WD 97/ 29230 PCT/ EP96/ 05660

UNI DI RECTI ONAL GLASS FABRI C PRODUCED W TH CONTI NUQUS
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present invention relates to a unidirectional gl ass fabric produced
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5 yarns as a stabjl]
manuf acture of pr
G ass fabric is
appl i cati ons.
applications
aeronauti cal and W\
el ectrical ano
Applicant's intergs

t he nanufacture of glass

fabrics for use in the “electrical and‘electronlcs I ndustry, preferably

t he

The present invention relates to a unidirectional

10

15

20

25

glass fabric produced with continuous yarn which is
twisted, plied or has zero twisting turns, with
different gramme weights and interlaced with thin glass
yarns as a stabilizing binding, as well as to use
thereof in the manufacture of printed circuits.

Bac) i of the i s

Glass fabric is used nowadays with success in a
wide range of applications. Among the main ones, mention
may be made of those applications involving advanced
structural composites for the aeronautical and naval
industries and dielectric composites for the electrical
and electronics industry.

In particular, the Applicant's interest is directed
towards the manufacture of glass fabrics for use in the
electrical and electronics industry, preferably the
construction of laminates for printed circuits and the
manufacture of fabrics and wgauzes used as a
reinforcement in numerous industrial applications.

The miniaturisation of electronic devices is giving
rise to various assembly problems, including the
concentration of tracks on printed circuits and hence
the need for making the tracks thinner.

This innovative process has not radically affected

the criteria for laminate production, but is requiring



construction of lanm nates for printed circuits and the manuf acture of

fabrics and gauzes used as a rei nforcenent in nunmerous

i ndustrial applications. 20 The m niaturisation of electronic
devices is g|V|na rise to various assenbly problﬁgﬁggmﬁﬂ&%uding
t he ‘condEht: on of tracks on printed circuits and t he
need for nmaking the tracks thinner. Thi s innovative process has

not radically affected 25 the criteria for |am nate production, but is
requiring WO 97/ 29230
PCT/ EP96/ 05660 2 the use of gl ass

fabrics which areguchaorgr r&fddiedeapricd hméﬂm&fe CHﬁél?nhbi‘e U$g@ined
In particular, the weaving Industry is having to find solutions for

t he probl ens assod}haneﬂhwq leurmentby usad.f ace of the fabrics, which need to

be increasingly at %ggb%@a%t'h %d t@%\ﬁﬁ{ghgfna&ﬁﬁy)lies dﬁé’\?irf% o{ol oose’

pile and textile defec 2 P and w | ensi ona

stability, which maal hlkeRbnas do¥w @he problpmssiddsecidfed with |thés
obvi ous that conventi onal glass fabric, which constitutes the

structural sifppor BUsfageeo athaatfabrics, whishdneed ate| beh Wmex#asipglno
|onger suited for gyar ah8! ghabtMdafa I ELUELL Ofs | fodd)BiE BRVATR! BF S100se

Consequently it |s necessary to provide a gl ass Ic Wmth
i ncreasi ngly hi ghetlperdmt naegéitonpiefedts int wenkralabramss enithenthy

used. dimensional stability, which must be kept as low as
possible,

10 It is obvious that conventional glass fabric, which
constitutes the structural support of the laminate,
based on a cloth weave, is mno longer suited for
tolerating a reduction in these parameters.

Consequently it is necessary to provide a glass

15 fabric with an increasingly higher performance compared
"to the fabrics currently used.

on account of the increasingly stringent
specifications for printed circuits, the person skilled
in the art is now having to regard as critical certain

20 aspects of the laminates, such as the surface waviness,
dimensional stahility, warping, perforability,
thickness, dielectric constant, and others, such that it
can be said that the characteristics of the laminate
depend not only on the resins used, but also on the

25 structure of the glass fabric.

Pure unidirectional glass products wused for
advanced composites are known. A product of this kind
consists of a series of yarns arranged@ next to one
another. A unidirectional product of this type cannot

30 be used for the manufacture of monolithic glass-

reinforced resin laminates employing conventional



On ~ account of t he I ncreasingly stringent specifications for
printed circuits, the person skilled in the art is now having to
regard as critical certain 20 aspects of the |am nates, such as the
surface wavi Nneggemezze di nensi onal stability, war PheFEPIS05660
perforability, t hi ckness, dielectric constant, and others, such that.
It can be said that the characteristics of the |am nate depend
not only on the resins used, but also on the 25 structure of the gl ass
fabric. Pure wunidirectional glass products used for
advanced conposites are known. A product of3this kind consists of a
series of yarns arremedlogyt onoaceemunt of theotdidficultymnlibadilivgalthe
product of this typg canno 30 be_ used for, . the ufact ure . of
nmonolithic gl ass- ayer ok \Yarn&q and,sif P?’é’?ﬁcﬁ‘\g‘t"ﬁsngﬂ?rpl%?ﬁ gfor a
convernti onal suM3t2nt2823Modification in the technique for moulding
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for noul di ng 5 t#e&gr_:ﬂ Ztshse-ré?g%%r%gd lta?sﬁsg[hs lgetgédce&?lregnté€ ﬁégdrg}f’%w 5
fact, the | ayer of yegitswobald begeidbdre Ity whthetemdy the stamdard waouwldihe
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% _?‘ressurgﬁi and the yarns,
movi ng, woul d causePAIH *8r and the, YAFMsar VSO bYPR SéPﬁ%eﬁ%‘FﬁsQrand
resin. Ongr ik 081 & Or {042 1BROBL SR drS gibkySikdiR@ikN the 10
Applications EP 0478051 and WO 9402306, both in the nane of Akzo,

whi ch provide a nethod fome shdukbenfbet bhe problem imaklystirgted pni whed
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nmet hods i nvol ve the use of extrenme conpl ex and éos nes. 15
There is currently éheakmsd whiletr eroveédef ar matigddistor the fmdmdfacthrehofs

unidirectional as far as possible agnd can be processed with the
t echnol ogy avai | abllé‘fa‘%ﬁ £or WREERTRE N FLTTMALE edrwfﬂqéegl:‘ oref&nt i Bned

problems, in  pafidicekaiond] Usiddl prdadbil | Tes@Nfle¥ibdE invoabbe the 20
pr oduce nmonol i thic | am nat es whi ch satisfy t he requirenments
for printed circuitase of extremely complex and costly machines.

15 There is currently the need, therefore, for a glass
fabric which is unidirectional as far as possible and
can be processed with the technology available, but
which is not affected by the aforementioned problems, in
particular structural stability, and which is able to

20 produce monolithic laminates which satisfy the
requirements for printed circuits.

g £ the i i
It has now been discovered that a unidirectionmal
glass fabric produced with a continuous yarn which is

25 twisted, has a low number of twists or zero twisting
turns, with different gramme weights and interlaced with
thin glass yarns as a binding permits the manufacture of
laminates for printed circuits satisfying the
requirements imposed by progressive miniaturisation.

30 Therefore, the present invention relates to a

unidirectional glass vyvarn produced with a continuous



Summary of the invention It has now been discovered that a

uni di recti onal gl ass fabric produced with a continuous yarn which is
25 .twisted, has a | ow nunber of twi sts or zero tw sting turns, with
different gr | ghts and interlaced with thin glass yarns as a

bi ndi ng per nﬁ@?@\ﬁ%} manuf act ure of | ami nates  for PﬁF’Fﬁ?‘@ﬁ“"
circuits sati sfying t he requi renments inposed by progressive

m ni aturisation. 30 Therefore, the present invention relates to
a uni directional glass yarn produced with a conti nuous - WD
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4 yarn whi chais LS eds B 0 er, of ol S ; ro
twisting turns w ?‘l di#’%‘\ierentsgrg%smeeé\/e}l%ﬁ%lgg 108 nh%a?a&qrerﬁgles S r°X hat

it is interlaced sarpwitsasting turns giiatds ydffisredt 5.gramme34wdbghed, a
spacing of upto 20 cm,. 5 . wth | enqQ i nt erwoven binding. . .

The present i nvené‘%’FF%ﬁ?d’.ngl a&"esa‘%tt R % ggterriac.eg sﬁ%?‘fj‘isz?ss"*%fbri c
for the manufact ugeagd yaAHsN8Ees.s Ofo 34 Tex BE! AleKhlingCUEldp 88 ﬂ?'(hn as
the printed circuits .conprising said lam nates. 10 The
present inver®ti onWhEb\@ denoginterwavess binding) t of which it is

possible to obtain nonglithic. glass- . reinforced esi | am nat es
possessi ng excel | en?ﬁua Ipﬂesegﬁ:o[S)lenrv'tt="|n§§o?or‘alﬁgerf‘" a?ﬁse #r%n&?’gct"lfree %’?
printed Ci safdt glass nfplndiv efdy it Maanactuee endlafimPpredtfor 15
This result is obtajined owing {o the stability of . the unidirectional
fabric according PHiR¥RA pCdLEKLts, as waldni Ren. the printed TRATGWKS%ct of

the present inventbRpridihg E8id laminat@dki ous enbodinments, and the
advant ages arising 20 "~ therefromw || be described in the detailed

description1@  whi cthe pregest abrvesitiiont peovidesofa tfabrdcansngsresulthi ch:
e Foano® onof WATRE ¢ OLL B80T Soradn, N stampt
reinforced resin laminates possessing excellent '
properties for use in the manufacture of printed
circuits using conventional techniques and equipment.
15 This result is obtained owing to the stability of
the unidirectional fabric according to the present’
invention.
The subject of the present invention, in its
various embodiments, and the advantages arising
20 therefrom will be described in the detailed description
which follows and with the aid of the drawings in which:
Figure 1 shows in schematic form an axonometric
view of a conventional fabric;
Figure 2 shows a profile view of the fabric
25 according to Figure 1, along the section II-II;
Figure 3 shows 3in schematic form an axonometric
view of the fabric according to the present invention;
Figure 4 shows a profile view of the fabric
according to Figure 3 élong the section IV-1V;
30 Figure 5 shows a profile view of the fabric

according to Figure 3 along the section v-V,.



25 " according to Figure 1, along the section II-11; Figure 3

shows i'n schematic form an axononetric view of the fabric according
to the present invention; Figure 4 shows a profile view of the
fabric " weesseang to Figure 3 along the section | V-1 Vecr/i#denssso
Figure 5 shows a profile view of the fabric according to
Figure 3 along the section V-V. WO 97/ 29230

PCT/ EP96/ 05660 5 In the
Figures, the reference (1) denotes the warp yarns, (2) the weft yarns
and (3) the binding yarns. Det ai | ed des&ription of the invention

In the fabric according I thee Fiousest theenefenencs (1ljnhdenates |%he HATrP

war pwi se i s obtained_usin | ass varns The

two yarns lie, in p3fFes- %‘?‘8 %ﬁégk}'oafrtngma% é’gé&’%s%%ﬁ%ﬁg? & R Vi sibl e
@ i pt {15 & £V ahe

on the fabric. |In thethpled [P 6 ipyentiinner | aced with the

wefts, being 10 aIteneI | ocat ed on the first weft on, the gc?rggr
ri ght-hand side and on tHe BReofabrier tacsordpra p&er She Presert IR%ARL ,
resulting in abindi ﬁ% ical XL s BEPChE Hng PY1addEyafiite
of "leno int egrjwovgﬁtg %Lgfn n :q%g%rthﬁei Eéer‘)tb?g;rl\ of the %P%d? nge§/%r ns
whi ch are 15 ref epfedl. 5t 22sTexinterlacing”, stabilisation of the
bottom yarns is obtained, which allows_handling qf the unj.di recti onal
fabric ~without slippintPe of%0t KBFRgatAg, in %ﬁﬁféh B4 ) oHhg POt tom
overtensioning and Y8EysSENE' fre not MWHdWlld @A Gibel FaALEDE. SURSERMIERdbric

| npregnati on phase. The 20 yarns wth this invention thus remain i
perfectly aligned theseityaxnse &¥6t hdntanyaead f stihy thgsi WAEHS, t hhRing
avoi di ng com | spl.ace rigposed Qt n t oge r

under the nouldi ng Sﬂg%gﬁ?%sﬁocgﬂ%’%%g °h t%ée s?%ﬁ gr 3}@1 &?eﬁ%ol‘é%?%ral
process used nowadaysghtichambusidegand en23he wechodmwedsi gl Sss battamin
t he mass of the | am_nate. . I n first enbodi nent of .th resent

i nvention, the 1ghFahanstt FH Faﬁ‘t‘f@'qgs anﬁog’é‘aggpgyé’reﬁtlas‘rr&ﬁ' ed™®
warpwi se in a ratiotgktdie! e@edert@% &y t Rrel Oltrimeweioght *1eno liRtbivoven

unidirectional fabric according to the present 30  invention, the wefts
are considered sokdnging's Math inseruinmed shet hinding ¥pangswhich are
15 referred to as "interlacing®, stabilisation of the

bottom yarns is obtained, which allows handling of the
unidirectional fabric without slipping of the vyarns
which could rise to overtensioning and very severe
distortion during the subsequent impregnation phase. The
20 yarns with this invention thus remain perfectly aligned
with one another and uniformly tensioned, thus avoiding
becoming displaced, superimposed or bunched together
under the moulding pressures occurring in the standard
technological process used nowadays and resulting in a
25 uniform resin/glass ratio in the mass of the laminate.

In a first embodiment of the present invention, the
unidirectional fabric is composed of yarn arranged
warpwise in a ratio of at least 90% of the total weight.
In the unidirectional fabric according to the present

30 invention, the wefts are considered solely to Dbe

bindings of the warp yarns.
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6 - The interlacings nay be arranged at a naxi mum spaci ng
fromone another of 20 cm In a preferred enbodi ment a spaci ng of
between 10 and 15 cm and a nunmber of wefts of up to 8 [ CmiS

envi saged. B30I The yarn which forms the fabric P&&%d by
conventional filanents, preferably with a dianmeter of between 5 and 13
m crons. In a preferred enbodi ment, the yarn has a Tex val ue

of between 22 and 136. 10 A particularly preferred enbodinent
envi sages a unidirectional fabric witg a warp having a val ue of
between 22 and 136, pretgraplderidcifgs ! wWakt Mkidhdeda at V&l YRxQhum

bet ween 11 and 68, pre?erab y ?f4 '(I;ex,ﬁsanl{{jbezt he ingt%erl acings with a
val ue of betweerspasingndfr@w, oh6 anmtdiear abfy 201 ¥®x. In a preferhmed
fabric according to.the present _inventio be_.procgssed fectly
using standard |m:ﬁ"l§’g5’ﬁé‘f“g8 é‘ndsPacmgm)ﬂ?dg%éwg?%cé’gseasﬂw ?ﬁ 0 vi%ﬁ‘{s &
econoni ¢ advant agqfundes of weftd Ut ubheo Negse:f e Lsvesiisayed.n new

t echnol ogy. 20 The | am nates made of %I ass-reinforced resin, for
exampl e gl asB-rei nf or 888 ¥a0Xy whighi nfoxmsmpthei nfpbrice is formes | by
according to the p N Nt he f cem SLT haye
very | ow surface r{)ogla'%%té'slls’ﬂ%gl EEEQT%é' pT iebslsyt JétrF 25[§§%F%]€e%y@¥
conpari son, the raegiweeassvahdies3 aficrdbhs. conventional | am nates are 4

Wth_ | h {__the . laninat faurt h
Feductions in the di moAdi SnBrGfeHHS ERRRRLMHRCO RS Torn BiEct S AR

consi der abl e advanda3Rswesdnt 25 "Endft sghe overal | performance of the
panels, as well as direct 30 application of thin copper tracks, wth
maj or econonit@ ald pevtipleally aPrRfAtEds. emPRAMRPNth| NVIARAAR it s

unidirectional fabric with a warp having a value of
between 22 and 136, preferably 74 Tex, the weft with a
value of between 11 and 68, preferably 34 Tex, and the
interlacings with a value of Dbetween 5 and 34,

15 preferably 11 Tex.

The fabric according to the present invention may
be processed perfectly using standard impregnation and
moulding processes with obvious economic advantages and
without the need for investment in new technology.

20 The laminates made of glass-reinforced resin, for
example glass-reinforced epoxy resin, comprising the
fabric according to the present invention as the support
structure, have very low surface roughness values (Wt),
less than 2 pm. By comparison, the roughness values of

25 conventional laminates are 4 um.

With low roughness of the laminate, further
reductions in the dimensions of the tracks become
possible, with considerable advantages in terms of the
overall performance of the panels, as well as direct

30 application of thin copper tracks, with major economic

and ecological advantages. Using this system, it is
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7 - possi bl e to achieve savings in copper and elimnate the

et chi,ng operation performed with toxic acids. Wth the present
invention it ivwodsRgo0ossi ble to obt ai n di nensi onal spahipdshskey 2l UES
which are at least 5 60% | ower than the current standard val ues

equi valent to 200 ppm This is possible owing to the
intrinsic linearity of the unidirectional fabric which does not

all ow, as instead occurs in fabrics with a standard weave, 10
el ongations during noulding of the lamhate and consequent

contractions duringressibdes ¥ongcpievessavigigs in coppgesand Véliminatewthe

di mrensi onal stabll nof the.dry filmand in
general manuf act ur ® dHing 8Pefﬁ€i?ﬂnqgrfF5§§$ §£§y%8é180ﬁ?% ¥4 ed nore easily
and 15 therefore achi e4e@ ithea presentfl lheémionanid eNHPNIIBS GhossibleMRBNES .
O her advantages obtained with the |am nates descri bed above are

the uniform perf or aBh%ainy dimepgdonal stabilidie MAlNRSawhiiehr @red aSer¥edsat i on
quality; greager 2ghg RARIOTRAAT A SRR BEAMKRA VilleRN ot 1VR 1A' RS

I n terms of the wear of Ing ti1ps; surface
i ncl usi ons and exce3® \wpm.hi cknesses whi ch cause thi nning of t he
copper; uniform thickpess os'tiog?of the | am nate which

hel ps achi eve a nore 25 1ﬁnFFoFWFSaP§?e8€$¥% RohHRE A AREIIRRIC %*ﬂ?4§ﬂFYre

printed cCircuids tme Pahiditdctiohal araaﬂ@ameﬁ aax@' ¥bB8J a1heh,
frequencies such as those of 3-30 GHz used

t el ecomuni cat i ons ftead ePFFBES apin i cEabrdss; g’iéht e# standfindenseaval,
stability Df eqp]- cj@i&ﬁﬁg%hon§”ahhﬁingunpﬁﬁlaqn 0 ofnlgr%scggmg %gzgﬁgtlon

| onger "neasllng" resistance tine er ~econony
of the fabric. consequent contractions during the ensuing processxng

stages. With low dimensional stability values,
application of the dry film and in general manufacture
of the multi-layers may be controlled more easily and

15 therefore achieved in a more efficient and economical

. manner.

Other advantages obtained with the laminates
described above are the uniform perforability of the
laminate with an improved perforation quality; greater

20 economy of the perforating operation with savings in
terms of the wear of the drilling tips; surface devoid
of inclusions and excessive thicknesses which cause
thinning of the copper; uniform thickness and
composition of the laminate which helps achieve a more

25 uniform "dielectric constant" over the entire printed
circuit, in particular for applications involving high
frequencies such as those of 3-30 GHz used in
telecommunications and satellite applications; greater
dimensional stability Dgyap~CTE Ay, v smaller number of

30 microscopic voids; longer "measling" resistance times;

greater economy during production of the fabric.
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8 | The use of the novel unidirectional fabric al so gi ves
rise to advantages in connection with the |anm nate manuf act uri ng
process. Since_the novel fabric has a wetting time which is 50%
less conpared"®¥ 8t of a 5 standard fabric, the PCHEENOS68.s; N
used during | npregnati on may be prepared with m xtures which are
nore vi scous and hence contain a smaller quantity of sol vent which is
to be evaporated; consequently it is possi bl e to achi eve a -hi gher
wor ki ng speed with a saving 10 in the ampunt of sol vent used.

Moreover, the unidirech®nasef Qﬁr | €né h%v@lo%ﬁaérectmdaﬁ PR&BH Ul a1y
suitable for inpregnation with hot-me formul ated resin systens

and sol vent-freegivesi nkse to adrvgsuagemgm reonpechien seiimdde dapdhatat ,

equi valent to 15 % ven er npregnati eeds

The present inven gﬁil glg.'l%g %’ es§ "sol é?ﬁ%en ttée n%gei‘t rfgagﬁgbﬁ’@r’% ot

i nperfect cleanli pessing Bgmé Owhieh is SomegeBse colphbedr @8i dwas @ff of ganic
conmpounds, such as starch, used in the weaving process and then ’

removed. 20 5 TheSpaBSe¥le JRDIAEse rBR® quEPOXY t hECFiRi natsedal t 8HEing
the chem cal and Hﬁiﬂgé&ﬂétﬁrppﬁ&}' i+ OJret;ﬁ%ehatvhec'h ihtures Wit HPVh %‘I cul t

that the standard rircs are very conp ence very di
to clean ow ng mboe iviscous axhldf fhem:let ycmt‘nad.h tﬁesheblemawantmqned)f ating

t hem and 25 hence_the diffi tyvx/nchthe distillation vapours, of
the conbusted si z&°H¥6Rt |‘ﬁh’e"s}b %f] YAPOFARER haﬁ&nsequer&]ﬁe ¥t c

according to the @BQ§EB1eIEB/%thOe 8V {ifhelrO workin { Specdl GAkA a savin
perneability, allows optinmm cleaning wi t hout the structure of the

fabric bei ngt®l t eA8dtBer#mpdoof satversusedof the operati on.
- 9- Moreover, the unidirectional fabric thus produced

is particularly suitable for impregnation with hot-melt

formulated 1resin systems and solvent-free resins,

resulting in further savings in solvent, equivalent to
15 nearly 100%, and even faster impregnation speeds.

The present invention als¢ provides a solution to
the problem of imperfect cleanliness owing to the
presence of the residues of organic compounds, such as
starch, used in the weaving process and then removed.

20 The presence of these residues in the laminate alters
the chemical and physical properties of the latter. It
is obvious that the standard fabrics are very compact
and hence very difficult to clean owing to the
difficulty which the heat has in penetrating them and

25 hence the difficulty which the distillation vapours of
the combusted size have in escaping. On the other hand,
the fabric according to the present invention, owing to
its greater permeability, allows optimum cleaning
without the structure of the fabric being altered during

30 the course of the operation.



CLAI M5 1. Unidirectional glass fabric produced with continuous yarn
which is twisted or not twisted, characterised in that the yarn is
i nterlaced warpwi se at a spacing of up to 20 cmwith a | eno interwoven

bi ndi ng usi Ng ygh gamagar ns of 5.5 to 34 TEX 2. Gaﬁw to
claiml, characterized in that the weight ratio of the yarn arrange
warpwi se is at least 90%of the total weight of the ﬂﬁbs}&ztn§ abric

according to claims 1 and 2, characterized in that the VBB S EScdf
',x W’ fifor di ng

filaments with a diameter of between 5 and 13 micron.
toclains 1 to 3, characterized in that the3yarn has

bet ween 22 and 136.CIEAIMBabric according to clains 1 to 4, characterized in
that the warp has a Tex val ue of between 22 and 136, the weft a val ue of

between 11 and 68 Tex, and the interlacings a value of between 5.5 and 34

Tex. 6. Fabric accordiypdatpectiondne ofgidi@ prega@ieg clpio@celer eiwithhe

yarn has warp yarns and weft yarns and only the weft yarns are interlaced

war pwi se. 7. LBecQﬁtﬁﬂﬂ9u§Ia§§anb%¢% AscSWisTeA 1 oh@% af md oY fymBernofhe

manuf acture of gl ampat f t it ri c

havi ng | am nat es char asgt?er‘?ée EB fﬁvﬁgtlﬁg I%urﬁnnsatg%tlgorﬁl 12 g*'{:éts;at%%@ri o

according to cl ai mewdights. characterlzed in that it is 1nterlaced warpwise

with a leno interwoven binding using glass yarns of 5.5
to 34 Tex at a spacing of up to 20 cm.
2. Glass fabric according to Claim 1, characterized in
10 that the weight ratio of the yarn arranged warpwise is
at least 90% of the totzl weight of the fabric.
3. Fabric according to Claims 1 and 2, characterized
in that the yarn consists of filaments with a diameter
of between 5 and 13 microns.
15 4. Fabric according to Claims 1 to 3, characterized in
that the yarn has a Tex value of between 22 and 136.
5. Fabric according to Claims 1 to 4, characterized in
that the warp has a Tex value of between 22 and 136, the
weft a value of between 11 and 68 Tex, and the
20 interlacings a value of between 5 and 34 Tex.
6. Use of the glass fabric according to Claims 1 to 5
for the manufacture of laminates for printed circuits.
7. Printed <circuits, characterized in that the
laminates contain glass fabric according teo Claims 1 to

25 5.
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