1 DESCRI PTI ON CERAM C MEMBER, PROBE HOLDER, AND MANUFACTURI NG METHOD OF
CERAM C MEMBER Fi el d 5[ 0001] The present invention relates to a ceramc
menber which is obtained by sintering a material with a predeterm ned
conposition, a probe holder which is fornmed using the ceram c nenber and
hol ds a probe to be applied to an el ecttical property test for a

sem conductor integrated 10 circuit or the |like, and a manufacturing nethod
of the ceram c nenber. Background [R602}E&enventionally, a probe holder with
a thin plate shape on which nultiple mnute through holes are formed is 15
enbedded i n“aRrmi¢roMEYRERet BROBD BelLusBd AP MAKERACHAHURE OVETHED OF a
liquid crystal test in order to i r.f- pr .for electrically connecting a
circuit structure of a test objeéﬁﬁﬁyﬁﬁ’gﬁgﬁgghit structure for sending a
signal fortheltiest. As the probe holder, a 20 ceramic nenber with a free
machi ni ng irﬁgirty (machi nabl e ceram cs) with which nmachining becones

possi ble i sUtded (seePaPERECLt BPREUF€0R, FEbF LeXahpl @) CCLRRAE| BATDRE L

Pat ent er at e 25[ 0008} Patent vl o Lot o Lgpanese. Pat gt No, 3890915 Summary
Techni cal Problem [0004] I ncidentally, the mcro contactor is used under an
envi r onnenprefleberenper at ureo whi chn changeshbé rioni de novimath 30st enpeedat ure to
a high tenperatu as in a burn-in test of a silicon wafer, for. exanple.
AccordingrgélF% éﬁﬁi%?g%mf% ?%@b?Feﬁnﬁaﬁ%iﬁfnﬁ BFeperty, "¢t ha l%@eﬁg
desired toamakecateoehii creptrof t@@tﬂﬁbre%pﬁ@ﬁi@@n@ﬁcﬁer-Pﬁ@@?rﬁ@é@er to
approach that of silicon in order to avoid contact failure of the probe in
the tedt dudtto'h arftefenteci nipfes coer il e bnt s:9f meHepdad £ expansi on of
silicon. [Q0Q0%}1n addition, an increase in the nunber of probes 5 in the

m cro contactor has been required in recent years as a probe pitch is
further napaokedoukrdwever, since total

[0002] Conventionally, a probe holder with a thin plate

shape on which multiple minute through holes are formed is

[
[

embedded in a micro contactor to be used for a
semiconductor test or a liguid crystal test in order to
insert probes for electrically connecting a circuit
structure of a test object with a circullt structure for
sending a signal for the test. As the probe holder, a
20 ceramic member with a free machining property (machinable
ceramics) with which machining becomes possible is used
(see Patent Literature 1, for example).
Citation List
Partent Literature
25 [0003] Patent Literature 1: Japanese Patent No. 3890615
SUNINa 'y
Technical Froblem
[QOC4] Incidentally, the micro contactor is used under
an environment of a temperature which changes from a normal
30 Temperature Lo a high temperature as in a burn-in test of a
silicon wafer, for example. Accordingly, in addition to
the free machining property, it has been desired to make a

coefficient of thermal expansiocn of the probe holder to



burden on a spring in the probe hol der increases as the nunber of probes

i ncreases, warpage of the holder itself increases when the holder size is
the sane. Since the 10 contact state of the probe of-the mcro contactor
becones unstable at a center and an end _of the wafer when warpage increases
as described above, the ceramic nenber has been required to have higher
strength. [0006] The present invention was nmade in view of the 15 above

Ci rcunmst angeproanoPheet okSst @i PHQVi Hesaqeer ani gyeabeE Whi.chehas, a.free
machi ni ng property, a coefficient of thermal expansion which is cFose to
that of siPFcbhe andbhi gh sheengeh, dandta probéihobdes Wwhitheis forned
using the LG e ANC uf acturing.nethod of the ceramc 20
menber . SOF%%??%S%%E ?o%Feﬁﬂ?ﬁ%ﬁg?g%ps% %%ntﬁg fobf @i descri bed above and
achi eve theoobpect, anceqaniConpnberiaceosdbngnt oheheupresent hHAoMEAti on
includes enstatite and boron nitride as 25 constituents, whothe ceramc
menber 1s a'stAteFéedr Body ! FACHAT cha heCBBr BRART EFT dE" | EeGrRentedrFnaa
single dirgchi-gpe é@@gﬁlb@r99¥§ﬁer'Ha&bgwéayenﬁbQQVgﬁscéiﬁ@g abpye, the
ceram c nmenber according to the present 1nvention 1S 30 charactérized in
that an indexdef an erieniati on degreeoie-hbbdhf)increases as the

| (Hal )/ Too20H/ (| /1 111, which is gi b £
(1(100)11 (B0BTEY 1P BaP R Pente hod 005} ToRus sV ay CRe L FraLer onl &Fbhg a (002)
pl ane of aigrystabsofhtherhorenlddrnidrédesandestseagt hs1(d00)nef x-ray

diffraction alon? a (100) plane when x-ray irradiation is performed in a

di rectlion WANERF sShekpenli Bt apr Poc ant of fentatFoncer FeetPonoetonhe boron
nitride ang,a; raiLo gl%l %._ 21&092) b r h of x-ray
diffractionnalong t%e Ogg {%Ta%%&a%% g%éeﬁgtﬁﬁ%?§%5§£o€ﬁx-r%éggg%?raction
al ong the {1003aptaneswhencxipay aboad) athenceésaperfoemedr inatheeen
orientation direcéion i ess than 0.8. [0009] Moreover, in the

,.1s not | i C
i nvention G833 PRd-GbBVES The"9D EefaA¥c menber according to the present

invention isocharactenkzgdednt hatvancoehifi gk eptqof it heroml o expansi on which
is neasured based on JIS R 1618 at 20C to 250C in a direction in parallel
to a directporci al Whieht¢hechoron APiertelfstorpentedeis ¢Sremis) x 10-6/C

15[0010]Nb&&&ﬂ.£’w%?aﬁhﬁaé”X9P£&8ﬂn98§%%%$§g?§$%%g%yth? ﬁg%@ﬁ%gigﬁyber

according to the present inventionis ¢ in"t ree- poi nt
bendi ng steéngthrneasurednbasedvioncid LS RLA601tostnot bessit hann 200-MPa.
[ 0011] Morepover, in the invention described above, the 20 ceram c nenber

accor di ng ot he-prieskht FAVent PonPF s charact®tF2ed®i OTRat raladi vie
density iscaetnlessetiban, 99% [0Q12LMreovery hbcthe ipvention,.descri bed
above, the
20 member,
solution to Problem
[0607] To solve the preblem described above and achieve
the object, a ceramic member according to the present
invention includes enstatite and boron nitride as
25 constituents, wherein the ceramic member is a sintered body
in which the koron nitride is oriented in a single
direction.
[0008] Moreover, in the invention described above, the
ceramic member according to the present invention is
30 characterized in that an index of an orientation degree K =
Logry { (Thoo/Twony M/ (T vaay / Tronyy ) LY, which is given based
on a ratio {T(ooy /Tyl Petween strength Tiae of x-ray

diffraction along a (002) plane of a crystal of the boron



ceram c nenber according to the present invention is characterized in that
boron nitrogen has a hexagonal 25crystal. structure and is i..n a form of
scal e- shaped grains. 10013] Moreover, to solve the problem described above
and achi eve the object, a probe hol der %ccording to the present invention
i ncl udes through hol es capable of allow'ng probes forned of a conductive
material to be 30 inserted and accommobdates the probes, the probe hol der
including aibasecmaherkakehgraed usi og kheagewvamireaeabar 2 1wher @i n the

t hrough holes are fornmed in the Base material 4 in a direction which is

per pendi cullaPCt oPt ABSoFN@NAt AT FBK dF Fedibhobf 1¢ hee boPBREAI ERi de.
[0014]NbfG@Y@é?tﬁensﬁhysht@gogég§£§819§§§£'P§d%§ﬁ§¥§e§99tﬁgﬁ'eve the

obj ect, a manufacturing net a ceramc er according to the

present inventkeNohneFUdRS: bay Bl Xh DY $EEPa0f @1xéﬂgob@rﬁanaﬁ9&gqu silicon
oxi de, magnesi um oxi de, and sintering agent; an external force acting step
of maki-hg Bterfal sftoreetdi fectedli n-aasi agferdrieeni ahoadttbn 40P Xture
mxed int L X1 R . and 10 _.a_sinter.. f sintering the
mxture. [ BOTOF VB over R Er B mddnt TR deder e Shore  he e
manuf act ur iibgOmephedeofhancerany ci neabent accot di pgriortbe prneseat invention
is characterized in that the,sinteringtagent contains yttrium oxide and

[

al um num oRF 48" -fBOTB] WbFeBYEPT, | A5t K Gent Fon" déséri bed above, the

manuf act ur i pgo et hodugteay 6Ll am cr REMbEL - AEEOK diiBY- L DL he  presentyd nvent i on
is characterized in that the external force acting step and the sintering

step arle cotkevitvekybperfocaediby bohbbheppessiny sinteting het hod.

20[ 0017] Mo ver, it e.lnyvention described abov t he, manuf act uri ng
met hod of %ﬁgégﬁﬁ?%gﬁéﬁbé? 5@%%r%i%%efgl?h%n%r%geﬁPef%%%n?¥%ﬁnF§0n

characteriggdchnibhat.8.8LAt LERY bENPesakur g1 kNt hegsl Meriqngestgp,is from
1200C to 1300C. [0018] Mbreover, in the invention described above, the 25
manuf act ur fihgeet hodiof pareétani conenbereaccondingwb bch hehpriesent i nvenci on
is characterized in that, the sintorino_step is performed in a

depr essur i 2&d- At frospher e2BFednifnért tat rbsphef e/ §0019] Moreover, in the

| nvention dgsehibed ahoueycthe 30 BUL AChHILAGIBLNO0 QT 28, Ger Al e member
according to the present invention Is characterized in that the boron
nitride hascaahexagenatrceystatiisyruct une andsesti nnachoiomofisscal e- shaped
grains. 5 dyan%a eous Effects of Invention LOQZOLAccording to the gresent
: ; chgrggterized In that three-point bending strengtil measure
i nvention, T
based on JIS R 1601 is not less than 200 MPa.
[0011] Moreover, in the invention described above, the
20 ceramic member according to the present invention is
characterized in that relative density is not less than 99%.
[0012] Moreover, in the invention described above, the
ceramic member according to the present invention is
characterized in thalt boron nitrogen has a hexagonal
25 crystal structure and is in a form of scale-shaped grains.
[0013] Moreover, to solve the probllen described above
and achleve the cbiect, a probe holder according to the
present invention includes through holes capable of
allowing probes formed of a conductive material to be
30 inserted and accommodates the probes, the probe holder
including a base material formed using the ceramic member,

wherein the through holes are formed in the base material



possible to provide a ceram c nenber which has a free machining property, a
coefficient of thermal expansion 5 which is close to that of silicon, and
hi gh strength by causing the ceramic nenber to contain at |east enstatite
and boron nitride as constituents and orienting boron nitride in a single
direction, a probe holder which is forneéd using the ceranic nmenber, and a
manuf acturing nmethod 10 of the ceram c nenber. [0021] 1 n addition, according
to the manuf,agt LEi Tet.hod : he ki € el .0 h nt i nvention
¢ 0 posSiEIe Lo menuTActire a Gop e & merber whi oh had” o TE e Rach i ng
property, dabstanthablfythhebsame voeffieient 15 of thernaml expansion in a
pl ate surf Lrectjon as that of material of a silicon wafer as a test
obj ect, angﬁﬁﬁgﬁ strgﬁﬁ?ﬂvﬁ§’p%8vﬁaﬁﬁﬁ:Egen?&?ﬂge%r%%%%Ei?ﬁdmﬁ?Eﬁeboron
nitride, skhtcenan@xidernpagpesttm oxhge rand. sl ehdNg@gent s ke xed; an
external force acting process in which 20 external force directed in a

si ngl e Wi r BETPEA RsCREdENtotacthenpaeRERE UtV REE" | AnEhedad ki Ag process;
and a sinteri,ng.p ss<in:which ] re 1 S_Sh ed. . Brief Description
of EXamjng@ﬁkggnggééi8£fﬁ6§?§ﬁa?%P?Prﬁé%?% ?hgsg%g%ﬁéogxbgéé manuf act uri ng
met hod of amageramiic neiber accordhngriogangenbodimentteonfat heopresent
invontion. LJG 2 is a ¥iem1l-lusL[aLingE@n a'and a g-axsg of hexagona
boron nitrPde e8nfarRedti B2 thBY cBFART R MenBEre RHEECSe st §i aWrole
illustratipgraceophi gucabhon Qf x8u30 pLebg bl der whiehyi s-Horped Ushng the
ceram c nenber according to the enbodi ment of the present. invention

FIG 43s a partepalhy enkargédsinenringwhhehna=xphitngte region of the probe
hol der ill ated i i nl Fl s . a
cross-sect?gﬁg ﬁviemﬂ?gégﬁegrozﬁ ghgi%gggﬁg%%nF?%fcﬁ%béﬁcgb%v?s %F%iew
schenat i cakhbyuifhbustiati ngtacs eonki gurationuetbonri Acpartisnef+a prebe card
configured by using the probe holder according to the enbodi mrent of the
present inVeREFBA. Tnventiop &8 ghpgsagteréae| Fastrati hgeasdetaried

confi gurat,ganef cthe.proberand.a pLoRe hoLdLng.stahe,QfqLhe probe hol der.
10FIG 8 isaviewillustrating a test piece used in thermal expansion
measurienment Opéef or mredoirnoEranplie 1hef inhenpiesedestnieati onove, theFI G 9

is a view illu§
1Ll

LLLUBLLRLLDg ALLELBL opsh Robet veen R coel L el a0l ol ot er e
expansi on HeaStred by  dsifig tHe t edt “pf el ald a5 Arer F Ay F erPer At ur e.
FIG 10 ispaeveew ihlustrahi ng anhekationsbipibetweenchbreerpehnt bendi ng
strength neasured by using the test piece and the sinterin? t enper at ur e.
EEScriptiOhQBFeEﬁﬁBaPﬁEﬁfgp and the sintering step are collectively

performed by a hot pressing sintering method.
20 [0017] Moreaver, in the invention described above, the
manufacturing method of a ceramic member according to the
present invention is characterized in that a sintering
temperature in the sintering step is from 1200°C to 1300°C.
(G018} Moreover, in the invention described above, lthe
manufacturing method of a ceramic member according to the
present invention is characterirzed in that the sintering
step 1s performed in a depressurized atmosphere or an inert
atmosphere.
[0019] Moreover, in the invention described above, the
30  manufacturing method of a ceramic member according to the

present invention is ¢haracterized in that the boron

nitride has a hexagonal crystal structure and is in a form

of scale-shaped grains.



20[ 0023] Herei nafter, a detailed description will be given of enbodi nents
relating to a ceram c nenber, a probe holder, and a nmanufacturing nmethod of
the cerami ¢ nenber according to the present invention based on the
drawings. In addition, the enbodinments are not intended to limt the
25present invention. FIG 1 is a flow chart illustrating an outof a

mannf act. nring nethod of a ceramc nenber ng .can enbodi nent of the present
llevenrion. afidrabs boronepEL L decf BE)vestidgon oxide (Si02), and magnesium
oxi de (My0) are prepared as raw materials, and a raw 30 material containing
yttrium oxi882{1203)Aandral uai rantoxi Bec$ANROBY VRt wet ghtl a8 a sintering
agent (Step 51)..[00241Here g I oxl I.S i r to obtain
enstatite %Rﬁ?%%%% gﬁdpﬁgyﬁ%eﬂgt??géﬁgghﬁéﬁge%BYﬁgggﬁ%%ﬁe%tgg%%ases of the
sintered ceranigiAgnpespbytPr oAvLHAYL I eheht vef stindé ena hgeapan gener at i ng

enstatite (MySi 3) and adjusting a_coefficient of thermal expansion. In
addi ti oh, FPEIFB pBssiBfe %% E@%gaoéoﬁb6§??%'oﬁ?gehfﬁglﬁh¥%@g D1 8%t hanoid S

met al OXidSaBEiﬁgi@ﬁE whi-ch; has.heep conventionakty: ysed, e AixhuL eet her eof
and further using a substance obtained by addi ng nagnesi um oxi de to the

m xt ure asatbebskntenrihgidgeas. cpP0OR5] Subseqaedt Pyicni kitighandndi spersing

of the 10 substances weighed in.Step.1 are perfor tep. S2) . .
SpecificalP&}rfﬁg éﬂb@tﬁgB%QSbaéfﬁgglﬁ§’aﬁdgﬁabﬁa e??é§|§§h§$,lar anot her
sol vent torbhgenawsmaterhal sevehghedenbe S epndi ai samixedtantindi spensdd by a
wet ball mll. Subsequently, the m xture obtained in Step S2 is dried in 15
an evalor aPér thanderheisolr¢8ReTis rempved (Step S3). Accordingly, the

m xt ure of ron nitrid il Lcon Ldg, esi i - he sintering
agent becomea a 11 ake'l FRaThbregar s, The con oot o borssiniEfide in the
m xture i smé@h3dwb% thheceonnént mefbsicl Péohhexpdespst24n8e20Wre the
content of —nmagnesi,um oxi de lsn19t6ﬁmﬂ96 the content of %gtﬁi moxide is 4.7
W% and thE EBAFERLSof CaldM hdm BxFde F§T 16 “w'ed “FO08] Next = °t he
aggregate @f-othe.mhxtune pbbakred,i Rubkepnd3aiisygraundafSt epeB4)cikncSt ep
S4, a nortar and/or 25 dry ball mll is used depending on grain size

di stributi of tocheaachrevadiabt én ehelgEendirngacTher8aftert eRe APkture isl
_ed by using nmesh.p Ln(Step _55) .. .an average grain.Si,ze-0f t a gat e
o roduced Cand EHEgral B s rsa ararun For o Sen 30F 00271 TherearCar. an
ext ernal fereenigshnmage ptrovact non theimixgupepcetswhnchhthe avepage grain

si ze has been reduced and the,%rain,sizgs,have, een uniformzed in a

pr edet er ni hdd “diiRgl &1ditFet PEMHEst B Y86) F “And i it efi'fig “i8 - “8 *per f or med
(Step S7). JLpthizscempodinent, -a:Bet pr essicRg asicnther phgcrekhad canche
applied as a nethod of sintering the mxture. The hot pressing sintering
nmet hod?¥s axwetthed ifrrali ¢h racrest e & $iplidcediingca 1nel d5f FaME mide of

car bon !n %c@o%np%eﬁﬁk@%r%peﬁ&%%uﬁ1a@%eskﬂ§ﬁ%hn%x%%e%%nf%%@B%_thereon whi l e
pressurization with a press I's perforned In a
sintering process in which the mixture is sintered.
Brief Description of Drawings
F00272] FIG. 1 is a flow chart illustrating an outline of
2% & manufacturing method of a ceramic member according to an
empodiment of the present invention.
FIG. 7 is oa view Llilustrating an a-axis and a c-anls
of hexagonal boron nitride contained in the ceramlc member.
FIG. 3 is a view illustrating a configuration of a
30  probe holder which is formed using the ceramic member
according to the embodiment of the present invention.
FIG. 4 is a partially enlarged view in which a minute

region of the probe holder illustrated in FIG. 3 1is



predeterm ned single direction. Accordingly, when the mxture is sintered
by the hot pressing sintering nmethod, the external force acting process in
Step S6 and the 10 sintering process in Step S7 are collectively perforned
(Step HP illustrated in a broken Iine region in FIG 1). [0028]In the

manuf acturi ng nmethod of a ceramc menber according to the present

i nvention, a hot pressing sintering tenperature in Step HP is from 1200C to
1300C, 15 amd.cagsiantering time is two hours. Since the ceram c nmenber is
sintered at a tenperature which is lower than an ordinary sintering
tenperature of cefanmi’cs? PoFreREmMsIEEt ithe lcaiam ¢akepberdorg Pafléne A-
Literaturepl {(;175@QC) ., bondi ng between the nold frane and the ceram c nenber
due to a 20reaction with the nold frame, made of carbon, in the sintering
process i s supprésSsed. iB0029]iSwneehboranchiltiyi dé lusedaicinthks enbodi ment
has a hexagonal, crystal structure and iz in thﬁ form of scal e-shaped
grains,” t he surfaces'of the™sdhl 825h8pes &r BX8PFgRed 25PRTATHIEFECEon whi ch
i s subst antisdbky tper pengdi-cubaket-0 288Xk egnal foarceackipgndi pectian by
making the ex e SD. |, force directed in one direction act thereon. As a
resul t, th&REKIGreliVENsrPénted in parallel to a direction which is

per pendi cul ar t he »ext.ernal. for i irection 0 nanely along a
plate surface O?IFHe]s?%tgrgéG%oé%iugggﬁg??ﬁeacé%éﬁ%%eﬁe EfggﬁéaiaPﬁg to
thi s enmbodirAentei proorpbhetied byoBtepoShihg StapeSérdeser pbedcabevgerThe
ceram g, menber gg uf gctured_as deigribed"above contains at 9 | east
enstatite ( MySi ?'a d*Bofo*fit't ri-dBSEBRY*48 €on&fft HéfEs HAfYekhibits a
sat i sf act oryieehact EkgahskBaULaLENgcREAPELLY £ oaRE 4t hE ﬁ%é&?ﬁ@ §i5§0£k8“5 of
t he scal e-shaped boron nitride grains are substantirally aligned such t hat
t he boron RFEFFde grdErRsianre oriented in one direction. [0031]On this
occasi on, the cgnt.en nstatite.,in_the.manufactured ceram c_nenber is
41.4 (W% basegl%h g ?%e%rgﬁgﬁaﬁﬁégﬁkﬁﬁg P%nav5F%3£l?BF fp?hgtvﬁﬁﬁr@tical
10 cal cul atpenfvaliuetwas chkcukat edpenstbe asseuptiopyt hatngl thei Lbgen
oxide.Hsed as a raglnater[allmas used for generating enstatite. [0032] FI G
2 il ustrabPé§“an®a¥aRi §*3harane- ax"Be6f Lt h8- scal e- shaped boron nitri de
grain. The sintered bodys1h obtai ned by, the,sinteLing; apLy,.bhas an

i ndex of an orientation degreeggfmﬁg?gyéég§?ﬁaﬁ g%%?gﬁgﬁgﬁg%xgégwgﬁl

ori ent ati ohdegreelKtiscadyvajuetofnaoh kessutrhdnb0, nandgwhen te©. P (The

| ndex of kentation Preference) < 1, the c-axis of the boron nitride
crystals g%?ggépéhgihdgt6§§€§6%%%2}C%F3ﬁ%LF§@Oriented parallel to a
pressuri zabeenription of Embodiments

20 [0023] Hereinafter, a detailed description will be given
of embodiments relating to a ceramic member, a probe holder,
and a manufacturing method of the ceramic member according
to the present invention based on the drawings. In
addition, the embodiments are not intended to limit the

25  present invention. FIG. 1 is a flow chart Lllustrating an
cutline of a manufacturing method of a ceramic member
according Lo an embodiment of the present invention. First,
boron nitride (BN), silicon oxide (S10:), and magnes ium
oxlde (MgO) are prepared as raw materials, and a raw

30 material containing yttrium oxide (Y.0:) and aluminum oxide
(Al203) is weighed as a sintering agent (Step S1).

[GO24) Here, magnesium oxide is added in order to obtain

enstatite {(MgS5i0s) and boron nitride (BN) as main componeant



direction in the test material, which neans that the surfaces of the

scal e-shaped boron nitride crystals are aligned in the plate surface
direction of the sintered ceram c nenber. On the other hand, when I.O P >
1, the a- 25 axis of the boron nitride crystals correspondlng to a (100)
plane is or ented parallel to the pressdrlzatlon direction o the test.
material, wh iounmeans Ph at the surices of the scal e-shaped boron nitride
grains aregamm@me@flmh@ dume@&@@ncbmamabahb&be&Obyhpr@ﬁ@&&ﬁ@l%ébb@@ve
direction. I.n 30addition, a case where |.OP - 1 (K = 0) neans that the

di rect i ons Sdf* e Woroh HECFraé lglarRstake trandemPn thedt2dtupmiesial .

[ 0033] The kﬁ@@leﬁe%Qeo%fk%@%%%uonQ%ﬂ%%%n'S an ,40;abggl ute Y%‘”? of a
common | ogarithm of the index of orientation pre?erence and f'he i ndex of
t he ori ent &viseribdegrtee ukei 8 govensbyet heiflel liowilngiequat iienthKnsill | ogi c)

{(100) 1 100)/I 002 0034] I n this context,

represe%ts %%géng g %f x-5Pé§ g %P 5%t88 E?CPhSOBKFBthPP}9Heu€?95taIs
al ong the @l&@hr@|&h%rWﬂ$n t:he F@%Eh@&tQEhﬁb hsshbéaghééegbﬁﬁﬁheénbg ray,
and simlarly, 1(002) represents strength of x-ray diffraction of the boron

nitride crﬁgﬁép§ BRERGSLHE COOIR Iesuhﬁa@éxthﬁoyﬁlFO@Z@Nht@pnesents a
ratio between,.the strength I (100) of the x-ray diffraction of the boron
nitride crystals along the (100) surface and the strength 1(002) of the
x-ray diffridétidon aléngsbheeﬁﬁmg) planegwhed theptesingabéertak is
|rrad|ﬁ5ed V\%tL % B g a gyrec ion which 15 is g@rallel to the
pressuri zati'ofn df FSétV8 986F n§ ChEPpredshr PZAf PEMC silAE8PI RE) ¢ 1 (100) /1 (01
representsspetatieabelweenet BapstEaREL Bpt £ Whaobyt heaXnhay,dif-fraction

al ong the (100 | ane and the strength |(002) of the x-fay diffraction

al ong the €é92%0 FaRé& ﬁﬁ@hh?ﬁe%Q3W9y12©O|thadraw|mﬁtﬁ51@éstEMEUedn1a

di rection h-ks.pe i gula he essur i n d| ction. In

addi tion, ?ﬁgglﬁgexgoﬁgggﬂeﬁﬁ t?é%gﬁ%e?ereﬁce %Cﬁﬁ¥ %Fven by the
follomnng gguatijoantlyQ Phe mI@untb(GBEQ)hk@IMh)chb S?MEB {008kAsHt O the
i ndex fﬁ orientalferCrl|co, getalled descripti on was ?lven in Mlan

i | ubadc’ , At CEP8hTt85e. #B HPESSOlB@FEQQQ)erET?@c Sperthé) ori entation of

Bor on Nltrh@@o@ﬂ@iQ$y0nLRQemPQY§V§abfP%QP§Bth?@r@&ekb%¢F§§§§eg Cgram cs.”
30[0036]In addition, the coefficient of thermal expansion of f he

manuf act ur 8d9BEFAMTCOHRABer andhlbh ﬁSNhEESngdQEaSEULOQm6$SdNﬁB&BLfa
thermal expapsi enen t hod d on, a. t herno-nmechani ca

anal ysi s fo(r?p Qgg §§ﬁ$cs) E 6” CHBSBE b%Lﬁn 'Feetion’ i n“Whi ch bor on
nitride ISmoRLenéed% ns. Breferabhy Mbhhbﬂtaoraﬂgea@&n(éxt@e5)eX?4086/C I'n

so doi t he coeff|0|ent of thermal S expansion of the ceramic 5 nenber in
the ofi‘ent 4tTontafr6CPi6At of [t RRIBBF ORNNP¥ Filde’ grAPns BeEonmesea val ue t hat

i's C|Ose t@o3cdnx 40-6LC v ch. i Sc-a;cogffi &%@Ptaﬁﬁ Lher pgl,« gxpagsi on of

silicon.

aluminum oxide is 1.6 wt%.

[0026] Next, the aggregate of the mixture obtained in

Step 33 1is ground (Step $4) in Step 94, a sribar and/or
p 53 1w ground (Step $4). In Step $4, a mortar and/or

25 dry ball mill is used depending on grain size distribution
to be achieved alter the grinding. Thereafter, the mixture
is classified by using mesh passing {Step 355), an average
grain size of the aggregate is reduced, and the grain sizes
are uniformized.

30 (66277 Thereafter, an external force is made to act on
the mixture, of which the average grain size has been
recduced and the grain sizes have been uniformized, in a

predetermined single direction (Step $6), and sintering is



[ 0037] The t hree-point bending strength of the manufactured ceram c nenber,
whi ch is neasured based on JIS 10 R 1601 (a room tenperature bendi ng
strength test nethod for fine ceramcs), is preferably not |ess than 200
MPa. In so doing, the strength agai nst warpage increases even when the
ceram c nenber is formed into a thin plﬁte shape. [0038]In addition
relative density of the manufactured 15 ceram c nenber is preferably not

| ess than 99%tolmeso (deiengsiyhe canshiikuenbsqahehbe geran g-aeAbLL become
preci se due to the sintering, and the strength agal nst warpage i nCreases.

[ 0039] Si nc&hEdefafitt rENber Becapdilagdt 65t hi seRbodnbbdireherehectrical |y
connects a:si.licqn fer. ther..clrcuit . . d.as_a_test ,object
and o wi i g suBarrare foresBRg Recatel Gnar For TR slPt thovcarEivd
menber can ibewapphi edmastamei nsupaticag hase malear iakmef mthe proberhehder
for holﬁing a_probe formed of a conductive 25material .FIG 3 is a

vi ei | | ust rati Ag & cBRFLGarat PBRA6P HHRecPrloBa h6F 4BF A8cBREIAGES t he

ent odi nehi £hEkGondwhs 18 pactiakhya.enbar gednview Lo Whicheaepigutie;fegion S
of a probe holder 1 illustrated in FIG 3 is enlarged, and FIG 5 1is a

cr oss- sect PEREECFIrawedkenngdlengidecalbine AcAordifyGy, 4whén addition, the
drawi ngs a 0 i l.y il.lustrate it _should be noted that, a
relationshﬁgxgg?§gg% %ﬁbﬁ¥gﬁﬁe§ 5ﬁ8 gb&AHFﬁogfn%aéﬁnggff?g T?anﬁatio of

t hi cknesseshef ettherpatt $prandathenbi kecmaysbenditer gpt sfhgoamthose in
practigﬁ in . some cases, and it is a matter of course that parts with
different dirfeAsiBAaPTPEFEFi dRsAFPE andeF&t Fes RayiBelynetledipdt wveen t he
5 draw ngs (kRS0 Cases 0} fh hol der i Llustr din FIGS. 3
to 5 has aéthi% di sk shagggggg %ﬁr?egﬁgﬁﬁg ?%Qg E%?%E%f§g gﬁﬁbehgard whi ch
is a mcrol€8aABact or itothe ampphifedttoingfukthodf ef bewelbateéstpeabwaf er
llevel burn-in test ggd_gge ke 10.0f a silicon vafer éa.configuration of
the probe card willP b8 48ScPfBaa fFatBY§CrR tha ProbB RdP4RF 1, several

t housands tonseveral +L : ousands.of;-t hr.o h 11 whi-ch.jpenetrate
t hrough the cerani? h%%ggfggﬁﬁgeggdgggpdggc?%bggggbg%géfhyfﬁgtgpégé

t hi ckness dirleat sonterheglbimer tscavodhoecti onSinckl Gre5)yeaneif:or med. Each
of the thr%ggperLeswll,Qasda &argg}dianeﬁe[ pogt{on,ha.mﬁth a diameter D
which is bored i n"thé*plaf &%t Al cRneSLParfebt Fol #Fom & SUFfack A which
faces the wiraing:$i denterisgndiengetheuskgpal -teknt he test angdngisnall

di aneter portion |Ilb 20 with a dianeter d (< 0) which has the sane center
axi s as thateofetheibangebdiramet Betport .onekkauaadla(snabter, dianmetier than
t hat of thEAkagge diameter portion |la and is bored &gﬁthe pl ate thickness
direction froma suffale I8 whi'ch*Fdceld®t hB &I cOR™Waf ef"astd fest obj ect
in thedestea2biandvacprehe arrangednkn acgerdancg mibth alignpent of the
sillcon wafer as the test object is accomopdated therein. [0011] Held, the
boson nitrifdB-gF ai'AsParecori eft edrparartél to the plate surface of the

probe hol den,dqwhi chakscberpendi gul gt Lo.Lhe penehtating,difectign,of the

30t hrough holes 11. For this reason, e coefficrent © erna eﬁﬁaﬁsion
of the probexhobdet driyatthesoruentati enddirethi onei Fbustosatedain-FIG 5 is
substantial}X th_sane_ . ‘ ,
shaped gralins, the surfaces of the scale shapes are aligned
25 in a direction which Is substantially perpendicular to an
external force acting direction by making the external
force directed in one direction act thereon. As a result,
the mixture is oriented in parallel to a direction which is
perpendicular to the external force acting direction,
30 namely along a plate surface of the sintered body.
[0030] The ceramic member according to this embodiment
is completed by Step S1 to Step S7 described above. The

ceramic member manufactured as described above contains at



as the coefficient of thermal expansion of the silicon 13 wafer regardl ess
of the tenperature. As a result, the probe holder 1 can exactly bring the
probe into contact with the silicon wafer regardl ess of the tenperature. In
addition, although the orientation dire%tions of the boron nitride grains
in the probe holder 1 are applicable as”long as the orientation directions
are aligned along the plate surface, it is nore preferable that the

ori ent ati onedisteetisans iake (pasabhel at@ bheopl at er sak f age) ass descri bed
above. 10[09$%$M%en each of the through holes 11 is forned in the probe

hol der 1, &¥Hi'CKNESSSof A P&l abhieved By LeRRaherigeacdégieelof flatness
and a degr a6 .0 -pangl Lellsmol Lhe earaulc-opaber by, ughog,a sycface
grinder, the snmall dianmeter portion [I'b i's then f6r e up £6 a

pr edet er m e 185 s¢epehl HorbnomithedsunfraceslBreandbthentangeydhameten
portion:lla.i en formed by performng drill machining up to a
predete?ni%g§%dé%€ﬁ H§6P58ﬁ9¥h§1§ﬁﬁﬁécggﬁA“FHa£eH85+ePE?dlh“a@ﬂ?tion,

al t hough dwiilrkcraehi.ni ng using carbide drills adapted to the respective
dianeters is perfornmed 20 when the large dianeter portion ila and the snal
di ameter poffidn |1 bCar &nfier redzsacier khngepechniqué esbhgtliasern ebehing,
punchi nd. 8RELAELIORDRAM, 3R LR Bpam, qf hhe,|Lke Tay be applted. 1t is
possible to realize working on e ceram c nenber accor |n8 to this

embodi ment teechethatnl25adnuaspech ratie.of Heaeh theougbohetecil (for

exanpl 3 acrgtig gh/d of . a hole d?pthlﬁb Wi th respect to the dianeter
bifialt cli€ FE.E.188rﬁf&??i§dﬁo?ér€§%dfﬁ§noﬁ5?h?[ééﬂSTPFEPHGthétaa¢iew
schemati cakliyitbhuskrati ngea 6Nk gul,akhen LMo parks-9f a probe card
configured by 30 using the probe holder 1. A probe card 2 illustrated in
the draw n§crsrprevidedsithtehe af orenmenti oned probe hol der 1, probes 3
which are agg dat ed..i n,and- d_ by .the through holes 11 of the probe

hol der 1, g sgggg t?g%éf%rﬁg%ﬂgkﬁﬁ?§ﬁ tfansfor apﬁt@rgaf§lﬁfoﬁihﬁ?e

Wi ring wincthe-phapedhbbden #itandenyerpaser rhewsicheFehaysayhe wiring w
sti cki ouétof t he. space transformer 4, a wiring substrate 6 which
connects t A8 @PF g?ﬁ/FEFa§é6t5§lPﬂg95@ﬁﬁfé?bbs%ﬁsSaPolad@és@fa@paratus, a
mal e conne@k@én&bw@bﬁhdé@reéOMkdﬁQt'meEQetM@ﬁ'698§Ub§&r§£ﬁe§ SP gs to be
connected to a femal e connector provided on the side of the test apparatus,
and a rei nPorelnhgt menbeéra8ephiKchsrei nfbnecestt hetwiebagtsabsty aked6.
10[0044] FI G .V kspapview illystrating. a detailed configuration of the probe
3 and a pro éyghhgrhiﬁgM%t5?§Q§f0¥h§9b?3ﬁ%£ﬁ8fdf@ ?*Tﬁﬁ% ch probg®3s, a
needl e- shapedxenber 34 Mbthnanitpi@@dcm@hﬁﬂlhscbfﬁggﬁ&nﬁﬂﬁ? ggntact with
an elﬁﬁ%rogﬁ gad 41 provided in the space transfornmer 4, a 15 needl e-shaped
menber’ 32 Which Projects Promthe Barfacel 1B°i n AACoppoSTEeidirection to
the needl exshaped,penher,31.and jg.broyght jnto confact, with an el ectrode
pad 91 of a silic%n mafe; 9, and a spring ﬁeh%erlgé Mh%% ’igh%rovided

bet ween t heuhéedt e-shaped neabersBdpandothenneedl edshaped: 20s neaber 32 to
coupl e the tw needle-shaped nmenbers 31 and 32 in a stretchabl e manner are
coaxi aIIydC%@%Egd%£AF$Taﬁg%t?50¥ﬁﬁﬁ%8 ?thﬁbLQ?c?ﬁi%@eo?l?h%l%%se end
portion ofcthenheedtepshaped, menbes: 321 S9: a8, t 0nPKevent pdroppi pg. by a
stepped portion at a border between the snall dianmeter 25 portion ilb and
the | arge dfameter Updrbeon | Patside her ¥ akobghchbl estandmgpeei fi ¢1@0 1 gnment
pattern of,the.probe 3.ip.4he.probe holder 1 js defenm ned depending on an
arrangenent pattern of the el ectrode b%d%hblpb%”fh%*§TTT%§n9hb%%?39]mhich
is the testrobjecte:30:0045]The probe helder:.l.can:besapplied to an:

el ectrical _property test under various tenperature conditions. For exanple,
it is poss?%?ggtbh%%ﬁﬁyb?ﬁ@’ﬁﬂbbbi%%l%%?lﬁbn%feoﬁiyg%%dah“eﬁectrica
property t@stedinl®f 8n parallel to the pressurization direction. In

30 addition, a case where 1.0.P = 1 (K = () means Lhat the

directions of the boron nitride grains are random in the

test material,

[0033] The index of the orientation degree is an



15 condition that a tenperature of-the test object is equal to a
tenperature of the ceram c nenber which is a base naterial of the probe
hol der 1 but also to an electrical property test under a condition that the
tenperature of the test object is higheL%than the tenperature of the
ceram c nenber. [0046] According to the nuf acturi ng nethod of the ceramc
menber of the aforenentioned enbodi nent of the present invention, it is
possi bl e t alprduitde var leer arfi @ Lomerbebgwhiichxhas ankr egdemchisni ng
property, a coefficient of thermal expansion which is close to that of
silicon, and 'f'gh S ehdt &fd e pPdbe thl defexhicéhthe PairBdatsPng t he
ceram c ne red G044 INaddit i the .pro Lder 1 according to 15
this enbod?%gat, t he oﬁ?entagﬁgﬁﬂgifgégpgﬁﬁ fggﬁggégﬁén nitride grains are
ori ented i parldidogl tor the/plasel/sunbace, ,and the probe holder 1 has the
coefficient of thermal expansion which is close to that of silicon which is
a materral QﬁﬁﬁﬂHe si 'coRwarern toxds fheot PG| Edts SXORe tthhics’ reason,
t he probe holder <k.C var i.at by .t.her,nal i gn at osition at
whi ch the prgg§L§¥f§%g?§§g%€ ?%Fokgg%Faéﬁaggdécgﬁgégsﬁgrgéo9 r?ggion due to
t hermal expgdndilowlefrct heesi theotewaf ert8rip0048] Asradiesubt wieveanwhen a
plural .i txagf tests.are 25 pe%fornedaunder ﬂiffprentﬁtggperature
envi ronment's; 't he “prdbé "Rl der F (P2acéor @iy To I M Bhbodi mefeYcan exact 1y
brine Lhe prighesc8:ibnt orcentast whbntikgidel ekizodespads, 91,00 the,$ilicon
waf er 9 regardl ess of tenperature. For this réason, the probe card 2 using
t he prbbe hokderel addordi/god0) I o-drhieseerbodi menti cdaes weet: reguire
replacenen%tof t@g Erobe older 1 in gcgqrdance with a tenperature range,
and t heref 5ré ™ Ptoi & (P88 blra®t 6~ SRYr Pen tReE 88t Of i fBCaRAr PRIDEET AR cost
required forybhalbestisng 16c1004811n.additi any the extengah forge acting

e

process and the sintering process in the manufacturing net od "6t

cerani c nmenbér Xagéur dithgreetihnsaénbodinent 0&Pe potnki wheedthe thet hot
pressing si.ntecri TRt b -or._exanpl.e, a_slip casting,method may be

appl i ed ashgkgkégge?%aFg"8gg§£8§t?2ghpﬁgcésgégvﬁﬁﬁmtﬁedéf?ﬁg&8§t¥?bcﬁethod
i s appli edist herboiion nitrhdepgeasnsisettibe andeareodepositigd:iha the nold
due to force of gravity as external force. In so doing, the boron nitride
grai ns areP6FPERtedatWAEBNSthee10ngggr égabe /dont:ali-ni Negptdestthus: ordtent ed
boron nitric rains_1s,.sin ed, a depressurized.sinterjng nethod, an

i nert atnnggﬁgg%ﬁs?ﬁ%eF#EﬁnﬁgﬁthFmo??agg?héFT38n9éhff6ﬁgf89 ﬂi%ﬂ%
sintering nheehodoimypbenapphiiedhel Braddiython,,si 8t erhngxApy,be perforned
usi ng thevaotfgre§sing)iinte[ing 15 nethod after the slip casting nmethod is
appl i ed. When' tAE“hGt preddi hg®si et i Rg>fet Koei shassdravhe orientation

di recticon of rtheaboren; pi bide, grai ns 993§£§E€909ywﬂbﬁhsAgp cast method may
be perpendicular to the pressurization direction in the hot pressing

si ntering Aetheddi20] 005071 heidentabliyizaheopr dbechol der whi:chdcani be,
manuf act ured  f Lthe.ceram ¢ _nenber according, to.this,enbodiment is not
linited togggfaﬁﬁk%a %rggi%%'%CE%PdFﬁb”?BLQhTCE}tﬂeQLrbﬁeg}5?% 291 Heeti vel y
brought intolcontagtcmiithithe el ectrode pads on the silicon wafer and can
be applied 25 as a socket type probe holder and the |ike. Al though the dese
17on was gi vien"of &' casé Tof::usli/nd t-he’ arobelhol der of fp[ci aLi np p1l
n-type probges,.in ea,cc.of which pins are coupled with the spring menber,
inthis e @%Fﬁ%nt, i {%Lawgﬁ bhg%beb ?61%%§f§i?ﬁephfb?bﬁ%ﬁfioned ceranmic

T -} 3 TS T S [ e e g e e - AT T, 1 . co 1e g -
menber detalled description was given in Milan Hubacek, et al., J.

Am. Ceram. Soc. 82 [1] 156-160(1999), “Effeclt of the
Orientation of Boron Nitride Grains on the Physical
Properties of Hot-Pressed Ceramics.”

30 (00367 In addition, the coefficient of thermal expansion
of the manufactured ceramic member, which is measured based

on JI5 R1618 (a thermal expansion measurement method based



30 as a probe holder for accommodati ng another type of probe (a wire type,
a bl ade type, or the like). [0051]In addition, the ceram c nenber according
to this enbodi rent nay be used not only as the base material of the 17
probe holder 1 but also as the base nathial of the space transforner 4
used in the probe card 2. In so doing, e probe card 2 can nore exactly
connect the mnute wiring w between the probe holder 1 and the space
transfor neros & uregatdess ofi & 1t enparatur ¢-even when tests,are pepformed
under different tenperature environnments. For this reason, reliability

of -the probe ¢@rdC2insaedhancedonExanphesh| 0052 (Exarphe 13 dBNextsqa
description will be given of exanples of the present invention. In Exanple
1, a sinteﬂéﬁl¥ﬁﬁﬂ?ﬁ$aﬂy &idide of remgemelfong x <90 )nmm Wde °x.20Iamstbhi ck was
sintered usj I terd.al. lot Li, . using 49.3 (W% of boron nitride
(BN), 24. 85‘1(095’0%3 5?‘\%5%&%?# X eO%fJSitﬁf)rfﬂagnﬁxi)g}“ LPB( g N6f cREgHesi um

oxi de (MyOmeasarawsnater icaligntand usidngc4+7otW¥ 8t ¥ht-phum exkde (Y203)
and 1.6 (wt% of alum num oxide (Al 203) as sintering agent by the

manuf act ur i9g et hedodescei bed vien thhe abovéocerbodi nent x For®/stnirriRg, the
external faorc ting process and the sintering process 20 were
coIIectiveﬁf %e?%gﬁgg&iﬁy%tﬁz ﬁgFlBF§s§?ﬁén§ﬂﬁlepﬁnélﬁéFHBd. I n perfornng
the hot pre$si3ng sintee ngrepressuli zatiigRcWsth-aqpress was perfornmed in a
single direction under a sintering contact pressure of 25 MPa in a nitrogen
at mospher e "6f U606 LAY, CERATEReMEMAESY | WY 1Rhs 1 25mpershordedaatdacsi ALEr i ng
terverggur f:01250C After..the_sintering, presenc f
constituen?éqggﬁtZ%ngggﬁnkgﬁggg?%?gfegggg%é '8§ﬁ%n éb g%%eaﬂﬁfgggngﬁsed on
x-ray difffaori opraf0e53) Fi6 pHescaavi ewnschemati eakhy2bbl Mshr at iipgsa 30
test piece used in, nmeasurenent in Exanple 1, and specifically, FIG 8
schenaticaﬁpﬁnﬁrlﬁgFrﬁiégngﬁglFgaéﬂﬁtpﬁérPég? plEEBAFEBNFEEE| heRretBody
101 (il usteatedcbyeapbrokenshi-ngl. iFLG 29¢hsnapview Ehéyétraﬂ ng a

rel ationshi 18 between a coefficient of thernmal expansion neasured by

usi ng t he ﬂ§§§8éieceiﬁnédﬁléﬂﬁﬁerrﬁgateﬁpeﬁanaiEY FFG:hdOmisudavtevned

il lustrating.a.relat] hi. tween, the three- point rength neasured by
usi ng %%é Fgégmﬁgegéhgﬁg { engggﬁfgﬁynﬁo'eﬁ%%?a‘h?@.§%§bleiﬁ 'S a table

i |l ustratidgiacsanhmatenialthohtaunberhof carsaw:materbal husgdsi n
nanufacturingwthe geranicmrenberm content of the raw material and the
sintering Agent " Ewtsy, "4 51'Rt 8Fh§T { Bperaf uf & (& Feaoki nteringt pressur e
(MPa), presengeqgof i40re9Bstituents contained in the sintered ceranic
menber, a coefficient of thermal expansion, three-point bending strength,
an index ofYBfPént at PoAcpr efer enteniannindex ofcandboniientathonm degree, and

| atine densihy..Table.2 is.a ,table illustrating a relationship of
Coer o ent o YEoTor ha EEaaAToRTTALThE Ort entGrh ol iFF oGt SR LNPY ch was

nmeasur ed i niacpiedetiesnined teapenat urecsange; §£om 209G, te; 260€ by using the
test piece_ ngta coefficient of thermal expansion in the pressurization
direction Wth-5*tenpefattre! "y ne Tabtes 1, Tehel raw frat erla¢ ¢otamimber is a
20 nunber hadieating @ed%%§§{§@0§s'Qntpﬁﬁﬁﬁﬁﬁﬂ@&eﬁﬁgé QLS Used kN
smterlngthe ceram C nenper. ’ '
probe holder for holding a probe formed of a conductive

25 material. FIG. 3 is a view illustrating & configuration of

the probe holder according to the embodiment .  In addition,

FIG. 4 1is a partially enlarged view in which a minute

region 5 of a probe holder 1 illustrated in FIG. 3 is

enlarged, and FIG. % is a cross-sectional view taken along
30 a line A-A in FIG. 4. In addition, the drawings are

schenatically illustrated, it should be noted that a

relationship between a Lhickness and & width of each part,



[0054] Anbng the two test pieces 102 and 103 illustrated in FIG 8, the test
pi ece 102 was manufactured for neasuring thermal expansion in the
orientation dire( ion of the boron nitride grains, and the test piece 103
was maninsured for if Iii S U .17 .1. JIthermal expansion in the
pressurization direction (a direction whi ch is per pendi cul ar to the
orientation direction). The thus cut test piece 102 was used to neasure

.coefficient roft itthesrmalh i30exparsi off (%el0=6L% Yhinbased onkdi 925 1618, and

t hree- poi nt  bendi ng strength based on jIS 5 1601 was neasured. The result
i's illustréated S Tablrem Tar6Rg 1 PR A& raw it 6Pgl ca39s) oenAufbersof a raw
material Used i Bramphest ceontentaf e nawemmLeCi alaand; bhe, sintering
agent (W%, a sintering tenperature (t.), a Ssintering pressure (Ma),
presence ofredernspintsheptss acontraitned imayt he shnteried teramba aeaber, an 5
index of orjentation preference, an index of an orientation degree, and

rel ativé dénsity 2?7 A" Ta6M& T3°CHe raw material lot nunmber is a nunber

i ndi cating [@odiofif erenge bRobhenbaweraterhalskohscHsed knsinteging the
ceram c nenber. In addition, the neasurenent result in Exanple 1 is as
poi nts 10 BXIS fespdét ively sharkl 68d 9oandspondp0055k par0 4C) k>prbed>))), |

4- 2l H04- Lokty ,0,0,c0.X1 @) 83LH 05l (i 1L 29,9¢8,04,) ) cHh3) 66ER' O
966SET  (5) §)

wafer level test, a wafer level burn-in test, and the like

L0 of a silicon wafer (a configuration of the probe card will
be described later). 1In the probe holder 1, several
thousands to several tens of thousands of through holes 11
which penetrate through the ceramic member sintered as
described above in the plate thickness direction (the

15  wertical direction in FIG. 5) are formed. Each of the
through holes 11 has a large diameter portion lla with a
diameter D which is bored in the plate thickness direction
from a surface 1A which faces the wiring side for sending
the signal for the test and a small diameter portion 1lb

20 with a diameter d (< D) which has the same center axis as
that of the large diameter portion lla and a smaller
diameter than that of the large diameter porticn 1la and is
bored in the plate thickness direction from a surface 1B
which faces the silicon wafer as a Lest obiect in Lhe test,

25 and a preobe arranged in accordance with alignment of the
silicon wafer as the test obiject is accommodated thercin.
LOG41 ] Here, the boron nitride grains are orlented
parallel Lo the plate surface of the probe holder 1 which
ts perpendicular to the penetrating direction of the

30 through holes 11. For this reason, the coefficient of
thermal expansion of the probe holder 1 in the orientation
direction illustrated in FIG. 5 is substantially the same

as the coefficient of thermal expansion of the silicon



cx a, 0 966L8.0 966 F 880 OD 0) (n ca 00 (3) 01 0) o m366 F 160 i
866/680 OD OD cx Co oa 0 Co OD 0) Lc) Oa H E 98EL-0

10

20

13

wafer regardless of the temperature. As a result, the
probe holder 1 can exactly bring the probe inte contact
with the silicon wafer regardless of the temperature. In
addition, although the orientation directions of the boron
nitride grains in the probe holder 1 are applicable as long
as the orientation directions are aligned along the plate
surface, it is more preferable that the orientation
directions are parallel to the plate surface as described
above.

[0042] When each of the through holes 11 is feormed in
the probe holder 1, a thickness of H is achieved by
enhancing a degree of flatness and a degree of parallelism
of the ceramic member by using a surface grinder, the small
diameter portion 1llb is then formed up to a predetermined
depth Hy from the surface 1B, and the large diameter
portion 1lla is then formed by performing drill machining up
to a predetermined depth H; from the surface 1A (B = H, +
Hp) .o In addition, although drill machining using carbide
drills adapted to the regpective diameiers Ls performed
when the large diameter portion 1la and the small diameter
portion llb are formed, a working technigue using laser,
etching, punching, an electron beam, an ion beam, or the
like may be applied. It is possible to realize working on
the ceramic member according to this embodiment such that

an aspect ratio of each through hole 11 {(for example, a

ratio Hy/d of a hole depth H, with respect toe the diameter
doin the small diameter portion 1ib) is not less than 15.
(00431 FIG. © is a view schematically illustrating a

configuration of main parts of a probe card configured by
using the probe holder 1. A probe card 2 illustrated in
the drawing ls provided with the aforementioned probe
holder 1, probes 3 which are accommodated in and held by

the through holes 11 of the probe holder 1, a space
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transformer 4 which transforms intervals of minute wiring w
in the probe helder 1, an interposer 5 which relays the
wiring w sticking out of the space transformer 4, a wiring
substrate 6 which connects the wiring w relayed by the
interposer 5 to a test apparatus, a male connector 7 which
is provided in the wiring substrate 6 so as to be connected
to a female connector provided on the side of the test
apparatus, and a reinforcing member 8 which reinforces the
wiring substrate 6.

[0044] FIG. 7 1is a view illustrating a detailed
configuraticn of the probe 3 and a probe 3 holding state of
the probe holder 1. In cach probe 3, a needle-shaped
member 31 with a tip end which is brought into contact with
an electrode pad 41 provided in the space transformer 4, a
needle-shaped member 32 which projects from the surface 1B
in an opposite direction to the needle-shaped member 31 and
is breought into contact with an electrode pad 91 of a
silicon wafer 9, and a spring member 33 which is provided
between the needle-shaped member 31 and the needle-shaped
member 32 to couple the two needle-shaped members 31 and 32
in a stretchable manner are coaxially coupled. A flange is
formed in the vicinity of the base end portion of the
needle~-shaped member 32 so as to prevent dropping by a
stepped portion at a border between the small diameter
portion 1lb and the large diameter porticn lla of the
through hole 11. A specific alignment pattern of the probe
3 An the prope holder 1 ls determined depending on an
arrangement pattern of the electrode pads 91 on the silicon
wafer 9 which is the test obiject.

P0045) The probe holder 1 can be applied to an
electrical property test under various temperature
conditions. For example, it is possible to apply the probe

holder 1 not only to an electrical property test under a

1'0 ET-0 ET*0 ET '0 010
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condition that a temperature of the test object is eqgual to
a temperature of the ceramic member which is a base
material of the probe holder 1 but also to an electrical
property test under a condition that the temperature of the
5> test obiject is higher than the temperature of the ceramic
member.
10046] According to the manufacturing method of the
ceramic member of the aforementioned embodiment of the
present invention, it is possible te provide a ceramic

10 member which has a free machining property, a coefficient
of thermal expansion which is close to that of silicon, and
high strength and a probe holder which is formed using the
ceramic member.

[0047] In addition, in the probe holder 1 according to

15  this embodiment, the orientation direction of the boron
nitride grains are oriented in parallel to the plate
surface, and the probe holder 1 has the coefficient of
thermal expansion which is close to that of silicon which
is a material of the silicon wafer 9 as the test object.

20 For this reason, the probe holder 1 causes a variation by
thermal expansion at a position at which the probe 3 is
brought into contact to occur after a variation due to
thermal expansion of the silicon wafer 9.

[0048] As a result, even when a plurality of tesls are

25 performed under different Lemperature environments, the
probe holder 1 according to this embodiment can exactly
Lring the probes 3 Into contact with the electrode pads 91
on the sillicon wafer 9 regardless of temperature. For this
reason, the probe card 2 using the probe holder 1 according

30 Lo this embodiment does not require replacement of the
probe holder 1 in accordance with a temperature range, and
therefore, it is possible to shorten the test time and

reduce the cost required for the tests.
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[0049] In addition, the external force acting process
and the sintering process in the manufacturing method of
the ceramic member according to this embodiment are not

limited to the hot pressing sintering method. For example,

5

a slip casting method may be applied as the external force
acting process. When the slip casting method is applied,
the boron nitride grains settle and are deposited in the
mold due to force of gravity as external force. In so
doing, the boron nitride grains are criented. When the

10 aggregate contailning the thus oriented boron nitride grains
1s sintered, a depressurized sintering method, an inert
atmosphere sintering method, or another conventionally
known sintering method may be applied. In addition,
sintering may be performed using the hot pressing sintering

15 method after the slip casting method is applied. When the
hot pressing sintering method is used, the orientation
dlrection of the boron nitride grains generated by the slip
cast method may be perpendicular to the pressurization
direction in the hol pressing sintering method.

20 [0050) Incidentally, the probe holder which can be
manufactured from the ceramic member according to this
empodiment 1s not limited to a full wafer lype according to
which the probes are collectively breught intoe contact with
the electrode pads on the silicon wafer and can be applied

25 as a sockel Ltype preobe holder and the like. Although the
description was given of a case of using the probe holder
for accomnmodating pin-type probes, in each of which pins
are coupled with the spring member, in this embodiment, it
ig also possible to apply the aforementioned ceramic memnber

30 as a probe holder for accommodating another type of probe

{a wire type, a blade type, or the like).

[0051] In addition, the ceramic member according to this

enbodiment may be used not only as the base material of the



0010111

10

15

20

25

30

000 O I O -0Xr 00000000O0O0O0O0

17

probe holder 1 but also as the base material of the space
transformer 4 used in the probe card 2. In so doing, the
probe card 2 can more exactly connect the minute wiring w
between the probe holder 1 and the space transformer 4
regardless of a temperature even when tests are performed
under different temperature environments. For this reason,
reliability of the probe card 2 is enhanced.

Examples

[C052] {Example 1)

Next, a description will be given of examples of the
present invention. In Example 1, a sintered body with a
size of 90 mm long x 90 mm wide x 20 mm thick was sintered
using a raw material lot L1, using 49.3 (wt%) of boron
nitride (BN), 24.8 (wt%) of silicon oxide (5i0:), and 19.6
(wt%)] of magnesium oxide (Mg0O) as raw materials, and using
4.7 (wts) of yttrium oxide (¥:03) and 1.6 (wt%) of aluminum
oxide (Al:;03) as sintering agent by the manufacturing
method described in the above embodiment. For sintering,
the external force acting process and the sintering process
were collectively performed by the hot pressing sintering

method. In performing the hot pressing sintering,

pressurization with a press was performed in a single
direction under a sintering contact pressure of 25 MPa in a
nitrogen atmosphere of 600 mwHg, and the sintering was
performed at a sintering temperature of 1250°C for two
hours. After the sintering, presence of constituents
contained in the sintered ceramic member was analyzed based
on x-ray diffraction.

[G053] FIG. 8 is a view schematically illustrating a
test piece used in measurement in Example 1, and
specifically, FIG. 8 schematically illustrates how to cut
the test piece from a sintered body 101 {illustrated by a

broken line). FIG. 9 is a view 1lllustrating a relationship
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between a coefficient of thermal expansion measured by
using the test piece and a sintering temperature. FIG. 10
is a view iilustrating a relationship between the three-
point strength measured by using the test piece and the
5 sintering temperature. Table 1 is a table illustrating a

raw material lot number of a raw material used in
manufacturing the ceramic member, content of the raw
material and the sintering agent (wt%), a sintering
temperature (°C), a sintering pressure (MPa), presence of

10 constituents contained in the sintered ceramic member, a
coefficient of thermal expansion, three-point bending
strength, an index of orientation preference, an index of
an orientation degree, and relative density. Table 2 is a
table illustrating a relationship of a coefficient of

15  thermal expansion in the orientaticn direction, which was
measured in a predetermined temperature range Lrom 20°C to
250°C by using the test piece and a coefficient of thermal
expansion in the pressurization direction with a
temperature. In Table 1, the raw material lot number is a

20 number indicating a difference in the raw material lots
used 1n sintering the ceramic member.
[G054] Among the two Lest pieces 102 and 103 illustrated
in FIG. 8, the teslt plece 102 was manufactured for
measuring thermal expansion in the orientation direction of

25 the boron nitride graing, and the test pilece 103 wag
manufactured for measuring thermal expansion 1n the
pressurization direction {a direction which is
perpendicular to the orientation direction). The thus cut
test piece 102 was used to measure a coelficient of thermal

30 expansion (x 107°%/°C) based on JIS R 1618, and three-point
bending strength based on JIS R 1601 was measured. The

result is illustrated in Table 1 along with a raw material
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lot number of a raw material used in Example 1, content of

the raw material and the sintering agent (wt%), a sintering

temperature (°C), a sintering pressure {MPa), presence of

ceonstituents contained in the sintered ceramic member, an

(@3]

index of orientation preference, an index of an orientation
degree, and relative density. In Table 1, the raw material
lot number is a number indicating a difference in the raw
material lots used in sintering the ceramic member. In
additicn, the measurement result in Example 1 is as points
10 Exl respectively in FIGS. 9 and 10.

[0055]
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0056] As illustrated in Table 1, the ceramic member in

Lxample 1 (raw material lot: L1) contained enstatite
{MgSi03), boron nitride (BN), and forsterite (2Mg0-81i0;) as

constituents, the coefficient of thermal expansion in the

U

orientation direction at 150°C was 4.7 x 10°%/°C, and the

three-point bending strength was 216 MPa.

{0057] in addition, the coefficient of thermal expansion

(x 107%/°C)} in the orientation direction and the coefficient

of thermal expansion (x 10°%/°C) in the pressurization

10 direction were measured in a predetermined temperature
range from 20°C to 250°C for the two kinds of test pieces
102 and 103 cut from the ceramic member in Example 1.
Teble 2 is a diagram illustrating the measurement results
of each temperature range.

15 [0058]

Table 2

Coefficient of Thermal Expansion
(x 10°%/°C)
Temperature {(°C e . , :
emperatul e Orientation Pressurization
Direction Direction
20 to 100 4.6 6.2
to 150 4.7 6.3
to 200 4.9 4.4
to 250 5.0 - S
[0059] It can be understood from Table 2 that the

coefficient of thermal expansion in the orientation

direction In the ceramic member was about (4.6 to 5.0) x

20 1G°°/°C in all of the temperature range from 20°C Lo 250°C

and achieved a value which 13 close to the coefficient of

thermal expansion (3.4 x 107%/°C) of silicen. On the olther

hand, the coefficient of thermal expansion in the
pressurization direction was about (6.2 to 6.6} x 107%/°C.

25  As a result, it became apparent that anisotropy relating Lo
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the coefficient of thermal expansion appeared in the
ceramic member according to Example 1.

[0060] In order to further clearly confirm the
aforementioned orientation of the boron nitride grains,

measurement of z-ray diffraction was performed using the

o

sintered ceramic member in Example 1, and the index of
orientation preference (I.0.P) and the index of the
orientation degree of boron nitride were obtained from the
measurement result. Values of the index of orientation

10 preference (I1.0.P} and the index of the orientation degree
of boron nitride are illustrated in Table 1.
[0061] As illustrated in Table 1, i1t can be understood
that the c-axis of the boron nitride crystal is oriented
parallel to the pressurization in the test material and the

15  surface of the scale-shaped boron nitride crystal is
oriented along the plate surface direction of the sintered
ceramic member since the index of orientation preference of
the sintered ceramic member satisfies 1.0.P = 0,15 < 1.
(0062] In addition, the relative densilty (bulk density)

20 of the sintered ceramic member was measured at 99.9%, and
Lhe sintered ceramic member was found oul Lo be a precise
sintered body.
[0063) On the other hand, a ceramic member with a plate
thickness of 2.70 mm was formed from the sintered body in

25 Example 1, and 500 through holes were formed in the ceramic
member Inoa mabrix shape by drill machining using a carbide
drill In order to conflom machinability of the ceramic
member. Here, il was possible to set a diameter of each
through hole to 160 un {an aspect ratio 1s 2.70/0.160 =

30 16.9) and set a hole pitch p (see FIG. 5H) to 200 um. As a
resull, it was possible to achieve 5 pm as pitch precision.

In this sense, 1t was confirmed that the ceramic member
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manufactured in Example 1 had satisfactory machinability.

[0064] (Fxample 2)

A sintered body with a size of 90 mm long x 90 mm wide

x b mm thick was sintered using a raw material lot L2 by

5 the method in Example 1 while the sintering temperature was
changed to 1300°C. After the sintering, the presence of
constituents contained in the sintered ceramic member was
analyzed based on x-ray diffraction in the same manner as
in Example 1. The result is illustrated in Table 1 along

1¢  with content of the raw material used in Example 1 and the
sintering agent (wt%), a sintering temperature (°C), a
sintering pressure (MPa), and presence of constituents
contained in the sintered ceramic member.
[0065] Then, a test piece corresponding toe the test

15 piece 102 in Example 1 was cut from the sintered ceramic
membper, and the coefficient of thermal expansion (x107%/°C)
based on JIS R 1618 and the three-point bending slrength
based on JIS R 1601 were measured. In addition,
measurement of x-ray diffraction was performed using Lthe

20 sintered ceramic member in Example 2, and the index of
erientation preference (I.0.P) and the index of the
orientation degree of boron nitride were obtained from the
measurement result. Values of the coefficient of thermal
expansion, the three-point bending sirength, and the index

25 of orientation preference (I.0.9) and Lhe index of the
orientation degree of boren nitride are illustrated
fogether in Table 1. In addition, a value of relative
density (bulk density}) measured for the sintered ceramic
member is illustrated in Table 1. Furthermore, a

30  relationship between the measured coefficient of thermal
expansion and the sintering temperature and a relationshiop

between the measured three-point bending strength and the
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sintering temperature are illustrated as a point Ex?
respectively in FFIGS. 9 and 10.

[0060] As illustrated in Table 1, the ceramic member in
Example 2 contained at leasit boron nitride and enstatite as
constituents, the coefficient of thermal expansion in the
orientation direction at 150°C was 3.3 x 107°/°C, and the
three-point bending strength was 216 MPa. In addition, the
index of orientation preference satisfied I.0C.P = 0.04, the
index of the orientation degree was 1.38, the relative
density was 99.6%, and it was found out that the boron
nitride crystals were oriented along the plate surface of
the ceramic member and that the ceramic member was a
precise sintered body.

10067] Through holes were worked in the ceramic member
in the same manner as in Example 1 in order to confirm
machinability of the sintered ceramic member. As a result,
it was confilrmed that Lhe ceramic member manufactured in
Example 2 had substantially the same machinability as that
ol the ceramic member manufactured in Lxample 1.

100687 {Example 3)

The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test plece in the
same manner as in Bxample 2 other than that a raw material
Lot L3 was used and the sintering temperature was changed
to 1250°C, and the measurement result is illustrated in
Table 1 along with the content of the raw materials and lhe
like, In addition, a relationship between the measured
coelficient of thermal expansion and the sintering
temperature and a relationship between the measured three-
point bending strength and the sintering temperature are
illustrated as a point Ex3 respectively in FIGS. 9 and 10.
[0069] As illustrated in Table 1, the ceramic member in

Examplie 3 contained boron nitride and enstalbile as
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constituents, the coefficient of thermal expansion in the
direction which is parallel to the orientation direction
was 3.8 x 107%/°C, and the three-point bending strength was

252 MPa. In additicn, the index of orientation preference

5 saltisfied T.0.P = 0.10, the index of the orientation degree
was 0.99, the relative density was 99.9%, and it was found
out that the boron nitride crystals were oriented along the
plate surface of the ceramic member and that the ceramic
member was a precise sintered body.

16 t0070] Through holes were formed in the same manner as

in Example 2 in order to confirm machinability of the
ceramic member. As a result, it was confirmed that the
ceramic member manufactured in Example 3 had substantially
the same machinability as that of the ceramic member

15 manufactured in Example 1.
00719 {(Example 4)

The same analysis as thal in Example 2 was performed
on & sintered ceramic member and a cult test piece in the
same manner as in Example 2 other than that the raw

20  material lot L3 was used and the sintering temperature was
changed to 1250°C, and the measurement result is
illustrated in Table 1 along wilth the content of the raw
materials and the like. In addition, a relationship
between the measured coefficlient of thermal expansion and

25 the sintering temperature and & relationship between the
measured three-point bending strength and the sintering
temperature are lllustrated as a point Exd respectively in
FIGS. 9 and 10.

[(0072] As illustrated in Table 1, the ceramic member in

30 Example 4 contained at least boron nitride and enstatite as
constituents, the coefficient of thermal expansion in the

direction which is parallel to the orientaltion direction
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[0056] As illustrated in Table 1, the ceram c nenber in Exanple 1 (raw
material lot: L1) contained enstatite (MySi @), boron nitride (BN), and
forsterite (2M 0.Si 02) as constituents,2&he coefficient of therna
expansion in the 5orientation direction at 150C was 4.7 x 10- 6/ C, and the
t hr ee- poi nt bending strength was 216 MPa. [0057]1In addition, the
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resul ts of weach. @enpeh@tw@@a&@mgede%55995§th@bl $2 and it was found
5 —out that the beron nitride crystals were oriented along the
plate surface of the ceramic member and that the ceramic
member was a precise sintered body.
(00731 Through holes were formed in the same manner as
in Example 2 in order to confirm machinability of the

10 ceramic member. As a result, it was confirmed that the
ceramic member manufactured in Example 4 had substantially
the same machinability as that of the ceramic member
manufactured in Example 1.

(00747 (Example 5)

15 The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test pilece in the
game manner as 1in Example 2 other than that a raw material
lot L4 was used and the sintering temperature was changed
to 1250°C, and the measurement result is illustrated in

20 Table 1 aleng with the content of the raw materilals and the
like. 1In addition, a relationship between the measured
coefficient of thermal expansion and the sintering
temperature and a relationship between the measured three-
point bending strength and the sintering temperature are

Lllustrated as a point Ex5 respectively in FIGS. 9 and 10.

J
(&)

[0G75] As 1llustrated in Takle 1, the caramic member in
Example 5 contained boron nitride and enstatite as
constituents, the coefficient of thermal expansion in the
directicn which is parallel to the orientation direction
30 was 4.1 x 107%/°C, and the three-point bending strength was
234 MPa. In addition, the index of orientation preference

satisfled 1.0.P = 0.13, the index of the orientation degree



[0059] It can be understood from Table 2 that the coefficient of thernal
expansion in the orientation direction in the ceramc nenber was about (4.6
to 5.0) x 2010(Vet in all of the tenperature range from 20C to 250C and
achi eved a value which is close to the €befficient of thernmal expansion
(3.4 x 1046M of silicon. On the other hand, the coefficient of thernal
expansion in the pressurization direction was about (6.2 to 6.6) x 10-6/C.
25 As a reswulst 0.i88,becanecappakentiehbBat yaphsoboopy, r ghat i A0wLe rdanfhe
coefficient of thernal expansion appeared in the cerani c nenber according
to Exanpl e Bt [FO6601FG &Pder potiufeherveraarl yeeonprimntnd aienenthei oned
orientation okt he haran ni trid egg%EESmeQb%EaﬁH&egﬁgE gﬁex-éggmd&ffraptlon
was performed using the sintered cerani c nenber in anpl e i, and“t he i ndex
of ori ent aticokepr eber enpecells6. sPhtanddt hediyndex of the orientation degree

of boron ni, rL%z mer%‘obta nEd,fron1the:neas rement result. Values of the
i ndex of ori’@dfatio Téoﬁﬁbf PéﬁéewﬁF?Cﬁ@§m§Hlehéh?nﬁé%eOWa?ﬂ%rO?Fentation
degree of heremapbtki deiare-bkh-ushratediin Eﬁ@hgnébiEQQ§l$ésthé!Ustrated in

Table 1, it can be understood that the c-axis of the boron nitride crystal

i's orientedeparar! erbert heApr éssapizhti oh wast henféstedateatakbhand the 15
surface of al e- shapeg itride.crystal i riented alo t he
pl at e surfg%gggﬁgekgp§ﬁgoﬁgpﬁggggH?gge%gc%%gﬁP%en%n%%g %F%%ga?ﬁéa?gﬁex of
ori ent at i onhpr ehereneehafhabhéisiynter edacecam:-nenesbenisakéshies |. O P -
0.15 < %. %%Oﬁ%]ln addition, the relative density (bulk density) 20 of the
sintered cBFAHLECERBEr “lab*ABRsEr &d at 99.9% and the sintered ceranic
menber was [haund out(Egag?l@ pseci se sintered body. [0063] On the other

hand, a ceram c nmenber with a plate thickness of 2.70 mmwas fornmed from
the sintered bodyei AaR5 Exanpbéslasandas00nt Froughehdl essweeefdonaed in the

ceram c nenher iLn trix_shape by. drill machinip sing_ a carpjde dril
in cardea ?@ éoﬁ%??ﬁ?%gc FFF%E?I??%b%F thd 3e?3ﬁ1ggﬁgn%%$?eF%Pegh?t was
possi bl e t easet mandamesernofxeaphet br eughrhehent end60:pm fan aspect ratio
is 2.70/0.160 - 3016.9) and set a holengitch,p (see FIG 5) to 200 pm As a

resul t5° i t "RA€TpBssitBF el fovaEni&ge 8ndntas HibERTpREcESFBAIAFArEhiaSsense,
it was Conghgﬂsgdtpgt1E§8°&anﬂgCtgg”%ggsuég%ent result is
illustrated in Table 1 along with the content of the raw
materials and the like. In addition, a relationship
between the measured coefficlent of thermal expansion and
20 the sintering temperature and a relationship between the
measured three-point bending strength and the sintering
temperature are illustrated as a point Ex6 respectively in
FIGS. 9 and 10.
[0078] As dllustrated in Table 1, the ceramic member in
25  Example 6 contained boron nitride and enstatite as

constituents, the coelilcient of thermal expansion in the
direction which 1s parallel to tvhe orientation direction
was 4.1 x 107°/°C, and the three-point bending strength was
249 MPa. In addition, the index of orientation preference
30 satisfied 1.0.P = 0.12, the index of the orientation degree
was .93, the relative density was 99.9%, and it was found
out that the boron nitride crystals were oriented along the

plate surface of the ceramic member and that the ceramic



manuf actured in Exanple 1 had satisfactory machinability. [0064] (Exanple 2)
A sintered body wwth a size of 90 mMmmlong x 90 mrmw de x 5 nmthick was
sintered using a raw material lot L2 by 5 the nmethod in Exanple 1 while the
sintering tenperature was changed to 1300C. After the sintering, the
presence of constituents contained in the sintered ceram c nenber was

anal yzed based on x-ray diffraction in the sane manner as in Exanple 1. The
result is inldmbetr atbed i préabke LiakemgdalBowth content of the raw materia
used in Exanple 1 and the sintering agent (W%, a sintering tenperature
(C), a sintl®b’ig predSurastMpa)ccan@rpr és6Hee off EbAsERTAeRBENEsNEAI ned in
the sinter ranm-c r er 065] . .pLece.corresponding to the
test 15 piggé%%ggﬁp% %igﬁppgd%gwgg g%ﬁ@%F@nbgﬁélgkﬁgg%gg égrgﬁ?c menber ,
and t he coeffriagiientneobetrher Aal aexpanditoni(xLkB8s6LEhfhased ohadl ShR 1618 and
t he three-point.bendigg strength based on WS R 1201 were neasured. In
addition, MEASUTEMERCEE Rerdy aGEf Pt MoR*RBB L BePrf oFfredV B AGTERE L D0
sintered ceransemienbeninBLEXamp! es2chapdothenkndex.pf ~ofkgatation
preference (1.0. P) and the index of the orientation degree of boron
nitride weffelgBRatHEG St FonFrhsrrgadur ement result. Values of the
coefficient t,her mal. sibon, the three-point bending strength, and the
i ndex 250f[gg?gﬁtatrgkxgégﬁgrggce (-1.0.3) and the index of the orientation
degree of boronThit skde aneliykliustsated: tagekheplenzTabkepdrrbamaddition,
a value of relative densité %bulk density) neasured forthe sintered ceramc
member ' §s PP Gstrat&defn cFablNé C1 BarEhePRofeCuh 805FePAEFBnshi pBet ween
the nmeasur edreopbhihehent of thenpal expansi-op,gpdi.hhe shpterj,ng tenperature
and a rel ationship between the neasured three-point bending strength and
the 24 sineépicnglt émpelbdt ure apedi khdstnat ednasranpotanpEx2tnespesti vel y
in FIGS. 9 and 10. [0066] As illustrated in Table 1, the ceram c nenber in
Exanpl e 2 Egﬁpgﬁﬂea at-“Fast Bt ol i tei e dierensta@iit el s 5 constituents,
the coeffigi +0f t.her pal.. ansi iNt i.e I i-r ecti at 150C
was 3.3 X 16?%%&?d§%g %ﬂgr?ﬁége?pg?g?bbg%gﬁngﬁgt?éﬁ%%ﬁ@mgg g%% ggg. I n

addi tilon, wthéeradéx ofidothentakieon pnekéréncensati skiledidndh8p= 0.04, the

index of the orientation degree was.l1.38, the relatiye 10 density was

99. 6% andBFF“ﬁEQ ?%ﬁn@OSEFg?ﬁaFOFﬁéiﬁé?gﬁ ﬁ?tLF8§m8Xy§F8ﬁ§SﬁBPe¥8?iented
al ong the phateisuri-acg obtmpbeacaranuednenben.andnthap theweeraphe nmenber
was a precise sintered body. g0067]Throu?h hol es were worked in the ceramc

y. . \ i
menber 15 MA*PHECSanBr fENRE! "asPPRIERENPF6=THIR BrderEosebhfi iy _
”HChlnabl|kEMpﬁ%aEDﬁ%SQQEeﬁﬁ_ugﬁgﬁﬁbﬁ_HE”QGE%E§§2§ﬁﬁe§HE)@CLRV£@?|?an'r”Ed

that the ceram c nenber manufactured in Exa ad substantralfly the
sanme matchi Aabili fyaad that of the ceramic nmenber manufactured in Exanple |

20[ 0068 3) . ...Th ysi hat in Exanple 2
ot tormed SRUBLE; Y cpaat da ahr e ME ey riReta T eut PRest TaroRaRF R f ho Sare

nmanner as ERakxasphec2netherdt hanohhat cainaw.pat erkahcliek L3 was used and
the sintering tenperature was changed to 1250C, and the neasurenent result

i..1 |lustFated’FheTabl ethearongtwtAnthef cbheene lofxphesiaw mat ebial s and
the Iike. Ln,.additjon @hrﬁka%599§959 bet peen the, measured; coefticient of

hi {
t hermal expansi on andlﬁhe_5|n ering tenperature and a relationship between
the nmeasuredst hreex B0 ‘point abendhagrsteengthrandathen§i Bt echngnt gnperature

are illustrated as a point Ex3 respectively in FIGS. 9 and 10. [0069] As
iIIustrated“PnMTablefm,aﬁﬁéié@ﬁanfg@néﬁﬁéﬁ Ph Exanplet3coontai nednberon
nitride anga§9§kﬁght?_6$y = 0.13, the index of the orientatiocn degree
wag 0.90, the relative density was 99.9%, and it was found
cut that the boron nitride crystals were oriented along the
30  plate surface of the ceramic member and that the ceramic
memnber was a precise sintered body.
[0082] Through holes were formed in the same manner as

in Example 2 in order to confirm machinability of the



25 constituents, the coefficient of thermal expansion in the direction
which is parallel to the orientation direction was 3.8 x 10-6/C, and the
t hree- poi nt bendi ng strength was 252 MPa. |In addition, the index of
orientation preference 5satisfied |.Q F2% 0.10, the index of the
orientation degree was 0.99, the relative density was 99.9% and it was
found out that the boron nitride crystals were oriented along the plate
surface of ddencer ad@erenber andcthat t he gesarberieRber -was anpreci se
sintered body. 10[0070] Through holes were forned in the same manner as in
Exanpl e 2 i9¥Y6Fdér Mesbesnfiermirashicaabini Eyaablend bedamibshenbérlls a
result, it S fir t,.the _ceram.c I r . ac in Exanple 3
had substaﬁ%@éﬁ%&gt ggggﬁé%%ééﬁ'nggiﬁ?gg gget gtcgggﬁég %gbggfc menber 15
manuf act ur edhniui sExamplde it ExGOP1E( Exanpl e 4) The sanme anal ysis as

t hat in_Ex l.e.2 was perfaqr on a sintered ceram c nenber and a cut test
pi ece in tﬁ§%§§&e naﬁﬁéﬁmggﬁgggple 2 other than that the raw 20 materi al

lot L3 was usedrandcbhe shnteking.Lkewpgratur e was changed E@r%g§9gﬁ and the
measurement result is illustrated in Table 1 along with the content of the
raw mat eri &s aapdnthgeldi keraln caddinbieonand pelbati onshi pibetweenthhe
nmeasured c ficient of thernal expansion and, 25 e.sintering, tenperature
and a relagggﬁsﬁﬁﬁgggtﬁgeﬁnt e ggu?eaggﬁgegﬁﬁgi%FaBeﬁdFﬁg ?gFgﬁQ? and
the sinterilng tenpesauyee ane khkusthatednastampei-atubx4wrespaehiy¥aly in
FIGS. 9 and 10. [0072]As illustrated in Table 1, the ceram c nenber in 30
Exanpl €04 &entldi’Réd, atnfl eblst horonraieni decandt enst Bt ltetmstednst i t uent s,
t he coefficgient of _thernal expansion.,in ,the direction ich is rallel to
t he orientgP%éﬁ iFégpﬁoHlL§69aﬁsC2?§6§L1836ﬂ © A4 A efﬁ?é@-ﬁggnﬁhﬁending
strength wasx249 NRaazdhntadditkoreltheohndex pbr@ekantati pRapLEEAr ence
satisfied 1. 0.3 = 0.13, the index of the orientation degree was 0.87, the
rel ative densTEyhE8 o9 60 canali ExRassf-etind"s 60 ehatefh&Yboron nitride
crystal s wepgo@rhented.ahong Lhe plata;suptace.of (Lhe cecan r and
that the ceraﬁiganenbe? was g precis% é?n%%?ggogoé§g F%g%gF%ErgﬁgEgholes
wer e fof nedgoiintt henslamg mamrertasainn Ekanplet2ringordepetotoonf krm
machi nabi l ity of the 10 ceram.c nmenher. As a.result, it was_confirned that
R ah M P act BPAG™ B BRAPEch REaTsubst Aher af) 3 e Ceame

the ceram €
nmachi nabi | ijbysag thahsofiithereeram enneabee manufactured:-nyExanpl ¢nl
[0074] (Exanpl e 5) 15The sanme analysis as that in Exanple 2 was performed on
a sint er ed“¢éfanrc " nerbErBRE BCEGD t'ést ipreeldi ANEhatsameafmnner as in
Exanpl e 2 other ;thapithat,a rawe-patecial |-ot, 54 was used _and the, sintering
t enper at ure masichangéd fo’l%S Cyﬁghéh?hgin%ggépéﬁeﬁggggézpﬂ ?g fﬁfustrated
in 20 Tabl ditcagkong wht.hht he pemténtlof ot heer awimateriahsdandcthenli ke. In
addition, a relationship between the neasured coefficient of thernal
expansi on 4Ad t£hé &i nberihg PBfipERat hecandoant ebatifoRghiFprbetivkberiathe
measur ed t hrgegpoi nt ;hendi;ng. st.rength. t i.nteci epperature are
25illustrated as a pgﬁntggiglﬁéépég%i&gﬁgxiﬁ%Fﬁgé%ggaggaklgggi' V| AS

il lustratedainsTabbiel1lp.Phe! 0CO2, nthe index of the orientation degree

was 0.91, the relative density was 99.2%, and it was found

)
N

cut that the boron nitride crystals were oriented along the
plate surface of the cevamic membey and that the ceramic
member was a precise sintered body.

[0085] Through hceles were formed in the same manner as
in Example 2 in order to confirm machinability of the

30 ceramic member., As a result, it was confirmed thalt the
ceramic member manufactured in Example 8 had substantially
the same machinability as that of the ceramic member

manufactured in Example 1.



Exanpl e 5 contai ned boron nitride and enstatite as constituents, the
coefficient of thermal expansion in the direction which is parallel to the
orientation direction 30 was 4.1 x 10"7C, and the three-point bending
strength was 234 MPa. In addition, the ?%hdex of orientation preference
satisfied .OP = 0.13, the index of the orientation degree 27 was 0. 88,
the relative density was 99.6% and it was found out that the boron nitride
crystal s wersei ent ed-ak@ng tohe plate surface of the ceram c nenber and
that the ceram c nenber was a precise sintered body. [0076] Through hol es
were formed in tHe $ame FEANer 14s disn LExanmphe EXaimpler derasoresfibicrat

machi nabi | i of - r am result,  it. nfirped that the
ceram c neﬁ%%ﬁ'ﬁﬁ%ﬂ%ﬁ%ﬁh?&%gﬁg%gggﬁgﬁgsggﬁag gﬁ%S%S%%YE?F§8tﬁ8 gg

machi nabi | isyreamatrhats afs tihe Feermarmec 2member t0amanubachured mA:Exanpl e 1.
[0077](Exagplei? The sane anal ysis as that in Exanple 2 was
performéd o ‘alsi APEr d Cerani thReRBer candda telPerast  pi deé FhatHedsane
manner as i , e t h 15 material lot L3 was used
and the siﬁ?@ﬁ?ﬁgpéén%ggaFﬁée%ggguégﬁéﬁédg?%gﬁg3b ,légﬁsE%%t%%a ‘Ur ement
result is ildakust natedrnignwiabl en: abemgnw bh the eant aateofizthezhaw he
materials and the like. In addition, a relationship between the measured
coefficienﬁi -t hérmai 9k paRsi 6nrt&hd t20 ERePs PREEEFRg L hENPERELERE and a

rel ationshipchetineent he TRasHnLed Lhr.eespai ot gbendi ggn%kwﬂ th and the
sintering tenperature are illustrated as a point Ex6 respectively in FIGS.
9 and 19. [GOT8FASvIrkl astr at e¢ lih iTabheéplpethecvetani nepenber thr26-Exanpl e
6 contained horon nitride and %RstatiEgmag.c nstituents, the coefficient of
thermal expansiion i tRe “dit FEEFT oR thi-RR P%nggFéPEelQPBGFH%US?i@ﬁfation
direction wasuétkaxcbOa6Maapdihherkbr eespeint vbepdi ngrstrengt hnwas 249 MPa.
I'n addition, the index of orientation preference 30 satisfied |.O P - 0.12,

the index OFUFHe ori &t atilyfitde§ree iadabl93] t hEer EPEETVE HERBErY inas

99. 9% andpkbras boutd aubclinat § g horon Al bl deqs! ughal g uere orignt ed
along the plate surface of the ceram c nenber and that the ceramc 8
menberlwas canpreciusetsi nteredcbddy cip0078fThhoughihekesnwere faornad in the

same nanner,ascgn Ex%gplﬁ 2 in order tg C?H%irﬁlqaqhtnabi|itx‘qf t he
ceranic menbérCASTa PASHI €5 PRIGad lohfi FREdOEhEPTEReCE E&FEhT ¢ henber
manuf act ured.i n Exanphe: B-had, substanti.aLly the sapg:pachinapility_as that
of the ceram c nenber nﬁﬁufaé?uréd in Exan%?e ?.E?ggég?(é§g%ghgh7¥a$he same
anal ysi s ag/th#t’ain Exapptét2cowastper iodredoiOconcatsinber edecerant-e nmenber
and a cut test pi.ece i _he sa manner _as in _Exanple 2 other than that the
raM/nateriﬁﬁiﬂ8glﬁ§'ﬁag'gséd%aﬁg’th Csi-REER g fgﬁp8ﬁéﬁﬂﬁétﬁﬁg ERERGEd to
1230C,2 @ndwtihe omeasur eeent: 1kesyukbt ks ikl ustratedgin Tabl e« 1,akong, wisth the
content of the raw

oultt that the boron nitride crystals were oriented along the

plate surface of the ceramic member and that the ceramic

member was a precise sintered body.

10088] Through holes were formed in the same manner as
25  din Example 2 in order to confirm machinabllity of the
ceramic menber. A3 a resullt, it was confirmed that the

ceramic member manufactured in Example 9 had substantially
the same machinability as that of the ceramlic member
manufactured in Exanple 1.
30 0089 {(BExample 10)
The same analysis as that in Example 2 was performed
on a sintered ceramic member and a cut test piece in the

game manner as in Example 2 other than that the raw



15 materials and the like. In addition, a relationship between the neasured
coefficient of thermal expansion and the sintering tenperature and a

rel ati onshi p between the neasured three-point bending strength and the
sintering temperature are illustrated a%l a point Ex7 respectively in
20FIGS. 9 and 10. [0081]As illustrated in Table 1, the ceram c nenber in
Exanpl e 7 contai ned boron nitride and enstatite as constituents, the

coef fi ci entmaafe tihar mak expansi orebn ahhe cdir e¢hicer i whi ebrpsrpanakl ghsto the
orientation direction 25 was 4.1 x 10-6PC, and the three-point bending
strengt h wasia24@dPtta, 130 0addi andn{ht hecd pdexnaft oréseht uidi nn pref erence
satisfied L.gﬁP }ﬁg'%gh the ind?x_?f_the,o ientation degree was 0.90, the
rel ative dersity "Wa§999 0% bdfdLi #1089 FéhRd 86: CPRAEFh8 bbRBN ANt ri de
crystal s werecofizent edqakong tihe 30pl ahaisuchace obitheogerapi c nmenber and
that the ceram c nenber was a precise sintered body. [0082] Through hol es
wer e fof medsitweche tegneepanner aseilh iBtanpl ef2tharordeexponeonfi aml

machi nabi | i f. , ) ram c nmenmber. As.a.result, jt was_confirnmed
That the coime verel RaibPattirdame exarprs ST HadbshbstSRn, Bry (he
same machi mahishivkeyl asrthaboohitt heneenanse rargbar apanuhackunedriiAgExanpl e 1.
5[ 0083] (Exanpl e 8) The same analysis as that in Exanple 2 was,
perfornmed GRSt éFed Eerant'é thenBer 2and aclt F&st pREEBCEAVERE same
manner as ig#icExampl,es2+1@ther than that a raw material |ot L4 was used and
the sintering tenperature was changed 10 to 127000, and the nmeasurenent
resul t19s il0OG§tr at edsi nlTabkeatedl ongTwbih tfhetbentemtmoft mhebepawin
materials and_the Like. In.addition, a relationship between the neasured
coefficien%xgpp? e%QaF08§SéH§goﬁtaﬁaaﬁheggFﬁ?ep?ﬁﬁgggnﬁﬁﬁa?ﬁf aaﬂgea

rel ati onshiap behweenuthesneasur edetthitee=niScpokAtrRendingastiength and the
sintering tenperature are illustrated as_a point Ex8 respectively in FIGS.
9 and 10. [(O684}A§CIIPistParedipnPTaBlect, tPheheepaPatABHBEr in Exanple 8

cont ai ned ron.nitride and enstatjte as .copstituents, .the coefficient of
t her mal exggﬁgféﬁopnwﬁﬁeazg éi?écﬂ?%h ﬁﬁﬁcﬁg?stéé?grpgfnPob?ﬂ +8Fi ent ati on
directi®n wasedg9hxwi@" YOE, mand the threeipal nthbenduyng skrength was 239
MPa. In addition, the index of orientation preference satisfied |I.OF =

0.12, the Prdéextef iPhersrifentarrofiadégieedwdsOorot, Ot hé. r ehat ivéedensity
was 99, 2% .and it -found .25 .qut that sthe. boron nitride_cr al s_were
oriented alg%goﬁﬁéwgﬁéngngégég %?Etﬁé)ééréﬁ?th%?%%g% gﬁﬁsgﬁgtwgﬁe
ceram x nepbePiwasnad preeksefsiintiered bbdy. -he085}Thr aughitel esyweresf or med
in the sane manner %E\inkgxaanF 2 ag“querJtQ conLgnlqaqhinability_of t he
30 cerani c“feibar FCASCH FesUPt PPt PwASScoRf i FRBdCt hat't RE¥ eBt ani"e hefber
manuf api ur edai nnExampke 8 -had-subsbant i;akl ¥ bhecsamespachi-nabLbikty as that
of the ceram c nenber manufactured in Exanple 1. 30 [0086] (Exanple 9)

The sane aniPydi's asTbRatainhpexafpler2 wWasmpérfor rbd 6ANE BiEnteredsceranic
menber and:a cut st ~pi.ece i,n .t . ganper. 0 EX l.e. 2 other than
that a ramfﬂaﬁgﬁpgﬁg52lég Eéhgéspﬁségﬁgﬁg%tﬁgggﬁﬁ?égﬁgggggﬁp%ﬁgture was
changed t oct2Z0C;: andbthe mpasurement tf esul tabscbhlusthrat edai-nthabl e 1

along with the content of the raw materials and the o
ceramic memper manuiactured in Example 10 had substantially

25 the same machinability as that of the ceramic menber
manufactured in Example 1.
[0092] {(Comparative Examples 1 to 4)

Next, for the purpose of comparison, ceramic members
in Comparative Examples 1 to 4 were sintered while rates of
30 the rvaw materials and the sintering agent (wt%), the
sintering temperature (°C), and the sintering pressure

(MPa) were changed, and presence of contained constituents,



like. In addition, a relationship between the neasured coefficient of
thermal expansion and the sintering 10 tenperature and a rel ationship
between the neasured three-point bending strength and the sintering
tenmperature are illustrated as a point £k9 respectively in FIGS. 9 and 10.
[0087] As illustrated in Table 1, the ceram c nenber in Exanple 9 contained
at | east boron nitride and enstatite as 15 constituents, the coefficient of
t her mal expans, e i patal hel /o t i ion

i ecti on nas 48 T8, andthe thiaa S5l Bt bond b’ St EnGt R has 275
MPa. | n addiehidang theenpdex ef: mndemtaﬁlomlpnehenencprSEErsﬁted EnO P -
0.13, the i.ndex of the orientation degree 20was he relatlve density

was 99. 8% ‘&nd% £was PEURETELE CPhaEIFRE” baPSnfﬁ#FFﬁa@ eFyELaYs (et

oriented akengithe pkatepsuchace of, t hecgeran g-menher-and-Lhah the ceramc
menber was a gre0|se sintered body. [0088] Through holes were forned in the.

sane mahnefeHeeZs ﬂﬁdE%éﬁppétheﬁtop@@ﬁoﬁolGohhﬁrﬁﬁmﬁcm&nnablBB ty of the

ceranmi c ne S [ can, f. 1121t .ti e
AR TR TS o LI T P S il S BRI ARG LT
of the CeraﬁbGenﬁnbebnqamufacthéedohﬂeﬁxaﬁp|ea&.méaéQ@§QL(E§éﬁp g 10)

The sane analé5|s as that in Exanple 2 was perforned on a sintered ceramc
menber and“8" aFafé§? Brr@fB PR theCsaAmé“hannefh8sCPAtER APl e 2 BERERIt han
that the r ri I n the§|ﬂen enperature was
changed togﬁéBgC tﬁgenggghggﬁgﬁtggg uf?gpg@ll %RTrd% g’f% Table 1

al ong y@thenheeeanqep&e@%ukhe maw, mat eni abaiandnt he bekecibAsaddition, a
rel ati onship 5 between the neasured coefficient of thermal expansion and
the sinter PRY¥EBRpERSt BFesan8dacPel At Fofshi pfbbhfEEAt ABPABASBR e

three- ponnth@eeg1@9r§hgeegﬁbe9ggu£Qeaﬁgnangégg;&ggnggg?égwg§ﬁuthiustrated

as a point Ex10 respectively 1n FIGS strated in
Tabl e 1, theaeeram thmemberinh Exadphg $0recopthi ned abel eastebodngn nitride

and enstatlte as _constituen coefficient of thermal. expansion in the
et on GhTREAES0E] atEel Tyot RE B an Sorhnofi PRORr Brlasala 32 10 6/ 0c,
and thes t hreeppekntebendihngrdd. strepgt howas 265 MPa. I n addition, the index

of orientatiog ?reference satisfied 1.0 P - 0.12, the index of the
orientatioh®88giee wAs 0l935ttRecrel Bt Tveldehsi t ewasr 90! 90FcrAETFt ihas

f d t d t th | at
ound ou %Babdth@1 Qrpgaﬁggggzg ELYS ﬁatrgﬁﬁsdo("em&sgf gng,the plate

surface of the ceramc and 't e cerani c nenber was a preC|se
sintered bodyz1ﬁéoemﬁThnethiheLesAmere fbenmedrenithessaaesmanner as in

Exampl e 2 LN orde onf| chin of the ceram ¢ nenber. As a
result, it ﬁ%@déa%f n@ﬁdWH et 8e?an}8w ﬁberdnﬁﬁﬁfﬁéfﬁ?ﬁﬂ Ph Exanpl e 10

had suhﬁtanhbahhy g§p5H§1§ﬂ”§f?HSG{Q@BL'5t¥%§§np ﬁf &hg Cgféﬁ‘Qoaﬁnbef

manuf actured I n Exanple Conparative
for the purpose 0ﬁrceﬁpann50h¢ndenanbc HquEFSdanGDHDabaDIVenEMaﬂpbﬁS 1 to

4 were sin wh te of 30the raw materials_and the S|nter|n agent
(wt %, thegg gg?lL éﬁp@fﬁtu?@ﬁﬂar?hévglhﬁ@@?ﬁ@ pr es@ufgets Tefentd 9

of thermal expansion wasg outside the range of (3 to 5) x
1070 /0C (Comparative Example 3), or three-point bending
25 strength was oulside Lhe range from 200 MPa to 300 MPa
{(Comparative Examples 2 and 4).
Industrial Applicability
[0094] As described above, the ceramic member according
to the present invention is preferable as a material of a
30 probe holder into which probes for electrically connecting
a civeult structure of a test object and a circuilt

structure for sending a signal for the test are inserted in



(MPa) were changed, and presence of contained constituents, 32 a
coefficient of thermal expansion (x 10-6/C), three-point bending strength,
an index of orientation preference, an index of an orientation degree, and
rel ative density (bulk density) were neasured for each of the sintered
ceramic 5 nenbers and the cut test pieces in the same manner as in Exanpl es
1 to 10. The neasurenent result is illustrated in Table 1 along with the
content of & awcmat evinaketusedsien ConpakabiivenBxamphesedtt and &wtYWyuithe
content of sintering agent (wt%, the sintering tenperature (C), and the 10
sintering présddre %ﬁﬁa)anﬁntﬁﬁdWﬁPBﬁacéuﬁéPQtW@h?ﬁﬁpaﬁépﬁééﬁgth@ kBasur ed
coef f i ci enty-akotfien il expanakop.and e siBtering Lepper gL poand a

rel ati onshi p between the nmeasured three-point i ng strengt “and t he
sintering K@ﬁﬁ@ﬁ@t@ﬁ@baﬁefpkl@@Er@r@éeaQOéaem of points Cel to Ce4 15
respectivel 1 [0093] As illustrated in Table 1, the
ceranlcgne %f%ge CgSSn%arafﬁ& Exanples 1 to 4 contained at | east boron
nitride ando&@&ﬂatlte Arppg tbedeeram c nenbers in Conparative Exanples 1
to 4, however, a _coefficient of 20 thermal expansion was outside a range of
(3 to 5) x 10l 6PE whl eStkEe&epoi nt bending strength was outside a range
from 200 MPa t0,30Q . MRa (Gomparative Exanple 1), a coefficient of thernal
expansi on was outside the range of (3 to 5 x 10-6PC (Conparative Exanple
3), or three-point pbehdi ng strength was outside the from 200 MPa to 300 MPa
(Compayative Exanples 2 | ndustrial. Applicability [00941As

descri @d above% tﬁgaggrgﬁFE %ﬁﬁﬁgf according to the present invention is
pref erabl e as a5naﬁgmb@boagra 30 probe hol der into which probes for
electrically connecting a circuit structure of a test object and arcu It
structure for séndWﬁélégsﬁgﬁéﬁfﬂéﬁ the test are inserted in 33 a mcro
contactor used kn E”EBHQQHQEQr test and a liquid crystal test, and the
manuf act uri ng netho according to the present invention is preferable for
manuf acturi ng t he cerfafbecienbeember t he probe hol der. Reference Signs List
[0095] . pr obe h | der 1A, 15 surface 2 probe card 3 probe 104 space
transfofmer 5 | tePb&éSP”GW 'Fing substrate

11 through hole

1la large diameter portion

11 small diameter portion

31, 32 needie-shaped member
20 33 spring member

47, 91 electrode pad

101 sintered body

102, 103 test piece

5 minute reglon

25 W wiring



7 mal e connector 8 reinforcing nmenber 159 silicon wafer 11 through hole ha
| arge dianeter portion Il b small dianeter portion 31, 32 needl e-shaped
menber 2033 spring nmenber 41, 91 el ectrode pad 101 sintered body 102, 103
test piece mnute region25Wwiring 34 CLAIMS 1. A ceranmic
menber conprising enstatite and boron nitride as constituents,

wherein the ceram c nenber is a sintered body in which the boron nitride is
oriented in a single direction. 2. Theyoefam c nmenber according to claim
1, wherein an index of an orientation degree K = 10gl10

{(1(100) /i (002) Y1 ERCRIMOOEIPEO20PIP L Ihinehens tgitvén basedooana 10ratio (|
(1001 t002011 [ : of x-ray diffraction along a (002) plane
of a crystéﬁtgﬁhgﬁggbgkgﬁggﬁpskggland‘strength 1(100) of x-ray diffraction
along a (100) plareeaihenhx- cayamicadicabeeniksapethoered bbdg dhresiian
which is p%rpe dicular, tqo an orientation direction of the boron nitride and
a ratio” WOOY/ PCE62) LibétWeen SsPreRGERT (R 2of 119y i BFEABEF on al ong t he
(002) plane and strength I (100) of x-ray diffraction along the (100) plane
when x-ray irradiation is performed in the orientation direction, is not

| ess than 6.8. 20e3ceThaicemaniermerberdacgotdi ngatm ¢laim 1 or 2, wherein
a coefficient of thermal expansion which neasured based on jIS R 1618 at
20C to 250C i n ¥Neder8ctlon PR parafPePris a8l PECEFERCFnEwWhi B¥%he bor on

nss(1) x 1Q(I§, T (Gceﬂgmhplne/ er)ﬁﬁ‘ r%%%gy¥%j§g§jgpe of claims 1 to 3,
wher ei n t hree: poi'nt'“Ben'di ng ¥t r elfdt astit'ed based G’ 30918 R™601 is not
less than 200 :MPax 0, /1 002 )] between strength 1002y ©f x-ray

diffraction along a (002) plane of a crystal of the boron

nitride and strength [(jp of x-ray diffraction along a

(100) plane when x-ray irradiation is performed in a

direction which is perpendicular to an orientatiocn

15 direction of the boron nitride and a ratio (I100)/1 00 )L

between strength I, of x-ray diffraction along the (002)

plane and strength Ipn of x-ray diffraction along the

(100) plane when x-ray irrvadiation is performed in the

orientation direction, i1s not less than 0.8.

20
3. The ceramic member according to claim 1 or 2,
wherein a coefficient of thermal expansion which is
measured based on JIS R 1618 at 20°C to 250°C in a
direction in parallel to a direction in which the boron
25 nitride is oriented is (3 to 5) x 107°/°C,

4. The ceramic member according to any one of claims 1 to

wherein three-point bending strength measured based on

30 JIS R 1601 is not less than 200 MPa.

5. The ceramic member according to any one of claims 1 to



4, wherein relative density is not |less than 99% 6. The ceram c nenber
according to any one of clains 1 to 55, wherei n boron nitrogen has a
hexagonal crystal structure and is in a formof scale-shaped grains. 7. A
probe hol der which includes through hol € capabl e of 10 all ow ng probes
fornmed of a conductive material to be inserted and accommpdates the
probes, the probe hol der conprising: a base material formed using
the ceram ¢,menber according to any one of clains 1 to 6, 15wherein the
through holes are fornmed in the base material in a direction which is

per pendi cul ar t8$Fﬁ?lgrF@ﬁ@%ﬂﬁ@ndﬁpﬁééﬁi6ﬁ 8Pt h&SBol-6ATnPEFirde. 8. A
manuf acturing nmethod of a ceram c nenber conprising: 20a m xing step of

m xi ng boron nitride, silicon oxide, nmagnesium oxi de, and sintering agent;
an ext er nal®-f or d&cacEirag ist eprdtrmakicngdéxtetnabhnforce difr edteédsi i acsi ngl e
directign act on a mxture mxed in the mxing process; and 25a sintering
step of sintering the mxture. 1' homanAA (JUL3 nethod of: a ..... r menber
aoco.rdirq to chaieme8n boron nitrogwheneisnat hexsypheni agyaggnt contains
yttrium oxi de and 30 al um num oxi de. 36 ‘ wherein the external force
acting stepdnGRE &PAt éFi ny St EpTEr 8TcorréerEvargiperféraed by a hot
pressing sintering nethod. 11. The manufacturing nethod of a ceram c nenber
according to any one of clainms 8 to 10, wherein a sintering tenperature in
the sinteri/ng sfeprivef herde200Cico 18060Cdet0th2ouFhehmanaf aepubiagoet hod
of a ceram r rdi.ng ta any one aof clainms 8 to 11, wherein

t he siﬁ%erﬁgéggggg ngégFfépngﬁgi TaddgﬁpgggﬁFV?eHag?hbﬁihEPebSr an inert

at mospher e.inkbrl3d Fhe meruhacturingcnet bedoek, araer gpbeemeRbgE raccor ding
to any one of clainms 8 to 12, wherein the boron nitride has a

hexagonal CFy&taF*§tfucture and is in a formof scal e-shaped grains.
a base material formed using the ceramic member

according to any one of claims 1 to 6,
15 wherein the through holes are formed in the base
material in a direction which is perpendicular to Tthe

orientation direction of the boron nitride.

g. A manufacturing method of a ceramic member comprising:
20 a mixing step of mixing boron nitride, silicon oxide,
magnesium oxlide, and sintering agent;
an external force acting step of making external force
directed in a single direction act on a mixture mixed in
the mixing process; and
25 a sintering step of sintering the mixture.
9, The manufacturing method of & ceramic member according
to claim 8,
wherein the sintering agent contains yttrium oxide and
30 aluminum oxide.

10, The manufacturing method of a ceramic member according

to claim 8 or 9,



10

36

wherein the external force acting step and the
sintering step are collectively performed by a hot pressing

sintering method.

11l.  The manufacturing method of a ceramic member according
to any one of claims 8 to 10,
wherein a sintering temperature in the sintering step

is from 1200°C to 1300°C.

12.  The manufacturing method of a ceramic member according
Lo any cone of c¢laims 8 to 11,
wherein the sintering step is performed in a

depressurized atmosphere or an inert atmosphere.

13.  The manufacturing method of a ceramic member according
to any one of claims 8 to 12,
wherein the boron nitride has a hexagonal crystal

structure and is in a form of scale-ghaped grains.



