[ Docunment Nane] Specification [Title of the Invention] IR DI UM ALLOY
 EXCELLENT | N HARDNESS, WORKABI LI TY AND ANTI - CONTAM NATI ON PROPERTI ES

5[ Techni cal Field] [0001] The present invention relates to an iridium
alloy suitable for a wire rod constituting a probe pin for inspecting the
electrical properties of a sem conductor integrated circuit and the |ike,
~and a nethod for manufacturing 10 the sane. [Background Art] [0002]

An inspection of the electrical properties of a sem conductor integrated
circuit and the like is carried out by bringing probe pins into contact
with a 15 | arlfecvwuandyamel el eSpedli@tipds of the semni conductor integrated

circuit and t i ke. Constituent materials for probe pins are required to
have hardness[t}]EISrOfg??s|U?’?ﬂ5r\j/\ear resi stance agai nst inspection which is

repeat edly cangiifnpALl Gy XL T IN (RRONESSIIORRABRIT PLANSANTRS
suppressing the contam nation of objects to be Inspected by the formation
of oxide films, and other 2QORPAMINASIONPROPERTIE® specific resistance for
i nprovi ng signal delays. Exanples of conventional materials for probe pins
i ncl ude ndt er[iTathmi¢ah Fighdlch beryl | i um copper (Be-Cu), phosphor bronze
(Cu-Sn-P) and tungsten (W are used, and materials in which alloys obtained
by addi ng silver ? 11t o pal | adium (Pd) are used. 25Patent Docunent 1. JP

rppl 1 cat 1 on Lai o SpeRReT Blerty 6B Ip St by SOEMERE gy Sanat ent
Appl i cation @n@ﬁtﬁ?@ﬁ“a NRobeZf9 forGd@efnd BEQR/ctrical propertiee oiove- descri bed

conventional nate s do not provide all of the required properties. That
i's, copper aldemicoraindtor intgrhiad drceit ead drel likkesanha ofetlaodfoo xiahufasturingl ati vel y
easily although their nmechanical properties are sufficient. On the other
“hand, pallOaditbesameoys are sonewhat inferior in 5hardness and the |ike
al t hough they_have %gg oxi dation resistance. [0004] Hence, iridium
is attracting>at géﬁ’i‘ﬁ? Mhs a new constituent material for probe pins. Since
iridiumis a net ako(@éiel | ent in oxidation resistance, electrical properties
and current resistance and is al so adequate in terns of 10hardness, this
metal is suitabl eagsnspeBBIrEsithb efcetrichl BBEedibs 5f dBbmitoatectsipterated t o
repeated contact. [Disclosure of the Invention] [Problens to be Sol ved by
t he | nvent i ordirc{i0a6dihellkedsvearsied out bylbamgihgproberpns intpdeaizatvithd nts f or
meeting the properties which are reC}ui red of probe pins in the future. For
exanpl e, Bn ragemuntherpteiratiedaopadshidos aeraigordydler ipeomiad cheliante, the
trend is to d,.narrower. pitches. ween el ectr . iL.gh density
desi gns and%f‘%‘f'e‘ef oc(r) ,SE'YL{%'"E @afeé'&&eft%amﬁﬁﬂnst%‘fg(?gm&ur'%%glgah(r%gggtra%oﬁgs%r obe pins
be made fine.ol Shetfink Wedr FeMRSe addidd itsgubith Wihieishepagan dndkd t 1S
difficult to design fine wres. ‘I%erefore, wres are often broken during
wor ki ng and heipegilidhs bfintkdd, biigelidn tRist@mek foduppresing teaeohtanfiG@s] | n
addition to the above-described high density desi?ns, probe pins are
25r equi red t ofabjgpts todednspastadlasibeifarmationiaf opidetlinog angedtienf circuits.
However, an increase in the inspection spe?d_increases | oads due to
[

friction zé?nd_Fif?p‘?rge?f’é&Pl_éésﬂ%?p%‘:ifﬂ‘e@ﬁi@?@ée_ of TP HIMR! i 5e caused by
heat gener at Lé%(%rr]ndplll'ee éﬁcy@%ﬁ@%?ga{e(}%%%r élltyb% rpgﬁsolnlzlﬁ% Fle @48 ﬁ{wﬁilcﬁo In

iridium an I'nmechanic perties at high tenperatures
i s required. JOORh-cbpSeiBBSAN phoWRBE bRMZE2SUIREP) SROLINGSRNITEL) afe
background of such ,

used, and materials in which alloys obtained by adding silver (Ag) to

palladium (Pd) are used.
25 Patent Document 1: JP Patent Application Laid-Open No. 10-038922
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5 circunstances, and the invention provides a material for probe pins of
twhi ch further mniaturization is required in the future, whose use

tenvi ronnent becones severe, and which can neet these requirenents. [Means
for Solving the Problenms] [0008] 10To sol ve the above-described problens,
‘the present inventors earnestly conducted research and exam ned the
possibility of an inprovement in workability and the like by the addition
of trace anounts of additive elenents to pure iridium which is the
above-descri bed conventional material. The E)r esent inventors found out from
the exami nation t hae abova-descibedbepiventignadmatgsiafsdoprtarayde sl of i e
_properties by conbj ned addition, of zirconium,.al um num and copper,. [0009]
That 1 s, ¢ he rBABERIRTOPROEN: 1 Bt v summss ey St B RpfrERGy

consi sting of; . A | : ] , as additive
20 el enents oq‘re?;(ltd‘oz(?5 %%lsa\f)r%’mgéseﬁliéﬁﬁ%hgg% léﬁggﬂ%@%pf%ﬁ%%e [ 0010] The
addi tion of tgiffeRmOAtS het MARCpARGIUN YibyelREBOMBWhaNhfdriddies to
.refining the crystal grains of an iridiummaterial, thereby increasing

wor kabi |'i toy dreddisg lantiaing Bireadlinoegls thegrigivl godd oxidatigrutessistdncehi s, i nherent 25
wor kability is inproved conpared to pure iridiumand working at high

t enper at ures beco 4basy. As a result of this, a material according to the

at! O a aresu f nLe ! s
D can adapt t o HEGHE diful SBSrigHRafon 75 B oo taldhl toPe 1 T oS
increase in [}Jr&hb bﬁ@g@&&ﬁ%nﬁ»ﬁ FENFlethl be@dent A GXIHatios F&istendd) har dness, and

the surface hardness the material shows not |less than 700 Hv in a

condi ti on i nmagshitadat biopattiesrandukiengresistanse bhe isralbe ndeduatain terinatoli n a
surface hardness value of not |ess than 600 Hv even if subjected to 1000C 5
heat tr edOnerardmesenthishostal issuitabipes atrnaterialior prebapinswhith BEtones hi gh due -
to a terrperatug,e rise causeﬁf@%%/E repeated contact, the material can maintain
stabl e cont actPiSEgsdPpRRAte 34 The reason that the additive anount of

the additive ?ﬂ)i@%@ﬁr@ ol?ﬂwesl%erlitf?)nfm to 1000 ppmis that the range of
concentration-is necessary t0 sofve the problemof the present invention.

Nanely, the arpuBlenty toadBdiateneihemwionf | ess than 1 ppm cannot
contribute to an inprovenent of workability sufficiently, and that
-exceedi ng 1000 ppio0®sl| exacerbate the workability, thereby m ght cause
breaking of wires during working of thin wires, and 15further cracking or
the Iike 18onet i medoweealy Eidiunt hahsameinaggauate Pote 05 £1ating thude, duri ng

ol omont o wi | Proogries whBRr teobEET 8 e PR TREFA A CERERAR Bl ot ric

roperty. Mor : I Teiowvakd 3 to 600
Bpmp ané yet rﬁ%ér?g%%ﬁe%@lrjg tP@ﬂEe??@E?tglr%tggjnggﬁ?'h%%‘[ig%%ft‘ Thewgg%i tive

el ements to heradeedidHesiddwdriearodeepatisidiertbiigh ednsity designeandopper al one
or in conbination. Preferably, zirconiumshould be an essential additive

el enent. | n theretoas.at iszequeditoat thayirealiamester ef prgbeinsdbemededine. hitwever at
"l east al um num or coner_ can be further add,e_d(ﬂzt? to z(%rcon'.um. The reason
why zi rc@Ai urthip gesrest. iridivra hag high kardeess and LA TIPYEOHSSIRERING Wirgs, a1

zi rconi um ich has the _action | Sl . i i

t enper at ur em,{cj)rlfhef‘?f??ﬁ’ WP A ad 'i)rgtr(le'ﬁ gh;ﬁ%&?ﬁe@ﬁnéeﬁfeﬁ%%gﬁ { agrd%y@%%f){a grains, is
sui table for IHG I idnt hi gh-tenperature strength and for ensuring

wor kabi ity ﬁbﬁit@%rﬁﬁn%éﬁrégg'ures. [0013] In the event, as described above,
whi ch invol ves ad{oog]at | east either 5 alum num or copper while using
zirconiumas an essential additive elenent, it is preferable to limt the
zi r coni um concent inadditipntte theoabeve-desoribethighriensiiedesigns. MIPRTRIRE8M r at i on

and, the copper. congentral hon £3cb0 | el Spis & ciegRgentration of

However, an increase in the inspection speed increases loads due to friction
and it is feared that a decrease in strength might be caused by heat

generation due to increased loads. This problem can occur also in iridium,
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[0014] 10An iridiumalloy suitable for a wre rod for probe pins according
to the present invention is manufactured by manufacturing an ingot and a

h i i i f db f i i d
bar conposed of an iridiumalloy having a prescribed conposition to which
zirconium al um num and copper are added and subjecting the ingot and bar
to wire rod working. Concretely, a manufacturing method conposed of the
15fol lowing steps is preferable. [0015] (a) A step of casting an alloy
consi sting of any one or nore of zirconium alum num and copper in the
range of 1 to éOOQ ppnlaggmyheﬂgslﬁgfe ir%diugb ﬁ%g nak%ng a bar froma
casting. 20(ENdASIEHPOVEMENS NG aRICAH POPLEES RBVBALraPWRFECY Sanet er of 0.5
to 1.0 mm by hot-gorking the bar. (c) A step of subjecting the wire rod, at
| east once, t'89%YConbi nati on of annealing at. 1000 to 1200C and wire draw ng
of not |ess than Bﬂ%7 ass under heat by electric current application. 25(d)
A step of subjecting the wire rod after wire drawing under heat by electric
current applicatipis pRkeht@RfntiON h8s bbé&h maeemBhIRSL 4 BacIQfro@Nefduchg at 900 to
1200C and cold wire drawi ng of not |ess than one pass. [0016] In the
above- desér i wirdumstantes; bod ithrginperdivaessoviddea oeddriahtpr gfokampiak bbwhizhd t he
forging of a casting into a bar as well as the drawing of the bar into wire
rods havi ng Viiherqrigigiirigationgs reguireddn thegutihe. (Hasei Usgrwirop@eRl red to as
rough-worked wire rods) can, be perfor b i known methods. In 5
e or esent ithuRer SR el R Bie%F Bask MRS e °Foas - o per f o med
by combi ni ng wbhss fF awie HegsEnBgat by electric current application and
cold morking} mﬁeregy gﬂ@ rougﬁ-moried wire rods are worked into wire rods
of not nore than @0B8mM while ensuring material hardness and suppressing
t he occurrence of defects. Wirking nmethods according to the present
i nventi oi010i s debesdlpethe aboyetdsistritsst mablegothe]present inveRtarfe casting of an
al l oy, high-energy-density, casti t hods, ,such as.ar¢c nelting and
high;fr$ﬂuen§?”ﬁgﬁ¥FW§im eé%?FF%HHE%Eﬁf?@tﬁngfﬁwmﬁégaﬁkaigh%geltgng
poi nt . e zi n .at | Sy: [ an
o1 ther povderoorehERTRTRfy pBY Rt e Slafh ol fafaimlelt Bt
forging and hahitiye blemithtSoH e RIdi@, WIREh WothK iahBvétesdiied dahlérdtionkl Oy
casting into a bar, and may be performed repeatedly. As a rough standard
for worki ng snatedali nThédpesshigpyerdoisdourwhagdrosetitel exanaation theta afrgul ar shape
of about 3 to 10 nmsquare is desirable (the foregqing is a description of
the step1Pa) yod fogpowrsyins obtains|desirafle wermerting byncaniined agdigen @br ki ng t he bar
into rough-worked wire rodsﬁﬁéhe step (b)), after the annealing of the bar,
the bar is h&UBYRAUIRYN AT EOPRSHs havi ng wire diameters of 0.5 to 1.0
mm The annealingob?gferature is 1100C to 1300C, and it is preferred that
anneal i ng be 25 p%r ofrnmed in a non-oxidizing gas atnosphere. Swagi ng and
draw bench wor ki nphani€ thy pleeaheerfion pedvidsy Xivirg ro@fut protsopibsnat i on of
swagi ng and draw bench working is nore preferable. At this tine, it is
possi bl e to pendiginy aaaticagiaky 0§ zirconinrht alpmaurassesnper.rag ddditivet ep,
annealing may be performed nultiple tinmes. For exanple, swaging and draw
“bench worRi n§lesmantpert 1 & heP rAMRNdiRgPRIANGE PeiiddiMEl bench working is
perfornmed after aggﬁaiing has been perfornmed again, whereby enabling wire
rods to have the rred wire diameters. 5[0019] The wire draw ng under
heat by el ectric i bEafioR B AhhaniB et REERAdR e tRonsiiSokbutess Wi I e
drawi ng whi ch involves causing a wre rod being wrked to pass through a
di e and pr essardiningl thecsstdElgesnd ofarcuitgiuenimatsrishthéiebd inaeadiegwi re rod bei ng
wor ked from outside and the resistance heat 10 generated on that occasion
is used as aweskabilipand bighdempamsivrierrirenoitk alfis a fgpultof thig.righeiediwi ng under
heat by electric current application, high-tenperature and.yniform heating
i s made possMAERY &dm&feﬁgcwr%ﬁt%ﬂg 'rﬂ%”'fﬁ‘eané’p"iﬁ‘?rik@@,aqm a
zi rconi umco I U L LLdi oy Vi Egh hi SRS oRdi rength
can be rel at ?‘%@Wag‘gﬁ %(%\Arg%%%y 1@{3 %O'lfg?n Qf %@,%Srﬂgﬁg@cpngﬂ@%go ﬁ?r t he
‘wire draw ng pRyseplt RobRtdh St WorRRG LS BldmnPRY 6.8tmmdutiratindwirgs esent
invention, it 1s preferred that the applied current be 8.0 to 12.0 mA. It
is al so pref endedntadapt ta Hiireddssitysledigas oapwbiekiing rfanthermosndnt he reducti on
ratio is set according to the hole dianeter of the die. It is 20 preferred
that the reduction ratio per pass be set at 15 to 20% In this wire
drawing, it is preferred that aAIubricaﬁr for |l essening the fraction
between the die and the wire rod to be worked be used. However, it is

preferred that a carbon powder be used as a l|lubricant for suppressing the
occurrence of wire breakages and defects.



25[ 0021] Before the wire drawi ng under heat by electric current
application, annealing at 1000 to 1200C i s necessary in order to ensure

wor kabi lity. When a conbi nati on of annealing and working of not |ess than
one pass is regarded as one set, treatnent for the working is perforned in
not | ess than one set. A rough standard for the wire dianmeters achieved in
this step of wire drawi ng under heat by electric current application is 0.2
to 0.8 mMm and it is preferred that the rough standard be 0.2 to 0.3 mMm
particularly when 5 ultrafine wires of not nore than 0.15 nmare finally
manuf act ur ed.iNgre@seoin high-tempeeateis dreppindead it angneieape (n trdeesH apd) ) i s
performed to finally adjust e wire dianeter and to.l rt .strength to the
wire rod by e a”f\"raﬁ)émﬁ@?esﬁﬁtfﬂ}ﬁ @akﬁr]ﬁlgsr@wg\moﬁbe,ssﬂ?aq —éd(gﬁgfrge?r,ed t hat the
reducti on rati.Qq; : - At 9 4R iV re draw ng,
it is prefer rdggdl? ﬁg{mr?g%'g%@e cl)Fi\Aﬁjtﬂl()l{e*g'ug]é%gége(gn%tﬁﬁ ?%grrlrt%% tﬁllcr)‘\t,!ée that, also
before this wyrgcélhadhbss vdllie 6Bnd1 RERIBAT 500 Av eeeh Arsiibjgotelabi1090eC 900 to
1200C in order to ensure workability. The above-described cold wire drawing
al | ows t hé mieet iredtmeot. bEveonkes thatempdrakire otibemaatenia) bricp@eginigret er s of
0.05 to 0.5 mm 15[ Effect of, the I nventi on{e [OOZSL As descri bed above,
the wire rod$lUpde ajpmperaliragisa causesi yersater copiass &g MARIBAERBn ensures

wor kabi ity . | i i iripgdium alloys containing additive el enents
of zirconi umw%{ﬁlﬁ% éﬁ%%ggﬁﬁtagé%rjgé%a%i m ng at 20an increase in

hi gh-t enperature gione gth, and thus enables fine wire designs and high
strength that cannot be achieved with pure iridium The present invention
enabl es nmanuf act uiTke edaspnadka tipe additife amouiwf fhd additiesélgmsntsaraisétdet her

enabl es mai nt ai ni ng stabl e properties even in use environments subjected to
r epeat ed 10r i dtipdRO00 o] iBdat thperngefad corsantrafionyisaipcessasy invelMe thsh) [ 0024] A
preferred enbodinent .of the present invention is descri bel o In this
Brbodi mont . PR 416 RySSRtiERRaR: e naune e REAR G SR U

al um num and ' & TRk asikdred, and an

i nvestigati or??\%gg?ﬁr%‘gg5@@@@“%“%@%@%@%%%m al I oys cag be worked
into wire rodsfficledfgdndthixcdedngWo00 BEmEin ekacsrbatenbe poicadsity,of a wire
rod for probe pins in this enbodinent. This manufacturing process is
broadl y di vi destebynimighd ceredea bregking af wirag Yudngworkinghefithinorkesmgndt ep, a wire
rod rough working step, a step of wire draw ntg under heat b s&ﬁllectric
current dPpl if¢EEr SrRCKEIREPT A BIeasanetEnes eRaURYy TShBYVIreSRIR sgpg%s il be

descri bed bel o 0L 002 <Mel £ i ng, st.ep>: re_d rJ.di powder and
powders of a(ﬁ?ﬁ S ég@ %‘%ﬁf‘ge?ﬂ%%?'wﬁﬁoéﬁ rnﬁeﬁgbrﬁp gé@%ﬂpée)!rc_gg%v!g%e wei ghed and
m xed to obt ac\'d?itié‘n Bf SGANLEEmEARRAR ik @ BpeditreishiHce! ’tHé?etﬁ/)“ di um al I oy

i ngot was manufactured by arc nmelting the mxture. 15[0027] <Hot

wor ki ng st epzxaddibatelpvelecias progedy. bRlbrd picterbbigaioneastrdtion dfaddiédeat 1400C,
and a bar of 8 mm square was obtained. Hot rolling was perforned

(t enper at ur e eleh0Bty isoy taditheprgr avleal mase|prefgrably be pde HEVAREM™ wire rod of 5
nm squar e was obt ai ned. 20[ 0028] <Wre rod rough working step>. Before the
wor ki ng, 2Qnneal i n@’%&k performed at 1200C for 30 minutes in a nitrogen

at mosphere, and hef, gﬁﬁig{é@glemqatsd{o"’}%é %%db%ho‘@ﬁt{iﬁﬂn%n%ﬁrd&ﬁmn?r med. In the

hot swaging, the wre rod was cause ass rough a swager while being

heated, and GRgnidGMNGF &pRe alAs of RAEEBSinaford \PrerrabIaBiconiuef sikould nm by
repeating this swaging in 10 passes. Next, this wire rod was worked by use

of a draw beerarnvdiskstid eiddijvé ekinezht bylnnthacasafzimohiurmmey barsdsalde wire rod
was reduced to a wire dianeter of 1.90 nmm by perform ng t he draw bench
wor ki ng i n 2@dgidue elementdipwayshablepri@WanuUsEeF ¢rnnsH cay ReAurther ARdsench

Ki f di.n 20 .and a . h- k i .r,od havi
W re oF alta: efS GrOANER. nincEeBan o By SR S A R UGy ami ng Under
heat by el ectphify& Bl iPRBl LikBhiud 3whidiRas the action of raising the

“recrystallization temperature of iridium in addition to the refinement of crystal



rough-worked wire rod worked through these steps was subjected to wire

- drawi ng by use of a device for wre drawi ng under heat by electric current
application. In this device for wire drawi ng under heat by electric current
~application, the rough-worked wire rod is drawn by being caused to pass

. 10t hrough a die while being fed fromfeeding rolls. In the heating by
electric current application at this tinme, electric current is applied by
using the feeding rolls and the die as el ectrodes and the rough-worked wire
rod is heated by electric current application. Note that, the die is

i ndi vi dual | y dreias.delsuitethie foppriinnjeassndihidhoiespatripiecdrengtht #idsfoenbodi ment wer e
as follows: electric 15 current of 9.5 mA and feeding rate of 2,72 mimn.

| medi at el y &68NG WerkaRil 3 JIghdeMPrEtugScar bon powder was applied to the
wire rod. [0030] f1§ e the wire drawi ng under heat by electric current
application, anneall {; was performed at 1100C for 30 mnutes in a nitrogen
at mosphere. 20 W [£ihdlc38h)ds WBScritRti b dyHith thyBRES 88diHG deleabhsither _
~above-described conditions. This conbination of annealing and wire draw ng
under heats bylehieatrorcoppemeiite win) zicahiuomasvas epsaritial adititiveglemeand a wire
rod having a wire dianeter of 0.27 nmwas obtained. [0031] 25<Cold wre
drawi ng st ep3s piafaiahleite dmitdke peganbmreencantrationie Q9 toF@0mRRtas tha a

ni trogen at mosphere and cold w re draw ng was rfor . ' nmbi nati on
of hest t readlBATUBRICATERtR A dpS s Rateuiy BT Rt ke Ena frnalTy
a wre rod hayi | ' obtained. - 10 - [0032] In
this enbodi mﬁ%%ﬁe%%%gﬁgéﬁgggﬁ%@gﬂﬁgﬁbfa(féturi ng process, the nunber
of wire breakagesodygj ng working for obtaining one ot (total Iength: 300
m of wirerods (wre dianmeter: 0.1 m was recorded. The 5 bending test
was condudét ed forAn liidiuraalidwnsuiiabtefona marerrod$or prabe Ring ageprdinggotteet, wire

rods are bent 90 and unbtutil they wer broken and,t héa nunber of bends
per f or med untPreseRt EXRANAD is sranudagturedbdipradactiing #e 9Bt 8Nd 8 6RT  he

manuf actured w.r ' m i ly after the
manuf act ure g%pg?éﬁg%bﬂﬁglﬁn é@%%@%ﬁﬁ%ﬁ%géﬁ%ﬂ acglmﬂgfdness after
the heat Fre%r@@rﬁtﬁm)"@iﬁnﬂ?ﬁﬁﬁ‘dh&@oiﬁ‘bér*’ér@a&(ﬂ@d@ﬁésiﬁﬁ}é&ﬂ?&ﬁeWéndBﬁﬁ results
of these investigations are shown in Tables 1 to 4. [0033] [Table 1] 15*Al,
Cu and Zr wetewiengd woedaed Cddmnetelyt a atdnufachiringddéethiod eoelpesehvEthePPi n)

Eval uati on of workability" Evaluation of hardness Al Cu Zr Nunber of wre
br eakaged SNurdlewirgs steps is preferable.

[0015]

(a) A step of casting an alloy consisting of any one or more of
zirconium, aluminum and copper in the range of 1 to 1000 ppm and the
balance iridium, and making a bar from a casting.

20 (b) A step of forming a wire rod having a wire diameter of 0.5 to 1.0
mm by hot-working the bar.

(c) A step of subjecting the wire rod, at least once, to a combination of
annealing at 1000 to 1200°C and wire drawing of not less than one pass
uhder heat by electric current application.

25 (d) A step of subjecting the wire rod after wife drawing under heat by
electric current application, at least once, to a combination of annealing at
900 to 1200°C and cold wire drawing of not less than one pass.

[0016]
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In the above-described manufacturing process, the casting of an alloy
and the forging of a casting into a bar as well as the drawing of the bar into
wire rods having wire diameters of 0.5 to 1.0 mm (hereinafter referred to as
rough-worked wire rods) can be performed by publicly known methods. In
the present invention, the working of fough-worked wire rods is performed by
combining wire drawing under heat by electric current application and cold
working, whereby the rough-worked wire rods are worked into wire rods of
not more than 0.5 mm while ensuring material hardness and suppressing the
occurrence of defects. Working methods accbrding to the present invention
is described in detail below.

[0017] A

In the casting of an alloy, high-energy-density casting methods, such
as arc melting and high-frequency melting, are applied because iridium has a
high melting point. The zirconium concentration is adjusted during casting
and, either powdery or nubbly raw materials can be used at this time. Hot
forging and hot rolling are applied for working an ingot after alloy casting into
a bar, and may be performed repeatedly. As a rough standard for working
sizes in this step, a bar whose section has a rectangular shape of about 3 to
10 mm square is desirable (the foregoing is a description of the step (a)).

[0018]

In the working in the step of working the bar into rough-worked wire
rods (the step (b)), after the annealing of the bar, the bar is hot-worked into
wire rods having wire diameters of 0.5 to 1.0 mm. The annealing
temperature is 1100°C to 1300°C, and it is preferred that annealing be
performed in a non-oxidizing gas atmosphere. Swaging and draw bench
working are preferable as hot working, and a combination of swaging and
draw bench working is more preferable. At this time, it is possible to

perform each working in multiple passes. In this step, annealing may be
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performed multiple times.  For example, swaging and draw bench working
are performed after annealing, and draw bench working is performed after
annealing has been performed again, whereby enabling wire rods to have the
desired wire diameters. |

[0019]

The wire drawing under heat by electric current application performed
at the step (c), is wire drawing which involves causing a wire rod being
worked to pass through a die and pressure rollers. Electric current is
applied to the wire rod being worked from outside and the resistance heat
genefated on that occasion is used as a heat source for ensuring workability.
In wire drawing under heat by electric current application, high-temperature
and uniform heating is made possible by adjusting the current to be applied,
and a zirconium-containing iridium alloy having high high-temperature
strength can be relatively easily worked.

[0020]

As the condition for the wire drawing by electric current application
performed in the present invention, it is preferred that the applied current be
8.0 to 12.0 mA. ltis also preferred that a die be used as a working member,
and the reduction ratio is set according to the hole diameter of the die. ltis
preferred that the reduction ratio per pass be set at 15 to 20%. In this wire
drawing, it is preferred that a lubricant for lessening the fraction between the
die and the wire rod to be worked be used. However, it is preferred that a
carbon powder be used as a lubricant for suppressing the occurrénce of wire
breakages and defects.

[0021] _

Before the wire drawing under heat by electric current application,
annealing at 1000 to 1200°C is necessary in order to ensure workability.

When a combination of annealing and working of not less than one pass is
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- - 115 740 651 Reference exanple 10 - 10 0 5 765 701 Reference exanple
11 - 100 0 7 790 727 Reference exanple 12 - 1000 0 7 837 740 Eval uation
~of workability: Nunber of w re breakages = Nunber of w re breakages that
~occurred during wire rod working Nunber of bends = Nunber of bends
-perforned until the breakage of a manufactured wire 5rod occurred [0034]

[ Table 2] Two el enents were selected fromAl, Cu and Zr and added

regarded as one set, treatment for the working is performed in not less than
one set. A rough standard for the wire diameters achieved in this step of
wire drawing under heat by electric current application is 0.2 to 0.8 mm, and
it is preferred that the rough standard be 0.2 to 0.3 mm particularly when

5 ultrafine wires of not more than 0.15 mm are finally manufactured.

[0022]

The cold wire drawing step (the step (d)) is performed to finally adjust
the wire diametef and to impart strength to the wire rod by cold working. In
this wire drawing, it is preferred that the reduction ratio per pass be set at 4 to

10 10%. In this cold wire drawing, it is preferred that rapeseed oil be used as a
lubricant. Note that, also before this wire drawing, it is necessary to perform
annealing at 900 to 1200°C in order to ensure workability. The above-
described cold wire drawing allows the material to be worked into wire rods
having wire diameters of 0.05 to 0.5 mm.

15 [Effect of the Invention]

[0023] |

As described above, the wire rods for probe pins according to the
present invention ensures workability by application of iridium alloys
containing additive elements of zirconium, aluminum and copper, aiming at

20 anincrease in high-temperature strength, and thus enables fine wire designs
and high strength that cannot be achieved with pure iridium. The present
invention enables manufacture of probe pins of narrow pitch designs, and
further enables maintaining stable properties even in use environments
subjected to repeated friction.

25 [Best Modes for Carrying Out the Invention]

[0024]
A preferred embodiment of the present invention is described below.

In this embodiment, iridium alloys in which the additive amounts of zirconium,

-8-



Concentration of additive elenents (Prinm Evaluation of workability.'

:Eval uation of hardness Al Cu Zr Nunmber of w re breakages Nunber of bends
-After manufacture After heat treatment Reference exanple 13 10 - 10 1 5 731
- 642 Reference exanple 14 - 10 10 2 5 725 638 Enbodi nent 1 100 -

aluminum and copper were appropriately changed were manufactured, and
an investigation was made as to whether these iridium alloys can be worked
into wire rods.

[0025]

5 Fig. 1 shows the manufacturing process of a wire rod for probe pins in
this embodiment. This manufacturing process is broadly divided into a
melting (casting) step, a hot working step, a wire rod rough working step, a
step of wire drawing under heat by electric current application, and a cold |
wire drawing step. Each step will be described below.

10 [0026]
| <Melting step>: A pure iridium pdwder and powders of additive
elements (zirconium, aluminum, copper) were weighed and mixed to obtain a
prescribed composition, and a bar-like iridium alloy ingot Was'manufactured
by arc melting the mixture.
15 [0027] _
<Hot working step>: The above-described bar-like ingot was hot
forged at 1400°C, and a bar of 8 mm square was obtained. Hot rolling was
performed (temperature 1400°C) by using grooved rolling mill rolls and a wire
~ rod of 5 mm square was obtained.
20 [0028]
<Wire rod rough working step>: Before the working, annealing was
performed at 1200°C for 30 minutes in a nitrogen atmosphere, and hot
swaging and draw bench working were performed. In the hot swaging, the
wire rod was caused to pass through a swager while being heated, and the
25  wire rod was reduced to a wire diameter of 3.04 mm by repeating this
swaging in 10 passes. Next, this wire rod was worked by use of a draw
bench while being heated by means of a burner, and the wire rod was

reduced to a wire diameter of 1.90 mm by performing the draw bench

-9-



100 o 8 761 690 705 Enbodinent 2 - 100 100 o 7 798 Reference exanple 15 10
10 5 740 641 Reference exanple 16 100 100 - 0 8 755 672 Enbodi nent 3 100
- 300 0 8 820 744

working in 20 passes. Then, annealing was performed again, draw bench
working was performed in 20 passes, and a rough-worked wire rod having a
wire diameter of 0.51 mm was obtained.

[0029]

5 <Step of wire drawing under heat by electric current application>: The
rough-worked wire rod worked through these steps was subjected to wire
drawing by use of a device for wire drawing under heat by electric current
application. In this device for wire drawing under heat by electric current
application, the rough-worked wire rod is drawn by being caused to pass

10  through a die while being fed from feeding rolls. In the heating by electric
" current application at this time, electric current is applied by using the feeding
rolls and the die as electrodes and the rough-worked wire rod is heated by
electric current application. Note that, the die is individually heated. The
working conditions adopted in this embodiment were as follows: electric
15  current of 9.5 mA and feeding rate of 2.72 m/min. Immediately after the
feeding rollers, a carbon powder was abplied to the wire rod.
[0030]
Before the wire drawing under heat by electric current application,
annealing was performed at 1100°C for 30 minutes in a nitrogen atmosphere.
20 Wire drawing was performed in4 passes under the above-described
conditions. This combination of annealing and wire drawing under heat by
electric current application was performed twice and a wire rod having a wire
diameter of 0.27 mm was obtained.
[0031]
25 <Cold wire drawing step>: Annealing was performed at 1100°C for 30
minutes in a nitrogen atmosphere and cold wire drawing was performed.
This combination of heat treatment and cold wire drawing was performed 10

times and finally a wire rod having a wire diameter of 0.1 mm was obtained.
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 Enbodi ment 4 300 100 o 8 833 750 *1 Evaluation of workability: 10Nunber
-of wire breakages = Nunber of wire breakages that occurred during wire rod
-wor ki ng Nunber of bends = Nunber of bends performed until the breakage
of a manufactured wire rod occurred - [0035] 15[ Table 3] The
.three elenents of Al, Cu and Zr were added Concentration of addilve
elements (PPm Evaluation of workability" Evaluation of hardness A Cu Zr
Nunber of w re breakages Nunber of bends After manufacture After heat
treatment Reference exanple 17 10 10
[0032] :
In this embodiment, in the above-described manufacturing process,
the number of wire breakages during working for obtaining one lot (total
length: 300 m) of wire rods (wire diameter: 0.1 mm) was recorded. The
5  bending test was conducted for the manufactured wire rods.  In this bending
test, wire rods are bent 90° and unbent until they were broken and the
number of bends performed until breakage occurs is measured.
Furthermore, for the manufactured wire rods, heat treatment was performed
immediately after the manufacture and at 1000°C for 30 minutes'and the
10  surface hardness after the heat treatment was measured with a Vickers

hardness meter. The results of these investigations are shown in Tables 1

to 4.
[0033]
[Table 1]
15 ' * Al, Cu and Zr were singly added
Concentration of .
additive elements E\‘/’;‘L’:&‘I’i{‘yﬂf Evaluation of hardness
(ppm)
Al c 7 Numl'aer of Number of After After heat
u r wire bends manufacture | treatment
breakages
Reference 1 . - 2 4 720 643
example 1 -
Reference | 45 | . | . 1 5 740 641
example 2
Reference '
example 3 100 - - 0 6 783 703
Reference 1000 _ . 1 7 807 734
example 4 .
Reference _ 1 ) 2 4 700 617
example 5
Reference
example 6 - 10 - 1 5 750 654
Reference
example 7 - 100 - 1 | 6 772 700
Reference ‘
example 8 - 1000 - 0 7 810 725
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10 o 5 755 680 Reference exanple 18 55 20 25 o 8 770 660 Reference

exanpl e
19 60 10 30 0 9 778 680 Reference exanple 20 60 15 25 o0 8 776 682
Enbodi nents 30 10 280 o a 810 725
Reference
example 9 - - 1 1 5 740 651
Reference ’
example 10 - - 10 0 5 765 701
Reference
example 11 - - 100 0 7 790 727
Reference
example 12 - - 1000 0 7 837 740
*1 Evaluation of workability:
Number of wire breakages = Number of wire breakages that occurred during wire rod
working
Number of bends = Number of bends performed until the breakage of a manufactured wire
rod occurred
[0034]
[Table 2]
* Two elements were selected from Al, Cu and Zr and added
Concentration of Evaluation of
additive elements uatio } Evaluation of hardness
workability
(ppm)
Al Cu 7r Nunv?/iti-zr of Number of After After heat
bends manufacture | treatment
breakages
-Reference
example 13 10 - 10 1 5 731 642
Reference
example 14 - 10 | 10 2 5 725 638
Embodiment 1 | 100 - 100 0 8 761 690
Embodiment 2 - 100 | 100 0 7 798 705
Reference
example 15 10 10 - 71 5 _ 740 641
Reference :
example 16 100 | 100 - -0 8 755 672
Embodiment 3 | 100 - 300 0 8 820 744
Embodiment 4 - 300 100 0 8 833 750

10

15

*1 Evaluation of workability:
Number of wire breakages = Number of wire breakages that occurred during wire rod

working

Number of bends = Number of bends performed until the breakage of a manufactured

wire rod occurred

[0035]

[Table 3]
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.Enmbodiment 6 35 40 300 0 9 830 730 Enbodinment 7 45 25 330 o 8 826 744
"Enbodi nent 8 100 100 100 O 7 784 721 *1 Evaluation of workability:

‘Nunber of wire breakages = Nunber of wire breakages that occurred during
.wire rod working 5Nunber of bends = Nunber of bends perforned until the
breakage of a manufactured wire rod occurred [0036] [Table 4] *The additive
concentrations of Al, Cu and Zr were outside the appropriate ranges.
Concentration of addilve el enments (PPrn) Eval uation of 9

wor kabi l'ity Eval uation of hardness Al
* The three elements of Al, Cu and Zr were added

Concentration of .
- Evaluation of .
additive elements work ability” Evaluation of hardness
(ppm)
Al c 7 Numper of Numberof | = After After heat
d r wire bends manufacture | treatment
breakages
Reference '
example 17 10 10 10 0 5 755 680
Reference
example 18 55 20 25 0 8 . 770 660
Reference
example 19 60 10 30 0 9 778 680
Reference
example 20 60 15 25 0 8 776 682
Embodiment 5 | 30 10 280 0 8 810 - 725
Embodiment 6 35 40 300 0 9 830 730
Embodiment 7 45 25 330 0 8 826 744
Embodiment 8 | 100 | 100 | 100 0 7 784 721

*1 Evaluation of workability:
Number of wire breakages = Number of wire breakages that occurred during wire rod

working
5 Number of bends = Number of bends performed until the breakage of a manufactured
wire rod occurred
[0036]
[Table 4]
* The additive concentrations of Al, Cu and Zr were outside the appropriate ranges.
Concentration of .
additive elements Evaluatx'o'n gf Evaluation of hardness
workability
(Ppm)
Numper of Number of After Alter
Al Cu Zr wire bends manufacture heat .
breakages treatment
Comparative
example 1 0.5 - - 8 , 2 660 298
Comparative
example 2 - 0.5 - | 7 2 663 303
Comparative
example 3 - - 0.5 9 2 680 310
Comparative | ;554 | ; 8 3 822 733
example 4
Comparative
example 5 - 1200 - 8 3 812 735
Comparative
example 6 - - 1200 9 3 840 763
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~Qu Zr Nunber of wire breakages Number of bends After manufacture After heat
treatnment Conparative exanple 1 0.5 - - 0.5 - 8 2 660 298 Conparative
. exanpl e 2 7 2 663 303 Conparative exanple 3 0.5 9 2 680 310

*1 Evaluation of workability:
Number of wire breakages = Number of wire breakages that occurred during wire

rod working
Number of bends = Number of bends performed until the breakage of a

5 manufactured wire rod occurred

[0037]

It is confirmable from Tables 1 to 3 that in iridium to which any one of
zirconium, aluminum and copper was added by 1 ppm or more, the breakage
during working occurs less and that the iridium is strong in the resistance

10  against bending even after the working into the wire rods. The hardness of
the iridium exceeds 700 Hv immediately after the working and maintains not
less than 600 Hv even after the heat treatment at 1000°C.  As an effect of
the above-identified additive elements, it is notable that zirconium specifically
shows a high improvement effect. As an additive element, zirconium, . |

15  aluminum or copper may be added singularly, however addition of these
elements in a combined manner will show excellent propeties.

[0038]

In contrast to this, as is re.cognizable from the comparative examples
of Table 4, iridium alloys whose additive amount of each element is less than

20 1 ppm are inferior in workability, have insufficient hardness, and show a
remarkable decrease in hardness due to heat treétment. When a total
concentration of the additive elements exceeds 1000 ppm, workability
reméins inferior although hardness is improved. '

[0039]

25 Note that, pure iridium ingots were manufactured without the addition
of the additive elements in order to make a comparison with this embodimént,
and the manufacture of fine wires was tried in the same process as with this
embodiment. As a result, working was successfully performed anyway until
the step of wire rod rough working and the wire rod could be reduced to a

30 wire diameter of 1.0 mm. However, when annealing was thereafter
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~Conparative exanple 4 1200 8 3 822 733 Conparative exanple 5 1200 8 3
812 735 Conparative exanple 6 - - 1200 9 3 840 763 *1 Eval uation of
~workability: Number of w re breakages = Nunber of wire breakages that
coccurred during wire rod working Nunber of bends = Nunmber of bends
"perfornmed until the breakage of a 5Smanufactured wire rod occurred [0037]
It is confirmable from T Tables 1 to 3 that in iridiumto which any one of

zi rconium al um num and copper was added by 1 ppmor nore, the breakage
during working occurs less and that the iridiumis strong in the resistance
10 agai nst bendi ngedermeddtt1@O0tdhtor B0 miinuigs fattvdret diawinigrundepbieat byrledide dness
of the iridiumexceeds 70

‘not less than 600CH\?f’'%t\f’e@rf?ﬁ%ﬁﬁt’?ﬁé_@flrt ?ﬁ"gsl Jégé%?s?%éﬁfﬁﬁfg%ﬂ%%%eﬁﬁy | 212 ? IegtS
peci 11 cal . showetaihogh Mok sl BRIt breafedtthde Syt DRl R A1 ™
| zirconium 15 al un‘hggwoﬂﬁ?%@fbomemfg@e@dded singul arly, however addition
of these elenents in a conbined manner will show excel |l ent propeties.
[ 0038] & contra@b40jo this, as is recognizable fromthe conparative
?éarglsgst ﬁ;nTabl ¢4 I[\rléx?,lf%ﬂmrgvall'e‘lsov?//esrevgptgt?aeril? ggllegtle\é?ro%wn%lénatbo?/fe-d%ggrvbegl ement
embodiments and comparative examples. These fine wirers were cut and
the leading ends thereof were worked into probe pins, and the anti-
contamination properties were examined by repeated contact. As described
10  eatlier, probe pins have the problems of contamination, such as the formation
of oxide films on the probe pins themselves due to repeated use and the
adherence of foreign substan_ces from objects in contact with the probe pins,
and the resistance to contaminétion has also become an important property.
[0041]
15 The evaluation of the anti-contamination properties was carried out
using the simulator shown in Fig. 2. In this test, a probe pin which has been
manufactured is set on the simulator and electric resistance is measured by -
repeated contact under the following conditions. In the test, electric
resistance increases with increasing number of contacts. The point in time
20  when electric resistance exceeds 5 Q is regarded as a point in time when
cleaning becomes necessary due to the contamination, and the number of
contacts until this point in time was measured. The measurement results of
the number of contacts occurring until resistance due to contact exceeds 5 Q2
are shown in Table 5. Note that test results of tungsten, which is a

25 conventional material, are also shown in Table 5.

Test conditions

¢ Object in contact: Aluminum pad

¢ Contact pressure: 8 g/pin
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20 1 ppmare inferior in workability,
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contacts in tungsten, which is a conventional material, and that these probe

pins have excellent anti-contamination properties.

Although in this respect

the effect of the improvement of the anti-contamination propetties is

observed in comparative examples 1 and 5, it is recognizable that the anti-

contamination properties are inferior to those of each embodiment.

The

high anti-contamination properties of the probe pins according to the present

invention were ascertained from the results of the simulation, and these high

anti-contamination properties lead to the fact that also in an actual test

apparatus, cleaning-less inspection on probe pins (a decrease in the

frequency of cleaning) can be achieved and that the total inspection time can

be substantially

shortened.

[Brief Description of the Drawings]
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Enmbodi ment 7 45 25 330 1.60 mllion times Enbodi nent 8 100 100 100 1.51

mllion times Conparative exanple 1 0.5 - _ 950,000 tines Conparative
exanple 5 - 1200 - 800,000 tinmes Tungsten - - 10,000 tines *2 Nunber
of contacts: Nunmber of contacts nade until contact resistance 5 exceeded 5
D [0043] It was ascertained from Table 5 that in the probe pins nmade

of materials according to each enbodi nent, the nunber of contacts nade
until cl eaning beconmes necessary beconmes not |ess than 150 tinmes the nunber
of 10contacts in tungsten, which is a conventional material, and that these
probe pins have eﬁﬁﬁg]ent anti-contam nation properties. Although in this

respect the effect. of. the inprovenent, of th nti-contam 10 roperties
is observed in CO[:lﬁ%ﬂH\ic@aegrgrgéﬂﬁraelnfh%mngfaq?l{rlnpsorfgeggégﬁiréza@tt? Eocfhat t he
anti- contam L ' (=3 i t hose of each enbodi nent.
The 15hi gh ar‘; i-régﬁpg]r%n%%g@?Icr)ﬁsc%r%ggsgrﬁtgfsd“ﬁ%mt ﬁ%d probe pins according to the
present i nventi onNFeRpAaRdRAMab BRAaitREcbructionibi & sinfulatbefsi mul ati on, and
t hese high anti-contam nation properties |lead to the fact that also in an
actual te$t applaatngisnt-cdrdaminafoh pexpeitiespecti on .on probe pins (a decrease
in the frequency of cleaning) can be achieved and that the total inspection
time can 20be substantially shortened. [Brief Description of the Draw ngs]
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[ 0044] [Fig. 11 A diagramto explain the manufacturing process of a
iwire rod for probe pins according to a first enbodi ment; and

"[Fig. 2] A diagramto explain the construction of a sinulator for

5eval uating anti-contam nation properties. - 17 - [Docunent Nane] Scope of
Caimfor Patent [C aim 1] An iridiumalloy suitable for a wire rod
for probe pins, wth zirconiumas an additive elenent contained as an
essential elenment and with alum num 5 and/or copper further added, wherein
the additive concentration of zirconium is 100 to 500 ppm and the total
addi ti ve condPacuraentdvenad] al unSeaps dfdaincdieppaient s 10 to 500 ppm [daim 2]
The iridiumalloy_gccording to claiml1, wherein the total concentration 10
of additive el ene[‘fﬂ@'”i‘ 8 not nore than 600 ppm [Claim 3] A nmanufacturing
method of the wi arrir%‘ﬂ_ur}c\%ﬁ%f)%ﬂg%leﬁopgwh%_arbgféﬂ‘ﬂr@bég s \9ftn PFQPRRuRLES defined
inclaiml or 2, conprisin € steps of: (l)‘C‘a‘s‘tl_n‘g_a‘rT‘Eﬂoy

consi sting ofaraggdiithve\eherRérR B Atatnc&iOitSarP b 2@t fif elerdOntZindoditi slohi al um num-
and/ or copper and the balance 1ridium and naking a bar froma casting;

(b) form ®\g andiareo fhrdhve rregidad ywinegeit theatiditivep £o t ofyi hot
wor ki ng the bar, subjecting the wire rod, at | east once, to a
conbi nation 43164 e fofabadaitiveepmeentrationiof glumigy dof not Iess

t han one pass under1 ag el ectric current application; and (d)
subj ect i ng tﬁ@g%?—v—ﬁ——ﬂg%—gﬁégﬁr'» ‘wire drawi ng under heat by el ectri-c current
application, at Iﬁggm ce, to a conbination of annealing at 900 to 1200C
and cold wire drawmng of not |ess than one pass. -18-

The iridium alloy according to claim 1, wherein the total concentration

10  of additive elements is not more than 600 ppm.

[Claim 3]

A manufacturing method of the wire rod for probe pins, said wire rod

for probe pins defined in claim 1 or 2, comprising the steps of:

(a) casting an alloy consisting of additive elements consisting of

15 zirconium and aluminum and/or copper and the balance iridium, and making

a bar from a casting;

(b) forming a wire rod having a wire diameter of 0.5 to 1.0 mm by hot
working the bar; '

(c) subjecting the wire rod, at least once, to a combination of annealing

20 at1000 to 1200°C and wire drawing of not less than one pass under heat by

electric current application; and »

(d) subjecting the wire rod after wire drawing under heat by electric
current applicétion, at least once, to a combination of annealing at 900 to

1200°C and cold wire drawing of not less than one pass.
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