- 1 FLEXIBLE PRINTED CIRCU T BOARD Field of the
I nvention [0001] The present invention relates to a
flexible printed circuit board for the nutua
el ectrical connection of electrical conponents.
Description of the Related Art [0002] Regarding the
mut ual el ectrical connection bf- electrical
conmponents, a flexible printed circuit board (FPC) is
in practical use as disclosed in Japanese Patent
Lai d-Open NO. 2000-269612. This flexible printed
circuit board r rei lurality
of conductive %Tﬁ%ﬁB% ?k Tk Er @gdggggfmﬁth a
protective |ayer 10 are forned on one surface of an
i nsul ative substrate 6 e.g. as shown in Fig. 11A
Fdodd] ofhEhenduyentian substrate 6 is nolded with

-epoxy. resin, for exanple. Al so, the conductive
| 999@?% 8a, '¥hPRRECRE imverntdorerelabes doga flexdpde printed
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NO. 2000-269612. This flexible printed circuit board 2 has a

- structure wherein a plurality of conductive layers 8a, 8b and
8¢ covered with a protective layer 10 are formed on one surface
of an insulative substrate 6 e.g. as shown in Fig. 11A.
[0003] - The insulative substrate 6 is molded with
glass-epoxy resin, for example. Alsco, the éonductive layers
8a, 8b and 8c are formed from e.g. a layer of a copper alloy.
The protective layer 10 is formed out of a heat-curable resist
layer or a polyimide film, for example,

[0004] If the two conductive layers 8b are signal lines,

-the ground line conductive 1ayérs 8a and 8c are formed adjacent
tp opposite sides of the respective conductive layers 8b at a
predetermined interval for the purpose of reducing the
crosstalk in the.signal lines.

[0005] A ground layer 4 {(a shield layer) is formed all over
the other surface of the insulative substrate 6 opposite to the

above-mentioned surface. The ground layer 4 is connected to




above-nentioned surface. The ground |ayer 4 is
connected to 2- the above-nentioned conductive | ayers
8a and 8c through via holes 6a and 6b. The ground

| ayer 4 is provided for avoiding the deterioration of
transm ssion characteristic (disturbance of the

i npedance characteristic) cauged by the electric
interference with a netallic housing when the flexible

printed circuit board is disposed in the netallic
housi ng of an electronic equi pmrent and differentia
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bgaﬁd due to the problemin the manufacturing
PEChRf iBP e FaRed f charnahmt sddsds cavsest bgd the shectric

4. .the flexible printed circuit board 12
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Fig; AB.10007] In Fig. 1B the 1 93opfts st direlatively
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;ﬁgﬂngﬁjve | ayers 20a, 20b and 20c covered with a
protective | ayer 22 are forned on one surface of an

lgvpiati ve at . LT 1he two conductive |ayers
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Problem in the manufacturing technique thereof. In such cases .
instead of the ground layer 4, the flexible printed circuit
board 12 is further provided with a dielectric layer 24 having
a metallic covering layer 26 on the outer surface and another
dielectric layer 16 having a metallic covering layer 14 on the
outer surface as shown in Fig. 11B.

[0007] In Fig. 11B, the flexible printed circuit board has
a structure in that a plurality of conductive layers 20a, 20b
and 20c covered with a protective layer 22 are formed on one
surface of an insulative substrate 18. If the two conductive
layers 20b are signal lines, the conductive layers 20a and 20b
are formed adjacent to opposite sides ol.f the respective
conductive layers 20b at a predetermined interval for the
burpose of reducing the crosstalk in the signal lines. On the

lower surface of the insulative substrate 18, a dielectric layer




conductive layers 20b at a predeterm ned interval for

the purpose of reducing the crosstalk in the signal

lines. On the |ower surface of the insulative

substrate 18, a dielectric layer 3 16 having a

metallic covering layer 14 is |ayered on the | ower

surface of the insulative suBstrate 18. On the other

hand, on the upper surface of the protective |ayer 22
opposed to the insulative substrate 18, a dielectric

| ayer 24 having a netallic covering |layer 26 on the
Pty £ | ered. In this_ regard, the
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the deterioration of the transmission characteristic {the

disturbance of the impedance characteristic) caused by the

electric interference with the metallic housing.

SUMMARY OF THE INVENTION

{0009] As shown in Fig. 11A, when the ground layer 4 is
formed, the impedance matching is necessary for assuring the
flexibility of the flexible printed circuit board under the
~condition wherein the thickness of the insulative substrate 6
is relatively thin. For the impedance matching, however, it
. is required to make a width of the respective dielectric layer
- 8b (a wire diameter of the signal line) to be smaller, resulting
in the increase in conductive resistance. This increases the
transmission loss, and there may be a risk in that the

transmission of signals at a high frequency band is difficult




in the increase in conductive resistance. This

i ncreases the transmssion |loss, and there may be a
risk in that the transm ssion of signals at a high
frequency band is difficult 4 when a length of the
flexible printed circuit board is relatively |onger.
[0010] As shown in Fig. 11B; 4f- the respective
dielectric |ayers 20b are enclosed via the dielectric
| ayers 16 and 24, the effective relative permttivity

and the dielectric loss comng froma dielectric
as_descri bed above, since the
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[0011] Accordingly, as mentioned above, there is a risk in

that the transmission loss increases and the transmission of
signals at a high frequency band becomes dAifficult.

[0012] By taking such problems into consideration, an
object of the present invention is to provide, at a low
production cost, a flexible printed circuit board for
electrically connecting electric equipments to each other,
without increasing a loss of signal transmissionleven if a
lengthofthef&exibleprintedcircuitboardisxelativelylong.
[0013] To achieve the above-mentioned object, a flexible
pPrinted circuit board according to the present invention
comprises an insulative substrate having a plurality of ground
. conductive layvers and a signal-~transmission conductive layer
'fo:med between the ground conductive layers, and a reticulate
covering member formed of porous dielectric for covering the

insulative substrate.




conprises an insulative substrate having a plurality
of ground conductive |ayers and a signal-transm ssion
conductive |layer forned between the ground conductive
| ayers, and a reticulate covering nenber fornmed of
porous dielectric for covering the insulative
substrate. 5- [0014] Also, a3lexible printed circuit
board according to the present invention, conprises
an insulative substrate having a plurality of ground
conductive |ayers and a signal-transm ssion
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risk of increase in transm ssion [0Ss even
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ab@b@ﬂﬂh@etéijhflékiﬁfgqﬁkfﬂfaﬁ B9SLuit board of the present
invention, since the reticulate covering member formed of
porous dielectric covers the insulative substrate to reduce the
electrical interference, there is no risk of increase in
transmission loss even if a length of the flexible printed
-circuit board is relatively long. In addition, the production
cost thereof is not expensive.

[0016] Further features of the present invention will
become apparent from the following description of exemplary

embodiments (with reference to the attached drawings).

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Fig. 1 is a partial cross-sectional view
illustrating a main part of a first embodiment of a flexible
Printed circuit board according to the present invention:
[o018] Fig. 2 is a plan view:illustrating part of the

embodiment shown in Fig. 1:
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BRI EF DESCRI PTION OF THE DRAWNGS [0017] Fig. 1 is a

partial cross-sectional view illustrating a nain part
of a first enbodinment of a flexible printed circuit
board according to the present invention; [0018] Fig.

2is aplan viewillustrating part of the enbodi nent
shown in Fig. 1; 6 [0019] Fieg- 3Ais a partia
cross-sectional view illustrating a main part of a
second enbodi ment of a flexible printed circuit board
according to the present invention, and Fig. 3B

ibbggﬁrate a modification of the flexible printed

LPPERHt bodr®-acBoidi AgPRELLAL PTOSY- eemiothmmEntvisv t he
RiessPtati nt.Lon; 201 Fig, 4_.is a partial )
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Biagr¥in sdvstattesl y moldifdtnal bngof theaslékiie printed
iqgtr%ggnt for measuring a characteristic inpedance

G A bBPEEH AL WA G Blae ifi refeemhodtnemhiofothe present
fheidlgg,. printed circuit board according to the

present anention; [0022] Fig. 6 is a characteristic
Ebcapiam shpvgngs a s BeAaNESE) &Y Qlotiifial view of a main
characteristic inpedance 1 n conparative exaone &
Haa028f #ithird embedihaiactfeni Sld i giramtsAOM Feuft board
measured result of the characteristic inpedance in

EGFAAi e tRRapkeeemt invention;

[0021] Fig. 5 is a diagram schematically illustrating a

- measuring instrument for measuring a characteristic impedance

- of an object to be measured in the embodiment of a flexible

printed circuit board according to the present invention:
[0022] Fig. 6 is a characteristic diagram showing a
measured result of the characteristic impedance in comparative
example A; ﬁ

[0023] Pig. 7 is a characteristic diagram showing a
measured result of the characteristic impedance in comparative
example B;

[0024] Fig. 8 is a characteristic diagram showing a

. measured result of the characteristic impedance in the first

embodiment of a flexible printed circle according to the present
invention;

[0025] Fig. 9 is a partial cross-sectional view of an object
which an amount of a mutual interference is to be measured in
the first embodiment of the flexible printed circuit board

according to the present invention;




[0024] Fig. 8 is a characteristic diagramshowi ng a
nmeasured result of the characteristic inpedance in the
first enbodinent of a flexible printed circle
according to the present invention; [0025] Fig. 9 is
a partial cross-sectional view of an object which an
amount of a nutual interferengce-is to be neasured in
the first enbodi ment of the flexible printed circuit
board according to the present invention; 7 [0026]
Fig. 10 is characteristic diagramrepresenting a

%ﬁgrgﬁteristjcs regardi ng an anmount of the nutua
it8PéPder endelg- 19 tise characteristicediagnan arepresenting a
igs. 11A and 11B
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eg@odinen; of a flexible printed circuit board
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be flexible nprinted circuit board 30 includes an
%nsu%%t?%%hgﬁﬁgpFﬁgé 34 having a plurality of
conductive |l ayers 36a, 36b and 36c covered with a

protective |ayer 38 on one surface, and a nesh-cloth
- menber 32 whi CPESCRIRTIGN iop@ire M@ TMegraenber

encircling all of the protective |ayer 38 and the
_-q{gqg]at i veF4@dst  aard 32 i Nyt iatFiagmaih padt 2f a first
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Present invention. ‘

[0029] In Fig. 1, the flexible printed circuit board 30
includes an insulative substrate 34 having a plurality of
conductive layers 36a, 36b and 36¢ covered with a protective
layer 38 on one surface, and a mesh-cloth member 32 which is
a reticulate covering member encircling all of the protective
layer 38 and the insulative substrate 34. Note in Figs. 1 and
2, a part of the flexible printed circuit board 30 having a
_ .prede_termined length is illustrated in enlarged dimension.
[0030] The insulative substrate 34 is molded, for example,
with glass-epoxy resin, liquid crystal polymer or others to be
approximately 50 pm thick. On the other hand, the plurality
of conductive layers 36a, 36b and 36c are formed of copper alloy
by a knov_m pattern-forming technique. Two conductive layers
36b extend generally parallel to each other vertical to a paper

- surface and form signal lines. The conductive layers 36a and

36c used as ground lines are formed adjacent to the respective




predetermned length is illustrated in enl arged
di nension. [0030] The insulative substrate 34 is
nol ded, for exanple, wth glass-epoxy resin, liquid
crystal polyner or others to be approximately 50 pm
thick. On the other hand, the plurality of conductive
| ayers 36a, 36b and 36c¢c are-fgroed of copper alloy by
a known pattern-form ng techni que. Two conductive
| ayers 36b extend generally parallel to each other
vertical to a paper surface and formsignal |ines.

The conductive |ayers 36a and 36c¢ used as ground
|c|oHé1élc§|1¥ of $P¥eES a%l?%c‘é‘htORRpstlﬁ@ redglesc tihege®f apart at an

% ayers 36b osite sides thereof apart
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| ayer 36b is set to, for. exanple, dpproxim
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in arange from2. 5 to 10 Gops, for exanple, are fed
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. for exanpl e, derivative
mmmmmr rndlqrimﬁe ghhar Sr the degxbvatives are
not limted to the above-nenti oned ones but may be
havi ﬁ‘eeanqr%ha:ﬂmtén wembert3l dscoosmed] fidt eRample, of
etmee to 1.01 and 4. Here, gas such
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 opessbbtimdy benthdeé HRAGHY hCAdlative dielectric constant in
a range between or equal to 1.01 and 4. Here, gas such as air
{(having the relative dielectric constant of 1.00059) is not
: included as the dielectric. If the relative dielectric
constant exceeds 4, there is a possibility in that electrical
characteristics may be deteriorated. Therefore, preferably
the relative dielectric constant is at or below 4.

[0032] The mesh-cloth member 32 encircles whole of the
protective layer 38 and the insulative substrate 34 at a uniform
thickness. The thickness of the mesh-cloth member 32 is, for
example, in a range from 0.3 to 1 mm. A voidage (porosity) of
the mesh-cloth member 32 is, for example, 50% ormore. The inner
circumference of the mesh-cloth member 32 i.s in closé, contact

with the outer circumference of the protective layer 38 and the

insulative substrate 34 without using adhesive or other.




characteristics nmay be deteriorated. Therefore,
preferably the relative dielectric constant is at or
bel ow 4. [0032] The nesh-cl oth nenber 32 encircles
whol e of the protective layer 38 and the insul ative
substrate 34 at a uniform thickness. The thickness of
the mesh-cloth nenber 32 is, §or exanple, in a range
from0.3 to 1 mm A voidage (porosity) of the
mesh-cloth nmenber 32 is, for exanple, 50% or nore. The
inner circunference of the mesh-cloth nmenber 32 is in
se_contact wth the outer circunference of the

|
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it i dhes; ther. 9 [0033] Th
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034 this regard, while the nmesh-cloth nenber 32
Jll% é?%?llnleae‘%f%r?é’ft' seal ing the | apped ends thereof,
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member 32° having a uniform thickness and the outer
circumference of the protective layer 38 and the insulative
substrate 34. The thickness of the mesh-cloth member 32’ is,
for example, in a range from 0.3 to 1 mm. |

[0035] Since the through-holes as used in the conventional
flexible printed circuit board are unnecessary by using the
mesh-cloth member 32 or 327, it is possible to simplify the
- production process to lower the production cost.

{0036] Fig. 8 shows results of the measurement of

- Characteristic impedance of the flexible printed circuit board
30 in the first embodiment carried out by the inventor of the
bresent invention for inspecting the effect of the mesh-cloth
member 32 when a predetermined metallic pliece is disposed near
to the flexible printed ciJ;cuit board 30 of the first embodiment

shown in Fig. 1.




[ 0035] Since the through-holes as used in the
conventional flexible printed circuit board are
unnecessary by using the nesh-cloth nenber 32 or 32',
it is possible to sinplify the production process to
| ower the production cost. [0036] Fig. 8 shows results
of the neasurenent of charagperistic inpedance of the
flexible printed circuit board 30 in the first

enbodi nent carried out by the inventor of the present
invention for inspecting the effect of the nmesh-cloth

g%nber 32 when a predetermned netallic piece is
¥93dded neth thig epsef | axingloknesisnoEdtid mesht choshdmember

j ISt odiqent _shown in Fig. 1. - 10
38055, R 190 e IR TE bruRbet e Fonied sdindupi po set to
oesbam. 32 of the tested flexible printed circuit
board 30 is set to 0.5 mm [0038] A TDR (Ti ne Domain

RePB8Et oneta IPRMEThME MEHa s et Tt RATY) REthB8 was used
characteristic i npedance. The TDR nethod'is carried

bOF MRASIGiBgsthe fhodertesiBishbwpedandd.g. The MR Rieghod is
suring device 7Q for measuring the
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the tested object and a sanpler detecting reflected
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from the tested object.
[0039] The flexible printed circuit board 30 is connected,
as an object to be measured, to an input/ocutput section of the
measuring device 70 via connecting cables 72a. In this state,
a rear end of the flexible printed circuit board 30 is open.
Also, the flexible printed circuit board 30 is disposed on a
band-shaped copper film while bringing the board into intimate
contact with the film.
[0040] The relationship represented by the following
equations(1l),(2) exists between the characteristic impedance
2r(0) and the reflectance p:
[00411  Zr = Zo (1 + p)/(1 - p)(0) ---(1)

P = reflected voltage/ incident voltage = (Zr - %o)/(%r
+ Z0) ---(2)
| wherein Zo represents a known characteristic impedance(0)

used as a reference value.




measuring device 70 via connecting cables 72a. In this
state, a rear end of the flexible printed circuit
board 30 is open. Also, the flexible printed circuit
board 30 is disposed on a band-shaped copper film
whil e bringing the board into intimate contact with
the film [0040] The rel ati-onghip represented by the
following equations(1l),(2) exists between the
characteristic i npedance Zr(O and the reflectance p:
[0041] Zr =Zo (1 +p)/(1 - pP(O ---(1) p =reflected
Ita i ncident voltage = (Zr - Zo)/(Zr + Zo)

? wherF P nndgdiy. es€ the mekhewramtmpact ebtained by the
hggggagggflgne sed as a reference value. - 11 [0042]
Accordi ngry 7Y P4 Heme&sHes po stGBtEPREECB?r%ﬁ%lC
2RPYQaNBEL %P 0,;

; R s Rt dBapuabef kY tae

‘characteristic
eatatiandd )by lHdSrBe equaicmn:.hlﬁ)lgd\bteho as cﬁﬁ%"‘@e%Pesentlng

E%g 6 to 8, data representing the characteris

FhagpotrEishar s of ithej cipEdecioer Ztiar tmpedisfce Zr are
t he t put section_ of the neasuring

%i;v‘?ggi’e‘%ﬂ %[m662§]€*#? FUtPUY paefigperf d£hehaeasusingtdevice

folrve L3 of the characteristic inpedance of the

flexible printed circuit board 30, represented on a

eyt wher piig. a8 MQNubeREtRYI & dh&@a%%%ﬁstae%&wﬂ%”% the
O) and a horizontal axis indicates the tine
characteristic impedance of the flexible printed ClI‘CL‘l.‘Lt board
. 30, represented on a graph wherein a vertical axis indicates
. the impedance (Q) and a horizontal axis indicates the time
t(ns).
[0044] On the other hand, Fig. 6 illustrates a
characteristic curve L1 of the characteristic impedance of a
flexible printed circuit b_oard having no mesh-cloth men-iber 32,
4s a comparative example A, represenfed on a graph wherein a
vertical axis indicates the impedance (Q) and a horizontal axis
indicates the time t(ns). The insulative substrate or others
forming the flexible printed circuit board is the same as that
of the flexible printed circuit board‘30. Note the measured
results shown in Fig. 6 were obtained by connecting the flexible
printed circuit board having no mesh-cloth member 32 to the
measuring device 70, while being directly placed on the
predetermined test table without the intervention of the
band-shaped copper f£ilm. |
- [0045] Also, Fig. 7 is a characteristic curve L2 of the

characteristic impedance of a flexible printed circuit board




[0044] On the other hand, Fig. 6 illustrates a
characteristic curve Li of the characteristic

i npedance of a flexible printed circuit board havi ng
no mesh-cloth nenber 32, as a conparative exanple A
represented on a graph wherein a vertical axis

i ndi cates the inpedance (0) apd-a horizontal axis
indicates the tine t(ns). The insulative substrate or

others formng the flexible printed circuit board is
the same as that of the flexible printed circuit

agatd 30. Note the neasured results shown in Fig. 6
V&ngpPai Reth vyl gh eagttiary I2he afs| exichiparpktineeexample B,

j j rd having,no, nesh-cloth nmenber 32 to _the
%gg%%%%gggeo\% Ee FFAPPWAPPEe IR A it e@Y P 5isadeAigates the
ihpedaned r ghRe &%%]e i t.h . i nteryentipo
of theé bgtn(?- shapgdﬂc?%ipzp&er [ _F%&E[gﬁélﬁ#iﬁ?%geh%?%me?t Pns) )
The dnedaddverduits tratiy Ve othe@b td¥ani i 8ha@18ilicCprinted
| ppedance of a flexible printed circuit board - 12

Pyt RBakddis EheshangsamthaB2f e flesipaeatiiveed circuit
h wherein a vertical

l.e, B, : ted
e T cAPEE FRE P ABWEER e L Rho o Zdet-al were
ot 1 rl 0 IR ALE 510 1 Ll Jhe_insulative
et et o RS A Pnby Bt O ot IRE T it ¢ poara

hgiviqg ho beahd cils thhterae3asd fré nehsutent! @JRE 70, while
printed circuit board 30. Note the neasured results

bejgmnplacei §n thewmnededioraiined byscdabdet ing sbete wherein
thlee 'géeagruptedcﬁtrcuit board having no nesh-cloth
menber’ 32 1o tHehBaBEr Phgper Freperd i hilsein pdpag contact
tAaeedx0B1 ENE-Ph e0G! SILLULH feslqtabl e In a state

wherein the above-nentione and- shaped copper film
[09460 cl oscEDfi@ld to these measured results, as apparent
from the characteristic curve Ll shown in Fig. 6 and that L2
shown in Fig. 7, it was confirmed that the characteristic
impedance of the flexible printed circuit board having no
mesh-cloth member 32 is approximately 112(0), while when the
flexible printed circuit board is in close contact with the
band-like copper film, the characteristic impedance becomes
approximately 80(0) whereby the transmission characteristic
solely in such a part was disturbed to result in the increase
in loss.

[0047] Also, as apparent from the characteristic curve L1
shown in Fig. 6 and that L2 shown in Fig. 8, since the
characteristic impedance of the flexible printed circuit board
having no mesh-cloth member 32 is approximately 112(0) and that

of the flexible printed circuit board 30 is also approximately

112(0), it was confirmed that the characteristic impedance




the flexible printed circuit board. [0046] According
to these neasured results, as apparent fromthe
characteristic curve L1 shown in Fig. 6 and that L2
shown in Fig. 7, it was confirned that the
characteristic inpedance of the flexible printed
circuit board having no neshscloth nenber 32 is
approximately 112(0), while when the flexible printed
circuit board is in close contact with the band-Iike
copper film the characteristic inpedance becones
approxi mately 80(0) whereby the transm ssion

bRAFAYt ehardes, bechubg time suecth -z lpaht muabedisy prbeents the

Eﬁgult in.the increase in loss. [0047] Also, as

SPPAPERET P BT (P eCRrare EEPN fginc affected bshshe band-like
Ebfpef Apflpthat L2 shown in Fig. 8, since the

characteristic i npedance of the flexible printed:
tooes) t boadtorhawgng, nos WwRek+sbakh ér@%}fe | .
appr oxi mat el y 112(0)gand thatr o? ?he 'einﬁgh%?FﬁFgat 8
ehizinablpfot Sidin sheapmexilerteliyal KidDEeidndtss in
%%nfir d that the characteristic inpedance - 13

Srary” ] JrpERd fRE-fane heproridel apmesdrtedt® a surface
&F e¥eNE erd sti.c I npedance from being )
af f ect .e%e%{/}?lt gggéﬁ%&ﬁ%&u %obggFgﬂq Khifdhs signal lines
aAeC dodtine@l,y s18%edeeCiEPEdsLah 8L rd G AR 1 effitirilcha
obt ai nabl e for avoiding the sane electrica

iinteafegearee bas -BA dB CasEOWIES i 1 Go@y Yinchorier face is

[ r%:éi ded 0£Eosite to a surface of the flexible
| @Pi ded ci fEUFeEs Rnd mediix Hhehd nyiegiale bEnebe present

- iheRonSAGE Lheh StROSEI PLE L20UCE he plectrical
conventional flexiblé printed circuit board, for example, shown
in Fig., 11A is 100(0), a width of a signal line thereof is set
to approximately 100pm, and the transmission loss of signals
in a frequency band of 5 GHz is approximately 13 dB/m, while

- the signal transmission loss of the flexible printed circuit
board 30 is approximately 8 dB/m in a frequency band of 5 GHz.
That is, the transmission loss is reduced by approximately 5
dB/m.

[0050] Further, since the flexible printed circuit board

30 has no ground layer as in the conventional flexible printed
circuit board, the degree of design freedom is improved.
Accordingly, a width or others of a signal path forming a signal
line is freely set. 'In addition, by properly selecting the
width of the signal path and the interval the adjacent ones,
the transmission loss is reduced: Also, since. the mesh-cloth

member 32 is assumed as the mixture of air and dielectric, the




interference by -30 dB (= 10 |l og 1/1000) or nore.
[0049] It was confirmed by the inventor of the present
i nvention that when the differential inpedance of the
conventional flexible printed circuit board, for
exanple, showmn in Fig. 11Ais 100(0), a width of a
signal line thereof is set_- {4 approximately 100m and
the transm ssion | oss of signals in a frequency band
of 5 Giz is approximately 13 dB/m while the signa
transm ssion |loss of the flexible printed circuit
board 30 is approximately 8 dB/min a frequency band
Bffeclive refipdtiviesdiehectrimsninssiomt thesebs beshieas lover

ﬁ( ro>ii natelt\éhg dB/ m [0050] Further, since the
exi Br&tgPInt e HPPcit el esddie oBbY hatharshyr Shadliedpatric

BSsd At isonal ihle prin ircuit .
oud B! TRl kATEORS b LoFE) BeSell 4 e, Erafantssion 10ss

e qordiingineasady dth or others of a signal path
formng a signal line is freely set. In addition, by

[05ddr [y sBigetifgshdres onalits ofeprkaesitdng rpatilbtanés the
'ﬂék% i_nt erval tge adj acent. ones, the transm ssion |o0ss

IS SPEGUERE. A 5o Bitha! tipderEsrepret Whenekire twdp filsxible
S ' re of air and dielectric, the - 14

pz?f e(E:Eta ??/%S?Je at %éﬁgiaech&d%ng %%%&teamv?%g?léﬁ'ﬁ e Bresent
ihoeetiohnae@npar t gt Wedddte wHirgl @Gldh ©+fRkY. Whereby

the dielectric loss is alsolimted to a |ower |evel
-Iﬂﬂazﬂhe t rfgnildsiisnal oBsra¢senitidGAdsEeds F8PPdkenting
tﬁ%qgﬁ%gﬂéggygfqﬁﬁggﬁﬁée Egientlng results of the )

a Lntgréprenencer wheardarce wd th the
££6&¥eREfes of the aifferential signal when the two flexible
printed circuit boards 30 are in close contact with each other,
and a characteristic curve L4 representing the variation of the
mutual interference in accordance with the frequencies of the
mutual interference in Comparative example C, on a graph wherein
a vertical axis indicates the mutual interference (leakage
power/transmission power) (dB) and a horizontal axis indicates
the frequency (GHz).

[0053] The characteristic curves L4 and L5 shown in Fig.
10 are obtained by a vector network analyzer (hereinafter
referred to as a network analyzer made by AZIRENT TECHNOLOGY
(phonetic) Co.: N5230A opt240) wherein the measurement results
individually obtained on two objects to be measured are
represented on the same graph system. The network analyzer
includes a signal line delivering the differential signal which
frequency is variable, four output connectors connected to the

object to be measured, and a directional coupling disposed




printed circuit boards according to the inventor of
the present invention are in tight contact with each
other. [0052] Fig. 10 is a characteristic curve L5
representing the variation of the nutual interference
in accordance with the frequencies of the
differential signal when theigwo flexible printed
circuit boards 30 are in close contact with each
other, and a characteristic curve L4 representing the
variation of the nutual interference in accordance

g%th the frequencies of the nutual interference in
ﬁﬁﬁ?’étq VégBRArEa® apd theoappukhesmiectaryer Theabbject
the nutual interference (I eakage

21 8! écate
ANSH s SiPPsEe P&éﬁesﬁdtaehe\arﬁaht@@nw%ors

power /

[00’5@]“ es A@%h()%qggnﬁ%g( Gglz)LEwg OP:?eB}llbﬂ?: pgrlntﬁg Slyouit

characteristic curv Shown
bbtedned yf a Mecher 1eeigheit dRab%Zes éEefﬁé”@iS &t to be
referred to as a network anal yzer made by AZ

Ct;@#nq predietsioc thas. £1NE230AFape 404 m@rmghxdm)th

e results individually obtained on two
- ’@%@i%s grg S5 R éBtarfelghrteﬁ?’éE%‘ﬁ'f wdthreagieoshas. Note
ﬁHéﬂ% Y. a zer inc ]
|| negggl ?%E?Pn% &e é?egln?:lh%'l& eﬁﬁa‘?’L‘\A‘ﬂﬁsﬁm agpor031ty
ffr m&enaydnamaaéra@f Ghyi&WyaQLH IRt Zﬁgnﬁﬁcaﬁ’&sa yarn gap of

connected to the object to be neasured, and
O @&%i onal coupling di sposed 15 betmeen a S|gna

[§§§ je and_t he out put connectors. The object to be
Sdred i T CONMRAN S W ta@P 1en € . oGtwﬁutfl@Emhé@t printed

Bk 85I o 0 RS B e o
- thbjeitjed® thebe measured. The insulative substrate or others
of the flexible printed circuit board is the same as in the
flexible printed circuit board 30. The two flexible printed
circuit boards are held so that flat surfaces of the insulative
substrates 34 in tight contact with each other.

[0056] As apparent from the characteristic curves L4 and
L5 in Fig. 10, it was confirmed by the inventor of the present
invention that when the mesh-cloth members 32 exist, fhe

- electrical interference is reduced by approximately 30 dB in
comparison with a case having no mesh-cloth members 32.
[0057] Fig. 3A illustrates a main part of a second
embodiment of a flexible printed circuit board according to the
present invention.

[0058] A flexible printed circuit board 40 shown in Fig.
3A has metallic covering layers 42A and 42B of a predetermined

thickness on the outer circumference of the mesh-cloth members




measured, and held so that flat surfaces of the
mesh-cloth nenbers 32 are brought into tight contact
with each other. Note the nesh-cloth nenber 32 has a
t hi ckness of 475 pm a porosity of 52% a dianeter of
nyl on yarn of 275 pmand a yarn gap of 670 pm [0055]
In Conparative exanple C, twosflexible printed

circuit boards having no nesh-cloth nenber 32 are
prepared as the object to be neasured. The insulative
substrate or others of the flexible printed circuit

g ard is the same as in the flexible printed circuit
atd ¥y é%r?é‘lﬁ?ﬁ Prévtefcchrentedoasid @0 shbwar s Bie. 1,

ﬁﬁléﬁé&kigﬁﬂ t. surfaces of the insulative
substrates Gﬁﬁ%é%%ﬁ'ght contact with each other. [0056]
Psosppar entrnf§ #.0iN BRe Qlkagkerd sl

in Fig. 10, it was confiﬁne&gty fﬁ%uﬁﬁééﬁggéf%?ﬂ%%gggdfbr
fpeignntinntbatiane cbastwhesnt ka cisitsChotih PRGDEr SaRd the
exist, the electrical interference is reduced by

S e (thesgodpvial benphinépatedit h a case having
sh-cl r.s 32. [ 0057] Fig. 3Aillustrates
RGP ¢ AhS MEE0NS S5vering Iy 2h a1 408 ave Formea

‘a main part of a

o BNéEsoét rtepel nRERE AR ANgnt [ 8Sgpt ;
i nventi on. t‘égig,%] A gl exi bll{ei}ér;rgfln(?ré%%ﬁf%ﬁ%t Sgo%?%p% foil
ohbivimi thiilgor 3abasimeh alalpiech £0MeY hBBekaY¥8oh IR st ace
%ZB of a predeterm ned thickness on the outer

Ofi Lyt fed 1t L RemrEbA-CHl. orthi be rbdrisg 16 sk38 effédie into

' nted circuit board 30 shown in Fig. 1, in
R RE A PRt et o

[0061] Ends of the covering layers 42A and 42B in the
eXtending direction of the ground conductive layers 36a and 36¢
are respectively connected to ends of the latter not shown. In
this regard, it is confirmed by the inventor of the present
invention that even if the covering layers 42A and 42B are formed,
the characteristic impedance does not vary, whereby the
transmission loss is also hardly changed. Accordingly,
unnecessary radiation generated from the flexible printed
circuit board 40 is reduced.

[0062] Note this example should not be limitative, and a
conductive cloth may be used instead of the metallic covering
layers 42A and 42B. 1In such a case, it is possible to improve
the flexibility in comparison with the metallic covering
layers..

[0063] Further, in place of the metallic covering layers
42A and 42B, a radio wave-absorbing sheet may be used. In such

4 case, it is unnecessary to connect ends of the radio




[0059] In Fig. 3A, the sane reference nunerals are
used for designating the sane constituent elenents as
in Fig. 1, and the explanation thereof will be
elimnated. [0060] The netallic covering |ayers 42A
and 42B are formed of a copper tape having adhesive
on one surface of copper faih; of 10 pmthick or an

al um num t ape havi ng adhesi ve on one surface of

alum num foil of 10 pmthick, while taking a skin
effect into consideration. [0061] Ends of the
covering layers 42A and 42B in the extending
#rvecepenrbing f@'legartoundth@mktettid\i&gl ayeest 368 ANdndbground

ar e reggectlve connected to ends of the |latter not
SRBARCTI e Yavar's 4§arand 366 o et phethdgnovad conductive

h A¥EPL 0% ¢ Of esent invention that even if the
coi\fer%ng a?/ltécpga%A and 42B are formed, the

thasart eri siiC i NPEGANGS +dQe : L&l
transn133|onsfoss ?é aIsggﬁéfgﬁghéﬁangéﬁMggbcor dlment
Hﬁr@cfé@awer adilatiedncgecei atigshAd eBddia ik ge)ébb{:ﬁe resent
grl nted circuit board 40 is reduced. [0062] Note t
#%PQﬂumﬂ d not be limtative, and a conductive

sed jnstead of the nmetallic covering
fdayeg'r]s 42A9§n%lll%2é f%ﬁ geﬁgggncketnwge%]ﬁ,ameeu@@d for

defﬁil’gh\a&lnbhﬁh@%ebbl)héylfﬁ‘e%gg%fn Eurt tll?l lt-‘JngpllaC%nd the

nmetallic covering |ayers
mmtnenathereoﬁvenmmgbéadﬂrﬁln&@e%ﬁnd 423 a radio

wave-absor bi ng sheet may be used. In such a case, it
[qgﬁéﬂnece§§%}§et® Rkt tends chdue ivedilayeZs 36b are

formed solely on one surface of the insulative substré.te 34 in
the example shown in Fig. 1, a plurality of conductive layers
56b and 66b are formed on both of opposite surfaces of the
insulative substrate 54, respectively, in the example shown in
Fig. 4.

[0067] In Fig. 4, a flexible printed circuit board 50
includes an insulative substrate 54 having a plurality of
conductive layers on the opposite surfaces thereof, and the
mesh-cloth member 32 as a reticulate covering member for
covering protective layers 58 and 68 and the insulative
substrate 54 as a whole.

[0068] On one surface of the insulative substrate 54, a
plurality of conductive layers 56a, 56b, 56c and 56d covered
with a protective layer 58 are formed. On the other surface
of the insulative substrate 54 » aplurality of conductive layers
66a, 66b, 66c, 66d and 66e covered with a protective layer 58

are formed.




wave- absor bi ng sheet in the extending direction of the
ground conductive |ayers 36a and 36¢c to ends of the
ground conductive |layers 36a and 36¢c. [0064] Fig. 4
illustrates a main part of a third enbodi nent of a
flexible printed circuit board according to the

present invention. [0065]_IypgFig. 4, the sanme
reference nunerals are used for designating the sane

constituent elenments as in Fig. 1, and the

expl anation thereof will be elimnated. [0066] Wile a

plurality of conductive |ayers 36b are forned solely

68069k sur fThee iobullheivasuhbstvets DBtIAND 13 d Writhhe
1, a plurality of conductive

exanpl e shown in Fig.
Pg‘i‘/g%) STPBEH LHTd 668 C&r €xPEPRed 6 bevd aftluppusias of
' ti trate 54 .
- B BERR ALY 5B ok Rh e BlBRATH By Sk gonduotipeApyers

$6a Fidhn 4562, 56l DEEaPréel e ed I Gt 5
i ncl udes an insulativ%Psubstraté %ﬁdhggﬁﬁgg% P ?HEI%%%? of

efppesvadloyi e 4 &yews pattBenopposing t¥dhhAGRS. A pair of
t hereof, and the nesh-cloth nenber 32 as a reticulate

”Jb?/é’PPﬁl&cﬁéHB&afﬁs Sédv eningb Grisimec sigpal ayioress S&tanding
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adjheensutbate oppdfittd NSUded | M ST Hsple@t3%e @onductive
plurality of conductive |ayers 66a, 66b, 66c, 66d and

legerca9brall i predeprunined vinteayerl 3®r the purpose of

reducing the crosstalk in the signal lines. A pair of the
conductive layers 66d form signal lines extending generally
parallel to each other and vertical to a paper surface. The
conductive layers 66b and 66c¢ for the ground line are formed
adjacent to the opposite sides of the respective conductive
:layer 66d at a predetermined interval for the purpose of
reducing the crosstalk in the signal lines.

[0070] To the conductive layers 56b, 56d and 66d,
differential signals at a communication speed approximately in
a range from 2.5 to 10 Gbps are fed. The protective layers 58
and 68 are formed of heat-curable resist, polyimide film ox
others.

[0071] Also in this example, the mesh-cloth member 32 is
structured, for example, by arranging two mesh-cloth pieces
having a predetermined length opposite to each other while

interposing the protective layer 58 and 68 and the insulative




are formed. - 18 [0069] The insul ative substrate 54
is nolded with gl ass-epoxy resin, for exanple, to
have a thickness of approximately 50 pm Al so, the
plurality of conductive |ayers 56a, 56b, 56c, 56d,
66a, 66b, 66c, 66d and 66e are forned of copper alloy
by a known pattern-form ng-teghni que. A pair of the
conductive |l ayers 56b and 56d form signal |ines
extending generally parallel to each other and
vertical to a paper surface. The conductive |ayers
56% and 56c for the ground line are forned adjacent
FhEabpptsPetwesridhen; antheespewtliing tonped einds thereot

pr.edeterm_ned interval for the rpose
'e?¥85dg§§ gio?%e the mlkiﬁl?leﬁhe \él gnal | nespuApp; r
pbothe Corﬂyctth'lﬁerleaﬁés vﬁ@ﬁ%o ea e% al.,Li.pe 1ae.mber 32 is

ext endi ng generally ~paral Rer “an

Yernedaby tloeat paaringuthacaeappa eﬁ@@dﬁﬁéfé{@f | ay1ef$ is not
66b_and 66¢c for the ground line are forned adjacent

1t bmoditte Wied@esbf cilhéhr wepbeti may chada cdnarpieced
6d at pred term ned _ interval for the purpose

o€g§£%§ gféﬁ] F§§§PaFR F&9t héBsi gnal |ines. [0070]

o ide Con@'iﬁbbvﬁl% @.[ggcibig € print 200 2 clg%ggjp' Qoprd 50 has the

differential signals ni Cat

neEpghr-oxiiotat aleyibeR 32 ei.'ﬁélﬂ%.rf rt@iﬂszs\'ﬁrh%tﬁgego%e At fnd & fect
The protective layers 58 and 68 are forned

%d{n dincalgbeveenest ioped yf irsie émbmﬂmenmtzrsercmtah@ﬁwe

_ §@ in thjs exanple, the nesh-cloth nmenber 32 is
L9073t ur ed™1E8 tRePHPEEN by nyiendiennas heemedtserbhed with

rRIfR3@%ce to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary

embodiments. The scope of the following claims is to be

- accorded the broadest interpretation so as to encompass all such

‘modifications -and equivalent structures and functions.




having a predeterm ned | ength opposite to each other
while interposing the protective |ayer 58 and 68 and
the insulative 19 substrate 54 between them and heat
sealing | apped ends thereof extending along the
signal lines. [0072] In this regard, while the
-mesh-cloth nenber 32 is fornmed by heat sealing the

| apped ends thereof, this is not limtative, but the
mesh-cl oth menber may be a_opg-pieced tubular one 32
as shown in Fig. 3B. [0073] Since the flexible printed
circuit board 50 has the nmesh-cloth nmenber 32 also in
this structure, the sane effect as in the
above-nentioned first enbodi ment i s obtainable.

[0074] While the pres€if Ih¢EMMEBnIYias been descri bed

wth A %ﬁ@£ﬂl‘éep}:ﬂh%}é€m&ﬁ¥ ﬁgﬂgd%&? rlging_{ edl s to be

under st ood t hat e invention i to the-
di scl osednexedgilvar yubstiodiHRDLG .2 Pharsciapecofgthad

followng clains is to be accorded the broadest
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ui val en trucgtures an functi ons.
WQQ&L E%%ggL%ﬁ%EB%P§d iom}c; EXiBYE P iMed circuit
boar d £ 98HIclSdta0covaR: HgNBdkloal | 4 EneSUBS Lo aiequ@eib Nhving
plurality of ground conductive |ayers and

grgidal forr errariing i waidc bmeiueti ve subyeratef.or rred bet ween
sai d ground conductive |layers; and a reticul ate
covering nenber formed of a dielectric having voids

bor caverdng s @Eﬂlﬂeﬁsyir%hby o3P S M fned in claim 1,
wherein said reticulate covering member is formed of a

dielectric having a relative dielectric constant in a range from

2 to 4,

3. A flexible printed circuit board as claimed in claims 1 or 2,
wherein a thickness and a porosity of said reticulate covering

member are from 0.3 mm to 1lmm and 50% or more, respectively.

4. A flexible printed circuit board as claimed in any one of
claims 1 to 3,wherein said reticulate covering member is a tube formed

to have a predetermined gap from said insulative substrate.

5. A flexible printed circuit board comprising:

an insulative substrate having a plurality of ground
conductive layers and a signal-transmission conductive layer
formed between said ground conductive layers; and

a reticulate covering member formed of a dielectric having

voids for covering said insulative substrate, and having a




2. Aflexible printed circuit board as clained in
claiml1l, wherein said reticulate covering nenber is
formed of a dielectric having a relative dielectric
constant in a range from 2 to 4. 3. Aflexible
printed circuit board as clained in clains 1 or 2,
wherein a thickness and a porosity of said reticulate
covering nenber are fromO0.3 mmto |Imm and 50% or
nore, respectively. 4. A flexiible printed circuit
board as clainmed in any one of clains-1 to 3, wherein
said reticulate covering nenber is a tube forned to
have a predeterm ned gap fromsaid insulative
substrate. 5. Aflexible printed circuit board
c OPICE] YRy codprings p Rt wB Sl sttar ectravinfryeace| theappfy said
ogo ound conductive layers and a iignal-transnissi
o)

on
conductt ve PaYer? FOrhedr Bt WEsh £4dY grdingted t© an end. of

CoOMMIGh-bMES | AY8LStivandage eticul ate covering nmenber
formed of a dielectric having voids for covering said
i nsul ative substrate, and having a 21 conductive
covering layer on the outer circunference thereof,
s&id RorgEthia Brivver FHEUL hyrriein glelnas: in capiy 5.
cannected .to an end. of said. ground conductive | ayer.
N e R S R R R R
W @bAiRetivWhers&in sai d conductive covering layer is a
metallic filmor a conductive cloth. 7. A flexible
printed circuit board as clainmed in clains 5 or 6,

wherei n said conductive covering |layer is a radio wave
gbsc”.gég@ex1ble printed circuit board as claimed in claims 5 or 6,

wherein said conductive covering layer is a radio wave absorber.




