular structure 
must be used, in order to obtain solubility in a typical solvent 
while maintaining liquid crystallinity. Since LCP with such 
bond and structure has a low gas barrier property and high 
moisture absorbency, low water absorbency which is one of 
principal merits of using LCP as part of a base material will be 
impaired. It is also possible to dissolve a common LCP in a 
special Solvent such as halogen-substituted phenol. In this 
case, however, the solventis expensive, and there is a problem 
in handling. A problem also arises in that, when applying it to 
a sheet, particularly a sheet of LCP, a sheet with a varnish 
applied thereto will also be dissolved (e.g., PTD 1: see Japa 
nese Patent Laying-Open No. 2004-315678). 
0008. On the other hand, it is also possible to flatten the 
Surface of a multilayer Substrate by applying powder obtained 
by grinding LCP to a desired region (a location insufficient in 
thickness) of a multilayer circuit base material. Such as a 
sheet, using a printing technique or the like. 
0009 For example, PTD 2 (Japanese Patent Laying-Open 
No. 2003-268121) describes forming a thin film for an elec 
tronic component using micropowder obtained by grinding 
liquid crystal polyester (LCP) by means of a powder coating 
method or a method using dispersion. 
0010. However, even when a dispersion only composed of 
an LCP powder and a dispersion medium is applied and dried, 
adhesiveness in the powder (between LCP particles) or adhe 
siveness with an LCP sheet is not fully obtained, and the LCP 
powder cannot be fully secured to the sheet in a step until 
heating and compression is performed after lamination. 
Therefore, it is necessary to add a binder resin to an LCP 
powder dispersion in order to improve adhesiveness, how 
ever, when a binder resin, which in many cases has high 
moisture absorbency, is used for a circuit board material, 
problems may arise in that characteristics may be changed by 
moisture absorption, a popcorn phenomenon may be caused 
by moisture absorption, and the like. Moreover, when bond 
ing through heating and compression, it becomes a factor 
which inhibits adhesiveness between layers, and in addition, 
a cracked gas may be generated due to high temperatures 
during heating and compression, which can cause Swelling. 
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0011 PTD 3 (Japanese Patent Laying-Open No. 
60-239600) discloses an invention regarding a synthetic 
paper through use of an LCP (liquid crystal polymer) pulp. 
and describes a method of applying a shearing force to an 
LCP fibrous material to manufacture pulp having fibrils. PTD 
4 (Japanese Patent Laying-Open No. 6-341014) describes a 
method of crushing a highly-oriented extrusion molded mate 
rial of LCP for fibrillation. PTD 5 (Japanese Patent Laying 
Open No. 2010-77548 describes a method of dividing LCP 
fibers with a water flow for fibrillation. 
0012. According to all of the methods disclosed in PTD 3 

to PTD 5, however, some physical power is applied to uniaxi 
ally-oriented fibers or a molded material for fibrillation. 
Therefore, a resultant fibrillated material has a fibrous form 
since cutting in the direction in which molecules are oriented 
is hardly performed in the fibrillating step, and fine fibrillated 
particles cannot be obtained. 
0013 PTD 6 (Japanese Patent Laying-Open No. 2002 
348487) describes a method of grinding a biaxially-stretched 
film made of a mixture of LCP and a copolymer having 
reactivity with LCP to obtain an LCP filler composed of a 
plate-like trunk portion and a branch portion. PTD 7 (Japa 
nese Patent Laying-Open No. 2004-043624) describes a 
method of obtaining flakes of an LCP film by a method, such 
as cutting, grinding, or beating. 
0014. According to each of the methods disclosed in PTD 
6 and PTD 7, however, a film-like material is used as a start 
material. A plate-like material or flake-like material is merely 
obtained, and LCP particles having a large number of fibrils 
cannot be obtained. 

0015. In view of the above-described problems, in manu 
facturing of a resin multilayer Substrate including an LCP 
sheet, the present disclosure provides an LCP powder that can 
be improved in bondability in the LCP powder (between LCP 
particles) and bondability between the LCP particles and the 
LCP sheet even if a resin component which can serve as a 
binder is not contained after applying a dispersion (paste) of 
the LCP powder to the LCP sheet and drying, and that can be 
secured to the sheet in a step until sheets are bonded together 
through heating and compression. 

Solution to Problem 

0016. The present disclosure provides a fibrillated liquid 
crystal polymer powder containing fibrillated liquid crystal 
polymer particles. 
0017. The present disclosure also relates to a method of 
producing a fibrillated liquid crystal polymer powder con 
taining fibrillated liquid crystal polymer particles, including, 
in the following order, a grinding step of grinding a biaxially 
oriented liquid crystal polymer film to obtain the liquid crys 
tal polymer powder, and a fibrillating step of crushing the 
liquid crystal polymer powder by a wet high-pressure crush 
ing device to obtain the fibrillated liquid crystal polymer 
powder. Preferably, grinding using a freeze grinding method 
is performed in the grinding step. 
0018. The present disclosure also relates to a paste con 
taining a dispersion medium and the above-described fibril 
lated liquid crystal polymer powder dispersed in the disper 
sion medium, and Substantially not containing a binder resin 
component. 
0019 Preferably, the dispersion medium is a liquid that 
can be dried within a temperature range less than or equal to 
a melting point of the liquid crystal polymer particles. 
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0020 More preferably, the paste further contains a liquid 
crystal polymer powder other than the fibrillated liquid crys 
tal polymer powder. 
0021. The present disclosure also relates to a resin multi 
layer Substrate obtained by laminating a plurality of resin 
sheets and then integrating them by thermocompression 
bonding. The plurality of resin sheets include at least one 
layer of a liquid crystal polymer sheet made of a liquid crystal 
polymer as a principal material. A conductive pattern is pro 
vided on a principal Surface of at least one layer of the resin 
sheets. On a surface of at least one layer of the liquid crystal 
polymer sheet, a thickness adjustment layer made of a fibril 
lated liquid crystal polymer powder containing fibrillated 
liquid crystal polymer particles as a principal material is 
provided in a region insufficient in thickness when at least the 
plurality of resin sheets are laminated. 
0022 Preferably, the fibrillated liquid crystal polymer 
powder is made of an identical liquid crystal polymer material 
to the liquid crystal polymer sheet. 
0023 The present disclosure also relates to a method of 
producing a resin multilayer Substrate obtained by laminating 
a plurality of resin sheets. The plurality of resin sheets include 
at least one layer of a liquid crystal polymer sheet made of a 
liquid crystal polymer as a principal material. The method 
includes, in the following order, a paste applying step of on a 
Surface of at least one layer of the liquid crystal polymer 
sheet, applying a paste containing a dispersion medium and a 
fibrillated liquid crystal polymer powder including liquid 
crystal polymer particles dispersed in the dispersion medium, 
and Substantially not containing a binder resin component, to 
part of a region insufficient in thickness in a state where at 
least the plurality of resin sheets are laminated, a laminating 
step of laminating the plurality of resin sheets to obtain a 
laminate, and a thermocompression bonding step of applying 
pressure and heat to the laminate to bond the laminate by 
thermocompression to obtain a laminate including a thick 
ness adjustment layer made of the paste. 

Advantageous Effects 
0024. Since the fibrillated liquid crystal polymer powder 
(fibrillated LCP powder) of the present disclosure contains 
(fibrillated) LCP particles having a large number of fibrils, 
bondability between LCP particles and bondability between 
LCP particles and an LCP sheet after drying can be improved. 
0025. A paste containing the fibrillated LCP powder can 
be used as it is with favorable workability because of its high 
Viscosity, without necessarily adding any other binder resin or 
the like. Since no binder resin is added, when a resin multi 
layer substrate is formed by bonding LCP sheets with the 
paste partially applied and dried together through heating and 
compression, it is not necessary to add a binder resin compo 
nent which may inhibit adhesiveness between layers or may 
cause gas generation to cause deterioration in electrical char 
acteristics. Problems, such as characteristics changes due to 
moisture absorption when applied as a circuit board material 
and occurrence of the popcorn phenomenon due to moisture 
absorption, are unlikely to occur. 
(0026. Through fibrillation, LCP particles have low bulk 
density (having voids). Since particles are therefore broken 
down by compression at the time of thermocompression 
bonding of a laminate, it is not necessary to make particles 
fine to the same degree as a slight level difference of a resin 
multilayer substrate, and the resin multilayer substrate can be 
flattened even when the particles are large to a certain degree. 
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In other words, since an applied film is compressed at the time 
of thermocompression bonding to be thin, even if the applied 
film is thick to Some degree, a thickness adjustment layer 
having a thickness as intended is likely to be finally formed. 
There is also an advantage that the costs for making particles 
fine can be eliminated. 
0027. As described above, a resin multilayer substrate that 
exhibits favorable electrical characteristics and low water 
absorbency derived from LCP has favorable surface smooth 
ness (flatness) and enables easy mounting of Surface mount 
devices thereon can be obtained. 

BRIEF DESCRIPTION OF DRAWINGS 

0028 FIG. 1 is a cross sectional view of a resin multilayer 
Substrate according to one embodiment of the present disclo 
SUC. 

0029 FIG. 2 is an exploded view of the resin multilayer 
Substrate according to one embodiment of the present disclo 
Sure in the state before thermocompression bonding. 
0030 FIGS. 3A-3I show respective steps of a method of 
producing the resin multilayer Substrate according to one 
embodiment of the present disclosure. 
0031 FIGS. 4A and 4B show explanatory views of a resin 
multilayer Substrate having built-in electronic components. 
0032 FIGS.5A and 5B show explanatory views of a thick 
ness adjustment layer in the resin multilayer Substrate having 
built-in electronic components. 
0033 FIG. 6 is a SEM inspection image of LCP particles 
in Example 1 (before fibrillation). 
0034 FIG. 7 is a SEM inspection image offibrillated LCP 
particles obtained in Example 1. 
0035 FIG. 8 is a SEM inspection image of LCP particles 
in Example 2 (before fibrillation). 
0036 FIG. 9 is a photograph showing the result of a tape 
peel test in Example 3. 
0037 FIG. 10 is a photograph showing the result of a tape 
peel test in Comparative Example 1. 

DESCRIPTION OF EMBODIMENTS 

0038 Hereinafter, one embodiment of the present disclo 
sure will be described with reference to the drawings. In the 
drawings of the present disclosure, the same or corresponding 
portions have the same reference characters allotted. Dimen 
sional relationships, such as length, width, thickness, and 
depth, have been changed appropriately for clarification and 
simplification of the drawings, and do not represent actual 
dimensional relationships. 
0039 <Fibrillated LCP Powderd 
0040. A fibrillated LCP powder of the present disclosure 
contains LCP particles having a large number offibrils. “Fib 
rillated liquid crystal polymer particles' refer to particles 
made of a liquid crystal polymer having a large number of 
fibrils (e.g., fibril-like fibrous branches, a network structure 
composed of fibrils), all the particles having been Substan 
tially fibrillated. That is, such a material that a fibril has a 
branch partially extending from an elongated LCP flake is not 
contained. 

0041 Since the LCP particles contained in the fibrillated 
LCP powder have a large number of fibrils, they have a large 
number of voids in proximity to the surface and have low bulk 
density. The whole fibrillated LCP powder has a bulk density 
of preferably 0.01 to 0.2, and more preferably 0.03 to 0.08. 
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0042. In order to further improve adhesiveness between 
LCP particles and adhesiveness between LCP particles and an 
LCP sheet, at least part of the fibrillated LCP powder may 
have experienced a surface treatment by ultraviolet (UV) or 
plasma radiation. The surface treatment by ultraviolet radia 
tion is more preferable than the surface treatment by plasma 
as the bondability improving effect is greater. 
0043 <Method of Producing Fibrillated LCP Powderd 
0044. A method of producing a fibrillated liquid crystal 
polymer powder of the present disclosure includes a fibrillat 
ing step of crushing a liquid crystal polymer powder by a wet 
high-pressure crushing device to obtain a fibrillated liquid 
crystal polymer powder. 
0045. The wet high-pressure crushing device is a device 
for causing a dispersion of raw material particles to pass 
through a narrow nozzle (chamber) under high pressure to 
crush the raw material particles by a shearing force or the like 
produced at that time. It may be a device that can cause a 
dispersion to pass through a narrow nozzle and can cause the 
dispersion to collide with Some target under high pressure. 
0046 AS Such a wet high-pressure crushing device, a 
device as disclosed in, for example, Japanese Patent Laying 
Open Nos. 2003-10663 and 2001-29776, in which a raw 
material Supplied to a material Supply port can be delivered 
underpressure to a device body, and can granulate and extract 
a Substance in the raw material in this body, can be used. Here, 
a Substance in a pressurized fluid is granulated to have a 
desired particle size (determined by particle size distribution) 
by a confluence collision and shunt current extension in a 
through-hole, a groove or the like. A fluid collision device as 
disclosed in Japanese Patent Laying-Open No. 2000-448 for 
causing a high-pressure fluid to collide with a hard object to 
granulate a Substance contained in the fluid can be used. An 
example of a commercially available wet high-pressure 
crushing device is “Cavitation Mill Nano Dispersing System” 
available from Advanced Nano Technology Co., Ltd., for 
example. 
0047. By using the wet high-pressure crushing device, the 
fibrillated LCP powder can be obtained from an LCP powder 
raw material. By a method other than using the wet high 
pressure crushing device, deformation of powder occurs, and 
fibrillated LCP particles are hardly produced. 
0048. The pressure when the LCP powder dispersion 
passes through the nozzle of the wet high-pressure crushing 
device is preferably more than or equal to 20 MPa, and more 
preferably, more than or equal to 50 MPa. In order to bring the 
pressure when the LCP powder dispersion passes through the 
nozzle to fall within Such a desired region, the nozzle diam 
eter and the applied pressure at the material Supply port may 
be adjusted appropriately. 
0049. The dispersion medium used herein is not particu 
larly limited as long as it is a liquid material in which an LCP 
powder can be dispersed, however, in order to remove the 
dispersion medium after fibrillation and to collect a fibrillated 
LCP powder, a dispersion medium whose boiling point does 
not exceed the melting point of LCP is preferable, and more 
preferably, a dispersion medium whose boiling point is less 
than or equal to the softening temperature of LCP is prefer 
able. Examples of Such a dispersion medium include ethanol, 
methanol, isopropyl alcohol, toluene, benzene, Xylene, phe 
nol, acetone, methyl ethyl ketone, diethyl ether, dimethyl 
ether, and hexane. 
0050. This production method includes a grinding step of 
grinding a film made of a biaxially-oriented LCP to obtain an 
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LCP powder to be subjected to grinding (fibrillation) by the 
wet high-pressure crushing device, prior to the fibrillating 
step. For the passage through the nozzle of the wet high 
pressure crushing device, it is necessary to grind the LCP 
powder to have a particle size Smaller than the nozzle diam 
eter. In the case of a uniaxially-oriented LCP (e.g., a pellet 
like), for example, elongated flakes which are long in the 
orientation direction can be obtained even if it is ground, 
which cannot pass through the nozzle of the wet high-pres 
Sure crushing device. On the other hand, by grinding a film 
made of a biaxially-oriented LCP, a powdery (spherical) 
ground material having a comparatively small particle size 
(e.g., having a particle size of 0.1 um to 300 um) can be 
obtained. Thus, the material can pass through the nozzle of 
the wet high-pressure crushing device. In order to prevent the 
noZZle from clogging, it is preferable to grind the LCP powder 
such that the particle size thereof is smaller than or equal to 
about half of the nozzle diameter. 
0051. As the biaxially-oriented LCP film, a biaxially 
stretched LCP film can be used. By using the biaxially-ori 
ented LCP film as a raw material, an LCP powdery material 
having therein a large number of domains in which molecules 
in an amount of certain range are oriented in the same direc 
tion can be obtained efficiently. In the case where the biaxi 
ally-oriented LCP film is ground, an LCP powder whose 
constitution particles are close to a spherical shape rather than 
a fibrous shape can be obtained. In the case where a uniaxi 
ally-oriented LCP film (uniaxially-stretched LCP film) or a 
pellet-like LCP is used, elongated fibrous material (flakes) 
whose molecules are orientated in a certain direction and 
which is long in the orientation direction can be obtained, and 
it is also difficult to obtain a coating material for obtaining a 
stable applied film. Since a material powderized at the time of 
LCP polymerization has no domain formed therein, fibrilla 
tion which will be described later is difficult. 

0052. The crushed LCP powder is fibrillated by separation 
per internal domain, and a fibrillated LCP powder having a 
large number of fibrils is obtained. Crushing may be pro 
ceeded until a net-like material or microfilaments entirely 
made of fibrils alone are obtained. 
0053. The particle size of the fibrillated powder depends 
on the particle size of the LCP powder before fibrillation. 
Thus, by controlling the particle size of the LCP powder, the 
particle size of the fibrillated powder can be controlled in 
accordance with application. For example, in the case of 
obtaining a paste of the fibrillated LCP powder containing 
these fibrillated particles and forming an applied film by 
screen printing, the particles need to be made Small in accor 
dance with the mesh size as they need to pass through a mesh 
screen. In the case of using an inkjet printing machine, 
particles larger than the nozzle diameter must not exist for the 
passage through the nozzle. The fibrillated fibers made of 
uniaxially-oriented LCP cannot be used for such applications 
of passing through a mesh or a nozzle because they are too 
long and become entangled together to form a massive object. 
0054. In the above-described grinding step (the step of 
obtaining an LCP powder), various grinding devices can be 
used appropriately for grinding a film-like LCP. In the grind 
ing step, however, grinding by means of a freeze grinding 
method is preferably performed. Grinding by means of the 
freeze grinding method refers to grinding an LCP film or the 
like in a frozen state. In this case, a liquid crystal polymer film 
can be ground Smoothly, so that powder offine particle diam 
eter can be obtained efficiently. In order to grind a liquid 
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crystal polymer in a frozen state, it is possible to roughly 
grind a tape-like film made of a liquid crystal polymer, for 
example, and feed it into agrinding device sequentially while 
pouring liquid nitrogen thereon. 
0055 <Paste Containing Fibrillated LCP Powderd 
0056. A paste of the present disclosure contains a disper 
sion medium and the above-described fibrillated LCP powder 
dispersed in the dispersion medium. That is, main constitu 
ents of the paste are the above-described fibrillated LCP 
powder and the dispersion medium in which the fibrillated 
LCP powder can be dispersed. 
0057 The dispersion medium used herein is preferably a 
liquid that can be removed by heating at or below the melting 
point of an LCP resin. Sucha dispersion medium is preferably 
a liquid from which LCP can be evaporated without neces 
sarily melting or decomposing. As such, a dispersion 
medium, ethanol, terpineol, butyllactone, isopropyl alcohol, 
or the like can be used, for example. 
0058. The paste of the present embodiment has high vis 
cosity even if the added amount of a fibrillated LCP powder is 
Small, and separation of the dispersion medium and powder is 
unlikely to occur (precipitation of powder is unlikely to 
occur) because the powder is bulky. Therefore, the paste can 
be used for forming various applied films without necessarily 
adding a resin component, such as another binder resin for 
imparting these characteristics, or another additive. 
0059. With the paste of the present embodiment, even after 
application to an LCP sheet and drying, the fibrillated LCP 
powder adheres favorably to the LCP sheet, and does not drop 
down in a Subsequent processing step. For this reason, it is not 
necessary to add a binder resin into the paste. Moreover, since 
a typical polyester-based LCP resin not containing an amide 
bond can be used, the paste has low water absorbency and 
excellent electrical characteristics. 
0060. In the paste, an LCP powder not having been fibril 
lated (a non-fibrillated LCP powder) may be added in addi 
tion to the fibrillated LCP powder, for the purpose of improv 
ing fluidity and reducing costs. Similarly to the fibrillated 
LCP powder, at least part of the non-fibrillated LCP powder 
may be subjected to a surface treatment by ultraviolet or 
plasma radiation so as to further improve adhesiveness 
between LCP particles and adhesiveness between LCP par 
ticles and an LCP sheet. 
0061 The above-described paste is applied to a portion of 
the LCP sheet and dried to form an applied film in the shape 
of an LCP sheet, and then finally subjected to heating and 
compression for integration to be part of a resin multilayer 
substrate. 
0062. In this manner, by applying the paste on the surface 
of at least part (a region insufficient in thickness in the state 
where a plurality of resin sheets are laminated) of an LCP 
sheet and drying, the partial thickness of the resin multilayer 
substrate can be adjusted to flatten the surface. 
0063. By removing the dispersion medium of the paste by 
heating, only LCP remains as a residual component. There 
fore, there is no component that inhibits adhesion in LCP 
(between LCP particles and between LCP particles and the 
LCP sheet) after heating and compression, and integration 
can be achieved favorably. Moreover, the electrical charac 
teristics of an LCP substrate are not impaired since there is no 
component having high water absorbency. 
0064) <Resin Multilayer Substrated 
0065. A resin multilayer substrate of the present disclo 
Sure is a resin multilayer Substrate obtained by laminating a 
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plurality of resin sheets and then integrating them by thermo 
compression bonding. The plurality of resin sheets include at 
least one layer of a liquid crystal polymer sheet made of a 
liquid crystal polymer as a principal material. A conductive 
pattern is provided on a principal Surface of at least one layer 
of the resin sheets. On a surface of at least one layer of the 
liquid crystal polymer sheet, a thickness adjustment layer 
made of a fibrillated liquid crystal polymer powder contain 
ing fibrillated liquid crystal polymer particles as a principal 
material is provided in a region insufficient in thickness when 
at least the plurality of resin sheets are laminated. 
0066 Referring to FIGS. 1 and 2, the resin multilayer 
substrate according to the present embodiment will be 
described below. A cross sectional view of this resin multi 
layer substrate is shown in FIG.1, and an exploded view in the 
state before thermocompression bonding is shown in FIG. 2. 
As shown in FIG. 1, a resin multilayer substrate 91 according 
to the present embodiment is a resin multilayer substrate 
obtained by using athermoplastic resin as a principal material 
and laminating a plurality of resin sheets 2 each having a 
principal Surface 2a and Subjecting them to thermocompres 
sion bonding for integration. Plurality of resin sheets 2 
include resin sheet 2 having a conductive pattern 31 on prin 
cipal Surface 2a. In the example shown in the present embodi 
ment, four layers of resin sheets 2 all correspond to resin sheet 
2 having conductive pattern 31 on principal Surface 2a. More 
over, the four layers of resin sheets 2 all correspond to an LCP 
sheet 3. 

0067. As shown in FIG. 2, on the surface of at least some 
LCP sheets 3 included in plurality of resin sheets 2, a paste 
containing the above-described fibrillated LCP powder is 
applied to a region insufficient in thickness in the state where 
plurality of resin sheets 2 are laminated. After applying this 
paste, a plurality of resin sheets are laminated in a dried State 
(an LCP powder layer 61). Finally, this paste after drying will 
be a thickness adjustment layer 62 by thermocompression 
bonding (FIG. 1). 
0068 A region insufficient in thickness in the state where 
plurality of resin sheets 2 are laminated refers to a region 
which will be insufficient in thickness without necessarily 
arranging thickness adjustment layer 62. This is, for example, 
a region where the arrangement density of patterning mem 
bers (a conductor pattern, a via conductor, etc.) is low or a 
region where no built-in parts are built in, or the arrangement 
of built-in parts is sparse. The region where thickness adjust 
ment layer 62 (or LCP powder layer 61) is arranged in FIGS. 
1 and 2 corresponds to “a region insufficient in thickness in 
the state where plurality of resin sheets 2 are laminated. By 
applying the present disclosure, insufficiency in thickness as 
a resin multilayer Substrate is also alleviated in these regions 
consequently. 
0069. It is not always necessary to apply the paste entirely 
to “a region insufficient in thickness in the state where plu 
rality of resin sheets 2 are laminated.” That is, the paste may 
be applied selectively, for example, to a portion of the region 
insufficient in thickness where a remarkable difference in 
thickness occurs. Alternatively, the paste may be applied to a 
portion other than the region insufficient in thickness. 
0070. When applying the paste, it is not always necessary 
to apply the paste in a thickness that completely solves the 
insufficiency in thickness. That is, if the paste is applied in a 
certain thickness, the insufficiency in thickness can be solved 
to Some degree, and the effects of the present disclosure can 
be achieved. 
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0071. In the present embodiment, the LCP powder layer is 
formed on the Surface opposite to conductive pattern 31 as a 
patterning member at the time of lamination, however, LCP 
powder layer 61 may be formed on the same surface as 
conductive pattern 31 as a patterning member. 
0072. In this manner, in the resin multilayer substrate of 
the present embodiment, even when each resin sheet 2 has a 
difference in thickness by the local presence/absence of a 
patterning member or the like, the degree of flatness (Surface 
Smoothness) of the outermost surface of the laminate 
obtained by laminating these resin sheets 2 can fully be 
secured as shown in FIG. 1. 
0073. At least resin sheet 2 that is in contact with thickness 
adjustment layer 62 is preferably an LCP sheet having LCP as 
a principal material. By adopting this constitution, resin sheet 
2 and thickness adjustment layer 62 both become layers of 
LCP in the laminated state, so that bondability between them 
is improved. 
(0074) <Method of Producing Resin Multilayer Substrate> 
0075. A method of producing a resin multilayer substrate 
according to the present embodiment is a method of produc 
ing a resin multilayer Substrate obtained by laminating a 
plurality of resin sheets. The plurality of resin sheets include 
at least one layer of a liquid crystal polymer sheet made of a 
liquid crystal polymer as a principal material, the method 
comprising, in the following order, a paste applying step of 
on a Surface of at least one layer of the liquid crystal polymer 
sheet, applying a paste containing a dispersion medium and a 
fibrillated liquid crystal polymer powder including liquid 
crystal polymer particles dispersed in the dispersion medium, 
and Substantially not containing a binder resin component, to 
part of a region insufficient in thickness in a state where at 
least the plurality of resin sheets are laminated, a laminating 
step of laminating the plurality of resin sheets to obtain a 
laminate, and a thermocompression bonding step of applying 
pressure and heat to the laminate to bond the laminate by 
thermocompression to obtain a laminate including a thick 
ness adjustment layer made of the paste. 
0076. The method of producing a resin multilayer sub 
strate according to the present embodiment will now be 
described in detail with reference to FIGS 3A-3I. 

0077. First, as shown in FIG. 3A, an LCP sheet 1 with a 
conductor foil in which a conductor foil 30 adheresto one side 
of LCP sheet 2 is prepared. LCP sheet 2 is made of LCP. 
However, all of resin sheets constituting a resin multilayer 
substrate do not need to be LCP sheets, but some resin sheets 
may be made of a resin material other than LCP. Such as 
PEEK (polyetheretherketone), PEI (polyether imide), PPS 
(polyphenylenesulfide), or thermoplastic PI (polyimide). A 
sheet (Substrate) madeofathermosetting resin, Such as epoxy 
resin, may also be included. 
0078 Conductor foil 30 is made of an elemental metal 
such as Cu, Ag, Al, SUS, Ni, or Au, or an alloy of two or more 
different metals selected from among these metals, for 
example. The thickness of conductor foil 30 may be a thick 
ness that allows for circuit formation, and is about more than 
or equal to 5um and less than or equal to 100 um, for example. 
Conductor foil 30 has been subjected to a surface treatment so 
as to have a predetermined Surface roughness RZ (e.g., 3 um). 
0079 An operation of forming a conductive pattern and 
the like which will be described later may be proceeded after 
preparing resin sheet 1 with a plurality of strip-shaped con 
ductor foils (in the form of individual substrates). As another 
method, large-sized resin sheet 1 with a conductor foil in 
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which Strip-shaped regions to be individually cut out later as 
a plurality of resin sheets are defined may be prepared, and an 
operation of forming a conductive pattern and the like which 
will be described later may be proceeded on the large-sized 
sheet, and then the sheet may be cut into strips. Herein, 
description will be continued assuming that strip-shaped 
resin sheet 1 with a conductor foil has already been cut out. 
0080. Although not shown in FIG. 3A, a via hole for 
charging a conductive paste 41 (see FIG. 2) at a location 
where connection between conductive patterns is required as 
will be described later. The via hole is formed to extend 
through resin sheet 2 by irradiating a surface of resin sheet 1 
with a conductor foil on the side of resin sheet 2 with a carbon 
dioxide laser light. The via hole extends through resin sheet 2. 
but does not extend through conductor foil 30. Then, a smear 
in the via hole may be removed by a chemical treatment with 
permanganic acid or the like according to necessity. In order 
to form a via hole, laser light other than carbon dioxide laser 
light may be used, or a method other than laser light irradia 
tion may be adopted. 
0081. A cavity, namely, a void, for accommodating elec 
tronic components may be formed in some resin sheets 2 by 
punching or the like, and after placing electronic components 
in the cavity, plurality of resin sheets 2 may be laminated. 
Then, it is possible to incorporate electronic components in a 
laminate. 

0082 Next, as shown in FIG.3B, a resist film 5 is formed 
on the surface of conductor foil 30 on the side opposite to LCP 
sheet 3. 

0083. Next, conductor foil 30 is etched with resist film 5 
used as a mask to remove a portion of conductor foil 30 that 
is not covered with resist film 5, as shown in FIG.3C. Then, 
desired conductive pattern 31 is formed on one surface of 
resin sheet 2. 
0084. Next, resist film 5 is removed using a resist cleaning 
liquid, then as shown in FIG. 3D, a paste (an LCP paste 60) 
containing a dispersion medium and a fibrillated liquid crys 
tal polymer powder dispersed in this dispersion medium and 
Substantially not containing a binder resin component is 
selectively applied by printing to resin sheet 2 on the side of 
conductive pattern 31 (e.g., to a portion where conductive 
pattern 31 is absent) (a paste applying step). A state shown in 
FIG.3E is thereby brought about. Then, LCP paste 60 is dried 
to form LCP powder layer 61 at a portion on resin sheet (LCP 
sheet) 2 where conductive pattern 31 is absent, as shown in 
FIG. 3F. Even in this state, in LCP powder layer 61, LCP 
particles as well as the LCP particles and the LCP sheet are 
bonded to some degree, which provides more excellent work 
ability, such as conveyance to a next step, than in conventional 
CaSCS. 

I0085. Thereafter, the above-described via hole, if pro 
vided, is filled with conductive paste 41 (see FIG. 2) by screen 
printing or the like, although not shown in FIGS. 3A-3I. 
Although screen printing is performed from the lower Surface 
in FIG. 3F, screen printing is actually performed with the 
upper and lower sides reversed such that the opening of the 
via hole is placed on the upper side. 
I0086. The conductive paste preferably contains a suitable 
amount of metal powder that forms an alloy layer with a metal 
which is a material of conductive pattern 31 at a temperature 
at the time of thermocompression bonding of laminated resin 
sheets later (hereinafter referred to as a “thermocompression 
bonding temperature'). This conductive paste contains cop 
per, namely, Cu as a principal component for exhibiting con 
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ductivity, and preferably contains at least one of Ag, Cu and 
Ni in addition to the principal component and at least one of 
Sn, Bi and Zn. 
I0087 Although processing on a certain resin sheet 2 has 
been described by way of example, other resin sheets 2 are 
also subjected to similar processing to form desired conduc 
tive pattern 31 and LCP powder layer 61 appropriately, and to 
be filled with the conductive paste according to necessity. In 
this way, plurality of resin sheets 2 are prepared as shown in 
FIG. 3G. 
I0088 Next, plurality of resin sheets 2 are laminated as 
shown in FIG. 3H (a laminating step). A laminate 90 is 
formed by laminating plurality of resin sheets 2. In this state, 
laminate 90 has not been bonded by thermocompression, but 
is in the state where resin sheet 2 are merely laminated. 
I0089 Next, as shown in FIG. 3I, pressure and heat is 
applied to laminate 90 of plurality of resin sheets 2 to bond 
laminate 90 by thermocompression (a thermocompression 
bonding step). Specifically, for example, release materials are 
placed on the upper and lower surfaces of laminate 90, and 
press plates are further placed thereon to sandwich them from 
above and below for heating and pressurization. It is not 
indispensable to interpose the release materials above and 
below laminate 90. However, by thus using the release mate 
rials in step S4, an operation of removing resin multilayer 
substrate 91 obtained after thermocompression bonding from 
between the press plates can be performed smoothly. 
0090. In this way, plurality of resin sheets 2 included in 
laminate 90 are bonded to each other by thermocompression, 
and resin multilayer substrate 91 is obtained. Simultaneously 
with this, the conductive paste is metalized by heating com 
pression to be a via conductor 42 (see FIG. 1). 
0091. When these resin sheets 2 are bonded together by 
thermocompression, LCP powder layer 61 is compressed by 
heating, so that thickness adjustment layer 62 is formed. At 
this time, LCP particles constituting LCP powder layer 61 are 
adhered and bonded together by thermocompression bond 
ing. At a location where LCP sheet 2 and LCP powder layer 
61 are in direct contact with each other, LCP constituting LCP 
sheet 2 and the LCP particles constituting LCP powder layer 
61 are bonded firmly by thermocompression bonding. 
0092. On the resin multilayer substrate obtained as 
described above, surface mount devices are mounted after 
wards according to necessity. 
0093. In the present embodiment, on the surface of at least 
some resin sheets 2 of plurality of resin sheets 2, LCP powder 
layer 61 is formed by applying the paste to a region insuffi 
cient in thickness in laminate 90 as a whole, and plurality of 
resin sheets 2 having experienced such steps are laminated 
and bonded by thermocompression. Therefore, in the region 
where the thickness should have been insufficient in laminate 
90 as a whole, the thickness of the whole laminate is com 
pensated by the thickness of thickness adjustment layer 62. 
Therefore, even if individual resin sheets 2 have a difference 
in thickness due to the local presence/absence of a pattern, the 
degree of flatness of the outermost surface of the laminate 
obtained by laminating these resin sheets 2 can be secured 
sufficiently. 
0094. In the method of producing a resin multilayer sub 
strate based on the present embodiment, at least one layer of 
plurality of resin sheets 2 is an LCP sheet having LCP as a 
principal material, and preferably, all of resin sheets 2 are 
LCP sheets. In this case, in the state where plurality of resin 
sheets 2 are laminated, resin sheet 2 and thickness adjustment 
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layer 62 both become LCP layers and have equal material 
characteristics. Thus, electrical characteristics of internal 
wiring lines and the like are unlikely to be affected. 
0095. The material of the biaxially-oriented LCP film is 
preferably the same as the principal material of LCP sheet 2. 
Assuming that the same material as the film-like liquid crystal 
polymer mainly constituting LCP sheet 2 is used as a biaxi 
ally-oriented film-like LCP. LCP sheet 2 and thickness adjust 
ment layer 62 will be composed of the same type of liquid 
crystal polymers. Thus, resin multilayer substrate 91 can be 
obtained without necessarily affecting the characteristics of 
internal wiring lines and the like. 
0096. In the method of producing a resin multilayer sub 
strate based on the above-described present embodiment, on 
the surface of at least some resin sheets 2 of plurality of resin 
sheets 2, the LCP paste of the present disclosure is applied 
and dried to form the thickness adjustment layer, thereby 
adjusting the thickness. However, the thickness adjustment 
layer formed by the LCP paste of the present disclosure is not 
limited to such layer formed on the surface of single-layer 
resin sheet 2. 
0097. For example, referring to FIG. 4A, in the case of 
providing void (cavity) 8 in a resin multilayer substrate 
obtained by laminating plurality of LCP sheets 3 by partially 
cutting out (not forming) LCP sheets 3 and incorporating an 
electronic component 7 therein, the size of void 8 is some 
times made larger than the plane contour of electronic com 
ponent 7 in order to incorporate electronic component 7 sta 
bly. In such a case, the thickness of the laminate is insufficient 
in the gap between electronic component 7 and the contour of 
void 8, and when bonding LCP sheets 3 together through 
heating and compression, unevenness may occur at the Sur 
face of a resin multilayer Substrate, or the shape of Surround 
ing wiring lines (conductive pattern 31) may be distorted (see 
FIG. 4B). Then, after arranging electronic component 7 in the 
Void, filling the gap between electronic component 7 and the 
contour of the void with LCP paste 60 of the present disclo 
sure as shown in FIG.5A, the insufficiency in thickness at the 
gap portion can be solved, and resin multilayer Substrate 91 in 
which the surface after lamination has flatness can be 
obtained as shown in FIG. 5B. Moreover, electronic compo 
nent 7 is restrained from moving unnecessarily in the Void. In 
the present disclosure, such a Void corresponds to the above 
described “region insufficient in thickness when a plurality of 
resin sheets are laminated, and the portion formed by the 
LCP paste filling such a void is also included in thickness 
adjustment layer 62 (see FIG. 5B). 

EXAMPLES 

0098. Although the present disclosure will be described 
below in more detail illustrating examples, the present dis 
closure is not limited to these. 

Example 1 

0099. An LCP biaxially-stretched film (125-um-thick) 
was prepared, and this film was ground using a rotary cutter 
mill. After grinding, only particles having been ground until 
they could pass through a 0.5-mm-diameter mesh was col 
lected to obtain an LCP powder. A SEM inspection image of 
particles in the obtained LCP powder is shown in FIG. 6. The 
obtained LCP powder had a 106-um-mesh transmission coef 
ficient (weight) of 15%, and a 150-um-mesh transmission 
coefficient of 20%. 
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0100 Next, a dispersion obtained by adding the LCP pow 
der (having passed through a 150 mesh) in a weight ratio of 
10% to a dispersion medium (50% aqueous solution of etha 
nol) was prepared, and the LCP powder was fibrillated using 
a wet high-pressure crushing device. A 250-um-diameter 
cross-type nozzle was used as a nozzle of the wet high 
pressure crushing device, and processing of Supplying the 
dispersion under a pressure of 125 MPa to pass through the 
nozzle was repeated 9 times. After the processing was 
repeated 9 times, sedimentation of a Solid content was no 
longer observed even when the dispersion was left at rest. 
Then, the operation was terminated. The dispersion after this 
processing was dried with a spray dryer to obtain a fibrillated 
LCP powder. A SEM inspection image of particles in the 
obtained fibrillated LCP powder is shown in FIG. 7. As a 
result of SEM observation, this fibrillated LCP powder had a 
size of less than or equal to 100 um at the maximum. 
0101 This fibrillated LCP powder was added in a weight 
ratio of 10% to terpineol, and stirred to obtain a paste-like 
material. While terpineol had a viscosity of about 70 mPais, 
the obtained paste-like material had a viscosity of about 3800 
mPas. Even when this paste-like material was left for 1 day, 
sedimentation of a Solid content was not observed. 

0102. As described above, in Example 1, a fine fibrillated 
powder whose overall shape was massive, rather than fibrous 
with a large aspect ratio and whose maximum diameter was 
less than or equal to 100 um was obtained. This is because, 
since a biaxially-stretched film has a random molecular ori 
entation in a plane, the film is ground without necessarily 
having anisotropy at the time of grinding to have massive 
particles having a small aspect ratio, and in addition, it is an 
aggregate of Small domains in the inside in which a certain 
amount of molecules are oriented identically, and those 
domains are separated by a shearing force produced at the 
time of passage through a nozzle under high pressure. In order 
to obtain high pressure, the inside diameter of the nozzle is 
about 500 um at the maximum, and a raw material fed into the 
device needs to be particles of less than or equal to 250 um at 
the maximum. Such fine particles cannot be obtained from 
crushed fiber or pellet. 
(0103) The obtained fibrillated LCP powder is bulky and 
has a large Surface area, and fibrils are entangled together. 
Thus, even if it is added by a small amount to obtain a 
dispersion, sedimentation is unlikely to occur, and a viscosity 
increase effect is high. 

Example 2 

0104. An LCP biaxially-stretched film (125-um-thick) 
similar to that of Example 1 was prepared, and primary grind 
ing of this film was performed using a rotary cutter mill. After 
primary grinding, only films ground until they could pass 
through a 3-mm-diameter mesh were collected, and further, 
secondary grinding was performed using a freeze grinding 
machine to obtain an LCP powder. A SEM inspection image 
of particles in the obtained LCP powder is shown in FIG. 8. 
The obtained LCP powder had a 106-um-mesh transmission 
coefficient (weight) of 67% and a 150-um-mesh transmission 
coefficient of 90%. Thereafter, a fibrillated LCP powder and 
a paste-like material were obtained similarly to Example 1. 
0105. In this way, in Example 2, the yield when obtaining 
a powder of less than or equal to 150 um from a film was 
dramatically increased, and besides, a fibrillated powder 
equivalent to Example 1 was obtained ultimately. 
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Example 3 
010.6 An LCP biaxially-stretched film (125-um-thick) 
was prepared, and primary grinding of this film was per 
formed using a rotary cutter mill. After primary grinding, 
only films ground until they could pass through a 3-mm 
diameter mesh were collected, and further, secondary grind 
ing was performed using a freeze grinding machine to obtain 
an LCP powder. The obtained LCP powder had a 106-um 
mesh transmission coefficient (weight) of 67% and a 150-um 
mesh transmission coefficient of 90%. 
0107 Next, a dispersion obtained by adding an LCP pow 
der (having passed through a 150 mesh) in a weight ratio of 
10% to a dispersion medium (50% aqueous solution of etha 
nol) was prepared, and the LCP powder was fibrillated using 
a wet high-pressure crushing device. A 250-um-diameter 
cross-type nozzle was used as a nozzle of the wet high 
pressure crushing device, and processing of Supplying the 
dispersion under a pressure of 125 MPa to pass through the 
nozzle was repeated 9 times. The dispersion after the process 
ing by the wet high-pressure crushing device was dried with 
a spray dryer to obtain a fibrillated LCP powder. 
0108. This fibrillated LCP powder was added in a weight 
ratio of 15% to terpineol (having a viscosity of about 70 
mPas), and stirred to obtain a paste-like material. The 
obtained paste-like material had a viscosity of about 14000 
mPas. Even when this paste-like material was left for 1 day, 
precipitation of a solid content was not observed. 
0109. This paste was applied to a 125-um-thick LCP sheet 
by screen printing (70 screen meshes/inch, 263-um opening) 
to forman applied film, and then drying was performed under 
the conditions of 180° C. and 10 minutes on a hot plate to 
obtain an applied film having a thickness of about 30 Jum 
made only of a fibrillated LCP. 
0110 Tape Peel Test (Cross-Cut Test) 
0111. Using a crosscut guide, this applied film after drying 
was cut to have 1x1-mm squares in a grid pattern of 10x10, 
and a tape peel test was performed using a 15-mm-width 
mending tape available from 3M company (product name: 
Scotch.R. 810 MagicTM Tape). The procedure of the tape peel 
test was in conformity with “JIS K5400 cross-cut test 
method.” The points in this cross-cut test method (cross-cut 
test points) are shown in Table 1. A photograph of the applied 
film after the tape peel test is shown in FIG. 9. 
0112 T-Peel Test 
0113. On the surface of the LCP sheet with the above 
described applied film formed thereon, an LCP sheet having 
the same thickness of 125um was overlaid, and was pressed 
under the conditions of 280° C. 4MPa and 5 minutes using a 
vacuum press device. The pressed sample was cut into 5-mm 
width, and a T-peel test was carried out using a tensile testing 
machine. The results of measurement of the peel strength in 
this test are shown in Table 1. 
0114 Evaluation of Electrode Level Difference 
0115 Furthermore, a quasi-resin multilayer substrate was 
produced using the following technique, and the electrode 
level difference was evaluated. 
0116 First, a base material on which a circuit pattern was 
to be formed was prepared by bonding an 18-um-thick elec 
trolytic copper foil (a laminate surface having been rough 
ened) by thermocompression to one side of a 50-um-thick 
LCP sheet. 
0117 Next, as a simulation circuit pattern, a 9-mm-width 
linear pattern was formed at intervals of 10 mm by etching the 
copper foil with an etching masking tape attached. 
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0118. Next, an applied film was formed on the circuit 
pattern from which the masking tape had not been peeled 
using a printing screen similar to that when forming the 
above-described applied film, and after peeling the masking 
tape, the film was dried under the same conditions as 
described above. A 30-um-thick applied film was thereby 
formed on portions other than a conductor portion of the 
simulation circuit pattern. 
0119) Next, two simulation circuit patterns with the 
above-described applied film formed thereon were placed 
one on the other Such that their patterns overlapped, and a 
50-um-thick LCP sheet was further overlaid, and pressing 
was performed under the conditions of 280° C. 4MPa and 5 
minutes using a vacuum press device. 
I0120 Next, the thickness was measured at six points each 
at a place directly above the conductorportion and at a portion 
where the conductor was absent, and the difference between 
average values was defined as a level difference. The results 
of measurement of level difference are shown in Table 1. 
I0121 Results of evaluation of respective tests of 
Examples 4, 5 and Comparative Examples 1 to 4 are similarly 
shown in Table 1 collectively. 

Comparative Example 1 
0122. As a comparison, a paste-like material was obtained 
similarly to Example 3 except that an unfibrillated LCP pow 
der (an LCP powder before being processed by a wet high 
pressure crushing device) was used instead of a fibrillated 
powder, and that this LCP powder was added in a weight ratio 
of 10% to terpineol. This paste-like material was evaluated 
similarly to Example 3. A photograph of the applied film after 
the tape peel test is shown in FIG. 10. 

Comparative Example 4 
0123. A sample for peel strength measurement and a simu 
lation resin multilayer substrate were produced similarly to 
Comparative Example 3 except that a paste was not used, and 
the peel strength and the level difference were measured 
similarly to Example 3. 
0.124. The above results (particularly the result of Com 
parative Example 1 (FIG. 10) and the result of Example 3 
(FIG. 9)) reveal that in Example 3, the applied film after 
drying exhibits high adhesion on an LCP sheet because of 
entanglement between fibrils and bonding strength between 
fibrillated particles and between the fibrillated particles and 
the film, and do not easily fall down. 

Example 4 
0.125. A fibrillated powder was obtained by a method simi 
lar to that of Example 3. Moreover, an LCP powder (not 
having been subjected to fibrillation) obtained by freeze 
grinding was separately classified by a 40-um mesh to obtain 
a fine LCP powder. 
I0126. As to these powders, the fibrillated LCP powder and 
the fine LCP powder were mixed at a ratio of 1 to 3, and this 
powder mixture was added in a weight ratio of 25% to terpi 
neol, and stirred to obtain a paste-like material. This paste 
like material was subjected to an evaluation test similarly to 
Example 3. 

Comparative Example 2 
I0127. As a comparison, a paste-like material was obtained 
and this paste-like material was evaluated similarly to 
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Example 4 except that an unfibrillated LCP powder (a powder 
before being processed by a wet high-pressure crushing 
device in the fibrillated powder manufacturing process) was 
used instead of the fibrillated powder and was added by 25% 
to terpineol. 
0128. From the above results, in Example 4, the solid 
content ratio could be increased with the same Viscosity, in 
addition to the effect of Example 3. A thicker applied film can 
thereby be formed with equivalent workability. By adding an 
LCP powder not having been subjected to the fibrillating step, 
costs for forming an applied film of the same thickness can be 
reduced. 

Example 5 
0129. By a method similar to that of Example 4, a powder 
mixture of a fibrillated LCP powder and a fine LCP powder 
was obtained. This powder mixture was subjected to UV 
treatment. Specifically, the powder mixture was added by 5 
wt % to a dispersion medium of ethanol and water in the ratio 
1:1, and stirred to obtain a dispersion. With this dispersion 
interposed between two 5-mm-thick synthetic quartz plates, 
UV irradiation was carried out from the both sides with a low 
pressure mercury lamp under the condition of 2000 m.J/cm 
(254-nm wavelength) on each side, and dried with a spray 
dryer to obtain a powdery material. 
0130. A paste of this powdery material (a mixture of a 
fibrillated LCP powder and a fine LCP powder) was obtained 
by a method similar to that of Example 4, and evaluated 
similarly to Example 4. 

Comparative Example 3 
0131) A paste-like material was obtained similarly to 
Comparative Example 2 except that an LCP powder was 
subjected to UV treatment, and this paste-like material was 
evaluated. 
0132) The above results reveal that, in Example 5, adhe 
siveness after compression increased and high peel strength 
appeared because of the UV treatment, in addition to the 
effect of Example 4. 

TABLE 1 

Comparative Comparative 
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0133. It should be understood that the embodiments dis 
closed herein are illustrative and non-restrictive in every 
respect. The scope of the present disclosure is defined by the 
claims not by the description above, and is intended to include 
any modification within the meaning and scope equivalent to 
the terms of the claims. 

REFERENCE SIGNS LIST 

0.134. 1 resin sheet with conductor foil; 2 resin sheet; 2a 
principal surface; 3 LCP sheet; 30 conductor foil; 31 conduc 
tive pattern; 41 conductive paste; 42 via conductor; 5 resist 
film; 60 LCP paste; 61 LCP powder layer; 62 thickness 
adjustment layer; 7 electronic component; 8void (cavity); 90 
laminate; 91 resin multilayer substrate. 

1. A fibrillated liquid crystal polymer powder containing 
fibrillated liquid crystal polymer particles. 

2. A method of producing the fibrillated liquid crystal 
polymer powder according to claim 1, comprising, in the 
following order: 

a grinding step of grinding a biaxially-oriented liquid crys 
tal polymer film to obtain said liquid crystal polymer 
powder, and 

a fibrillating step of crushing the liquid crystal polymer 
powderby a wet high-pressure crushing device to obtain 
said fibrillated liquid crystal polymer powder. 

3. The method of producing the fibrillated liquid crystal 
polymer powder according to claim2, wherein grinding using 
a freeze grinding method is performed in said grinding step. 

4. A paste containing a dispersion medium and the fibril 
lated liquid crystal polymer powder as defined in claim 1 
dispersed in the dispersion medium, and Substantially not 
containing a binder resin component. 

5. The paste according to claim 4, wherein said dispersion 
medium is a liquid that can be dried within a temperature 
range less than or equal to a melting point of said liquid 
crystal polymer particles. 

6. The paste according to claim 4, further containing a 
liquid crystal polymer powder other than said fibrillated liq 
uid crystal polymer powder. 

Comparative Comparative 
Example 3 Example 1 Example 4 Example 2 Example 5 Example 3 Example 4 

Fibrillation performed not performed not performed not 
performed performed performed 

Powder not not not not performed performed 

UV Treatment performed performed performed performed 
Solid Content 15 15 25 25 25 25 

Concentration 

(wt %) 
Deposition absent present absent present absent present 
Viscosity 13800 400 1SOOO 600 1SOOO 600 

(mPa is) 
Cross-Cut Test 10 O 10 O 1O O 

Point 

Peel Strength O.13 O.12 O.13 O.13 O.S1 O49 OSO 

(N/mm) 
Level Difference 10 10 5 6 4 5 35 

(Lm) 
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7. A resin multilayer substrate obtained by laminating a 
plurality of resin sheets and then integrating them by thermo 
compression bonding, 

said plurality of resin sheets including at least one layer of 
a liquid crystal polymer sheet made of a liquid crystal 
polymer as a principal material, 

a conductive pattern being provided on a principal Surface 
of at least one layer of said resin sheets, 

on a Surface of at least one layer of said liquid crystal 
polymer sheet, a thickness adjustment layer made of a 
fibrillated liquid crystal polymer powder containing fib 
rillated liquid crystal polymer particles as a principal 
material being provided in a region insufficient in thick 
ness when at least said plurality of resin sheets are lami 
nated. 

8. The resin multilayer substrate according to claim 7. 
wherein said fibrillated liquid crystal polymer powder is 
made of a liquid crystal polymer material that is the same as 
the liquid crystal polymer material of said liquid crystal poly 
mer sheet. 

9. A method of producing a resin multilayer substrate 
obtained by laminating a plurality of resin sheets, 
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said plurality of resin sheets including at least one layer of 
a liquid crystal polymer sheet made of a liquid crystal 
polymeras a principal material, the method comprising, 
in the following order: 

a paste applying step of on a Surface of at least one layer of 
said liquid crystal polymer sheet, applying a paste con 
taining a dispersion medium and a fibrillated liquid crys 
tal polymer powder including liquid crystal polymer 
particles dispersed in the dispersion medium, and Sub 
stantially not containing a binder resin component, to 
part of a region insufficient in thickness in a state where 
at least said plurality of resin sheets are laminated; 

a laminating step of laminating said plurality of resin 
sheets to obtain a laminate; and 

a thermocompression bonding step of applying pressure 
and heat to said laminate to bond said laminate by ther 
mocompression to obtain a laminate including a thick 
ness adjustment layer made of said paste. 

10. The paste according to claim 5, further containing a 
liquid crystal polymer powder other than said fibrillated liq 
uid crystal polymer powder. 

k k k k k 


