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(57) ABSTRACT 
In a ?ex-rigid Wiring board in Which a rigid substrate formed 
from a rigid base material and a ?exible substrate formed 
from a ?exible base material are stack-joined and electrically 
connected to each other, the ?exible substrate including a 
conductive layer having interconnecting electrode pads pro 
vided on at least one surface thereof, and the rigid substrate 
including a conductive layer having interconnecting elec 
trode pads provided on at least one surface thereof in a posi 
tion opposite to the interconnecting electrode pads on the 
rigid substrate, are locally connected electrically to each other 
With an anisotropic conductive adhesive layer interposed 
between conductive layers of substrate portions each includ 
ing at least the interconnecting electrode pads. In this ?ex 
rigid Wiring board, transmission of high-frequency signals 
can be prevented from being delayed, noises can be sup 
pressed, and an excellent electrical connection and connec 
tion reliability be assured. 
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FLEX-RIGID WIRING BOARD 

CROSS REFERENCE OF RELATED 
APPLICATION 

[0001] This application is a divisional of US. application 
Ser. No. 10/558,289, ?led Nov. 28, 2005, Which is a national 
stage of PCT/JP05/098l9, ?led May 23, 2005, and further is 
based upon and claims the bene?t of priority from the prior 
Japanese Patent Application No. 2004-173414, ?led Jun. 11, 
2004. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to a Wiring 
board including a ?exible substrate and rigid substrate, and 
more particularly to a Wiring board characterized in the con 
nection betWeen a ?exible substrate and rigid substrate stack 
joined to each other in a rigid portion, among others, of the 
Wiring board. 

BACKGROUND ART 

[0003] The recent portable electronic devices such as a 
foldable mobile phone and the like use a ?ex-rigid Wiring 
board. Normally in such a Wiring board, rigid or non-?exible 
portions and a ?exible portion are joined to each other With a 
?exible substrate laid betWeen them, and Wiring pattern lay 
ers on the surfaces of the ?exible and rigid substrates stacked 
together are electrically connected to each other via a plated 
through-hole conductive layer in the rigid portion as shoWn in 
FIG. 12 (as disclosed in the Japanese Patent Application Laid 
Open No. 90756 of 1993, for example). 

[0004] Also, there has been proposed a ?ex-rigid circuit 
board in Which a multilayer rigid substrate has formed at 
either end thereof a cut in Which an end electrode of a ?exible 
substrate is ?tted, the end portion of the ?exible substrate is 
laid betWeen the outermost sides of the rigid substrate and the 
electrode of the rigid substrate and that of the ?exible sub 
strate are electrically connected to each other (as disclosed in 
the Japanese Patent Application Laid Open No. 170076 of 
1995, for example). 

[0005] HoWever, the Wiring board in Which a ?exible sub 
strate and rigid substrate are electrically connected to each 
other through a plated through-hole With the above-men 
tioned conventional Wiring-board technology is not advanta 
geous in that When it is used With a frequency of higher than 
1 GHZ, signal propagation is delayed and high-speed signal 
transmission is not stable. Especially When the Wiring board 
is used With a frequency of higher than 5 GHZ, the signal 
propagation is more seriously delayed and instability of the 
high-speed signal transmission is greater. 

[0006] Also, the Wiring board produced With the conven 
tional Wiring-board technology Was found, as a result of the 
reliability test made in the cooling/heating cycle test, to have 
the electrical connection thereof deteriorated. That is, for the 
electrical connection through the plated through-hole in the 
?exible and rigid substrates, the conductive layer in the 
through-hole is formed by plating. Therefore, the conductive 
layer varies in thickness so that some of connecting terminals 
are not connected, namely, so-called “open” terminals are 
resulted. 

[0007] Further, since the conventional ?ex-rigid Wiring 
board is formed either by ?xing a ?exible substrate to an 

May 8, 2008 

outermost rigid substrate With an anisotropic adhesive or by 
laying a ?exible substrate betWeen both outermost rigid sub 
strates, so it cannot be designed thinner. 

DISCLOSURE OF THE INVENTION 

[0008] The present invention has an object to overcome the 
above-mentioned drawbacks of the related art by providing a 
?ex-rigid Wiring thinner than the conventional one and that is 
excellent in electrical properties and reliability of the conduc 
tive layer penetrating ?exible and rigid substrates, can trans 
mit high-frequency electrical signals With a less delay and has 
a connecting structure more advantageous for assuring a 
stable signal transmission. 

[0009] The inventors of the present invention had devoted 
themselves to attaining the above object. The inventors found 
it possible to transmit GHZ-level electrical signals With an 
improved stability by electrically connecting a rigid substrate 
and ?exible substrate not through the plated through-hole as 
in the conventional technology but via an anisotropic conduc 
tive adhesive layer interposed betWeen conductive layers of 
substrate portions including interconnecting electrode pads, 
and thus Worked out the present invention. 

[0010] (l) The above object can be attained by providing a 
?ex-rigid Wiring board in Which a rigid substrate formed from 
a rigid base material and a ?exible substrate formed from a 
?exible base material are stack-joined and electrically con 
nected to each other, Wherein: the ?exible substrate including 
a conductive layer having interconnecting electrode pads 
formed on at least one surface thereof, and the rigid substrate 
including a conductive layer having interconnecting elec 
trode pads formed on at least one surface thereof in a position 
opposite to the interconnecting electrode pads on the rigid 
substrate, are electrically connected to each other With an 
anisotropic conductive adhesive layer interposed betWeen 
conductive layers of substrate portions each including at least 
the interconnecting electrode pad. 

[0011] In the above ?ex-rigid Wiring board according to the 
present invention, either the ?exible or rigid substrate has 
provided on the surface thereof a coverlay having formed 
therein an opening through Which the interconnecting elec 
trode pads are exposed and that is ?lled With the anisotropic 
conductive adhesive. 

[0012] According to the present invention, a plurality of the 
interconnecting electrode pads exposed through the respec 
tive openings formed in the coverlay on the ?exible substrate 
may be provided in such openings adjacent to each other and 
spaced 20 to 500 pm from each other. 

[0013] Further according to the present invention, the ?ex 
ible substrate may have formed therein a via-hole formed 
from a through-hole extending from the substrate top to bot 
tom and ?lled With a conductive substance and the intercon 
necting electrode pads be provided just above the via-hole. 

[0014] Note that in the above ?ex-rigid Wiring board struc 
ture according to the present invention, the Wording “?exible 
substrate” or “rigid substrate” refers to both “single-layer” 
and “multilayer” substrate. 

[0015] In the ?ex-rigid Wiring board (1) according to the 
present invention, since the ?exible and rigid substrates are 
joined integrally to each other With the anisotropic conductive 
adhesive layer interposed betWeen the conductive layers of 
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the substrate portions including the interconnecting electrode 
pads disposed at least opposite to each other, the intercon 
necting electrode pads on the ?exible substrate can electri 
cally be connected to that of the rigid substrate to provide an 
excellent electrical connection and improved connection sta 
bility, Whereby it is possible to transmit a high-frequency 
signal With a less delay and a stability that can be attained 
quickly. 
[0016] More speci?cally, When a ?exible substrate and 
rigid substrate are electrically connected to each other 
through a plated through-hole as With the conventional tech 
nology, electrical signals Will diffuse inside the plated 
through-hole and their transmission be delayed. HoWever, in 
the ?ex-rigid Wiring board according to the present invention 
in Which a ?exible substrate and rigid substrate are electri 
cally connected through an anisotropic conductive adhesive 
layer, electrical signals can be transmitted Without being dif 
fused, so that a high-frequency signal can be transmitted With 
a less delay and a quickly attained stability. 

[0017] Also, by forming a plurality of interconnecting elec 
trode pads on the ?exible substrate and setting the distance 
betWeen adjacent openings through Which these intercon 
necting electrode pads are exposed, that is, the distance from 
the edge of one of the adjacent openings to that of the other 
opening (spacing distance), to 20 to 500 pm, the local elec 
trical connection betWeen the ?exible and rigid substrates via 
the anisotropic conductive adhesive can positively be made 
and the ?ex-rigid Wiring board be designed smaller. 

[0018] Further, by forming a through-hole extending from 
the substrate top to bottom of the ?exible substrate and ?lling 
the through-hole With the conductive substance to provide a 
via-hole and providing interconnecting electrode pads just 
above the via-hole, it is possible to assure a coincidence 
betWeen the position of an interlayer connector at the ?exible 
substrate and that of an interlayer connector at the rigid sub 
strate. Also, by forming a stacked structure in Which the 
interlayer connectors are stack-joined and electrically con 
nected to each other, it is possible to provide a ?ex-rigid 
Wiring board in Which the Wiring length is shorter and that is 
thus suitable for mounting thereon electronic parts that need 
a large poWer for their operation. 

[0019] (2) Also the above object can be attained by provid 
ing a ?ex-rigid Wiring board comprising: 
[0020] a ?exible substrate formed from a ?exible base 
material, having a plurality of ?rst interconnecting pads 
located at opposite ends thereof and a plurality of ?rst con 
ductor layers connected to the ?rst interconnecting pads, 
respectively; 
[0021] a rigid substrate formed from a rigid base material, 
disposed under the ?exible substrate and having a frame 
pattern provided correspondingly to the ends of the ?exible 
substrate, a plurality of second interconnecting pads sur 
rounded by the frame pattern, a plurality of via-contacts dis 
posed beneath the second interconnecting pads and a second 
conductor layer connected to each of the via-contacts, the 
rigid substrate being joined to the ?exible substrate; 
a coverlay provided betWeen the ?rst conductor layers and 
frame pattern and that electrically insulates the frame pattern 
from the ?rst conductor layers; and 

an anisotropic conductive adhesive layer formed to provide a 
compression connection betWeen the ?rst and second inter 
connecting pads. 
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[0022] (3) Also the above object can be attained by provid 
ing a ?ex-rigid Wiring board in Which a rigid substrate formed 
from a stack of rigid base materials and a ?exible substrate 
formed from a ?exible base material are joined to each other, 
Wherein: 

[0023] the rigid substrate includes a ?rst rigid-substrate 
layer having a cut formed at either end thereof and a second 
rigid-substrate layer disposed under the ?rst rigid-substrate 
layer; 

[0024] the second rigid-substrate layer includes a frame 
pattern formed to be exposed from the cuts in the ?rst rigid 
substrate layer, a plurality of second interconnecting pads 
formed in an area surrounded by the frame pattern, a plurality 
of via-contacts formed beneath the second interconnecting 
pads, respectively, and a second conductor layer connected to 
each of the via-contacts; 

[0025] there is provided betWeen the ?rst conductor layers 
and frame pattern a coverlay that electrically insulates the 
frame pattern from the ?rst conductors; and 

[0026] there is provided an anisotropic conductive adhesive 
layer to provide a compression connection betWeen the ?rst 
and second interconnecting pads. 

[0027] In the above ?ex-rigid Wiring boards (2) and (3) 
according to the present invention, the ?rst and second inter 
connecting pads included in the ?exible and rigid substrates, 
respectively, are substantially equal in Width to each other and 
clearances betWeen adjacent interconnecting pads are sub 
stantially identical to each other, Whereby the ?rst and second 
interconnecting pads can uniformly be connected to each 
other. 

[0028] Also, according to the present invention, in the area 
surrounded by the frame pattern provided on the second rigid 
substrate layer, there is formed a plurality of through-holes to 
discharge excessive conductive adhesive, Whereby it is pos 
sible to reduce the occurrence of voids in the conductive 
adhesive layer. 

[0029] Further, a plated nickel/gold layer is formed on the 
surface of each of the ?rst and second interconnecting pads 
included in the ?exible and rigid substrates, respectively, to 
assure a local electrical connection betWeen the ?exible and 
rigid substrates With the conductive adhesive layer. 

[0030] (4) Also the above object can be attained by provid 
ing a method of producing a ?ex-rigid Wiring board in Which 
a rigid substrate formed from a stack of rigid base materials 
and a ?exible substrate formed from a ?exible base material 
are joined to each other, the method comprising the steps of: 

[0031] preparing a ?exible substrate including a plurality of 
?rst interconnecting pads and a plurality of ?rst conductor 
layers connected to the ?rst interconnecting pads, respec 
tively; 

[0032] preparing a ?rst rigid-substrate layer having a cut 
formed at either end thereof While preparing a second rigid 
substrate layer including a frame pattern exposed through the 
cuts, a plurality of second interconnecting pads formed in an 
area surrounded by the frame pattern, a plurality of via 
contacts formed beneath the second interconnecting pads, 
respectively, and a second conductor layer connected to each 
of the via-contacts; 
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[0033] stacking the ?rst and second rigid-substrate layers 
together to form a rigid substrate; 

[0034] forming a coverlay between the ?rst conductor lay 
ers of the ?exible substrate and frame pattern of the second 
rigid-substrate layer to electrically insulate the frame pattern 
from the ?rst conductor layers; 

[0035] forming an anisotropic conductive adhesive layer 
betWeen the ?rst interconnecting pads of the ?exible substrate 
and second interconnecting pads of the rigid substrate; and 

[0036] ?tting the free end of the ?exible substrate into the 
cut in the rigid substrate to provide a compression connection 
betWeen the ?rst and second interconnecting pads via the 
anisotropic conductive adhesive layer. 

[0037] As having been described With the above ?ex-rigid 
Wiring boards (2) to (4), the present invention provides a 
?ex-rigid Wiring board thinner than the conventional ?ex 
rigid Wiring board having a connecting structure advanta 
geous for assuring a stable signal transmission. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIGS. 1(a) to 1(g) shoW some steps ofa process of 
producing a ?ex-rigid Wiring board according to example 1 of 
the present invention. 

[0039] FIGS. 2(a) to 2(e) shoW other steps of a process of 
producing the ?ex-rigid Wiring board according to example 1 
of the present invention. 

[0040] FIG. 3 shoWs still other steps of the process of pro 
ducing the ?ex-rigid Wiring board according to example 1 of 
the present invention. 

[0041] FIG. 4 shoWs the ?ex-rigid Wiring board according 
to example 1 of the present invention. 

[0042] FIG. 5(a) illustrates a pulse voltage Waveform (of 
l-GHZ signal) shoWing a delay of the signal transmitted 
betWeen the interconnecting electrode pads, and FIG. 5(b) 
illustrates a pulse voltage Waveform (of S-GHZ signal) shoW 
ing a delay of the signal transmitted betWeen the intercon 
necting electrode pads. 

[0043] FIG. 6 is an exploded perspective vieW of a ?ex 
rigid Wiring board according to example 11 of the present 
invention. 

[0044] FIG. 7 is a partially fragmentary perspective vieW of 
the ?ex-rigid Wiring board shoWn in FIG. 6. 

[0045] FIG. 8 is a plan vieW of a second interconnecting 
pattern on the ?ex-rigid Wiring board shoWn in FIG. 6. 

[0046] FIG. 9 shoWs some steps of a process of producing 
the ?ex-rigid Wiring board shoWn in FIG. 6. 

[0047] FIG. 10 is a sectional vieW of a ?ex-rigid Wiring 
board in Which a multilayer rigid substrate and a ?exible 
substrate are joined integrally to each other. 

[0048] FIG. 11 is a schematic sectional vieW of a ?ex-rigid 
Wiring board intended for explanation of the electrical con 
nection betWeen the conductive pads via an anisotropic con 
ductive adhesive. 

[0049] FIG. 12 is a schematic sectional vieW of a conven 
tional ?ex-rigid Wiring board. 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0050] In the ?ex-rigid Wiring board according to the 
present invention, a rigid substrate having interconnecting 
electrode pads provided thereon is placed on a ?exible sub 
strate having interconnecting electrode pads provided 
thereon With an anisotropic conductive adhesive layer being 
laid betWeen the interconnecting electrode pads in an area 
Where the substrates are stacked together, and pressed to each 
other to make the anisotropic conductive adhesive layer 
locally conductive for electrical connection betWeen the 
interconnecting electrode pads While the remainder of the 
anisotropic conductive adhesive layer is being left not con 
ductive as an insulative adhesive. Because of this structure, it 
is possible to reduce the delay of high-frequency signal trans 
mission and quickly stabiliZe such signal transmission. Also, 
the ?ex-rigid Wiring board according to the present invention 
is excellent in electrical connection and stability. 

[0051] The embodiments of the present invention should 
desirably be of a structure in Which a plurality of rigid sub 
strates is stack-joined to a single ?exible substrate to provide 
a multilayer Wiring board for the reason that by increasing or 
decreasing the number of rigid substrates as necessary, the 
?ex-rigid Wiring board can easily be adapted to the shapes of 
parts to be mounted on the Wiring board and a casing of a 
mobile phone, for example, in Which the ?ex-rigid Wiring 
board is to be assembled. 

[0052] Interconnecting electrode pads should desirably be 
formed in an area on one or either side of each of the rigid and 
?exible substrates, Where these substrates are stacked 
together, because the number of rigid substrates to be stacked 
on the ?exible substrate can easily be increased, the ?exible 
and rigid substrates can positively be connected electrically 
and physically to each other, and the interconnecting elec 
trode pads can be formed With an improved precision. 

[0053] In this embodiment of the present invention, the 
rigid substrate may be connected to a plurality points to the 
?exible substrate, each of the rigid substrates be formed from 
multiple layers of conductive material and insulative resin or 
a single layer of either of the conductive material and insula 
tive resin, and each of the rigid substrates thus individually 
formed be stack-joined to one or either side of the ?exible 
substrate With an anisotropic conductive adhesive layer laid 
betWeen them. 

[0054] The ?exible substrate should preferably have via 
holes formed therein, and interconnecting electrode pads 
preferably be provided nearly just above the via-holes, 
respectively. 
[0055] The interlayer connection structure including the 
via-holes, interconnecting electrode pads and conductive 
layer should preferably be a stacked structure in Which the 
interlayer connector at the rigid substrate is aligned With that 
at the ?exible substrate and these interlayer connectors are 
stack-joined and electrically connected to each other. So 
called stacked structure can implement a ?ex-rigid Wiring 
board in Which the Wiring length is shorter and that is thus 
suitable for mounting thereon electronic parts that need a 
large poWer for their operation. 

[0056] According to the present invention, the ?exible sub 
strate may be an appropriately ?exible one, such as a plastic 
substrate, metal substrate, ?lm substrate or the like. More 
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speci?cally, it may be a substrate selected from among a glass 
epoxy substrate, glass polyimide substrate, aluminum sub 
strate, iron substrate, polyimide ?lm substrate, polyethylene 
?lm substrate or the like. 

[0057] Among others, a substrate using a polyimide ?lm as 
the base material is suitably usable as the ?exible substrate in 
the present invention. The ?exible substrate should preferably 
be a ?exible circuit board having a conductive circuit formed 
on either side or one side thereof. 

[0058] The ?exible substrate should be approximately 5 to 
100 um thick. If the ?exible substrate is thinner than 5 um, it 
Will be poorer in electrical insulation. On the other hand, if the 
?exible substrate is thicker than 100 um, it Will be less ?ex 
ible. 

[0059] The above-mentioned conductive circuit is formed 
on one or either side of the ?exible substrate by plating the 
surface of an insulative ?lm or etching a metal foil on an 
insulative ?lm. It should be noted that the interconnecting 
electrode pads should desirably be formed as part of the 
conductive circuit. 

[0060] The conductive circuit formed on the ?exible sub 
strate should be approximately 3 to 75 pm in thickness. If the 
conductive circuit is thinner than 3 pm, it Will not have any 
satisfactorily reliable connectivity. On the other hand, if the 
conductive circuit is thicker than 75 um, it Will be loWer in 
reliability on ?exibility. 

[0061] The interconnecting electrode pads may be formed 
as a via-land, Which permits an electrical connection With a 
different rigid substrate that Will be connected to either side of 
the ?exible substrate through the via-hole as Will be described 
in detail later. 

[0062] The interconnecting electrode pads formed on the 
?exible substrate are not specially limited in shape, siZe and 
number. HoWever, it should preferably be formed circular to 
have a diameter of 50 to 500 um and be disposed in a plurality 
of places With a spacing of 20 to 500 um. If the spacing is less 
than 20 pm, the interconnecting electrode pads Will not assure 
any su?iciently reliable connection. If the spacing is larger 
than 500 pm, the interconnecting electrode pads Will rather 
interfere With high-density packaging of electronic parts on 
the ?ex-rigid Wiring board. 

[0063] On the surface of the ?exible substrate, there should 
desirably be formed a coverlay that provides an electrical 
insulation betWeen the conductive circuits. The coverlay 
should preferably be formed mainly from any one of insula 
tive resins such as a light-curable resin, thermo-setting resin 
and the like, more particularly, from polyimide adhesive, 
epoxy adhesive or the like, for example. 

[0064] The coverlay should preferably have a thickness 1.4 
times less than that of the interconnecting electrode pads 
formed on the ?exible substrate. If the coverlay thickness is 
1.4 times less than the thickness of the interconnecting elec 
trode pads, the anisotropic conductive adhesive is easily con 
nectable to the interconnecting electrode pads and conductive 
particles in the anisotropic conductive adhesive are easily 
distributed homogeneously. On the other hand, if the coverlay 
has a thickness 1.4 times larger than the that of the intercon 
necting electrode pads, the anisotropic conductive adhesive 
and interconnecting electrode pads Will be likely not to be 
electrically connected to each other. That is, the anisotropic 
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conductive adhesive is likely not to be in contact With the 
interconnecting electrode pads and the conductive particles of 
the anisotropic conductive adhesive Will be distributed inho 
mogeneously, as the case may be. 

[0065] For example, in case the conductive circuit should 
preferably be 18 pm thick and the interconnecting electrode 
pads are formed as part of the conductive circuit, the coverlay 
should preferably be formed to have a thickness less than 25 
pm, more preferably, a thickness of 20 pm or 13 um, for 
example. 

[0066] In the coverlay, openings are formed in positions 
corresponding to the interconnecting electrode pads. The 
diameter of the openings is equal to or larger than that of the 
interconnecting electrode pads. The openings are ?lled With 
the anisotropic conductive adhesive. 

[0067] With the anisotropic conductive adhesive ?lled in 
the openings formed in the coverlay, the ?exible substrate and 
rigid substrates can be easily positioned in relation to each 
other for stack-joining and the pressure is so concentrated to 
the anisotropic conductive adhesive layer betWeen the inter 
connecting electrode pads disposed opposite to each other 
that the anisotropic conductive adhesive layer thus pressed 
Will locally be conductive. Thus, the interconnecting elec 
trode pads can positively be connected electrically to each 
other. 

[0068] Also, With the coverlay being provided on the ?ex 
ible substrate, the ?exible substrate more ?exible than the 
rigid substrates and coverlay thus provided can reduce any 
excessive pressure applied to the rigid substrates When the 
rigid substrates are pressed toWard the ?exible substrate With 
the formed being positioned in relation to the latter. On the 
other hand, since the anisotropic conductive adhesive layer is 
easily ?lled in the openings in the coverlay on the ?exible 
substrate even if the pressure applied to the rigid substrates is 
too small, the electrical connection betWeen the interconnect 
ing electrode pads can be kept Well. 

[0069] Further, the coverlay may be provided on only the 
?exible substrate, not on the rigid substrate. In this case, When 
the interconnecting electrode pads are exposed on the surface 
of the rigid substrates, the pressure can easily be transmitted 
by the exposed interconnecting electrode pads to the ?exible 
substrate and coverlay on the ?exible substrate and the con 
ductive particles in the anisotropic conductive adhesive layer 
betWeen the interconnecting electrode pads easily gather 
together. Thus, the interconnecting electrode pads can posi 
tively be connected electrically to each other. 

[0070] The diameter of the openings formed in the coverlay 
should desirably be Within a range of 50 to 450 pm. If the 
opening diameter is less than 50 um, the anisotropic conduc 
tive adhesive is not easily be ?lled in the openings. On the 
other hand, if the opening diameter is more than 450 um, the 
conductive particles included in the anisotropic conductive 
adhesive are not easily gathered together. An opening diam 
eter of 100 to 300 pm is suitable for ?lling the anisotropic 
conductive adhesive into the openings. 

[0071] The clearance betWeen the opening rim and inter 
connecting electrode pad should preferably be Within a range 
of 10 to 100 pm. If the clearance is less than 10 um, the 
interconnecting electrode pads cannot easily be positioned in 
relation to each other. If the clearance exceeds 100 um, no 
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desirable opening shape cannot be assured because the inter 
connecting electrode pads in adjacent openings Will possibly 
be in contact With each other. 

[0072] The tWo adjacent openings should desirably be 
spaced about 20 to 500 pm from each other (this spacing is the 
shortest length of a line connecting the rims of the tWo adja 
cent openings). The folloWing Will account for the above. If 
the spacing is less than 20 pm, the resin included in the 
anisotropic conductive adhesive congregates too much to 
betWeen the openings. Thus, the elongation percentage of the 
anisotropic conductive adhesive Will not be proportional With 
the coe?icient of thermal expansion of the resin betWeen the 
tWo openings. Thus, the stress incident to a thermal change 
Will easily concentrate to betWeen the adjacent openings and 
cause a crack or the like. Even With the resin included in the 
anisotropic conductive adhesive being congregated, the con 
ductive particles in the adhesive layer ?oW out to the adjacent 
conductor layers and cannot easily be gathered to a desired 
density. Thus, no desired electrical connection can be assured 
betWeen the interconnecting electrode pads. On the other 
hand, if the spacing exceeds 500 um, corresponding to the 
ratio of a metal particle concentration portion and a metal 
particle distribution portion, the metal particle distribution 
portion contained in the resin in anisotropic conductive adhe 
sives Will increase too much. Therefore, as for the resin of a 
metal particle concentration portion and a metal particle dis 
tribution portion, the heat rate of expansion is different. That 
is, it becomes easy to concentrate the stress by heat change 
betWeen a metal particle concentration portion and a metal 
particle distribution portion, in this stress concentration por 
tion occurs crack or the like. Also, the spacing more than 500 
um cannot lead to a higher-density circuit board and thus to a 
smaller portable electronic device. 

[0073] Therefore, When the spacing betWeen the adjacent 
openings is Within the above range, the anisotropic conduc 
tive adhesive layer Will assure a location electrical connection 
betWeen the ?exible and rigid substrates, Which meets the 
requirement for a more compact design of the portable elec 
tronic device. 

[0074] The rigid substrate included in the embodiments of 
the present invention is a substrate “not ?exible” like the 
?exible substrate that is “?exible”. It should be rigid, not 
easily deformable, independently of its form, number, 
method of preparation, etc. The insulative-resin base material 
of the rigid substrate included in the embodiments of the 
present invention should preferably be selected from among a 
glass fabric epoxy resin base material, glass fabric bismale 
imide triaZine resin base material, glass fabric polyphenylene 
ether resin base material, aramid nonWoven fabric-epoxy 
resin base material and aramid nonWoven fabric-polyimide 
resin base material. Among these base materials, the glass 
fabric epoxy resin base material is the most preferable one. 

[0075] The insulative-resin base material should be on the 
order of 50 to 600 pm in thickness. If the thickness is less than 
50 pm, the insulative-resin base material is loWer in strength 
and cannot easily be handled, and the reliability on the elec 
trical insulation Will be loWer. With a thickness exceeding 600 
um, any ?ne via-hole cannot easily be formed through the 
substrate and cannot easily be ?lled With conductive material, 
and the substrate itself Will be thicker. 

[0076] Also, the insulative-resin base material is plated on 
one or either side thereof With a copper foil having a thickness 
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of 5 to 75 pm. If the thickness is smaller than 5 pm, When an 
opening for a via-hole is formed in the insulative-resin base 
material by a laser processing that Will be described in detail 
later, the laser Will penetrate the base material of this thick 
ness. On the other hand, With a thickness of more than 75 um, 
it Will be di?icult to form, by etching, an electrical circuit 
pattern having thin conductors. 

[0077] The insulative-resin base material With the copper 
foil may be, among others, a single-sided copper clad lami 
nate Which can be formed by stacking together a prepreg 
formed by impregnating a glass fabric With an epoxy resin 
and cured to the B stage and a copper foil and pressing them 
at a high temperature. Such a rigid substrate is excellent in 
accuracy of positioning Without any displacement of the Wir 
ing pattern and via-hole positions during handling after etch 
ing the copper foil as Will be described in detail later. 

[0078] The conductor circuit formed on one or either side 
of the insulative-rein base material should preferably be 
formed by pressing, at a high temperature, the copper foil of 
about 5 to 75 pm in thickness via a resin adhesive layer kept 
in a tack-free state (B-stage) and then etching it appropriately. 
The conductor circuit thus formed should desirably be 5 to 50 
pm thick. 

[0079] The conductor circuit on the insulative-resin base 
material should preferably be formed by attaching an anti 
etching ?lm on the copper foil attached to the base-material 
surface, masking the ?lm With a predetermined circuit pattern 
and etching the copper foil to form a conductor circuit includ 
ing electrode pads (via-lands). 
[0080] In the above electrical circuit forming process, a 
photosensitive dry ?lm resist is ?rst attached to the surface of 
the copper foil, then exposed to light along the predetermined 
circuit pattern and developed to form an etching resist, and the 
metal layer Where no etching resist is formed is etched to form 
a conductor circuit including electrode pads. 

[0081] The etchant used in the above process may be at 
least one selected among aqueous solutions of sulfuric acid 
hydrogen peroxide, persulfate, cupric chloride and ferric 
chloride. 

[0082] The via-hole opening should desirably be formed in 
the insulative-resin base material by laser processing. More 
speci?cally, a transparent protective ?lm, for example, a PET 
(polyethylene terephthalate) ?lm, is attached to the surface of 
the insulative-resin base material, and carbon-dioxide laser is 
irradiated to the PET ?lm from above to form an opening 
penetrating the PET ?lm and extending from the surface of 
the insulative-resin base material to the copper foil. 

[0083] The via-hole opening should desirably have a diam 
eter of about 50 to 250 pm. If the opening diameter is less than 
50 um, it is difficult to adopt desmearing and copper plating. 
On the other hand, a via-hole opening diameter of more than 
250 um cannot be formed Well by the laser processing. 

[0084] Also, for removing resin left on the side and bottom 
surfaces of the opening formed by the laser processing, des 
mearing should desirably be adopted. 
The desmearing should desirably be done by any of oxygen 
plasma discharge, corona discharge, ultraviolet laser irradia 
tion and excimer laser irradiation. 

[0085] The opening formed by the laser processing should 
preferably be ?lled With a conductive material such as a 
conductive paste or a metal plating formed by electroplating. 
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[0086] For simpli?cation of the ?lling process to reduce the 
manufacturing cost and improve the yield, the via-hole open 
ing should preferably be ?lled With a conductive paste. For an 
improved connection reliability, the via-hole opening should 
preferably be ?lled With a metal plating formed by electro 
plating, such as copper, tin, silver, various types of solders, 
copper/tin, copper/ silver or the like. Among others, the elec 
trocopper is optimum as the metal plating for ?lling in the 
via-hole opening. 

[0087] The conductive material may not only be ?lled in the 
opening penetrating the insulative-resin base material and 
extending to the conductor circuit but also be projected to a 
predetermined height out of the opening. The projection 
height should desirably be Within a range of 5 to 30 pm. If the 
projection height is less than 5 um, the connection is likely to 
be poor. With a projection height exceeding 30 pm, the resis 
tance of the conductive material Will be higher, and the con 
ductive material Will be dispersed too much along the surface 
of the insulative-resin base material and no ?ne pattern can be 
formed When it is thermally deformed in the hot-pressing 
process. 

[0088] According to the present invention, the intercon 
necting electrode pads are formed on the outermost surface of 
the rigid substrate. Similarly to the interconnecting electrode 
pads on the ?exible substrate, the shape, siZe and number of 
the interconnecting electrode pads formed on the rigid sub 
strate are not limited to any speci?c ones. HoWever, the pads 
should preferably be formed to have a circular shape Whose 
diameter is about 150 to 450 um and be disposed in a plurality 
of places spaced about 20 to 500 pm from each other. With a 
pad diameter of less than 20 pm, the connection betWeen the 
interconnecting electrode pads is not highly reliable. With a 
diameter exceeding 500 um, the pads Will occupy increased 
areas, Which is disadvantageous for a higher density of pack 
aging. Also, the anisotropic conductive adhesive Will 
adversely be in?uenced by the reliability test so that it Will 
possibly have the connection reliability thereof loWered. 

[0089] With no coverlay being formed on the surface of the 
?exible substrate, a coverlay or solder resist layer may be 
formed on the outermost surface of the rigid substrate to 
provide electrical insulation betWeen the conductor circuits. 

[0090] Similarly to the coverlay formed on the ?exible 
substrate, the above coverlay should preferably be formed 
mainly from an insulative resin such as a photosensitive sol 
der resist or the like and have a thickness 1.4 times smaller 
than that of the interconnecting electrode pads formed on the 
rigid substrate. 

[0091] For example, in case the conductor circuit formed 
on the rigid substrate is 18 pm thick and interconnecting 
electrode pads are formed as parts of the conductor circuits, 
the coverlay thickness should preferably be less than 25 pm, 
for example, 20 or 13 pm. 

[0092] Such a coverlay should preferably have formed in 
positions corresponding to the interconnecting electrode pads 
openings Whose diameter is equal to or larger than that of the 
interconnecting electrode pads. 

[0093] The diameter of the openings in the coverlay should 
desirably be Within a range of 50 to 300 um (50 to 450 pm in 
the ?exible substrate). If the opening diameter is less than 50 
pm, the opening cannot easily be ?lled With the anisotropic 
conductive adhesive. An opening diameter of more than 300 
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um Will make it dif?cult for the conductive particles in the 
anisotropic conductive adhesive to be gathered together. 

[0094] The clearance betWeen the opening rim and inter 
connecting electrode pad should preferably be Within a range 
of 10 to 100 pm. If the clearance is less than 10 um, the 
interconnecting electrode pads cannot easily be positioned in 
relation to each other. If the clearance is more than 100 pm, 
the opening cannot be shaped as desired because the inter 
connecting electrode pads in adjacent openings Will possibly 
be in contact With each other. 

[0095] The tWo adjacent openings should desirably be 
spaced about 20 to 500 pm from each other (this spacing is the 
shortest length of a line connecting the rims of the tWo adja 
cent openings). If the spacing is less than 20 um, cracking Will 
possibly occur and it is di?icult to assure a desired electrical 
connection. On the other hand, if the spacing is more than 500 
um, cracking Will possibly take place and the requirement for 
a higher-density packaging, Which Will make it di?icult to 
design a smaller portable electronic device using the ?ex 
rigid Wiring board according to the present invention. Also, 
the connection reliability Will possibly be loWer under the 
in?uence of the reliability test. 

[0096] In the ?ex-rigid Wiring board according to the 
present invention, the rigid and ?exible substrates, each inter 
layer-connected in advance, may be connected electrically to 
each other in any of the folloWing manners (l) to (4). By 
adopting an arbitrary combination of these connecting man 
ners, the substrate material can effectively be used and the 
substrates be connected to each other With a high freedom of 
Wiring. 
[0097] (1) In case a ?exible substrate is connected to one 
side of a rigid substrate, interconnecting electrode pads are 
formed as interlayer connectors on one outermost surface of 

the rigid substrate, and interconnecting electrode pads are 
also formed as interlayer connectors on one side of the ?ex 
ible substrate. The interconnecting electrode pads on the 
respective substrates are electrically to each other via an 
anisotropic conductive adhesive. 

[0098] (2) Next, in case different ?exible substrates are 
connected to both sides of a rigid substrate, respectively, that 
is, in case an interconnecting electrode pad is formed as an 
interlayer connector on either outermost surface of the rigid 
substrate and each of the ?exible substrates having an inter 
connecting electrode pad formed as an interlayer connector 
formed thereon is disposed opposite to the interconnecting 
electrode pad formed on either side of the rigid substrate to 
connect the opposite interconnecting electrode pads to each 
other via an anisotropic conductive adhesive. 

[0099] (3) In case different rigid substrates are connected to 
both sides of a ?exible substrate, respectively, an intercon 
necting electrode pad is formed as an interlayer connector on 
either side of the ?exible substrate and an interconnecting 
electrode pad is formed on one outermost surface of each of 
the different rigid substrates, the interconnecting electrode 
pads on the ?exible substrate are disposed opposite to those 
formed on the different rigid substrates, respectively, and the 
interconnecting electrode pads thus disposed opposite to each 
other are electrically connected via an anisotropic conductive 
adhesive. 

[0100] (4) In case a plurality of rigid substrates is connected 
electrically in a plurality of places to a ?exible substrate, each 
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of the rigid substrates is pre-formed from an arbitrary number 
of conductive layers and an arbitrary number of insulative 
resin layers, interconnecting electrode pads formed on the 
rigid and ?exible substrates to be opposite to each other are 
electrically connected to each other via an anisotropic con 
ductive adhesive. 

[0101] Among the above four connecting manners (l) to 
(4), the fourth one (1) in Which the rigid substrate is connected 
in a plurality of places to the ?exible substrate Will be 
explained herebeloW. 

[0102] In an example of the ?ex-rigid Wiring boards formed 
in the manner (4), a rigid substrate interlayer-connected in 
advance (Will be referred to as “one rigid portion” hereunder) 
is joined to either side of one end portion of a ?exible sub 
strate, and another rigid substrate interlayer-connected in 
advance (Will be referred to as “other rigid portion” hereun 
der) is joined to either side of the other end portion of the 
?exible substrate. 

[0103] In the ?ex-rigid Wiring board of this structure, the 
portion betWeen the opposite end portions of the ?exible 
substrate is not in contact With the rigid substrates (Will be 
referred to as “?exible portion” hereunder). The ?exible por 
tion has provided thereon a conductor circuit that provides an 
electrical connection betWeen the one and other rigid por 
tions. The conductor circuit is normally covered With an 
insulative layer called “coverlay”. 

[0104] In a predetermined area of one side of the ?exible 
substrate that forms each of the rigid portions, for example, in 
the surface area along the short side of an elongated rectan 
gular substrate, there are pre-formed a plurality of intercon 
necting electrode pads as a part of the conductor circuit. On 
the ?exible substrate, there is formed an insulative layer hav 
ing formed therein an opening through Which the intercon 
necting electrode pads are exposed outside. On the other 
hand, in a predetermined area of the outer surface of the 
interlayer-connected rigid substrate Where the conductor cir 
cuit and insulative layer are pre-stacked, a plurality of inter 
connecting pads is also pre-formed correspondingly to the 
interconnecting electrode pads provided on the ?exible sub 
strate. 

[0105] With the interconnecting electrode pads formed on 
the ?exible substrate and those formed on the rigid portions 
being disposed opposite to each other, the ?exible and rigid 
portions are stacked and hot-pressed together. Thus, a plural 
ity of pairs of interconnecting electrode pads on the rigid 
portions are electrically connected to each other via the aniso 
tropic conductive adhesive layer on the ?exible substrate, and 
the ?exible substrate and rigid portions are joined to each 
other With the anisotropic conductive adhesive layer in the 
surface area other than the interconnecting electrode pads. 

[0106] The interconnecting electrode pads can be formed 
as parts of the conductor circuit that is formed by plating or 
etching of one or tWo of the circuit substrates forming the 
outermost layer of the rigid substrate. HoWever, they may be 
formed singly on the insulative resin layer of the circuit sub 
strate as the outermost layer or they may be formed as via 
hole lands that provide an electrical connection With the con 
ductor circuit as a loWer layer through the insulative resin 
layer. 

[0107] In this embodiment, the interconnecting electrode 
pads have not to be formed over the outermost insulative resin 
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layer surface of the rigid substrate but may be formed in 
arbitrary places Where a su?icient strength of connection 
betWeen the pads can be assured. 

[0108] For example, the interconnecting electrode pads 
may be formed in a marginal surface area along the short or 
long side of the rectangular substrate or a surface area extend 
ing from the edge to center of the substrate. 

[0109] Since the interconnecting electrode pads may thus 
be formed in arbitrary places, the Wires can be led out in a 
desired direction depending upon be design of an electronic 
device housing and layout of other rigid substrates and elec 
tronic parts provided inside the housing. Namely, the struc 
ture of Wire connection in the ?ex-rigid Wiring board accord 
ing to the present invention is very advantageous. 

[0110] In this embodiment, the “anisotropic conductive 
adhesive” that joins and ?xes the rigid substrates and ?exible 
substrate to each other and also electrically connects the 
interconnecting electrode pads formed on the rigid substrates 
and ?exible substrate, respectively, is a resin adhesive con 
taining an insulative resin and conductive particles dispersed 
in the resin. When pressed, the adhesive provides an electrical 
conduction or connection. 

[0111] The anisotropic conductive adhesion contains, for 
example, a thermosetting epoxy resin and 6 um-diameter 
nickel particles each having a gold-plated surface and dis 
persed as conductive particles in the resin. 

[0112] The resin in the anisotropic conductive adhesive is a 
thermosetting epoxy resin or the like as above. 

[0113] Also, the conductive particles may be gold-plated 
resin particles, nickel or silver particles coated With an insu 
lative resin in addition to the gold-plated nickel particles. 

[0114] The conductive particles should desirably have a 
mean particle siZe of 3 to 15 um. If the mean particle siZe is 
less than 5 um, the particles cannot easily be dispersed homo 
geneously in the resin. On the other hand, if the mean particle 
siZe is more than 15 um, the anti-migration property of the 
particles Will be loWer. 

[0115] The anisotropic conductive adhesive layer in Which 
the conductive particles are dispersed in the above-mentioned 
resin should desirably be 15 to 55 pm in thickness. If the 
thickness is less than 15 um, the conductor pattern cannot 
satisfactorily be embedded in the adhesive layer. On the other 
hand, if the thickness is more than 55 um, the resin Will ?oW 
extensively and the area of adhesion Will be Wider. 

[0116] Note that each of the interconnecting electrode pads 
formed on the rigid substrates and ?exible substrate, respec 
tively, in the ?ex-rigid Wiring board according to the present 
invention may have the surface thereof plated With nickel 
gold With the normal technique. The nickel-gold plating Will 
assure a positive electrical connection betWeen the conduc 
tive particles in the anisotropic conductive adhesive and the 
interconnecting electrode pads. 

[0117] The ?ex-rigid Wiring board according to the present 
invention Will be described in detail beloW concerning the 
examples of the present invention: 
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EXAMPLE 1 

[0118] (A) Preparing a Flexible Substrate 

[0119] (1) For producing the ?ex-rigid Wiring board as the 
example 1 of the present invention, a laminated ?lm 
(ESPANEX SB by Shin-Nittetsu Chemicals) formed from a 
25 um-thick insulative ?lm 11 of polyimide resin having a 30 
um-thick copper foil 12 laminated on either side thereof (as in 
FIG. 1(a)) is used as a base material for preparation of a 
?exible substrate 100A included in the ?ex-rigid Wiring 
board. 

[0120] (2) A resist layer is formed on the copper foil on the 
laminated ?lm, and exposed to light and developed to form a 
circular opening of 300 pm in diameter. The copper foil Was 
etched using a cupric chloride aqueous-solution to form the 
opening in the copper foil. Carbon-dioxide laser or the like is 
irradiated to the opening to form an opening 14 that penetrates 
the resin layer to the copper foil on the back of the insulative 
?lm (as in FIG. 1(b)). 

[0121] (3) The opening 14 formed in the step (2) above is 
fully ?lled With copper by electrocopper plating to form a 
via-hole 16, and then the resist layer is removed (as in FIG. 

[0122] (4) A resist layer is laminated on the copper foil 12 
laminated on either side of the insulative ?lm 11, and exposed 
to light and developed, and then etched using a cupric chlo 
ride aqueous-solution to form a 30 um-thick Wiring pattern 18 
and interconnecting electrode pads 20 of 250 pm in diameter 
and 30 pm in thickness (as in FIG. 1(d)). 

[0123] (5) A photosensitive epoxy resin (FR-5538EA by 
Hitachi Chemical) is applied to the Wiring pattern 18 includ 
ing areas Where the interconnecting electrode pads 20, dried 
at 80° C. for 3 hours (as in FIG. 1(e)), then exposed to 
ultraviolet rays, and developed using dimethyleneglycol 
diethylether to form a cover layer 24 as nearly thick (30 pm) 
as the Wiring pattern 18 and having Which has formed therein 
300 um-diameter openings 22 through Which the intercon 
necting electrode pads 20 are exposed, respectively. See FIG. 
1(1). 
[0124] Note that the openings 22 are formed in 16 places 
along the short side of the ?exible substrate and the space 
betWeen the adjacent openings 22 is 100 pm. 

[0125] (6) An anisotropic conductive ?lm (CP9472KS by 
Sony) as nearly large as an area overlapping the rigid sub 
strate is attached to either side to cover the area Where the 
coverlay 24 formed in the step (5) above and an area Where no 
coverlay is formed. The conductive ?lm provides an aniso 
tropic conductive adhesive layer 26. The adhesive layer 26 is 
attached to each copper foil 12. The substrate thus prepared is 
a ?exible substrate 100A (as in FIG. 1(g)). 

[0126] The anisotropic conductive adhesive layer 26 may 
be formed by attaching an anisotropic conductive ?lm under 
pressure. Alternatively, it may be formed by provisionally 
attaching an anisotropic conductive ?lm under pressure in 
such a manner that the anisotropic conductive adhesive layer 
26 Will not be displaced. 

[0127] Also the anisotropic conductive adhesive layer 26 
may be formed by applying an anisotropic conductive resin. 
In this case, the anisotropic conductive adhesive layer 26 may 
be cured completely or to the B stage. 
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[0128] (B) Preparing a Rigid Substrate 

[0129] (1) A 0.11-mm double-sided copper-clad laminate 
(R-1766 by Matsushita Electric; (as in FIG. 2(a)) including a 
rigid substrate 30 of glass epoxy resin having a 12 um-thick 
copper foil 32 laminated on either side thereof is prepared, 
and etched at one side thereof With a cupric chloride aqueous 
solution to form a laser irradiating opening. Further, a 250 
um-diameter copper-plating ?lling opening 34 is formed in 
the rigid substrate 30 by irradiating carbon-dioxide laser (as 
in FIG. 2(b)). 

[0130] (2) Further, a Pd catalyst is applied to the inner Wall 
of the opening 34, the inner Wall is plated With electroless 
copper and then With electrocopper in a plating solutions and 
under conditions as Will be given beloW, to thereby ?ll the 
opening 34 With copper plating to form a via-hole 36 (as in 
FIG. 2(c): 

(Electroless copper plating solution) 

Copper sulfate: 10 gliter 
HCHO: 8 gliter 
NaOH: 5 gliter 
Rochelle salt: 45 gliter 
Temperature: 30° C. 

[0131] 

(Electrolytic copper plating solution) 

Sul?Jric acid: 180 gliter 
Copper sulfate: 80 gliter 
Additive: CAPARACID GL (by ATOTEK Japan), 1 ml/liter 

[0132] 

(Plating conditions) 

Current density: 2 [Vdln2 
Time: 30 min 
Temperature: 25° C. 

[0133] (3) The substrate having the copper plating ?lled in 
the opening 34 is etched at both sides With the cupric chloride 
aqueous-solution to form a Wiring pattern 38 on either side of 
the substrate, and a part of the Wiring pattern 38 is formed into 
an interconnecting electrode pad 40 (as in FIG. 2(d)). 

[0134] In this case, no coverlay is formed on the surface of 
the rigid substrate to Which the ?exible substrate is to be 
joined. That is, a conductor portion of the rigid-substrate 
surface including the Wiring pattern is exposed. Further, the 
substrate is routed by a rooter to provide a rigid substrate 
200A (as in FIG. 2(e)). 

[0135] (C) Stacking the Substrates 

[0136] The rigid substrate 200A prepared in the above pro 
cess (B) is placed opposite to either side of the ?exible sub 
strate 100A prepared in the above process (A) (as in FIG. 3), 
these substrates 200A and 100A are hot-pressed at 180° C. 
















