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(57) ABSTRACT 

The present invention provides ?uoropolymer laminates 
having isotropic properties. For example, an embodiment in 
Which multiple ?uoropolymer sheets having an liquid crys 
talline polymer oriented in the ?brous state in the melt 
processible ?uoropolymer are laminated, despite having the 
?brous LCP oriented in one direction in each single extruded 
sheet, makes it possible to laminate in such a Way as to 
compensate for their orientation directions, the laminate 
thereby becoming isotropic as regards physical properties. 
The laminates also have loW linear coefficient of expansion 
and loW thermal shrinkage as Well as elevated tensile 
modulus and loW dielectric constant. 
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FLUOROPOLYMER LAMINATES AND A PROCESS 
FOR MANUFACTURE THEREOF 

FIELD OF THE INVENTION 

[0001] This invention is in the ?eld of ?uoropolymer 
laminates. 

BACKGROUND OF THE INVENTION 

[0002] With trends toward miniaturization of devices, 
higher performance, and greater circuit density in electrical 
and electronic parts ?elds, there is a need for materials With 
excellent heat resistance, dimensional stability, loW moisture 
absorption, and loW dissipation at high frequencies, Which is 
associated With dielectric constant. In particular, as advance 
ments are made in information technology, circuit boards 
increasingly need to have good performance high frequency. 

[00033] Circuit boards are commonly made from copper 
cladding on such reinforcing substrates as folloWs: glass 
cloth impregnated With epoxy resin, ?uoropolymer ?lm, 
substrates obtained by impregnation of glass cloth With a 
liquid in Which a polytetra?uoroethylene (PTFE) particles 
are dispersed as disclosed in Japanese Patent Application 
Publication Kokai 2001-171038, and laminates obtained by 
laminating polyphenylene sul?de (PPS) ?lm to a ?brous 
product mainly comprised of PTFE as disclosed in Japanese 
Patent No. 3139515. 

[0004] HoWever, these ?lms and laminates are de?cient in 
the folloWing aspects: Copper-clad laminates obtained by 
impregnation of glass cloth With an epoxy resin are inferior 
in high frequency characteristics and moisture absorption 
characteristics, and they often Warp, Which is attributable to 
the differences in the coef?cient of thermal expansion of the 
substrate and the copper foil. Furthermore, they sometimes 
suffer from an inability to accept plating (copper cladding) 
When the glass is exposed in the through holes. Through 
holes are holes made though the circuit board, the inside of 
the holes being metal-plated to provide an electrically con 
ductive connection betWeen layers in the board. Copper-clad 
?uoropolymer laminates also tend to suffer from thermal 
stress due to the differences in the coef?cients of thermal 
expansion of the copper foil and the ?uoropolymer sub 
strate, resulting in problems such as the delamination of the 
copper foil. Fluorinated ?lm substrates are not easily 
adhered to: they have difficulty accepting paste and plating 
during the printing for a circuit formation, lamination of 
metal foils, or through-hole fabrication. Laminates from 
PTFE ?brous product and PPS ?lm, While shoWing loW 
thermal shrinkage, are inferior in high frequency character 
istics due to the use of the PPS ?lm, Which has a dielectric 
constant higher than that of the ?uoropolymer. 

[0005] Liquid crystalline polymers (LCP) Would be 
expected to ?nd applications in electronic parts areas 
because of their high strength, high heat resistance, loW 
coef?cient of thermal expansion, and good insulation char 
acteristics. It has been disclosed that blending a melt pro 
cessible ?uoropolymer With an LCP and causing the LCP to 
be in a ?brous state in the melt processible ?uoropolymer 
matrix can improve the tensile modulus of the melt proces 
sible ?uoropolymer and its coef?cient of linear expansion 
(EP 1 086 987 A1). It has also been disclosed that introduc 
tion of a ?uoropolymer having a speci?c functional group 
(hereafter called a compatibiliZing agent) brings about uni 
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formity in the siZe of the LCP dispersed phase and disper 
sion state in the melt mixing stage of the ?uoropolymer and 
the LCP and improves the interfacial adhesion betWeen the 
?uoropolymer and the ?brous LCP US. patent application 
Publication 2001/0006727). HoWever, these ?uoropolymer 
liquid crystal polymer blends have failed to provide reliable 
electronic materials and products because during melt extru 
sion, the LCP molecules extensively orient in the direction 
of extrusion (machine direction). As a result, the resulting 
?lms are highly anisotropic, exhibiting differences in tensile 
strength and coef?cient of linear expansion betWeen the 
machine direction (MD, the direction in Which the LCP 
?bers are oriented) and the transverse direction (TD, the 
direction perpendicular to the direction in Which the LCP 
?bers are oriented. In extruded ?lm or sheet, TD is the Width 
of the extrudate.). 

[0006] These shortcomings have prompted a proposal for 
a process comprising laminating porous ?uoropolymer ?lms 
to both sides of a previously-extruded LCP ?lm, stretching 
the laminate biaxially under temperature conditions Where 
the porous ?uoropolymer is not melted, but Where the LCP 
is melted, thereby reducing or eliminating the anisotropy so 
as to be able to use the LCP as a circuit substrate material 

(Kokai HID-34742). This approach is alleged to cause the 
LCP molecules to be randomly orientated in the plane of the 
laminate, thereby reducing or eliminating anisotropy in the 
physical properties. HoWever, unlike conventional thermo 
plastic polymers, LCPs have rigid molecular chains Which 
tend to slip past one another With essentially no entangle 
ment betWeen individual molecular chains, making it com 
paratively difficult to stretch them at a temperatures beloW 
their melting points. At temperatures at or above their 
melting points, the viscosities of LCPs drop precipitously; 
and they ?oW like liquid thereby losing all ?brillar orienta 
tion. Therefore, ?brous LCP is very dif?cult to orient com 
pletely randomly, even When the LCP is laminated betWeen 
porous ?uoropolymer ?lms and biaxially stretched. 

[0007] There is a need for circuit board material that is free 
from prior art defects. 

SUMMARY OF THE INVENTION 

[0008] It is an object of this invention to provide a melt 
processible ?uoropolymer laminate Which exhibits high 
mechanical strength, a loW coef?cient of linear expansion 
and loW thermal shrinkage by having a liquid crystalline 
polymer (LCP) present in the ?brous state in the ?uoropoly 
mer matrix, While retaining the excellent heat resistance, loW 
moisture absorption, and high dielectric characteristics of 
the ?uoropolymer and LCP, and Which is suitable for circuit 
boards by virtue of elimination of anisotropy in these 
physical properties. It is another object of this invention to 
provide a melt processible ?uoropolymer laminate suitable 
for circuit boards Which enables copper foil to be laminated 
Without use of adhesives by using a compatibiliZing agent 
along With the LCP. 

[0009] One of the preferred embodiments is a ?uoropoly 
mer laminate comprising at least tWo ?uoropolymer sheet 
layers, each having an LCP oriented in the ?brous state in 
the melt processible ?uoropolymer, Wherein said at least tWo 
layers have their respective ?brous LCP oriented in different 
directions from each other. This lamination of the tWo sheets 
With different orientation directions of the ?brous LCP 
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contained in each sheet balances the orientation effects of the 
?brous LCP in the different directions of orientation. When 
the different directions of orientation are perpendicular to 
one another, the laminate is isotropic in these perpendicular 
directions. If anisotropy is acceptable, then the laminate can 
comprise as little as one sheet layer of the melt processible 
?uoropolymer containing the LCP oriented in the ?brous 
state, such laminate including copper cladding adhered to at 
least one side of the sheet layer. 

[0010] A further preferred embodiment includes a ?uo 
ropolymer laminate comprising melt processible ?uoropoly 
mer layers Wherein the ?uoropolymer sheet layer having an 
LCP oriented in the ?brous state in the melt processible 
?uoropolymer is a ?brous sheet layer selected from the 
group consisting of Woven fabric, non-Woven fabric, and 
knitted fabric of melt processible ?uoropolymer ?bers con 
taining the LCP oriented in the ?brous state in the ?ber 
direction. To this ?brous sheet, a melt processible ?uo 
ropolymer sheet containing no ?brous LCP can be laminated 
to at least one side of said ?brous sheet. 

[0011] The expression “oriented in the ?brous state” and 
the like means that the LCP is in the form of discontinuous 
?bers dispersed in the ?uoropolymer matrix, Whether the 
matrix is in the form of a ?lm forming the sheet or in the 
form of ?laments from Which the ?brous sheet embodiment 
is made. The orientation of these ?bers means that they are 
aligned in one direction. In the case When the sheet is an 
extruded ?lm of the ?uoropolymer, the alignment is in the 
direction of extrusion. In the case When the sheet is a ?brous 
sheet, the alignment is in the direction of melt spinning of 
the ?laments from Which the sheet is made. Since the 
?laments, including yams made therefrom, generally run in 
perpendicular directions, the ?brous sheet embodiment Will 
be balanced (isotropic) in these directions. Consequently, as 
little as a single ?brous sheet can be used to form an 
isotropic reinforcing substrate for copper cladding. 

[0012] It is preferred for ?uoropolymer sheet layer having 
an LCP oriented in the ?brous state in the foregoing melt 
processible ?uoropolymer to have the LCP formulated 
therein at a rate of about 3-30% by Weight thereof, prefer 
ably about 3-25 Wt %. 

[0013] A further preferred embodiment of the invention 
includes a ?uoropolymer laminate Wherein the ?uoropoly 
mer sheet layer in Which an LCP is oriented in the ?brous 
state in the melt processible ?uoropolymer is laminated to at 
least one side of a polymer layer With a coef?cient of linear 
expansion of about 6><l0_s/° C. or less. This embodiment 
provides a preparative advantage in that even When tWo 
sides of the melt processible ?uoropolymer layers have 
?brous LCPs Whose orientation directions are the same, no 
substantial anisotropy expansion is seen, thereby making it 
unnecessary to consider the orientation direction. 

[0014] Preferred from among the foregoing ?uoropolymer 
laminates of the present invention is one having a thermal 
shrinkage at after exposure to 250° C. of not more than about 
1.5% and a dielectric constant at the frequency 1 GHZ of not 
more than about 3.0. 

[0015] The present invention also provides a process for 
the manufacture of a ?uoropolymer laminate, Which process 
comprises melt mixing a melt processible ?uoropolymer 
With an LCP having a melting point of at least about 10° C. 
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higher, preferably least about 15° C. higher than that of said 
melt processible ?uoropolymer; extruding the resultant melt 
mixture in the form of a sheet in Which the LCP is oriented 
in the ?brous state in the melt processible ?uoropolymer in 
the direction of said extruding; overlapping multiple sheets 
obtained from said extruding in such a Way at least tWo of 
said sheets have their respective LCP oriented in the ?brous 
state oriented in different directions; and laminating said 
multiple sheets together. This lamination usually involves 
subjecting the assemblage of overlaid sheets to heat and 
pressure that bonds them to one another. 

[0016] The present invention further provides a process 
for the manufacture of a ?uoropolymer laminate, Which 
process comprises overlaying a melt processible ?uoropoly 
mer sheet containing no ?brous LCP on at least one side of 
a ?brous sheet selected from a Woven fabric, a non-Woven 

fabric, or a knitted fabric of ?uoropolymer ?bers having an 
LCP oriented in the ?brous state in the melt processible 
?uoropolymer in the ?ber direction; and laminating them 
together. As above, heat and pressure can be used to achieve 
this lamination. 

[0017] The present invention further provides a process 
for the manufacture of a ?uoropolymer laminate, Which 
process comprises melt mixing a melt processible ?uo 
ropolymer With an LCP having a melting point of at least 
about 15° C. higher than that of said melt processible 
?uoropolymer; extruding the resultant melt mixture in the 
form of a sheet in Which the LCP is oriented in the ?brous 
state in the melt processible ?uoropolymer; overlaying at 
least one sheet obtained from said extruding on at least one 
side of the isotropic polymer sheet With a coef?cient of 
linear expansion of about 6x10“5 /° C. or less; and laminating 
said ?uoropolymer sheet and said polymer sheet together, 
such as by using heat and pressure as described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a micrograph of the cleaved surface of a 
melt processible ?uoropolymer sheet obtained in Example 
B. 

[0019] FIG. 2 is a micrograph of the cleaved surface of a 
melt processible ?uoropolymer sheet from Example C. 
These micrographs are at a magni?cation of 400x. 

DETAILED DESCRIPTION 

[0020] In this invention, conventional molding grade melt 
processible ?uoropolymer may be used as the melt proces 
sible ?uoropolymer component, but it is preferred to use 
melt processible ?uoropolymer having functional groups or 
a blend thereof With a conventional melt processible ?uo 
ropolymer. 
[0021] Melt processible ?uoropolymners in general use 
for molding are knoWn in the art, such as melt processible 
homopolymers and copolymers (copolymers being de?ned 
as polymers containing repeat units derived from tWo or 
more monomers) of per?uoroole?n, ?uoroole?n, ?uoro 
chloroole?n, ?uoroole?n containing an ether group or a 
copolymer of one or more of these With ethylene. Examples 
of such monomers are tetra?uoroethylene, chlorotri?uoro 
ethylene, hexa?uoropropylene, per?uoro(alkyl vinyl ether), 
vinylidene ?uoride, and vinyl ?uoride. 

[0022] Examples of such polymers are copolymer of tet 
ra?uoroethylene With one or more per?uoro(alkyl vinyl 
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ethers) (hereafter PFA), tetra?uoroethylene/hexa?uoropro 
pylene copolymer (FEP), tetra?uoroethyelene/hexa?uoro 
propylene/per?uoro(alkyl vinyl ether) copolymer (EPE), 
tetra?uoroethylene/ethylene copolymer (ETFE), polyvi 
nylidene ?uoride (PVDF), polychlorotri?uoroethylene 
(PCTFE), and chlorotri?uoroethylene/ethylene copolymer 
(ECTFE). 
[0023] As for the melt processible ?uoropolymers con 
taining functional groups (also called functional group 
containing ?uoropolymers,) the functional groups include 
carboxyl and its derivatives, hydroxyl, nitrile, cyanato, car 
bamoyloxy, phosphonoxy, halophosphonoxy, sulfonic acid, 
or its derivative, and sulfohalides. Such functional group 
containing ?uoropolymers act as compatibiliZing agents, 
and are normally blended With a conventional melt proces 
sible ?uoropolymer such as described above at concentra 
tions that do not signi?cantly affect the conventional poly 
mer’s properties adversely. The functional group-containing 
?uoropolymers are prepared, for example, by synthesiZing a 
melt processible ?uoropolymer such as described above and 
then grafting these functional groups on to the polymer. 
Alternatively, functional groups may be incorporated by 
including in the copolymeriZation a monomer having func 
tional groups. 

[0024] Speci?c examples of functional groups include 
—COOH, —CHZCOOH, —COOCH3, —CONH2, —OH, 
—CHZOH, —CN, —CH2O(CO)NH2, —CHZOCN, 
—CH2OP(O)(OH)2, —CH2OP(O)Cl2, and —SOZF. These 
functional groups are preferably introduced into the ?uo 
ropolymer by copolymeriZation. 
[0025] Fluorine-containing monomers suitable for copo 
lymeriZation and having such functional groups include, for 
example, ?uorinated vinyl ether compounds represented by 
the formulas: CF2=CF[OCF2CF(CF3)]m—O—(CF2)n—X 
(Where m is 0-3; n is 0-4, X is —COOH, —CHZCOOH, 
—COOCH3, —CHZOH, —CN, —CH2O(CO)NH2, 
—CHZOCN, —CH2OP(O)OH)2, —CH2OP(O)Cl2, and 
—SOZF. Most preferred are such functional group-contain 
ing ?uorinated vinyl ethers such as those represented by the 
formula CF2=CF—O—CF2CF2—SO2F, or CF2=CF 
[OCF2CF(CF3)]O(CF2)2—Y, Where Y represents —SOZF, 
—CN, —COOH, —COOCH3 among others) or those rep 
resented by the formula CF2=CF[OCF2CF(CF3)] 
O(CF2)2—CH2—Z (Where Z represents —COOH, —OH, 
—OCN, —OP(O)OH)2, —OP(O)Cl2, and —O(CO)NH2. 
[0026] The grafting of functional groups onto ?uoropoly 
mers and the above described ?uorine-containing monomers 
are described further in the patent literature. 

[0027] These functional group-containing monomers 
should be present in the functional group-containing ?uo 
ropolymers at concentrations of about 05-10% by Weight, 
preferably about 1-5% by Weight, based on the total Weight 
of the ?uoropolymer. If the functional group-containing 
monomer content is too small in the functional group 
containing ?uoropolymer, the polymer’s effect as a com 
patibiliZing agent Will be small; having too great a content 
may result in strong interpolymer interactions among the 
functional groups, resulting in an abrupt increase in viscos 
ity to the extent that melt processing becomes dif?cult. 
Furthermore, as the functional group-containing monomer 
content increases, the functional group-containing ?uo 
ropolymer Will begin to have inferior heat resistance. 
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[0028] The functional group-containing ?uoropolymers 
are not particularly limited as to viscosity or molecular 
Weight, but they should be melt processible and, if blended 
With conventional melt processible ?uoropolymer, be simi 
lar in viscosity to the conventional melt processible ?uo 
ropolymer. Melt ?oW rate (MFR) should range from no less 
than about 0.5, preferably about 1, more preferably about 2, 
most preferably about 5, to no more than about 100, pref 
erably about 50, more preferably about 30, most preferably 
about 25. MFR is measured in g/ 10 min of molten polymer 
?oWing through an ori?ce in accordance With the procedure 
and equipment disclosed in ASTM 1238-94a and the ASTM 
procedure applicable to particular ?uoropolymers, e.g. 
ASTM D 2116-91a,ASTM D 3159-91a,ASTM D 3222-99, 
and ASTM D 3307-93. 

[0029] The liquid crystalline polymer (LCP) used in this 
invention is a thermoplastic resin Which exhibits thermotro 
pic liquid crystals, With no particular limitation as to the 
melting point as long as there is no problem in heat resis 
tance at the melt processing temperature. HoWever, in terms 
of processibility and heat stability, it is preferred to use an 
LCP having a melting point at least about 15° C. higher than 
that of the melt processible ?uoropolymer. Such LCPs 
include polyesters, polyester amides, polyester imides, and 
polyester urethanes; polyesters being preferred. Typical liq 
uid crystalline polyesters are all-aromatic polyesters. Many 
are knoWn. They are derived from aromatic dicarboxylic 
acids and aromatic dihydroxy compounds or from aromatic 
hydroxy carboxylic acids, and may include polymerization 
units derived from an aliphatic dicarboxylic acid, an ali 
phatic dihydroxy compound, an aliphatic hydroxy carboxy 
lic acid. In addition there are those having polymeriZable 
units derived from aromatic dicarboxylic acids such as 
terephthalic acid, isophthalic acid, 2,6-naphthalene dicar 
boxylic acid, and aromatic dihydroxy compounds such as 
hydroquinone, resorcinol, 2,6-dihydroxy naphthalene, 
bisphenol A, dihydroxy diphenyl, and aromatic hydroxy 
carboxylic acids such as para-hydroxy benZoic acid. LCP 
that can be used in the present invention are further 
described in the patent literature. 

[0030] One of the methods for manufacture of a ?uo 
ropolymer sheet containing ?brous LCP is to melt blend 
melt processible ?uoropolymer With LCP, preferably along 
With said functional-group containing ?uoropolymer and to 
extrude this blend into sheet form or as ?laments under 
suitable conditions. The amount of functional group-con 
taining ?uoropolymer (compatibiliZing agent) Will depend 
on the type and amount of the functional group used, but 
should be about 05-30% by Weight, preferably about 1-15% 
by Weight of the above polymer material. Weight percents 
are based on the total Weight of the blend of ?uoropolymer, 
including compatibliZer and LCP. The greater the amount of 
the compatibiliZing agent in the blend, the loWer Will be the 
surface tension betWeen the ?uoropolymer and the LCP. 
Thereby, the interfacial adhesion Will be greater. HoWever, 
compounding too much functional group-containing ?uo 
ropolymer may result in strong interpolymer interaction 
among the functional groups resulting in an abrupt increase 
in the viscosity, sometimes making it dif?cult to melt 
process. In addition, an excessively high functional group 
containing ?uoropolymer content Will result in reduced heat 
resistance of the ?uoropolymer sheet. 
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[0031] The term “sheet” in this invention means broadly 
any article in Which tWo of the dimensions (length and 
Width) are signi?cantly greater than the third (thickness) 
such as ?lms, Woven fabrics, non-Woven fabrics, and knitted 
fabrics. 

[0032] The amount of LCP blended in the ?uoropolymer 
should be about 3-30% by Weight, preferably about 3-25% 
by Weight, and more preferably, about 4-25 Wt %, based on 
the total Weight of the blend Too little LCP Will not afford 
a suf?ciently high reinforcing effect. Too much LCP in the 
blend Will risk having at least some of the LCP form large 
pockets in the ?uoropolymer matrix causing sudden local 
decreases in viscosity during sheet extrusion steps, 
adversely affecting the uniformity the sheet or ?lament 
thickness. The LCP should not form the continuous phase, 
With the ?uoropolymer dispersed therein. 

[0033] The above functional group-containing ?uoropoly 
mer (compatibiliZing agent) and the LCP each provide 
improved adhesion to metals such as copper, so that adjust 
ment of the amount of each added can provide a laminate 
suitable for electrical and electronic parts applications. 

[0034] The mixing of the melt processible ?uoropolymer 
and functional-group containing ?uoropolymer With a LCP 
to provide the starting material for the above ?uoropolymer 
sheet can be done by any conventional melt mixing method, 
but it is preferred to use an extruder, preferably one With a 
high shear rate, because high shear Will better disperse the 
LCP, that is, distribute it in smaller particles throughout the 
?uoropolymer matrix. It is further preferred to use a tWin 
screW extruder rather than a single screW extruder. The LCP 
particle siZe after melt mixing and before the sheet extrusion 
should be not greater than about 30 pm, preferably, about 
1-10 pm. In addition, in order to obtain a uniformly siZed 
LCP ?bers in the ?uoropolymer matrix in the sheet forma 
tion step, use of a T-die or annular die for extrusion after 
melt mixing is preferred. 
[0035] The aforementioned melt processible ?uoropoly 
mer and the LCP, preferably With a functional group 
containing ?uoropolymer in the mixture (hereafter, the mix 
ture may be called “?uoropolymer blend”) are used to 
prepare ?uoropolymer sheet in Which the LCP is in a ?brous 
state, the ?bers being oriented in the machine direction, that 
is, the direction of the extrusion. This is achieved by 
extruding the ?uoropolymer mixture into sheet form using a 
T-die or annular die. During this extrusion, the LCP particles 
dispersed in the ?uoropolymer matrix are deformed into a 
?brous form. In order to uniformly turn them into ?bers in 
the ?uoropolymer matrix from the LCP dispersed phase in 
the sheet extruding steps, the extrusion temperature should 
preferably be at least about the melting point of the LCP 
used therein and preferably no more than about 20° C. 
greater that the melting temperature of the LCP. 

[0036] The diameters of the LCP ?bers in the ?uoropoly 
mer matrix in the melt processible ?uoropolymer sheet 
extruded by a T-die or the like can be controlled by the siZe 
of the particles or droplets of the LCP dispersed in the melt 
mixture before sheet extrusion and by the draW ratio in the 
melt extrusion step (die lip clearance/thickness of the ?lm or 
sheet produced). The smaller the siZe of the droplets of 
dispersed LCP in the molten mixture before sheet extrusion, 
and the greater the draW ratio, the smaller the diameter of the 
LCP ?bers. The draW ratio should be at least about 5, 
preferably in the range of about 10-200. 
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[0037] The extruded sheet thickness is about 10-1000 pm, 
preferably about 20-400 pm. At least 50 Wt %, preferably 70 
Wt %, more preferably 90 Wt % of the LCP ?ber should have 
a diameter of not more than about 30 pm, preferably in the 
range of about 1-10 pm and have an aspect ratio of at least 
about 10, preferably at least about 20. The aspect ratio is 
de?ned as the length of the ?ber divided by the diameter of 
the ?ber or if the ?ber is not circular in cross section, its 
maximum cross-sectional dimension. When extruded sheet 
thickness is less than about 60 pm, the LCP ?ber, rather than 
being round in cross section, tends to assume a ribbon-like 
cross section, ie an approximately rectangular cross sec 
tion. In this case, the dimensions disclosed above should be 
understood to refer to the greater dimension of the ?ber cross 
section, the longer side of the approximately rectangular 
cross section. 

[0038] The ?uoropolymer laminates of this invention can 
be formed by using an extruded sheet of the type described 
above in at least one layer thereof. That is, the laminate may 
be comprised of one or tWo or more layers of said extruded 
sheets and one or tWo or more layers of melt processible 
?uoropolymer sheets not containing ?brous LCP, or from 
multiple extruded sheets of the melt processible ?uoropoly 
mer containing ?brous LCP. Further they may be constituted 
from one or tWo or more sheets of said extruded sheets and 
one or tWo or more sheets of polymer layers other than melt 
processible ?uoropolymer and having coefficients of linear 
expansion of about 6><l0_s/° C. or less. 

[0039] Manufacture of the laminates of this invention 
from a plurality of the above extruded sheets is done by 
overlaying the multiple sheets and bonding them With heat 
and pressure. Since the above-extruded sheet has the LCP 
?bers oriented mostly in the direction of draW (MD or 
machine direction) there is substantial anisotropy in physical 
properties betWeen the MD and TD (transverse direction). 
To reduce or eliminated anisotropy in physical properties of 
the laminate, tWo extruded sheets are overlaid in such a Way 
that the orientation directions of the ?bers of LCP are at 
approximately right angles (a tWo-layer lamination). With 
three or more layers (multilayer lamination), the layers are 
overlaid at different angles so as to obtain as far as possible 
the same properties in all directions. The optimal arrange 
ment for a laminate of N layers can be approximated by 
overlaying each layer after the ?rst so that its MD is +180°/N 
offset from the layer beloW it. HoWever, for minimum Waste 
and to reduce the need to trim the laminate, it is often better 
to overlay the layers at right angles, preferably alternating 
With each layer. A even number of layers are preferred to 
give a more isotropic laminate. 

[0040] Lamination may be done With heated rolls or 
presses providing both the heat and pressure to achieve the 
bonding of the sheets together, on a plurality of the above 
extruded sheets. Thickness of the laminate is controlled by 
adjusting roll or press clearance and/or pressure. 

[0041] The lamination temperature should be at least equal 
to the melting temperature of the ?uoropolymer, but beloW 
the melting point of the LCP. If the lamination temperature 
is higher than the melting point of the LCP, the oriented LCP 
?bers in the extruded sheet Will melt and Will lose ?brous 
structure, Which is not desirable. If the lamination tempera 
ture is beloW the melting point of the ?uoropolymer it Will 
be dif?cult to obtain good adhesion betWeen the extruded 
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sheets. Therefore, the lamination temperature should be at 
least about 2-30° C. higher than the melting point of the 
?uoropolymer and in the range of at least about 10° C. loWer 
than the melting point of the liquid crystalline polymer. 
According to this invention, laminates may be tWo layer or 
multilayer in Which extruded sheets are sequentially overlaid 
With the orientation of the LCP ?bers unlimitedly arranged 
as desired. HoWever, for loW shrinkage, multilayer, i.e. 
greater than tWo layer, laminates are preferred. In the 
multilayer laminate, it is preferred that the extruded sheets 
be overlaid so as to result in a laminate that is as nearly as 
possible isotropic in regards to physical properties. The 
laminate may include one or more melt processible ?uo 
ropolymer sheets containing no LCP and these may be the 
top and/or bottom layer of the laminate. The sequencing of 
the extruded sheet and melt processible ?uoropolymer sheet 
may be freely varied. Although it Will depend upon the 
application, the laminate thickness may be about 20-2000 
pm thick, preferably about 50-1000 pm thick. 

[0042] The laminate Will have the ?brous LCP oriented in 
a single direction in each component extruded sheet, but 
adjusted in such a Way that the physical properties are 
balanced, that is as uniform as possible in all directions. 
Therefore, the melt processible ?uoropolymer laminates of 
this invention can provide loW coef?cient of linear expan 
sion, loW thermal shrinkage, and at the same time a high 
tensile modulus that could not be achieved With conven 
tional ?uoropolymer sheets. Since ?uoropolymer has a 
dielectric constant loWer than the liquid crystalline polymer, 
the laminate Will exhibit a loWer dielectric constant than 
Would a pure LCP sheet (as disclosed for example, in Kokai 
H10-34742). 
[0043] The ?uoropolymer laminates resulting from lami 
nation of the above-extruded sheets may have LCP ?bers in 
areas close to the sheet surface and streaks may sometimes 
appear in the sheet in the MD, resulting in thickness non 
uniformity. Streaks or thickness irregularities in the ?uo 
ropolymer sheet Will make it more dif?cult to use as a circuit 
board material. In order to prevent surface defects caused by 
such streaks and thickness non-uniformities, temperature 
and pressure may be controlled during lamination, or one 
may overlay a melt processible ?uoropolymer sheet or a 
functional group-containing ?uoropolymer sheet on one side 
or both sides of the ?uoropolymer laminates, folloWed by 
lamination. The melt processible ?uoropolymer sheets or 
functional group-containing ?uoropolymer sheet for such 
objectives may be, for example, about 10-500 pm thick. 

[0044] Furthermore, for improving the peel strength 
betWeen the ?uoropolymer laminate of this invention pre 
pared by lamination of the above type extruded sheets and 
copper foil, one may overlay a functional-group-containing 
?uoropolymer sheet or a blend of an LCP and a functional 
group-containing ?uoropolymer sheet on one or both sides 
of the ?uoropolymer laminate and laminating. The func 
tional-group-containing ?uoropolymer sheet or a blend of an 
LCP and a functional-group-containing ?uoropolymer sheet 
used for the purpose should be not more than about 200 pm, 
preferably not more than about 100 pm thick. 

[0045] As described above, the ?uoropolymer laminate of 
this invention may be comprised of one or tWo or more 
extruded sheets of a melt processible ?uoropolymer con 
taining ?brous LCP and one or tWo or more sheets of 
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polymer layers other than melt processible ?uoropolymers 
and having coef?cients of linear expansion of about 6x10 
s/° C. or less, such polymer sheets thereby being isotropic. 
Use of these isotropic sheets such as biaxially stretched 
sheets having this loW coef?cient of linear expansion in both 
(perpendicular) directions as the polymer layers is advanta 
geous in that this Will facilitate formation of a substantially 
isotropic ?uoropolymer laminate With a minimal effect of 
the orientation directions of the ?brous LCP that constitute 
the above extruded sheets. The temperature of the lamina 
tion should be beloW the melting point of the isotropic LCP 
sheet so as to avoid melting the LCP and changing the 
properties of the LCP sheet. 

[0046] The polymers used above should have coef?cients 
of linear expansion of about 6><10_5/° C. or less, preferably 
about 5><10_5/° C. or less, more preferably about 3><10_5/° C. 
or less. Such polymers include, for example, LCPs men 
tioned above as ?brous LCP materials, polysulfone, amor 
phous polyarylate, polyphenylene sul?de, polyether sulfone, 
polyetherimide, polyamideimide, polyetheretherketone, and 
polyimide. When this type of polymer sheet is used, it is 
preferred that it be sandWiched betWeen tWo layers of the 
?brous LCP-containing melt processible ?uoropolymer lay 
ers. In this case the polymer sheet layer thickness, although 
dependent on the application, may be, for example, about 
10-2000 pm, preferably about 20-400 pm, With the overall 
laminate being for example about 20-2000 pm, preferably 
about 50-1000 pm thick. In such cases, use of the above type 
extruded sheet or a functional-group-containing type ?uo 
ropolymer as a melt processible ?uoropolymer can enhance 
the adhesion to copper foil. 

[0047] Another method for obtaining the ?uoropolymer 
laminate according to this invention includes, instead of 
using the above extruded sheets containing ?brous LCP, 
using a fabric made from ?ber of a melt processible ?uo 
ropolymer containing a ?brous LCP by methods such as 
Weaving or knitting, or by techniques for making nonWoven 
fabrics. In order to prepare a melt processible ?uoropolymer 
?ber containing LCP oriented in the ?brous state, one may 
use materials similar to those cited above for extruded sheet, 
extruding under similar conditions but through dies, also 
knoWn as spinnerets, suitable for ?ber formation. For the 
details of such a process, see disclosures in Kokai 2001 
88162 (EP 1 086 987 A1) and 2001-181463 (US. patent 
application Publication 2001/0006727). It is preferred that 
the ?ber diameter to be about 5-1000 pm, and that the LCP 
?bers have a diameter of not more than 30 pm, preferably 
about 1-10 pm With an aspect ratio being preferably at least 
about 40, preferably at least about 80. The ?ber sheet should 
particularly have a thickness of about 10-1000 pm, particu 
larly about 30-500 pm. 

[0048] The ?brous LCP in the melt processible ?uo 
ropolymer ?ber is oriented in the lengthWise direction or 
MD, i.e. along the ?ber axis. The ?brous sheet resulting 
from converting the melt processible ?uoropolymer ?ber to 
non-Woven fabric, Woven fabric, knitted fabric, or the like, 
has generally isotropic physical properties. Therefore, by 
laminating melt processible ?uoropolymer sheet or func 
tional group-containing ?uoropolymer sheet to one side or 
both sides of such a ?ber sheet, one can obtain a preferred 
?uoropolymer laminate of this invention. In such a case, the 
laminate, like a laminate from extruded sheet, may be made 
about 2-2000 pm, preferably about 50-1000 pm thick. For 
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the manufacture of ?brous sheets such as Woven fabric, 
non-Woven fabric, knitted fabric, or the like, from a melt 
processible ?uoropolymer ?ber containing a ?brous LCP, 
known technologies can be used that are employed for 
generating ?brous sheets from common ?bers. Examples of 
such technologies are Weaving and knitting. 

[0049] Any desired layer of the ?uoropolymer laminated 
layers of this invention may be optionally formulated With 
additives. Such additives include, for example, antioxidants, 
light stabiliZers, antistatic agents, ?uorescent Whiteners, 
colorants, metal oxides such as silica, alumina, and titanium 
oxide; metal carbonates such as calcium carbonate and 
barium carbonate; metal sulfates such as calcium sulfate, 
and barium sulfate; silicate salts such as talc, clay, mica, and 
glass; as Well as inorganic ?llers such as potassium titanate, 
calcium titanate, and glass ?bers; and organic ?llers such as 
carbon black, graphite, and carbon ?bers. 

[0050] This invention provides ?uoropolymer laminates 
of have a thermal shrinkage of not more than 1.5%, prefer 
ably not more than 1.2% at 250° C. and a dielectric constant 
at the frequency 1 GHZ of not more than about 3.0, prefer 
ably in a range of about 21-29, more preferably in a range 
of about 2.1-2.6. 

[0051] The difference in the thermal shrinkage at 250° C. 
betWeen the machine and transverse directions should not be 
more than about 10%, preferably not be more than about 5%, 
more preferably about 0%. 

EXAMPLES 

[0052] LCP is Liquid Crystalline Polymer 

[0053] Laminate properties are determined as folloWs: 

[0054] (1) Thermal Shrinkage 
[0055] Samples, 100 mm><10 mm, sample are cut out from 
the sheet or laminate in both the MD and TD, and the length 
in the longer dimension is measured using an optical micro 
scope. Then, the samples are put into a constant temperature 
circulating-air oven at 250° C. for 30 minutes, then cooled 
to room temperature, and remeasured. The thermal shrink 
age for each sample is determined using the equation beloW. 
The determination calls for measuring three samples and 
averaging the results to give the reported value. Thermal 
shrinkage=((length before heating-length after heating)/ 
length before heating)><100. 

[0056] (2) Dielectric Constant 

[0057] Dielectric constant is measured using the three 
plate circuit resonance method. This method is described in 
“Polymers For High Frequency Applications”, Chap 5.4.4, 
CMC Press, Tokyo, 1999. The frequency is 1 GHZ. 

[0058] (3) Tensile Modulus 

[0059] Tensile Modulus is measured according to ASTM 
D882 at a rate of separation of 50 mm/min. 

[0060] (4) Peel Strength 

[0061] A PFA laminate is laminated to a 0.1 mm thick 
copper foil using a hot plate press (temperature 325° C., 
pressure 3 MPa for 15 minutes to obtain a 1 cm Wide peel 
test sample, Which test piece is then tested according to 
IPC-TM-650 2.4.8, using the 180° peel test at the rate of 50 
mm/min. Peel strength (kg/cm) is measured. The IPC Test 
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Manual 650 is available from IPC—Association Connecting 
Electronics Industries, 2215 Sanders Rd., Northbrook Ill. 
60062-6135, USA. 

[0062] (5) Coef?cient of Linear Expansion 

[0063] Coefficient of linear expansion is measured With a 
Seiko Instruments Inc. TMA SS120. Temperature range is 
25°-250° C.; scan rate 5° C./min; Load 50 mN. Sample siZe 
10 mm by 3 mm. 

Example A 

[0064] PFA (manufactured by Mitsui-DuPont Fluoro 
chemicals Co., “PFA 340”; melting point 308° C., melt ?oW 
rate (372° C., 5000 g Weight), 14 g/10 min) and LCP 
(manufactured by DuPont Company, Zenite®, 7000, melt 
ing point 350° C.) are thoroughly dried and then melt 
blended at 365° C. in a tWin screW extruder, along With a 
terpolymer of tetra?uoroethylene, per?uoro(propyl vinyl 
ether) (PPVE), and CF2=CF[OCF2CF(CF3)] 
OCFZCFZCHZOH, (PPVE content 3.7% by Weight, 1.1% by 
Weight of the hydroxy-containing monomer, melt ?oW rate 
15 g/ 10 min) as compatibiliZing agent, (?uoropolymer tem 
perature 365° C.) to obtain a ?uoropolymer blend. The LCP 
content of the blend is 20% by Weight and the compatibi 
liZing agent content is 2.5% by Weight. 

[0065] The pelletiZed ?uoropolymer mixture from the 
above is melted in a 30 mm single screW extruder and 
extruded using a T-die (lip length 200 mm, lip clearance (die 
opening) 2 mm, die temperature 365° C.) to generate a 100 
pm thick ?uoropolymer sheet, S1, Which contains ?brous 
LCP oriented in the direction of extrusion, ie the MD. 

Examples B and C 

[0066] Example Ais repeated except that the LCP content 
is 10% by Weight (in Example B), and 3% by Weight (in 
Example C) to give ?uoropolymer sheet samples, S2 and S3. 
The resultant ?uoropolymer sheets are then cleaved in liquid 
nitrogen at an angle perpendicular to the direction in Which 
the ?brous LCP oriented, folloWed by observation under a 
scanning electron microscope (SEM). The results are shoWn 
in FIGS. 1 and 2. 

Examples 1-3 

[0067] TWo ?uoropolymer sheets of sample S1 from 
Example A are overlaid, arranging tWo sheets so as to have 
the LCP ?bers oriented at right angles, folloWed by lami 
nation on a hot plate (temperature 325° C., pressure 3 MPa), 
folloWed by cooling to obtain a 180 pm thick ?uoropolymer 
laminate, Which is designated sample S4. This is repeated 
using samples S2 and S3 to give samples S5 and S6 
respectively. 

Example 4 

[0068] A ?uoropolymer mixture having the same compo 
sition as that of Example C that has been melt blended by a 
tWin screW extruder is spun using a 30 mm tWin screW 
extruder (Length/Diameter: 25) through a spinneret having 
6 ori?ces With the ori?ce diameter of 2.8 mm at a spinning 
temperature of 365° C. and taken up by a take-up roller at 
a rate of 300 m/min to give a mono?lament (diameter 80 
pm), Which is then plain Woven at a density of 45 threads/25 
mm into a cloth sheet (160 pm thick). A 50 pm thick 
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functional-group containing PFA (the compatibiliZer agent 
used in Example A) sheet is prepared using the same hot 
plate press used in Example A, followed by overlaying 
functional group-containing PFA sheets, one on each side of 
the cloth sheet, folloWed by lamination in a hot plate press 
(temperature 325° C., pressure 3 MPa) and cooling to obtain 
a 230 pm thick laminate of the functional group-containing 
PFA impregnated into the cloth sheet, designated as sample 

Example 5 

[0069] TWo ?uoropolymer sheets prepared by the proce 
dure of Example B are overlaid in such a Way that the LCP 
?bers are oriented at right angles. On each side of this pair 
of sheets is overlaid functional group-containing PFA sheets 
prepared by the procedure of Example 4 to give the laminate 
structure: functional group-containing PFA sheet/?uo 
ropolymer sheet/?uoropolymer sheet/functional group-con 
taining PFA sheet. This combination is laminated in a hot 
plate press (temperature 325° C., pressure 3 MPa), folloWed 
by cooling to give a 250 pm thick ?uoropolymer laminate, 
sample S8. 

Example 6 

[0070] A ?uoropolymer mixture having the same compo 
sition as that of Example B is extruded from a 30 mm single 
screW extruder ?tted With a T-die (lip length 200 mm, lip 
clearance 2 mm, die temperature 365° C.) to generate a 25 
pm thick ?uoropolymer sheet containing ?brous LCP. Six 
pieces of this ?uoropolymer sheet are overlaid so that the 
orientation directions of the ?brous LCP cross are at right 
angles, laminated using a hotplate press (temperature 325° 
C., pressure 3 MPa), and alloWed to cool, giving a 150 pm 
thick ?uoropolymer laminate designated sample S9. 

Example 7 

[0071] Fluoropolymer sheets, 25 pm thick, prepared by the 
procedure of Example 6 are overlaid on the top and bottom 
sides of a 50 pm thick LCP (Zenite® 7000) sheet, Which is 
biaxially stretched in such a Way that the orientation direc 
tions of the ?brous LCP are as near as possibly the same. 
This is dif?cult because of the problem of stretching LCP, 
Which is discussed in the Background of the Invention. The 
combined sheets are laminated on a hot plate press (tem 
perature 325° C., pressure 3 MPa), and alloWed to cool, 
resulting in a 100 pm thick laminate designated sample S10. 

Example 8 

[0072] A 1 mm thick laminate prepared by laminating the 
?uoropolymer sheets made by the procedure of Example A 
is laminated to copper foil using a hot plate press (tempera 
ture 325° C., pressure 3 MPa) to obtain a sample for peel 
testing. 

Example 9 

[0073] A 1 mm thick ?uoropolymer laminate obtained by 
the procedure of Example 6, except for decreasing the 
amount of the LCP to 10% by Weight, and increasing the 
functional-group containing PFA to 10% by Weight, is 
laminated to copper foil using a hot plate press thereby 
obtaining a peel test sample. 
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Example 10 

[0074] A 1 mm thick laminate prepared by laminating the 
?uoropolymer sheets prepared by the procedure of Example 
C is laminated to copper foil using a hot plate press to obtain 
a peel test sample. 

Comparative Example 1 

[0075] PFA ?uoropolymer (PFA 340) is compression 
molded into sheet using a hot plate press (temperature 350° 
C., pressure 6 MPa) and cooled to give a 200 pm thick PFA 
sheet, sample R1. 

Comparative Example 2 

[0076] LCP (Zenite® 7000) is compression molded into 
sheet form using a hot plate press (temperature 360° C.) and 
cooled to give a 200 pm thick sheet, sample R2. 

Comparative Example 3 

[0077] A 1 mm thick laminate obtained by laminating PFA 
(PFA 340) sheets of Comparative Example 1 is laminated to 
copper foil in a hot plate press to obtain a peel test sample. 

[0078] The physical properties of the melt processible 
?uoropolymer sheets and laminates prepared above are 
measured and the results are summariZed in Tables 1 and 2 
and FIGS. 1 and 2. Since the samples S1, S2 and S3 have 
their LCP ?bers oriented in one direction With consequential 
anisotropy in physical properties, their physical properties 
are measured in both the MD and TD. Since samples S4-S6 
and S8-S9 have their liquid crystalline ?bers oriented so that 
the ?bers in the top ?uoropolymer sheet are at right angles 
to the ?bers in the bottom sheet, and since Sample 10 is a 
biaxially stretched isotropic LCP sheet, both MD and TD 
properties are measured, but no difference is found betWeen 
the tWo directions. Therefore only the results measured in 
one direction (thermal shrinkage and tensile modulus) are 
summariZed in Table 1. The results of peel strength testing 
of these pieces are summariZed in Table 2. 

TABLE 1 

Thermal Tensile 

Shrinkage % Dielectric Modulus (MPa) Sample 

MD TD Constant MD TD No. 

Example A 0.2 1.5 2.6 3500 700 S1 

Example B 0.3 3.5 2.4 2060 560 S2 

Example C 2.0 3.8 2.2 490 440 S3 

Example 1 0.8 2.5 1740 S4 

Example 2 1.1 2.3 980 S5 

Example 3 2.1 2.1 550 S6 

Example 4 1.4 2.4 720 S7 

Example 5 1.3 2.2 690 S8 

Example 6 0.6 2.2 995 S9 

Example 7 0.5 2.5 2500 S10 

Comp. Ex 1 4.1 2.1 475 R1 

Comp. Ex 2 Not more than 0.1% 3.0 Not measured R2 
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[0079] 

TABLE 2 

Composition (% by weight) 

Compatibilizing Liquid Crystalline Peel Strength 
PFA Agent Polymer (kg/cm) 

Example 8 77.5 2.5 20 2.8 
Example 9 80 10 10 3.6 
Example 10 94.5 2.5 3 1.7 
Comp. Ex 3 100 0 0 0.8 

[0080] Table 1 shows that in the ?uoropolymer sheets S1, 
S2 and S3, obtained by extrusion through a T-die (Examples 
A-C), improvements are observed in thermal shrinkage and 
tensile modulus with increasing amount of the liquid crys 
talline polymer. However, since the LCP is oriented in one 
direction, there is anisotropy in the physical properties. 
FIGS. 1 and 2 show that sample S2 (Example B) with a 
10% by weight LCP incorporated has ?brous LCP through 
out the sheet cross-section while a sample S3 (Example C) 
with a 3% by weight of the LCP has the minimum amount 
of ?brous LCP. Therefore, the blend ratio of the LCP, which 
depends on the T-die extrusion conditions, is in the range of 
about 3-25% by weight, preferably about 4-25% by weight. 
Blending ?uoropolymer with LCP increases the dielectric 
constant somewhat, but even sample S1 (Example A) having 
a 20% by weight of LCP has a dielectric constant of only 2.6, 
still suitable for a circuit board material for high frequency 
use. 

[0081] Laminate samples (Examples 1-3) obtained by 
laying two T-die-extruded ?uoropolymer sheets one over the 
other so as to have the LCP ?bers oriented at right angles, 
thereby reducing anisotropy in the physical properties of the 
?uoropolymer sheet samples, followed by a hot plate press 
lamination also show improved thermal shrinkage and ten 
sile modulus with an increase in the blend ratio of the liquid 
crystalline polymer. Essentially no difference in physical 
properties is observed between the MD and TD. Example 1 
shows that it is possible to reduce thermal shrinkage to 1% 
or less by increasing the amount of the LCP to 20% by 
weight or higher. A sample obtained by replacing the T-die 
extruded ?uoropolymer sheet with a ?uoropolymer cloth 
sheet (Example 4) shows improved thermal shrinkage and 
tensile modulus relative to a pure ?uoropolymer sheet 
(Comparative Example 1). 

[0082] Laminate S8 (Example 5) obtained by overlaying 
?uoropolymer sheet and functional group-containing PFA 
sheet in this order: functional group-containing PFA sheet/ 
?uoropolymer sheet/?uoropolymer sheet/functional group 
containing PFA sheet has thermal shrinkage and tensile 
modulus inferior to Example 2 because of the two functional 
group-containing PFA sheets without LCP component, but it 
has a superior dielectric characteristics. As shown in FIG. 1, 
the ?uoropolymer sheet having LCP oriented in the ?brous 
state has the LCP ?ber present even in the area close to the 
sheet surface so that sometimes streaks appear in the sheet 
MD with thickness non-uniformity. Streaks and thickness 
non-uniformity in the ?uoropolymer sheet would make it 
dif?cult to use such a material for circuit board. A laminate 
as in Example 5 is effective for overcoming the streaked 
surface state due to such streaks and thickness non-unifor 
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mity. Since Example 5 has functional-group-containing PFA 
sheets on both sides, it is expected to provide improved peel 
strength to copper foil. 

[0083] The sample of Example 6 (X/Y/X/Y/X/Y, X=MD, 
Y=TD) prepared by having six ?uoropolymer sheets, in 
which the LCP is oriented in the ?brous state, crossed at 
right angles, in place of the product from a 2-layer lamina 
tion (Example 2, X/Y directions), of the same overall 
composition, involves more cancellation of the orientation 
directions in the laminate, so that its thermal shrinkage is 
less than that of Example 2. Therefore, from the standpoint 
of achieving isotropic physical properties, the ?uoropolymer 
laminate is preferably a multi-layered laminate having 4, 6, 
8 layers or more, rather than a 2-layer laminate. S10 
(Example 7), the laminate prepared from ?uoropolymer 
sheets in which LCP is oriented in the ?brous state on either 
side of an LCP sheet prepared, by biaxial stretching method 
exhibits improved thermal shrinkage and tensile modulus by 
virtue of having the LCP sheet. 

[0084] Peel strength test results summarized in Table 2 
show that PFA sheet bonded to copper foil (Comparative 
Example 3) has poor peel strength. However, samples in 
which a compatibiliZing agent and LCP are blended show 
improved peel strength. In particular, Example 7 shows a 
synergistic effect of the compatibiliZing agent and LCP on 
the peel strength. Though both LCP and compatibiliZer 
bene?cially affect adhesion, as stated above, excessive LCP 
can lead to “pockets” of LCP in the blends with deleterious 
effects on extrusion and laminate quality. Excessive amounts 
of compatibiliZer can decrease the heat stability of the 
laminate. Therefore, the amounts LCP and compatibiliZer 
and their ratios should be chosen to balance the bene?cial 
with the deleterious effects of these ingredients. 

Example 11 

[0085] Two 25 pm thick ?uoropolymer sheets, each con 
taining LCP oriented in a ?brous state, prepared by the 
procedure of Example 6 are overlaid on the top and bottom 
sides of a 50 pm thick sheet of polyamide (Kapton® H 
manufactured by DuPont-Toray Co. Ltd.) having a coef? 
cient of linear expansion of 2.7><10_5/° C. in perpendicular 
directions. The orientation directions of the sheets are the 
same direction in the overlaid assemblage. The assemblage 
is hot pressed at 325° C., which is above the melting point 
of the ?uoropolymer, but less than the melting point of the 
polyimide, at a pressure of 3 MPa, and allowed to cool, 
resulting in the bonding of the ?uoropolymer sheets to each 
side of the polyimide sheet to form a laminate thereof 100 
pm thick The resultant laminate exhibits a thermal shrinkage 
of 0.6%, a dielectric constant of 2.9, and a tensile modulus 
of 1850 MPa 

[0086] The present invention provides ?uoropolymer 
laminates having isotropic properties. For example, an 
embodiment in which multiple ?uoropolymer sheets con 
taining ?brous LCP in the melt processible ?uoropolymer 
are laminated, despite having the ?brous LCP oriented in 
one direction in a single extruded sheet, makes it possible to 
laminate in such a way as to compensate for their orientation 
directions, the laminate thereby becoming isotropic as 
regards physical properties. Therefore, the invention pro 
vides ?uoropolymer laminate having a low linear coef?cient 
of expansion and low thermal shrinkage that can not be 
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achieved With conventional ?uoropolymer sheets, the lami 
nates also having elevated tensile modulus and loW dielec 
tric constant. 

[0087] A ?uoropolymer laminate of this invention having 
such properties is suitable for circuit board material. It is 
also expected to ?nd applications other than circuit boards 
such as in insulating sheet materials for transformers and 
motors, heat resistant sheets, prepreg substrates, and in the 
packaging material area. 

What is claimed is: 
1. Fluoropolymer laminate comprising melt processible 

?uoropolymer layers Wherein at least one layer thereof is a 
?uoropolymer sheet layer in Which an LCP is oriented in the 
?brous state in the melt processible ?uoropolymer. 

2. The laminate as set forth in claim 1, Wherein said 
laminate comprises at least tWo ?uoropolymer sheet layers 
having an LCP oriented in the ?brous state in the melt 
processible ?uoropolymer, and Wherein at least tWo layers 
thereof have ?brous LCP Whose orientation is in directions 
different from each other. 

3. The laminate as set forth in claim 1, Wherein the 
?uoropolymer sheet layer having an LCP oriented in the 
?brous state in the melt processible ?uoropolymer is a 
?brous sheet layer selected from a Woven fabric, a non 
Woven fabric, and a knitted fabric of melt processible 
?uoropolymer ?bers containing the LCP oriented in the 
?brous state. 

4. The laminate as set forth in claim 1, Wherein the 
?uoropolymer sheet layer having an LCP oriented in the 
?brous state in the melt processible ?uoropolymer contains 
the LCP in a range of about 3-30% by Weight thereof. 

5. The laminate as set forth in claim 1, Wherein at least one 
of said layers is a melt processible ?uoropolymer sheet 
containing no ?brous LCP laminated to at least one side of 
said at least one ?uoropolymer sheet layer in Which the LCP 
is oriented in the ?brous state. 

6. The laminate as set forth in claim 1, Wherein at least 
part of the melt processible ?uoropolymer is a functional 
group-containing ?uoropolymer. 

7. The laminate as set forth in claim 1, Wherein at least one 
of said layers is a polymer layer With a coefficient of linear 
expansion of about 6><10_5/° C. or less laminated to at least 
one side of said at least one ?uoropolymer sheet layer in 
Which the LCP is oriented in the ?brous state. 

8. The laminate as set forth in claim 7, Wherein the 
?uoropolymer sheet layer in Which an LCP is oriented in the 
?brous state in the melt processible ?uoropolymer is lami 
nated to at least one side of the polymer layer With a 
coef?cient of linear expansion of about 3><1O_S/° C. or less. 
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9. The laminate as set forth in claim 1, and additionally 
copper cladding on one or both sides of said laminate. 

10. The laminate as set forth in claim 7, Wherein said 
?uoropolymer sheet layer in Which an LCP is oriented in the 
?brous state in a melt processible ?uoropolymer is lami 
nated to both sides of said polymer layer With a coef?cient 
of linear expansion of about 6><10_5/° C. or less, and Wherein 
the orientation direction of the ?brous LCP in each said 
?uoropolymer sheet layers is the same or different. 

11. The laminate as set forth in claim 1, Wherein said 
laminate has a thermal shrinkage at 250° C. of not more than 
about 1.5% and a dielectric constant at a frequency of 1 GHZ 
of not more than about 3.0. 

12. Aprocess for the manufacture of ?uoropolymer lami 
nate, comprising melt mixing a melt processible ?uoropoly 
mer With an LCP having a melting point of at least about 15° 
C. higher than that of said melt processible ?uoropolymer; 
extruding the resultant melt mixture in the form of a sheet in 
Which the LCP is oriented in the ?brous state in the melt 
processible ?uoropolymer in the direction of said extruding; 
overlaying multiple sheets obtained from said extruding in 
such a Way that at least tWo sheets Will have their respective 
LCP oriented in the ?brous state oriented indifferent direc 
tions; and laminating said multiple sheets together. 

13. The process for the manufacture of ?uoropolymer 
laminate, comprising overlaying a melt processible ?uo 
ropolymer sheet containing no ?brous LCP on at least one 
side of a ?brous sheet selected from a Woven fabric, a 

non-Woven fabric, or a knitted fabric of ?uoropolymer ?bers 
having an LCP oriented in the ?brous state in the melt 
processible ?uoropolymer in the ?ber direction; and lami 
nating said ?uoropolymer sheet and said ?brous sheet 
together. 

14. The process for the manufacture of a ?uoropolymer 
laminate, comprising melt mixing a melt processible ?uo 
ropolymer With an LCP having a melting point of at least 
about 15° C. higher than that of said melt processible 
?uoropolymer; extruding the resultant melt mixture into the 
formation of a sheet in Which the LCP is oriented in the 
?brous state in the melt processible ?uoropolymer in the 
direction of said extruding; overlaying at least one sheet 
obtained from said extruding on at least one side of a 
isotropic polymer sheet With a coef?cient of linear expan 
sion of about 6><10_5/° C. or less; and laminating said 
?uoropolymer sheet and said polymer sheet together. 


