DESCRI PTI ON Low-Di el ectric-Constant G ass Fi ber FI ELD OF.| NDUSTRI AL

WUTI LI ZATI ON The present invention relates to a |ow dieleétric-constant
glass fiber, particularly to a |l ow dielectric-constant glass fiber. having
a low dielectric tangent suitable for use for the reinforcenent of a high-
density printed wiring board which is required to have a |low dielectric
tangent. TECHNI CAL BACKGROUND. Wth tﬁgémjggs of highly conputerized
society in recent years, conmunication devices and equi pnent for satellite
br oadcasting and nobil e radi o conmunication tend to be digitized, and
signals are tend to be processed at a-higher speed. As a reinforcing
material for a printed wiring boafkBEE&i Ak, conventionally, a glass
fiber is used, and E glass is known as a _
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cormerc:l all'y produced glass fiber of th| S k| nd Generally, when alternating
current is applied to glass, the glass absorbs energy of the alternati ng
current and absorbs it as heat. The dielectric |oss energy absorbed is in
proportion to a dielectric constant and a dielectric tangent determ ned by
t he conponent and structure of glass, and is expressed by the foll ow ng
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const ant, 3 gieleptriggyzigngent. The above equation shows that
as the d| el ebt c%g st ant ang the dielectric tangent increase and as the
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frequency increases, the dielectric loss increases. As far as E glass is
concerned, it has a dielectric constant of 6.7 and a di el ectric tangent of
12 X 10[err] at a frequency of 1 MHz at roomtenperature, and a printed
wiring board for which E glass is applied is not sufficient for satisfying
the demands of an increase in density and signal processing at a higher
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frequently undergo breaki.ng at a spinning step. D glass therefore has a
defect in poor productivity and poor workability. Further, D glass has
anot her problemin that it is liable to undergo peeling froma resin of a
printed wiring board due to its poor water resistance, so that no high
reliability is attained when it is used in printed wring boards.
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constant, it is difficult.to attain a sufficiently low dielectric constant.
For.attaining a low dielectric constant, it is inevitably required to
decrease the content of BaO The problemis that the glass has a high
viscosity in this case so that it is poor in spinning workability. Further,
BaO al so has another problemthat it decreases the |life of a glass nelting
furnace since it is highly corrosiv oja nmaterial of the glass nelting
furnace. DI SCLOSURE OF THE | NVENTI hée present invention has been nade in
view of the above situations, and the object of the present inventionis to
provide glass of which the dielectric constant and the dielectric tangent
are low and which is éxcelllent in productivity and workability and is Al so
excel l ent ifn water re$ﬂﬁiﬁﬂce. The present iné%nﬁ%réwhave made studiesfin
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various ways to achieve the above object, and as a result, have found that
a glass fiber having a l'ow dielectric constant and a | ow dielectric tangent
can be obtained by particularly adjusting the content of SiJerr] in the
conposition of a glass fiber to 60 % by weight or |less and adjusting the
content of TiJerr] in the corrpositionio .5 to 5 %by wight to inprove
the neltability of glass and by adjusti'ng the total anount of Li[err]O,
Na[err]O and Klerr]O in the conmposition to 0.5 % by wei ght or |ess. The
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of Alferr](err], 20 to 30 %of Blerr]Jerr], Oto 5 %f. CaO, O to 4 % of
MO, 0.to 0.5 %of Li[err]O+ Na[err]O + Klerr]O and 0.5:to 5 % of
TiJerr], and for exanple, at a frequency of I MHz at roomtenperature, it
has a dielectric constant of 4.5 or less and a dielectric tangent of 10 x
10[err] or less. Preferably, the glass fiber of the present invention
cont ai ns br v&ight, as a conposition, 50 to 60 %of SiJerr], 14 to 18 % of
Alferr]Je ﬁ ]24 to 28 % of B[err]O[err] 0to 2.5 %of CaO 0 to 2.5 % of
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Vi s_c'osi,ty I's too high, and it is difficult in some cases to formthe
gonposition into a fiber-when the fiber is spun fromthe conposition. The
cont ent of Slqerr |s therefore limted to 50 to 60 % and it is

pr ef eralﬂu‘mﬂm“m en the content of Al[err]Jerr] is less than 10 %
it is | ase separation, and the glass therefore shows poor
wat er redistante. en the above coe;; eeds 20 % the liquidus
tenperature increases and the spinni ﬁ@ prt%@ty i s poor. The content of

Alferr]Jerr] is therefore limted to 10 to 20 % and it is preferably 14
to 18 % 4 B203 is used as a fluxing agent, and works as a
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conponent for decreasing-the viscosity and easing the nmelting. Wen the
content of B203 is less than 20 % the dielectric tangent' is too high. Wen
it exceeds 30 % the water resistance i's poor to excess. The content of
B203 is therefore limted to 20 to 30 % and it is preferably 24 to 28 %
Bot h CaO and MyO are conponents for inproving the water resistance. \Wen
the content of Cao exceeds 5 % or rﬁ@% content of MJO exceeds 4 % the
di el ectric constant and the dielectri ¢ tangent are too high. The contents
of CaO and MJO are therefore limted to O to 5 %and O to 4 %
respectively. The content of CaO i s preferably 0 to 2.5 % and the content
of MJOis preferably 0 to 2.5 % of Li[err]O Na[err]O and KlerrO are
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resi stance is poor. The total content of Li[err]O+ Na[err]O + Klerr]0O is
Jdimted to O to 0.5 % and preferably, the content of LifJerr]Ois O to 0.15
% the content of Na20is 0 to 0.15 % and the content of Klerr]Ois 0 to
0.15 % Tierr] is effective for decreasing the viscosity and the
dielectric tangent. Wien the content of TiJerr] is less than 0.5 % striae
and non-nelting are caused at a spinning time, and the nelting property is
degraded in some cases, or the dielectric tangent is high. On the other
hand, when the above content exceedDESCRIRTIOMSe separation is liable to
be forned and the resultant glass fiber -shows poor chemcal .durability.

The content of TiJerr] is therefore limted to 0.5 to 5 % and it is

preferably 1 to 4 % 5 yow-Dielectric-Constant Glass Fiber
FIELD OF INDUSTRIAL UTILIZATION

The present invention relates to a low-
dielectric-constant glass fiber, particularly to a low-
‘dielectric-constant glass fiber having a low dielectric
tangent suitable for use for the reinforcement of a high-
density printed wiring board which is requlred to have a
low dielectric tangent.

TECHNICAL BACKGROUND

With the times of highly computerized society in
recent years, communication devices and equipment for
satellite broadcastlng and mobile radio communlcatlon
tend to be digitized, and signals are tend to be
processed at a higher speed. As a reinforcing material
for a printed wiring board used thérefor, conventionally,
a glass fiber is used, and E glass ié known as a
commercially produced glass fiber of this kind.

Genérally, when alternating current is applied
to glass, the glass absorbs energy of the altérnating
current and absorbs it as heat. The dielectric loss
energy absorbed is in proportion to a dielectric constant
and a dielectric tanQent determined by the component and
structure ofrglass, and is expressed by the following
equation,

= kfv’ x etand



In addition to the above conponents, the glass fiber of the present
invention may contain other conponents such as Zrgerr], As[err](err],
Sb[err]derr], ZnO, SrO Fe[err](Jerr], Clerr]Jerr], Plerr]Jerr],
Flerr], CJerr], SOerr], etc., up to 3 %so long as the glass properties
are not inpaired. The present invention will be explained in detail with
reference to Exanples. d ass conpositions shown in Table 1 are based on
claim1l of the present invention, and glass conpositions shown in Table 2
are based on claim2 directed to preferred enbodi nents of claim 1. A batch

whi ch was prepared so as to have a sagfje gl ass conposition shown in Table
1 or 2 was placed in a‘{ereHuN 383 LIPS (1RFF LRBF W ek 118 3 ur nace

under condi ti&gPsdnd, @Oié%lfﬁéﬂéﬁé}C@W‘QSSJ‘%t%ﬂim ﬂa{dj.iéi'ﬁ:, R
nol ten gl ass was cast onto a carbon plafe to formglass cullet. The gl ass
cul l et was poif eal 4ielectric constant, and tand is a dielectric tangent.

The above equation shows that as the dielectric
constant and the dielectric tangent increase and as the
frequency increases, the dielectric loss increases.

As far as E glass is concerned, it has a
dielectric constant of 6.7 and a dielectric tangent of 12
x 10 at a frequency of 1 MHz at room temperature, and a
printed wiring board for which E glass is applied is not
sufficient for satisfying the demands of an increase in
density and signal processing at a higher speed. It is
therefore desired to develop glass having a lower
dielectric constant and a lower dielectric tangent than E
glass, and one kind of glass called D glass has been
developed. One example of D glass has a composition of
sio, 73 %, Al,0, 1.0 %, B,0, 22 %, Ca0 0.6 %, MgO 0.5 %,
Li,0 0.6 %, Na,0 1.2 % and K,0 1.1 %, and for example, ‘it
has a dielectric constant of 4.2 and a dielectric tangent
of 10 x 10™ at a frequency of 1 MHz at room temperature.

However, D glass has pooi meltability and is
liable to cause striae and foams, and its glass fibers
frequently undergo breaking-at a spinning step. D glass
therefore has a defect in poor productivity and poor
workability. Further, D glass has another problem in that
it is liable to undergo peeling from a resin of a printed
wiring board due to its poor water resistance, so that no
high reliability is attained when it is used in printed
wiring boards. -

JP-A-7-10598 discloses a glass having a
composition of $i0, 50.0 - 60.0 %, AL, 10.0 - 18 %, B,0,



gl ass ‘fi ber manufacturing furnace and then nelted at 1,300 to 1,400[err]C,
and a fiber was spun fromthe nolten glass, to show that the dissipation of
a |large amount of boric acid, which is formed when D glass is spun, was not
observed, and that the conposition was spinnable without any diffculty. On
t he ot her hand, the glass cullet was nelted in the formof a plate and
gradual |y cool ed, and both surfaces of the resultant plate were optically
polished to obtain a sanple having a dianeter of 45 mmand a thickness of 2
mm and the S?Mpbe-mas.ofasucad [ [o] % aodbe&ecMQbCOCQnaDagt%anﬂgm éi elaectric
tangent at a frequency of 1 Mdz at rqQom tenperature with a precisign LCR
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essential component, BaO which increases the dielectric
constant, it is difficult to attain a sufficiently low
dielectric constant. For attaining a low dielectric
constant, it is inevitably required to decrease the
content of BaO. The problem is that the glass has a high
viscosity in this case so that it is poor in spinning
workability. Further, BaO also has another problem that
it decreases the life of a glass melting furnace since it
is highly corrosive to a material of the glass melting

furnace.

DISCLOSURE OF THE INVENTION
The present invention has been made in view of
the above situations, and the object of the present
invention is to provide glass of which the dielectric
constant and the dielectric tangent are low and which is
excellent in produétivity and workability and is also
excellent in water resistance.

- The present inventors have made studies in
various ways to achieve the above object, and as a result,
have found that a glass fiber having a low dielectric
constant and a low dielectric tangent can be obtained by
particularly adjusting the content of SiO, in the
composition of a glass fiber to 60 % by weight or less
and adjusting the content of TiO, in the composition to
0.5 to 5 % by weight to improve the meltability of glass
and by adjusting the total amount of Li,0, Na,0 and K,0 in
the composition to 0.5 % by weight or less. The present
invention has been accordingly completed.



obtained by the spinning was imersed in boiling water for 70 m nutes and
then neasured for a glass conponent- wei ght | oss. Concerning a heat
expansion coefficient, the glass cullet was nelted in the formof a plate
and gradual ly cooled, the resultant plate was polished to a size of 14 mm x
8 mMm.x 5 mm and the plate was nmeasured for a heat expansion coefficient in
the range of fromroomtenperature to 500[err]C with a thernonmechani cal
tester (supplied by Sinku Riko K K ). A heat expansion coefficient at
100[err] C is shown. Talihet lissndle dvewdied eddasic-eronstams diass Kiber

of the present invention characteristically contains by
deight, as a composition, 50 to 60 % of SiO,, 10 to 20 %
of Al,0,, 20 to 30 % of B,O;,, 0 to 5 % of CaO, 0 to 4 $ of
MgO, 0 to 0.5 % of Li,0 + Na,0 + K,0 and 0.5 to 5 % of TioO,,
and for example, at a frequency of 1 MHz at room
temperature, it has a dielectric constant of 4.5 or less
and a dielectric tangent of 10 x 10™ or less.

Preferably, thelglass fiber of the present
invention contains by weight, as a composition, 50 to
60 & of Sio,, 14 to 18 % of Al,0,, 24 to 28 % of B,0,, 0 to
2.5 % of Ca0, 0 to 2.5 % of Mgo, 0 to 0.15 % of Li,0, 0 to
0.15 % of Na,0, 0 to 0.15 % of K,0 and 1 to 4 % of TioO,.

In the present invention, the reason for the
above limitation of the glass composition is as follows.

Si0, is a component for forming a glass
structure(skelton) together with Al,0, and B,0,. When the
content of SiOsz.leSS than 50 %, the water resistance
decreases, and the dielectric constant increases to
excess. When the above content exceeds 60 %, the
viscosity is too high, and it is difficult in some cases
to form the composition.into a fiber when the fiber is
spun from the composition. The content of Sio, is
therefore limited to 50 to 60 %, and it is preferably 50
to 56 %.

When the content of Al,0, is less .than 10 %, it
is likely to form a phase separation, and the glass
therefore shows poor water resistance. When the above
content exceeds 20 %, the liquidus temperature increases
and the spinning property is poor. The content of Al,0, is
therefore limited to 10 to 20 %, and it is preferably 14
to 18 %. '
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Exanpl e Conposition Dgl ass 1 2 3
7 8 (W% Sigerr] 73.0 54.7 52.7
53.7 52.7 50.8 Al[err](err] _ 1.0 14.0
12.0 11.0 14.0 15.0 B[err]O[err] 22.0
26.0 28.0 27.0 26.0 26.0 CaO 0.6 1.0
4.0 3.0 2.0 4.0 Mo 0.5 3.0 3.0
2.0 2.0 2.0 Lif[err]O 0.6 . 0.15 0.15

0.10B,0, 1fs Ubdd MaZD fluxing agent,l a?nd wodks 4k 1» 0.10
0.15 p0 0.00 0.10

0.1
Fompongiy £QF APTeas 196 thauyLhsonsty 5nd eaping G o 30

Qnéﬁ:u@; 30 Wh%n3Qhe0 c%‘?xt'é[rﬂ;f W0 BJoMs less than 20 Gy, , the 1.0

0 Dielectric 4.20 4.31

zd;ﬁieqpqu taqunq_gggtoo high. When it exceeds 30 %, the
water resistance is poor to excess. The content of B,0, is

therefore limited to 20 to 30 %, and it is preferably 24
to 28 %.

Both Ca0 and MgO are components for improving

the water resistance. When the content of Ca0 exceeds 5 %,

or when the content of MgO exceeds 4 %, the dielectric

constant and the dielectric tangent are too high. The

contents of Ca0 and MgO are therefore limited to 0 to 5 %

and 0 to 4 %, respectively. The content of CaO is

" preferably 0 to 2.5 %, and the contenﬁ of MgO is

preferably 0 to 2.5 %.

All of Li,0, Na,0 and K,0 are used as fluxing

agents. When the total content of these exceeds 0.5 %,

the dielectric tangent is too high, and the water

resistance is poor. The total content of Li,0 + Na,0 + K,0

is limited to 0 to 0.5 %, and preferably, the content of
Li,0 is 0 to 0.15 %, the content of Na,0 is 0 to 0.15 %
and the content of K,0 is 0 to 0.15 &.

Tio, is effective for decreasing the viscosity

and the dielectric tangent. When the content of Tio, is

less than 0.5 %, striae and non-melting are caused at a

Spinning time, and the melting property is degraded in

some cases, or the dielectric tangent is high. On the

other hand, when the above content exceeds 5 %, a phase

separation is liable to be formed, and the resultant

glass fiber shows poor chemical durability. The content
of TiO, is therefore limited to 0.5 to 5 %, and it is
preferably 1l to 4 %.



constant Diel ectric 10.0 8.4 7.4 4.7 5.2 8.9 6.0 7.0
5.2 tangent x10[err] Tenperature 1,405 1359 1316 1329 1306 1341
1348 . 1325 1281 ([err]C) at which viscosity = 10[err] poise d ass

1.62 0.48 0.50 0.58 0.50 0.30 0.80 0.48 0.40 elution anmpbunt (%
Heat . 32.0 32.4 33.7 33.2 32.3 34.7 34.2 32.2 33.6
expansi on coefficient x 10[err](/[err]C) CEx. = Conparative Exanple 8

In addition to the above components, the glass
fiber of the present invention may contain other
components such as 2%r0,, As,0,, Sb,0,, Zn0O, SroO, Fe,0,, Cr,0,,
P05, Fy, Cl,, SO,;, etc., up to 3 % so lohg as the glass
properties are not impaired.

The present invention will be explained in
detail with reference to Examples. Glass compositions
‘shown in Table 1 are based on claim 1 of the present
invention, and glass compositions shown in Table 2 are
based on claim 2 directed to preferred embodiments of
claim 1. A batch which was prepared so as to have a
sample glass composition shown in Table 1 or 2 was placed
in a platinum crucible and melted in an electric furnace
under conditions of 1,500 to 1,550°C and 8 .hours with
stitring. A molten glass was cast onto a carbon plate to
form glass cullet. The glass cullet was poured into a
glass fiber manufacturing furnace and then melted at
1,300 to 1,400°C, and a fiber was spun from the molten
glass, to show that the dissipation of a large amount of
boric acid, which is formed when D glass is spun, was not
observed, and that the composition was spinnable without
any diffculty.

On the other hand, the glass cullet was melted
in the form of a plate and gradually cooled, and both
surfaces of the resultant plate were optically polished
to obtain a sample having a diameter of 45 mm and a
thickness of 2 mm, and the sample was measured for a
dielectric constant and a dielectric tangent at a
frequency of 1 MHz at room temperature with a precision
LCR meter (supplied by Hewlett Packard) as a measuring
apparatus. Further, concerning water resistance, a glass
elution amount was measured, that is, the glass fiber



Tabl e 2 CEx. Exanpl e ' _ | Conposition D gl ass
9. 10 11 12 13 14 (w99 Siderr] 73.0

52.9. 52.9 54.3 54.3 52.9 54.3 Al[err]Qerr] 1.0

15.0 15.0 15.1 15.1 15.1 15.1 Blerr]Jerr] 22.0

25.2 . 25.2 25.9 25.9 25.2 25.9 CaO 0.6 1.7

2.5 1.0 2.5 1.0 2.5 MO 0.5 1.7 1.0

2.5 1.0 2.5 1.0 Li[err]O 0.6 0.-10 0.12 0.10
0.08 0.08 obtdiné&[byrtke spinning wad. Zmmersed. iR boflifig w8tép 0.10
0.10 0.10 E%erLiC) . 1.1 . 0.10 0. 08 0.10 0.02 0.12
0.08 Li[err] F9% N\&§ Jrinyeps and then meagungd f@rip glassgcompomgnt o 3p
8-80 Klerr] 0 gefyRErloss. concernind a heat %dpansidbrd coeffitient; Gkhe 1.0

glass cullet was melted in the form of a plate and
gradually cooled, the resultant plate was polished to a
size of 14 mm x 8 mm x 5 mm, and the plate was measured
for a heat expansion coefficient in the range of from
room témperature to 500°C with a thermomechanical tester
(supplied by Sinku Riko K.K.). A heat expansion
coefficient at 100°C is shown. Tables 1 and 2 show the

measurement results.



" Dielectric 4.20 4.46 4.50 4.36 4.39 4.46  4.42 constant

. Dielectric 10.0 6.1 5.9 6.1 5.5 6.0 5.8 tangent
x10[ err] Temperature 1, 405 1320 1324 1348 1355 1316 1356
([err]C) at which viscosity = 10[err] poise G ass 1.62 0.16

0.34. 0.23 0.42 0.06 0.48 elution amount (% CEx. = Conparative
Exanpl e [Results] As shown in Tables 1 and 2, the glass fibers in Exanples
had a dielectric constant of less than 4.8 and a dielectric tangent of |ess
than 10 x 10[err]. Specifically, the dielectric constant was 4.2 to 4.8,
and the

Table 1
CExX. Example

Composition D glass 1 2 3 4 5 6 7 8
(wt%)
8io, 73.0 |54.7 {52.7 |52.8 |51.7 |54.7 |53.7 |52.7 |50.8]
Al,0, 1.0 14.0 }14.0 113.0 13.0 ]12.0 | 11.0 |14.0 }15.0
B,0, 22.0 |26.0]26.0 |27.0 |'26.0 |28.0 |27.0 |26.0 |26.0
Ca0 : 0.6 1.0} 1.0} 2.0} 4.0} 4.0} 3.0} 2.0 | 4.0
MgoO 0.5 3.0 3.0 2.0 2.0} 3.0 | 2.0 | 2.0 | 2.0
Li,0 0.6 [0.15{0.15[0.00 |0.15 [0.10 [0.10 |0.15 |0.10
Na,0 1.2 0.15 j0.15 |0.10 |{0.15 | 0.10 |0.10 | 0.15 | 0.10
K,0 1.1 0.00 |0.00 0.10 jO.10 |0.10 |0.10 |0.00 |0.00
Li,0 + Na,0 + 2.9 0.30 ,0.30 |0.20 |0.40 | 0.30 |0.30 | 0.30 |0.20
K,0

| Tio, 0 1.0} 3.0} 3.0} 3.0} 1.0/ 3.0 | 3.0} 2.0
Dielectric 4.20 4.20 1 4.31 [4.22 | 4.40 | 4.34 | 4.23 | 4.36 | 4.38
constant
Dielectric 10.0 8.4 7.4 4.7 5.2 8.9 6.0 7.0 5.2

tangent x10*
Temperature 1,405 1359 | 1316 | 1329 | 1306 | 1341 } 1348 1325 | 1281
(°¢) at which| '
viecosity =

10° poise _
Glass 1.62 0.48 {0.50 | 0.58 |0.50 } 0.30 | 0.80 | 0.48 | 0.40

elution

amount (%) .
Heat 32.0 32.4 | 33.7 | 33.2 | 32.3 | 34.7 |34.2 | 32.2 | 33.6

expansion

coefficient
x 107(/°C)

 CEx. = Comparative Example



‘direl ectric tangent was within 5 x 10[err] to 9 x 10[err], and the gl ass
fibers in Exanples had a low dielectric constant and a |ow dielectric
tangent nearly equivalent to those 9 of D glass. Further, as shown in
Tables 1 and 2, D glass showed a glass elution amount of 1.62 % while al
the glass fibers in Exanpl es showed a gl ass elution anmount of less than 1 %
and were excellent in water resistance. Further, those tenperatures when
the glass fibers in Exanpl es showed the viscosity [err] (poise) of |og[err]
= 3.0 as an index for spinning were | o®eblehdn that of D glass. Therefore,
boric acid was not easily dissipated, and the glass fibers in Exanples were

excel lent in
’ CEx. Exanple

Composition D glass 9 10 11 12 13 14
(wt$d)
sio, 73.0 52.9 |52.9 |54.3 |54.3 [52.9 [s4.3
Al,0, 1.0 15.0 |15.0 J1s.1 [15.1 |15.1 [1i5.1
B,0, 22.0 25.2 25.2 25.9 25.9 25.2 25.9
Cca0 0.6 1.7 2.5 1.0 2.5 1.0 2.5
MgO : 0.5 1.7 1.0 2.5 1.0 2.5 1.0
Li,0 0.6 0.10 0.12 0.10 0.08 0.08 0.12
Na,0 1.2 0.10 0.10 0.10 0.10 0.10 0.10
K0 ) 1.1 0.10 0.08 0.10 0.02 0.12 0.08
Li,0 + Na,0 + 2.9 0.30 Jo0.30 |o0.30 |o0.30 |o0.30 ]0.30
K.0
Tio, 0 3.0 -} 3.0 1.0 1.0 1.0 1.0
Dielectric 4.20 4.46 4.50 4.36 4.39 4.46 4.42
constant ' ’
Dielectric 10.0 6.1 5.9 6.1 5.5 6.0 5.8
tangent x10*
Temperature 1,405 1320 1324 1348 1355 1316 1356
(°C) at which
viscosity =
10° poise
Glass 1.62 0.16 0.34 0.23 0.42 0.06 0.48
elution
amount (%)

CEx. = Comparative Exaﬁple

[Results]

As shown in Tables 1 and 2, the glass fibers in
Examples had a dielectric constant of less than 4.8 and a
dielectric tangent of less than 10 x 104. Specifically,
the dielectric constant was 4.2 to 4.8, and the
dielectric tangent was within 5 x 10™ to 9 x 10™, and the
glass fibers in Examples had a low dielectric constant
and a low dielectric tangent nearly equivalent to ‘those



productivity. Further, as shown in Table 1, the glass fibers in Exanples
had a heat expansion coefficient of 30 x 10[err]/[errr]Cto 35 x
10[err]/[err]C, which values were snaller than 55 x 10[err] of E glass, and
the glass fibers in Exanples had | ow heat expansion properties nearly
equivalent to 32 x 10[err] of D glass. In the present invention, it can be
seen that a glass fiber having a dielectric tangent of 7 x 10[err] or |ess
can be obtained by adjusting the content of MJOto 2.6 % by wei ght or |ess.
The gl ass fi lueff Dofgldss present invention has a | ow dielectric constant and

A SRR T -SEN-CCAE SRS R BTSSR A VS
for a high- detfdwed @ 'fridds 1t I amdurhasoffXPﬁéi e} WHPDEera1Estwét h
regard to productivity, water
glass fibers in Examples showed a glass elution amount of
less than 1 % and were excellent in water resistance.

_ Further, those temperatures when the glass
fibers in Exampies showed the viscosity pu (poise) of logu
= 3.0 as an index for spinning were lower than that of D
glass. Therefore, boric acid was not easily dissipated,
and the glass fibers in Examples were excellent in
productivity.

Further, as shown in Table 1, the glass fibers
in Examples had a heat expansion coefficient of 30 x
10°7/°C to 35 x 10°7/°C, which values were smaller than 55 x
10# of E glass, and the glass fibers in Examples had low
heat expansion properties nearly equivalent to 32 x 10~
of D glass.

In the present invention, it can be seen that a

" glass fiber having a dielectric tangent of 7 x 107 or
less can be obtained by adjusting the content of MgO to
' 2.6 % by weight or less.’ | -

The glass fiber of the present invention has a
low dielectric constant and a low dielectric tangent and
is excellent as a glass fiber for a printed wiring board,
particularly for the reinforcement of a prihted wiring
board for a high-density circuit. Further, it has

. excellent properties with reéard to productivity, water
resistance and low heat expansion coefficient, and a
glass fiber having stable gualities can be therefore
stably supplied particularly for the reinforcement of
printed wiring boards for high-density circuits.

A variety of base materials containing the glass

10



resi stance and | ow heat expansi on coefficient, and a glass fiber having

stable qualities can be therefore stably supplied particularly for the

rei nf.orcenent of printed wiring boards for high-density circuits. A variety

of base materials containing the glass 10 fi ber of the present

i nvention, such as a woven fabric, a non-woven fabric, a knitted product,

a

chopped strand, a roving, a glass powder and a mat, and conposite materials

formed of at |east one of these and a plastic (such as a sheet nolding

conpound, a kEider®@flitige goresent Dodert Po1Epregeh cad Hewoven fsbrids a
resin-reinforcing materjals, for perL@heraI nbers or deviges of
comuni cat i o R LARK kWi dEritted product, a chopped strand, a

roving, a glass powder and a mat, and composite materials
formed of at least one of these and a plastic (such as a
sheet molding compound, a bulk molding compound and a
prepreg) can be also used as resin—reiﬁforcing materials
for peripheral members or devices of communication

machines and equipment.
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CLAI M5 1. A lowdielectric-constant glass fiber containing by
meight~—as—a—g#ass_conpnsltion 50 to 60 %of Sigerr], 10 to 20 % of

to 30 % of Blerr]Jerr], 0to5 %of CaO 0 to 4 % of
|vgo o ﬂﬁ,ﬂ‘ [lﬂ/im”mwﬂ'r]o+ Na[err]O + K[err]0 and 0.5 to 5 % of
Tiqerr | owdi el ectric-constant glass fiber of claiml1,
wherein the glass fi'ber contains by weight, as a glass conposition, 50 to
60 % of SiJerr], 14 to 18 %of Al[err]Jerr], 24 to 28 %of Blerr](err],
O0to 2.5 % of CaO, 0to 2.5 %of MUO QormrMs 15 % of Li[err] O 0 to 0.15 %
of Na2O, O to 0.15 %of Klerr]O and 1 to 4 %of TiJerr]. 3. The
| ow-di el ectric-constant glass fiber of claiml, wherein the glass fiber

further contajps at |egstjRfielectric-constant glass fiber containing
by weight, as a glass composition, 50 to 60 % of Sio,, 10
to 20 % of Al,0;, 20 to 30 % of B,0O,, 0 to 5 % of CaO, 0 to
4 % of MgO, 0 to 0.5 % of Li,0 + Na,0 + K,0 and 0.5 to 5 %
of Tio,. '

2. The low-dielectric-constant glass fiber of claim
1, wherein the glass fiber contains. by weight, as a glass
composition, 50 to 60 % of Sio,, 14 to 18 % of Al,0,, 24 to
28 % of B,0,, 0 to 2.5 % of Ca0, 0 to 2.5 % of MgO, 0 to
_0.15 % of Li,0, 0 to 0.15 % of Na,0, '0 to 0.15 & of K, 0 and
1 to 4 % of Tio,.

3. The low-dielectric-constant glass fiber of claim
1, wherein the glass fiber further contains at least one
selected from Zro0,, As,0,, Sb,0,, Zn0O, SrO, Fe,0,, Cr,0,, P,0,,
F,, Cl, or SO,.

4. The low-~dielectric-constant glass fiber of claim
1, wherein the glass fiber has a dielectric constant of
4.2 to 4.8 and a dielectric tangent of 5 x 10™ to 9 x

10™ at a frequency of 1 MHz at room temperature.
5. The low-dielectric-constant glass fiber of claim

1, wherein the glass fiber is for use as a glass fiber

for a printed wiring board.

12



selected fromzZrJerr], As[err](err],, Sb[err]Jerr], ZnO SrO Fe203,
.Cr[err]derr], Plerr]Qerr], F[err};-d [err] or SOerr]. 4. The
| ow-di el ectric-constant glass fiber of claim1, wherein the glass fiber has
a dielectric constant of 4.2 to 4.8 and a dielectric tangent of 5 x 10[err]
to 9 x 10[err] at a frequency of 1 Mz at roomtenperature. 5. ' The
| ow-di el ectric-constant glass fiber of claiml, wherein the glass fiber is
for use as a glass fiber for a printed wiring board. 12

ABSTRACT '

The low-dielectric-constant glass fiber of the
present invention contains by weight, as a glass
- composition, 50 to 60 % of sSiO,, 10 to 20 % of Al,0;, 20 to
30 % of B,0,, 0 to 5 % of Ca0O, 0 to 4 % of Mgo, 0 to 0.5 %
of Li,0 + Na,0 + K,0 and 0.5 to 5 % of TiO,, and is

preferably used as glass for printed wiring boards.
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