; .e3e d 6@T r 1 DESCRLPTION socket for packagi ng or measuring purposes
used in the electric and electronic fields, and nore particularly to an IC
socket whose surface resistivity is strictly 10 controlled to the desired

| evel and which is inproved in terns of ﬁlectrical i nsul ati on properti es,
mechani cal properties, heat resistance, them cal resistance, dinensional
stability, etc. By the term"I|IC socket" used herein is intended a 15
packagi ng socket used as a sort of connector to package sem conduct or
devices on wiring boards in the eleg geﬁiﬁfI@ﬁckaging applications, a
measuring socket that is a jig for electrical nmeasurenents used in the

ventont o SBATMRIRIE st 2455 et o, < ARRMEMANF 22

*159159* IC SOCKET *G00002*

5 TIECHNICAL FIELD
The present invention relates generally to an IC
socket for packaging or measuring purposes used in the
electric and electronic fields, and more particularly to
an IC socket whose surface resistivity is strictly
10 controlled to the desired level and which is improved in
terms of electrical insulation properties, mechanical
properties, heat resistance, chemical resistance,
dimensional stablility, etc.
By the term "IC socket” used herein is intended a
15 packaging socket used as a sort of connector to package
semiconductor devices on wiring boards in thé electronics
packaging applications, a measuring socket that is a jig
for electrical measurements used in the initial screening
of semiconductor devices, etc. The IC socket of the
20 invention is formed of thermoplastic resin materials, and
may be additionally provided with conventional attachments

such as pins for conduction.

BACKGROUND ART
25 Packaging IC sockets are often used within general
electronic equipment. For instance, a socket is used as a

sort of connector for the purpose of mounting LSI packages



may be additionally provided with conventional attachnents such as pins for
conduction. 25 Packaging |IC sockets are often used wthin general

el ectroni c equi pnent. For instance, a socket is used as a sort of connector
for the purpose of mounting LSl packages 2 on wiring boards. LSIs nounted
on wiring boards using a socket are insp%cted in the formof wring

nodul es. If there is sonmething wong in an LSI, that LSI nay then be

repl aced by another LSI. LSIs in existing nodules may be 5 renoved out of
sockets for e it e [ S s are
required toohaggagﬁgegﬁgﬁgﬁﬁndﬂgaﬁg%ggétggnégnggggﬁg Q??#g%sﬁgggékgges, and
must al so haygkkhe a$ReGinfdredtedNS nC Fhlet di o ?F [ nd.}0 shape
of LSI package ter r?li%al él.gp%hereg g'rnectpli)llen%%(r}?'d og?ﬁe:{'%gtn P&%s#&\%nsgseI erm nal s
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spherical shape. To engage sockets ™wt se termna

sockets' copbpibtedNBynANJthe fshe f8gkels BUsktPRgWRbhulasf ;35 fge the
respective termnals. "Recent trends in LSI packaging are towar gare chip

packagi 'y OfrefmbiviedC biut RIC lawkied sWifldtr FRplAlceRRAAYA thATTRC 13l socket s,
too, must be revanped to keep up with such trends. Packaging |IC sockets,

| i ke other paekagi ng 20 parts such as wiring boards, are nowrequired to
have smal | er size, higher reliability, higher density (narrower pitch),

hi gher transni ssi Packpgdag Iawsockeitseareetrequlresie oC hatiec tthie fshlaipecat i on
processes, on the other hand, neasuring |IC sockets are enpl oyed for

i nspecti onsapd Zunickdion comgenisugatéheilir A-SIn paekiaiges ,i andnausft tdiso
screening nethods for elimnating initial defects in sem conductor devices,
wher ei n accbh¥eatde spesddilicatiopsageriresponding dovithes pditchempat at ur es
and vol tages higher than in their operating conditions to accelerate the
occurr eifte &haper ot ST packiages tegaviingd sout THerecareepdnvpcdd arcrhvs short

time spans. |5 In one typical burn-in testing nethod, bare chips or
(PGAs) whose terminals are of rod shape and ball grid

arrays (BGAs) whose terminals are of spherical shape. To

engage sockets with these terminals, the shapes of

sockets’ contacts and how to fit the sockets must be well
15 fit for the respective terminals.

Recent trends in LSI packaging are toward bare chip
packaging or flip chip packaging with no LSI package.
Associated sockets, too, must be revamped to keep up with
such frends. Packaging IC sockets, like other packaging

20 parts such as wiring boards, are now required to have
smaller size, higher reliability, higher density (narrower
pitch), higher transmission speed, lower noises, etc.

In semiconductor fabrication processes, on the other
hand, measuring IC sockets are employed for inspections by

25 burn-in testing. The burn-in testing 1s one of the
screening methods for eliminating initilal defects in

semiconductor devices, wherein accelerated stress is



packaged devices are |located within I C sockets in a hightenperature tank
and power source voltages or i'nput signals providing accel erated stresses
are externally applied thereto for a constant tinme. Renoved out of the 10
sockets, whether the devices are accepted or rejected is then determ ned.
Fig. 1 is a sectional schematic illustraBe of one exanple of the neasuring
| C socket. A bare chip 1 conprising a bare chip body 11 and bunps 12 is
pl aced on 15 the table of an IC socket 2. The I C socket 2 is nmade up of a
|id 23, etc.. For .the i“31§§}t0
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illustrativ f -1 socket for fine ball grid array
%e?zfic%%g r@iﬁg&?’@oﬁ:@ t 1t Wilkirld"

(FBGA) packagi ng, I's a sectronal schematic of the socket. A

socket 3gis built tip 5 -3h teh AR a2 jtch, a
lid 32, springs 33, g eb y 8%%?12’ 34, ef%. IﬁﬁFlg.(ég'pins §%ﬁ&%§92%ding

conduct i vel palckayde Hd b dPEP A et il SPLIRR] Gl GodNe tPGh RpAkaRs- 35 1S
5 placed on a table while it is in contact with the pins 31. The pins 31

are desi gnedempdrRitiroftaigpandigdior Bslidle Wikadds td@tiddigy can cone
into contact wwth a nunber of spherical termnals. |IC sockets are now

requi red to sigielgoptatening cilceleidisad alt¥sdyoRard idsenidims and
vol t age, mechani cal properties, heat resistance, chem cal resistance,
di mensi on stapplliied/, thetre tdSder | coamdast ariend .or Rethooed out of the
10 sockets, whether the devices are accepted or rejected is
then determined.
Fig. 1 1s a sectional schematic lllustrate of one
example of the measuring IC socket. A bare chip 1
comprising a bare chip body 11 and bumps 12 is placed on
15 the table of an IC socket 2. The IC socket 2 is made up
of a socket body 21, contact probe pins 22, a 1id 23, etc.
For the pins 22 to come into contact with terminals such
as bumps for conduction, for instance, deflection pins or
insert pins may be used. Burn-in testing is carried out
20 while the 1id 23 is closed. After the completion of the
burn-in testing, bare chips judged as acceptable are
mounted on board substrates in a multi-chip packaging
fashion.
Fig. 2 is a top schematic i1llustrative of one
25 example of a burn-in socket for fine ball grid array
(FBGA) packaging, and Fig. 3 is a sectional schematic of

the socket. A socket 3 is built up of contact pins 31



ceramic materials or netals having insulated surfaces. |In nbst cases,
however, they are forned of synthetic resins. 15 In view of the aforesaid
el ectrical insulation properties, hat resistance, etc., |IC sockets of
synthetic resins, for instance, are fornmed of thernoplastic resin of high
heat resistance such as pol yet her inide,4poly(phenylene sul fide),

pol ysul fone, poly(ether sulfone) 20 and pol ybutyl ene terephthalate (JP-A's
07-179758, 08 176441, 08-176442 and 2000- 150094). |IC sockets of synthetic

179758 _ _ : _ ets of sy
e stance, Aavated BCH SHATSS BT £ PG4y PR R B SP A ng

too hi gh sur, Sigt i Vi are likely to be deposited on their surface
with static (febfag%to:"ﬁci?‘t%y. e!,01\25(')/'sem' conductor devices are in touch with IC

sockets in the  §, pgpectd Orbir?lrso%]ﬁ.s's egéte%n}e@oﬁﬁiﬁﬁwl gy ges, IC

sockets are susceptibl'€ to ‘el’éctrification via tr el ectrification. As the

packagi ng deRsitiih L imatGliird HINE LAl A S et PERATRBGR! ggck?%et Ag qiher

hand, the nunber of | nput/output pins of chips IncreaseS w narr ow ng

pi tch. Wenplidda il £S@AH1Y B RANS G Ro¥adth &l ke ©imuned on

| C sockets, their contact with the surfaces of |C sockets nmakes danmage to

these seni camdlglins daViaes ddsigied in Adsidast tshdpe, priacenuibdS

sockets by static electricity, alrborne dust contam nates sem conductor

devi ces. Thetsur fsacethatsitdewidan afoneC 1k aichtimyt hel trovenathber fegmng 1C
sockets using synthetic resins with 15 antistats added thereto. However,

t he anti st atspheagerst]l preaseintalon t he surface of an I C socket is readily
renmoved by washing or friction, and so it is difficult to achieve the given
antistatic effect I8 eocke tex tagred edwparadprimdd tiarthawhego |edreget mimint  of
the antistatic agent is 20 added to sustain the antistatic effect, the

anti st alt?c dgsulaiiesdprapatislesy wldhafanherdldagekaechagsigaing in the
deposition of dust thereon. In addition, the bleeding antistatic agent

| eads to po@ddiapexrtisiguthent gresskatangs rhamigalomragkstangeough el uti on and

vapori zation.
dimension stability, etc. Some IC sockets are formed of

ceramic materials or metals having insulated surfaces. In
most cases, however, they are formed of synthetic resins.

15 In view of the aforesald electrical insulation
properties, hat resistance, etc., IC sockets of synthetic
resins, for instance, are formed of thermoplastic resin of
high heat resistance such as polyether imide,
poly(phenylene sulfide), polysulfone, poly(ether sulfone)

20 and polybutylene terephthalate (JP-A's 07-179758, 08-
176441, 08-176442 and 2000-150094).

IC sockets of synthetic resins, because of being
required to have a high degree of insulation resistance,
have generally high surface resistivity. IC sockets

25 having too high surface reslstivity are likely to be
deposited on their surface with static electricity. As

semiconductor devices are in touch with IC sockets in the




25 The surface resistivity reduction may be achi eved by formng I C sockets
using synthetic resins with conductive fillers filled therein. However,
resin conpositions 6 conprising synthetic resins and conductive fillers
havi ng extrenely | ow el ectrical resistivity such as conductive carbon
bl acks, graphite, carbon fibers, netal fPbers, and netal powders suffer
fromdrastic electrical resistivity 5 changes dependi ng on the proportion
of the conductive filler incorporated and delicate fluctuations of the
Rwsil; r, this uld be that

t at f di i f the filler.

fhgrg ios alnigl%r fég%;l&?]né’rrfecaqslfsfe et §F eocf{(fq%c%gqr}?réee(s)‘fjscﬁs\fit bet ween 10
ducti fd i j t hat i.ndi vi dual

conduct i ve FATEEE % HUEIG i R AL At ML Wi e they

are joined fyy§¥ggg£¥¥icéggqﬁmtivity appears drastically because the
conductivit

occurrence o y 1S dependent on the state of dispersion of a 15

ducti fillerpd A4 j j t ti
Fior in the synRerie Posaiinly Qs 8 DRARd i i ieuet Ve
resulting Pliidied Hidh | b Alife HIRLMINGRLCIthe fBdOBMaving very high

surface resistivity and 20 a portion having very surface resistivity

coexi st. W hput7ogiitoGass W NhiG dddettdd WS nddrdwidd Ypi &dn | |
difficult to achieve stable production of 1C sockets having their surface

resistivity wienugiil tdowin ®dAe cleBams, el oMiigs deapid g Bte drd cal

i nsul ating 25 properties. 7 An object of the invention is to provide a
synthetic r e®unted sackist sdukestsurtader resitsddtyivith stisd renttaceondf ol | ed
to the desired |l evel and which is nuch nore inproved in ternms of electrica
i nsul ati on FCopadkedss mMakest emagd for disyde essmimaiductostdeviegeshen cal
resi stance, dinensional stability, etc. As a result of intensive studies
made sol@s tldkedayonphdsbhrbed sbotbeasurfecest oft A€ isockettsr byhatatiicgur ed
out an | C socket conprising a thernoplastic resin 10 to which a conbi nation
of a car bon egesdisdit havdimporneidust vasintiaminates jsenjcendiictamnduct i ve
filler having specific volune resistivity is added. The conbi ned use of a
speci fic ca§93SG%Secursor and a specific conductive filler enables IC
sockets with 15 properly reduced surface resistivity to be produced in a
stabl e manner. |t LR g56s S e by tap At i sackedsdiay heyikpyered

si te-dependin urface sistivity variations nmuch nore reduced than coul d
be achi eved qmgﬁsl?rl“ﬁélgsc;lr(g SRGKeES (e RS i99knS JBLEY regul ati ng

oget oo | EREIEHARY At At aPRvaTeFe S0 e AaIPIg s aorRte
ot on pEES 0Whd Sdd¥adlBe Sh 'Y oML 4L TRIAS SV SE
by washing or friction, and so it is difficult to achieve
the given antistatic effect over an extended period of
time. When a large amount of the antistatic agent is
20 added to sustaln the antistatic effect, the antistatic
agent bleeds on the surface of the IC socket, resulting in
the deposition of dust thereon. In addition, the bleeding
antistatic agent leads to possible pollution of
surrounding environments through elution and vaporization.
25 The surface resistivity reduction may be achieved by

forming IC sockets using synthetic resins with conductive

fillers filled therein. However, resin compositions



25 More specifically, it has now been found according to the invention that
the surface resistivity of an | C socket can be strictly controlled to the
desired level in 8 the range of 105 to 1013 S2/0. By controlling the
surface resistivity of the I1C socket within this range, it is possible to
overcone damage or contam nation problen§ Wi th sem conduct or devi ces, which
are caused by static 5 electricity. In consideration of heat resistance, an
| C socket should preferably have a deflection tenperature under |oad of
170C or higher. To.this end, .i.t is preferable to yse crystalline or

amor phous t ﬁgp%ﬁ%&ﬁgi EYPg:gﬁeﬁgcefgéilngntarﬁ cPRIE Vrﬁeﬁj:'ﬁ’fﬁcge?m'f’ﬁé‘gpr esent
I nvention h LlAl fisndi,ngs. . rdi 0 t he present
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mass of a thernoplastic r ‘510 Yo By nass of a carpon ‘precursor

having a volia 1’ §okdery 9 er;%o%rlpl X 1 T ePAMh1( r%s)is]t:itiv % by

mass of an electrically conductive aving a volune resis Ity of

less thay 18Rahgels) @@pet(dify h A MOHAN 1dn biE dlRAYMNudtide 1 1S @

sectional schematic il'lustrative of how one exanpl e of éhturn-ln testing IC

socket is ugadiel IncdripdratiedP aifd FAticatd HIMIRIdMOIY ANam fapl e of
an open-top type of burn-in testing IC socket. Fig. 3 is a sectional

schemati ¢ i blfudtilspleired odf dfhans da1afert.he | C socket depicted in Fig. 2. 9
BEST MODE FOR CARRYI NG OQUT THE I NVENTI ON 1. Thernopl astic Resins By way of

exanpl e but not epolsgibiel yeasomsd fioretip aould besithats athdiy dish anncl ude
pol ybut yl ene
extraordinary difference in electrical resistivity between
10 conductive fillers and synthetic resins, and that when
individual conductive filler particles are dispersed in a
synthetic resin while they are joined to one another,
conductivity appears drastically because the occurrence of
conductivity is dependent on the state of dispersion of a
15 conductive filler.

In addition, the state of dispersion of the
conductive filler in the synthetic resin varies from site
to site, and so the resulting product tends to take a form
wherein a portion having very high surface resistivity and

20 a portion having very low surface resistivity coexist.
With such a process uslng conductive filllers, it is thus
still difficult to achieve stable production of IC sockets
having theilr surface resistivity brought down to the

desired level while keeping electrical insulating

25 properties.



terepht hal ate, pol yet hyl ene terephthal ate, pol yam de, poly(phenyl ene
ether), nodified poly(phenylene ether), poly(phenylene sulfide), poly(ether
et her ketone), poly(ether ketone), poly(phenylene sulfide ketone), 10

pol y(phenyl ene sul fide sulfone), poly(ether nitrile), total aromatic

pol yester, liquid crystal polyester, polyarylate, pol ysul f one, pol y(ether
sul fone), polyether imde, polyam de-imde, polyimde,

pol yani nobi smal ei m de, polynethylpentene and fl uorocarbon resin. 15 These

t hernopl astic re e ol r,in ture two_or

Exenpl gr ysa:jm xt 3'“21: gﬁﬁc}% f))ol ;e/cbt?t i é’%é&tioglea%t &Xé#é)/ &gilfeygt e 1%

t ht hal at g gl 'ﬁ%€% I
([)ﬁgnyl an e?%e% ﬂpol ybuty ene terep t 91) giﬁ%etipol@%ttrﬁg%eﬂ’ Py
thermopl ast Horfta11%q R e rad 1601 il JAR AW GudWiPlida! St ant

resin selected fromthe group consisting o a cryst alI't'ne resin (Al) having

a melting pQimproded3dC t¥rnty wzerelwﬂreaq A 1S gk fﬁﬁu%' ng a

glass transition tenperature of 170C or 25 hlgher Prefer 't not

exclusi ve, medMRiMTall pridparoidsl [Hdut neuibthddld chdifldding poi nt of 220C
or 10 higher are polybutylene terephthalate (224 to 228C), polyethylene

t er epht hal atresi24@nice ,2@@ens NI & tabd it nyl on 66 (260 to 265C) (
nyl on 46 (2900, pon(phenerne sul fide) (28 to 295C3 poly(ether ether 5

ket one) (334C), tonal aaresalitc oFolipdtsinglved Studdleshin@l® )so A Weet hyl pent ene
(235C), polytetrafl uoroethylene (327C),

tetrafl uor oecepmpld/she Xdfd whcomrsapyd erbefquer,f e dalventyostsn\Haved her
copolymer (290 to 300C), tetrafluoroethylene/ ethylene copolynmer (260 to

2700, pol yElgyred oot ¢ IT (RR°KSt, comprising a thermoplastic resin
tetrafl uoroet hyl ene/ hexaf | uor opr opyl ene copol yner (253 to 282C), and

t et r af | 1®r odohyhdiedy gecambdmadilion dfhna cadbon qopesiunsar (8o2ing 3100), the
bracketed figures bein representatlve melting points. Preferable, but not
excl usi ve, Sp&gifds g sridrsHdus andsian qenduat ivey|fiddlar davinon
tenperature of 170C or hlgher are pol y(phenyl ene ether)(220C), polyarylate
(193C), pol FR&dde (VPQG’E)G HEARFEHEY A 89225 to 2300), pol y(et her

i mde)(217C), and | ya de (280 to 285C), the bracketed figures 20
bei ng representatF@@ g@?ﬁﬂiﬁ & SRsSIES & t*ﬂbﬁﬁﬁﬂ@%ﬁQQ:?ﬂﬂylnlde

ool n Z?ﬂ.c)saﬁ%? % ol Hﬁq”?r&ﬁa%m;@%ﬁfa% qu%?td%%? thg oS
crystal Fone reie‘ifﬂéi%%éndcf?%dﬁéiﬁ T Ay e e q‘ﬁleeLF“I aest des
thernDpIast%Qaﬁﬁg W%nn%ﬂﬁt'i%lgr thfeb%gggblel%o fabricate IC
sockets having site-depending surface resistivity
variations much more reduced than could be achieved with
the sole use of the conductive filler.
20 By regulating the proportion of the carbon precursor
and conductive filler incorporated together, it is also
possible to obtalin an IC socket having surface resistivity
reduced down to the desired level while keeping electrical
insulation properties.
25 More specifically, it has now been found according
to the invention that the surface resistivity of an IC

socket can be strictly controlled to the desired level in



is given to anorphous resins such as poly(ether sulfone), polysulfone and
poly(ether imde) as well as crystalline resins such as pol y(phenyl ene

sul fide) and poly(ether ether ketone). 5 The proportion of the
thernoplastic resin or resins incorporated should be in the range of 40 to
94% by nmass on the basis of the total anmBunt of the thernoplastic resin
conposition. Too nuch thernoplastic resin causes the surface resistivity of
an | C socket to beconme high, 10 and so makes it difficult to obtain an IC

socket havi t he desired surface,resistivity. Too little thernoplastic
resin rende%glet Fangs ofcd F esPsdPvi ?{/Qnd BY i 1ing (fhe i S iReRer ti es

of an IC so l,Qw. _ Thuys e or.t. of .t.he t hernopl.astic resin or
resins shourq%\gsrt:}estt %%%tyt%fe%fngfe&oﬁ&{)k?e eWriaq{iﬁl gﬁl Jt%o %b/%eo’ypin%sissf and nore
preferably 6040 13370y JRSS: ecﬁo‘H the r}g_cmc used
herein and %avi ngﬁ% \ﬁcﬁlum reoéfestﬁqg%&]:#rt e%@e_ o&g tolpéfﬁq'%é@{r)cm
for I nstanCgend@Jmdi®OAHME PYHiIdH M M"%Mﬂ‘?e. at
tenperatures of 400 to 900C in an inert atnosphere. re specifically, the
carbon psecynedtr T4 the obtained by (1) a process wherein tar or pitch such
as petroleumtar, petroleumpitch, coal tar or coal pitch is 25 heated for

aromati zation and mROlsHANGRISAIICN of hdRIWdSG taticl Zath atd JRdgd nfusible
in an oxidizing atnosphere, and then heated and fired in an inert

at nospher e, shdul@ priddidlI86 hahe£ide Al dNEIIP Riekifd rfa tilsd ki Bsad

pol yacrylonitrile or polyvinyl chloride is made infusible in an oxidizing
at nospher e, odd #dienokentigeand tbr€RisNeRd, i VErisaprEEEPEPEe 88duEd) a
process wherein a 5 thernosetting resin such as phenol resin or furan resin
i s set by heatyist@lldme® tderanvegitehsanithdimagldstian reskns atxmsPphene. imhe
term "carbon precursor” used herein is understood to nean a substance that
i s obt al®ed heats mes it anascesThe pivelsenitt inyendtionoimaiseuaiderdaimoni zed or
has a carbon content of 97% by nmass or below. As the organic substance is
fired in anthese finddqigere, the carbon content of the obtained fired
product tends to rise with increasing firing tenperature. The carbon
content of a 15 c&ASOFGImet tres drharprafendssinwerdgn ol thareisr oper
determ nation of firing tenperature. The carbon precursor used herein and
havi ng a volRFRYided a1 &G segkeapthat te qhadngd b i Arping f%bly have a
carbon content. of 80 tqQ 97% by nmass. Wien the carbon 20 content of_the
carbon pr ecﬂl’osléirciqgs g o‘%‘eslﬁ%ﬂl? aghke \FRTHE FRWQILAY WQ%OIN gh to

d f i.Stivit f ot bt aj ned. | C ket { 3
Corry 1 b7y B LRI TR Pt b eSS The (o e b o 88 s too
large, the \ch Wisd oF Sat 'é’ééﬁlorp epczoergfrsl.gflv’ htar\]r%n%ug %%ﬁume resistivity

of 10® to 10 Q'cm and (C) 1 to 30% by mass of an

electrically conductive filler having a volume
resistivity of less than 10° Q-cm.
20
BRIEF EXPLANATION OF THE DRAWINGS
Fig. 1 is a sectional schematic i1llustrative of how
one example of a burn-in testing IC socket is used.
Fig. 2 is a top schematic 1llustrative of one
25 example of an open-top type of burn-in testing IC socket.
Flig. 3 is a sectional schematic illustrative of the

side of the IC socket depicted in Fig. 2.



25 resistivity of the obtained I C socket becones too low. To add to this,
the surface resistivity of the I C socket changes drastically in response to
a slight change in the 13 anount of the carbon precursor incorporated.
Thus, the use of a carbon precursor having a volune resistivity deviating
fromthe aforesaid range nekes it difficllt to produce an | C socket having
the desired surface 5 resistivity in a stable fashion with inproved
reproduci bility. The volume resistivity of the carbon precursor should be
in the range of preferably 102 to 1010 (err) cm and nore preferably 104 to
109 (err) cm The carbon precursor is usually used in a 10 particul ate or
fibrous form The carhom RS USEA IR v Hhe T8 in a

2

particulate form shoUdpretrerany nave a nean partrcte draneter of 1 nm

or | ess. Wgn &E%gﬁEiﬂa?ﬁﬂﬁiﬁ&%ﬂﬂﬁ?”Eter of the carbon precursor is too

| arge, it ig'har [0 nol d or otherw se formany |IC 15 socket having a good

appear ance. The L | f t I egyrsor should be in
”%?2 m&g’ g'f(i Iegzﬁaﬁl?gr.@?o%t Aot %%cﬁ%fsﬁ%t% %‘ﬁg

the range of prefe nm nore prefera to 500 um and

even norg PhakeidPnh st 160 rdi il s dd HER r° ATRIudA Yoyt leresul ts are
obt ai nabl e by use of a carbon 20 precursor having a nean particle dianeter

of about 5 E@r@%h%malaEEﬁ GRIFRE N IRME I-TrdpHGhNNRI,N poiRmie| oyed in a
fibrous form should preferably have a nean di aneter of)o.l nm or | ess.

Car bon pr ec gl phidigienex @2e@dir)y tollifletd gtav plidiy1eid Y tdhenl di ng or
otherwi se formng any | C socket having a good appearance. A long fiber form
of carbon ppedy(phenydenee suddd degcaya i (fetiherc wWithert ketloaid), 14 fibers by
kneading with the thernoplastic resin. In view of dispersibility, however,
it is prefepalyd etthexs ket ogtedr,t dallydiphemryheofe arlifidrlepkechorsgy,. The
proportion of the carbon precursor incorporated 5is in the range of 5 to
30% by hass pod vi(iphenydieneofsulifd deptsal Lfommint pofl it (et here midptidst)ic resin
conposition. At too high a proportion of the carbon precursor, the surface
resistivity teftaghanomaddek oo yesthars tldauisyanydtal palividdt@ant to contro
that surface resistivity to the 10 desired |evel or, preferably, in the
range of 10PolFarylatesr POlyEUhfong, RV (@FhenhsPdaneon dokyrthar bon
precursor, on the other hand, it is difficult to bring the surface
resistivity 1gidene DA vapida - imhde « Polvmide, arlyamidobigRalsidifit i on of

t he carbon precursqQr _i ncorporate
%o ymethylpentene, and fluorocarbon resin.

15 These thermoplastic resins may be used alone or in
admixture of two or more. Exemplary admlixtures are a
polybutylene terephthalate/polyethylene trephthalate blend,
poly(phenylene ether)/polyamide blend, and a poly
(phenylene ether)/polybutylene terephthalate blend.

20 Of these thermoplastic resins, preference is given
to at least one heat-resistant resin selected from the
group conslisting of a crystalline resin (Al) having a
melting point of 220°C or higher and an amorphous resin
(A2) having a glass transition temperature of 170°C or

25 higher.

Preferable, but not exclusive, examples of the

crystalline resin having a melting point of 220°C or



15 should be in the range, of preferably 6 to 28% by mass, and nore
preferably 10 to 25% by mass. The conbi ned use of the carbon precursor with
the conductive filler enables the surface resistivity of the IC socket to
be lowered to the desired | evel, and achi eves effective prevention of 20
site-depending surface resistivity variaQdons. 3. Conductive Filler By way
of exanple but not by way of limtation, the conductive filler used herein
and having a volunme resistivity of less than 102 (err)cm i ncl udes carbon
fibers, 25 gﬁa hite, conductive carbon bl acks, and netal powders anong

which, inc & 3o RO AR d:lﬂqqqgﬁharl@&r%dl?ﬁ"biqq }12}%8 &e. bof
surface resistivi conduct i 15 carbon nateri,als su as carbon
fibers, graBﬁnELtY?,t &?&?pt 'e\F@p\c{&rht?&l‘?sttﬂ. _ aﬁ‘l’d?tépeof%r)'nf‘XﬁBPeg 312@_0 to
Cowdery o 2PPokyy PEERRoPe: H280r BT aRE"Fht koRasbaf 290 % " m tat on is
\ q £ > i . h

| mased o bR R e et (o o RIRYS BRDTRhERCE YN o5
ohon 17 ncks B e S0TR. LEbnRRS pRlVERaBIBbRLE, Elhahfoc

carbon fibers may ‘be 10 dse car used ulfd preée y have

di f I o~Th i i e@y ITean
i ameter oxBoaqrRtryIpeitelie ONeC ] P R e o R B )

| C socket haeitie A @Rt BRNRH Y HSka fl ey Td s o riSIREb 15 Sk y -

preferably take 15 the formof short fibers having a nean | ength of 50 um

or greater. vihgiustnr @guiimdda®dad mh@Ecieakeleatt botberByidney | ess
results in slender effects on inprovenents in nechanical properties such as

creep propekthgdentd ddpislyiderc! (@80 aid Y2707¢ )5t pengtiinyd0 filaopdide cul ar
limtation is inposed on the conductive carbon bl acks used herein, provided
that thky an@23C¢l, etetiragluoapeithil enky hekaf lubsopropylanet Hopod vinleack,

oi | furnace black, thermal black and channel black nmay be used. These may
be used al o{@5& tion 28RTCYt, uradotte2Faflmomoenhyd enkg peanfiluoioald kyilr¥i t at i on
is placed on the graphite used herein; for instance, artificial graphite
obt ai ned by vinyd gthsin tdoraliymemt( 302t SHECAL utbe dirackleded ar, pitch or
the like, and natural graphite such as | epidoblastic graphite, flake

graphi t e andisgaes, ReidithinePrageHa tise) mefiel g R Yesi stivity of the

conductive filler used
Preferable, but not exclusive, examples of the

15 amorphous resin having a glass transition temperature of
170°C or higher are poly(phenylene ether)(220°C),
polyarylate (193°C), polysulfone (190°C), poly(ether
sulfone) (225 to 230°C), poly(ether 1m1de)(217°C), and
polyamide-imide (280 to 285°C), the bracketed figures

20 being representative glass transition temperatures.

Thermoplastic polyimide (Tg = 250°C) that is a
crylstalline resin, too, may be used as the amorphous
resin. This resin is of crystalline nature under ordinary
forming conditions, and crystallized by post-forming

25 thermal treatment. Besildes, crystalline resin/amorphous
resin blends may be used.

Of these thermoplastic resins, particular preference



5 herein is less than 102 (err)cm and the lower [imt thereto is usually
the volune resistivity of netal materials such as netal powders or netal
fi bers. The proportion of the conductive filler incorporated should be in
the range of 1 to 30% by mass on the basjs of 10 the total amount of the
t her mopl astic resin conposition. \Wen tHé—proportion of the conductive
filler is too high, the surface resistivity of an | C socket becones too
low, and so it is difficult to control that surface resistivity to the

' I ‘o f f bl y.105 15 13 / :
wen the pr afodtish 5 ABEHR BRI Ru 1 ursthen 'Satidl cli i 1o
h | St V4 |.C t ffi.ci I | .
The. pr opor t Fon e ifme sl dl i dzs SRS o MO o by 4B T Tange

of preferablpeed f0 8% ﬁﬂ%* r %y mass.
The sol e use of the COH%SCUV (fl @flqarr{eg;dﬁg}lgﬁﬁ (a:am%lc?:t%l:]&e]tg}‘g]gurface
resistivitydihdh&ed@udyred | evel difficult, and causes the surface
resistivity to vary largely fromsite to site. The conbi ned use of the

af oresaisl proportithe Yrdgit-tior Y1dutd Whdrndalastild ddif f FP P PHECUr sor

ensures stable production of IC sockets having the desired surface
resistivity iwWdorporatled isSHdiEld/&d Al @he rahlge of 40 to 94% by mass

on the basis of the total amount of the thermoplastic
resin composition. Too much thermoplastic resin causes
the surface resistivity of an IC socket to become high,

10 and so makes it difficult to obtain an IC socket having
the desired surface resistivity. Too little thermoplastic
resin renders the surface resistivity and electrical
insulation properties of an IC socket too low. Thus, the
proportion of the thermoplastic resin or resins should be

15 in the range of preferably 50 to 90% by mass, and more
preferably 60 to 85% by mass.

2. Carbon Precursor

The carbon precursor used herein and having a volume
resistivity in the range of 10? to 10 Q-'cm, for instance,

20 may be obtained by firing an organic substance at
temperatures of 400 to 900°C in an inert atmosphere.

More specifically, the carbon precursor may be
obtained by (1) a process wherein tar or pitch such as
petroleum tar, petroleum pitch, coal tar or coal pitch is

25 heated for aromatization and polycondensation, if required
oxidized and made infusible in an oxidizing atmosphere,

and then heated and fired in an inert atmosphere, (2) a



4, Oher Fillers Wth a view to increasing nechanical strength and heat

resi stance, many other fillers may be incorporated in the | C socket of the
invention. Fibrous fillers, for 5 instance, include inorganic fibrous
materials such as glass fibers, asbestos fibers, silica fibers, alumna
fibers, zirconia fibers, boron nitride ﬂﬁ%ers, silicon nitride fibers,
boron fibers and potassiumtitanate fibers; nmetal fibrous nmaterials such as
stainless, 10 alum num titanium copper and brass; high-nelting organic

fibrous mat 5%%!e§ssan% ts_,mo%l ﬁ@xﬂn%pfés%qrc?%@ég{' Sru%y g pol yester resin

and acrylic resin, e ke, Tn*viewo rc I'nsul ati on

properties, il qggﬁ i u i S i ivity
such as gl ag'glfg% | blgng : %r :Q%cﬁ%éaitjgiﬁyﬁ gzrﬂcsl,dllfige i%ﬁﬁaarr%eth} ncl u ge_tm' ca,
siiica talan 8Bk 990 dtmdHHErd] Hd Aifon Gl dMHR] XUMUL 1 | L ani um
oxide, ferrite, clay, glass po rs, zinc oxide, nickel carbonate, 1ron

oxi de, quarbh RAHY HtmdfSpRARES 4N (¥ DA P> S Rafdrignsy fate. These
fillers may be used alone or in conbination of two or nore. If required,

the fill®rs tHeymodet tigR) ridsaal ehicH s ?r@ﬂ& YHe AW (A€ ErARindirRdaNt S.
The sizing or surface treating agents, for instance, include 25 functional

conpounds sgelt dy @RI MPMRAIdhen IR T FR@EOdD i [Hargtconpounds
and titanate conpounds. These conpounds may have been used ahead for the

surface latmoasphexel. of the fillers or, alternatively, may be added to
the thernoplastic resin conposition at the tine of its preparation. 5.

Addi tives 5 Vari oTheaddrin Vearbon iprecmisasnfechsed hearei@ dscket of the
invention. The additives used herein, for instance, include inpact

modi fi ers suydidexs toogk \togmagn cosuistiangeaditefti s gidiadmed by esich

nodi fiers such as ethyl ene glycidyl nethacrylate, nold corrosion

pr event}@es Prosiessest Whidilee idardsomsite complatadal camtssiaed awhdsants such
as pentaerythritol tetrastearate, thernosetting resins, antioxidants, W
absor bers,  REEPOR G tegenaf Aich b Mo PhikaliQle, Asafber ergaddst s, and
col orants SUEEF§§ dyes or_pignments. These additives may be added in 15

sui tabl e am¥ : eoét?‘asﬁj;ﬁf (8 1&9%&%%@% RS (PEERRbs| tion The
conventi onalBP R (0 RIIBHLSRE] SRR RGE P RO h
camponent s ASTSAB NG S nine, Yo s ¢+ ARG GPERPReFOMEP ALl Fed, the
neadedSnd S ERH AF s B el Rt St Sred ML mtdRA T o"a
ol di ng 25 Qe el el & Al ’ﬁ?ﬂﬁ@%&% 2 master batch conprising a
part of the required conponents égi e kR xed Wth the rest. To enhance the
di spersibility of @aCharbon precursor used herein and having a volume
resistivity of 10® to 10%° Q'ém should preferably have a
carbon content of 80 to 97% by mass. When the carbon
20 content of the carbon precursor is too small, the volume
resistivity becomes too high to reduce the surface
resistivity of the obtained IC socket down to 10 Q/0 or
less. When the carbon content of the carbon precursor is
too large, the volume resistivity becomes low; the surface
25 resistivity of the obtained IC socket becomes too low. To

add to this, the surface resistivity of the IC socket

changes drastically in response to a slight change in the



19 conponent, a part of the raw materials used may be pul verized into
powders having a uniformparticle dianeter, and the pul verized product is
then m xed with the rest for hot extrusion. 5 7. |1C Socket |IC sockets nmay
general ly be produced by injection nolding of the thernoplastic resin
conposition. However, reliance may be pI% ed on ot her nol ding processes
such as extrusion nol di ng depending on the desired shape. The I C 10 socket
may i nclude both a packaging |IC socket and a neasuring |IC socket. The

e st ream el bty R Wl GAEL LS P ERSELALL LIPS hGFOUR Pavi no
most cases, (e JPasUdAon %ﬁ%@%ﬁ%oé%é@fﬁ%%&%?mﬁg f@&f&i\%ﬂy ng

dedi cat ed specifications an y semco makers as part of their

sem conduct Qfe~py | AR OLE SSE GRS if&%?g' aREL €4 & Safe M &1 £ apge of
connercially€3vailab e |1 C sockets, on the s apénand%§+ge g? Wﬂ?cﬁ are not

20 parti cul asddagsd ot JBSRdEURRING 5o SAGKDEed ekubiase one havi ng
(botto me

structure conprising a conbi nation of a body er with alid

menber. Bhe rdpmitivery Gis0sketavl S Of LNROIRAFEES OfSroveyi ded with
conventional parts such as contact pins. Sone illustrative, but not 25

excl usive, erdyhdmaisl Df t$UCThan Vol uaes ks ita vEitgwo fi ”tHd @arvord 0 3.
Exanpl es of the I C socket conprising the inventive
precursor should be in the range of preferably 10 to 10
Q-cm, and more preferably 10* to 10° Q-cm.
The carbon precursor 1is usually used 1in a
10 particulate or fibrous form. The carbon precursor used
herein, when employed in a particulate form, should
preferably have a mean particle diameter of 1 mm or less.
When the mean particle diameter of the carbon precursor is
too large, it is hard to mold or otherwise form any IC
15 socket having a good appearance. The mean particle
diameter of the carbon precursor should be in the range of
preferably 0.1 pym to 1 mm, more preferably 0.5 to 500 um,
and even more preferably 1 to 100 um. In most cases,
satlsfactory results are obtainable by use of a carbon
20 precursor having a mean particle diameter of about 5 to 50
pm.
The carbon precursor used herein, when employed in a
fibrous'form, should preferably have a mean diameter of
0.1 mm or less. Carbon precursor fibers exceeding 0.1 mm
25 have difficulty in molding or otherwise forming any IC
socket having a good appearance. A long fiber form of

carbon precursor may be used because it is cut into short



20 thernoplastic resin conposition are burn-in sockets, pin grid array
(PGA) sockets, ball grid array (BGA) sockets, dual inline package (D P)
sockets, bare chip packagi ng sockets, flip chip packagi ng sockets, quad
flat package 5 (QFP) sockets, small outline package (SOP) sockets, and
hi gh-density packagi ng shrink pitch socké s. Anong burn-in sockets known so
far in the art, there are those of various shapes such as spring probe,
fan-out termnal, claimshell and open-top shapes. 10 The | C socket of the

i i l.d_h f i,stivity in.th f f bly 105
L 2“;8252:8;?# i %&e@f%ffgwﬁf Sﬁit‘iwt%foléq%mfm?%ﬁ )mrfe(e%fp F’}ﬁnﬁiggﬁr%f rore
refera .
Pesi stivi %/y%lgs dﬁ'%ﬁ)%%}b&%ﬁgyé glqb“%ﬁvle?ﬂp 1(()% %%'t g’t |e(#%bre}1%eétt°r |“{(.:J°-|efg;/5 on its
sur f ace. AsshioE-tt !f‘ibie %&In{ Sﬁ Rfa‘}:%%ﬁ?.p‘lf 'o&o_nduct or devices in
evice I's i

. e .
particul ar, a sem conduct or ntouch wth an I C socket, the IC

Socket 15 Suscept il pid @Al 120 Hle0 bt PR aLh Al 1 | C

sockets having too low a surface resistivity, 20 thereis arisk of 1ts own

electricsl HRSYURAKHRAN MAIMRREIH & tPWRIY My mERS G IthdYaar) ddaH@xi num
surface resistivity (MAX) and the m ninum surface resistivity (MN) of the

| C socket oftottlad iameRitit @F EHX'tdmopicidtd Prfsimdongds it otb. oatl ess.

Too high a ratio causes the surface resistivity to vary too largely to

achi eve stritob GARYN @ priogorties X rild Rirvon Preanusr aiosutsdatic
electricity. 21 The I C socket of the invention should preferably have a
defl ecti on trespgetdivintg wideathd A sticklet) ®ewonttis)tyo low cansitdersat i on of
envi ronnments where sem conductor devices are used, burn-in testing

condi tions, d3fdticult Cosarkatrnl tihat e fraempuimesd stol vichye to Hilgh degree of
heat resistance. Here the deflection tenperature under | oad may be adopted
as a priRti dgsizedhdaviel myt.c anefensblhe ivedthe gingeare OF kG 36tket s.

The defl ection_tenperature under |oad should be preferably 190C or
Q/0, t too low a proportion of the carbon precursor, on

the other hand, it is difficult to bring the surface
resistivity of the IC socket down to a sufficient level.
The proportion of the carbon precursor incorporated
15 should be in the range of preferably 6 to 28% by mass, and
more preferably 10 to 25% by mass. The comblined use of
the carbon precursor with the conductive filler enables
the surface resistivity of the IC socket to be lowered to
the desired level, and achieves effective prevention of
20 site-depending surface resistivity wvariations.
3. Conductive Filler
By way of example but not by way of limltation, the
conductive filler used herein and having a volume
resistivity of less than 10° Q'cm includes carbon fibers,
25 graphite, conductive carbon blacks, and metal powders
among which, 1in consideration of controllability,

reproducibility, etc. of surface resistivity, conductive



10 higher, and nore preferably 200C or higher. The upper limt to the

defl ection tenperature under |oad is about 350C al though dependi ng on the
conponents and their proportion of the thernoplastic resin conposition. To
i ncrease the deflection tenperature under |oad of 15 the IC socket, it is
preferable to use as a thernoplastic resith at |east one heat-resistant
resin selected fromthe group consisting of crystalline resins having a
mel ti ng point of 220C or hi gher and anorphous resins having a gl ass

transition t erature _qf .170C qr higher. Wt.h 20 such t-resistant
resins, it r]%o ) B FEEIHLS tsdmg’aﬁﬁ FHon r#ﬁ%@rédclgﬁaqu‘ oved in terns
of electrical_ .l l,at i r rt i ni,cal .pr.operties, he

resi st ance, %cc:’ Hg%%g% % ?ér&ogﬁé%e%acgﬁssn@%&ﬁlﬁirstmélﬂﬁlﬁeﬁ % .p’:f'?eﬁFee%'r esent

vent Ton | Sl oI Widbon SRGRSEH SalY aiddd dherence to (e

foll owi ng refrerencé exanple, Tnventive exa and Conparative exanpl es;

however, it d&ﬂg&;ﬂ&t&%&d@r hg- iﬂvaq{g})i (SRS d}OH_rl igﬂ'fﬂﬂ;&% 3

exanpl es al One. si cal “properties were 5 nmeasured as set ou elow. (1)

Vol ume Resi sti Vit wol hartqldiiiy aSirdiitatifioh S aaHdied Yh (8d )HPP¥IS
measured according to JI'S K-6911 and at an applied voltage of 100 V, and
the vol une raveils ded HerdedSS; Wa ol d¥orf Pibers such as

cellulose based carbon fibers, polyacrylonitrile (PAN)

based carbon fibers, lignin based carbon fibers and pitch

(coal pitch, petroleum pltch) based carbon fibers may be

10 used. The carbon fibers used should preferably have a
mean dlameter of 0.1 mm or less. The use of carbon fibers
having a mean diameter exceeding 0.1 mm makes it difficult
to mold or otherwise form an IC socket having a good
appearance. The carbon fibers used should preferably take

15 the form of short fibers having a mean length of 50 um or
greater. The use of carbon fibers having a mean length of
50 um or less results in slender effects on improvements
in mechanical properties such as creep properties, modulus
of elasticity and strength.

20 No particular limitation is imposed on the
conductive carbon blacks used herein, provided that they
are of electrical conductivity; for instance, acetylene
black, oll furnace black, thermal black and channel black
may be used. These may be used alone or in admixture of

25 two or more.

No particular limitation is placed on the graphite

used herein; for instance, artificilal graphite obtained by



10 was determ ned according to JIS K-7194 (the nethod for neasuring the
resistivity of conductive plastics by neans of a four-probe process ) . (2)
Def |l ecti on Tenperature Under Load The defl ection tenperature under |oad was
measured 15 according to ASTM D-648 (1.82 MPa). (3) Surface Resistivity of

| C Socket Using Hi gh Restor UP (nade tn/hﬁ t subi shi Chem cal Industri es,
Ltd.) and a m cro-sanple probe (a guard el ectrode dianeter of 10 mm UR-SS
Probe), the surface 20 resistivity of the nolded or otherwise fornmed IC

sockel was geasuied alkian ARPLGH YULAIE AL A0RVCdkaASEIeNS HETe.

obt ai ned on arprtrar orne aver

gi ven regar@h%gﬂ%kgea%ﬂﬁyggt%I%& gfgb 1t¥?%%%%?%%n §g¥§ﬁ&§§$g% Jed on five

25 spots on a socket s ﬁ&XIﬁUﬁ1va d m ni mum

value (MN) grfabﬁmt‘@!h' &1 aldd® gFRpIHE End BaPthYAY Mol terllal WS fRlgul at ed.

23 Reference Exanple 1. Preparation of Carbon Precursor Petroleun1p|tch {68
kg) having a soft @hengolame! rel14¥dG1ts %%'%ﬁb'%%nﬂﬁ%@ﬂﬁ@ & 1T8lreh dent ent

of 1% by mass and an H C atomic ratio of 0.63 and 32 kg of naphthal ene 5
vere chag geflehrB1d RCIBELvhHat TlAnh: &ﬁ?sghdhﬁﬁéngoﬁgr limit thereto
is usually the volume resistivity of metal materials such
as metal powders or metal fibers.
The proportion of the conductive filler incorporated
should be in the range of 1 to 30% by mass on the basis of
10 the total amount of the thermoplastic resin composition.
When the proportion of the conductive filler is too high,
the surface resistivity of an IC socket becomes too low,
and so it is difficult to control that surface resistivity
to the desired level or in the range of preferably 10° to
15 10" Q/0. wWhen the proportion of the conductive filler is
too low, 1t is difficult to lower the surface resistivity
of an IC socket down to a sufficient level.
The proportion of the conductive filler incorporated
should be in the range of preferably 2 to 28% by mass, and
20 more preferably 3 to 15% by mass. The sole use of the
conductive filler renders strict control of surface
resistivity to the desired level difficult, and causes the
surface resistivity to vary largely from site to site.
The combined use of the aforesald proportion of the
25 conductive filler with the carbon precursor ensures stable
production of IC sockets having the desired surface

resistivity with no or little variation.



internal volunme of 300 L and provided with a stirring blade. The vessel was
heated to 190C to nelt and m x themtogether, and the resulting m xture was
cool ed down to 80 to 90C and then extruded to obtain a string formof 10
formed product having a dianmeter of about_ 500 Subsequently, this string
formof fornmed product was pul verized it&uch a way as to give a
dianeter-to-length ratio of about 1.5, and the obtained pul verized product
was placed in a 0.53% by mass aqueous sol ution of 15 pol yvinyl al cohol

(having a dggr Mﬁ%cati on of 88% heated to cooled down to
Subsequent |y, 20 extraction and pitch product. 93C,
q y p p
di spersed under agjitation. t i i cal | d pifch
product. the prodﬁ@%ﬁhégQ?fﬁ?&fégsggggﬁgf§¥qF%%%@%f%ﬂhfﬁg%gﬁgﬁ}ﬁﬁg% about
six-fold ampnat HRls4r, f YRS
At bQs AENGR, HadlARIENA! 898 1diAMAE ded i %l&g:é:{&@or me

obt ai ned, spherically forned pitch product was oxidi ze

while heat egngl irciabdilt WECIeed 1viiivh O0FaLRLAG #919Kdl 2ed,Pitch. This

25 oxi di zed pitch was thermally treated at 580 our in a nitrogen

stream =nd ipReandd,vanatd A rHqin ¢ F b HEterAaRa did &8s having a
mean particle dianeter of 24 about 25 um and a carbon content of 91.0 by

nmass. To | eglasshEIRIngTe dstfdstids/ ifiibeis | A1 10D FL UYL, USimi rfa MEASUr i Ng
sanpl e was prepared as follows. The oxidized pitch was pul verized, and

si eved t hr ofdbexrsh rExvonialFiber)0 bonom miariidy e ffery e vl cox
particles of 100 umor greater in diameter. Thirteen (13) granms of the

pul veri zed oditdiizied flidexts ,pdutens fiberd idd®Epatasaium cydtatbhtecal nol d of
80 cnR in cross-sectional area, wherein they were nolded at a pressure of
196 MPa to flbeltsai med ajolfiddo-qusodetter TRis rpiategasgprsdthiatlesss, t hermal |y
treated in a nitrogen streamfor 1 hour at 580C that was the sane

t enper at@r e adgimipum hdrit@n umsataappen anskrhnasss i ghangktoloes ofganidie
preparation of the aforesaid carbon precursor particles, thereby obtaining
a sanpl e fofibrowsasatiarnialfe sughums moivanide .y fGruqrecarlWoresdeur sor .
This sanple was found to have a volunme resistivity of 3 x 107 (err)cm as

measur ed ac®SlFeFfFaT TRsI K apth ACT Mg &gy dde ke codpavdemw e
Exanpl es 1-4 _The c onent.s sho in Table 1 were unjfornmy dry 20 bl ended
t oget her in® ﬁi%%qﬂ%xéﬂls‘gr#}t% REORaK el SRy Fledd i %ﬁl Ut e- shaf t
type of 45- er conbi kne deﬁég?truder PCM 45 made by | kegai Corp.),
wherein it W& ﬁrd't)bré%ﬁsr G4t g‘aé’ 1R .c%‘{lﬁ%ji%,s‘{% HFHtH MR pel | et
was nnlpgg through an injection nolding machine 25 (1S-75 made by Toshi ba
Machi ne - q? )" to prepare a surface resistivity-nmeasuring flat plate

and a test piece G JRANWL % 1461d,50 ¥} LIRS & dtfle 'RAg, , whi ch
silica, talc, alumina, kaolin, calcium sulfate, calcium
carbonate, titanium oxide, ferrite, clay, glass powders,
zinc oxide, nickel carbonate, iron oxide, quartz powders,
20 magnesium carbonate and barium sulfate.

These filllers may be used alone or 1n combination of
two or more. If required, the flllers may have been
treated with sizing or surface treating agents. The
sizing or surface treating agents, for ilnstance, include

25 functional compounds such as epoxy compounds, isocyanate
compounds, silane compounds and titanate compounds. These

compounds may have been used ahead for the surface



25 were in turn used for the neasurenent of surface resistivity and

defl ection tenperature under load. Mreover, this pellet was injection

nol ded to obtain an open-top type of 33 nmx 33 mm burn-in socket for FBGA
5 packaging (see Figs. 2 and 3). This socket, too, was neasured for its
five-point surface resistivity to deterri®ne the maxi mum and mi ni num surface
resistivity values, fromwhich the maximumimninumrati o was cal cul ated. 10
The results are reported in Table 1 wherein, for instance, "I E + 09

Lerry ) (or ) FrenchBfrfly Kol dadye’ BES mitethakabbady mpvip) added ) spes
2020152010E> Sty ReRL S BARCE Shn) BILBEEEICR) o g s,

Bl ack 0O 000§§§¢§E§Q1§ E+09 | E+092E+095E+092E+0815C~' ~220

22020530525 +09 6E+095E+092E+101E+09S2/ ~ MAX~9~ 3E+10 | E+10 ~IN R
ti 3751 689EQ01tives
5 Various additives may be contained in the IC socket

of the invention. The additives used herein, for instance,
include impact modifiers such as epoxy group-containing a-
olefin copolymers, resin modifiers such as ethylene
glycidyl methacrylate, mold corrosion preventives such as
10 zinc carbonate and nickel carbonate, lubricants such as
pentaerythritol tetrastearate, thermosetting resins,
antioxidants, UV absorbers, nucleating agents such as
boron nitride, flame retardants, and colorants such as
dyes or pigments. These additives may be added in
15 suiltable amounts as occasion may be.
6. Thermoplastic Resin Composition
The thermoplastic resin composition of the invention
may be prepared using conventionally available,
thermoplastic resin composition production equipment and
20 processes. For instance, the respective raw material
components are pre-mixed in a Henschel or tumbler mixer.
If required, the mixture is mixed with fillers such as
glass fibers. Then, the mixture is kneaded and extruded
through a single- or double-shaft extruder into a molding
25 or forming pellet. Alternatively, a master batch
comprising a part of the required components may be mixed

with the rest. To enhance the dispersibilility of each



1. 807E+10 3 504E+09 4 00, . (1)a o . . Thernoplastic Resin...20(2)Carbon
Precursor (3) Conducti ve Fi ber (4) PAN Based Carbon Fi ber(5)Pitch Based Carbon
Fi ber (6) Surface Resistivity25(7)Deflection Tenperature Under Load(8)M ni num
Surface Resistivity(9)Mximum Surface Resistivity 27 PES: Pol y(ether

sul fone) (Sum ca Excel PES3600G (Tg = 2251@ made, by Sum tono Chem cal Co.,
Ltd.) PElI: Poly(ether imde)(Utem 1010 (Tg = 217C) made by GE Pl astics

Co., Ltd.) 5 PEEK: Pol y(ether ether ketone)(PEEK150P (nelting point = 3340

de by Bict MC ... Ltd.) PPS. Pol h I | fj de)(Fortoron KPS
W14 ()r/rel Itucﬁrﬁ‘e“)ﬂ(i’é’ﬂ?tn% %W%ﬁ’f;iﬁ&? Oﬁ%ﬁ? LiariE ﬁluﬁ%id&g%é}’eco. Ltd.) 10

PAN Based CﬁU%%éﬂ?é&ﬁ”id%%“ﬂHUd@Ps'ﬂQ%f%é“%‘&ﬁ%éﬂ?% particle diameter,

and the pulverized product is then mixed with the rest for
hot extrusion.

5 7. IC Socket

IC sockets may generally be produced by injection

molding of the thermoplastic resin composition. However,
reliance may be placed on other molding processes such as
extrusion molding depending on the desired shape. The IC

10 socket may include both a packaging IC socket and a
measuring IC socket. The mainstream of the packaging IC
socket is a connector type IC socket havinglgeneral
speclfications for the interlior of general electronic
equipment. In most cases, the measuring IC socket

15 includes an IC socket having dedicated specifications and
used by semiconductor makers as part of their
semiconductor production process and equipment.

There is a wide range of commercially available IC

sockets, on the shape and size of which are not

20 particularly critical. The inventive IC socket includes
one having structure comprising a combination of a body
(bottom) member with a 1id member. The inventive IC
socket also encompasses one provided with conventional
parts such as contact pins. Some illustrative, but not

25 exclusive, embodiments of such an IC socket are shown in
Figs. 1 to 3.

Examples of the IC socket comprising the inventive




resistivity <102 (err)cm  nmade by Toho Rayon Co., Ltd.) Pitch Based Carbon
Fi ber: Di areed K223QY (volune resistivity 15 < 102 (err)cn) nmade by

M t subi shi Chemi cal Industries, Ltd.) Conductive Carbon Bl ack: MA600B
(volune resistivity < 102 (err)cm nade M t subi shi Chemi cal Industries,
Ltd.) 28 TABLE1 ( CONTI NUED) Conpar ati v anpl e1234TPR~1~ ( % by mass )5
PES82788078PElI 0000PEEKOO00OPPSO0000CP~2~ ( % by mass ) 000010 CF~3~ ( % by
mass ) PAN Cf ~4~0000Pi t ch Cf ~S~182200Car bon

Bl ack001721 8 Rb+#6w =+ ~' 3 ~e~l E+08<
CEs07e | 2070 Repias s TR Poipb i o At M e s B05. 106
106> 3x104 g@iGlharhaventdcsy BrrEie ,1vHia Wﬂ@g&f@l@t@ﬁ/f I dfetidle flat
pl ate conprising the thernoplastic resin conposition with 'the carbon

precursor agdali ieh 16 RRitKddee(DIPC YKL vt eh P packdding 09 (= 1 X

109) (err)/(err), and the |IC socket showed a stable, or l'ess variable,

surface resissickeitlsy, iFliphehE pakdding & Jck@t@d) LK AICRS Padkader s of
(8E + 09) to 29 (3E + 10) (err)/(err). This IC g%%ket mas%§1so!%ound to

have sufsi ci(@FP)heaickiets,stsnala autdipiee Prkdde (FOM) Fockatef, efiid on
tenperature under |oad of 220C. (2) Inventive Exanples 2, 3 and 5 5 The
flat plate bdghr-idensd tyheddkagimg atinink ghitelc ggakdtis .on with the carbon
precursor and PAN based carbon fibers incorporated in PES, PEl, and PPS,
respectively, shodsdng durnada sesksitisviknpwst o [fazed mtthe2lart ,0&8hdre ( 2E +
09) (err)/(err) in the sem conductive region, and the IC 10 socket showed
as wel |l a sexgl ¢hose |ofs yaridusbishapas fsach assispriing proobe | Ean-@@)t to (| E
+ 10) (err)/(err) in the sem conductive region. The resin conpositions were
al | found t&eFaN@adyf GlEiahshedd: angsiopeadomshapasessed in terms of a
defl ectjon tenperature under | oad of 200C or higher. 15 (3) Inventive

Exanpl e!% The sur fR€e ICeSoskel of dhe Havenddon sheuddnhave @y surface
resistivity in the range of preferably 10° to 10 Q/0,

more preferably 10° to 10 Q/[0, and even more preferably
10’ to 10" Q/O0. An IC socket having too high a surface
resistivity is likely to have a buildup of static

15 electricity on its surface. As, in the inspection process
of semiconductor devices in particular, a semiconductor
device is in touch with an IC socket, the IC socket is
susceptible to electrification via triboelectrification.
With IC sockets having too low a surface resistivity,

20 there is a risk of its own electrical insulation
properties lowering.

The ratio between the maximum surface resistivity

(MAX) and the minimum surface resistivity (MIN) of the IC
socket of the invention (MAX/MIN) should preferably be 10

25 or less. Too high a ratio causes the surface resistivity
to vary too largely to achieve strict control of tribo-

electrification and accumulation of static electricity.



the thernoplastic resin conposition with the carbon precursor, PAN based
carbon fibers and pitch based carbon fibers incorporated in PEEK was 5E +
09 (err)/(err), and the I1C 20 socket showed a stable, or |ess variable,
surface resistivity in the sem conductive region as expressed in ternms of (
2E + 10 ) to ( 7E + 10 ) S2/ O . This | @socket was al so found to have
sufficient heat resistance as expressed in terns of a deflection
tenperature under | oad of 305C . 25 (4) Conparative Exanples 1-2 \Wen only

the pitch based cafpond ieie et IAOLAYERALH hrfESa (hB ChAGE

resistivity fluctuate even w erence-in the

amount of { el Lolyaserl 61 N ARG Wl Tdod SelfopuLl o Teduce a

stabl e surface resistivity esired l'eve arge variations in

the surfacenighiesl.l Virhy cBhsiB8rathibnS8ekehg18bhRbnREORhEFE kBpylew of
practical use. (5) Conparative Exanples 3-4 Wien only the conductive carbon

bl ack is i negnaRictiord devildes die Widd atriRSirstiedtnd ldsdatvdar gel y
even with a slight difference in the anount of the 10 conductive carbon

black fisledtd.t, II€ dddkens ! oD, et rednfitrdld & Hahara Maystdedries down
to the desired level. Large variations in the surface resistivity of the IC

sockets of f @f peal assigtancw oHepeathecdefisetidn tbRPYSTRItblre under
APPLI CABI LI TY According to the present invention, there is provided an IC

socket of syiEidemay rbesiadopttess @ss i framaetrigsilstd bartdand istdicdtidwecat rol | ed
to the desired |l evel and which is nmuch nore inproved in terns of electrical
20 i nsul at i dhephegdr tiessl s tarcteamifc AIC mopestts esTheedeflection
temperature under load should be preferably 190°C or
10 higher, and more preferably 200°C or higher. The upper
limit to the deflection temperature under load is about
350°C although depending on the components and their
proportion of the thermoplastic resin composition.
To increase the deflection temperature under load of
15 the IC socket, it is preferable to use as a thermoplastic
resin at least one heat-resistant resin selected from the
group consisting of crystalline resins having a melting
point of 220°C or higher and amorphous resins having a
glass transition temperature of 170°C or higher. With
20 such heat-resistant resins, it is also possible to easily
obtain IC sockets improved in terms of electrical

insulation properties, mechanical properties, heat
resistance, chemical resistance, dimensional stability,
etc.
25
EXAMPLES

The present invention is now explained more



resi stance, chem cal resistance, dinensional stability, etc. 31 CLAIMS 1.
An | C socket obtained by formng or nolding a thernoplastic resin
conposition conprising: 5 (A 40 to 94% by nmass of a thernoplastic resin,
(B) 5 to 30% by mass of a carbon precursor having a volunme resistivity of
102 to 1010 (err) cm and (C) 1 to 30% B2 nass of an electrical conductive
filler having a volune resistivity of |less than 102(err)cm 10 2. The IC
socket according to claim1, which has a surface resistivity of 105 to 1013

(1)1 (o1t gBog PR T BEEL U & s M L i 528
L I e VR Skl LRRP ol ST T
ool oon B S S AR DRSS L
claim1l1, whghgiRed to such examples alone. Physical properties were
5 measured as set out below.
(1) Volume Resistivity
The volume resistivity exceeding 10° Q-'cm was
measured according to JIS K-6911 and at an applied voltage
of 100 V, and the volume resistivity of less than 10° Q'cm
10 was determined according to JIS K-7194 (the method for
measuring the resistivity of conductive plastics by means
of a four-probe process).
(2) Deflection Temperature Under Load
The deflection temperature under load was measured
15 according to ASTM D-648 (1.82 MPa).
(3) Surface Resistilvity of IC Socket
Using High Restor UP (made by Mitsubishi Chemical
Industries, Ltd.) and a micro-sample probe (a guard
electrode dlameter of 10 mm: UR-SS Probe), the surface
20 resistivity of the molded or otherwise formed IC socket
was measured at an appllied voltage of 100 V.
Measurements were obtained on five arbitrary spots
on the formed product, with an average glven regarding a
measuring flat plate. Measurements were obtained on five
25 spots on an IC socket to find out its maximum value (MAX)
and minimum value (MIN), from which the maximum/minimum

(MAX/MIN) ratio was calculated.



said thernoplastic resin (A) is at |east one heat resistance resin selected
fromthe group consisting of a 32 crystalline resin (Al) having a nelting
poi nt of 220C or higher and an anorphous resin (A2) having a gl ass
transition tenperature of 170C or higher,, 5 7. The |1 C socket according to
claim6, wherein said crystalline re5|n§ (Al) are poly(phenyl ene sulfide),
pol y(et her ether ketone), poly(ether ketone), polyam de, polybutylene
terepht hal ate, polyethylene terephthalate, total aromatic polyester or

fl uorocar boRekashicel Bx@mplie 1!.C OLG c erein said
anor phous resin (A2) is pgﬁy(ether one poly(e Imde),

pol ysul fone, polys t I y e ) a0 s s d 15 9.
The | C socket acco%&Fﬁégfgp?igfﬁf??%whgpePﬁbggpdacgfgg%hgggggfggF ?%5 is a

substance thape¢s Qb&éiﬂéﬁlh% LhEbidn?8 RAPRALCC H 2nge 1§ h gkt
7@ The 1C

at mosphere and having a carbon content of 80 to _ y maess.
socket accoadidn@gnt ®1/¢ aitdmlic WHaeriel DS .G3CARIUGD ke o Irﬁrph(t@aleslea car bon

fiber. 5 were charged in a pressure-resistant vessel having an
internal volume of 300 L and provided with a stirring
blade. The vessel was heated to 190°C to melt and mix
them together, and the resulting mixture was cooled down
to 80 to 90°C and then extruded to obtain a string form of
10 formed product having a dlameter of about 500 pm.

Subsequently, thils string form of formed product was
pulverized in such a way as to give a diameter-to-length
ratio of about 1.5, and the obtained pulverized product
was placed in a 0.53% by mass aqueous solution of

15 polyvinyl alcohol (having a degree of saponification of
88%) heated to 93°C, dispersed under agitation, and then
cooled down to obtain a spherically formed pitch product.
Subsequently, the product was filtered for water removal,
and treated in n-hexane in an about six-fold amount for

20 extraction and removal of naphthalene from the formed
pitch product.

The thus obtained, spherically formed pitch product
was oxidized at 260°C for 1 hour while heated air was fed
thereto, thereby obtaining an oxidized pitch. This

25 oxidized pitch was thermally treated at 580°C for 1 hour
in a nitrogen stream, and then pulverized to obtain carbon

precursor particles having a mean particle dlameter of



11. The 1C socket according to claim 10, wherein 25 said carbon fiber is at
| east one carbon fiber selected fromthe group consisting of a

pol yacrylonitrile based carbon fiber and a pitch based carbon fi ber.
CACA{LACA{L Ah A{
AhMAAUMAhMA{MAhMAhAA%AmAhm#MAaMAhMA{M%
V9V
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Z&%g] \(/:v‘rfj1 ] L%@J ;'?chi‘]nca%c]ac]aglal] %a] a'ltc?g‘]tca]fca?]lc’a?]%caycg]a@aﬁ ‘ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] cgl L] %?]ff ++%akiiﬁllﬁ?ewzc%i tiv111y (\R/rﬁw

ClO"2"$=& ") _******7+ +cH ++],,,,,, (]caU] ca] cal] ca
]U]Cg"g] ga]a(l:J]a g]cc’F as]oé:a] caa]mceaa]scua ca caﬁm aJ] ca acsa]pcra pcaa ecda]acsa]fcoa lca‘] ca] ca] ca] ca
. v/ [ OMDj 111 3@ A GARRRP pitch YasPpulverized, and sieved through
’7’72@ xsni d_ZzZU] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] c”aj c”a] c*a] ca ca;]lca] cal ca
] ca] ca] cg] Calezl wH A cale bl 63l EHdiAal S fEEONAAEBG R L3 LN P DUDDEF
FFFFKHNH3I 41 Q 1 JgJrJwJ} xsni d_Z] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cajcajorn @t loralgrlaaic Al diGadaaddcal ealieabeal ¢akw KRkmEKIGHELL6M VB
I\/I:M\/I\ICX’JEQQQ:ROSOSPSSSSTNTTTTTH wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
(23\6/1\;\ ca] ca] calthay qailoedriadech | ooai] diad eodh | mint] crn | pdved exad  ovdd 108 ] £ oeed Q) CEnd TAJSUUUVY
XvXXXYSWW\ﬂYZl[ioidz]mE{l noIdajfimadnX] dhe aroakeakctdpaallcajreal,ca) ca] ca) caj ¢
a]J cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! aabbXd[ de
e#eMeNeUeeefdfeqiepyddiey were molded at a pressure of 196 MPa to
hEhi [1iiiikl|nhoko{vql c]ca ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc
a] ca] cal®a] ehtedc A glégi Theapedded] @Q‘P&ﬁ&rtk@@@pi@a;m ly
gUgqqqg/ rdrrrsJsss_thbttt nuuuuuuuuv}xsnl d_Z] c]]ca] ca]ca]ca] ca] ca] ca] ca] ca] ca]
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a] ca] ca] ca] qaveh Lo d VB! ‘ ilc]]calca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca cal ca ca ca] cal ca ca ca ca ca caj ca]ca]ca]ca]ca]c
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10983& ()-sy910% & ()-Lt10% & ()- 10% & () - MANi K- %@
10% & (20s#'HIEREJ )toddtH€)96 1) (3 - MiBdPe X mixerd D%l (Yhd M Lt e was
"10% & ()-9Vi KA710°10°9 10% & ()-8 10% & ()-& "10% & ()-s010% & ()-.
10% & () -, " 1398 &HDoWIS1A | dhIES { Shat@ 109p &’ ¢ -4 yapn@ L {ned y@109& () -
y@10%&' ()- s10% & ()-10

kneader/extruder (PCM-45 made by Ikegal Corp.)., wherein it

was hot extruded into a pellet. After dried, the obtained
pellet was molded through an injection molding machine

25 (IS-75 made by Toshiba Machine Co., Ltd.) to prepare a
surface resistivity-measuring flat plate and a test piece

for measuring deflection temperature under load, which
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10,10% & ()-10% & ()-10% & ()-@10% & ()-,10% & ()-, & 10% & ()-/g #IEMP1~
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resistivity and deflection temperature under load.
Moreover, this pellet was injection molded to obtain

an open-top type of 33 mm x 33 mm burn-in socket for FBGA

5 packaging (see Figs. 2 and 3). This socket, too, was
measured for its five-polnt surface resistivity to
determine the maximum and minimum surface resistivity
values, from which the maximum/minimum ratio was
calculated.

10 The results are reported in Table 1 wherein, for
instance, "1E + 09 Q/0" is indicative of a surface

resistivity of "1 x 10° Q/0O".



10S@10% & ()-L610% & ()- @4, 10% & () - @10% & ()-010% & ()-S. 10% & () - ToS-\
.~ 10! ~&#10% ()-!DL 109WE ()-!'L 10%@@& ()-ss109%k& ()- 10: 10: 10:S : @
109 & ()-S50 zX6~\: ~

10! x. f#109%&' ()-M . #1098 ()- MBHL09VE () -J S#10% )& ()-!  SH10%&' ()-! &#10% . &
()-2rP: ~ 10! x. f #1098 @ 109%ME ()-!y @109 ()-!k@10988& ()- s10%& ()- 10
10 102- !'Cl"-"."/"0"z[ PE: ~ 10! 10MV 10MM

10MVl @109V () - f! ~. @109& ()-fYty@low&' ()-zl PNYY@L09& () - z! @LO%NE () -
f 0" 2" #f #$$% X6PE: ~

10! [ | @10983& ()--!|y@10%& ()-! Q/@#lO%&' ()- ! ~y@¢10%v|v& ()-!~5y@10%& ()-

10%VB' ()-%8=& '"'"'"'"' zI "P1l~ss10% & ()- iQvdftive Exam
10! x. f #1098 ()-:!.f#109%& ()-:1 @10%v& ()--!~I @tlow ()-- (({)) _**zX9"P1~
"10% & ()-!te "109%& ()-! ~@10%& ()-'via 5
@109 ()- @10% & ()-! p@10%& ()-*c+f +++, [ ,}[<’\P1~. " 10% & ()-z'."10%&' () - 2!
~[."10%& () TPR‘V18YBY( nazs)10% & ()- F% 10% & ()-[,,,,,,,*-a-rP1~9
GLO%VE! ()-|N9 GLO%&' ()-!9 Gl0% @ @' () - Ltlo%w& ()-

PES 70 75 0 0

PEI 0 0 72.5 0 0

PEEK 0 0 0 80 0

PPS 0 0 0 0 67

CP® (% by mass) 15 20 20 15 20

10 CF“®(% by mass)

PAN Cf£'* 0 5 7.5 5 6
Pitch Cf'® 10 0 0 5 0
Carbon Black 0 0 0 0 0
Qs 1E+09 1E+09 2E+09 5E+09 2E+08
15 °c'? 220 220 205 305 255
Q/Oe® 8E+09 6E+09 5E+09 2E+10 1E+09
Q/0O® 3E+10 1E+10 9E+09 7E+10 4E+09

MAX/MIN Ratjo 3,75 1.67 1.80 3.50 4.00
(1) Thermoplastic Resin
20 (2) Carbon Precursor
(3) Conductive Fiber
(4) PAN Based Carbon Filber
(5) Pitch Based Carbon Fiber
(6) Surface Resistivity
25 (7) Deflection Temperature Under Load
(8) Minimum Surface Resistivity

(9) Maximum Surface Resistivity
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13"10% () -BEI: Poly(ether imide)(Ultem 1010 (Tg = 217°C) made

by GE Plastics Co., Ltd.)
5 PEEK: Poly(ether ether ketone) (PEEK150P (melting point =
334°C) made by Bictrex MC Co., Ltd.)

PPS: Poly(phenylene sulfide) (Fortoron KPS W214

(melting point = 288°C) made by Kureha Chemical Industry
Co., Ltd.)

10 PAN Based Carbon Fiber: (Bethfight HTA 3000 (volume

resistivity

< 10° Q°cm) made by Toho Rayon Co., Ltd.)
.Pitch Based Carbon Fiber: Diareed K223QY (volume
resistivity

15 < 10° Q'cm) made by Mitsubishi Chemical Industries, Ltd.)
Conductive Carbon Black: MA600B (volume resistivity

< 10° Q'cm) made by Mitsubishi Chemical Industries, Ltd.)
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% (- 99”1080 & % SRS I0SA S
)-T1yF% #109%& ( -fSSTNTTETdEAP1~10@68r

10%:& ()-!'."10
109V () - 93! ‘ ‘ \ - ) Ilﬁé\/{&-()

10%v&' ()-TU EARL=1Q%#" 10%V&' ()- 10%v& ()-!10%w () -,

10%vE Eg-Tl(?W)g-?ﬁlrgM()-VZW‘W; XdEAP1~10%@ 10%vE' () -, 10%V& ()- @
10%v& ()5 (f10%vE'pRs , ' ' 10%v& () - @0 10%VEg4 ) - ; XvXOySY| Y} Y~glE:/ 10M
10M@ 10%VE&' () - @ 810%VK' () - L6SHLI0%VE ()- @ 410%WK' ()-Sy2 10%K& ()- @

1090V () - ~YYYYSZwEA] [ sQ2/ 1&SH10% () - ! ~&BH10%&' () 09" 10%vk&g() -! ~ 9" 10%
;& ()- 9"10% " 1& ()-&

@)

PEEK 0 0 0 0
PPS 0 0 0 0
CP*’ (% by mass) 0 0 0 0

10 CF“ (% by mass)

PAN Cf* 0 0 0 0
Pitch Cf® 18 22 0 0
Carbon Black 0 0 17 21
Q/O® 3E+15 8E+04 1E+15 | 5E+03
15 °ct™ 220 220 210 210
Q/0Oe 1E+08 <1E+07 <1E+07 <1E+07
Q/O® >1E+13  >1E+13  >1E+13 3E+11
MAX/MIN Ratio >10° >10° >10° >3x10*

20 Considerations:
(1) Inventive Example 1
The surface resistivity of the flat plate comprising
the thermoplastic resin éomposition with the carbon
precursor and pitch carbon fibers incorporated in PES was
25 1E + 09 (= 1 x 10°) Q/0, and the IC socket showed a
stable, or less variable, surface resistivity in the semi-

conductive region as expressed in terms of (8E + 09) to
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5 The flat plate comprising the thermoplastic resin
composition with the carbon precursor and PAN based carbon
fibers incorporated in PES, PEI, and PPS, respectively,
showed a surface resistivity stabilized at (2E + 08) to
(2E + 09) Q/0 in the semiconductive region, and the IC

10 socket showed as well a stable, or less variable, surface
resistivity of (1E + 09) to (1E + 10) Q/00 in the semi-
conductive region. The resin compositions were all found
to have suffliclient heat resistance as expressed in terms
of a deflection temperature under load of 200°C or higher.

15 (3) Inventive Example 4

The surface resistivity of the flat plate comprising
the thermoplastic resin composition with the carbon
precursor, PAN based carbon fibers and pitch based carbon
fibers incorporated in PEEK was 5E + 09 Q/[, and the IC

20 socket showed a stable, or less variable, surface
resistivity in the semiconductive region as expressed in
terms of (2E + 10) to (7E + 10) Q/0]. This IC socket was
also found to have sufficient heat resistance as expressed
in terms of a deflection temperature under load of 305°C.

25 (4) Comparative Examples 1-2

When only the pitch based carbon fibers are

incorporated in PES, the surface resistivity fluctuate
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(5) Comparative Examples 3 4

When only the conductive carbon black 1s
incorporated in PES, the surface resistivity fluctuate
largely even with a slight difference in the amount of the

10 conductive carbon black filled; it is difficult to reduce
a stable surface resistivity down to the desired level.
Large varlations in the surface resistivity of the IC

sockets offer problems in view of practical use.

15 INDUSTRIAL APPLICABILITY
According to the present inventlon, there is
provided an IC socket of synthetic resin, whose surface
resistivity is strictly controlled to the desired level
and which is much more improved in terms of electrical
20 insulation properties, mechanical properties, heat

resistance, chemical resistance, dimensional stability,

etc.
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25 6. The IC socket according to claim 1, wherein
salid thermoplastic resin (A) is at least one heat-

resistance resin selected from the group consisting of a
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having a carbon content of 80 to 97% by mass.
20
10. The IC socket according to claim 1, wherein

sald conductive filler (C) is a carbon fiber.

11. The IC socket according to claim 10, wherein
25 sald carbon fiber 1s at least one carbon fiber selected
from the group consisting of a polyacrylonitrile based

carbon fiber and a pitch based carbon fiber.



