10

15

20

25

DESCRI PTION | RI DI UM ALLOY EXCELLENT | N HARDNESS,
PROCESSABI LI TY AND STAIN PROOFNESS 5 Technical Field
The present invention relates to an iridium alloy
suitable for a wire rod constituting a probe pin for
i nspecting the electrical properties of a

sem conductor integrated circuit and the |ike, and a
manuf acturing nethod of 10 the iridium all oy.
Background Art An inspdsESCRIPTIONe el ectri cal
properties of a sem conductor integrated circuit and
the like is carried out by bringing probe pins into
contact with a 15 [ arge nunber of el ectrode pads of

léﬁg&e&ﬁﬁﬁdﬁi{:Eipkﬂéﬁ&ﬁﬁ@%ﬁ%o;ﬁ%ﬁéﬂmZ\‘ﬁ%sz

have hardness for ensu resi stance agai nst
i nspection which is repeatedly carried out mllions
of times, oxidation resistance for suppressing the

nt am i,on of objects to be inspected by the
%F'&@ﬁ“ﬁélgf oxide filnms, and other 20 properties,
such g . e o .
el ay e bRERBRGEhdh (RLENERA fidicHh 1B SHaBP 10! SR rod
e o] i ale i nwhi , i
PhSE 4 BRI Sod tihe biehRea plédemeomnst
8érRicoHagstor MitsyraRiEEirditaridthelike Nardl b oanuFhétaling thdtiod of
addi ng silver (Ag) to palladium (Pd) are used. 25
fPatidgdiumDalioyrent 1: JP Patent Application Laid-Open No.
10- 038922 Patent Docunent 2: JP Patent Application
Lai d- Open No. 05-154719 Patent Document 3: JP Patent
plication Laid-QOpen No. 2004-093355 -1 The

Ap
Bad@sowndArti bed conventional materials do not provide
all of the required properties. That is, copper

al | oy insRectipngRithe elgckrical penesiies s sgmiconductor integrated

circuit and the like is carried out by bringing probe pins into contact with a
large number of electrode pads of the semiconductor integrated circuit and
the like. Constituent materials for probe pins are required to have hardness
for ensuring wear resistance against inspection which is repeatedly carried
out millions of times, oxidation resistance for suppressing the contamination
of objects to be inspected by the formation of oxide films, and other
properties, such as low specific resistance for improving signal delays.
Examples of conventional materials for probe pins include materials in which
beryllium-copper (Be-Cu), phosphor bronze (Cu-Sn-P) and tungsten (W) are
used, and materials in which alloys obtained by adding silver (Ag) to
palladium (Pd) are used.

Patent Document 1: JP Patent Application Laid-Open No. 10-038922

Patent Document 2: JP Patent Application Laid-Open No. 05-154719

Patent Document 3: JP Patent Application Laid-Open No. 2004-093355



10

15

20

25

are oxidized relatively easily although their
mechani cal properties are sufficient. On the other
hand, palladiumalloys are sonewhat inferior in 5
har dness and the |ike although they have good

oxi dation resistance. Hence, iridiumis attracting
attention as a new constituent nmaterial for probe
pins. _Si nce iridiug%is a netal excell

resi stl; pve,;,qieagri d éqonwlatb(g’lﬁl in&tegﬂlgn%h&]&eq%iv%%ta{lloor} the
{rﬁﬁé? Pepatles  The GERaY Alifws P W) are MRS whicn
Pk i, g 854l ulRREl P ranr s
NGO BHEY fing, JaIBHIE BfiSyS PSS MaARg M etior in
poi nts for neeting the 'I5 properties ich are

HRpghd Sk tHY ﬂ%lgirdﬂ@ H el have YosdeoxidatiorfreaSRare. | N

recent sem con I'ntegrated™circuits and the I|ike,

the t rRpGe Fidinas HttradBihg QURAtIGH beRESeW &onettient material for
el ectrode pads due to high density designs and,

phetebimse, Sitice Bidignis aenetahakcdlieat in oxiddiiemedsistande,
probe pins be nade fine. In this respect, iridiumhas
leileptrided propsrticaandi durient desistance tandds désa gaeduate in terms of
wres. 20 Therefore, wires are often broken during
wardness, thisl medakie suitable afi # matetial fos proheepinsiyhich are
requirement. In addition to the above-described high
guhiscisd @eepgated ¢rdBet- pins are required to adapt to

an increase in the inspection speed of circuits.

However, an increase in the inspection speed increases

h)o%gs duefhr(‘) Iric dion 25 and it is feared that a
ARTRE 9T NG QV&’?&PH m ght be caused by heat

ti d ' . ds. Thi bl
BRI @be w8 b b IR e overent i
mechanbaRlel iRRGH hESsahelthdled ft8 Ptk idiomesting the

require present invention has been made

PRTLAISS Rtk 0oty O pREIAMIEANGES Fstat, in
recent semiconductor integrated circuits and the like, the trend is toward
narrower pitches between electrode pads due to high density designs and,
therefore, it is required that the wire diameter of probe pins be made fine. In
this respect, iridium has high hardness and it is difficult to design fine wires.
Therefore, wires are often broken during working and hence it is difficult to
meet this requirement.

In addition to the above-described high density designs, probe pins are
required to adapt to an increase in the inspection speed of circuits.
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,

and an improvement in mechanical properties at high temperatures is

required.
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further mniaturization is required in the future,
whose use environnent becones severe, and which can
neet these requirenents. 5 Means for Solving the
Probl ens To sol ve the above-descri bed probl ens, the
present inventors earnestly conducted research and
exam ned the possibility of an inprovenent in

wor kahil it

Amount dieppresgRtiaptvh iEs Bbeh fadSbtingl s BaghdRifa g syeh
SRR ARG ity 58 BhatdRL K Rbos P of which
FulheF ﬁngﬂb{zaﬁoﬁré’%gléiﬂleggn MY Rith, W)seaRlefenvironment

roper conb ition of zirconium

%é&@nﬁlé%é\%?ec&ﬁ’ﬁfmcﬂ&% meet i@ RigF8Mentdvent i on

provides an iridiumalloy suitable for a 15 wire rod
for probe pins, with zirconiumas an additive el ement
contai ned as an essential elenment and with al um num

aeans for@ueingfthis Frebleatided. In this iridium alloy,
the additive concentration of zirconiumis 100 to 500

ppm Jiodsdive tHeoaidveaddsdribed problesns, the ipoesestt invantonsum
and copper is 10 to 500 ppm The addition of trace
aapnestly einductatresedreh and examinadtheoprssiblity ©f amo 20
refining the crystal grains of an iridium rmter
timerexsmentdn sarkabilityaidHis like By tiecrddiion peiper amﬂu@ts of
el oo R EdSmUAEch i @{éféﬁ%}ﬁadq%ﬁ%ﬁ' ogéntiona
t b I

anclgrial | he.BiasPar IRjerErE fur %5%9‘%?%%5%%@% q tﬂﬁfwre

r n d
S8 *aliobS i B e pER e BY B pthecP agaifion oF
%gnﬁm@mrﬂﬂn alnBC‘d’ ﬁéﬁ in high-tenperature strength

a

an 1 ncrease- rdness, and the surface

h ar dngpgt @f tHé"'Sre@@h?Frﬂv@htlérh ?V&/ldk@g ah @ffumhady Qitablé fora

condition imedi ately after working. Thus'the
mﬁﬁeefdda‘or ®Asbdping! Rith zZrcoRiupv aé apeaduitivinelemerticuatatied as

not | ess than 600 Hv even if subjected to 1000C
an essential element and with aluminum and/or copper further added. In
this iridium alloy, the additive concentration of zirconium is 100 to 500 ppm
and the total additive concentration of aluminum and copper is 10 to 500 ppm.
The addition of trace amounts of these additive elements contributes to
refining the crystal grains of an iridium material, thereby increasing
workability and high-temperature strength. As a result of this, inherent
workability is improved compared to pure iridium and working at high
temperatures becomes easy. As a result of this, a material according to the
present invention permits working into 0.05-mm to 0.5-mm ultrafine wires,
and can adapt to high density designs of probe pins. Furthermore, an
increase in high-temperature strength leads to an increase in hardness, and

the surface hardness of the material shows not less than 700 Hvin a

condition immediately after working. Thus the material can maintain a

-3-
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heat treatnment. Even when the tenperature of the

mat eri al becones high due to a tenperature rise
caused by repeated contact, the material can nmintain
stabl e contact properties. 5 As descri bed above,
additive elenments added to iridiumare conbinations
of zirconium alum num and copper. In this respect,

o s ceisain orel o €Lhash, Ssts, Bueh Bitooc
1t BRSTTEN, o oo e effitrafles 8 gy Bebmes high
e
%iﬁ{giﬁg%ﬁ@e?m%ﬁ 'gpgbegtfieg_ai sing the recrystallization

tenperature o lumin addition to the refinenent

of CrygidiscAbad Above SadditijeBlePndrs ad@el 16 IrRAGA dr8
hi gh-tenperature strength and for ensuring

\WB rRAtidrisyofalircBh @i t AORfiEh Wndiscopper! hin thissspect, although
i nvention which involves adding at |east either

al coriainifevel bf effectanpers et ehesi Zzigoniunt altnenis asedras an
essential additive elenment, the zirconium

additieetalamnieat) in the praseatiinvention at a5 eitgmaluenirlimies copper
al um num concentration and the copper_concentration
ix addedvfaredfuriher inproveotent efprepertios.al The rRasaT WY giiconium

of both alum num and copper). Note that, as a )
is desirablg esan maenaammﬁvﬁ )slem,%fﬁﬁ% ?hatizycaéwm,%'aﬁ EPS the

Rl ot P oo a2 et Al o o
Pl et of SR LT P St 6T A B e h N7 KB e
t . . Jd
Safar AR AR R RRR T Brhplidbot el
2'035" AU, JreB&RNinvetidn \Hh{gﬁqnfrcﬂv@éaégﬂ@ ANGasdteithBAIUinum
ppmi's exceeded, workability worséns, with the

bEESHperiWhile Bsing ArcBhitink 88 anBsseptsliddiivd Bendriethel re
wor ki ng and besides even when fine wire designs are

giecaim corentratios kslirandd td ¢ 00ité S00gpm carcdithedalunmigum

wor ki ng thereafter. This is also because excessive
eclatdritationfanddthe copper concentration are limited to 10 to 500 ppm (a
total concentration of both aluminum and copper). Note that, as a phrase
"at least either aluminum or copper" is used, either one or both of aluminum
and copper are added.

The lower limit of each of the above-described additive elements is a
minimum additive amount for ensuring a remarkable workability improving
effect. On the other hand, the reason why the upper limit of a total additive
amount of the additive elements (zirconium, aluminum, copper) is limited to
1000 ppm is that if 1000 ppm is exceeded, workability worsens, with the
result that a wire breakage may occur during fine-wire working and besides

even when fine wire designs are accomplished, cracks and the like may

occur during working thereafter. This is also because excessive addition of

-4-
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the additive elenments increases specific resistance,

t hereby worsening electrical properties. A nore
preferred upper limt of a total additive amount of
the additive elenments is 600 ppmand a still further
preferred upper limt is 400 ppm 5 An iridiumalloy
suitable for a wire rod for probe pins related to the

e
BRSPS R Dep D AT B
SR S50 AR OISt PR A0S i

ngggjrﬁ'bl e. (a) A step of casting an alloy consisting
0 ditive elenents consisting of zirconium and

al um RHMHADH SoycaRRPle fith Whe rBalfansebkrgind Fatednd the
making a bar froma casting. (b) A step of formng a

Wrégerit 5l ditivh g nianiifa&tu bR hinudctOring BA idgdt antba tar
by hot-working the bar. (c) A step of subjecting the

vonmposed of ah itidiaat alilvyckavihg agpresotibhethtomposition to which
anneal ing at 1000 to 1200C and wire drawi ng of not
Firssnitimaalumiaupaasd copper atesadddsard subjecting the ingot and bar
application. (d) A step of subjecting the wire rod

ta wire red veorliingwi xpnenetely, lsgnangfacturingemethad eorspeseshef the
aplpl ication, at |east once, to a conbination of

falleudng sippstis perferatde-1200C and col d wire drawing of

not | ess than _one, pass. .In the

manut G A PR SAEES 8 AR CoRSISTRG G RIgT Ve g pents gpnsisting

b S Bus R ol el A8 th half i AGiuh and

%@ﬂﬁjgkgr%ﬁ%%&ﬁn .0 nmm (hereinafter referred to as
rough-worked “Wwr

rods) can be perforned by

publ i@gmo%&apva?f migg(%égiré Rod haeirg%mtdiémﬁé}tdf% té 1o

wor Ki ough- wire rods i1s perforned by
FIRATBY Hobk@votking tHE dakrng under heat by electric current

application and cold working, whereby the

r oughcyrdtep oisuibjecting thee wireaol et leasionde, o marsniihation of
annealing at 1000 to 1200°C and wire drawing of not less than one pass
under heat by electric current application.

(d) A step of subjecting the wire rod after wire 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.

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 rough-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

-5-
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-5 not nore than 0.5 mmwhile ensuring materi al

har dness and suppressing the occurrence of defects.
Wor ki ng net hods according to the present invention is
described in detail below In the casting of an all oy,
hi gh- energy-density casting nethods, such 5 as arc

mel ting and high-frequency nelting, are applied

S ot e “szw“sbanggﬁ%@hg@h%@w%g Hisepppssna e
and H"gf'&?ﬁ g Q%Cwﬁsgr % klﬁﬁgfféép‘%%éﬁ'ﬁéﬁﬁﬁ{d ﬁ;ﬁgségﬁ invention
zglég%e;aoh d’é?éltbé‘lgwan i ngot after alloy castl ng into

e performed repeatedly. Asa rough

st andg{ ﬁ'nef(%stl fihdaliby, Al eénér@ﬁdén%tt?*cﬁ&tm@n%ﬁods such
tal%f‘

whose section Has a re ul ar “"Shape of about

H3 drnséltiAg ant higlefrleabh (rfehlih Qr6applied because |r|d|um has a
descri ptlg% gf tl%g‘ sthep %) Ig; thep\t/\)/orkl ng in the

fprr@itmgqbdﬁhﬂg TH&Zlhﬂfnlumtdﬂ)ﬂc@uQ‘hHmr&@djumededurmctsastmg
e step (b)), after the annealing of the bar, the

i, ethdrgiowderiext nubbly raw matenals cba\benlgsad atethls time. Hot
dianeters of 0.5 to 1.0 nm The annealing 1

fengirey andihet idlingl@e@ppiiedFoo@orking antinget @fteéfaélprf@astmg into
that annealing be performed in a non-oxidi zi ng f%
atbarspheé may lsmgrfﬂgnﬁme@ﬁaiaﬂlyenmamgh signdagl for working

preferable as hot workin and a conbi naf i

fwéulﬂ@'aﬁ&sp & Ry WaeRehsesian gs ?geﬁtaneuts‘ﬁréP@P%ef gboyg3 to
t
ﬂgiTsﬂﬁ@e%%é%gés"ﬁezﬁﬁ‘?sfgﬁtgg’éngerf mBerrg oy e S ()
er
G aw BERERsIE Ran SPEP LB hy i bt Rl Bk wire
g V‘(tRS Qfég)r %@;ﬂ lfa'ﬁ@g IﬁeS aR&&dl h aLt{a? r theaéH}%‘hbflG/oHéb?i into

een' per wher e ing W re rods

%oHE%an@%Mr? ghé%ét%ré’ bR & £.0 MAE VVHe‘i‘aMe?éthg

nder heat ectric current application performed
températlre |§t1qgo€<9)t@ 13@0% I éndlitavprefemtbd ehat anrealieg be

causing a wire rod being worked to pass through a die
padommes ina eohaidiving dedscatmosphere.r eBwaging amptiayd beoch

the wire rod being worked from outside and the
nesking ane prdéfesble 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
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.

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

generated on that occasion is used as a heat source for ensuring workability.

-6-
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generated on that occasion is used as a heat source
for ensuring workability. -6 In wire draw ng under

heat by electric current application, high-tenperature
and uni form heating is made possible by adjusting the
current to be applied, and a zirconium containing
iridiumalloy having high high-tenperature strength

L
R HRE e Gds RFRERbs iR LY ifltid s (o b Spled,
2% RS ARingng i Aoy REdoE R MR baRRRe
‘%ggﬁfrﬁéar%e 'i'é'l%ti@él? eablly Workdy.ef erred that the

tion rati o pef pass be set at 15 to 20% In this

wire AQ tHs avhdifionifér the wiretriwing byhsiécticloulbrene applidatibn
| essening the fraction between the die and the wire

pedfoiraed tn W fredehtinveation, Hoisgpreferrad thias the esliedeslirrent be
that a carbon powder be used as a |ubricant for

Supto €2.9im4. t ltds atsoupreferced tfata die bebusexkag asvarkithg member,
defects. Before the wire drawi ng under heat by

ahddhe redunlioneratio ippeti actording to iite helecdiamederaf thedie.t dt is
1200C i s necessary in order to ensure workabilit

wrefarad doatshadedestions rafinmesinasg beneetvad it 1op- i this wire
cEpaoi o s AR e il B e
o7 o il o SR AR BN B B
ren . . .
EHEE Il O 8 ool bR g Oblrie of wie
gpérfgé%g%%y é@@@[?] yuI trafine wires of not nore than

are fl1na manuf actured. The cold wire

dr awi Bgropd 12 Wir8Riralvitiy drber H;je%t BY'diedtAe dutrent Apgiidation,

adjust the wre dianeter and to inpart strength to

HRfeaMrigeat @b oy POdCHe necBSsaryin ofdiriowristirél varkatdity.
it is preferred that the reduction ratio per pass be

YWitered cénmibinationidi%nniealind iand vediting ofenatiess than drte pass is
preferred that rapeseed oil be used as a |[lubricant.
ragiaedechas onalsst, thedtorant for thewvorkingriawenigrmied ingot less than
necessary to perform ) o

one set. 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 patrticularly when
ultrafine wires of not more than 0.15 mm are finally manufactured.

The cold wire drawing step (the step (d)) is performed to finally adjust
the wire diameter 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%. 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-
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annealing at 900 to 1200C in order to ensure

wor kability. The above -7 described cold wire draw ng
allows the material to be worked into wire rods
having wire dianmeters of 0.05 to 0.5 nm Brief
Description of the Drawings 5 Fig. 1 is a diagramto
expl ain the manufacturing process of a wire rod for

R Cf@agavgﬂgr@oa i e BRRE B Dapd S
e B BB S con o o

I nvention A preferred enbodi nent of the present
invention is described below In this enbodi nent,

gt iDE8CA {@ygf iHe m\,@ﬁ%ghe addi tive anmounts of

zirconiu 'um num and copper were appropriately

changegy weEe diﬁg#éfrﬁ% BkeKdin Bie0maflfdciuritif proabse of aadre rod
made as to whether these iridiumalloys can be worked

or priobe phhg accarding tbi Bfirst estboaimehe amanuf act uri ng
process of a wire rod for probe pins in this
enbodFige2tis aldiagramitw ezplain thegcqnstruetion o atsiroatétyr for
divided into a nelting (casting) step, a hot working
svalyatingwintieccontaminatigh prop@itieg. step, a step of wire
drawi ng under heat by electric current application,
and a cold 20 wire drawing step. Each step will be
descrj bed bel ow, <Meltin > A pure iridium powder
MJPE%@{WHI%WFV@ '%é(?@ ts (ZI rconl um P

aI um nu

presch n%@rr@ perbpwer ] thﬁ hﬁg%%l?’ f]V|§5' PP |'sgfj§%®ella @elow
gt e o i
lﬁﬁxt?ﬁal'ﬂgtn daﬁ{b?ﬁﬁjeﬁkerje@%o pﬁQ%J)?glﬁ’é;}r{eg(flf werd HapdifitGred@and

t enperat ure

éﬁmstlgétléﬁb\)%& rﬁé@é"é@% rvﬂﬁéthéﬂth’ébé'mdt@iﬂ Slly_tah vé Werked
nm squar e was obt ai ned

into wire rods.

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.

<Melting step>: A pure iridium powder 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.

<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.
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-8 <Wre rod rough working step>: Before the working,
annealing was perforned at 12000C for 30 mnutes in a
nitrogen atnosphere, and hot swagi ng and draw bench
wor ki ng were perforned. In the hot swaging, the wre
rod was caused to pass through a swager while being
heated, and the 5 wire rod was reduced to a wire

oo csWigiad oS855, RS ol AL ahstad hee
edorme At 20Bsa Fordd RaEEaq S iitady Al Gratfrd coFot
3B ot o0 HRhEh orkG e Bth ety SRS gt dualing, the
%&C%_%ﬁggh&&@@@gﬁg@ﬁg@;ém&ef VB Ly haBbdland the

roug WTe I ameter of 0.51

R WhE A AIRLd 10 ffte Miarted of320M Afn %gd@beﬁtg? tHRy

el ectric current application> The rough-wor W re

SRAgINY Hefb pasisgh NSESiRisSWRE Fod@fasswhikedtsduseofd deaw
draw ng by use of a device for wire draw ng under heat

byneh eHilei ity heateld Byomeapkiof at bumer, lamdt the swicexdcdcwas or

wi re drawi ng under heat by electric current

s Gethtol dwjretdimmetargti-v@0 ked byi pesfaroing theddrawnbeych

bei ng caused to pass through a die while being fed
fvooking ée @0mpsses) sThen, annedlisgtwagypejoranestagaip, draw bench
current application at this tinme, electric current is
wopking avas,peréormed Inc2q passesy andal reiighnyorked wire reghaving a
el ect rodes e}nd t he rough-vvork(gd wre rod is heated by
wirediapeterof A5 1 B WaHPP@8%n. Note that, the die is

it et U B SR TR e
el e R 15080 o0, AR
ﬁ'gég{(ihg?}yét%gf: (?‘93 4bViBe FOWirE @i Al gl i eMHeRt BY écifc BORERt

ric current application, 25 annealing was

Qgﬁﬁ&fti@ﬁd A thid 88¢cE 36 Wite HraWirRpuhderdhddit by @@sdtric current
atnosphere. Wre drawing was perforned in 4 passes

dppifsatibhethabevughdesked ek raapistiravarts, bdihg £aused to pass
conbi nat1 on of annealing and wire drawi ng under heat
thyough 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
current of 9.5 mA and feeding rate of 2.72 m/min. Immediately after the
feeding rollers, a carbon powder was applied to the wire rod.

Before the wire drawing under heat by electric current application,
annealing was performed at 1100°C for 30 minutes in a nitrogen atmosphere.

Wire drawing was performed in 4 passes under the above-described

conditions. This combination of annealing and wire drawing under heat by
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-9 electric current application was perfornmed tw ce
and a wre rod having a wwre dianeter of 0.27 mm was
obt ai ned. <Cold wire drawi ng step>: Annealing was
performed at 1100C for 30 mnutes in a nitrogen

at nosphere and cold wire drawing was perforned. 5 This
conbi nation of heat treatnent and cold wire draw ng

R RE AL Bapieation Was A af bwie 3t'd fire f BaVing% wire
TRReLTata2r b Gnsfie Esgﬁégﬁgggngﬁf‘fﬁ;%?k; ng
for OQ@I&;\A&% §§§$5°Mea§l Wasp e%? EIF A ig’bsé for 30

rods (wr
t?ﬁﬁ‘x@'té!gmta?ﬁftro\d%ﬁ ag%%ﬁé.%daﬁd)&ouhhﬁryarémﬁgtwaseﬁemﬁﬁed
rods. Inth I ng Wre rods are bent 90 and

W@Bbm%maitbntd?%awégtrhém@m éovd wuruedrdwn@Wascﬁerhﬁméa 10

performed until breakage occurs is neasured

Hinidhandreinglly & oird foel meing acice gdrvéteeof Odsmnhwas obtained.
treatnment was perfornmed 1mmediately after the

manuf &cthis endiodiraéent] 00E dmovel@esdribetdananufdcturimgliocess,
surface hardness after the heat treatnent was neasured
Whe humber ok wire breakagessduring workimg dorreiaining one ididtotal
investi ations are shown in Tables 1 to 4. -10 [Table
lenoth: 3@mimd wire isisd wirerjanedera Od! moahwanreartiesh ofhe
Eval uati on of additive el emsnts vvork bilit

Bear g testwas cAadusteddor hsonpnifacied yfiraiadser Inthis bending
frstanisgeds pepaat R0 e ghe ntl FeYonde biskenand 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
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.
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exanpl e 1 Reference
Ref erence exanple 3 100 0 6 783 703 Reference 1000 -

exanple 2 10 1 5 740 641

- 17 807 734 exanple 4 Reference - 1 - 2 4 700 617
exanple 5 Reference - 10 - 1 5 750 654 exanple 6
Reference - 100 - 1 6 772 700 exanple 7 Reference _
1000 - 0 7 810 725 exanple 8 Reference - 1 1 5 740

1 exanple 9 Reference -
&iﬁ@teeﬁce - 100 0 7 790 727

exanple 12 *1 Eval uati on, R
of w

0 7 837 740

Nunber of w re breakages

10 0 5 765 701

Nunber

exanpl e 10

exanpl e 11 Reference 1000
ANEAA
A e"‘%ﬁé‘%&vaeaée éXgly added

t hat occurr ed cdudentigtioniof € rkln Nunber of
bends = Nunbeamomeaemdﬁsparforwmgmﬁgyﬂ hie Elaletibragfehardness
of a manufacturdebmire rpd occurre
' Numper of Number of After After
Al Cu Zr wire bends | manufacture | , Ne&t
breakages treatment
Reference 1 - - 2 4 720 643
example 1
Reference | 49 | . | - 1 5 740 641
example 2
Reference 100 _ _ 0 6 783 703
example 3
Reference 1000 _ _ 1 7 807 734
example 4
Reference } 1 - 2 4 700 617
example 5
Reference _ 10 _ 1 5 750 654
example 6
Reference _ 100 . 1 6 772 700
example 7
Reference _ 1000 - 0 7 810 725
example 8
Reference _ . 1 1 5 740 651
example 9
Reference } . 10 0 5 765 701
example 10
Reference _ . 100 0 7 790 727
example 11
Reference _ - 11000 0 7 837 740
example 12

*{ 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

-11 -




-11 [Table 2] Two el ements were selected fromAl, Cu
and added Concentration of Eval uation of

and Zr

additive el enents workability' Evaluation of hardness
(ppm Nunber of Number of After After

heat

Embodi mrent 1 10 -
761 690 Enbodi ment 3 -

4136

nt 4 -
300 0 8 820 744 Eandfl

Al

Cu Zr wire
bends manuf acture breakages treat nent
100 0 8 745 685 Enbodi nent 2 100 -
10 100 0 7 741 687
100 100 0 7 798 705 Enbodinment 5 100 -

e O T

Ref erence exanple 13 1 erence -
10 2 5 725 638oncxasrpher 14 Refr:ev nee ;O 100 - 1 5 740
641 exanpl ¢ 4dfitiRetlementse| exa f 100 1 60al@tign FHwrdness
672 *1 Evaluati deprdf wor <ab|I of wire
br eakages =| Nunmber of vvirsm,h@akagtg that occuyrred After
during wire| A rjocuwgr g ng Nwier i fs man&{fipge otheat
bends perfofrnmed juntill the| bresbhgege| o P treatment
Embodiment 1 10 - 100 0 8 685
Embodiment 2 100 - 100 0 8 761 690
Embodiment 3 - 10 100 0 7 741 687
Embodiment 4 - 100 100 0 7 798 705
Embodiment 5 100 - 300 0 8 820 744
Embodiment 6 - 300 | 100 0 8 833 750
Reference 10 | - 10 1 5 731 642
example 13
Reference - 10 | 10 2 5 725 638
example 14
Reference 10 | 10 | - 1 5 740 641
example 15
Reference 100 | 100 | - 0 8 755 672
example 16

*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
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manuf actured wre rod occurred -12 [Table 3] The three
el emrents of Al, Cu and Zr were added Concentration of
Eval uation of additive el enents workability Eval uation
(ppm Nunber of After
Cu Zr wire bends manufacture heat
Enbodi ment 5 10 10 100 0 7 779 715 Enbodi nent 6 100

of hardness

e

Fhabi

45 25 330 0 8 826 744 Enbod}
711 Enbodinent 11 84 40 235

Nunber

of After A
br eakages treat nent

1 O 7 784 721 Enbodinent 7 30 10 280 0 8 810
odinent 8 35 40 300 0 9 830 730 Enbodi nent 9

i

nent

A wBadded

12 68 23 250 OQote@Hiorrdfl | Enbaqdi nt 13 79 26 255 0 9
813 711 Enpoudiirendlerdent89 35 %%‘(’ '."ig'? 19 70Bvaluation of hardness
Enbodi ment [15 83(®8)275 0 10 850 990 Enbddi nent 16 85
42 225 0 9. 807 {06 nmbodi remberkf g@ 2 QfZO 0 807 After
705 Enbodi memt |{18u9P 28 [210wke 9 § 1°"E %féﬂg Mt heat
19 105 40 240 0|9 81B 718 bieakayds nent®d Jf[;[’)‘é e wpatment
ERotinfents [E0ql wENf 188 [125 g1 205 079 814 768 715
Embodiment 6 | 100 | 100 | 100 0 7 784 721
Embodiment7 | 30 | 10 | 280 0 8 810 725
Embodiment8 | 35 | 40 | 300 0 9 830 730
Embodiment9 | 45 | 25 | 330 0 8 826 744
Embodiment 10 | 65 | 39 | 275 0 9 822 711
Embodiment 11 | 84 | 40 | 235 0 8 811 709
Embodiment12 | 68 | 23 | 250 0 9 820 711
Embodiment13 | 79 | 26 | 255 0 9 813 711
Embodiment 14 | 89 | 35 | 230 0 9 819 708
Embodiment 15 | 83 | 38 | 275 0 10 820 720
Embodiment 16 | 85 42 225 0 9 807 706
Embodiment17 | 88 | 42 | 220 0 9 807 705
Embodiment 18 | 99 | 28 | 210 0 9 805 701
Embodiment 19 | 105 40 240 0 9 818 718
Embodiment 20 | 117 | 38 | 255 0 9 825 722
Embodiment21 | 125 | 31 | 205 0 9 814 709
eig‘;‘:ﬁgﬁ 10 | 10 | 10 0 5 755 680
e’igﬁ;elg‘;% 55 | 20 | 25 0 8 770 660
e'?(‘;ﬁﬁgﬁz 60 | 10 | 30 0 9 778 680
e'?(gfﬁﬁg‘;% 60 | 15 | 25 0 8 776 682

*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
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Ref erence 10 10 10 0 5 755 680

exanpl e 17 Reference

exanple 18 55 20 25 0 8 770 660 Reference exanple 19
60 10 30 0 9 778 680 Reference exanple 20 60 15 25 0

8 776 682

Wi re breakages

"1 Evaluation of workability: Nunber of

Nunber of w re breakages that
5 rod wor ki ng Nunber

occurred during wre
R{En‘ﬁg of bends perfornmed until
aA(:]tured wire rod occurred -13 [Table 4] The

addi ti g, GORG

t he breaka

? @&{cgﬁt}a%}% o?éoelu ’ancpfr \9{99 oé&?é“%\% gf)

of bends

ge of a

BH;Brﬁ{eq'Qnges

t he appropr ncentration o uatl on
of additive ebemntranowofr kabl I 'Et ¥|uat uatl on of
hardness ( ppmiditiuetbeentsf AFvayationdf hargness
Zr wire bengds nmriRAmct ur e heat rea aqes t r eat nent
Conparativel0.5}- - 8 2 66@]u2}‘3&0fex§ of1 Co ar at|i vafter
- 0.5 - 7 2| 663 383 |exanpl ewdeCo manuf;@m% 9 Peat
680 310 expnplg 3 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
example 4 1200 - - 8 3 822 733
Comparative
example 5 - 1200 - 8 3 812 735
Comparative
example 6 - - 1200 9 3 840 763

*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

It is confirmable from the results of Tables 1 to 3 that in iridium to

which any one of zirconium, aluminum and copper was added, for example,

as in reference examples 1 to 12, the breakage during working occurs less

and that the iridium is strong in the resistance 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. Therefore, it can be ascertained that adding

these additive elements singly is effective in improving workability and

strength.
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Conparative exanple 4 1200 8 3 822 733 Conparative -
1200 - 8 3 812 735 exanple 5 Conparative _ - 1200 9 3
840 763 exanple 6 "1 Evaluation of workability:
Nunber of wi re breakages = Nunber of w re breakages
that occurred during wire 5 rod working Nunber of
bends = Nunber of bends perforned until the breakage

Fr om R raKeemARD T 8 35S Staifad by porfififipd RERELR of
bR P ot BF 2 edrH 44Tn B BIGHEhCARPS 1985 than
ﬁpfpm of 5?%%&8&%&%4&%&& Sr %S?Eéls, WHSS aréBfhpbBfberits ®f the

mi's stron e resi stance agal nst bendi ng

ﬁ\é(?é&er@ﬁﬁ\fernftibh ehaV@Fﬁiidé@tié@é%bée‘?ﬁ%%‘{gb%He/ A dise iri'OElﬁlﬂn alloys of

ss of the ir um exceeds i mredi atel y

H R refdienve ka e gndBid BrédIRND O alies 2 dritkd). 6Gbwdner, it is
even after 15 the heat treatnent at 1000C. Therefore,

récoymizdiie gt ehib dffeetidebrebsasifh indiunh dops adwhich\the additive
el ements singly is effective in inproving workability

antbunts anipier thdrtthe lomer lienitod 00 zdmh éort zisoniurh,dl @ppm for

al | oys obtai ned by conbi ned addition of not |ess than
alenippm arid goppen ofitheagdditive agwnint af ea¢regiemenind not

|l ess than 10 ppm of at |east either alum num or

coppeln, cattiash taiis, e deeranizatie fiome the,permpatative examples
oF ¥ ableuf didigsalshohaResad BY ALY ekargh eEmaerd iaps small
S TEIP o 58 e bt RUR Fayelbsliep bprgpss. and
BB E B s M ol b, L n
total concentration of the additive elements exceeds 1000 ppm, workability
remains inferior although hardness is improved.

Note that, pure iridium ingots were manufactured without the addition
of the additive elements in order to make a comparison with this embodiment,
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
wire diameter of 1.0 mm. However, when annealing was thereafter
performed at 1000°C for 30 minutes for wire drawing under heat by electric
current application, the resultant was a structure with coarsened crystal
grains, and frequently followed by wire breakage in the subsequent working.
Thus working into fine wires failed.

Next, fine wires were arbitrarily selected from the above-described
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

-15-



10

15

al um num and copper) of the additive anmpbunt of each
element. In contrast to this, as is recognizable from
the conparative exanples 10 of Table 4, iridium

al  oys whose additive anount of each elenent is as
small as less than 1 ppmare inferior in workability,
have insufficient hardness, and show a remarkabl e

o B SR e PR IR e U sgmanon
1Q00. Lo ' . . .

e InelS (b oS ERED Sy 4006 (et e and the
BB BRY SOPLHEBs b8l B L T o
tatHdStpSWJQ%Q{a'ﬁ%Btto coffdmin3foA MY A& Héﬁorﬁé_d‘d iffhoManproperty.
was tried I1n the sanme process as wth this

enbodiTg gatvalu(é‘%ioﬁ dreRe bhti-coRtdrhMativA properaies Wasl darried out
performed anyway until the step of wire rod rough

\Rirlg the simdidtOesNavi® il Big. Qoullsl tHie test 04l pesbd pinawiiGh \Wasdeen
di ameter of 1.0 nm However, when annealing was
inhenufatiueed ispstioor tiredirmulato0ai electrROresistancsisfroeasured by
drawi ng under heat by electric current application,
répeated wontant under thesfollowingr eonditidnsc odn thetastcelgetrial
grains, and frequently followed by wire breakage in_ .
resistanbe inpreaseswithiingreasmgusinmpeiofmentants. 1 Re paintéztime
failed. 25 Next, fine wires were arbitrarily, sel ected

whem elpetrigisesistanse@xceeds SRt srgrrAed agiPebhinatme wWnen
Siaa Goesmres e cean i S FRofpalth. 4RGeahBs or
EBplectS e TR R R BES e8Ik TR Biont results of
B FutnBBrBY SnEER & oL B BRsMhos i Corft exeeds 5
gﬁsﬁ&wﬁ %P??B%ds.usﬁo@ﬂ’\ai ft réslhey sMeRgSen| @hﬁih%@ a

stances fromobjects in contact wth the probe

BbRWentiohBfinialiérid e8ieS4136 6Rold iAdbigBNat i on has al so
beconme an i nportant property. 5 The eval uation of the

ant i - Testicomditidinson properties was carried out using
the simulator shown in Fig. 2. In this test, a probe
pi N whObledt &rs comtact: Aluminum pad

» Contact pressure: 8 g/pin

o Applied electric current: 100 mmA/pin
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manufactured is set on the sinulator and electric
resistance is neasured by repeated contact under the
following conditions. In the test, electric resistance
i ncreases with increasing nunber of contacts. The
point in tinme 10 when electric resistance exceeds 5
C2 is regarded as a point in tinme when cleaning
Eﬁco necessary due to the contam nation, and the
contacts until this point in tine was

measur ed. The r@&%&rﬁr‘ﬁ“@h dresidithe Qémehke nunber of
contacts occurring until K&i‘h tance due to |contNamber of

exceeds 5 S2|—are shown l e 5 Note-tHat temitacts>
resul ts of tungstAdn, whi chG& a 15 codVent ilonal

ﬁ@h%dlﬁﬁentqre al 5 shom_n I n_Tabl ¢ 5. 1g@est cqm;@ hilﬁlﬂ*ﬁtlmes

Art o Al

1 - nm-nad Cont-ant =
CTCT T COoOit actT™ I ML LR AT RN ad O AC L |..

gﬁfbbﬂdlmﬁﬂéﬁ ed electric curt®nt: |100 18R piln 1451’@3"0" times

[E'I;ﬁgb@in@nt@oncentmati oh of 1zapldi tijve qbgmant S1J§(Dﬂ’ﬁﬂliorgtfmes

Al

.—)C

contacts—2 b2 Elg56”.)[.".“ ment

?ﬁ?‘ Podiant Rk EMIRI bt 10019‘545 4 1 Bl ggiion times

tErﬁS@dedﬁﬂqdl rren1305 10[ 10 @O 1. 50 n2BDI on |t 1 BEsmillion times

bodien 106100 1Pt BT miftio I TTEY -~ :
EPB Hl?ﬁ‘kS? f’é 28011 585 | Lion £oles 1EkE9nilioq times

8Cémpzraldad |1. 60951‘p on tinmes <,orrpar ative 0950,000 times

?_Sé)xé}agen' nes 1 Conparative - 1200 - 800, 000
' bg'fnbparative 800,000 times
- 1200 -
example 5
Tungsten - - - 10,000 times

*2 Number of contacts: Number of contacts made until contact

resistance exceeded 5 Q2

It was ascertained from Table 5 that in the probe pins made of
materials according to each embodiment, the number of contacts made until
cleaning becomes necessary becomes not less than 150 times the number of
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 properties 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.
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exanple 5 Tungsten - - - 10,000 tines *2 Nunber of

contacts: Nunber of contacts nmade until contact

resi stance exceeded 5 92 5 It was ascertai ned from

Table 5 that in the probe pins made of materials

according to each enbodi nent, the nunber of contacts

made until cl eani ng becones necessary becones not

| ess than 150 tines the nunber of contacts in

tungsten, which is a conventional material, and that
-l . RisAs have excellent anti-contam nation

3&%%%?9#8?5“&ﬁ@ﬁéugh inthis respect 10 the effect of

the | FRIQEREEN aBbé Veditd ol ToP BHAIY HiRS RLBRING tthe
is observed In conparative exanpies | and 5, it is
?W'iﬁ@?’ti%nté?%hréshﬁoﬁ(&bimy 69 HopES SMrigiLaPaNdyss

re inferior to those of each” enbodi nent. The high
2Bhtaising aditivat diemeptdrzitcodfurf aluhtnirmelel ¢opper, aiming at
according to the present invention were ascertained
bhantitdase i dlgh-entderbhee Strangtit, iaod, thas énahlesdiriel wine dBsigns
anti-contam nation properties lead to the fact that
ahddigin saengtbitthat camrsit besaghie\swduwith pueairidigml eJbe present
I nspection on probe pins (a decrease in the frequency
oivertionenaglescaanutactureiof peebe pinstaf sarkave piteh designs, and

i nspection time can be substantially shortened. -17
furthertenablesapgintaiaing stahlexaropedias e IRYSELNUIREMENS
rods for probe pjns.according to the present
sHRleRtadole reReatasGi?kabi 1ity by application of
iridiumalloys 5 containing additive el enents of
zirconium alum num and copper, aimng at an increase
in high-tenperature strength, and thus enables fine
wi re designs and high strength that cannot be
achieved with pure iridium The present invention
enabl es manufacture of probe pins of narrow pitch
designs, and further enabl es maintaining stable
properties even in use environnents 10 subjected to
repeated friction
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-18 CLAIMS 1. Aniridiumalloy suitable for a wire
rod for probe pins, with zirconiumas an additive
el enent contai ned as an essential elenment and with
al um num 5 and/ or copper further added, wherein the
addi tive concentration of zirconium is 100 to 500
ppm and the total additive concentration of alum num

and copper is 10 to 500 p The iridiumall oy
according to claim1, V\herm'@% total concentration

10 of additive elenents is not nore than 600 ppm 3. A
probe pin consisting of the iridiumalloy according to

Gl ai m&}, lﬁ{i%@ agcs')'ﬁ g@ltﬁﬁg g&P&Wei ng fgﬁéﬂ?)?%rﬂﬁs,t\plﬁ Yirédhium as

rod f Ssardwirero probe pins

gaZlf L v Qle%%t@o%téiﬁeg as%‘?f@% ehtifelbhRnt LABWIH alufrdum

d
sting an allToy consisting of additive elenents

%%g%rséd;{g;%r Hirthef 4R, WRAEIA tAb YAHRNE cRREEATratiePeRLirconium
and the balance iridium and making a bar froma

@%bmﬁsob?pnﬁ,oarﬁﬂ e tdtatiadeitiveconaehtrgtion of akerdhamered
of 0.5 to 1.0 mmby hot 20 working the bar; (c)

%bg'g_@r:tsir(gtda@omne rod, at |east once, to a
conbi nation of annealing at 1000 to 1200C and wire

drawi ng of not |ess than one pass under heat by

electric current application, and (d) subjecting the

& re Tbd irditer alay acenrdingrtg daianet. weereinthedotal copeentgagion
current application, at |east once, to a conbination

of agditwalclergeats ismot mprethap 809 MPNEol d wire drawi ng of
not | ess than one pass. -19

3. A probe pin consisting of the iridium alloy according to claim 1 or 2.

4. 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
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
at 1000 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 application, 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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