SURFACE MOUNT TYPE ELECTRONIC COMPONENTS BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION The present invention relates to surface mount type electronic
components which causes less flux migration when being mounted on the surface of a device such as
circuit board. ART RELATED Thermoplastic liquid-crystalline polymer (which 10 is abbreviated as
"LCD" hereinafter) has good properties including heat re%istance, mechanical properties such as
-rigidity, chemical resistance and dimensional accuracy. Due to those properties, LCPs are used not
only for manufacturing molded articles but also for a variety of products including fibers and films.

In the information and telecofifaRICatidIvTEIIS Tvapy thin. parts are somstimesHaaudired. Particularly,
personal computers and mobile phones employ highly integrated devices and the art wishes to use
dowmsized, 20 thinterand Smafer Partd ¥oraNemOBecause of those excellent properties of the LCPs,

consumption ofl;GPs has-been ir}%@@ﬁi?g é@lthese days. In manufacturing electronic do
vices, surface mount type electronic components such as switch, relay, 7E,connector, condenser, coil,

trans, semiconductor, tesistgfrand.the likeyare-geperally ﬂq:uenstedt%n tQS s(?rface of a substrate such
1déror sBIQBF pastéie

as circuit board by means of soldering. In the soldering process, cream S0
printed 6h the Ioaretherelettioniccorporentsiate put-ansthe printed board and,the.printed;hoard is
heated with a solder reflowing device to effect soldering. LCPs are proposed to be used for
manufacturing gﬁﬁ&% rﬁ‘&&’tﬂ?ﬁﬁe electidrfic EsrapenentsqJapandse PatentApplication-liaig@pen No.
H08-143654). Hawever, electronic 10 components made of LcPs have some problems such as
warparge of the components upon soldering due to the higher reflow temperatures. The warparged
components easily invite Alex¢gnigration upon soldering, i.e. flux in the cream solder migrates into the
small gap between the polymer component 15and the metal component generated by the warpage

due to the capillary phenomeRbarmoplastic liquid-crystalline polymer (which
10 is abbreviated as "Lcp" hereinafter) has good properties
including heat resistance, mechanical properties such as

rigidity, chemical resistance and dimensional ACCUracy.

Due to those properties, LCPs are used not only for

manufacturing molded articles but alsc for a variety of

15 products including fibers and films.

In the information ang telecommunication fields,

ver i i ]
Yy thin parts are Sometimes required. Particularly,

personal computers and mokile phones employ highly

integrated devices and the art wishes to use downsized,

20 thi i
thinner and smaller rarts for them. Because of those

excellent properties of the LCPs, consumption of LCPs has

been increasing in these days.

-

i manuracturing electronic devices, surface

mount type electronic components such as switch, relay
14

25 '
connector, condenser, coil, trans, semiconductor, resistor



For mounting- electronic components such as connectors on electronic devices, environmentally
conscious lead free solders are preferably used in these days. For 20 example, the Directive on the
Restriction of the Use of Certain Hazardous Substances in Electrical and Electronic Equipment
(RoHS) adopted by the European Union on July 1, 2006 strongly restrict the use of hazardous
substances including lead. :n order to meet the directive, solder 25alloys used for mounting electronic
components on the 3 surface of a substrate such as a circuit hoard have been switched to lead free
solder alloys. he reflow temperatures of the lead free solder alloys, such as Sn-Ag-Cu, Sn-A.g
and Sn-Cu allo%fjargg%odtlé{%o-az%c%%%éHg‘he%‘aﬁttﬁéi cotiveritfonalsSrrPhcsoldef alioy

whose reflow temperature. is out 180C.. Due to.the higher reflow temperatures, soldering with a lead
free solder alloy usually conducted atéh%ﬁérC r=How 8%%%r§?§uf§§.af§8ébgu§€ of e igher reflow

temperatures, thesprablemeof flux migratien.d.e. the prablem ofelectrgnic gg@ﬁgrr\ents @(?ge oiloP

became more significant when a cream solder comprising a lead free solder alloy is tised. In
order to avoid theldevetopmeritof Wwarparge wiiieh eausedfiuomigration. admixiag fibrous fillers,such
as glasssfiber having number average length is less than 100pm and aluminum borate whisker, and
lamellariller sUCH ad i the 108 LordPSsitidiehas hieehsstopuseddJdpanse PatentApplication
Laid Open 2002-:394038). 20SUMMARY OF THE INVENTION _An object of the present
invention is to pfovide a sﬁrface %ﬁl&nié;%yplecglg(!%ﬁorﬁ ES%%Oﬁ@ﬁﬂﬁﬁiﬁﬁ%auses less flux migration

upon soldgring the same onﬁl@@§urgalc§ %@@Qﬁt{g@e,é&c@gs %gi&yitpggrdmégg@gégglfeic}lgf the
25present invention is to provide a LOP composition suitable 4
surface mount type electronic components (Japanese Patent
Application Laid Open No. HOB8-143654). However, electronic
10 components made of LCPs have some problems such as warparge
of the components upon soldering due to the higher reflow
Cemperatures. The warparged components easily invite flux
migration upon soldering, i.e. flux in the cream solder
migrates into the small gap between the polymer component
15 and the metal component generated by the warpage due to the
caplillary phenomenon.

For mounting electronic components such as
connectors on electronic devices, environmentally conscious
lead free solders are preferably used in these davys. For

20 example, the Directive on the Restriction of the Use of
Certain Hazardous Substances in Electrical and Electronic
Equipment (RoHS) adopted by the European Union on July 1,
2006 strongly restrict the use of hazardous substances

including lead. In order to meet the directive, solder

25 alloys used for mounting electronic components on rthe



for manufacturing surface mount type electronic component which cause less flux migration problem
upon soldering the same on the surface of a substrata. Accordingly, the present invention
provides a surface mount type electronic device, which is obtained by molding a liquid crystalline
polymer composition comprising: 100 parts by weight of a wholly aromatic licuid crysc.
linepolymerhavingacrystallinemelting 10temperature of 310-410C, and 5-100 parts by weight of a
glass fiber having a number average diameter of 4-84m and a number average length of 100-200"m;
wherein the LOP composition has a deflection temperature 15under load (DTUL) of 290-360C.

In another aspegt of the-prgsent inventien,.a LOP compagsition comprising: 100 parts by weight of a
wholly aromatic liquid crystallinepolymerhaavingacrycgglIiﬁgmgltiﬁ:g‘ Otem ePéEﬁFédof%iﬁ-eZléé?ﬁnd

5-100 parts by weightvéa glass tiber Mavirg adumber average diameter of 4-Gum and a number
average length of 100-200pm; wherein the LOP composition has a deflection temperature
nrunder load (DI-LTL) of 28073600 isiprovidédmpe r a turaa furthetiaspact £f thepresent inyention, a
method for mourltincg the electronic component of the invention on the surface of a circuit board, which

comprises the Step of $oldeting thE coftipohehtion e éfatechf She Avarlsing a cream solder which
comprises a SO&Q%_&@QM%’I%%QUX. BRHEJ'.%QEL‘S%%IEJK%N OF THE DRAWINGS Figure

_ _ are -
1-1Perspective view of a test piece with ne conventional Sn-Pb solder
alloy whose reflow temperature is about 180°C. Due to the

higher reflow temperatures, soldering with a ﬁlead free

solder alloy usually conducted at higher reflow
temperatures.
10 Because of the higher reflow Cemperatures, the

problem of flux migration, i.e. the problem of electronic
components made of LCP became more significant when a cream
solder comprising a lead free solder alloy is used.
In order to avoid the development of warparge
15 which cause flux migration, admixing fibrous fillers such
as glass fiber having number average length is less than
100um and aluminum borate whisker, and lamellar filler such
as talc to the LCP composition has been proposed (Japanese
Patent Application Laid Open 2002-294038) .

20 SUMMARY OF THE INVENTION

An object of the present invention is to provide
a surface mount type electronic component which causes less
flux migration upon soldering the same on the surface of =&

substrate, such as a circuit board. Another object of the

25 present invention is to provide a LCP composition suitable



metal terminal inserted therein which was used for the flux migration test. A represents resin part of
the test piece and B represents the metal terminal inserted in the resin pert. Figure 1 2The precise size
of the test piece of figure 1-1 is shown_ The numerical values in the figure represent 15the size in
mm. Figure 2-1Perspective viw of a connector test piece which was used for the warparge
development test. Figure 2-2The precise size of the corinector test Piece of figure 2-1 is shown-
The numerical values in the figure 20represent the size in BEST MODE FOR CARRYING OUT THE
INVENTION The LOP used in the present invention is liquid-crystalline polyester or
quuid-cryst_allirf%polﬁgggrfgmg:qler i‘l}{@ ag@%ggg rqt%t\pft%secof th é_PFé can rtge cg:o.nfirmeodnbﬁ)means
of conventional polarized light system using orthogonal light pofarizer. f more aetaﬁ:ﬁﬁ‘g s4mpte on
the Leitz's hot-8tagé undersritragessatmiospheregray-be abgerved g\g@lth\hggg's Qpiegggg% migroscope.
TheLOP used in the present invention is a wholly aromatic liquid-crystalline polymer whose molecular
chain consists*6f&roRiatie oGS &i¢ Bonbt eormainstiphatic. repeating unit such as ethylene dioxy
unit. The LOP used.in the i@pven ion has a crystalline melting temperature (flfm) of 310.7410C,
preferably 3i0-3700 and espé&&ially. 318-340C.t® ~present invention provides a

5 surface mount type electronic device, which is obtained by
molding a liguid crystalline polymer composition
comprising:

100 parts by weight of a wholly aromatic liquid
crystalline polymer having a crystalline melting

10 temperature of 310-410°C, and
5~100 parts by weight of a glass fiber having a number
average diameter of 4-8um and a nunmber average length of

100-200um;

wherein the LCP composition has a. deflection temperature

15 under load (DTUL) of 280-360°C.
In another aspect of the present invention, a LCP
composition comprising:
100 parts by weight of a wholly aromatic liguid
crystalline polymer having a crystalline melting
20 temperature of 310-410°C, and
5-100 parts by weight of a glass fiber having a number
average diameter of 4-8um and a number average length of

100-200um;

wherein the LCP composition has a deflection temperature

25 under load (DTUL) of 280-360°C is provided.



In the specification and claims, the crystalline iting temperature is the value determined by the
15following method: <Methodfordeterminingthecrystallinemelting temperature> The differential
scanning calorimeter(DSO) Exstar 6000 (Seiko Instruments Inc., Chiba, Japan) or the 20 same type of
DSC device is used_ The LOP sample to be examined is heated from room temperature at a rate of
20"C/minute and the endothermic peak (Tml) is recorded. Thereafter, the sample is kept at a
temperature CO-SO'C higher than Tral for 10 minutes. The sample is then cooled heated again at the
rate of 20C/minute. Endothermic peak found in the final step is. recorded as crystalline melting
temperature (Tm) of the sample ECEXrther Examples of fepeatinguritssinrthe hE&R-are-aromatic
repeating unitsmse as argcr)nratic X Cr%rbon aromatic di-carbonyl, aromatic dioxy, aromatic aminooxv,
aromatic aminocarbonyl, aromatic diar iln%ganotgr%maﬁ&%iyéﬁé%nylcr@@éam@@nit@ ThedlGP
composed of the abave dgscribed rgggatirgl%(% units may include both of those give anisotropic melt

chase and those do not, depending on structura?goemponentsaof tﬁé"b%ﬂirﬁer &RPrfio an‘t’i@é&ﬂence

distribution of thergompanentshkhe k€P-usedfordhe an_%@&invtelqgon Is limited, l’gp:thoosg e@igit
anisotropic melt phase. LiExamples of monomers which provide the aromatic cxycarbonyl repeating
units arég p-hvdibXylferzorttadid.emhgaroxybenzaic acidredydroxybenzaie asid, SJMEFoxE2- -
naphthoic acidS gih%grogl-%-naphth ic agid, 3-hydroxy-2- naphthoic acid,

41-hvdroxybiphenyl- -carb(%églli@ré icf, 3‘1%%'hydroxybipheny1-4-carboxylic acid,

4'-hydroxvbiphenytS- sagkaxyhe acid, apd ﬁlﬂﬁy'bﬁ%%&-@or halogen-substituted derivatives thereof as
well as ester forming derivatives such as acyl derivatives, ester derivatives and acyl halide thereof.

Among the ab@\zgkmlavdrexybenm@g@%&@v@pnvggg{ thgfprogerte%ss@n_dgtg% (E']Ee“'%j gglntaof th_e
resulting LCP. Examples of monomers which provide the aromatic di-carbonyl repeating units
are aromatic d%‘?@éxﬁ@]ﬁé@d’sal inserted therein whi ch was used for the flux

10 migration test. A represents resin part of the test piece

and B represents the metal terminal inserted in the resin

pert.

Figure 1-2 The precise size of the test piece of figure

1-1 is shown. The numerical values in the figure represent
15 the size in mm.

Figure 2-1 Perspective view of a connector test piece

which was used for the warparge development test.
Figure 2-2 The precise size of the connector test piece

of figure 2-1 is shown. The numerical values in the figure

20 represent the size in mm.
BEST MODE FOR CARRYING OUT THE INVENTION

The LCP used in the bresent invention is liguid-
crystalline polyester or liquid-crystalline polyester amide
which exhibits anisotropic melt phase and is called as

25 thermotropic LCP by those skilled in the art.



5 such as terephthalic acid, isophthalic acid, 2,6- naphthalenedicarboxvlic acid,
1,6-naphthalenedicarhoxylic acid, 2,7-naphthalenedicarboxvl4c acid, 1,4- napht alenedicarboxylic acid,
4.,4'-dicarboxybiphenyl, and alkyl-, alkoxy or halogen-snhstituted derivatives thereof 10as well as ester
forming derivatives such as ester derivatives, acid halide thereof. Among the above, terephthalic acid
and 2,6-naphthalenedicarboxylic acid are preferable in terms of easier concro of the mechanical
properties, heat resistance, mell-ina point and molding Properties of the resulting LCP.

Examples of monomers which provide the aromatic dioxv repeating units are aromatic dialssuch as

hydroquinone,resorcin,2,6-dihydeoxynapithalene 2, 7ne 1t phase of the LCP can be
dihydroxynaphthalene,1,6-dihydroxvnanhthalene,1,4-

20dihydroxynaphithalerid, 4 Pdinveres hiphenyl8y3indihydroxyhiphenyl, 3 4+ dihydroxyhipheayl, 4,4 -
dihydroxybiphensv__]l~ gther, a%llgl-, alkoxy- or halogen- substitutedderivativesaswellasesterforming
derivatives such as acvi-dertad EE%hePeb‘F}N?noﬁﬁ lzer. In more detail, the

25above,hydraguiponeand4,4'-dihydro )Q:),ighenn are_ 9 preferable in terms of the good reactivity
during the polvmernation process and the good%oﬁetrﬁgseofutﬁger nitrogen atmosphers

5 may be observed with Leitz's polarization microscope.
| The LCP used in the present invention is a wholly
aromatic liquid-crystalline polymer whose molecilar chain
consists of aromatic groups and do not contain aliphatic
repeating unit such as ethylene dioxy unit.

10 The LCP used in the invention has a crystalline
melting temperature (Tm) of 310-410°C, preferably 310-370°C
and especially, 310-340°C.

In the specification and claims, the crystalline

melting temperature is the value determined by the

15 following method:
<Method for determining the crystalline melting
Temperature>
The differential scanning calorimeter (DsC)
Exstar 6000 (Seiko Instruments Inc., Chiba, Japan) or the
20 same type of DSC device is used. The LCP sample to be

examined 1s heated from room temperature at a rate of

20°C/minute and the endothermic peak (Tml) is recorded.

Hh

Thereaft t ] ]
earter, the sample is kept at a temperature 20-50°C

higher than Tml for 10 minutes. The sample is then cooled

25 to room temperature at the rate of 20°C/minute and is



resulting LCP. Examples of monomers which provide the aromatic 5 aminooxy repeating units are
aromatic hydroxyamines such as p-aminophenol, m-aminophenol, 4-amino-l-naphthcl,
5-anincl-naonthol, 8-amino-2-naphthol, 4-amino-4'-hydrcXybiphenyi, and alkyl-, alkcxy
halogen-substituted derivatives as well as ester forming derivatives such as acyl derivatives 10thereof
and amide forming derivatives such as N-acyl derivative$ thereof. Examples of monomers
which provide the aromatic diamino repeating units are aromatic diamines such as
pnevilenediamine,m-phenvlenediamine,1,5- 15 diaminonaphthalene, 1,8-dianinonaphthalene and

alkyl-, alkoxy- ershategenssubstituted dgdvatives as wel) @S@M%@J%gning Tggrié)/%tri]veelsm‘siucch as l}l{-acyl
derivatives thereof. Examples of monomers which provide t e'aroma%c aminocarnenvi
repeating units Ereforbatic-aminbtasdcxylic:20iasids sush ascp-aminebeszaiciacid, mraminghenzoic
acid, 6- amino-2-naphthoic acid, and alkyl-, alkoxy- or halogen-substituted derivatives as well as ester
forming derivatfv%@%%’éﬁ%’srﬁcyf derivativeshestepderivativeé® and acid halide thereof and amide
forming derivatives such as N-acxl deriva%ives thereof. 10 Examples of monomers which

nrovide the aromatic oxydcarbonyirepeatingunitsarefytroRyardtiiatic <7 the LCP  are
dicarboxylicacidssuiches3-hyesexs 2.7 Haphthalenedigarhoxilic acgjréﬁg%%rgxyggghtggg% acig 9" S
hvdroxyisophthalic acid, and alkyl-, alkoxy- or halogen-substituted derivatives ther ofaswelf ag ester
forming derivatiestauthas dtylderivatives, esteraerivatives angiacylnadie therealn i nooxy,
aromatic aminocarbonyl, aromatic diamino and aromatic
oxydicarbonyl repeating units.
The LCP composed of the above described repeating

10 units may include both of those give anisotropic melt phase
and those do not, depending on structural components of the
polymer and ratio and Sequence distribution of the
components. The LCP used for the present invention is
limited to those exhibit anisotropic melt phase.

15 Examples of monomers which provide the aromatic
cXycarbonyl repeating units are p—hydroxybenzoic acid, m-
hydroxybenzoic acid, o-hydroxybenzoic acid, 6-hydroxy-2-
naphthoic acid, S-hydroxy-2-naphthoic acid, 3-hydroxy-2-
naphthoic acid, 4'—hydroxybiphenyl—4—carboxylic acid, 3'-

20 hydroxybiphenyl—4—carboxylic acid, 4'-hydroxybiphenyl-3-
carboxylic acid, and alkyl-, alkoxy- or halogen-substituted
derivatives thereof as well as ester forming derivatives
such as acyl derivatives, ester derivatives and acyl halide
therect. Among the above, p-hydroxybenzoic acid and 6-

25 hydroxy-2-naphthoic acid are preferable in terms of easier



The LOP used for the present invention may have 10thioester bonding unless the bonding does not
impair the object the present invention. Examples of monomers which provide thioester bonding are
mercapto-aromatic carboxylic acid, aromatic dithiol and hydroxy-aromatic thiol. The proportion of these
additional monomers based on the total amount of monomers which provide aromatic oxycarbonyi,
aromatic di-carbonyl, aromatic dio y, aromatic aminooxvgaromatic diamino and aromatic omy
di-carbonyl repeating units is preferably equal to or less than 10 mc1%. Among the above, the
preferred LCPs used for the 20 present invention are those comprising aromatic oxycarbonyl
repeating unit ingluding #-oxybe [ ing unit and/or 6-oxy-2-naphthoyi repeating unit in view of
the good mechanical propeefties %%%Kegfgﬁ% r% Lops.21f reﬁé‘&tinﬁ‘ ft$ 950080 friol% Based<on the
total reoeating urttsun the d CR;#n view of the good moldability and thermal stability of the resulting
LCP. Examples of the preferred LCPs comprising 4- oxybenzoyl and/or 6-oxy-2-naphthoyi repeating
units may include: 1) 4-hydréayenzeie acit/Gydroxy=2-naphthelc ag&doqu@éyn@{e N O%?a i
.4-hydroxyben28iic acid/tere%)gthalic acid/4,4'- 10dinydroxybiphenyl copolymer, 3) 4-hy§roxy6er<1:zoi0

acid/terephthalic a ia7isopnthalic 58 P4, ATl biprengi-coRolyrer 14):4-hydroxybenzaig <

acid/terephthalig,ac-d/isophthali¢, aci '-%ih droxybiphenyl/hydrogquinone copolymer, 155)
4-hydrexybenzoic acid/terephthalic %%ﬁ@/ floxquan%ﬁg%polyﬁ@r?hthalic acid, 2,6-

naphthalenedicarboxylic acid, 1,6—naphthalenedicarboxylic
acid, 2,7~naphthalenedicarboxylic acidh 1,4~

=7

naphthalenedicarboxylic acid, 4,4‘—dicarboxybiphenyl and

alkyl-, alkoxy or halogen-substituted derivatives thereof

10 '
as well as ester forming derivatives such as ester
derivatives, acid halide thereor. Among the above
14

c . 4
erephthalic acid and 2,6~naphthalenedicarboxylic acid are
preferable in terms of €asier control of the mechanical
properties, heat resistance, melting point and molding

15 properties of the resulting LCp.
Examples of monomers which provide the aromatic

di i '
OXYy repeating units are aromatic diols such as

hydroquinone, resorcin, 2,6-dihydroxynaphthalene, 2,7~
dihydroxynaphthalene, l,6—dihydroxynaphthalene, 1,4~
20 dihydroxynaphthalene, 4,4'—dihydroxybiphenyl, 3,3~
dihydroxybiphenyl, 3,4'~dihydroxyb1phenyl, 4,4"~

dihydroxybiphenyl ether, and alkyl-, alkoxy- or halogen-

substituted derivatives as well as ester formi
» ing

derivatives such as acyl derivatives thereof. Among the

25 j
above, hydroquinone and 4,4'—dihydroxybiphenyl are



6) 6-hydrexy-2-naphthOic acid/terephthalic acid/hydroquinone copolymer, 7) 4-hydroxybenzoiO
acid/6-hydroxy-2-naphthoic 20-rid/terephthalic acid/4,4'-dihydroxvbiphenyi copolymer, 8)
6-hydroxy-2-naphthOic acid/terephthalic acid/4,4'- dihydroxyhiphenyl copolymer, 9).4-hydroxybenzoic
acid/6-hydroxy- -naphthoic acid/terephthalic acid/hydro%uinone copolymer, 2510) 4-hvdroxybenzoiC
acid/2,E-naphthalene dioarboxylic 12 acid/4,4'-dihydroxybiphenyl copolymer, 11) 4-hydroxybenzoic
acid/terepnthalic acid/2,6-naphthalene dicarboxylic acid/hydroquinone copolymer, 12)
4-hydroxybenzoic acie72,6-naphthalene dicarboxylic acid/hydroquinone copolymer, 13)
4-hydroxybenzofcacidreohydroxy-2-haPhthoio acid/2,6- ngpbthalene, dicarboxylio &gid/hydrogyinone
copolymer, 14) 4-hydroxybenzoic acid/terePhthafic acid/2,6-naphthalene dicarboxylic
acidihydroquinBR&Z 4% HdififdroxybipheRieitopalynert 18) 4dydrbxybenzeecacid/terephthalkc
acid/4-aminop@%@q{ﬁqqloéyrﬁgg, .16) 6-hvdroxy-2-naphthoic aciWterephtnalic acid/4- aminophenol
copolymer, 1517) 4-hydroxybenzoic acid/6-hydroxy-27naphthoic acid/terephth _c acid/4-aminophenol

copolymer, and 18) 4-hydromk&ﬂ§@i§@0®ﬁe%@m@g9S‘Ci%f'c]ﬂ dihggroz( bipré%rgeyl /4-amino_phenol

copolymer, Among the above, copolymer of 13) is esp@mal‘fy 8pre aFabié Hdiew of

rnoMapmqlan@ﬂﬁﬁﬁ@$§ﬁﬁﬂwﬁeting units are aromatic hydroxyamines such as
p-aminophenol, m-aminophenol, 4-amino-l-naphthol, S5-amino-
l-naphthol, B-amino-2-naphthol, 4-amino-4'-hydroxybiphenyl,
and alkyl-, alkoxy- or halogen-substituted derivatives as
well as ester forming derivatives éuch as acyl derivatives

10 thereof and amide forming derivatives such as N-acyl

derivatives thereof.

Examples of monomers which provide the aromatic
diamino repeating units are aromatic diamines such as o=
phenylenediamine, m-phenylenediamine, 1,5-

15 diaminonaphthalene, l,8-diaminonaphthalene and alkyl-,
alkoxy- or halogen-substituted derivatives as well as amide
forming derivatives such as N-acyl derivatives thereof.

Examples of monomers which provide the aromatic
aminocarbonyl repeating units are aromatic aminocarboxylic

20 acids such as p-aminobenzoic acid, m-aminobenzoic acid, 6-
amino-2-naphthoic acid, and alkyl—-, alkoxy- or halogen-
substituted derivatives as well as ester forming
derivatives such as acyl derivatives, ester derivatives and

acid halide thereof and amide forming derivatives such as

25 N-acyl derivatives thereof.



the polymer.As the copolymer of 13), a copolymer which satisfy the following formulae is preferably
used: 7 whereinp, g, r and s represent molar proportion (mei %) of repeating units (I)-(1V)
respectively in the LOP and satisfy the following formulae: 601=Jp+q:4.78 0.05==Ia*3 115=r-S:20
11==ss120 p+qg+r+s=100 in view of the good thermal stability of the resulting LOP. 10 The LOP of the
instant invention may be a polymer blend comprising twiaoor more LOPs for the purpose of, for
example, increasing flowability of the LOP composition when it is molded.

Examples of monomers which provide the aromatic
oxydicarbonyl repeating units are hydroxy~aromatic
dicarboxylic acids such as 3-hydroxy~2,7~-
naphthalenedicarboxilic acid, d-hydroxyisophthalic acid, 5-

5 hydroxyisophthalic acid, and alkyl-, alkoxy~- or halogen-
substituted derivatives thereof as well as ester forming
derivatives such as acyl derivatives, ester deriv;tives and
acyl halide thereof.

The LCP used for +the present invention may have

10 thioester bonding unless the bonding does not impair the
object of the present invention. Examples of monomers
which provide thiocester bonding are mercapto-aromatic
carboxylic acid, arométic dithiol and hydroxy-aromatic
thiol. The proportion of these additionél monomers based

15 on the total amount of monomers which provide aromatic
oxycarbonyl, aromatic di-carbonyl, aromatic dioxy, aromatic
aminooxy, aromatic diamine and arcmatic oxy di~carbonyl
repeating units is preferably equal to or less than 10 molsg.

Among the above, the preferred LCPs used for the

20 present invention are those Ccomprising aromatic oxycarbonyl
repeating unit including 4-oxybenzoyl repeating unit and/or
6~oxy~2—naphthoyl repeating unit in view of the good
mechanical properties of the resulting LCPs.

In a p;eferred embodiment, the molar proportion

25 of the total amount of d-oxybenzoyl and 6-oxy-2-naphthoyl



When a polymer blend is employed, the crystalline 15melting temperature of the polymer blend should
be in the range of 310-410C. The LOP composition of the present invention is provided by the above
described LOP and glass fiber having a numbr average diameter of LOP compositions obtained as
above may include those having DTUL of 28036000 as, ell as those having DTUL of less than 280C
or more than 360C. According to the present irivention, the LOP composition having a DTDI of
280-260C, preferably 280- 340C and more preferably 280-3200 is used. A LOP composition
having a DTUL of less than 2800 does not exhibit enough thermal stability and may 10 cause
deformation orWarparge duéiio-the refl.-OW Sdldering cohdueted at highstemperaturesy A:QRy

composition h%‘ﬁ”%g DTUL of more than 3600 usually has too high crystalline melting temperature

and therefore, is not suit for r%o?dinzgctﬁé corfioohefty 15F thé BpecHfieationtmtcaaims, the BEUL

(deflection temgg@gggugciqﬁgq@)c@ the vajue eéermrir%%d aciorlging to the following method.
<Method for determining deflection temperature under Toad> TSt strip of the LOP composition with

length of 20127 mm, width atsa&mmﬁamttrﬂo;}@egggff@zemnﬁéngolgggzylismgiig'ecggn molding
machine(UH 1000-110, Nissei Plastic Industrial Co., Ltd. Nagano, japan).Deflection temperature is
measured usirytHBIBSSthp aeedringtoox v - 2ASTEM F-646 inderload 0f 4.82.MPa and,heating rare

of 232C/min. ]i?lclude:

1) 4-hydroxybenzoic acid/6-hydroxy-2-naphthoic acid
copolymer,
2) "d4-hydroxybenzoic acid/terephthalic acid/4,4'"-

10 dihydroxybiphenyl copolymer,
3) 4-hydroxybenzoic acid/terephthalic acid/isophthalic
acid/4,4'~dihydroxybiphenyl copolymer,
4) 4-hydroxybenzoic acld/terephthalic acid/isophthalic
acid/4,4'—dihydroxybiphenyl/hydroquinone copolymer,

15 3) 4-hydroxybenzoic acid/terephthalic acld/hydroquinone
copolymer,
6} 6-hydroxy-2-naphthoic acid/terephthalic
acid/hydroguinone copolymer,
7) 4*hydroxybenzoic acid/6—hydroxy—2—naphthoic

20 acid/terephthalic acid/4,4'—dihydroxybiphenyl copolymer,
8) 6-hydroxy-2-naphthoic acid/terephthalic acid/4,4'-
dihydroxybiphenyl copolymer,
9)_4—hydroxybenzoic acid/6~hydroxy~2~naphthoic
acid/terephthalic acid/hydroquinone copolymer,

25 10) 4-hydroxybenzoic acid/2, 6-naphthalene dicarboxylic



The method for preparing the LOP used for the present invention is not limited and any method known
to the art can be employed. For example, conventional polvcondensation methods such as molten
acidolvois and slurry polymerization methods for preparing polymer to give ester and/or amide
bondings among the above described monomer compo%ents may be employed. The molten
acidolysis method is preferably used for preparing the LOP.In this method, the monomers are 10
heated to give molten solution and then the solution is reacted to give the molten polymer. The final
step of this method may be carried out under vacuum to facilitate removing the volatile by-products
such as acetic aciddgrdwdter dihydrokhe shuryrpolymenizationapethod is characterized in that
monomers are reacted in a heat-exchange fluid to give solid state polymer in the form of suspension in
the heat-exchahyé liGUIYATETitm Shsither 8FtHY mEEaPaSHBIAR MmEtdd%orine 7oskslene
polymerization olymerizi onomer be in the form of lower acyl derivative obtained by
acylating the h%%%g%)ro %)Radnd c?r%r&% r%ﬁggbl.%%rﬁ%w%?%%%@%ﬁp may have preferably 2-5, more
preferably 2-3 carpon-algmsoAcetyiated manemsrs ake mast preferably used 25for the reaction.

lower acvl derivatives of the monomers may be those prepared beforehand by acylating the monomers
indepenfently ecaryhelthose iproducerbindhemeaction system by adding an acylating agent such as
acetic 5anhydride to the monomers upon preparing the LCP. In either of the molten acidolysis
method or the SiBtry bol¥ASRZaRPARBHOJ2 & kaddiyst Ry be uisetkinithd eeactiont i Hesired.
Examples of the lysts include organic tin, 10 compaunds such as dialkyl tin oxide (ex. dibutyl tin
oxide) and diaryfi%ﬁrﬁ%% g?grega%}ccﬁ%\%f)uﬁ (l:cl)r(ﬁp%ﬁrl](?‘g SUET aS it dickde ‘ftiony trioxide,

alkoxy titaniumysilicate apd ttarjuaraikaxde . alkaline oralkaline. earth metal salt of carhoxylic acid

such as potassium acetate; 15 salts of inorganfl acid (ex. K2S0d), Lewis acid (ex. BF3) and gaseous
acid catalysts stichaascalpgenated hydrogemn(@xiHEA3./4, 4" -dihydroxybiphenyl

10 copolymer,
15) 4-hydroxybenzoic acid/terephthalic acid/4~-aminophenol
copolymer,
16) 6-hydroxy-2-naphthoic acid/terephthalic acid/4-
amihophenol copolymer,
15 17) 4-hydroxybenzoic acid/6-hydroxy-2-naphthoic
acid/terephthalic acid/4-aminophenol copolymer, and
18) 4d-hydroxybenzoic acid/terephthalic acid/4,4'-
dihydroxybiphenyl /4-aminophenol copolymer,
Among the above, copolymer of 13) is especially
20 preferable in view of moldability and thermal stability of
the polymer. As the copolymer of 13), a copolymer which
satisfy the following formulae is preferably used:

LTt

o}



When a catalyst is used, the amount of the catalyst added to the reaction based on the total amount of
70the monomers may preferably be 10-1000 pbm, and more preferably 20-200 ppm. The LCP
may be obtained from the nolymi= 7 Hrig reaction vessel in molLen state and then, processed to give
pellets, flakes or powders. 25The LCP in the form of pellet, flake or powder 17 may he, if desired,
heated in substantially solid state under vacuum or an ifhért gas, such as nitrogen or helium,
atmosphere. The temperature of the heat treatment is not specifically limitod so long as the LOP iS
kept in the solid state and may be 260-350C and preferably 280-320C. The LOP composition
of the present invertion may be obtained by adding glass fiber having a number average diameter of
4-8 pin to the LOP and meftkneading Ixture using a kneading machine such as Banbury mixer,
kneader, 0Osing e) 0 in sgrew extrudéEr the like at a temperatureoffrom
nearthecrystalline melting tempeérature (Tia) to Tm+30C. The glass fiber to be admixed with
the LOP has a number average diameter of 4-8um and may have a cut length 15 of 2-4mm. In order

to provide a LOP compositian comprising a glass fiber of the desired length, the condition of melt
kneading is adjusw{; @ Ny - average length of the glass fiber in the resulting LOP
composition is 100+« 200gm—areferably, 13C-200u.m.‘2dThe number average length of the glass fiber

in the Lop composition obtained by melt kneading the LOP and the class fiber is determined as

follows. <mpth0(rr WJE th of the glass fiber in the LOP composition>
co = s (IV) ‘

wherein p, g, r and s represent molar proportion (mol

o0

y of
repeating units (I)=-(IV) respectively in the LCP and

satisfy the following formulae:

P+g+r+s=100

in view of the good thermal stability of the resulting LCP.

10 The LCP of the instant invention may be a polymer
blend comprising two or more LCPs for the purpose of, for
example, increasing flowability of the LCP composition when
it is molded.

When a polymer blend is employed, the crystalline

15

melting temperature of the polymer blend should be in the

range of 310-410°C.

The LCP composition of the pPresent invention is



18 burned to ash.The remained glass fiber in the ash is dispersed well in a mixture of purified water
and a surfactant. One milliliter (1 ml) of the dispersion is put on a glass plate and measure the length
of the glass fibein the dispersion is measured under microscope. In the examples and comparative
examples of the instant application, a microscope EK60, (Olympus Corporation, Tokyo, Japan) was
used to obtain image data of the dispersion and the ima‘g% data was analyzed using the : age
Analyzing Software WinRoof (Mitani Corporation, Tokyo, Japan) to determine the length of the glass
fiber. According to the present invention, the amount of the glass fiber in the LCD composition
is preferably, SPE60 pafs by Wwekdit, more preferablyi10-80 parnts by weight and Abespegially: 20-70
parts by Weighgperrn}ggéagrts E)Iy weight oj the LOP. The LOP composition of the present invention
may further comprise an addftionaffifer Selé&ed #om fitfrous; 8 um Jlameltarrand-pewder;fillers in

addition to the ghass:fiker 7Qfiller @5y1e§§tter mechanical or surface properties of the molded articles
made of the LOP composition. HERVe xg%plé?%ﬁﬁ‘é?ib%ﬁ%?Fﬂergf?ﬁdylmclﬁaé??éilicaﬁalamma fiber,

alumina fiber, ¢arlan f&@r,@é@midg@e@rp@g%sswmgtanat jher, aluminum borate fiber and
25wollastonite. The average diameter of the %8di§§jr§§r fisroud filfist U@ tRE iivertion is not

specifically Lirfiitecurilass:it d66Smot intpairthe obiectof the,presentinyention ‘Andtr{lgx preferably be
0.1-50am. In t e gase of 5 the cress section of the fibrous filler is not circle, the "diametef" réBFesents
the longest distance BEfEEn tWohdits arsund BHE Bross'settion B the fillgha farab1 y 280-

340°C and more preferably 280-320°C is used
A LCP composition having a DTUL of less than

280° ok |
C does not exhibit enough thermal stability and may

1 .
0 cause deformation or warparge due to the reflow soldering

conducted at high temperatures. 24 LCP composition having a

DTUL of more than 360°C usually has too high crystalline
melting temperature and therefore, is not suit for molding

the component.

15 i f ]
In the specification and claims, the DTUL
(deflection temperature under load) is the wvalue determined

according to the following method.
< -
Method for determining deflection Lemperature under load>

Test strip of the LCP composition with length of

50 , -
127 mm, width of 3.2 mm, and thickness of 12.7 mm is molded

using injection molding machine (UH 1000-110 Nissei
I'4

Plastic Industrial Co., Ltd. Nagano, Japan). Deflection

temperat ' ]
bPerature 1is measured uslng the test STtrip according to

ASTM D 648 under load of 1.82 MPa and heating rate of

25 2°C/min.



Examples of the lamellar .and powder fillers may include mica, graphite, calcium carbonate,
dolomite, clay, 10glass flake, glass beads, barium sulfate, titanium oxide and diatomite. The
total amount of the additional fillers in the LCP composition of the present invention may be 1-200
parts by weight, preferably 1-80 parts by weight and mgst 15preferably 1-60 parts by weight per 100
parts by weight of the LC?. The LOP compositijo?i of the present invention may further
comprise one or more additives that are conventionally used for resin compositions, unless they are
20 not impair the obtest of the invention. For example, molding lubricant such as higher aliphatic acid,
higher aliphatic ester, highefraliphatic: amide £highes aliphaticnacid-metal sait, palysiloxane and.
fluorocarbon resin; colorant such as dyes and pigments; antioxidant; thermal 25stabilizer; UV
absorbent; anfStaTEagentraifl Surfacel 20 aétive hmatimdy beadmixedmethod Molding lubricants
such as higher_aliphatic acid, higher aliphatic ester, higher aliphatic acid metal salt or
fIuorocarbon-t;tgeéosu?%agc?antdr%%y t?%eaddaemop E(L)C%HS %ellets of tHe LEP &M FositiGiPBeferssabetting the

pellets to the rpelding-Rrecess: sothat the-agent adhere to 5h§ outer surface o;#:e pellet. The term
"higher aliphatic" used herein refers to those having 010-025 aliﬁ%oa‘r%iﬁerﬁoie?yc. %l%“?éu’s, Aellar or

powderiller and tre 10 radditienal comiponent mayde addedtpdhe LOR compesition andmelt
kneading the mixture using a kneading machine such as 2.aniourv mixer, kneader, single Screw

extruder, twin SEERF exfiderdr thétiké st Peniberatare efifrom arduad the crystaline sieltag
temperature (Trg}lgom Im+300. Dlg Agcording togthe present invention, the LOP composition comprising
the additional fibrous, famielfar or 58W5defr“ﬁP(etbaTm7’6‘ﬁH8~‘é‘aaitional components in addition to the glass

fiber filler must have DTUL Wﬁ@nml@é}geacidolysis method is preferably used
for preparing the LCP. In this method, the monomers are

10 heated to give molten solution and then the solution is
reacted to give the molten polymer. The final step of this

method may be carried out under vacuum to facilitate

removing the volatile by-products such as acetic acid or

water.

15 The slurry polymerization method is characterized
in that monomers are reacted in = heat-exchange fluid to
give solid state polymer in the form of suspension in the
heat-exchange liquid medium.

In either of the molten acidolysis method or the

20 slurry polymerization method, the polymerizing monomer nay

be in the form of lower acyl derivative obtained by
acylating the hydroxyl group and/or amino group. The lower
acyl group may have preferably 2-95, more preferably 2-3

carbon atoms. Acetylated monomers are most preferably used

25 for the reaction.



of 280-360C. 70Thus obtained LOP composition having a DTUI of 220-3600 which comprises: 100
parts by weight of a wholly aromatic liquid crystalline polymer having a crystalline melting temperature
of 310-410.0, and 5-100 parts by weight of a glass fiber having a number average diameter of 4-Eum
25and a number average length of 100-200un is then molded using a conventional method such as
injection molding, compression molding, extrusion mold}r?g and blow molding to give a desired surface
mount type electronic component. Examples of the surface mount type electronic 5 components
provided by the present invention include switches, relays, connecters, condensers, coils, trans,

camera nodules, antenna antrehip antennacyl der i Jheejactronic compgnent, of th oresent
invention is suitably soldered on the surface of a substrate such as 10a circuit board with & cream

solder comprising“s Sold&&aRF T a e Thebelactronieycomponeat ofthe inveationinviies jass flux

migration evenﬂkiég}s seq,! errtlagwith a lead free cream solder whose melting point is as high as
200-260C. Even if heated 16 suth & highta6 &fipefdiares theetekirric compdrient ofthe invention

develops no orapdy smallwarpage and therefore, cayses less flux migration problem. The cream
solders suitably used for soldering theqelectronic c%ﬁrfnypao%nlerﬁ% of %%%ﬁ\genti%ﬁ%h th8 Burfacé 'of a

20substate suehlaiscr gireuitboardearastesgebed agfllows. The cream;sglders may be any of those

In either of the molten acidolysis method or the
slurry polymerization method, a catalyst may be used in the
reaction, if desired.

Examples of the catalysts include organic tin

10 compounds such as dialkyl tin oxide (ex. dibutyl tin oxide)
and diaryl tin oxide: organic titanium compounds such as
titanium dioxide, antimony trioxide, alkoxy titanium
silicate and titanium alkoxide; alkaline or alkaline earth
metal salt of carboxylic écid such as potassium acetate:

15 salts of inorganic acid (ex. K;S04); Lewis acid (ex. BF3)
and gaseous acid catalysts such as halogenated hydrogen (ex.
HC1) .

When a catalyst is used, the amount of the
catalyst added to the reaction based on the total amount of

20 the monomers may preferably be 10-1000 ppr, and more
preferably 20-200 ppm.

The LCP may be obtained from the polymerizing
reaction vessel in molten state and then, processed to give

pellets, flakes or powders.

> . .
5 The LCP in the form of pellet, flake or powder



for surface mounting electronic Examples of solder alloys comprised in the may include lead-free
solder alloys such as Sn-Cu, Sn-Ei and Sn-Zn and Ph-canto ning solder alloys such as Sn-Pb eutectic
solder.Those solder alloys may be comprised solely or in combination of two or more in the cream
solder. Among the solder alloys, lead-free solder_alloys are preferably used in view of the
restriction for using lead under RoFIS in EI. Among said lead-free solder alloys, Sn-Ag-Ca alloy is
more preferably used in view of its excellent heat and fatigue resistances. 10The cream solder used in
the present invention comprises a solder alloy and a flux. The flux may comprise a resin which is the

base of the fluRakid aetivatify agent, organickalogenated compeund thixotrepic anent and.qrganic
solvent. 15In addition to the above ingredients, the flux may further comprise one or more optional

additives includiRg EntiSRIaRE afficatfosibrcdgent ehelatig agent, levelingagent rartitaaming agent,
dispersing agent, frosting agent, and colorant, if desired. ,nExamples of the resins in the flux may
include natural resﬁw%%lu%%e%s natural r%esfrﬁf%ﬁfs%? eti&%te%siﬁ?ﬁélyﬁ%éﬁ?é@%ﬁn aAd not

hydrogen‘ated gg&t@iagrg%gympetlgm@@g@u%as lPoq%estgg, pQ gre?gge, ,sgllc?(rga% £POXY, c%éeéane,
and acrylic resins. These resins may be 25used solely or In combinafion of two ‘Or nore

=

5 solid state and may be 260-350°C and preferably 280-320°C.
The LCP composition of the Present invention may
be obtained by adding glass fiber having a numbér average
diameter of 4-8 uym to the LCP and melt kneading the mixture
using a kneading machine such as Banbury mixer, kneader,
10 single screw extruder, twin screw extruder or the like at a
temperature of from near the crystalline melting
temperature (Tm) to Tm+30°C.
The glass fiber to be admixed with the LCP has a
number aVerage diameter of 4-8um and may have a cut length
15 of 2-4mm. In order to provide a LCP composition comprising
a glass fiber of the desired length, the condition of melt
kneading is adjusted so that the number average length of
the glass fiber in the resulting LCP composition is 100-
200um, preferably, 130-200um.
20 The number average length of the glass fiber in
the LCP composition obtained by melt kneading the LCP and
the glass fiber is determined as follows.
<Method for determining the length of the glass fiber in

the LCP composition>

25 ' The LCP composition comprising the glass fiber is



23 Examples of the activating agent in the flux may include salt of an amine compound such
as methylamine, ethylamine, n-propylamine, isoprolylamine, n-butylami
dimethylamine,diethylamine,di-n-prdpvlamine, diisopropylamine,di-n-butylamine,trimethylamine,
triethylamine, tri-n-propylamine, trliscpropylamine, mono thanolamine, diethanolamine or t
ethanolamine; and an acid such as a halogenated hydrogen such as hydrochloric acid and
hydrobromic acid, or a carboxylic acid such as 10oxalic acid, malonic acid, succinic acid, adipic acid,
glutaric acid, diethylgluta _.- acid, pimeric acid, azelaic sebacic acid, maleic acid, fumaric acid,
diglycolic acid, ®apnpié adid, lagkic acidTheyristinaciah almitic aeid, finpleic acid, eleic agig, stearic
acid, arachic acjd, behenic acid, linolenic acid, benzoic acid, hydroxypivalic acid, dimethylolpropionic
acid, citric acid"'mahc 2tif! gliGeric aci® and lakfic:adid SThe Activating Tigents wriyebe usedisokely or in
combination of The flux of the cream solder used in _the present 20invention may
preferably coméﬁgﬁeﬁ%ﬁh 30C\§\J/1'[§(A> %L tﬁelaic%[%/gﬁnggafgérhi a26d ohthEtSRPEmbERt dFthe Hux.
The organic hategenatedeempaounrd coptaingd4n the.flux,may gggacgorg%o%decog gréss!n%g I60rine,
bromine or iodine.Examples of organic halogenated compounds may 25include halogenate afcohols
such as 3-bronié-I-riropard! snd 4 14 dibromue2-butanal, halegenatad-aliphatiscarboxylate gsters
such as ethyl bromoacetate, ethyl a-bromocaprylate, ethyl a-hromobropionate, ethyl
F-bromopropioRAE Aréthyl 94812, 15 FBPFs-RexAliromcstearatee halogefiated: Aliphatitrearhoxylic
acids such as 2 3:dibror ccinic acid and 9,10,12,13,15,16-hexabromostearic acid; halogenated
benzyls such a%%%t_e(gio%gl%%@bgngﬂ%Fgrﬁfcfebe & -%O (Glympus” Corporation, Tokyo,

an
Japan] was used to obtain image data of the dispersion and
the image data was analyzed using the Image Analyzing
10 Software WinRoof (Mitaniv Corporation, Tokyo, Japan) to
determine the length of the glass fiber.
According to the present invention, the amount of
the glass fiber in the LCP composition is preferably, 5-100

parts by weight, more preferably 10-80 parts by weight and

15 especially 20-70 parls by weight per 100 parts by weight of
the LCP,

The LCP composition of the present invention may
further comprise an additional filler selected from fibrous,
lamellar and powder fillers in addition to the glass fiber

20

filler for the better mechanical Oor surface properties of

the mclded articles made of the LCP composition.

Examples of the fibrous fillers may include

silica-alumin f£i i i} - i i
na iber, alumina fiber, carbon fiber, aramid

Tiber, potassium titanate fiber, aluminum borate fiber and

25 wollastonite.



stearoylaminobenzbromide; halogenated alkylamides such asbis(2,3-dibromopropy1)-0-phthalamide,
10tetra(2,3-dibromopropyl.)succinamide;halogenated hydrocarbons such as |-bromo-3-methyl-I-buten,
2,2-bis[4- (2,3-dibromopropvl)-3,5-bromaphenyl]propane;halogenated ethers such as
bis(2,3-dibromopropyl)glycerol and trimethylolprooane hig(2,3-dibromoprobyl)ether; halogenated
ketones such as 2,4-dibromoacetophenone; halogenated ureas such as
N,N1-bis(2,3-dibromoprcpy)urea; halogenated sulfones such as oc,a,a-tribromomethyl sulfone;
succinates such as bis(2,3-dibromoprobyl)succinate; and isocyanurates such as
tris(2,37dibromopropyi)isocydhtirate Sresrg i Reliaogenated tempoihdsimay be wsed-salely or in
combination offtm%rrm%re. The flux of the cream solder used in the present invention may

preferably comprise equalst%dor 1dss fhkh 20Wioa. of the ofganitHalogePaiedl E6mpound Basericon the

23total amountefithedlux. +25 goes  EXAMPIES.Of;the thixotropic agents cantained in the flax may
include polvolefin waxes such as caster wax; fgtﬁtjy écid am?%es %E@r?g(é? m-%%?yle!rhq%ebisgtﬁglsflﬂade;

substituted uresnwaxes: sucheasiN=atyliNy=steany ueand pEolYMerssUch ag pclvethvieneclycal,
polyeth%lene oxide, methylicellulose, ethylcellulose and hydroxyethvicellulose: and inorganic particles
such assilica A& kEGIFE TheSE tHiRdtrédic Aents Hrasobe used dalely ior imeamhinatiar of Bme or
more. OThe flux of tﬁ%{:ream solder used in the present invention may preferably comprise equal to or
less than 30wt% of the tﬁxotrolﬁ)% égesnetrbtassed &ethel[%&ﬁ Sifouribftance  between two

points around the cross section of the filler.

Examples of the lamellar  and powder fillers may

include mica, graphite, calcium carbonate, dolomite, clay,
10 glass flake, glass beads, barium sulfate, titanium oxide
and diatomite.

The total amount of the additional fillers in the
LCP composition of the present invention may be 1-100 parts
by weilght, preferably 1-80 parts by weight ' and most

15 preferably 1-60 parts by weight per 100 parts by weight of
the LCP.

The LCP composition of +the present invention may
further comprise one or more additives that are
conventionally used for resin compositions, unless they are

20 not impair the object of the invention. For example,
molding lubricant such as higher aliphatic acid, higher
aliphatic ester, higher aliphatic amide, higher =zliphatic
acid metal salt, polysiloxane and fluorocarbon resin;
colorant such as dyes and pigments; antioxidant; thermal

25 stabilizer; UV absorbent; antistatic agent; and surface



the flux. Examples of the organic sclvents contained in the 15fluxmayincludetr
ethylenegivcolmonomethyl ether, triethvleneglycoldimethylether,tetraethyleneglycol
dimethylether,diethyleneglycolmonomethylether, diethyleneglycolmonobutyl ether,diethyleneglycol
mOnohexylether,ethyleneglycolmcnophenylether, 20 diethyleneglycol monOphenylether,
diethyleneglycol monobutyl acetate, dipropvleneglycol, fipethyleneglycol-z- ethylhexylether, a-terpineol,
henzvlalcohoi, 2-hexyldecanol, butylbenzoate, hyl naleate, diethyl adipate, diethyl sebacate, dibutyl
sebacate, dibtyl phthalate, dodecane, 75tetradecene,dodecvibenzene,ethyleneglycol, 26
diethvlenealyc8kdipiopyiorreaivcokviceayieteglveal, hexvieneglycol,1,5-pentanediol, methylcarbitol,

butylcarhitol, propyleneglycol mcnomethylether acetate,
orocylenegchoImonoetthet%@&é@t%,bld%PIEéﬂﬁl%F%c@ﬁalt}@&méhh@ky@nt)dadqiateﬂe&wyg@m@giycol

butylmethylethgt, triacetin. These organic solyents maybe used solely or in combination of two or
mdre. éﬂg& df§wﬁg@§c eé%er, glgber dliphatic acid metal salt or

fluorocarbon-type surfactant may be added to the pellets of

5 the LCP composition before subjecting the pellets to the

molding process, so that the agent adhere to the outer

surface of the pellet. The term "higher alipﬁétic" used
herein refers to those having C10-C25 aliphatic moiety.

The fibrous, lamellar or powder filler and the

10 additional component may be added to the LCP composition
and melt kneading the mixture using a kneading machine such
as Banbury mixer, kneader, single screw extruder, twin
Screw extruder or the like at a temperature of from around
the crystalline melting temperature (Tm) to Tm+30°¢.

15 ~ According to the present invention, the LCP
composition comprising the additional fibrous, lamellar or
powder filler and/or the addifional components in addition
to the glass fiber filler must have DTUL within the range
of 280-360°C.

20 Thus obtained Lcp composition having a DTUL of
280-360°C which comprises: 100 parts by weight of a wholly
aromatic liquid crystalline polymer having a crystalline
melting temperature of 310-410°C, and 5-100 parts by weight
of a glass fiber having a number averzge diameter of 4-8um

[=q
25 and a number average length of 100-200um is then molded



The flux of the cream solder used in the present invention may preferably comprise equal to or less
than 1050wt% of the organic solvent based on the total amount of the flux. The above
described cream solder is applied to a substrate such as a circuit board, electronic components of the
invention are mounted on the substrate, and then, fixed,15by heating the substrate in a reflow
soldering device to effect soldering. According o the present invention, the reflow soldering
device_ used in the reflowing step may be any of those conventionally used for surface mounting
electronic 20component on the circuit board including infrared reflow soldering device and forced-air
convection refléfisaldefingdevica1t ional Thetemperatiiewf the reflow seldesing step may,be
determined according in the conventional manner. The electronic component of the invention
develops less WATFArGE Bveh after reffety sGIdERM attigiier termeratore skanahthereforen car be
mounted on the surface of a.substrate with a lead-free solder causing no or less flux migration. 5The
present inventi%lr'?% fugrth%%%le%%ﬁbgénfr\?ace mount type ele‘:trgonic componen% -

Examples of the surface mount type electronic
5 components provided by the ©present invention include
switches, relays, connecters, condensers, coils, trans,

Ccamera modules, antenna and chip antenna.
The electronic component of the present invention
is suitably soldered on the surface of = substrate such as
10 a circuilt board with a cream solder comprising a solder
alloy and a flux. The electronic component of the
invention invites less flux migration even 1if it is
soldered with a lead free cream solder whose melting point
is as high as 200-250°C. Eveh 1f heated to such a high
15 temperature, the electronic component of the invention
develops no or only small warpage and therefore, causes

less flux migration problem.

The cream solders suitably used for soldering the
electronic component of the invention on the surface of a
20 Substrate such as a circuit board are described as follows.
The Cream solders may be any of those
conventionally used for surface mounting electronic
components. Examples o0f solder alloys comprised in the
Cream solders may include lead-free solder alloys such as

25 Sn-Ag-Cu, Sn~Ag, Sn-Cu, Sn-Ag-Cu~-Bi, Sn-Ag-Bi-In, Sn~Cu-Ni,



reference to the following Examples.The following examples are intended to illustrate the invention and
are not to he construed to limit the scope of the invention. In the examples and
comparative examples below, 10following abbreviations are used. FOB: 4-hYdroxybenzoic acid
6-hydroxy-2-naphthOic acid NDA:2,6-naphthalene dicarboxylic acid HD: hydroquihone 15TPA:
terephthalic acid G17,=c. Fibers/additiotal fillers GF1: gfass fiber T-790 (Nippon Electric Glass Co.
Ltd., Shiga, Japan), number averagediameter; 6pm, cut length: 3mm. 20GF2: glass fiber PX-1 (Asahi
Fiber Glass co., Ltd., Tokyo, Japan), number average diameter: |IOpm, number average length:

20um/70um GF3; ghdiss diber FT59h(Asait FiberGlass Go.4 bid.. TOKVQ, Japan) number average

diameter; 13gm, cut length: 3mm Cornoration, Kagawa, Japan) diameter: 0.5-1.0Um, average fength:

10-30pm SyntheSizitty ERarheie-1:£ CPSD 190 234.8 Ko 6699 moleshBONG 0:9k9 (Symoles),.
comprised solely or in combination of two or more in the
cream solder.

5 Among the solder alloys, lead-free solder alloys
are preferably used in view of the restriction for using
lead under RoHS in EU. Among said lead-free solder alloys,
Sn-Ag-Cu alloy is more preferably used in view of its
excellent heat and fatigue resistances.

10 The cream solder used in the present invention
comprises a solder alloy and a flux. The flux may comprise
& resin which is the base of the flux and activating agent,
organic halogenated compound, thixotropic agent and organic
solvent. |

15 In addition to the above ingredients, the flux
may further comprise one or more optional additives
including antioxidant, anticorrosion agent, chelating agent,
leveling agent, antifoaming agent, dispersing agent,
frosting agent, and colorant, if desired.

20 Examples of the resins in the flux may include
natural resins such as natural rosin, disproportiocnated
rosin, polymerized rosin and hydrogenated rosin; and
synthetic resins such as polyester, polyurethane, silicone,
epoxy, oxetane, and acrylic resins. These resins may be

25 used solely or in combination of two or more.



5 HQ 38.3kg (348 moles), NDA 75.2 kg (348 moles) and acetic anhydride 254.3 kg (2491 moles) were
fed in a 0.5 1113 polymerization container made of SUS equipped with an agitating device and a heat
exchanger. Under nitrogen gas atmosphere, the mixture was heated from the room 10 temperature to
145"C over 1 hour and kept at the temperature for 0.5 hour. Then the mixture was heated to 348C
over 8 hours wihh distilling out the by-product, acetic acid and polymerized at the temperature for 30
minutes, then the pressure in the polymerization container 15 was reduced from the atmospheric
pressure to 20 torr over 70 minutes. The reaction was further conducted for more 30 minutes at the
pressure. Thirty minutes aftéf xtmertarode of ﬁhledea@i@ﬂxge&gqbe determined |evel and the
polymerization container was sealed. The reaction was 20 termlna%l:%&t){ﬁ ir%%c%%enit%gélexn §n§§/ to the
container so thé?ﬁweugreessﬁ?éﬁw the coRtaingfivas increasednal 0. BMPA. The valverat IQ%QQQQm of
polymerization%igﬁgwgs opggegl: gndlthe content of the container was pulled out 25 and the
prepolymer was cut to give |c§ellets.p by afﬁ'en&ystalﬁﬁ@%ﬁﬁgtP@mp@raturefﬁmefﬁ)mpn{y;rner
determined by dlifterental-s¢anaing calorimq@/e\gg§1§3%ncl:naéid the melt viscosity was 16 Pa’s.

Pellets Sogf thus ;btained prepolvmer 10ka were fed In the vessel of a 401(.1\11-’['6}1'18!%%%@%%1@@ by SUS.
The gas’phaséthernesseliwas kept at 200G Afterthe gasphase was exchan %b .. ragen ores,
the vessel was rotated at 15rpm under nitrogen gas rovgv of 12$}i§ﬁour and%ﬁé?%et &%ﬁg}%\ e in the
vessel was incréased b 290 uer 1 hour wwhiteckenp thexpeliets in the selid stats. Jthe solid phase
polymerizatior}n\gggg{(fﬁg@gl%[ tge temperature for 5 hours. After the reaction was completed, the
vessel was cooled an stoppeg1 r&%fing,lﬁmedéli’éﬁéﬂ@ﬁ? IWas t5ebtairedi The caystaline
melting tempesaiuee ofithe LGE 1was ) nt%ss'zin Example 2: LOP2 FOB 195.9kg
(1416.8 moles), 50N6 7.6kg (480.5 m%sié? 10 315kg laé%&meﬁmm GE 3Ky @83 Ates) and
acetic anhydride 212.8kg (2084:8-motes) were-fed in 3 0.5m3 merization container made of SUS
equipg%d with an agitating device and a heat exchang?e%. Tair:dceir%%J%r%ﬁgélg%s %fn%éspﬁ&@, tHEe mixture
was heated fréfthe fooAF 88, malonic acid, succinic acid, adipic acid

glutaric acid, diethylglutaric acid, pimeric acid, azelaic

aci i i i i
d, sebacic acid, maleic acid, fumaric acid, diglycolic

acid, caprylic acid auri i i i i
pryli + lauric acid, myristic acid, palmitic

acid i i ‘ i i
, linoleic acid, oleic acid, Stearic acid, arachic

15 2cd . ) «
cid, behenic acid, linolenic acid, benzoic acid
4

hydroxypi ' ’ lme '
Y yYpivalic acid, dlmcthylolproplonic acid, citric acid,

malic acid, glyceric acid and lactic acid. The activating

a t i
gents may be used solely or in Combination of two or more

The flux of the cream solder used in the Present

20 ' ti
invention may preferably Comprise less than 30wt% of the

activating agent based on the total amount of the flux

The organic halogenated compound contained in the

flux lsi
may Dbe a compound comprising chlorine, bromine or

iodine. Examples of organic halogenated compounds may

25 include halogenated alcohols such as 3-bromo-l-propancl and



temperature0.5 hour.Then the mixture was heated to 348C over 8 hours with distilling out by-product,
acetic acid and polymerized at the temperature for 30 minutes, then the ores sure in the
polymerization container was reduced from the atmospheric pressure to 20 torr over 70 minutes. The
reaction was further conducted for more 60 minutes at §14e pressure. Sixty minutes after, the torque of
the reaction became the predeteimined level and the polymerization container was sealed.The
reaction was 10terminated by inducing nitrogen gas to the .container so that the pressure in the
container was increased to 0.1MPa. The valve at the bottom of polymerization container was opened
and the content of tife- BsrtaiTe? vastpalteld, outithrough axdieeito givestrands of thediquid grystalline

15'polymer and then they were cut to %ve pellets of [JCP 2. The crystalline melting
temperature of” the 0P 2 Wdterminéd Y ifferemtit sediring catd adtrypwias S23Ca Synthesizing

Example 3: LQR 3,,PO 5 084.9 moles), 60N6 74.9kqg (398.2 20 moles), HQ 57.6kg (523.5
moles), TPA 87.Ok36 (52%.%4510(?@%%%%1 éjcne%:ea{nhy% it 266701 (PBOB T M6IEsT Were f8¢ & 0.5 m3

polymerizationscantainer madesof SUS eguippadwith.an agitating device. g%gileag%xch%qg.e(. Under
nitrogen gas atmosphere, the mixture was heated from the room 31 temperature for %)Hoﬂrl.‘fhen the

mixture Was hE@EHIE B4BT overigihouss with distilling outithiehymprodiiet @cetie acigs Then, the
pressure in the? pglgmerization container was reduced from the atmospheric pressure to 10 torr over
120 minutes af the sare ]tgnﬁﬁeﬁa@ﬁﬁé‘??ﬁ%q%@tﬁ)ﬁ%é§ﬁjrm©ﬁdondml@@mram@r@ %erintites at the

pressure. Ninety, minutes after, the4to%%ue of the reaction became the predetermined level and the

polymerization container was sealed.The Teaction was terinated By £8indcing ridgen gag to the
alve at the bottom of

container so thatdhe prassure fbhecontainerwasincreased 1o 0. 1MPa. The 5
polymerization container was opened and the content of the g;nrtlgtljﬁgfiwaas%a’l e%molucf‘tﬁroﬁd‘}?g‘ dice to

give strands ofthe liquidbérystallinelpolymesandifan theysmere Lubfo dive pelletsyphkQR 3y _
10 tetra (2, 3-dibromopropyl) succinamide; halogenated
hydrocarbons such as l1-bromo~3-methyl-1-buten, 2,2-bis[4-
{2,3~dibromopropyl)—3,S-brbmophenyl]propane;v halogenated

ethers such as bis(2,3—dibromopropyl)glycerol ‘and
trimethylolpropane bis(2,3~dibromopropyl)ether; halogenated

13 ketones such as 2,4-dibromoacetophenone; halogenated ureas
such as N,N‘~bis(2,3—dibromopropy}urea; halogenated

sulfones such as &, &, a-tribromomethyl sulfone; succinates

such as bis(2,3—dibromopropyl)succinate; and isocyaﬁurates

such as tris(2,35dibromopropyl)isocyanurate. The organic

20 halogenated compounds may be used solely or in combination
of two or more.

The flux of the cream solder used in the present

invention may preferably comprise equal to or less than

20wt% of the organic halogenated compound based on the

25 total amount of the flux.



The crystalline melting temperature of the LCP3 determined by differential scanning calorimetry was
33C"C. Examples 1-4 and Comparative Examples 1-4 Preparation of LCP composition 20LCPs and
fillers shown in Table 1 were mixed using a Henschel mixer and then, kneaded using a twin screw
extruder (TEK30 c-358W-27, The Japan cr 0.e Works, LTD., Tokyo, Japan) to give LCP compositions
in the form of pellets. 32 contained in the LOP compositien and the DTUL of the LOP compaosition
under ASTM D648 were determined and shown in Table 2. Flux migration test Thus obtained
LOP compositions were dried for hours at 150C, and then molded using an injection molding machine

(a-la0iA, Funac Ltd. Yamanaghi, Ja %%) a('g{_a C ,Iinderttgm%)erature of 36000 and a de temperature of
90'C to give a test piece with a metal terminal %@finser Gh A0Fthe resiTpast (APFhe siredof the resin

part (A) of the teskpiete:wasd5mpnx 1.55m 1 The;precise shape and size of the test piece is
shown in Figures 1-1 and 1-2. The numerica valtgyes in thle figugr%?gprgggn the siz8 7 fim. ‘G &

substrate, creaff$dlder (M705-GRN266K2-wul5hsoldes allgy: A PG meling point ng? d%Il,oy:
219C, Senju Metaklj Industry Co., Ltd., Tokyo, Japan) was put, the test piece with metal terminal ' was
mounted, and fiXed therebn sy réfiGi# sofderity e simearsing atinfrareebreflew-sotdering.machine
(SAI-26G4M, Sepju. Metal In ustry, 20 cc., td, Tokyo, Japan). reflow soldering cycle included 70
seconds at tem%ergt}ﬂres in %eér%/ngaesof%a Y360¢ ARt 99 skcohds aaenperatirsssn theirdage of

230- . 260C (peakcteypesature ¥6s, 2506)  Tworreflow seldeting gycles were conducted. After that, the
substrate with the | ‘ ’
and inorganic particles such as silica and kaolin. These

thixotropic agents may be used solely or in combination of
two or more.

10 The flux of the cream solder used in the present

invention may preferably comprise equal to or less than

30wt% of the thixotropic agent based on the total amount of
the flux.

Examples of the Organic solvents contazined in the

15 flux may include triethyleneglycol monomethylether,

triethyleneglycol dimethylether, tetraethyleneglycol
dimethylether, diethyleneglycol monomethylether,
diethyleneglycol monobutylether, diethyleneglycol

monohexylether, ethyleneglycol monophenylether,

20 diethyleneglycol monophenylether, diethyleneglycol

monobutyl acetate, dipropyleneglycol, diethyleneglycol-2-
ethylhexylether, a-terpineol, benzylalcohol, Z2~hexyldecanol,
butylbenzoate, diethyl maleate, diethyl adipate, diethyl
sebacate, dibutyl Sebacate, dibtyl phthalate, dodecane,

25 tetradecene, dodecylbenzene, ethyleneglycol



25test piece was left to cool to the room temperature. The test piece mountede substrate was broken
with nipper or plyer so that the 1CP composition was removed from the metal terminal. The metal
terminal was then visually observed to see whether or not the flux 5 migration was occurred. The
number of the test Pieces on which flux migration was observed was out of 20 test pieces was
counted. The ratio of the test pieces with flux migration fs°shown in Table 2. Warpage development
test 10Connector test pieces having the shape and size shown in Figures 2-1 and 2-2 were prepared
under the same condition as above. The numerical values in the figure 2-1 represent the size in mm.
Thus obtained é@ﬁﬁé&t@etesg_ pms,wgreﬁnmwlmglsy@§bjgte using g@l%@ﬁ é:&g@,rgos_glder
under the same reflow soldering condition as above After the two cycle reflow soldering was
completed, the Stb¥iraReFith #e connector was18f 1o-eosido tfie room temperature.sAfterthat, the
height of the 4 cotners of }ghlet%%nnector test. 20 gieces were measured with a coordinate measuring
machine (QVH250pr0. Mitsutoyo CorporationsRafdgiwa, Japarriadaterhring #atness of thetest

piece. Results gre,sRawn &y Table;2. 3ﬁonoethylether acetate, butylcarbitol
5 acetate, 3-methoxybutyl acetate, triethyleneglycol
butylmethylether, and ftriacetin. These organic solvents

may be used solely or in combination of two or mdre.

The flux of the cream solder used in the present

invention may preferably comprise equal to or less than
10 S0wt% of the organic solvent based on the total amount of
the flux.

The above described cream solder is applied to a
substrate such as a circuit board, electronic components of
the invention are mounted on the substrate, and then, fixed

15 by heating the substrate in a reflow soldering device to
effect soldering.

According to the Present invention, the reflow
soldering device used in the reflowing step may be any of
those conventionally used for surface mounting electronic

20 component on the circuit board including infrared reflow
soldering device and forced-air convection reflow soldering
device,

The temperature of the reflow soldering step may

be determined according in the conventional manner.

25 j
The electronic component of the invention



Table 1 LOP Filler arts by we g parts by weight Ex.1 LC21 100 GF1 42.8 Ex.2 LrP1 100 GF1
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develops less warparge even after reflow soldering at
higher temperatures and therefore, can be mounted on the
surface of a substrate with a lead-free seclder causing no
or less flux migration.

The present invention is further described in
reference to the following Examples. The following
eXxamples are intended to illustrate the invention and are
not to be construed to limit the scope of the invention.

In the examples and comparative examples below,

following abbreviations are used.

POB: 4-hydroxybenzoic acid

BONG: 6&-hydroxy-2-naphthoic acid

NDA @ 2, 6~naphthalene dicarboxylic acid
HO: hydroquinone.

TPA: terephthalic acid

Glass Fibers/additional fillers

GFl: glass fiber T-790 (Nippon Electric Glass Co. Ltd.

14

Shiga, Japan), number average diameter: 6um, cut length:
Smm.

GF2: glass fiber PX-1 (Asahi Fiber Glass Co., Ltd., Tokvyo,
Japan), number average diameter: 10pm, number average
length: 20um/70um

GF3: glass fiber FT591 (Asahi Fiber Glass Co., Ltd., Tokyo,
Japan),nunber average diameter: 13um, cut length: 3mm

AR aluminum borate fiber YS3A (Shikoku Chemicals



53.8 Ex.3)L021 100 GF1 66.7 Ex.4 LC22 100 GF1 53.8 Com.F.x.1 LCP1 100 GF2 (20pm) 42.8

(€3]
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Corporation, Kagawa, Japan) diameter: 0.5-1.0um, average
length: 10-30um

Synthesizing Example 1:LCP 1

POB 234.8 kg (1699 moles), BRONG6 0.9kg (5 moles),
HQ 38.3kg (348 moles), NDA 75.2 kg (348 moles) and acetic
anhydride 254.3 kg (2491 moles) were fed in 2 0.5 m®
polymerization container made of SUS equipped with an
agitating device and a heat exchanger. Under nitrogen gas
atmosphere, the mixture was heated from the room
temperature to 145°C over 1 hour and kept at the
température for 0.5 hour. Then the mixture was heated to
348°C over 8 hours with distilling out the by-product,
acetic acid and polymerized at the Temperature for 30
minutes, then the pressure in the polymerization container
was reduced from the atmospheric bressure to 20 torr over
70 minutes. The reaction was further conducted for more 30
minutes at the pressure. Thirty minutes after, the torque
of the reaction became the predetermined 1level and the
polymerization container was sealed. The reaction was
terminated by inducing nitrogen gas to the container so
that the pressure in the container was increased to 0.1MPa.
The wvalve at the bottom of polymerization container was
opened and the content of the container was pulled out
through a dice to give strands of the prepoclymer, i.e.

ligquid crystalline polymer with low polymerization degree



Com.Ex.2 LC21 100 GF2 (70um) 66.7 Com.Ex.3 IJCPr100 AB 42.8 Com.Ex.4 T.,CP::100 GF3 47.8
Com.Ex.E. LC31100 GF1
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and the prepolymer was cut to give pellets.

The crystalline melting temperature of the
prepolymer determined by differential scanning calorimetry
was 331°C and the melt viscosity was 16 Pa's.

5 Pellets of thus obtained prepolymer 10kg were fed
in the vessel of a 40L-tumble dryer made by SUS. The gas
phase in the vessel was kept at 200°C. After theé gas phase
was exchanged byinitrogen gas, the vessel was rotated at
l5rpm under nitrogen gas flow of 120 L/hour and the

10 temperature in the vessel was increased to 290°C over 1
hour while kept the pellets in the solid state. The solid
phase polymerization was effected at the temperature for 5
hours., After the reaction was completed, the vessel was
cooled and stopped rotating, and the pellet of LCP 1 was

15 obtained.

The crystalline melting temperature of the LCP 1
was 333°C.

Synthesizing Example 2: LCP2

POB 195.9kg (l1416.8 moles), BON6 7.6kg (40.5

20 moles), HQ 31.2kg (283.4 moles), NDA 61.3kg (283.4 moles)
and acetic anhydride 212.8kg (2084.8 moles) were fed in a

0.5 m® polymerization container made of SUS equipped with

an agitating device and a heat exchanger. Under nitrogen

gas atmosphere, the mixture was heated from the room

25 temperature to 145°C  over 1 hour and kept at the



53.8 Table 2 filler diameter (urn) filler length*2 ( Dr (C) flux migration (%) flatness Ex.].6 147 310 O
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Temperature for 0.5 hour. Then the mixture was heated to
348°C over 8 hours with distilling out the by-product,
acetic acid and polymerized at the temperature for 30

minutes, then the pressure inp the polymerization container

5 was reduced from the atmospheric pressure to 20 torr over
70 minutes. The reaction was further conducted for more 60
minutes at the pressure. SiXty minutes after, the torque

of the reaction became the predetermined level and the
polymerization container was sealed. The reaction was
10 terminated by inducing nitrogen gas  &3 the container so
that the pressure in the container was increased to 0.1MPa.
The valve at the bottom of polymerization container was
opened and the content of the container was pulled out
through a dice to give strands of the liquid crystalline
15 polymer and then they were Cut to give pellets of LCP 2.
The crystalline melting temperature of the LCP 2
determined by differential scanning calorimetry was 323°C.

Synthesizing Example 3: LCP 3

POB 149.8kg (1084.9 moles), BON6 74 .9%kg (398.2

20 moles), HO 57.6kg k523.5 moles), TPA 87.0kg (523.5 moles)
and acetic anhydride 266.0kg (2606.0 moles) were fed in a

0.5 m’ polymerization container made of SUS equipped with

an agitating device and a heat exchanger. Under nitrogen

gas atmosphere, the mixture was heated from the room

25 temperature to 143°C over 1 hour and kept at the



0.02 Ex.26 15231 00.02 Ex.3 6192 312 0 0.01 Ex.4 0 145 288 0
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temperature for 0.5 hour. Then the mixture was heated to
348°C over 8 hours with distilling out the by-product,
acetic acid. Then, the pressure in *he polymerization
container was reduced from the atmospheric pressure to 10
torr over 120 minutes at the same tenmperature. The
reaction was further conducted for more 90 minutes at the
pPressure. Ninety minutes after, the torque of the reaction
became the predetermined level and the polymerization
container was sealed. The reaction was terminated by
inducing nitroqen gas to the container so that the pressure
in the container was increased to 0.1MPa. The valve at the
bottom of polymerization container was opened and the
content of the container was pulled out through a dice to
give strands of .the liquid crystalliné polymer and then
they were cut to give pellets of LCP 3.

The crystalline melting temperature of the LCP3
determined by differential scanning calorimetry was 330°C.

Examples 1-4 and Comparative Examples 1-4

Preparation of LCP composition

LCPs and fillers shown in Table 1 were mnixed
using a Henschel mixer and Chen, kneaded using a twin screw
extruder (TEX30 o~35BW-2V, The Japan Steel Wdrks, LTD.,
Tokyo, Japan) to give LCP compositions in the form of

prellets.

The number average length o©f the glass fiber



0.02 Corn.Ex.1 10 Ic 286 25 0,04 rom.L 10 56'280 15 0.04 Com.Ex.3 0,7 20 280
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contained in the LCP composition and the DTUL of the LCP

composition under ASTM D648 were determined and shown in

Table 2.

Flux migration test

Thus obtained LCP compositions were dried for 4
hours at 150°C, and then molded using an injection molding
machine (x~1001A, Funac Ltd. Yamanashi, Japgn) at a
cylinder temperature of 360°C and a die temperature of S0°C
to give a test piece with a metal terminal (B) inserted in
the resin part (A). The size of the resin part (A) of the
test piece was 15mm x 15mm x 1 mm. The precise shape and
size of the test piece is shown in Figures 1-1 and 1-2.
The numerical values in the figure represent the size in mm.

On a Substrate, cream solder (M705-GRN360-~-K2-V,

solder alloy: Sn-Ag-Cu, melting point of the alloy: 218%9°C,

(a2

Senju Metal Industry Co., Ltd., Tckyo, Japan) was put, the
test piece with metal terminal was mounted, and fixed
thereon by reflow soldering the same using a infrared
reflow soldering machine (SAI-2604M, Senju Metal Industry,
Co., Ltd, Tokyo, Japanj. The reflow soldering cycle
included 70 seconds at temperatures in the range of 200~
260°C and 40 seconds at temperatures in the range of 230~
260°C (peak temperature was 260°C). Two reflow soldering

cycles were conducted. After that, the substrate with the

test piece was left to cool to the room temperature.



45 0.05 Com.Ex.4 13 143 265 30 0.04 Com.Ex.5 6 136 752 1; 0.04 *1: number average diameter,
*2:number average length As is apparent froa the results shown in Table 5the electronic components

made of a LOP composition whose
33

The test pilece mounted on the substrate was
broken with nipper or plyer so that the LCP composition was
removed from the metal terminal. The metal terminal was

then visually observed to see whether or not the flux

n

migration was occurred. The number of the test pieces on
which flux migration was observed was out of 20 test pieces
was counted. The ratio of the test pieces rwith flux
migration is shown in Table 2.

Warpage development test

10 Connector test pieces having the shape and size
shown in Figures 2-1 and 2-2 were prepared under the same
condition as above. The numerical values in the figure 2~1
represent the size in mm.

Thus obtained connector test pleces were soldered

15 on a substrate using the same crean solder under the same
reflow soldering condition as above. After the two cycle
reflow soldering Iwas completed, the substrate with the
connector was left to cool to the room temperature. After
that, the height of the 4 corners of the connector test

20 pieces were measured with a coordinate measuring machine
(QVH2 50pro, Mitsutoyo Corporation, Kanagawa, Japan) to

determine flatness of the test piece. Results are shown in

Table 2.



DTUL is 280-360C comprising a glass fiber having a number average diameter of Gum and a number
average length of 100- 200pm caused no flux migration and only small warpage when soldered using
a cream solder. MCSLLP WHAT IS CLAIMED IS: 1. A surface mount type electronic component

which is obtainedby moldingaliquidcrystallinepolymer cql position comprising:
of a wholly aromatic liquid crystalline polymer having a crystalllne welting temperature of 310-410C,

and
number avera

e length of 10100-200pm,

100 parts by weight

5-100 parts by weight of a glass fiber having a number average diameter of 4-8pm and a

wherein the number average diameter is an average
diameter and tHéRtfber average length is an average Iength and

whereintheL®Pcompositiohhasadeflectiopkstempera-are undet-toad (— H \EE%C’; 360"C—2-The
. Hp=| = ||'nn nalvmaor
electro_nlc component accarding to ngw@eﬁ@nmﬁ\g{ﬂglly dlU“AldUb :\w'g(‘;' T Dy Werant
comprises 4-pxbenzoyl apnd/arsG-oxy-naphthayj Fepeating L”'lbeﬁ o. TireeieLt ”Zj G cpmponent
according to Claim22, Whg eindpe .tc tal amount ©f 4-oXybe, oyt a@ﬁalu OX llaplltnuya'sc"%Ca He-taits
based on the t8tal fepeating Lot in the liquidiarystalline pojymergs 50-80motds: AH1E electrotie
component acégrding to Clamt8225% wherein thedliquid crystallinggpolymer isconsisting of the
repeating unifscsimovincby the&ggpu ae [1]-[41: 00 GFD
i _ (20pm) 42.8
om. -
meEX-Z ) 1ep1 100 <7GF2 66.7
Oum) )
Com.Ex.3 | LCPZ 100 AE 42.6
Com.Ex.4 | LCP2 100 GF3 42.8
Com.Ex.5| LCP3 100 GF1l 53.8
Table 2
filler filler flu
. . - DTUL *
diameter™ | length*? o) migration | flatness
(um) {(pm) (%)
ix.l 6 147 310 0 0.02
Ex . i 6 152 311 0 0.02
X. 6 192 312 0 0.01
Ex.4 6 145 288 0 0.02
gom.gx.l 10 15 286 25 0.04
com.Ex.% 10 5B 280 15 0.04
Com.Ex.Z 0.7 20 280 45 0.05
Com. X. 13 143 285 30 0.04
om.Ex.5 6 136 252 15 0.04
*1: number average diameter, *2:number average length

As 1s apparent from the results shown in Table 2,

5 the electronic components made of a LCP composition whose

DTUL is 280-360°C comprising a glass fiber having a number

average diameter of

Oim and a number average length of 100-

200um caused no flux migration and only small warpage when

soldered using a cream solder,



MOSLLP rL O wherein p, g, r and s represent molar proportion (mol %) of repeating units (1)-(1V)
respectively in the polymer and satisfy the following formulae: 60:=Mq1=78 O.%@%fﬁ%ﬁ 115=55=20
p+cl4-r+s=100. 5. The electronic component according to Claim 1, 10which is to be soldered with a
lead-free solder having a melting point of 200-250C on the surface of a substrate. 6. The electronic
component according to any one of Claims 1-5, which’is selected from the croup consisting of
connector, switch, relay, condenser, coll, trans, camera module, antenna and chip antenna.

WHAT IS CLAIMED IS:

1. A surface mount type electronic component which is
obtained by molding a liquid crystalline polymer
composition comprising:

5 100 parts by weight of a wholly aromatic liquid
crystalline polymer having a crystalline melting
temperature of 310-410°C, and

5-100 parts by weight of a glass fiber having a number
average diameter of 4-8um and a number average length of

10 100-200 um,

wherein the number average diameter is an average
diameter and the number average length is an average
length, and

wherein the LCP composition has a deflection

15 temperature under load (DTUL) of 280-360°C.

K 2. The electronic component according to Claim 1,
wherein the wholly aromatic liguid crystalline polymer
comprises 4-oxybenzoyl and/or 6-oxy-naphthoyl repeating
units.

20 3. The electronic component according to Claim 2,
wherein the total amount of 4-oxybenzoyl and 6-oxy-
naphthoyl repeating units based on the total repeating
units in the liquid crystalline polymer is 50-80mol%.

4. The electronic component according to Claim 3,

25 wherein the liguid crystalline polymer is consisting of the

repeating units shown by the formulae [1]-[4]:



MCSUP 37 7.A liquid crystalline polymer composition for manufacturing a surface mount type
electronic component, which comprises: 100 parts by weight of a wholly agraF%tic liquid 5
crystallinepolymerhavingacrystallinemelting temperature of 310-410C, and -10 ‘bgrts by weight
of a glass fiber having a number average diameter of 4-8 pm and a number average length of
193-200pm; 10wherein the number average diameter %n average diameter and the number average
length is an average length, and whereinthe LOP compositionhasadeflection temperature under load
(DTUL) of 280-360C. 15 8.The composition according to Claimwherein wholly aromatic liquid
crystalline polymer comprises 4oxvhenzoyi and/or 6-oxy-naphthcyl repeating units. 9. The
composition accaording @ 8DW erein the total amount of 4-oxybenzoyl and 6-oxy-naphthoyl

repeating 20 units based\on the total repeating units{i the polymer is .50-80m0196.
p
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wherein p, q, r and s represent molar proportion (mol %) of

‘repeating units (I)-(IV) respectively in the polymer and
satisfy the following formulae:
60=p+q=78
5 0.05=q=3
11=r=20
11=s=20
p+g+r+s=100.
5. The electtonic component according to Claim 1,
10 which 1s to be soldered with a lead-free solder having a
melting poinlt of 200-250°C on the surface of a substrate.
6. The electronic component according to any one of
Claims 1-5, which is selected from the group consisting of
connector, switch, reléy, condenser, coil, trans, camera

15 module, antenna and chip antenna.



10. The composition according to Claim 9, wherein the liquid crystalline polymer is consisting of the
repeating units shown by the formulae [1]-[4]: 25 MCSLLP 38 0 -Lco--,-(IV) W{Q?rﬁlmp g,rands
represent molar proportion (mol %) of repeating units (:)-(IV) respectively in the polymer and satisfy
the following formulae: 60==pi-q==.78 0.05==q=;3 11 r20

37

7. A liquid crystalline polymer composition for
manufacturing a surface mount type electronic component,
which comprises:

100 parts by weight of a wholly aromatic liquid

5 crystalline polymer having a crystalline melting

temperature of 310-410°C, and

5-100 parts by weight of a glass fiber having a number
average diameter of 4-8pum and a number average length of
100-200 ym;

10 wherein the number average diameter 1is an average
diameter and the number average length 1is an average
length, and

wherein the LCP composition has a deflection
temperature under load (DTUL) of 280-360°C.

15 8. The composition according to Claim 7, wherein the
wholly aromatic liquid crystalline polymer comprises 4-
oxybenzoyl and/or 6-oxy-naphthoyl repeating units.

9. The composition according to Claim 8, wherein the
total amount of 4-oxybenzoyl and 6-oxy-naphthoyl repeating

20 units based on the total repeating units in the polymer is
50-80mol%.

10. The composition according to Claim 9, wherein the
liquid crystalline polymer is consisting of the repeating

units shown by the formulae [1]-[4]:

CO”‘<g;::;;>“'O (D

p

25



111-1-70 p+q+r+s=100. 11. A method for mounting an electronic component 10 according to Claim 1
on a circuit board, which comprises the step of soldering the component on the surféi¢esot. the board
using a cream solder which comprises a solder alloy and a flux. 12. The method according to claim 11,
wherein the 15solder alloy is a lead-free solder alloy h%\éing a melting Point of 200-250C.

N AN ‘]
B - ; Py ° (11)
L q
""Tﬂ—<;:>“o : (111)
L ’
co . (Iv)

wherein p, ¢, r and s represent molar proportion {(mol %) of
repeating units (I)-(IV) respectively in the polymer and
satisfy the following formulae:
60=p+g=78
5 0.05=g=3
11=r=20
11=s5=20
pt+g+r+s=100.
11. A method for mounting an electronic component
10 according to Claim 1 on a circuit board, which comprises

the step of soldering the component on the surface of the

board using a cream solder which comprises a éolder alloy

and a flux.

12. The method according to Claim 11, wherein the
15 solder alloy is a lead-free solder alloy having a melfing

point of 200-250°C.



