-1 FLEXIBLE PRINTED CIRCUIT BOARD Field of the Invention [0001]

The present invention relates to a flexible printed circuit board for the

mutual electrical connection of electrical components. Description of the
Related Art [0002] Regarding the mutual electrical connection of electrical
components, a flexible printed circuit bohrd (FPC) is in practical use as
disclosed in Japanese Patent Laid-Open NO. 2000-269612. This flexible
printed circuit board 2 has a structure wherein a plurality of conductive

layers 8a, 8b and 8c covered with a protective layer 10 are formed on one
surface of an insulafiVERuBSTarRE RIERSCSRYTI BigkddA. [0003] The
insulative substrate 6 is molded with glass-epoxy resin, for example. Also,

the conductive layers 8a, 8b and 8c are formed from e.g. a layer of a
conpeaakdyy. +hlae pretegtiygdayer 10 is formed out of a heat-curable resist
layer or a polyimide film, for example. [0004] If the two conductive layers
8g°£%lslgna| lifdse Biegroundtinercohductived dayerstdaamd 8gdbee printed
f ja 0 ite_sides of the respective conductive layers 8b
a%r?%p?rle%getecrgrﬁ%%% ir%go(r)l\?al c?lr‘“:"themﬁlu%gsie of t&dicig e &GBBIERGHROD of
tied sigirial trés.4o@ebhAmgreund layer 4 (a shield layer) is formed all over

Description of the Related Art

0002} Regarding the mutual electrical connection of
electrical components, a flexible printed circuit board (FPC)
1s in practical use as discleosed in Japanese Patent Laid-Open
NO. 2000-269612. This flexible printed circuit board 2 has a
structure wherein a plurality of conductive layers 8a, 8b and
Bc covered with a protective layer 10 are formed on one surface
of an insulative substrate 6 €.g. as shown in Fig. 11a.
[0003] The insulative substrate 6 is molded with
glass-epoxy resin, for example. Also, the conductive lavers
Ba, 8b and 8¢ are formed from €.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,
theAground.line,conductive'layers 8a and 8¢ are formed adjacent
to opposite sides of the respective conductive lavers 8b at a
predetermined interval for the purpose of reducing the
crosstalk in the signal lines.

f0005] A ground laver 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



the other surface of the insulative substrate 6 opposite to the
above-mentioned surface. The ground layer 4 is connected to - 2 the
above-mentioned conductive layers 8a and 8c through via holes 6a and
6b. The ground layer 4 is provided for avoiding the deterioration of
transmission characteristic (disturbance of the impedance characteristic)
caused by the electric interference with a metallic housing when the
flexible printed circuit board is disposed in the metallic housing of an
electronic equipment and differential signals at a relatively high frequency

Ranrd amtraogy u ctive_layer 8b. [0006] Further, ]
there may be %&%ﬁeﬁﬁ@eﬁ%&%miﬁ?%%hg Stdefr formihgiah via
A61és Bebanaieh dbscriBibe: apovenis difficutt in the fisxihle @sated sirguliaing
Qg@r%gggg%h%}proble@ in the manufacturing technique thereof. In such

cases, Instead of the groundIAVEHE ThehShRE Friveed ekd@t (Fdafrrpance

isffutther prpddeswithandieleatdelayer 24 having £ metallic coyarng ;
layer 26 on the outer surface and another dielectric layer 16 having a
?ﬁ)éiﬁﬁié THUBffg Ay M6 #Hd isuter suifacevdseshove iflEgiblB.printed

[0QQ4 4n Fig, 118, 1he flex finted circuit board has a structure in that
a plurality of conductivé?a%%l)r%gz%afao I{lgngl %%%%g%grelbo\'ﬁ/ﬁﬁ%tg of an
ploettve fayerR2i preciotmetion anee seiifase of angnsulative substiatei vely

l:l'§g1|1f t?%é‘évgecggguggﬁ% are transmitted through the conductive
layer 8b.

[0006] Further, there may be cases wherein the employment
of the structure forming via holes 6a and 6b described above
is difficult in the flexible printed circuit board due to the
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.

[co07] 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 of the respective
conductive layers 20b at a predetermined interval for the
purpose of reducing the crosstalk in the signal lines. On the

lower surface of the insulative substrate 18, a dielectric layer



layers 20b are signal lines, the conductive layers 20a and 20b are formed
adjacent to opposite sides of the respective conductive layers 20b at a
predetermined interval for the purpose of reducing the crosstalk in the
signal lines. On the lower surface of the insulative substrate 18, a
dielectric layer - 3 16 having a metallicgcovering layer 14 is layered on the
lower surface of the insulative substrate 18. On the other hand, on the
upper surface of the protective layer 22 opposed to the insulative
substrate 18, a dielectric layer 24 having a metallic covering layer 26 on

the sutersydage i leyered Jpthis, regard, the metallic covering layers 14
and 16 alr};éjconnected via aoplﬁt?étﬁrtlé o%t %ﬁg%gaéfesgﬁn%?gﬁg]v% t)(%%e Yover
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{I?l%nheé%lli% cove in Iax rs 14 and 26 encircle the respective conductive
layers 20b" via @ea(%&ec ricHa§e R PE §RGDYE itie HeEsiBR OPRRTGGhEC the

teterioration elithedransenission ghatacterstic {the. disturhanse otthe v 1115
impedance characteristic) caused by the electric interference with the
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[0008] By such a structure that the metallic covering
layers 14 and 26 encircle the respective conductive layers 20b
via the dielectric layers 16 and 24, it is possible to avoid
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

o009} As shown in Fig. 114, 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 less, and there may be a risk in that the

transmission of signals at a high frequency band is difficult



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 transgﬂssion loss, and there may be a risk

in that the transmission of signals at a high frequency band is difficult 4

when a length of the flexible printed circuit board is relatively longer.

[0010] As shown in Fig. | IbB, if the respective dielectric layers are 20b are
whemglosedhiatthdldieléctriolayeiscib amadd24 rtheietledtiveerelative

ermittivity and the dielectric loss coming from_a dielectric increase.
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shown to equalize the potentials thereof to each other, the humber ot

diepraciesses fomprodusing thediexibledsinted eitbril boardciicreaso o, ise the
the production cost. [0011] Accordingly, as mentioned above, there is a
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ignals at a high f b b difficult, [001 taki h
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electrically connecting electric equipments to each other, without
codncreasing a loss of signal transmission even if a length of the flexible
rinted circuit board is relatively long. [00131 In accordance with a first
ﬁ%ect of tREPIEEERY IrFeREBHOME RPRYprititl & HekiBIdistiftedraiunitsion

o914 Lomprising andnsuiative-substrate, having.a pIvrality, ot Qroundy; ey,
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conductive ayers and a signa -transmlssmﬁ’con cti ayer orméd
jodagtween saig @rauNeLERREUEIYES: IaMersoRs lders! eRDSUIHRSe; antha present

reticulate covering member
invention seek to provide, at a low production cost, a flexible printed circuit board for
electrically conn.ecting electric equipments to each other, without increasing a loss of
signal transmission even if a length of the flexible printed circuit board is relatively long.
[0013] In accordance with a first aspect of the present in_venﬂon, there is provided
a flexible printed circuit board comprising an insulative substrate having a plurality of
ground conductive layers and a signal-transmission conductive laver formed between said

ground conductive layers on at least one surface; and a reticulate covering member

formed of a dielectric having voids for covering said insulative substrate.



formed of a dielectric having voids for covering said insulative substrate. 5

100141 In accordance with a second aspect of the present invention,

there is provided a flexible printed circuit board comprising an insulative

substrate having a plurality o'f groung conductive layers and a

signal-transmission conductive layertormed between said ground

conductive layers on at least one surface; and a reticulate covering

member formed of a dielectric having voids for covering said insulative
[0tddbstrate, andcbardinga eithdactteecbuepdety el ahetheesttierinvention, there is

-circumference thereof, said conductive cover layer being electrically
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BRIEF DESCRIPTION OF THE DRAWINGS [0017] Fig. | is a partial

[00cr8iss-sectidnahmpavritl ustrating aamain pantiohadfiesiplematiodimendrdfra to the
flexible printed circuit board according to the present invention; [0018] Fig.

embqdigean Wil NTRSEIRY PaoriREebERTIRIEHE SREGIH g er fgrmed of
A e el e, e RO g o
is Presanbnyentan i @idnsmission loss even if a length of the flexible printed circuit
board is relatively long. In addition, the production cost thereof is not expensive.

{6016} Further features of the present invention will become apparent from the

tollowing description of exemplary embodiments (with reference to the attached

drawings).

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Fig. | 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;

[0018] Fig. 2 is a plan view illustrating part of the embodiment shown in Fig. [;



Fig. 3B illustrates a modification of the flexible printed circuit board
according to the first embodiment of the present invention; [0020] Fig. 4 is
a partial cross-sectional view of a main part of a third embodiment of a
flexible printed circuit board according to the present invention; [0021]
Fig. 5 is a diagram schematically illustrgting 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

regyli @ the c cterjstic impedance.in.comparative example A; [0023]
F?.SB;% a chat:g% e'ris%i% diagrank Showig & TRESSGRATERRRbf e

chbfasteristi¢ impedeante ppomparatives cxamRian: 904l igs 84iS@ exible
chara%teeéistip diagram showing a measured result of the characteristic

impedante thifigfirsP EhBoRmTeRbBmEnERinid privtes eRrdleiascondibgio and
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object which an amount of a mutual interference is to be measured
first ebb At faheidkiige twrinted difcuittbeatsh ditmerdingfiotthe present

RIGSERE ygntion; - 7

[6020] Fig. 4 is a partial cross-sectional view of a main
part of a third embodiment of a flexible printed circuit board
according to the present 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:

[6023] Fig. 7 is a characteristic diagram showing a
measuredxesultof'muacharacteristicjﬂ@&dancejjlcomparative
example B;

[0024] Fig. 8 is a characteristic diagram showing a
measured result of the characteristic impedance in the first
embodimentofaiflexibleprintedcircleaccording1x>thepresent
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;



[0026] Fig. 10 is characteristic diagram representing a characteristics
regarding an amount of the mutual interferences in the first embodiment
and a comparative example C; and [0027] Figs. 11A and 11B are partial
cross-sectional views illustrating a structure of prior art flexible printed
circuit boards, respectively. DESCRIPHQON OF THE EMBODIMENTS
[0028] Figs. 1 and 2 illustrate a main part of a first embodiment of a
flexible printed circuit board according to the present invention. [0029] In
Fig. 1, the flexible printed circuit board 30 includes an insulative substrate

Fhayng a p|Li;t‘il|'ty f conductive layers 36a, 36b and 36¢ covered with
a proteg]tive Iayeré 38(10?1 ane g%ﬁggéf)éa%rdlg SR RH AL mEETSS Giidne 2

isha retividatestovesing gaambry enciEalnenall of theanratestve: iavsF 88 ences
zﬂd rée injs:ulative substrate 34. Note in Figs. 1 and 2, a part of the flexible
printed Tirtaft BoafiRoHAARG a2 predetEPRR_E G igHRERAeeEin and
alorgerl dimepsigy. PRGN 1SURVE AUDSURIE 298 MAARY 0L, 11y
example, with glass-epoxy resin, liquid crystal polymer or o ers 16 be
dpdrekirrahnsoa At tick e thé ethéphamdt tife eitiraliy mf cotdactivecuit

laygrs;36a.,.36h and 36c¢.are formed of copper alloy by a known
pattern-f'orr";:"l?lénS fec JrLl‘lftfulé{ Two conductive layers 36b extend generally

parallel to each other vertical to a paper surface and form signal lines.
The conductive layers 36a and

DESCRIPTION OF THE EMBODIMENTS
[0028] Figs. 1 and 2 illustrate a main part of a Ffirst
embodiment of a flexible printed circuit board according to the
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 36c covered with a protective
layer 38 on one ﬂsurface, 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
predetermined length is illustrated in enlarged dimension.
[0030] The insulative substrate 34 is molded, for example,
with glass-epoxy resin, ligquid 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 known 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 linesg are formed adjacent to the respective



36¢ used as ground lines are formed adjacent to the respective - 8
conductive layers 36b on opposite sides thereof apart at an interval for
reducing the crosstalk in the signal lines. A width of the respective
conductive layer 36b is set to,. for. example, approximately 350 pm.
Differential signals at a communicationgspeed of in a range from 2. 5 to
10 Gbps, for example, are fed to the pair of two conductive layers 36b.
The protective layer 38 is formed, for example, from heat-curable resist,
photoresist or polyimide film or the like. [0031] The mesh-cloth member 32

is dormed. for.examp erivatives of tetrafluoroethylene, polyethylene,
nylon or others. %e%e?g\fa%iv%% frgpnoo?ﬁ%?teﬁjté?ﬁe g%%%- eftfbitdy at an
dmeipahay de thedediaving Raelative gieleiric,copstant iRnd aNG8es. 2

bet%/éa{(;:-n or et ual to 1.01 and 4. Here, gas such as air (having the relative
JisfectricConstantsLDEb5Y R IR HeddR datrrrdisfdetde 1sgie to. for.

okaiiye1dglestic: SRONEN AXCESYS fn Neis 2 ARUNALY 10 gk 5 ot a
electrical characteristics may be deteriorated. Therefore, pre%era y the
fRREdierett capetshe 5 it erboiow 4rj@032]5The eshmiqtitor example,

g}?g@g{i%qﬂprcles whole of the protective layer 38 and the insulative
substrate 34 at%lﬂeﬁl gr?ng TGS ﬁéLYI%c:kﬁégér 8RR meSheckAR tective

hrenelrer332 iss faro exampledh atange1feom £:340 AN AYQidREeresist
orosity) of the mesh-cloth member 32 is, for example, 50% or more.
g’?ﬁ%ﬁﬁ'ﬁ)é? ist or polyimide film or the like.
[0031] The mesh-cloth member 32 is formed, for examplie, of
derivatives of tetrafluoroethylene, polyethylene, nylon or
others. The derivatives are not limited to the above-mentioned
ones but may be those having a relative dielectric constant in
@ 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 unifoxrm
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% or more. The inner
circumference of the mesh-cloth member 32 is in close contact
with the outer circumference of the protective layer 38 and the

insulative substrate 34 without using adhesive or other.



circumference of the mesh-cloth member 32 is in close contact with the
outer circumference of the protective layer 38 and the insulative substrate
34 without using adhesive or other. - 9 [0033] The mesh-cloth member 32
is structured, for example, by arranging two mesh-cloth pieces having a
predetermined length opposite to eachyother while interposing the
protective layer 38 and the insulative substrate 34 between them, and
heat sealing lapped ends thereof extending along the signal lines as
described above. [0034] In this regard, while the mesh-cloth member 32 is

f y heaf sealing the lapped ends thereof, this is not limitative, but
tggﬂ rﬁg h-cIoth&%gr%%}iﬁw%/%%é%ﬁ‘@?ﬁe%%dl?u‘ﬁ%ﬁ’r%ﬁé‘fﬁﬁ' 2ESRGFHATRLE -

ﬁg.aBthgwﬁgaﬁﬁ6em@éﬁmb@bt§1@@@@Q§“ﬁﬁ@§ﬁ§h%i determined
circumference of the mesh-cloth member 32' having a uniform thickness

AP HE RRECS it treoPHees oo five Jayier3oarid theesplativect ive
sulstrateg34, Tha thickness.ofthe mesh:cloth member 32" is, for

example, in 2 range from 0% t%) 1 ngr]lrlfb f&fﬁ %%%zbﬁjéewtﬁ%ué:&%mg% heat
§sad-inthel eompeehtionds fiexéte pfinted eirauih Hoandbaee YABCEESHAY Dyines
%%irégéhgrn'gsg-cl%th member 32 or 32', it is possible to simplify the

pro ucﬁonlprgcesas ®5wer the production cost. [0036] Fig. 8 shows

resodis pf the mgaswementpiraNatactaisticimmsdance of the flexible: 55 5
Eggggkmggﬂaggﬂdsealing the la ig i

pped ends thereof, this is not
limitative, but the mesh-cloth member may be a one-pieced
tubular one 32' as shown in Fig. 3B. 1In such a case, a gap CL
is formed between the inner circumference of the mesh-cloth
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 32°, 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
present invention for inspecting the effect of the mesh-cloth
member 32 when a predetermined metallic piece is disposed near
to the flexible printed circuit board 30 of the first embodiment

shown in Fig. 1.



30 in the first embodiment carried out by the inventor of the present
invention for inspecting the effect of the mesh-cloth member 32 when a
predetermined metallic piece is disposed near to the flexible printed
circuit board 30 of the first embodiment shown in Fig. 1. - 10 [0037] In
this case, a thickness of the mesh-clothgnember 32 of the tested flexible
printed circuit board 30 is set to 0.5 mm. [0038] A TDR (Time Domain
Reflectometry) method was used for measuring the characteristic
impedance. The TDR method is carried out by a measuring device 70

shewyyip Fig. 5.In.kig. 5, the measuring device 70 for measuring the

characteristic impeaaﬁcfej s, or %XE%%%}] 8 ﬁ%iﬁ%n%sﬁﬁ&&b%%o(%g@mber

B2 TECHTROMCEA 1186381 SO )i The dligitiziog Oscillossapg oinclidest o
generator delivering step pulses as test signals to the tested object and

a éam“ﬁIFér detecting reflected wave shapes from the tested object. [0039]

Th@ﬁeﬂbbFHKH@@ﬁ"F%KQQaﬂ$§Qi%CQQ?E@@@oﬁE% ?bkg%ﬂ%9¢was used

measured, to an input/output section of the measuring device /0 via
SO B&iy EdbIe sthzachathis S s & reaimepeldaitthe flexitle MiRtesk thod is

ggq_lgtil%%a;)ql@ Is apen._Also, the flexiple printed circuit board 30 is )
disposed on a Bgnigﬁgpseudr S ESTiRT IS 5STRg tRefbchrdinto I Fig.

ftintdte centeeinith thediiBe 70 for measuring the characteristic
impedance is, for example, a digitizing oscilloscope (made by
TECHTRONICS: 11803B+SD24). The digitizing oscilloscope
includes a generator delivering step pulses as test signals to
the tested object and a sampler detecting reflected wave shapes
from the tested object.
[C039] The flexible printed circuit board 30 is connected,
as an object to be measured, to an input/output 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.
[6040] The relationship represented by the following
equations(1), (2} exists between the characteristic impedance
Zr(0} and the reflectance o
[0041] Zr = 4o (1 + p)/{(1 - p)}(0O) ---(1)
p = reflected voltage/ incident voltage = (%r - %Zo)/(Zr
+ 40} ---(2)
whereinZorepresentsaiknowncharacteristicimpedance(O)

used as a reference value.



[0040] The relationship represented by the following equations(1),(2)
exists between the characteristic impedance Zr(O) and the reflectance p:
[0041] Zr = Zo (1 + p)/(1 - p)(O) ---(1) p = reflected voltage/ incident
voltage = (Zr - Zo)/(Zr + Zo) ---(2) wherein Zo represents a known
characteristic impedance(O) used as g feference value. - 11 [0042]
Accordingly, if the reflectance p is obtained by the above-mentioned
measuring device 70, the characteristic impedance Zr of the measured
object i$ calculated by the equation (1). Note, as shown in Figs. 6 to 8,

resenting_the.characterjstic curve of the characteristic impedance
r a%r‘giglso obtga'?r?é)(f ok tﬁ’é’oﬁ pUPSetiS GPPRR s dngidiee &by the
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impedance of the flexible printed circuit board 30, represented on a graph
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characteristic curve L1 of the characteristic impedance of a
piredigirastbodstiavingove méstheathanember32t B8 AGOSIAEEVEr are

%.)i%p(l)eo'%‘aﬁexpégsgggeng gﬂea glr_la phu\TI:thé%igiaon of the measuring device
70.

[0043] Fig. 8 illustrates a characteristic curve L3 of the
characteristic impedance of the flexible printed circuit board
30, represented on a graph wherein a vertical axis indicates
the impedance (Q) and a horizontal axis indicates the time
t{ns).

f0044] On the other hand, Fig. 6 illustrates a
characteristic curve L1 of the characteristic impedance of a
flexible printed circuit bpard having no mesh-cloth member 32,
as a comparative example A, represented 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 p_rinted 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 conn'ecting 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 film.

[0045] Also, Fig. 7 is a characteristic curve L2 of the

characteristic impedance of a flexible printed circuit board



vertical axis indicates the impedance (0) 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 film. [0045] Also, Fig. 7 is a characteristic curve L2 of the

gharacigrigtic impgdance of a flexible printed circuit board - 12 having no
mesh-c?oth member%ez?qélg amgénrﬁ(ﬁgra r%/e SAnpIEBPRFFEIS B HRLe B,
graphaseTeimiacrerticatrais indieatesihe irepadance (@) andia horizerta! tye
axis indicates the time t(ns). The insulative substrate or others forming

tﬁ‘é‘%x’f’bﬁg%rﬁ%édaeﬁcaitfb%%%&%‘%%éﬁﬁ%%émf@ﬁmﬂéwéq‘atrmtezd ns).
mr@&:@ﬁf@%&@&%ﬁ&%‘@é%%%ﬁ% %g]ig'lx% Z}_Vg?;rfbie printed

obtained by connecting the flexible printed circuit board having no
eSAttidth pReifber BRac treemensbangpdevice FDewhile eheirghpleged reuit

81 1he; Prefletegmine est éaetge in a state wherein the above-mentioned
band-shapéd copper Tilm is i1 clos8 Eonta e FRAHR phmtdd Gircdit were

bbawt {04 A cenidingtorthese anaasied 1RSULS; A8 apParentuiiemihe
characteristic curve L1 shown in Fig. 6 and that L2

having no mesh-cloth member 32 to the measuring device 70, while
being placed on the bpredetermined test table in a state wherein
the above-mentioned band-shaped copper £film is in close contact
the flexible printed circuit board.

[00461] According to these measured results, as apparent
from the characteristic curve L1 shown in Fig. 6 and that L2
shown in Fig. 7, it was confirmed that the characteristic
im}gedance 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 c¢ircuit 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



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) whergbx §hq 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

%int circuit board having no mesh-cloth member 32 is approximately
azf%qé’nagﬁ‘é*ﬁ%? thBSRIHAE pritte i efRurhosR BeMEeRs@d2 pPrevents the

appaedatselys t1(Dndowan canfirmrdibal e sharacierislic impegance , .,

- 13 hardly changes, because the mesh-cloth member 32 prevents the
HRREEristd Bapedance from being affected by the band-like copper

fiige §Q0A8] Accqrdingly, as described later, the same effect is obtainable
for av%(iﬁng the sar%g41 éfé%stl%alef‘nsté%?esrgﬁ%g 8¢ il 5 Fasd metamractfect is
rotindsairfaecfistprorided nppasiedeant suifface rafthe figdblesprinigde as in
circuit board on which the signal lines are formed, since it is possible

reJGCE thE TTEAN AP TNBRR BHES e 36 dBr ev 1096rnR08d) ermctesur face
949 dt wasaenfarped Pydheinventer fdhe Rrssent s on the signal lines

are formed, since it is possible reduce the electrical
interference by -30 dB {= 10 log 1/1000) or more.

[0049] It was confirmed by the inventor of the present
invention that when the differential impedance of the
conventional flexible printed circuit board, for example, shown
in Fig. 11A is 100(0), a width of & signal line thereof is set
to approximately 100um, and the transmission loss of signals
in a freguency 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



invention that when the differential impedance of the conventional flexible
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 thg, 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
9@&/&3@9@8' fleﬁble,printed circuit board, the degree of design freedom

is improved. AGcSretgly SA Wi & 6urat ot ansgiiiaranfohnfigies lower
signebripexis Sieely seh ¥hadgition. by-prensrly selegling e widthofthe., ;.
signal path and the interval the adjacent ones, the transmission loss'is
rEiRiEetS AdECshibbithedricaticlotiemambel 3218 dssumesnantbe ion loss
mixtyee-of;air. and dielectric, the - 14 effective relative dielectric constant
thereof becomes lower in comparison with the dielectric only, whereby

theddigbctric Bsyis alsodimited tp-apewerlepeband e, apsissian I98She
IS not increased. [0051] Fig. 10 shows graphs representing results of the

measurement ofthe' it iHeterahea hrfemnsie tWeeesible rintédexible
ﬁh‘ﬁUﬂtQ@%@&@ﬁ&Qﬁf@HQf@é@éeg%@ﬁgmgetwgsiermentor of the present

invention are in tight contact with each other.

[0052] Filg. 10 is a characteristic curve L5 representing
the variation of the mutual interference in accordance with the
frequencies of the differential 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, ona graph wherein
a vertical axis indicates the mutual interference (laakag;e
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
tepresented 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



invention are in tight contact with each other. [0052] Fig. 10 is a
characteristic curve L5 representing the variation of the mutual
interference in accordance with the frequencies of the differential 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

B) and a_horizontal axis.indicates. the frequency (GHz). [0053]
'%%\g%%égagteﬁﬁs ic curves L2%aRd %ggﬁo%tiﬁ‘ﬁg‘?oﬁlﬁﬁat%t%ine&' by gbject

Vectoeneionoanalyzer dbarieali’l rRieredlo a5 PEMIK AAVA  tors .
made by AZIRENT TECHNOLOGY (phonetic) Co.: N5230A opt240)

WREPAT the mAssHaREhtFBSHHSY individtiatly Bbeatisd enawbndisidcisitocuit
beanensusadate 1EpEeRRI 0N thesame graply systemy, The network
| a IC

analyzer includes a signal line delivering th erential sign
Rregauredis varthliie féus outihd cofihattossiconresied £0 the ehigeite1oth

easured, and a directional coupling disposed - 15 between a signal
T S B! TRB DGIBE 15 berhdneaien fper.  Note
thaneetad-batyiee ity ¢aNRCters: JA0R4L ASeSowNnin. Fig- 9, Qs ¢+,

flexible printed circuit boards 30 of 1100 mm long are prepared as the
%%Jé:’&ftob% diameter of nylon yarn of 275 pm and a yarn gap of

670 um,

[0055] In Comparative example C, two flexible printed
circuit boards having no mesh-cloth member 32 are prepared as
the object to be measured. 'The ingsulative 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.

[G056] 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, the
electrical interference is reduced by approximately 30 4B 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.

[oo58] 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 members 32
are brought into tight contact with each other. Note the mesh-cloth
member 32 has a thickness of 475 pm, a porosity of 52%, a diameter of
nylon yarn of 275 pm and a yarn gap of 670 pm. [0055] In Comparative
example C, two flexible printed circuitppards having no mesh-cloth
member 32 are prepared as the object to be 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

d eth Ia'r:.L rfaces of the insulative substrates 34 in tight )
??nt%%t v?i?h ePa}é%xot %ﬁ [BB%EIL'Rgeézplpﬁ%lﬁitfr&rﬂatﬁg char§QRREd RS 1.

i4 aaddi% infig:Hé-dtwas confirmed by the inventor of the present
iﬂ%/gnti(in that when the mesh-cloth members 32 exist, the electrical
interferénce is t8dTLEd By appiexafRterdB Ne CcomMparsds witle aised for

easa havegly meshgithmembers 32. [Q057] Fig. 3A illusirates a mai
part of a second embodiment of afleeilfiﬁe prgl%t?éé1 %%rc%?t 532% %bclgfd?nr@ the

b2 pidsamn irieertiont [0058)] A fexiblerprinted &ircuit board 40 shown
|f;?l5|90 }3A hasﬂﬂgtalg% Cﬂerin layers 42A and 42B of a predetermined
thickness on the outer Gircuitifsrehes gt et clcth flethhéR 216 Bormed

of teediepiile primped wieul deAIE30; $RoWA IBfidsdrface of copper foil
of 10 am thick or an aluminum tape having adhesive on one surface
of aluminum £0il of 10 pm thick, while taking a skin effect into
consideration.

[0061] Ends of the covering layers 423 and 42B in the
extending direction of the ground conductive layers 36a and 36c
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

a4 case, 1t is unnecessary to connect ends of the radio



in addition thereto. [0059] In Fig. 3A, the same reference numerals are
used for designating the same constituent elements as in Fig. 1, and the
explanation thereof will. be eliminated. [0060] The metallic covering layers
42A and 42B are formed of a copper tape having adhesive on one
surface of copper foil of 10 pm thick oET,?n_aIuminum tape having
adhesive on one surface of aluminumoil of 10 pm thick, while taking a
skin effect into consideration. [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

rE%FT APROEHRA B thd vdrsicr B end prasehi rinosaton diat beepibund
theaySHRgdaygis42Aand 428 are formed . the characteristic .
impedance does %t vary, WﬁerebyE%1(eg Otrgﬁgrﬁigs%%%?gsg FSOE%% ﬁgﬁjﬁl)}l ctive
criarfgestl. Feeordifigye cunnecessary radiation generated from the flexible
Qr&r%tgg circuit board 40 is reduced. [0062] Note this example should not

& firmitative. aﬁﬁ%’ SohdadtRErabit haybePuRed el & i mEhaikiment
cdvering dayebed 24 and A2B 110 sveh 3685 hISRASPIRIG t@é:m&q%v?)resent

the flexibility in comparison with the metallic covering layers. [0063
EBMRBEIRPiace of the metallic covering layers 42A and 42B, a radio

Wgﬂbsorb'%spggt.mﬁy pﬁeuss%%elnr%%cgrence numerals are used for

designating the same constituent elements as in Fig. 1, and the
explanation thereof will be eliminated.

[0066] While a plurality of conductive layers 36b are
formed solely on one surface of the insulative substrate 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.

[06671] 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, a plurality of conductive layers
66a, 66b, 66c, 66d and 66e covered with a protective layer 58

are formed.



a case, it is unnecessary to connect ends of the radio - 17
wave-absorbing sheet in the extending direction of the ground conductive
layers 36a and 36c¢ to ends of the ground conductive layers 36a and 36c..
[0064] Fig. 4 illustrates a main part of a third embodiment of a flexible
printed circuit board according to the prgsent invention. [0065] In Fig. 4,
the same reference numerals are used for designating the same
constituent elements as in Fig. 1, and the explanation thereof will be
eliminated. [0066] While a plurality of conductive layers 36b are formed

solely on one surface of the insulative substrate 34 in the example shown
hA3851. o pluPlify PEBAMICe Iays"Beb arfieds R latntboiorboth

ofiernosite swiaces; af the insulative subsfrate 54, respectively, in the
example sh(?v%/rn in Fig. 4. [%067] In éig. 4, a flexi VIS p?in%&%%g{&?gogr%
. 5@rinekitestatinsilatve subkstrate S:halingsa plurality @f neangitictivel ayers

@é/grs Eéhe50é3£osit§dsurfaces thereof, and the mesh-cloth member 32
as a'relicuratd covering m&tber I8P cobéfing prSiethide $arerd B £7588Y of

ang e iagulagveysubsiaterodas @ whole, 10063] @aane sface pfthe - o¢
insulative substrate 54, a plurality of conductive layers 56a, 56b, 56¢ and
gga(ﬁﬂggggtive layers 56b and 564 form signal lines extending
generally parallel to each other and vertical to a paper surface.
The conductive layers 56a and 56¢ for the ground line are formed
adjacent to the opposite sides of the respective conductive
layer 56b at a predetermined interval for the purpose of
reducing the crosstalk in the signal lines. A pair of the
conductive lavers 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 664 at a predetermined interval for the purpose of
reducing the crosstalk in the signal lines.

[G070] To the conductive layers 56b, 56d and 66d,
differential signals at a communication speed approximately in
4 range from 2.5 to 10 Gbps are fed. The protective layers 58
and 68 are formed of heat-curable resist, pelyimide film or
others,

[c071] 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



with a protective layer 58 are formed. On the other surface of the
insulative substrate 54, a plurality of conductive layers 66a, 66b, 66c, 66d
and 66e covered with a protective layer 58 are formed. - 18 [0069] The
insulative substrate 54 is molded with glass-epoxy resin, for example, to
have a thickness of approximately 50 pg. Also, the plurality of conductive
layers 56a, 56b, 56¢, 56d, 66a, 66b, 66c, 66d and 66e are formed of
copper alloy by a known pattern-forming technique. A pair of the
conductive layers 56b and 56d form signal lines extending generally
ps%%”s | to teg@ ther and vertical to a paper surface. The conductive

layers 5ea andl 568 FYFHE H6ThdaRe BRtforisad dtfaterpasisads thereof

apposita Sides0bie raspestive sondyclive. layer 56b at a predetermined
interval for the purpose of reducing the crosstalk in the signal lines. A pair

. iR Zdonductie A BeEdan skirial éinbextemling gehbralimber 32 is
rayalielfo.agh.ather angd.vertical to a paper surface, The conductive .
layers 66bt%and 66¢ f%)(rg%elg o&r?ldﬁlirgagpge?({)rr%% Saaﬁlecgﬁf)%o'th% is 1is not
dppusitetsides obthe @spastivh condibliveiayer Ghgvatpeedaierpingdeq
$‘tﬁﬂr¥§| for the purpose of reducing the crosstalk in the signal lines. [0070]
o the 8dn§i&iviflays 588"86d Bnd +%d, Wferential signals at a

qorynication; spegd RPN 1D, 3 FANGE for.g£:19,40,3PRS H8s the
fed. The protective layers 58

mesh-cloth member 32 also in this structure, the same effect
as in the above-mentioned first embodiment is obtainable.
[0074] While the present invention has been described with
reference 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 eqguivalent structures and functions.



and 68 are formed of heat-curable resist, polyimide film or 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 - 19 substrate 54 between them, and heat
sealing lapped ends thereof "&kténtting liotigthe’signal lines. [0072] In

this regagd.swhilethe mesh-cloth. member:32:isq formed byiheat sealing
the lapped ends thereof, this is not limitative, but the mesh-cloth member
may be aonerpiecet ! tibulabohed2 dsashownaniFHigr3Bi 0073 Sircend
the erX|bIe Qrméed CII’CUI'[ oard 50 has the meshS gloth memb%r 32 algo in
this sijrucfure e'same’eftelt BN fhe above-mentioned: fir ¥e

embediment is,;obtaipable.q [QAFH W&M@d@ew@seﬁymmwmhasm one
described with reference to exemplary embodiments, it is to be
uRHErst66d that! the invention is not limited to the disclosed exemplary

embodiments, The scope of ghg following claims.is to be, a%g%gr&qgtggmm

broadest |nterpretat|on so as to encompass such modifications and
equivalenistruetuees andstunctionsul 201 WHAD S GIHAIMED IS: 1. A
flexible printed circuit board comprising:
2. 2 flexible printed circult beard as claimed in claim 1,
wherein said reticuiate covering menmber is formed of a
dielectric having a relative dielectric constant in a range from

2 to 4.

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

member are from 0.3 mm to lmm 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 lavers and a signal-transmission conductive layer
formed betwesen said ground conductive layers on at least one
surface; and

& reticulate covering member formed of a dielectric having

voids for covering said insulative substrate, and having a



an insulative substrate having a plurality of ground conductive layers and
a signal-transmission conductive layer formed between said ground
conductive layers on at least one surface; and a reticulate covering
member formed of a dielectric having voids for covering said insulative
substrate. 2. A flexible printed circuit board as claimed in claim 1, wherein
said reticulate covering member is formed of a dielectric having a relative
dielectric constant in a range from 2+t024. 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 Imm and 50% or more,
respectively. 4. A -Flexible printed circuit board as claimed in any one of
claims. 10,3, wheLein said reticyate covering:membenis Afke dormed 10 saiq
have a predetermined gap from said insulative substrate. 5. A flexible
prrredaitogit pomsrdieonprisindgeandnsiiaive. sabbtraterhavirmg atpluralignd. of
o;g:[%ungogggdggggeclgy%s %ndea signal-transmission conductive layer
formed between said groun &énductive layers on at least one surface;
and a reticulate covering member formed of a dielectric having voids for
covering said insulative substrate, and having a - 21 ) ]

a. A flexible printed circuit board as claimed in claim 5,

wherein said conductive covering layer is a metallic film or

a conductive cloth.

7. A flexible printed circuit board as claimed in claims 5 or 6,

wherein said conductive covering layer is a radic wave absorber.



conductive covering layer on the outer circumference thereof, said
conductive covering layer being electrically connected to an end, of said
ground conductive layer. 6. A flexible printed circuit board as claimed in
claim 5, wherein said conductive covering layer is a metallic film or a
conductive cloth. 7. A flexible printed circuit board as claimed in claims 5
or 6, wherein said conductive covering layer is a radio wave absorber.
FLEXIBLE PRINTED CIRCUIT BOARDz:ABSTRACT OF THE
DISCLOSURE A flexible printed circuit board wherein the insulative
substrate 34 having a plurality of conductive layers 36b covered with a
protective layer 38 is encircled by a mesh-cloth member 32. Fig. 1

FLEXIBLE PRINTED CIRCUIT BOARD

ABSTRACT OF THE DISCLOSURE
A flexible printed circuit board wherein the insulative
substrate 34 having a plurality of conductive layers 36b covered with a

protective layer 38 is encircled by a mesh-cloth member 32.

Fig. 1



