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was formulated to overcome the problems referred to above, but forms no
part of the present The invention relates to a printed circuit board.
invention. In particular the invention can provide a printed      Figures 2
and 3 are cross sectional views of circuit board for transmission of
electrical signals    5    embodiments of printed circuit boards according
at high frequencies, which has a small coefficient   to the invention. of
thermal deformation, including thermal expan-       Figure 1 is a schematic
diagram of a section of a sion and contraction.
printed circuit board 1 in which layers of copper There is a conventional
printed circuit board      foil 5 are bonded to both surfaces of a solid
PTFE commercially available having a small cfficient   10   layer 3 in
which expanded, porous PTFE fibers 2 of thermal deformation which is formdd
by past-      are mixed, using bonding agent 4, and this ing copper foil on
the outer surface of an insulat-  Printed circuit board formed into an
etched circuit ing layer of fiberglass fabric containing polytetra-
pjfattern, not shown, by conventional techniques. fluoroethylene (PTFE).
However, this conven-           The expanded porous PTFE fiber 2 referred
to tional printed circuit board has a dielectric loss   15   above is
manufactured by, for example, a method factor which can be as large as
about 0.002 at 10    disclosed in U.S. Patent 3,953,566. GHz, and is not
often used as a printed circuit        A printed circuit board, of the
construction board for high frequencies.                          shown in
Figure 1, having a thickness of 0.6 mm A printed circuit board having a
high specific     was formed by extrusion-moulding PTFE in which
permittivity has been proposed, which is formed    20   10%  by weight of
sintered, expanded, porous by pasting copper foil on the outer surface of
an    PTFE fiber which had been stretched 10 times its insulating layer of
PTFE in which a filler consisting  original length and which consisted or
fiber of titanium oxide powder or alumina (aluminum        pieces 10 gm in
thickness and 5 mm in length oxide powder) is mixed. However, this printed
were mixed. The resultant product was sintered circuit board has a thermal
expansion coefficient   25   to obtain a layer of sintered, solid PTFE 3.
To both with respect to its surface direction and thickness  surfaces of
the layer 3 were attached layers of 10 direction of as much as 1 x 10-4rC.
Obviously, it is  gm thickness of a thermoplastic bonding agent 4 thermally
unstable and is preferably not used.       consisting of a layer of
polytetrafluoroethylene- It is also known from US-A-3,136,680to provide
perfluoroalkyl vinyl ether copolymer (PFA) or a a printed circuit board
comprising a laminate   30   tetrafluoroethylenehexafluoropropylene copoly-
having outer surfaces of solid, sintered, non-       mer (FEP). To the
outer surfaces of the layers 4 porous polytetrafluoroethylene (PTFE) and a
were attached layers of 35 pm thickness of copper metallic layer bonded to
each of said outer sur-     foil or aluminum foil. The resultant product
was faces by a bonding agent.                            heated so as to
unite all of the layers. The A requirement exists for a printed circuit
board   35    properties of this printed cirtcuit were measured. which
avoids a great increase in the thermal         Good results were obtained,
i.e. the dielectric loss expansion coefficient, even if a filler is mixed
factor and the thermal expansion coefficient with therein for the purpose
of increasing the specific   respect to the surface direction thereof were
1 x permittivity to a high level, and which has excel-   104 and 1 x 10-5,
respectively. lent properties in a high-frequency transmission    40
Because the porous PTFE material layer is region.
provided along the layer of solid PTFE, the pores According to: the present
invention there is       in the former, the high-frequency characteristics
provided a printed circuit board comprising a        of which are superior
to those of the latter, work laminate having outer surfaces of solid,
sintered,   as heat insulators and stress! resistors and sub- non-porous
polytetrafluoroethylene (PTFE) and a    45   stantially prevent a great
increase in the thermal metallic layer bonded to each of said outer sur-
expansion coefficient of this board. Therefore, a faces by a bonding agent
characterised in that the   printed circuit board having a small thermal
laminate comprises two layers of solid sintered      expansion coefficient
and excellent high-fre- non-porous PTFE and a central layer of porous
quency characteristics can be provided. expanded PTFE sandwiched
therebetween, and    50       A modification of the circuit board of Figure
1, said bonding agent is perfluoroalkyl-ether copoly-   and which
constitutes one embodiment of the mer (PFA) or
tetrafluoroethylene-hexafluoro-         present invention, is seen in
Figure 2. In this propylene copolymer (FEP). The solid PTFE layers
printed circuit board 7, a layer of 5 pm in thickness may contain fibers of
expanded porous PTFE.          of sintered, expanded, porous PTFE 9 is
sand- The PTFE layers may contain a filler such as   5s    wiched between
two layers of sintered solid PTFE titanium dioxide powder or aluminum oxide
pow-       8, and layers of conductive metal foil 11 consist- der. The
layer of expanded, porous PTFE may be a     ing of copper foil or aluminum
foil are attached to cloth woven of fibers of expanded, porous PTFE,
the outermost surfaces of the layers 8 by layers 10 or it may be a layer of
expanded, porous PTFE        of the bonding agent. film.
60      It was ascertained that the printed circuit board The  invention
will now  be  particularly         7 in this embodiment had essentially the
same described, by way of example, with reference to      properties as the
printed circuit board 1 in Figure the accompanying drawings in which:
1. Figure 1 is a schematic view, partly in cross-       Figure 3 shows a
modified example of the section, showing a printed circuit board which
65   embodiment of Figure 2. In this example, about 
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EP  0 160 418  B1                     4 15 percent by weight of titanium
oxide powder,         non-porous PTFE and a central layer of porous for
example, titanium dioxide (TiO2) powder, to        expanded PTFE sandwiched
therebetween, and increase the specific permittivity,. is mixed into
said bonding agent is perfluoroalkyl-ether copoly- the layers of solid PTFE
14 which are laminated on     mer (PFA) or tetrafluoroethylene-hexafluoro-
to both surfaces of a layer of porous, expanded    5    propylene copolymer
(FEP). PTFE 9, as shown.                                        2. A
printed circuit board according to claim 1 Titanium dioxide powder having a
specific per-       characterised in that said solid PTFE layers con-
mittivity in the range of 2.2 to 10 is suitable for   tain fibers of
expanded porous PTFE. this purpose.
3. A printed circuit board according to claim 2 In this embodiment, 18 lim
thick copperfoil is   70   characterised in that said fibers are sintered.
used as the conductive metal foil 15, OAd this embodiment also has
excellent characteristics.         Patentansprfiche According to a further
embodiment of the present invention, catalyst layers in which plating
1. Leiterplatte enthaltend ein Schichtgebilde mit medium nuclei are
dispersed, are provided on the    is   duBeren Oberflichen aus festem,
gesinterten, outer surfaces of the solid PTFE layers. For           nicht
pordsen Polytetrafluorethylen (PTFE) und example, palladium  salt is
dispersed in these         mit einer metallischen Lage, die mit jeder der
catalyst layers. These catalyst layers may be          besagten 5uBeren
Oberfldchen durch ein Binde- formed so that the nuclei of the plating
catalyst      mittel verbunden ist, dadurch gekennzeichnet, are dispersed
in the surface portion of the printed    20    daB das Schichtgebilde zwei
Lagen festes, gesin- circuit board as a whole, or so that the nuclei of
tertes, nicht porbses PTFE und eine mittige Lage the plating catalyst are
formed in the shape of a      aus porbsem, gestreckten PTFE, die dazwischen
\    circuit pattern by an optical reaction. In the latter  sandwichartig
eingebracht ist, enthilt, und dag case, a circuit pattern can be obtained
easily by      das besagte Bindemittel ein Perfluoralkylether- carrying out
a conventional chemical copper-   25    copolymer (PFA) oder ein
Tetrafluorethylen-hexa- plating operation. In the former case, a conduc-
fluorpropylen-copolymer (FEP) ist. tive circuit pattern is obtained by
providing            2. Leiterplatte nach Anspruch 1, istvdadurch through
holes, through which the circuit elements      gekennzeichnet, daB die
besagten festen- PTFE- are fastened, in a printed circuit board, per-
Lagen Fasern aus expandiertem, porbsen PTFE manently masking the
non-circuit portions, sub-    30    enthalten. jecting the circuit portion
to a surface treatment       3. Eine Leiterplatte nach Anspruch 2, dadurch
so that a plating operation can be carried out         gekennzeichnet, daB
die besagten Fasern gesin- smoothly, and then immersing the resultant
tert sind. product in a chemical copper-plating liquid so as to be plated
therewith.                          35    Revendications By the present
invention a printed circuit board is provided having an insulating layer
which             1. Une plaquette de circuit imprimd comprenant contains
porous, expanded PTFE material and            un stratifit  ayant des
surfaces extdrieures en which extends along a layer of solid PTFE, the
polytdtrafluoro6thylene (PTFE) non poreux, fritt6, layer of solid PTFE
having excellent high-fre-    40   solide et une couche metallique liHe a
chacune quency transmission characteristics and the por-       desdites
surfaces exterieures par un agent de ous, expanded PTFE material having
excellent           liaison, caract6risee en ce que le stratifit corn-
high-frequency transmission characteristics and,       prend deux couches
de PTFE non poreux, frittd, in addition, excellent heat-insulating
characteris-    solide et une couche centrale de PTFE expanse, tics and
stress-resisting capability. Therefore, a    45    poreux, prise en
sandwich  entre ces deux printed circuit board having excellent high-fre-
couches, et ledit agent de liaison est un copoly- quency transmission
characteristics and a small        mare de perfluoroalkylether (PFA) ou un
copoly- thermal expansion coefficient can be obtained.         mere de
tetrafluoroethylene-hexafluoropropylene (FEP). Claims
50      2. Une plaquette de circuit imprim6 selon la revendication 1,
caracterisee en ce que lesdites 1. A printed circuit board comprising a
laminate     couches de PTFE solide contiennent des fibres de having outer
surfaces of solid, sintered, non-         PTFE poreux expanse. porous
polytetrafluoroethylene  (PTFE) and  a            3. Une plaquette de
circuit imprim6 selon la metallic layer bonded to each of said outer sur-
55   revendication 2, caract6risee en ce que lesdites faces by a bonding
agent characterised in that the     fibres sont frittees. laminate
comprises two layers of solid sintered 60 65 3  
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weight of titanium oxide powder,        non-porous PTFE and a central layer
of porous for example, titanium dioxide (TiO2) powder, to       expanded
PTFE sandwiched therebetween, and increase the specific permittivity,. is
mixed into    said bonding agent is perfluoroalkyl-ether copoly- the layers
of solid PTFE 14 which are laminated on    mer (PFA) or
tetrafluoroethylene-hexafluoro- to both surfaces of a layer of porous,
expanded  5    propylene copolymer (FEP). PTFE 9, as shown.
2. A printed circuit board according to claim 1 Titanium dioxide powder
having a specific per-      characterised in that said solid PTFE layers
con- mittivity in the range of 2.2 to 10 is suitable for   tain fibers of
expanded porous PTFE. this purpose.
3. A printed circuit board according to claim 2 In this embodiment,'18 glm
thick copperfpil is   10   characterised in that said fibers are sintered.
used as the conductive metal foil 15, GAd this embodiment also has
excellent characteristics..       Pajentanspruche According to a further
embodiment of the present invention, catalyst layers in which plating
1. Leiterplatte enthaltend ein Schichtgebilde mit medium nuclei are
dispersed, are provided on the    15   buferen Oberfldchen aus festem,
gesinterten, outer surfaces of the solid PTFE layers. For          nicht
pordsen Polytetrafluorethylen (PTFE) und example, palladium  salt is
dispersed in these        mit einer metallischen Lage, die mit jeder der
catalyst layers. These catalyst layers may be         besagten duBeren
Oberflachen durch ein Binde- formed so that the nuclei of the plating
catalyst     mittel verbunden ist, dadurch gekennzeichnet, are dispersed in
the surface portion of the printed    20    daB das Schichtgebilde zwei
Lagen festes, gesin- circuit board as a whole, or so that the nuclei of
tertes, nicht por6ses PTFE und eine mittige Lage the plating catalyst are
formed in the shape of a     aus por6sem, gestreckten PTFE, die dazwischen
circuit pattern by an optical reaction. In the latter  sandwichartig
eingebracht ist, enthilt, und dal case, a circuit pattern can be obtained
easily by     das besagte Bindemittel ein Perfluoralkylether- carrying out
a conventional chemical copper-   25    copolymer (PFA) oder ein
Tetrafluorethylen-hexa- plating operation. In the former case, a conduc-
fluorpropylen-copolymer (FEP) ist. tive circuit pattern is obtained by
providing           2. Leiterplatte nach Anspruch 1, ist dadurch through
holes, through which the circuit elements     gekennzeichnet, daB die
besagten festen PTFE- are fastened, in a printed circuit board,- per-
Lagen Fasern aus expandiertem, porbsen PTFE manently masking the
non-circuit portions, sub-    30    enthalten. ecting the circuit portion
to a surface treatment       3. Eine Leiterplatte nach Anspruch 2, dadurch
so that-a plating operation can be carried out        gekennzeichnet, dal
die besagten Fasern gesin- smoothly, and then immersing the resultant
tert sind. product in a chemical copper-plating liquid so as to be plated
therewith.                        s35    Revendications By the present
invention a printed circuit board is provided having an insulating layer
which            1. Une plaquette de circuit imprim6 comprenant contains
porous, expanded PTFE material and           un stratifid ayant des
surfaces extdrieures en which extends along a layer of solid PTFE, the
polyt6trafluoroethylene (PTFE) non poreux, fritt6, layer of solid PTFE
having excellent high-fre-   40   solide et une couche m6tallique Mlee a
chacune quency transmission characteristics and the por-      desdites
surfaces ext6rieures par un agent de ous, expanded PTFE material having
excellent          liaison, caract6risee en ce que le stratifit corn-
high-frequency transmission characteristics and,      prend deux couches de
PTFE non poreux, frittd, in addition, excellent heat-insulating
characteris-   solide et une couche centrale de PTFE expanse, tics and
stress-resisting capability. Therefore, a    4s    poreux, prise en
sandwich entre ces deux printed circuit board having excellent high-fre-
couches, et ledit agent de liaison est un copoly- quency transmission
characteristics and a small       mere de perfluoroalkylether (PFA) ou un
copoly- thermal expansion coefficient can be obtained.        mere de
t6trafluoro6thylene-hexafluoropropylene (FEP). Claims
50      2. Une plaquette de circuit imprim6 selon la revendication 1,
caracterisbe en ce que lesdites 1. A printed circuit board comprising a
laminate    couches de PTFE solide contiennent des fibres de having outer
surfaces of solid, sintered, non-        PTFE poreux expanse. porous
polytetrafluoroethylene (PTFE) and a             3. Une plaquette de
circuit imprim6 selon la metallic layer bonded to each of said outer sur-
56   revendication 2, caract6ris6e en ce quo lesdites faces by a bonding
agent characterised in that the    fibres sont fritt6es. laminate comprises
two layers of solid sintered -* C   L   M   S * 65 3    


