o 16 FEB 2007 166166 1 DES CRI1 PTI ON PROBE

s METHOD, - PROBER-- AND -ELECTRODE REDUCI NG PLASMVA- ETCHI NG

X PROCESS MECHAN 5 Technical Field The present
inventmmm\\mwm@ to a probe method, a prober, ppde )
el ectr / pl asma-etching process nmechanis 007

More specissoéal |y, the present 10 invention relates to

a probe nethod, a prober, and an el ectrode

reduci ng/ pl asma- et chi ng process nmechani sm mhifh cand

i mprove the electrical contact state of the electrode

o?pan obj ect to be tegtédsaﬁdRaIpPogeIppnN Backgr ound

Art 15 A process of manufacturing an electrica

product nd eéq&trical congonent ée.g. a _
UldesPVaPEBusPPeBEESTRADES a fil
rem conautl bl oer ol B o g

5 layers such as an interconnection |layer on a target
object (e.g., a 20 wafer), a step of testing the
object to be tested whi¢ehchgitannmede<on the wafer, and
a step of testing the packaged object to be tested.

For exanplies poesest iheenelesntrecaktechabagt prbski fSthod,
of the object to be tested which is forned on the
waf e ,preohobearpd ren se beotghde 26ednt onghpl asha we t bh ang
el ectrode of the object to be tested. A neasurenent
Si griRC¢sS P Glean1ynt helobf eepecibipelliest edefpoesant
tester through the probe pin. If an electrically

10§ nsuimais Hyt ki ol 359 $n Has? beepPe method, a probér, and an

electrode reducing/plasma-etching process mechanism
which can improve the electrical contact state of the
electrode of an object to be tested and a probe pin.
Background Art

15 A process of manufacturing an electrical product
and electrical component (e.g., a semiconductor)
includes various steps such as a film formation step
of forming various types of metal layers such as an
interconnection layer on a target object (e.g., a

20 wafer), a step of testing the object to be tested
which is formed on the wafer, and a step of testing the
packaged object to be tested. For example, to test the
electrical characteristics of the object to be tested
which is formed on the wafer, a probe pin is brought

25 into contact with an electrode of the object to be
tested. A measurement signal is applied to the object
to be tested from a tester through the probe pin.

If an electrically insulating oxide film has been
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*@00002° 16 FE B 2007 2 fornmed on the surface of the

el ectrode of the object to be tested, sonetines the

el ectrode cannot be electrically connected to the

probe pin by nmerely bringing the probe pininto 1§ FEB 2007
contact with the electrode. 5 In this case, a test

signal cannot be applied to the, el ectrode fromthe
tester. Conventionally, while the probe pinis in
contact with the electrode with a predeterm ned

needl e pressure, the probe pin scrubs the el ectrode
sur fERETeS PRehket ABT6RFEeCLi FhEoR 1 ERE rPGeePdcthedebIect
surface, so that the probe pin and el ectrode are
broub%tb?ntﬁsaﬁgctFPEEFlesﬁtagﬁ ﬁgﬁﬁtégéﬁ 6PREPT PAs

1o 4040 pLL o1, Se0i e oL g cantuscal DRSS fereny,

t
becomes U CKnesse

|aye§§i§%%ﬁ e§ﬁ@2}988gugﬁﬁri raducts 1% decre ﬁ% Fﬁgctrode.

accel er ati ngl ectrodes also becone  thin.

proben, ptR;i b SchEUgAt tEBEOs¢gRkACLWHER prhepgheell @de the
W th a needle pressure of a degree that barely breaks

the extderbbbnmeras tRet Beseerventianahtiphabe ynethade the
t he needl e pressure of the probe pin may 20

undesiolabl yishangént benekect wiical tekaraetericgti 63 tof a
t he sem conduct or product. \Wen the | ower |ayer of the
el echredetésmhndd ofedlsoptrepsueei althsuclrods aihowckubs
material that has a |low dielectric constant, the probe
pi n thaneteperbdoughrfparoteohraek Wwhehoxhdeelfedtr ode the

25 with such needl e pressure. , _
electrode surface, so that the probe pin and electrode

are brought into electrical contact with each other.

As the integration degree of semiconductor
products becomes ultra-high, the thicknesses of the
deposition layers of the semiconductor products
decrease acceleratingly. Electrodes also become
thin. If the probe pin is brought into contact with
the electrode with a needle pressure of a degree that
barely breaks the oxide film, as in the conventional
probe method, the needle pressure of the probe pin may
undesirably change the electrical characteristics of
the semiconductor product. When the lower layer of the
electrode is made of a soft material such as a low-k
material that has a low dielectric constant, the probe
pin cannot be brought into contact with the electrode
with such needle pressure.

In the film formaﬁion step, an oxide film on &

metal layer hinders formation of another metal layer
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In the filmformation step, an oxide filmon a netal

| ayer hinders formation of another netal |ayer 1 6 FEB
2007 3 on it. Therefore, the oxide filmnust be

reduced and renoved in advance by cl eaning or thke8 FEB 2007
i ke. For exanple, Jpn. Pat. Appln. KOKAI Publication

No. 2000-311868 (claim 14 and paragraph [0041]) 5
describes, in a process of formng a via hole for
connecting different interconnection layers in a

mul til ayered_ interconnection, a process of cleaning

t he °Wi thol%h%%?%?%efoFﬁ?naxéﬁeuEbiW freph| Pe reduced

i nt erconnecti on. In.this oce oxi.de film

. h ti
and 1HS TTREV90 1or nteTRe L RE GPe2RaNE PR ERE ddiface
of ansilicon,subsipat e are,rempyeroby,using negative
3 ge 3 8 0

hydrogen T0 rated by pplylng el ectrons

hydrggen; gadi sl gas | 01 LS B 06855, 8.085,C 00031 1) N0

hydrogen atons 1s jected to m char

irragiati ofein &y 1o ¥AGUULLCORt aLPREngt BUS: gensrat i-ng
a hydrogen plasma. An el ectron supply device supplies

t heromeh et 1 0§sd1 pretbet hydtegensnhadteahsi1hoegenenate
negative hydrogen - ions. In this reference, the

negatu vei hyge ogenihoascoanecused, f arpebeansngt 2Qebfing the
the testing step, a probe pin is brought into
el ectia cableomt bere w ohmangebectippde nateheinakeconnection.
surface. Wiile the probe pin and electrode are in

el ecit|elais coreaessw & hnehtklcophéde £éshi agdothehéike

object to be tested is perforned. If an oxide film 25

i s presBet dn the BlachrbBelBuFPgcéuriadceneforj gélicon

substrate are removed by using negative hydrogen ions
generated by supplying electrons to hydrogen radicals.
In this process, a gas containing hydrogen atoms is
subjected to microwave discharge irradiation in a
vacuum container, thus generating a hydrogen plasma.
An elecﬁron supply device supplies thermoelectrons to
the hydrogen radicals to generate negative hydrogen -
ions.  In this reference, the negative hydrogen ions
are used for cleaning.

In the testing step, & probe pin is brought
into electrical contact with an electrode on the wafer
surface. While the probe pin and electrode are in
electrical contact with each other, testing df the
object to be tested is performed. If zn oxide film
is present on the electrode surface, as the oxide
film is an insulator, 1t interferes with electrical

contact of the probe pin and electrode. For this
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filmis an insulateor, it interferes with electrica

contact of the probe pin and electrode. For this 1 FEB

2007 4 reason, the oxide filmon the el ectrode

surface nust be renoved prior to testing. To renovieg FEB 2007
the oxide film a reducing nethod described in Jpn.

Pat. Appln. KOKAI Publication Ro. 2000-311868 can be

used. Wth this 5 reduci ng net hod, however, the wafer

is exposed to harsh conditions. Accordingly, elenents

forned on th waf er be damaged, decreasing the
Vi el TP, PN O% 698051 HT6OBI L el 4LREARACE ﬁélrfféﬁiet pust

I 4 d ib t whi
oy de e Spse e ab sbpRLaL U ANED . o,
appay aﬁé’&ué‘ﬁ? %}Hﬁgdf%sék‘%ééﬁ' ng 3 gaSPatené\Pﬁln KOKAI

hydr ogen gas and re ex

al ong;bﬂ@aw&e @ d .@@@66%@%@ocgnpeweﬁséappl wltﬁ this
current is supplied to the wire to heat It.

radi eddefidp heaho@f hbReVeEe hgatgatbe gése&begbegtbnharsh
the tube to 1,500K to 2,500K to thermal | y deconpose.

t he gasditiwrss. f oAGEOgdangayptemdheli abrRedr adi €8bSwafer
The atomic nmaterial or radicals of the gas serve to

r educey othetamat @y | dbsredhisgapparat esdi.s conpact and

i nexpensi ve 20 when conpared to that of Jpn. Pat.

Appl n. KCOKAP- PPubbi ct L 8h, N6 BO0O0O<321B68anHowkeefourth
the tube nust be heated to a high tenperature.

"dna?%%h z‘athr%nl%flme%r%é@réhﬂ@an@ﬁgaﬁyarnwsogémch :
pIa anov, yan, 25_Zs. Tokei

Kl
geéé%‘?’“esr tBa hat oS, OVaﬁﬂ%\é‘F% @‘F‘gEhCleS This’

apparatus has a tube for supplying a gas, e.qg.,
hydrogen gas or halogen gas, and a wire extending along
the tube and connected to a power supply. A.current
is supplied to the wire to heat it. The radiation
heat of the wire heats the gas flowing in the_tube'to
1,500°K to 2, 500°K, to thermally decompose the gas, thus
forming an atomic material or radicals. The atomic
material or radicals of the gas serve to reduce other
materials. This abparatus is compact and inexpensive
when compared to that of Jpn. Pat. Appln. KOKAI
Publication No. 2000-311868. However, the tube must
be heated to a high temperature.

“Characterization of Cu surface cleaning by
hydrogen plasma", M.R. Baklanov, D.G. Shamiryan,
Zs. Tokei, G.P. Beyer, T. Conard, S. Vanhaelemeersch,
and K. Maexj. Vac. Sci. Technol. B19(4), Jul/Aug 2001

(preface of page 1,201) reports a technique of
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and K Maexj. Vac. Sci. Technol. B19(4), Jul/Aug 2001
(preface of page 1,201) reports a technique of 1 6 F E

B 2007 5 thermally deconposi ng such copper oxide

copper hydroxide, and the like into water or th §§ 07
and copper oxide in a vacuumat a tenperature of 1 <£
or nore to renove water or the I.ike fromthe netal
surface, and reducing and renovi'ng the remaining

copper oxide with a hydrogen plasma. According to the
techni que described in U S. P. No. 6,191,416 Bl,
hydr%@%ﬂn%%byc%?%oaﬁasaﬁanﬁechyapgaéﬁ Oganlehe copper

d f th d th -
O VI PAETrS aBPar kb L RBuLORe  “BhE LT EduEG LABPI POG
f th d d d d
o eéﬁpp%\ziz%?%ﬁ'ﬂ‘%g??Lgf‘&%gﬁﬁ@t i Tt ORGP L ce o 408°C
Cleayfpga ¥d£§ﬁ§ ﬁég@?aortE88p§ﬁk8XE?%parhe metal

hydr ox e copper Surface
are é@ﬂP§@Q 'Qndar¥3859 bxnaS£@ﬁobaﬁghxﬂgogg&aehéﬁga
at the tenpera- ture of nore. "Therefore, -

redugdp©dr NSt dewi PR EORPBEcLBnapYaghdm at mosphere in
the same manner as in Jpn. Pat. Appln. KOKAI

Publ i cat i nacdedi20@o314868echRAibBuscCkiesurareld in U.S.P.

I nvention The present invention is based on the above

pr oblenst ahtll sél ¢eBlat hiyeéasteoneadf cehemanéceapdinghydrogen
to one aspect of the present invention, there can be
provédedea peobeanedhédematheobedrogrnd gaseWathr edeompara-—

25 reduci ng/ pl asma- et chi ng process mechani sm whi ch
tively simple apparatus. However, the reducing ability

of the hydrogen radicals and atomic hydrogen is not
clear.

According to "Characterization of Cu surface
cleaning by hydrogen plasma", copper oxide, hydroxide,
and the like on the copper metal surface are reduced in
a vacuum by using the hydrogen plasma at the tempera-
ture of 150°C or more. Therefore, reduction must be
performed in a vacuum atmosphere in the same manner as
in Jpn. Pat. Appln. KOKAI Publication No. 2000-311868.

Disclosure of Invention

The present invention is based on the above
problems and solves at least one of them. According
to one aspect of the present invention, there can be
provided a probe method, a prober, and an electrode
reducing/plasma-etching process mechanism which
can bring probe pins into electrical contact with

electrodes with as low a needle pressure as possible.
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can bring probe pins into electrical contact wth

el ectrodes with as | ow a needl e pressure as possi bl e.

7 6 FEB 2007 6 According to another aspect of the
present invention, an oxide and the |ike on the netal

| ayer surface or electrode |ayer surface of a Y@&riget 2007
obj ect can be reduced under an atnospheric pressure

at a 5 conparatively | ow heating tenperature.

Accordi ng to another aspect of the present invention,
there can be provided a target object reducing nethod
wi th whi chcgardgedt §°t RBOtAFFer sRsite@l &l tpéesent

decreased. . 10 Accordi to a first aspect of th
T eSERT N F 43BNt PBNCXE Er 87Fs ChFoVided %8 SPebEsethd@yer

f b I I i

S R BT R e
t tr I _Qf

one ShgchEodgeykegl il o Hhgel Smactoriie ol o

COMPL L3881 a &) oROT 1 8LThBY: 13 't% askrons of a reducing

process and pl as et chi ng roce or the el ectrode

of the obpheetrbanbe tbeshedhe r( @sp@rdtngjm&ﬁéw%ﬂe%%wg
el ectrode and the probe pin into contact with each

ot hetnv8naiban- exedezchg ba0pabraspherse;taaa@dt(ebject
testing the electrical character- istics of the object
to beetlestisd. méhhsdpwobe wetikdd dprmefer all y heonprrigees
any one of the follow ng arrangenments a) to j), or
sonechp rtr ary bendscofashd.arrangenents in

conmbi nation. 25 a) The reducing process is perforned
by br|ng|ﬁ§cord1ng to a first aspect of the present

invention, there is proviaded a probe method of bringing
a probe pin into electrical contact with, of an object
to be tested having electrodes, at least one electrode
to test electrical characteristics of the object to

be tested. The probe method comprises: (a) performing
at least one of a reducing process and plasma-etching
process for the electrode of the object to be tested;
(b) bringing the testing electrode and the probe

pin into contact with each other in a non-oxidizing
atmosphere; and (c¢) testing the electrical character-
istics of the object to be tested.

This probe method preferably comprises any one of
the following arrangements a) to j), or some arbitrary
ones of the arrangements in combination.

a) The reducing process is performed by bringing
one of a gas containing hydrogen gas and a gas obtained

by activating a hydrogen-containing gas with a catalyst
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one of a gas containing hydrogen gas and a gas

obtai ned by activating a hydrogen-contai ning gas with

a catalyst 1 6 FEB 2007 7 netal into contact with a
surface of the electrode of the object to b FE8sEM,

the plasma-etching process is perfornmed by a gas

contai ning plasmati zed hydrogen-ygas, and 5 the
non- oxi di zi ng at nosphere conprises a dry atnosphere.

b) The catalyst netal is at |east one of a platinum
group netal and an alloy of a platinumgrou tal . .
10 Gl e TUIRICT A ST mshhtiet S e - BrocBest BonplFSbsode Of
heating the object to be tested. d) The nethod
conptlj]egeosk?jep%o Ot%“t%ees?eetg’uci ng process of the

el ectrode, ,0f éfgsﬁglggéhiﬁg2§r58§59di§ g%%gégﬁgﬁgggng gas

object to be tested 1n an rt gas

heatd gt 4161 0] S s O PLd @5t 8 geMNGL €1 Naf e reduci ng

process Is performed by bringing a reducing gas into

contact whd itbe-6kegls 088 abhobPReOB] 86kptOsbe beﬁﬁrﬁd
under atnospheric pressure. e) The reducing gas in the

reducinmgsgiecess is 20 one of a normal -tenperature
reduci ng gas contai ning hydrogen gas and a

nor mal -t empeflat uret & oy et ngegas. i) aA teaperatarefat

whi ch the object to be tested is heated prior to a

pr odelsst biun egieimgne el cdedt 2odel 1oy ¢heaobjetinpo peoup

tested falls within a range of 150 25 to 270C
metal.

c) The reducing/plasma-etching process comprises
heating the object to be tested. |

d) The method comprises, prior to the reducing
process of the electrode of the object to be tested,
placing the object to be tested in an inert gas
atmosphere and heating the object to be tested,

wherein the reducing process is performed by
bringing a reducing gas into contact with the electrode
of the object to be tested under atmospheric pressure.

e) The reducing gas in the reducing process is
one of a normal-temperature reducing gas cdntaining
hydrogen gas and a normal-temperature forming gas.

f) A temperature at which the object to be tested
is heated prior to & process of reducing the electrode
of the object to be tested falls within a range of 150
to 270°C.

g) The catalyst includes palladium.

h) The reducing gas i1s a forming gas.
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g) The catal yst includes palladium h) The reducing
gas is a formng gas. . rl 6 FEB 2007 8 i) The

el ectrode contains at | east one of copper aﬂg a
copper alloy. j) The inert gas is nitrogen gh8. FEB 2007
According to a second aspect of the present 5
invention, there is provided a grober for bringing a
probe pin into electrical contact with, of an object
to be tested having el ectrodes, at |east one el ectrode

outea ShEChrboglechanaelerheliss ot 108.00lae! o Rgoes

reduaclg(g}ga{ p%&%g@r eéfﬂg}r)g process mechani sm whi ch

perforns a east one’ of a reducing process using a

reduci ng_gasraod; ao. et Ghing.Process Hisiag a plasma gas

for the efectrode o e object to ested; and a

nmechani smwhL£8; FOVES At sbeagh 98ge0f bherali ecksel®
to be tested and probe pin, to bring the el ectrode of

the phj&etid®, bendest ed andvibedpsopeoped EBEObringing a
el ectrical contact with each other. The prober

pr eferethd yo conprit s esl @anyr bael ofotbectfoibbw B an object
arrangements k) to x) or sone arbitrary ones 20 of

t he oo riamgessitd havoogbe hattondek) Jheleedticbng gdsctrode
is one of a gas containing hydrogen gas and a form ng
gas.td)tphpel et iyl a2 heehandShehbehcpl aéeshenhebobrécto be
to be tested in an inert gas atnosphere and heats 25

the bbFe’d- t o' e PEIPRH, CHRBFEFASE he reduci ng process

a reducing/plasma-etching process mechanism which
performs at least one of a reducing process using a
reducing gas and an etching process using a plasma gas
for the electrode of the object to be tested; and

a mechanism which moves at least one of the object
‘to be tested and probe pin, to bring the electrode
of the object to be tested and the probe pin into
electrical contact with each other.

The prober preferably comprises any one of the
following arrangements k) to x) or some arbitrary ones
of the arrangements in combination.

k) The reducing gas is one of a gas containing
hydrogen gas and a forming gas.

l) Comprising a mechanism which places the object
to be tested in an inert gas atmosphere and heats
the object to be tested, wherein the reducing process
with the reducing/plasma-etching process mechanism

is performed by bringing the reducing gas into contact
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wi th the reducing/pl asma-etchi hg process nechanismis
perfornmed by bringing the reducing gas into contact 1
6 F EB 2007 9 with the electrode of the object to be
tested under atnospheric pressure. n) The reducing
gas in the reducing process wth the 16 FEB 2007

" reduci ng/ pl asnma- et chi ng process yechanisn1 5 is one of

nor mal -t enperat ure hydrogen gas and a

nor mal -tenperature formng gas. n) The heating
mechani sm heats the object to be tested in a range of
150 voth7dle 6)eAtweERanits MPEhIEN esdt & Rfor-apded] Aner
10 atnosphere. at | east around the el ectrode of the

obj e@tMOFBNEEIEeBEEFSWAFCh has been processed by the
reduci ng/ _ plasma-etchi ng process . mechani sm p) The
mochant oThIOR CECLhE e oot it b T B s
sets r t ' t _l.east .an d the 5 .

el ec ?Bge¥h§)ggﬁgggﬁgéggagg%pﬁfggggl 6?%%5?4%Fﬁﬁﬁﬁﬁnlsm
wher e t e keal terd.sty ject, to
bo 631 01" Sf e Tentad. ARG tie oade el S ol ng
procgssmaeehapestuscarbanded igad.he prober chanber.
20 r) The prober conprises a l'oader chanber where the
obj ect tonbeThestedtiishd aadet rang Hdoadethe alhdde to be
reduci ng/ pl asma- et chi ng process nmechanismis provi ded

i n thestedden ehaabge. of) 1Tle trre@idi°ag/ pl asma- et chi ng
process mechanism 25 has at |east one of a processing
vessel , aogt@QQQNMaﬂism which sets a non-oxidizing

atmosphere at least around the electrode of the object

to be tested which has been processed by the reducing/

plasma-etching process mechanism.
p) The mechanism which sets the non-oxidizing
atmosphere sets a dry atmosphere at least around the

electrode.

q) The prober comprises a prober chamber where the

electrical characteristics of the object to be tested
are tested, and the reducing/plasma-etching process
mechanism is arranged in the prober chamber.

r) The prober comprises & loader chamber where

the object to be tested is loaded and unloaded, and the

reducing/plasma-etching process mechanism is provided
in the loader chamber.

s) The reducing/plasma-etching process mechanism

has at least one of a processing vessel, a stage which

is arranged in the processing vessel and on which the

object to be tested is to be placed, a temperature
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is arranged in the processing vessel and on which the
object to be tested is to be olaced, a tenperature 1 6
FEB 2007 10 adjusting mechani sm of the stage, a
mechani sm whi ch supplies a reducing gas to K

of the object to be tested which is heated JF¥EEQﬁ&
tenperature adjusting mechanis and a nechani sm

whi ch supplies an etching 5 gas. t) Means for

supplying the reducing gas to the surface of the

object to be tested includes a supply source of a

cont é?ﬁPﬁﬁlePSﬁQﬁ“@é@ °d JAs Shasitel @ WRGTE i ggslch

d f th |y source of_ 10 the as,
meant LB LHz %3%%81%%2%@55 A RGACS o ogyeet to
Me t th as chan
compPPoos=EEtal Byl roar S B (A EARGaT i Spciusting

Inne eéHEf'x%gﬁégfa Eh% g\@?hgpﬂ%%elwhljc% Vs)uggﬁ Csata?‘! yesctd:hlng

I's at st one o ['ati num
an abggy of the platinun1group nmetal. w) The catal yst
is palladium x) The reducing/pl asma-etchi ng process

mechani sme)20ichas & o QERESIiiG v agselseusitagayadi€h the
is arranged in the processing vessel and places t he

obj estirfacheoft eakedbtikerean, ba nechan SMAMMIAEE a supply
supplies the reducing gas into the processing vessel,
and aopechkanifsm ghisckongenerate $ val rplcasne afsr,om tdes channel
reducing gas in the 25 processi ng vessel.
where the gas 1is supplied from the supply source of
the gas, and means for activating the gas in the gas
channel.

u).Means for activating the gas in the gas channel
comprises a catalyst metal which is arranged on an
inner surface of the gas channel.

v) The catalyst metal is at least one of a
platinum group metal and an alloy of the platinum group
metal.

w) The catalyst is palladium.

x) The reducing/plasma-etching process mechanism
has a processing vessel, a stage which is arranged
in the procéssing vessel and places the object to be
tested thereon, a mechanism which supplies the reducing
gas into the processing vessel, and a mechanism which
generates-a-plasma from the reducing gas in the
processing vessel.

According to a third aspect of the present

invention, there is provided, in a prober for testing
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According to a third aspect of the present invention,
there is provided, in a prober for testing 1 6 FEB
2007 11 electrical characteristics of an object to be
tested, a reducing/plasma-etching process nmechani sm
to perforn1 at | east one of a reducing process badEB 2007
pl asma-etching process for an Iectrode of the object
to be tested. 5 The reducing/ Hlasna et chi ng process
mechani sm includes: a gas source which supplies a gas
cont ai ni ng drogen g gas channel where a
hydreeﬂg%t-@m%@%@a@fa%m%mq@ shppPi e8I ¢FbnFPhBSghgsted
source; and a process nechanismwhich is arranged in
the Bate e L 2 BEFTiris G °Feast "eha-of odn o berfom
acti vat proces and asmatization process_us
t he a%yjd?aosgtenorb%n? %iheggﬁ%l“gl%r?%e?ﬁ BhA°E32:HE  Blcning
reduc C e h

yel %%§ af{?i St é‘i%@t% &E3P g§8 8‘8#}8& to be rested.

pr efera gas channel i ncl udes an 1nner wal I

sur face ’réHGth é?&@mgieﬁgﬁlhgngeo@@gé ﬁ@&ﬁ@ﬁesm

|ncludes a cata nmetal. Brie scription of

Dr awi gs, 205 Fl GS 1A and 1B are sectional views
showi ng a prober according to one enbodi nent of the
present &nyeatsedrceénwbecbhskbGlikA shges aoprabernng
having a heater 15B in a gas supply contai ner 15A,
and Fy@roddh sghoms a prober having no such heater; 25

FIGS. 2A and 2B are sectional views show ng a
a gas channel where a hydrogen-containing gas is

supplied from the gas source; and

a process mechanism which. is arranged in the gas
channel and performs at least one of an activation
process and plasmatization process using the
hydrogen-containing gas.

In the reducing/plasma-etching process mechanism,
preferably, the gas channel includes an inner wall
surface, and a surface of the inner wall surface
includes a catalyst metal.

Brief Description of Drawings

FIGS. 1A and 1B are sectional views showing a
prober according to one embodiment of the present
invention, in which FIG. 1A shows a prober having a
heater 15B in a gas supply container 15&, and FIG. 1B
shows & prober having no such heater;

FIGS. 2A and 2B are sectional views showing a
reducing process device that can be applied to a prober

according to another embodiment of the present
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reduci ng process device that can be applied to a
prober according to another enbodi nent of the present
7 6 FEB 2D07 12 invention; FIGS. 3A and 3B are
sectional views show ng reducing/plasna-etchinq
process devices applied to a prober according té FEB 2007
still another enbodi ment of the;$ present invention,
in which FIG 3Ais a sectional view show ng a
reduci ng/ pl asma- et ching process device having a
heater 15B, and FIG 3B is a sectional view show ng a
r eduth Vel pt &R - etchlng process devi ce having no such
heat er; 9 # is a ﬁectlonal VIGM/ShOMAn g@ _
reduci ng/ Ig - &fehi a6F058§§18€@|081§ﬁﬁl &%
rober accordin L anot her _enbodi nent._of.
b Rl Y

t he
pr eset 1KYt PO i 878G dp gﬁgﬁﬁnﬁpplled to a

toQ H@% égc r&?n OHBagéﬁhYe ﬁ EBEeEm%ggl ent of the

di str tron of oxygen concen-

coppefeddhim W ERt i 810D A wﬁgcvw@@ea 3heduci, ngeert%ﬁés view
for a copper wafer is perfornmed by using a probe

et habwarce®r di pgdtei agepesbrdi-aenhial bheceBkes@Rtice having
invention; 20 FIG 6 is a graph show ng the

tenperm&wmeroI5Bheandoﬁmer Baf ¢s andetheodist vibut sBBwing a
of oxygen concen- tration in the thin copper film

whi chediel obipl aetdanhenhiagrpdackng peodesshhoingheo such
copper wafer is perfornmed by wusing the probe nethod
accOreR ¥Rt 0 one enbodi nent of 25 the present

i nventi on; , . . . .
FIG. 4 is a sectional view showing a reducing/

plasma-etching process device applied to a prober
according to still another embodiment of the present
invention;

FIG. 5 is a graph showing, together with a
comparative example, the distribution of oxygen concen-
tration in a thin copper film which is obtained when a
reducing process for a copper wafer is performed by
using a probe method according to one embodiment of the
present invention;

FIG. 6 is a graph showing the temperature of the
copper wafer and the distribution of oxygen concen-
tration in the thin copper film which are obtained when
a reducing process for the copper wafer is performed by
using the probe method according to one embodiment of
the present invention;

FIGS. 7A and 7B are graphs showing the influence

of humidity on oxidation of the reduced copper wafer,
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FIGS. 7A and 7B are graphs show ng the influence of
hum dity on oxidation of the reduced copper wafer, 1 6
F EB 2007 13 in which FIG 7A is a graph show ng the
tenperature of the copper wafer and the distriBufi®ngg?
of oxygen concentration in the thin copper film which
are obtai ned when the copper maﬁgr is left indry air
and 5 in an atnosphere for a predeternined period of
time, and FIG 7B is a graph showi ng oxidation rates
indry air and in the atnosphere; FIGS. 8A to 8C show
a probevietholl@eccadhdingat oraphe sépbddionthe ¢emplegature
present invention, and are graphs 10 show ng the

rel a®f oh3fhi poBEEReEALERe2Bdetafi @éSéﬁé@wtth@n@fc@ﬁmﬁn
resistance; FIGS. 9A to 9C show the rel ationshi

betm%%%ce?héaB%SPdFPthﬁnBDﬁP &H8p€6nﬁééﬂ W@§F§t§ﬁ@e

f

o 2oe STEEAOURSY PRERSLAELeL, A0 LS B ey acx ane
gr aph Sggwafeg shange ouer ot LIEAc0L KNG GOAGk: or cine,
reS|stance 0] per Mﬁ er whi C asure

the prgbgrget Bgdlgcgogg P% E88%ng8 eahadinent of tshe_‘m dry

pr esent |nvent|on I's a graph SHOWi ng

change-oygy thnenef sthespaptact resistance of the
copper wafer which is ob ai ned by neasuring the

reduced cepper eafeb Bo anoat ED$RREE MG aEH@K iy to
11(h) are conceptual views showing the respective
st epsnenembbdigehtobfecher pdaceng netleodio2 acdordiengraphs
to one enbodi nent of the present invention;
showing the relationship between the overdrive amount
and contact resistance;
FIGS. 9A to 9C show the relationship between
the overdrive amount and contact resistance of a
non-reduced copper wafer, and are graphs corresponding
to FIGS. 8A to 8C;
FIG. 10A is a graph showing change over time
of the contact resistance of the copper wafer which
is measured with the probe method according to one
embodiment of the present invention, and FIG. 10B
is a graph showing change over time of the contact
resistaﬁce of the copper wafer which is obtained by
measuring the reduced coppef wafer in an atmosphere;
FIGS. 11(a) to 11(h) are conceptual views showing
the respective steps in a target object reducing method
according to one embodiment of the present invention;

FIGS. 12A and 12B are views showing another

example of a reducing process apparatus that can be
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FIGS. 12A and 12B are views showi ng anot her exanple

of a reducing process apparatus that can be 1 6 F E B

2007 14 incorporated in a testing device or the |ike

of FIG 1, in which FIG 12A is a sectional view of

the same, and FIG 12B is a plan view of the gdind:EB 2007
FIG 13 is a graph showing the relationship 5 between

t he oxygen concentration and thé4depth from the

surface of a thin copper filmlayer to exhibit the
experinmental result of Exanple 6 of the present

I nvehhiconpokkGedldn & aegrtaply stwomi gy dihechreel atkOnshi PIc. 1,
10 between the oxygen concentration and the depth from

t he sor#adehof'I& . -t Hi2A deppersdddimralyerigw aikhitg tsame, and
the experinmental result of Exanple 7 of the present

i nvehfGonl28nd sFRGP1ED ivd e grlaphssHddmiarg t he

rel ati onship 15 between the oxygen concentrati on and

the dept hfiGoml} Hé SurfgRd otV g nthoppela fiemship

| aye o exhibit the experinental, result af aml e_ 8

of |t RE HFESent' VAR bR G A B G YA Tom

t he enti 0 Th di t_.of - the present .

[ nveHll}éo%hvﬁi%erIC%bé;E %egg??bec%?ﬁ frle erlea ce tncoO Ifl’tbasl.blt

1A tonl0B, Acqarding [LQ fihe M“ﬁ@@ f r&SE
invention?pgkidg Filng POrned on the efgéFio ép nt
surf agesnelioa;waf er are reduced or plasma-etched by

using, e.g., hydrogen gas or a 25 reduci ng gas
(form ng gas .as 4 igas MrdgH esdwiydragenrelationship

between the oxygen concentration and the depth from
the surface of a thin copper film layer to exhibit
the experimental result of Example 7 of the present
invention; and

FIG. 15 is a graph showing the relationship
between the oxygen concentration and the depth from
the surface of a thin copper film layer to exhibit
the experimental result of Example 8 of the present
invention.

Best Mode for Carrying Out the Invention

The embodiment of the present invention will be
described with reference to FIGS. 1A to 10B. According
to the embodiment of the present invention, oxide films
formed on the electrode surfaces of a wafer are reduced
or plasma-etched by using, e.g., hydrogen gas or a
reducing gas (forming gas as a gas mixture of hydrogen
gas and nitrogen gas) containing hydrogen gas, to

remove the oxide films partly or entirely (this will be
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gas and nitrogen gas) containing hydrogen gas, to
renove the oxide filnms partly or entirely (this w ||
be 1 6 F E B 2007 15 described as "to renove the
oxide films" hereinafter). Wen the oxide fiI OfL

the el ectrodes are renoved, probe pins 14A can ﬁ) B 2007
brought into electrical cont acg Wi th the el ectrodes

with a | ow needl e pressure. r?sequent ly, the

el ectrodes will not be damaged by the probe pins 14A,

and the service I|fe of the probe pins 14A can be

pr ol 8rged L1bAdpEEhETt Cad@draiond-teo axiide diiblots hemredhditer) .
be described. As shovvni n, e.g., FIG 1A a prober 10

10 of thi ¥"&Fbddinent @t hdve O&‘I%e?l%%faﬁ%?s(%’ael n

FI G 42“ whi ch tr sports a ta et oﬁ#ct W(e

waf eff! Oé(e&o@ép s i efectrical
char act rlstlc Obj Wdtob ested (tochJr
refeFrQé% %0 ds |ntf;b Crlol‘ cui t's" Hereinat tEr§e tored Su e

15 Oﬁo%*%% W%f %rly\{v e t(:“_'Ls‘etcetq‘o Cloq;cg lg &g ed by the
ot 0 7%

I‘O| s-various ty evi ces arrange

the %beCIi‘ﬁ'?f%erﬁlA Thed %rs%@éﬁrlﬁﬁe G ﬂlﬂé:lp%j@oéa pins

stage portion where a cassette which stores, e.d.,

waf enga 20rWod $ria Rypl.aced, a wafer transporting
mechani sm 16A whi ch transports the wafers Wone by one

fromthe rcassetdre d&caril iy stctiick avih &dnimdngnsit hepe

wafers in a predetermned direction while the wafers

W ar elelseirmidpedt.r adspahtoech wirt,h ¢.he W&, trAanspostoeyr 10

mechani sm 16A. 25 The prober chanber 11 can include a

stagefl3his embodiment can have a loader chamber (56 in
FIG. 4) which transports a target object W (e.g., a
wafer), a prober chamber 11 where the electrical
characteristics of objects W' to be tested (to be
referred to as integrated circuits hereinafter) formed
on the wafer W are tested, and a controller 51 which
controls various types of devices arranged in the two
chambers.

The loader chamber 56 can include.a stage
portion where a cassette which stores, e.g., 25 wafers
W, is to be placed, a wafer transporting mechanism 16A
which transports the wafers W one by one from the
cassette C, and a subchuck which aligns the wafers in a
predetermined direction while the wafers W are being
transported with the wafer transporting mechanism 16A.
The prober chamber 11 can include a stage 13, a

probe card 14 arranged above the stage 13, an alignment

mechanism (not shown) which aligns probe pins 14A of
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probe card 14 arranged above the stage 13, an

al i gnnent nechani sm (not shown) which aligns probe

pins 14A of 1 6 FEB 2007 16 the probe card 14 and

el ectrodes P of the objects W to be tested orl & H&B 2007
wafer W and a process neans (to be referred to as a
“reduci ng/ pl asna- et ching process, mechani snf

herei nafter) 15 which perforns at |east one 5 of a
reduci ng process and pl asma-etching process for the

el ectrodes P of the objects. W to be tested on the '
waf EMeWPTRRE i3t 4B &t HESHOVRUEF nft Af ebbaxpliects W
directions b t hr ee- axi X-axis, Y-axis, and

- i PR TR P e 85719 arith dah BEOrBEALBgans (to
cl ockw se and(gqyn- techocgmﬁse }nla 0 gi%eﬁtion bg a
rot &ty TecHanSmC The” stage 13 ¢4 af'Sd Thol udd §rocess
t emper at.ure. adj i ani s ' j ust

t o Bty S0 ek N BP0 SR UL PLACIHE L PhEE one

pl aced on-dhe 45, %P@@eé‘@-aﬂ_@eppé%gaQ{@ﬁiﬁ?ApPécEQ@ for

probe card 14 conme into contact with the efectrodes P
of tihe idtearaieds cigcuins bofards on the vaf ees¥edten the

connect the tester T and electrodes P to each other.

The el ot rmdes P can 20 be nade of a conductive netal,

e.g., copper, a copper alloy, or alum num The

reduci ng/ phassbaet chB ngaprbeessvagchantbneeibxiendyesctions

the oxide films formed on the el ectrode surfaces of

t he bjectlsr¢ana=xis be-2est ed'onxihe apg sragésiamoving
mechanism 12 and can be rotated clockwise and coun-
terclockwise in a 60 direction by a rotary mechanism.
The stage 13 can also include a temperature adjusting
mechanism 35J which adjusts the temperature of the
objects W' to be tested which are placed on the
stage 13.

The probe pins 14A of the probe card 14 come
into contact with the electrodes P of the integrated
circuits formed on the wafer W, to connect the tester T
and electrodes P to each other. The electrodes P can
be made of a conductive metel, e.g., copper, a copper
alloy, or aluminum.

The reducing/plasma-etching process mechanism
15 removes the oxide films formed on the electrode
surfaces of the objects (W') to be tested on the
stage 13.

The probe card 14 can be fixed to a head plate 16

on the upper portion of the prober chamber 11. A
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The probe card 14 can be fixed to a head plate 16 on

t he upper portion of the prober chanber 11. AJ $ FE B

W 17 test head TH having a tester T is arranged on

the head plate 16 such that the test head TH can be
electrically connected to the probe card 14. A3 shbBnU07
in FIG 1A, the novi ng nechani g\lZ can have a Y

table 12A which 5 noves in a Y direction (a direction
perpendicular to the sheet surface in FIG 1A) on the
floor surface in the prober chanber 11, an X table

12B whkis¢ch heenved H maarindX aditrestttgd ol oirs tdwer dhdead| en 12 head
and a Z-axi s mechanism 12C which is arranged on the X

t abl @182B. 1Pheumdyitig L hfediRat dmwaP Tarrde e electrically
mechanismthat may use the principle of a linear __

not oFONTIRE HRdV ity e RfiRFmaex d n%‘ses AhestuayelnsdFia: 14,
the X, Y, and Z directions.. The stage 13 ca .

| ncot Bt BEH IR BRSUARATE L USRS fochar 4 aE2h which

i obAduSts e Jemparatur e, of, Lhe 15, abl et (.. <

to be°'est ed Which are pj1 ace e

rangey, f'sh%'eg:' _'su'r%%ct 0 iAhO%G.ThPA)Stcﬁ'gec £L b rface in
d - d

rotated cl ockwi se and counterclockw se by a 1 VI ng

WECh%@lies@r(o@)@r shawber The raduci g )l asi- @ L Nbves in an

process mechanism 20 (to be referred to as a reducing
processiireeitarirsn hereinmafdigrg 1 pesfordsz-adxiLagdchanism

one of a reducing process and plasma-etching process .
for tlze exiider ifd larm orgdderel ot rodeatsis fiaaes dafhd heoving
objects (W) to be tested which are placed and heat ed
on t hechteagesn25 2lFamder atrmspherst Prassure wye the
reduced pressure. _
principle of a linear motor. The moving mechanism 12
moves the stage 13 in the X, Y, and Z directions.
The stage 13 can incorporate a temperature adjusting
mechanism 35J which adjusts the temperature of the
objects (W') to be tested which are placed on the stage
13 in the range of, e.g., -55 to 400°C. The stage 13
can be rotated clockwise and counterclockwise by a
f -driving mechanism (not shown) .
The reducing/plasma-etching process mechanism
(to be referred to as a reducing process mechanism
hereinafter) 15 performs at least one of a reducing
process and plasma-etching process for the oxide
films on the electrode surfaces of the objects (W")
to be tested which are placed and heated on the stage
13 under atmospheric pressure or reduced pressure.

As shown in, e.g., FIG. 1A, the reducing process means

15 can have a gas supply container 15A arranged on the



10

15

20

25

As shown in, e.g., FIG 1A, the reducing process neans

15 can have a gas supply contai ner 15A arranged on the

1 6 FEB 2007 18 head plate 16 and nade of a

heat -resi stant material such as, e.g., quartz or a
ceramc material, a heater 15B arranged in thgq ggg 7
supply container 15A, a gas supply pipe 15C connecPngn
to the inlet of the gas 5 supply®contai ner 15A, a gas
supply source 15D which is connected to the gas

supply pipe 15C and supplies a formng gas, and a

mass hkbowpdaner dlbl endl Giddshiodh a tenrttrales itdiearfd ovatreat a1
of the formng gas fromthe gas supply source 15D.

The sedlcirrg pr 0cesSuasdns o5 ac e refiilveata el f lor i ngeater
gas with the heater 15B in the gas supply contai ner

15A. 1TPBe 2l&ane8df aPnitRg §as BedRde’s Coor: apinesiral Bt chesgas
the oxide filns on the el ectrodes P of the objects W
to b&UPBIYed WA cRCare@TREATER R the Stisde C3.50 e
gas suppl,y contai, ner A can include.a .
hoat SERBHYaCORG SEGhar e TRE hekPalysHoaTGR 150 which
mechani revents t eratur [ e gas .
SUpPLY SORE HEr TEAT Re SaRoR I FFCL LA G (g Suppi ies

di schar, t K t he _ [ - -
harge ReLt 33K af 4t hegas supp Béo%%'}toghﬂ?et‘%{]eﬂfﬁ@ avgrﬁrbh

20 be arrangedsuch that it extends throu

pl at eontbodls anROSILIWOR 224 agenthel G drhe iy QRe & dh ke gas
and opposes the upper surface of the stage 13. The

pr obefpptharberctl 1Bas arhexhadsiciper rbAsslh®ans 15 can
exhaust port 11A can be connected to an exhaust
devi tea’2 thier doghids amsexhabvstthel peal=k 1AH liat the gas
vessel 15F which has an

supply container 15A. The heated forming gas reduces

or plasma-etches the oxide films on the electrodes P
of the objects W' to be tested which are heated on the
stage 13.

The gas supply container 15A can include a
heat-insulating mechanism. The heat-insulating
mechanism prevents temperature decrease in the gas
supply container 15A. As shown in FIG. 1A, a gas
discharge port 35K of the gas supply container 15A can
be arranged such that it extends through the head plate
16 at a position adjacent tc the probe card 14 and
opposes the upper surface of the stage 13. The prober
chamber 11 has an exhaust port 11A. The exhaust port
11A can be connected to an exhaust device 52 through
an exhaust pipe 15E. A flat vessel 15F which has an
open upper end and surrounds the stage 13 can be fixea

to the upper pcrtion of the moving mechanism 12. The
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open upper end and surrounds the stage 13 can be fixed
to the upper portion of the noving nechanism 12. The 1
6 FEB 2007 vessel 15F can be forned to have a di aneter
larger than that of the stage 13. The vessél6 F5B mgn
be filled wth the form ng gas supplied fromthe gas
supply container 15A. A reducing atnosphere can be

set inthe 5 interior of the vessel 15F with the
form ng gas. The gas discharge port 35K of the gas
supply contai ner 15A can be set at any position as

far esssel fBhT scan t e nformednbei hgveangdisfmeties deager than
13. The form ng gas can_be a gas m xture consi sting

10 ofh¥ydtbget gasaand! Ear rT}é? YasSehi LPEgERNGRS) fl'-‘#ﬁéd
formn gas_ in the prober chapber 11 can be adjusted

by t'te WP LRt POF | BrPRSHFduEhoPhAR et HQSCSHPé’r]rty

f th d I
angeoy e rolge@P% * A aﬁéus%nﬂeagmaﬁﬁgﬁﬁ%% 2%bEset in the
parti%@{ré;{ OAStﬁgpwégg?t SL¥ §01n hctBE.RANE L. e

gas, han I'trogen exa

gas h UG C b S e
surf%éé%*%?%fﬁ%%% *éf%ﬁ%fém%? e cdn EESETE’ SRsrgrer 12

menbesn 156G sdheashigl dpseibesn 186 28rcan hel ¢atihe within
interior of the prober chanber 11 in an air-tight

st ateh4 andredi iy atangbeof ntieei ota@€ Lhe prober chanber

in a predeterm ned reduced-pressure state. Oxygen
concent r aThenfoeneng ¢Zscaanbbearr gagedixnsiree caméisting
out si de the prober chanber 11. The oxygen 25
concehthrydfoyemegersand aehsuee ghe oORyjenoeongen,) - The

trations inside and outside the prober chanber 11.
forming gas in the prober chamber 11 can be adjusted

by the mass flow controller 15H such that the content
of the hydrogen gas falls within an non-explosive
range (e.g., 5% by volume or less and more particularly
approximately.B%). As the carrier gas, other than
nitrogen gas, for example, a noble gas such as argon or
helium can be used.

The inner surface of the prober chamber 11 can
have a shield member 15G. The shield member 15G
can hold the interior of the prober chamber 11 in
an ailr-tight state to maintain the interior of the
prober chamber in a predetermined reduced-pressure
state. Oxygen concentration meters 17 can be arranged
inside and outside the prober chamber 11. The oxygen
concentration meters 17 measure the oxygen concen-
trations inside and outside the prober chamber 11.

When an oxygen concentration meter 17 detects. an oxygen
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When an oxygen concentration neter 17 detects an
oxygen 1 6 FEB 2007 20 concentration of a critica

| evel, a warning unit 53 such as an al arm can produce
a warning. The prober 10 can include a neang 5@5596
supplying dry air. The dry air supply source 07
supplies dry 5 air onto the sta in the prober
chanmber 11, so that the electrical characteristics of
the objects W to be tested can be tested in the dry
at nosphere. Wth the dry atnosphere, those el ectrode
sur f @eese ot r8heCBbPécRsCrIF 1€8 1 bé cvedted MRgmiG cit 53
the oxide filns have been 10 renoved by the process

mech@nfenfi524r 8 6F@v€ﬁPeHrOFP8ﬁ1Eeﬁﬁéndﬁﬁdlzed agaln

b t th |

o ober chbRBePeober; il o48 SLRRMAF B JERrBC i e iPPLYing
d tigl

ot reabEof CLie TR BB e BT el Y i S hrate Ny v

will,pe Qﬁ@&rtQsttéﬁetﬁﬁ EE@bS&o%QQ”Q%a bLr 1ﬁheso Rpat

probe pins 14A and el ectrodes P of the objects
to b@hée§188t§5§a§|bﬁ@@gctékﬁst@c%h%fpﬁ%ﬁebb%%%ﬁgem' to be
11 i s exhausted through the exhaust pipe 15E, and t
20 foeatag gas beomekhedgas supplkly yseumesphelel.s Wlth the
supplied into the gas supply container 15A. The
heat@ry 158Bnoaphthe, gasosapplygctonta e fhsAshedt shichebjects
form ng gas. The heated formng gas is supplied
towaftl thebebfestsd Wk wbibe tést edide tfhénmst geelPeen
t hr ough thg gas 25 di scharge port 35K of the gas

a

suppf§meBhtaPiief NESAOCTRE MBFERNGATOM 5t i o @FsalentsH
is filled with the
from being oxidized again by water in the air. When

supplying dry air into the prober chamber 11, the gas
supply pipe 15C of the reducing process mechanism 15
can be utilized.

An embodiment of a probe method which uses the
prober 10 will be described. 1In the prober chamber 11,
the probe pins 14A and the electrodes P of the objects
W' to be tested are aligned. Air in the prober chamber
11 is exhausted through the exhaust pipe 15E; and the
forming gas from the gas supply source 15D 1s supplied
into the gas supply container 15A. The heater 15B in
the gas supply container 15A heats the forming gas.

The heated forming gas is supplied toward the objects
(W') to be tested on the stage 13 through the gas
discharge port 35K of the gas supply container 15A.

The interior of the vessel 15F is filled with the

forming gas, so that a reducing atmosphere is formed
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form ng gas, so that a reducing atnosphere is fornmed 1
FEB 2007 21 in the vessel 15F. The forming gas:

reduces the oxide filnms of the electrodes P of the
objects W to be tested which are already fE ed to a
tenperature of, e.g., 200C or nore by the ﬁéﬁ@r&ﬁobre
adj usting 5 nechani sm (35J) of the stage 13, to renove
the oxide films on the el ectrode surfaces partly or
entirely. The forming gas after the reducing process
flows from the vessel 15F into the prober chanber 11,

and 8 tERhIGSEED ﬂP5h1tH%“bf%%%?“&héﬁﬁ%rr%ﬁPQQFt?ﬁﬁ oxide

outside 10 through the exhaust pipe 15E.. During, this

oper SLLBH, OF AR P IS trat gt i BT P B 19 e

t he praber hanpber_ 11 .and the oxy concentration is

hi ghgrestgﬁgn W%alcr?r §dét grlrﬁer?é]tc?/ glreeaéte%e\r/lca uae?t(?r?f)ee{/\%tr%?engoﬂ

uni t e5§ prz%ugegram)g@gngpggh;g t g\g)%][riattt}l?er %@:jﬁ;iesr%qng

process ‘rfreans 15 renoves I'ms on

el echieedes iRm dry B o WHN & AW 1 POidl Qo' khe oxide
-700) is supplied into the vessel 15F, to set a dry

at mogpheise o drke aesselodSkudfhddd Sastal &r tderirely.
novi ng nmechani sm 12 drives to bring the 20 probe pins

14A ohet Herpriche ear d fi4 ranthd heedleiotg qidesceds of 1dhe from
objects W to be tested into contact with each other.

At thihe tiemselad Atherdd denef idmmoaf atmnbeast €ct r cdes B

are renoved, the probe pins 14A and the electrodes P

need &Ry & Dricipghtt NentRy Bt adtaiwiath P56 teachotdierside
wth a needle pressure lower than in the conventional

case F$6UMat o &< P& toroight! 3t o DUTing this operation,

if air is not sufficiently exhausted from the prober
chamber 11 and the oxygen concentration is higher than
a predetermined preset value, the warning unit 53
produces a warning.

After the reducing process means 15 removes the
oxide films on the electrodes P, dry air (with a dew
point of, e.g., -70°C) is supplied into the vessel 15F,
to set a dry atmosphere in the vessel 15F. In this
state, the moving mechanism 12 drives to bring the
probe pins 14A of the probe card 14 and the electrodes
P of the objects W' to be tested into contact with
each other. At this time, as the oxide films of the
electrodes P are removed, the probe pins 14A and the
electrodes P need only be brought into contact with
each other with a needle pressure lower than in the
conventional case, so that they are brought into

electrical contact with each other. Thus, the tester T
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el ectrical contact with each other. Thus, the tester T

1 6 FEB 2007 22 can test the electrica

characteristics of the objects W to be tested. As

descri bed above, this enbodi ment includes Héﬂd@ﬁn@m

the oxide filnms on the el ectrodes P under the 5

at nospheric pressure or reduced pressure by using the
reduci ng gas (e.g., formng gas?, and bringing the

el ectrodes P and the probe pins 14A into electrica

contact with each other in_the dry atnosphere. Thus,

t he prBbeeprnsha4alarbréradt Fodescpeneédigs pibéhpoobjects
brought into contact with each other with a very | ow
needfe pPeRSureSt89y., 0.2 nN or less), so that they

are brought i,nto_electrical contact w th each .ot her

Thi - depotPt PORCF Bers “bidR ad e WS EHes Bgides
the'fegggfﬁ%yfﬂg EQ¥SESFgﬁﬁsb%na¥%%dEQeEE%%H%%l%gu%%er the
damage y the Tow needl e pressure of the probe pins

;4A~a€ﬁ89ﬁgé99ct8rEQE§r@nEQdEg@ﬂEedt ¢ chydneaen @83 ng the
in the formng gas is activated by the heater f B

The redueing §E9Cessqg0l BbasiRyeL&RI) NI aPHOGLIHgUSING he
acti vated hydrogen can renove the oxide filns on the

20 eteettodessPpwahbi Bha shobt biife. 1kn dddiot ieQRctrical
since the form ng gas and objects (W) to be tested

are cheated, wihe eeducpbhyereact itbr/ plrgs sanetsphieng. Thus,
process can be pronoted. In this enbodi nent, the :
reduthfagrppbeeBsnNAeaAd 25d 23eRaviodgst Re nieest emly5Be s
used. Alternatively, as shown in FIG 1B, the heater

15B ﬁﬁ?uﬁgtoﬁ???e@?ngﬁﬁtoHP§h each other with a very low

needle pressure (e.g., 0.2 mN or less), so that they
are brought into electrical contact with each other.
Thin deposition layers such as the electrodes P or
their underlying layers can be avoided from being
damaged by the low needle pressure of the probe pins
14A. According to this embodiment, the hydrogen gas
in the forming gas is activated by the heater 15B.

The reducing process or plasma-etching process using
activated hydrogen can remove the oxide films on the
electrodes P within a short time. In addition, since
the forming gas and objects (W') to be tested are
heated, the reducing reaction/plasma-etching process
can be promoted.

| In this embodiment, the reducing process means 15
having the heater 15B is used. Alternatively, as shown
in FIG. 1B, the heater 15B may be omitted, and only

the gas supply source 15D may be provided. In this
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t he gas supply source 15D may be provided. In this 7 6
FES 2007 23 case, a reducing gas (formng gas) is
supplied into the prober chanber 11 fromthe gas
supply source 15D, to reduce the objects W to be
tested which are heated to a predetermned!8 FEB 2007
tenperature (e.g., 200C or nore% on 5 the stage 13.
FI G 2A shows anot her enbodi nent” of the reducing
process mechani sm A prober according to this enbodi -
ment is different fromthat of the above enbodinment
onl yCffet hea FedUeinRg PrEcesSrRetRafPsSm 1As SsmdWrd &ch i1 the
FIG 2A, a reducing Ergcess gechanisn12§_used in t i S
enbodF ABRF HB&™A®palfadfGih prife 9% CHPR & &E&S of Py t©°
e.g. to 100 25A which is forned of .a.platinum, . _
grouﬁegFgﬁeﬁ?“(gggéféﬁawra Puflf &FSIHES &6y iddeo "geted t°
pi pe a ' i A gas c |, T

et RGC o oee0e Hac RS it an haue 4 peof i Rgre! ©
heat ef,.29B,sur feundi ng the pal | adi um pi pe 25A, a
heat -1 nsul ati on pi pe 25C for accommobdati ng the heater

25B, and a1stoninghpivRe a22RPneh ehias e rfowd enmldeducing
structure and acconmodat es the heat-insulation pipe 20

25C. pIbeetsedmechgnpencess pecbani amcdydday he attiackedtodi-
to a head plate 16. A gas supply source 15D is
conneehedisodtifi¢erapperf rend toktt be pald adicva prpedd5&nt
through a gas supply pipe 25E. The gas supply source

15D soppl iasthe25egasifpe. grocasSomeiongrgas). cdst sihgiwrg in
hydrogen gas to the pall adi um pi pe 25A while
ContFépLigé,tﬁerﬁﬁgwipgt@rocess mechanism 25 used in this

embodiment has a palladium pipe (with a diameter of,
e.g., 3 to 100 mm) 25A which is formed of a platinum
group element (e.g., palladium) or its alloy into a
pipe. The palladium pipe 25A 1s a gas channel. The
reducing process mechanism 25 can have a pipe-like
heater 25B surrounding the palladium pipe 25A, a
heat-insulation pipe 25C for accommodating the heater
25B, and a storing pipe 25D which has a double-wall
structure and accommodates the heat-insulation pipe
25C. The reducing process mechanism 25 can be attached
to a head plate 16.

A gas supply source 15D is connected to the
upper end of the palladium pipe 25A through a gas
supply pipe 25E. The gas suppliy source 15D supplies a
gas (e.g., a forming gas) containing hydrogen gas to
the palladium pipe 25A while controlling the flow rate

of the gas with a mass flow controller 15H. Each of
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of the gas with a mass flow controller 15H Each of 1

6 FEB 2007 24 the heat-insul ation pipe 25C and

storing pipe 25D has a bottom surface with an outl et
fornmed at its center. The bottom surface of yher 9

storing pipe 25D also has a double structure, an% gﬁ

i nert gas such as nitrogen 5 ga§4is supplied to a

space between the two walls. The inert gas supplied
fromthe outlet of the storing pipe 25D into a prober
chanber purges air in the prober chanber. The

pal | &R UM Pt pen 2B hasnaPibfictPbnabf Saetiivgt PAget #eD has a

hyd ) h | | adi i 25A 10 o] f

Ths Fﬁ’@jtz%@?ﬁ?ug %ﬁlagv?f 9%‘%3 fié Iirinﬁggfzifff;“:fjg%%péﬁ:slg&ig%;r -

| a ranu r a a u , 1 U

PO TR b Ao B Poo L AL B AP b8 2B L3 e
By Be’ 4 bI'Be PR 2

Condouane [e0) SLANL. MRLER | 2.3 RREcOBBEALLER 8k hiErogen

Firs njtr j u Led t S [ ipe
it {REIPLRY L RBPkERoeE Rl BReot el B 0L

ai r ime thes prohes shapbetd rFhR heat en+28B Beatset RRoring
pal | adi um pi pe 25A to the activation tenperature

(600 ¢ t2eSsinod Aydreogen gasmBeropuagkenperatur @ heOprober
pl asmati zi ng hydrogen. Subse- quently, a form ng gas

i s supphbhed. f ronetpel gasisuppliipe 86ar besldDftiacthen of

pal | adi um pi pe 25A. Hydrogen gas in the form ng gas

i s artivarednasthe kpdesgént gasont dbe pailihdtibe pipe 25A
pal | adi um pi pe 25A. The formng gas is 25 supplied
tomﬂ?@yab%a@gravmﬁﬁhtﬁép%r%éeﬁpéﬁéﬁbéWPeTheIna@ﬂﬁ@@téé

hydr ogen reduces or_p| asma-etches the
y tge pgffadfum pfpe 25A, a granular palladium catalyst

or palladium coil may be arranged in a .pipe made of a
corrosion-resistant material.

The operation of the reducing process mechanism 25
will be described. First, nitrogen gas is supplied
from the storing pipe 25D into the prober chamber.

The nitrogen gas purges air in the prober chamber.

The heater 25B heats the palladium pipe 25A to the
activation temperature (600°C or less) of hydrogen gas
or a temperature for plasmatizing hydrogen. Subse-
quently, a forming gas 1is supplied from the gas supply
source 15D to the palladium pipe 25A. Hydrogen gas in
the forming gas is activated as it comes into contact
with the palladium pipe 25A. The forming gas is
supplied toward a wafer W in the prober chamber. The
activated hydrogen gas reduces or plaéma—etches the

oxide films of electrodes P on the heated wafer W. The
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oxide filnms of electrodes P on the heated wafer W The
1 6 FEB 2007 25 reducing process nechani sm 25 can be
preferably used when reducing or plasma-etching a

netal material nmade of, e.g., copper or a c;ﬁper
alloy. FIG 3A shows a reducing process necHanif&® 287 5
used in a prober according to stif | another enbodi nent
of the present invention. The prober according to

this enbodi ment can be forned in the same manner as in

t he abqve, enbodi ments except, for_the reduci ng process ‘
mechARPLRTT8., DACFEATCTTG THrbEERe frocaris M, WhAhy | gsed

10 used in _this embodi gent and performs at |east one ‘
of a"FeduEPRY CPFPEcSEs PARE S ase i Hi dif prodkssef sl made
for Ln_a | r,.C er_ 96 s shown in FIG 3A
Bef g?ﬁ’ {eégfi’ng%g%jeerc{%n‘%v %Ogo%eerataes ®d forned on a

waf er W gtrhe raduging m%&&mﬁ@@ﬁ%@@;@f@v 15

the oxide 15 filns of el ectrodes

to bestestada pHeoped arddieimef efo Wi it he d9aderempodiment
chanber 56. The reducing process nechani sm 15 can

i ncl adethepbeesssitnd nveesseln 35Aha daimer alddf®-ding to

adj usting nmechani sm 35J which heats and cools the

waf ethsi embhdipeotessinngp ey eSsete @0 B85 e astageaddr das in
plurality of elevating pins 35C to receive the wafer

W ontfReabpage em®odamgas sspptsgpt clomt dilreerr kb g abrocess
is arranged above the processing vessel 35A and has a

heat BECEBB1SHE das sBpplofusiify Bocevnmagsianisn the which is

gas supply container 15A, a gas supply 25 source 15D, _
and Hsggsggxﬁﬁﬂét eﬁ%ﬁé“f?@tccﬁﬁ%cﬁee"dfct%“%f?et pst one of

i . in i ntr
SquLyrggﬂEéhge%r%%ésSAJHgTElé%égg%tgHiég“g?%Less is formed

in a loader chamber 56, as shown in FIG. 3A. Before
testing objects W' to be tested formed on a wafer W,
the reducing process mechanism 15 reduces the oxide
films of electrodes P of the objects W' to be tested
formed on the wafer W in the loader chamber 56. The
reducing process mechanism 15 can include a processing
vessel 35A, a temperature adjusting mechanism 35J which
heats and cools the wafer W in the processing vessel
35A, a stage 13, a plurality of elevating pins 35C to
receive the wafer W on the stage 13, a gas supply
container 15A which is arranged above the processing
vessel 35A and has a heater 15B, a gas supply pipe 15C
connected to the gas supply container 154, a gas supply
source 15D, and a gas exhaust pipe 15E connected to the
gas supply container 15A. A forming gas introduced

from the gas supply source 15D through the gas supply
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fromthe gas supply source 15D through the gas supply
16 FEB 2007 26 pipe 15Cis heated in the gas
supply container 15A. The heated form ng gas is
introduced into the processing vessel 35A to reduce
the oxide films of the electrodes P of the bbjfdd &M
to be tested. A wafer 5 transpo&éing mechani sm 16A i s
arranged in the | oader chanber™56. The waf er
transporting nechani sm 16A transports the wafer W
between a_ cassette C and the processing vessel 35A.
PrefRiR®I y°Cdt§ BFRLPY $0pplredasi ArBPLNe Covadgemer 15A.
chanber 16, in same manner ;as in 10 the prober

h
chanbef , "Eotaq; gngHPeEPBrlelPﬁéOPBSGSr1“€Waﬁ5§% 56
dry_at mospher e, . R mhol G _denot i
e X T
i t— 7' d .
VoSl o, o cper tLomioL L0ey oL DD SRS 1 v

chanbeln 980 - £ PEg WAL Bhant EANSRAT L 5N PEGRARI S 16A 1oader

extracts a wafefr Wifromthe cassette C~ transports

the yaimkeW 50t 0 the Preeessi-Rsp¥essal 32Ankhrawon ea
t he opening/cl osing door G which is opén, and pl aces

the vafespd¥tsooheéheastage H3taBka a20akketelecatindd the
pi ns 35C that have noved upward. The elevating pins

35C povecdowngardstsolpBage t heeateblW dmyt herstiageupplied
13. The heater 15B of the stage 13 heats the wafer W

to alptedeber hpaddrt ehpebaruie, MeahWhi Beme thener as in
formng gas is supplied fromthe gas supply source 25

15D FhtoPFAecHas etiBBFy €BnEaPHEE 1BASTTRE Pér ihgg loader

s h in th I ntainer 15A by the
gas éﬁamgggeg6 totaedggsa%gggp e%g.taRe%ere%ce %ymbol G

denotes an opening/closing door to open/close the
processing vessel BSA.

The operation of the reducing process mechanism 15
will be described. In the loader chamber 56, the wafer
transporting mechanism 16A extracts a wafer W from the
cassette C, transports the wafer W into the processing
vessel 35A through the opening/closing door G which
1s open, and places the wafer W from the stage 13 onto
the elevating pins 35C that have moved upward. The
elevéting pins 35C move downward to place the wafer W
on the stage 13. The heater 15B of the stage 13 heats
the wafer W to a predetermined temperature. Meanwhile,
the forming gas is supplied from the gas supply source
15D into the gas supply container 15A. The forming
gas 1s heated in the gas supply container 15A by the

temperature adjusting mechanism 35J (e.g., to
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tenperature adjusting nechanism35J (e.g., to 1 6 FEB
2007 27 substantially the sanme tenperature as that of
the wafer W. The heated formng gas flows into the
processing vessel 35A to reduce or plasna-gtcEEéhe

el ectrodes P of the objects W to be teste

wafer W After the 5 oxide filnmg-are reduced or

pl asma- et ched, the wafer transporting nmechani sm 16A
extracts the wafer Wfrom the processing vessel 35A

and transports_ it into the prober chanber 11. The
el ecBFPEAPNERAL At &FEsRES MR Tdbj%ecSs Wt (53fbethe wafer

tested f the t ted 10 wafer W
test 8 PR o Brate: (ERAMRE: CFF, Tus 38 1% Wi fasResing

fromg pparatus |n FI 3Aint i £ does.
not Inc g e%%héatng%gﬁ &h0|ng(%}3ghss ectrodes P of

mechanksapiacelionn L B e%% LPURPldies 2. 780Yel g, 435 e

rmn rom a 1 gas supply source

t0 aoQE@Ee§§HHQ &%%S%Qd%%@d Eﬂeﬁw%gﬂaiékdﬁgaFﬁﬂﬁé)@é¥er
entireiy reduces the oxide filns of electrodes P of

heat edagbpeetsn¥ meehbe itsastieh MGty e H v ILAGe from
13 arranged in the processing vessel 35A. 20 FIG 4

showsha peduaeissgnpr veess InBcRarirsmttzrsgedtd nita into the
prober according to still another enbodi nent of the
pr esenbtbenvehember The plblserclactoridialg dimtdviteristics of
enbodi nent can be forned in the sane nmanner as in the
abovéRenBBAFRERt ¥ 'excepte 65 tate faemnd P privedsmnsprted

mechani sm 15. As shown in FIG 4, the reduci ng process

mech4AL &M Y52G8ed oSk ochild &RSoRIARRT ARMaRA a

FIG. 3B is different from the apparatus shown
in FIG. 3A in that it does not include a heater 15B.

A reducing process mechanism 15 shown in FIG. 3B
supplies a reducing gas (e.g., a forming gas) from a
gas supply source 15D to a processing vessel 35A.

The reducing gas partly or entirely reduces the oxide
films of electrodes P of heated objects W' to be tested
which are on a stage 13 arranged in the processing
Vessel 35A.

FIG. 4 shows a reducing process mechanism 15 used
in a prober according to still another embodiment of
the present invention. The prober according to this
embodiment can be formed in the same manner as in
the above embodiments except for the reducing process
mechanism 15. As shown in FIG. 4, the reducing process
mechanism 15 used in this embodiment can include a

loader chamber 56, a processing vessel 35 connected



10

15

20

25

I oader chanber 56, a processing vessel 35 connected 1

6 F E B 2007 28 to the | oader chanber 56 through a

door G such that the processing vessel 35 can

conmuni cate with and be isolated fromthe | oader
chamber 56, a stage 13 arranged in the proces§i g8 2007
vessel 35 and serving as 5 a | r el ectrode as well,
an upper el ectrode 45C arranged above the stage 13 to
be parallel to it and having a | arge nunber of gas
supply holes, a gas supply source 15D for supplying a
forﬁﬁhqﬂgasl@ﬁﬁ%r @h@m%@écgéthgOV@éséldggr @andugh that
exhaust device 52 10 for_exhausting the gas in the

pro |R@P@%§%é¥93%essﬁéd?§ %?ﬂngﬁ%@Pélééﬁebél§€taPﬁ be
the | o h shown t he
S ade o L ﬁ%wua%e LP59eT oFSEbrbaSssE Sortectdd

to an 11 56~ MHz h- frequency g ver §gpglg 45E, .a
eater,

heat B3P on E% BB RAvVT g a a“BgoPThYLN9 @s
9 Y

por t1 of, 45H afLapged. yodesy the.heasipg PRELLERGASG:c
B el

and aV|ng a refrigerant ahne evating pins

(35GiMmi& 3vEofhe vg{é&gahbytaoyé Nga@avater W ok.
the stage surface. Wen the hi gh-frequency power

suppdiyd 458y ap@l 4 esa 20 hhghbé Fegaegsy povelyt BolBEe, a gas
| oner el ectrode 45F under a predeterm ned reduced

pr essusel v asdor ok ng5nasopl asppl yisggenévanedgbgbweento
the | ower el ectrode 45F and upper el ectrode 45C. The
heattimg portt onidgGange £oddbi ngndpant ephad5H ddjyuse 52

t he tenperature of the wafer Won 25 the stage 13. As
showrP¥ rexagstimgGhea geapelgathesnppryssbnececssplcadh -

i nclude a hgdrogen gas supply
A dry atmospheré can be 5et in the loader chamber 56.

As shown in, e.g., FIG. 4, the stage 13 can
include a lower electrode 45F connected to an 11.56-MHz
high-frequency power supply 45E, a heating portion
45G having a heater, a cooling portion 45H arranged
under the heating portion 45G and having a refrigerant
channel, and elevating pins (35C in FIG. 3A) for
vertically moving a wafer W on the stage surface.

When the high-frequency power supply 45E applies
high-frequency power to the lower electrode 45F under
a predetermined reduced pressure, a forming gas plasma
is generated between the lower electrode 45F and upper
electrode 45C. The heating portion 45G and coocling
portion 45H adjust the temperature of the wafer W on
the stage 13. As shown in, e.g., FIG. 4, the gaé
supply source 15D can include a hydrogen gas supply

source 45I for supplying hydrogen gas, a nitrogen gas
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source 451 for supplying hydrogen gas, a nitrogen gas

1 6 FEB 2007 29 supply source 45J for supplying
nitrogen gas, and a mass flow controller 15E for
adjusting the flowrates of the hydrogen gas and
nitrogen gas. The mass flow control |l er 15E adjg/sER ighe
hydrogen gas to a 5 predeterningg concentration and
supplies it into the processing vessel 35. The

processed gas fromthe processing vessel 35 is

exhausted through the gas exhaust pipe 15E. The

oper 8¥PBAY ofC¥heSr éddct Ry FrEPEYI NAedhadCIRrITasy0 and a
wi Il be described, In._the_| oader chanber 56, a wafer W
is elszﬁacfiawwa%aogéggeﬁﬁé. Bef 6F8 Uf&S g e Low rates
electrical characteristics of .objects W to_be tested
Fornt bhct RUSHEREE e Sastsl ar EPERen 8 ng THeC HESm
tran t r f der .c er_56 .15
e S S Sl R
gatep¥@&¥@egﬁiﬁe8|eéﬁgehgrb§gbﬂt% Bhgubgﬁg%ﬁoﬁtoﬁjhnpthe
processi ng vessel 35 fron1externap air. Then, an
exhaysbcdeviag S2sexhagsts ahe p@ot:la%s%o%%%slf%m the
vessel 35. Air in the processing vessel 35 is purged

W t hp20cektingenegasl AST asMeRfa0as eQORBIrStighg tofe gas
hydrogen gas and nitrogen gas is supplied fromthe

gas supphytspupeel5E5D into the processing vessel 35

at a predetermned flowrate to purge air. The :
i nterior &hetheeprodessiofgtheegeaiucdhai preaiansaimnmathagtism 15
a pressure that enables 25 plasmati zation.

H ghvitégbenegsponerdi-s applritéd legderhehpser 56, a wafer W
el ectrode 45F, and a formn e%%s i s_generat ed

is extracted from a cas te. DBefore testing the
electrical characteristics of objects W' to be tested
formed on the wafer W, a wafer transporting mechanism
transports the wafer W from the loader chamber 56

onto the stage 13 in the processing vessel 35. The
gate valve G 1s closed to iscolate the interior of the
processing vessel 35 from external air. Then, an
exhaust device 52 exhausts air in the processing vessel
35. Air in the processing vessel 35 is purged with
nitrogen gas. A forming gas consisting of hydrogen gas
and nitrogen gas is supplied from the gas supply source
15D into the processing vessel 35 at a predetermined
flow rate to purge air. The interior of the procéssing
vessel 35 is maintained at a pressure that enables
plasmatization. High-frequency power is applied to

the lower electrode 45F, and a forming gas is generated

between the lower electrode 45F and upper electrode
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bet ween the | ower el ectrode 45F and upper el ectrode 1
6 FEB 2007 30 45C. The plasna etches the oxide filns
of copper electrodes P of the objects W to be tested
on the wafer W After the cooling portion 45r|qyéckl
cools the wafer Wto decrease its tenperature fofEB A
normal 5 tenperature, and suppég and exhaust of the
form ng gas are stopped. The gaze valve G is opened,
and simultaneously the wafer transporting nmechani sm
enters the processing vessel 35. The wafer

tran$perti ﬁge ReeRER| ShchRlSodds e dfaffarlnw faforfatRer
processing 10 vessel 35 into the |oader chanber 56.

The §aBet¥afge FPGOifs LEIF0SEd EHFe Mafét Af jtested on the

transported to_the prober hanber through the | qader
ChanberCEanh B CR EaPuEead - o bRty e Y cools

Afte% t6hat £ trh@ %I e((:jterci %%Isech%rsa te%ri srtaitcsv oftot r;]eoma“

obj e Ps W to De fested 6i° 15°% he Warer Waré tested

int hagber .i.n th a er | ;

L BEnBERDEL CNALREY LBChle o SATIINC A% AN Al ng
exa”BE§SarEh§tb?EEH¢nCQ%et%%Eet@%ld@“dkﬁéFHbéHEE, and
reduci ng properties of copper and 20 hum dity pose on

oxi dat hadtweEeuebserved wsgeal frirealdop riHPu@thanism enters

experinments. Also, the probe nethod of the present

i nvenheoprvassspeci fiecaldly 3ir.actiheed dferchatdsddreing

effect of reduction. Exanple 1 25 In this exanple, the

r eduvengapésfronmaresisoft nieheva ffear M g qyas- hea 9 wlyseradied

The oxide filmof a copper
vessel 35 into the loader chamber 56. The gate valve
G is closed. The wafer W is transported to the prober
chamber through the loader chamber 56 which is adjusted
to a dry atmosphere. After that, the electrical
characteristics of the objects W' to be tesﬁed on
the wafer W are tested in the prober chamber in the
same manner as in the embodiments described above.
[Examples]

In the examples, the influences that the
oxidation and reducing properties of copper and
humidity pose on oxidation were observed specifically
through experiments. Also, the probe method of the
present invention was specifically practiced to check
the effect of reduction.

Example 1
In this examplie, the reducing performance cf the

forming gas was observed. The oxide film of & copper

wafer (thin copper film = ! um, TiN underlying
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wafer (thin copper film= gm TiNunderlying 1 6 FEB
2001 31 layer = 15 nm (to be nerely referred to as
"reference wafer" hereinafter) for reference was
reduced in a formng gas atnosphere. The oxiléeﬁEB 2007
concentration distribution in the thin copper film

- was observed. 5 Mire specifical%i, the reference wafer
en

was placed on a stage. The ref ce waf er was heated

on the stage which was set at a tenperature of 150C
Inthis state, a forn1n gas Shydrogen gas
concent®atT ohS =By (b b%l@ﬁﬁ? WagesgppEcedot 8seXpeserence

the reference wafer 10 to the form ng gas atnosphere.
Af t etk it h%ﬁ%llai%%ﬁ tOhcEREPAENER HRSt FPBUYEESN 1im @

t he %hln copper fj observed with an X-ra ,
e AR B ebrP et i re Y L EhE Oy e SnARE ket ian
whi | f | t

s G DERLA0E, &nl B OLEDCR, 1 HIEBDoR X 1B [EBIEB 82T ea.

nltﬁﬂ&%@ c?%ﬂ@§@bgrethé¢£gt ﬁggég’wgggro§¥geplﬁced on a

concentration distribution in the thin copper

was Hhses vedrmit hekbeeXPS. wEEGE @a%hﬂﬂéteﬁh%nr%§@|5§aoe
of this observation. According to the results shown

in RIKGch, wikeget het f or pemge gasuvasc201suppl i eth thes
oxygen concentration becane zero at% before the depth
fromtdres sus f Acemodhigt est hhndeoppear gaki konceachedidd = 3%
nm This indicates that the oxide filmis greatly

t hi nmervehanel nweéhesveperenceowakppseantei seference wafer
accordlngly reliably reduced by the formng gas. 25 In
conttastne of eANENT| Baa ABRCBRNAr2i ngRAdtABsphete the oxygen

obtai ned b | yi ng the nitrogen t he oxygen
concen ratfgnydlgtrlbutlon gn tge thin copggr film was

observed with an X-ray photoelectron spectroscope
(XPS). In the same manner, while heating a reference
wéfer, only nitrogen gas was supplied to expose the.
reference wafer to a nitrogen gas atmosphere. After
that, the oxygen concentration distribution in the thin
copper film was observed with the XPS. FIG. 5 shows
the results of this observation. According to the
results shown in FIG. 5, when the forming gas was
supplied, the oxygen concentration became zero at$
before the depth from the surface of the thin copper
film reached 10 nm. This indicates that the oxide |
film is greatly thinner than in the reference wafer
and is accoradingly reliably reduced by the forming gas.
In contrast to this, in a non-oxidizing atmosphere
obtained by supplying the nitrogen gas, the oxygen

concentration was higher than in the reference wafer.
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concentration was higher than in the reference wafer.
1 fi FEB 2007 32 Exanple 2 According to this
exanpl e, the influence of the tenperature of §R@erpg 907
stage when reducing the oxide filmof a reference

waf er by using a form ng gas was 5 observed. Mire
specifically, as shown in FIG g the tenperature of
the stage was changed between 2 BC, 300C, 325C, and
350C, and the oxygen concentration distribution in
the thin copper filmat each tenperature was observed
wi t hExaepXPSZ FIG 6 shows 10 the results of this
observation. According to the results shown in FIG

6, the hi BREPTEREI ERpERALULE I LS he Nt ddge L Ui sotle

‘the reduction was pronoted. Exanple 3 In this
88 bhe

exanpl'&, “ERBEFAFFaEN h&hPdict yOeR B USxiFattitgn oxide
was ggisrvgda Ngrerggecifg%alléf waf.er s @fre.l%ft inwaS
dry At (dew pdFatrei76c) 2 TaR AmdSoRer & (PEEadie

= 25 Ldity = _50%.,. :an [ f. '

er tobee B! | Mo p it g AR TVOIEN HORR L paTe e the

of themgopReL-rwaber sntt BkageoRRe dHali¥en 2Qthedn 2HNC,
underlying layer = 15 nm in the respective

at nogpber eszaeics ehgensdc, Fhad theshawgehhe sttt ion
of this observation. Oxidation rates in dry air and in
at nogdpherébwel enobhaihedt hEhGeotBeshdid nt he ebicdi ned
results. Marks in FIG 7A indicate the oxygen 25
conceanparponrdi vesi boseoneidn wiilid tthien XGSpperfd.l i shows
i mredi ately after the copper wafer was fabricated.
the results of this observation. According to the
results shown in FIG. 6, the higher the temperature of
the stage, the more the reduction was promoted.
Example 3
In this example, the influence of humidity on
oxidation was observed. More specifically, wafers
were left in dry air (dew point: -70°C), an atmosphere
(temperature = 25°C, humidity = 50%), and nitrogen
gas for time periods shown in FIG. 7A. The progress
of oxidation of the copper wafers (thin copper film =
1 um, TiN underlying layer = 15 nm) in the respective
atmospheres were observed. FIG. 7A shows the results
of this observation. Oxidation rates in dry air and in
atmosphere were obtained. FIG. 7B shows the obtained
results. Marks € in FIG. 7A indicate the oxygen
concentration distribution in the thin copper film

immediately after the copper wafer was fabricated.

According to the results shown in FIGS. 7A and 7B, the
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According to the results shown in FIGS. 7A and 7B, the

1 FEBZ2007 33 longer the leaving tine in a

hi gh-huni dity at nosphere, the nore the oxidation of

the thin copper film progressed, and the | argeregha

t-hickness of the oxide filmto be reduced. In

contrast to this, in the dry 5 air, even when the

| eaving time was | ong, oxidatio 3did not progress so

much as conpared to the copper wafer imediately

after fabrication. Therefore, even after reduction,

if téshigng was Aetvperf drimed iinn aa hhgmi-th urdtdiospleame sphere,

but was performed in dry air, testing could. 10 be

per f BPReBOWRt Bhg PonetAeadlod phesdhie coppatplie Un | n

this exanple, the relationship between the needle _

presBGPETEESERe BRELEDSI ASTAST (the doicddEess of the oxide
r wafer i

i st . th [ fil f th 15
AP EEoREr E5RAE b ser o onHid oo Naer ™ i dry
Condr ey ons e and el o B ah o sy o ds R nodargion did
f i 0y T ( f
ol aced BRLPRESS( agam he 5t SESERAER0NE, G EontY pres

20 aipmedewrROLNErEer/@Gb iR atthige | @vehSrdres: e Brter
10 um and 30 gm At each overdriven point, the

cont aeutesbat ange tbetwagn wiake neepper raated and praheq
pi ns was neasured. FIGS. 8A to 8C show the relation-

shi pababweerreheutverdr pee fammgat ihneedl aipresHyEnRTould
and contact resistance. For the sake of conparison, by

usi ngearroforaddced tboppérweal eeedilke presdlueepr essur e

Example 4

In this example, the relationship between the
needle pressure of the probe pins and the contact
resistance of the oxide film of the copper wafer in
a dry atmosphere was observed. The copper wafer
was reduced by using hydrogen gas with the following
conditions, and was kept in a nitrogen gas atmosphere
for 20 minutes. Then, the reduced copper wafer was
placed on the stage. The.stage was overdriven im dry
air (dew pbint = -70°C) to three levels, i.e., 0 um,
10 um, and 30 um. At each overdriven point, the
contact resistance between the copper wafer and probe
pins was measured. FIGS. 8A to 8C show the relation-
ship between the overdrive amount (needle pressure)
and contact resistance. For the sake of comparison, by
using a non-reduced copper wafer, the needle pressure

of the probe pins and the contact resistance were
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of the probe pins and the contact resistance were 7 6

FEB 2007 34 neasured in dry air (dew point : -70C) in
the same nmanner. The results of the measur gngerie gy
shown in FIGS. 9A to 9C. Wen the overdrive (OD)

amount satisfied OD =0 um OD = 10 um and OCD = 30

um the 5 needle pressure was 0O , 15 mN, and 50 m\,
respec- tively. \Wen all of t he3%5 probe pins of the
probe card cane into contact with the center of the
copper wafer and the resistance value was 5Q or |ess,

it wasasdeedr ANndd yt Ratr OBew @ainmh :Al-sl®°Cvarinathensame
inthe Z 10 direction were 10 umor less. [Conditions -
for ReBDErng PPrEc&ssplbsesdurtds magrpgesechasershown in
133. 332 Pa__Tenperature of stage: 400C Tenperature

i ncr 8a56& -t Phe t6f %5t agdhes HNRULES T s RedWh ng it Bttesss

ti ith_h 15 m Fl t f

hyr SGENSEAES 80 s o MeoPi Mo Lb: s PP amfRr 18 KT, the
' [ to th | in F 8A t

sc hEB R g ts b et v Tlltod: TRE Gl My fedee-

when.t e  COpPRAL Waher andprake N3 e Myl d N ope

n
contact with each other), sonetines the contact

resi shanceamal et exeeedstlAdn ahesshewtdn Jd GhdAopper
As the nunber of tines of neasurenent increased,

howevafert BadcentacksAs thesiestance dee eaiedr YBeB,the was
overdrive anmount becane 10 um the contact resistance
val uéebecardredsthaw @ = 0 um. Also, variations in the 2
direction were 10 um or less.
[Conditions for Reducing Process]
Pressure in process chamber: 133.332 Pa
Temperature of stage: 400°C
Temperature increase time bf stage: 5 minutes
Reducing process time with hydrogen gas:
15 minutes
Flow rate of hydrogen gas: 500 sccm
Cooling time for wafer: 15 minutes
According to the resulté shown in FIGS. BA to 8C,
when the overdrive amount is 0 um (that is, when the
copper wafer and probe pins are merely in contact with
each other), sometimes the contact resistance value
exceeds 1.0Q, as shown in FIG. 8A. As the number of
times of measurement increésed, however, the contact
resistance decreased. When the overdrive amount became

10 um, the contact resistance value became as low as

0.2Q -or less from the beginning of measurement, and
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0.2Q or less fromthe begi nning of neasurenent, and 1
G F E O 2007 35 electrical connection between the
thin copper filmand probe pins was greatly inproved.
When the overdrive anount further increa ch
30 gm the contact resistance value did ﬁﬁ? el o7
substantially change from5 that obtained at 10 um
Hence, wafer testing could be ﬁer’rforrred reliably with
an overdrive anount of 10 um that is, with a |low

‘needl e pressure of 15 mN. In contrast to this, with a

non- eeéduted cedppeonnewdfien e Weerapper erttid rasppdre £ilm and
results shown in 10 FIGS. 9A to 9C, even when the
COpPPEEORES @A NRad 35l &EE@ t livn 1&gy ed +  dilrrspiies eqvedrive
wafer could not be tested except with an overdrive
ampuAMOHN t36 Ui ethat Gre2sad 4P 4 gh Heedle phess@gact
of 50 mN. Exanple. 5 15 1n this exanple, the influence
of hARFAPEST oM YERECoHERe r SoiRt e Dt itiFnge Trom
redu copper. fer .and the probe pins was observed.

%%gt €§@alnegaa%_1%7dty.masegﬁsplwg?egt%gsgﬁgﬁ could be

Dry air ew point ="-

rate LLmin.. 4R a .dr e, t P

waf epg&ggiggdogg]rlgraibvl n%]fl_fnirl—lylag-f %ﬁeﬂgﬁ%fn&ﬁt%{ 10 um,
cont aghtWikh ke RBraRe Rideilelha-Lanhact, 4 esd shance

of the entire surface of the copper wafer was

measur ed. Thhedmesddr +f dris, maﬁuf£m—ﬂ‘@<§u§é@%bcﬂ>ﬁer_

FIG 10A. Also, in an atnosphere (tenperature = 25

hum ditfgrs 56. 1% ap2a renteduced wWeppersWitLrsaas in

overdriven for 10. umto. bring it into contact with

the pE6Be PPnso Phe eostnaecthen the copper wafer was placed
in a dry air atmosphere, the wafer could not be tested
except—with an overdrive amount of 30 um, that is,
with a high needle pressure of 50 mN.
Example 5

In this example, the influence of humidity on

the contact resistance between a reduced copper
wafer and the probe pins was observed. Dry air
(dew point = -70°C) was suppliéd at a flow rate of
300 L/min. In a dry atmosphere, the copper wafer weas
overdriven for 10 um to bring it into contact with
the probe pins. The contact resistance of the entire
surface of the Copper wafer was measured. The result
of this measurement was shown in FIG. 10A. Also, in
an atmosphere (temperature = 25°C, humidity = 50.1%),
a reduced copper water was overdriven for 10 um to.

bring it into contact with the probe pins. The contact

resistance of the entire surface of the copper wafer
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resi stance of the entire surface of the copper wafer i
6 FEB 2007 36 was neasured. The result of this
nmeasurenent is shown in FIG 10B. According to the
results shown in FIGS. 10A and 10B, in the HByFEB 2007
at nosphere, the resistance value was 5 stably 1Q or
less in the entire surface of pﬁ§ copper wafer. In the
at nosphere, the closer to the mddle of the
measurenent tinme, the nmuch hi gher the contact

resi stance value. In this exanple, as the probe card,
a 1435 Mrobetar I Vhi T yehet bt Bl & Toa8UBETOND ANl
10 when it, was_overdriven for 10 umwas used. Fromthe
abovd' WBs M pti%n, 'S ter the reducing process was

f i ir, if.th f . f
e o e diia A v e buat f g el 4 "Blovel 14 fnd
f L W .
e e R Tt e e
por td i 1 QwWel than tihe Ry ighendl RAAIQAN.or TS, copper

in testing in the atnosphere, even If the overdrive

amoWH et aysid hens aino 4 hee A 18 PEESSAIF Eth Sthb OMBAd1e
at the central portion of the wafer than at the 20

periqiherrad g dugmenfthusing hetlconh@ch i eghet anee vahuect

i ncreases.. Anot her enbodi nent of the probe nethod of

t he rgwiesmntce mvaeinte on Ivhi Tl siIsesamhkee r edlsiciing probessard,
mechani sm 15 shown in FIG 3B will be described with

25 refldanide Rol GRrdphiah gerkndted & 1qadshdwg. 2 mN

only the processing vessel 35A of FIG 3B fromthe
when it was overdriven for 10 um was used.

From the above description, after the reducing
process was performed, in dry air, even if the wafer
was left for as long as 4 hours or more, testing could
be reliably performed with a low needle pressure of
about 0.2 mN. Of the copper wafer on the stage, the
central portion is lower than the peripheral porﬁion.
Thus, in testing in the atmosphere, even if the
overdrive amount stays the same, the needle pressure is
lower at the central portion of the wafer than at the
peripheral portion. Thus, the contact resistance value
increases..

Another embodiment of the probe method of the
present invention which uses the reducing process
mechanism 15 shown in FIG. 3B will be described with
reference to FIGS. 2B, 11, and 12. FIG. 11 shows
only the processing vessel 35A of FIG. 3B from the

viewpoint of showing the process in the processing
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vi ewpoi nt of showi ng the process in the processing 1 C
FEB 2007 37 vessel 35A shown in FIG 3B. As shown in
FIG 11(a), a transporting nechanismtransports a

wafer Wfromthe |oader chanber 56 onto the elgvatBngy?
pins 35C of the stage 13 in the processing vessel 35A

t hrough the 5 opening/cl osi ng d&gr G The el evating

pins of the stage 13 nove downward to place the wafer
Won the stage 13. The stage can fix the wafer Ww th

a vacuum chucki ng nmechani sm The openi ng/ cl osi ng door

G i svegbesedopsebornGinl (1)) 3BSubfequemadry irarfiterkl (a),
gas 10 (e.g., nitrogen gas at a flowrate of 1 to 2

L/ mi ﬁ) LIRESBABPAIEdERNGNERE FrECSPITTG vegseleBEA from the
Air in the Rroce33|ng vessel 35A is substituted by

t he ﬁP?iﬂsgeﬁ aﬁagr 2Rd OB O AEFt SGAY 34tiTsh phidre 33 Tof the

f As sh

Fra S12pE) o ke C?%%?t”c%éi;ﬁ%itvmﬁe@ A 11 e
t tur

R R e AP AT

SUppls¥a8bp§31§ng0%'§dglwtal}% t%ﬂkgac\é/ Qnpd f&ﬁafset,f% an3 tHL

the procCessing vessel he gas supply pl pe

15C, saapkpe31l5Crhw ts'ﬂa@e @'a@lr@tlﬁr t@fe W fEr W Wit H 0 vacuum
nmm) made of a platinum group netal (e.g., palladium

or acpipeitgCneentaiiBinng Taepabbadm@méﬂyélﬁgﬂhdﬁi G is
used, as shown in, e.g., FIG 2B. 25 As shown in FIG
11(d¥loshe teapeFatur élddj)ust i Sgbsreclatilsm 3] ireatts gas
the stage 13, to quickly heat the
(e.qg., nltrogen gas at a flow rate of 1 to 2 L/min)
is supplied into the processing vessel 35A. Air in the
processing vessel 35A is substituted by the nitrogen
gas, and an inert gas atmosphere is formed in the
processing vessel 3SA.

As shown in FIG. 1l(c), in the inert gas
atmosphere, a reducing gas (e.g., a forming gas with
normal temperéture at a flow rate of 1 to 2 L/min)
is supplied from the gas supply pipe 15C toward the
wafer W on the stage 13 in the processing vessel 35A.

As the gas supply pipe 15C, a pipe 15C (with . a
diameter of, e.g., 3 to 100 mm) made of a platinum
group metal (e.g., palladium) or a pipe 15C containing
a palladium foil can be used, as shown in, e.g.,

FIG. 28.
As shoWn.in FIG. 11(d), the temperature adjusting

mechanism 35J heats the stage 13, to quickly heat the

wafer W on the stage 13 to, e.g., 150 to 270°C within
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wafer Won the stage 13 to, e.g., 150 to 270C within 1
g F EB 2007 38 a short tinme (e.g., 5 mnutes). At

this tenperature, as shown in FIG 11(e), the fF(ElBrﬁUWg
gas reduces the electrodes P on the wafer Wwhich are

-made of copper, a copper alloy, or the like for a

short tine (e.g., 55to 20 mn %es). After the

reduci ng process, as shown G 11(f), while the
formng gas is supplied successively, the tenperature
adj usti ng nechani sm 35J quickly cools the wafer Wto

a not nellO¥enptiPat (Bedwi t i RIBUERSP t tﬁﬁet@ésgtemQGIaturef
m nutes). As shown in after supply o

1
%he ?%rﬁ?ﬂ@ngég FgGstoiéga tﬁ?t&%ﬁ@ﬁ“@aga r§§ﬁ§ﬁ§e&he
oot 05 HB8aR 'PPLY PhBoy3RE: iR iLRS HREOSERR BY copper, 2

vesset®

p“rggg%é% ?Eng?h%%OQEQ J3Re ?%@ %ns%%%kttQﬁé {€-5ep 5

t N0S € processi ng vesse

The @@e@©nﬂiﬁh9§bvg deer G £5e0persdindndrbkess, as shown
transporting nmechanismtransports the reduced wafer W

fromghergrocessh nguressektndSAciratiagt be sprl@,b@,bpgna@’@er

11 (FIG 1A) through the | oader chanber 56. In the

pr obsicehasbee]lyt hehel eemnpeeak uckharagierisy aecobintilbe

20 objects W to be tested fornmed on the wafer Ware

t est 26l &veokhhenothe terperdtur @ adj ashiomgadetkapiesmture
35J has no cooling neans, the stage 13 nay be heat ed,

t he @péhlhgﬁcﬁb@tﬁgtdwér(@ gay Beméhgses, .ai Asi showa in

25 processing vessel 35A nay be purged with the
fornfhg- §as9) andfhfteruPRal PﬁetW§féPDWFﬁ§ygB§ fisxé¢opped,

toth
ngtrogen gas 1is supplied from the gas supply pipe 15C

into the processing vessel 35A. Air in the processing
vessel 35A is purged with the nitrogen gas, and an
inert gas atmosphere is formed in the processing'Vessel
35A. The opening/closing door G is opened, and the
transporting mechanism transports the reduced wafer W
from the processing vessel 35A into the prober chamber
11 (FIG. 1A) through the loader chamber 56. 1In the
prober chamber, the electrical characteristics of the
objects W' to be tested formed on the wafer W are
tested.

Even whep the temperature adjusting mechanism
BSJ has no cooling means, the stage 13 may be heated,
the opening/closing door G may be closed, air in the
processing vessel 35A may be purged with the forming
gas, and after thét the wafer W may be fixed to the

stage 13 by chucking and reduced by heating.
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stage 13 by chucking and reduced by heating. 1 C FEB
2007 39 Independently of the tenperature adjusting

-mechani sm 35J, for exanple, a cooling device 35M

shown in FIGS. 12A and 12B nay be provided. As sh®whEB 2007
in FIGS. 12A and 12B, the cooling device 35M has a

pair 5 of cooling plates 22C thgé can-be noved for

enl argenment or reduction. A case wherein this cooling
device is used will be described. As described above,

the wafer Wis heated on the stage 13 in the

pr ocessi ngndessefien85A ocanthes teagecedurghigldg usting
supplying the formng gas 10 into the_processing
vesSefCIBHALSHhao e} ef@t | AYAPPAS 38CCOPLE NIt HeVivaFe S shown

fromthe stage 13. In_this state, the cooling plates
ZZC:Eht%¥G%et%%%naPﬂeléﬁf@?yv@ﬁnBrQFéSEd 135605 shown" in

SR, M S B e
place é%%f %ﬁegia h%'%&éeggr%tg Bn]hove IIn%nlargement

plates i's-cool ed e coo I"Ng

plates 22&,A{Lger cgoling. wB%?eEﬁeEhQE EBBH&H%QBE@E%% is

22C retreat fromthe stage 1 transporti

nmechank sy 16A beansperiselihe waf aesWrsBpRORLEY DY thRewarer
20 el evating pins 35C to the prober chanber 11.

Al tewnas héxeey, ohheheosting pBatastB2CorBYeBdtinBevessel

used, and while the formng gas is supplied into the

pr ocesaj ngndviesseedB388dandWwhhéecekepalynggpihs 3bEnlinkt gas

the.wafer W fromthe stage 13, the wafer Wmay be

cool edto AFke, p2Eceheifngr nengedasShmythe suppbiédgabtiess 35C

the wafer Wis lifted.
lift the wafer W from the stage 13. 1In this state, the
cooling plates 22C enter between the wafer W and stage
13 to sandwich the elevating pins 35C. The elevating
pins 35C place the wafer W on the cooling plates 22C,
or place it td be slightly sepérate from the cooling
plates 22C. The wafer W is cooled by the cooling
plates 22C. After cooling, the pair of cooling plates
22C retreat from the stage 13. The transporting
mechanism 16A transports the wafer W supported by the
elevating pins 35C to the prober chamber 11. Alterna-
tively, the cooling plates 22C may not be used, and
while the forming gas is supplied into the processing
vessel 35A and the elevating pins 35C 1lift the wafer W
from the stage 13, the wafer W may be cooled. Also,
the forming gas may be supplied after the wafer W is

lifted.

A case wherein reduction of the oxide film
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A case wherein reduction of the oxide filmr._ 1 " FE
B 2007 40 of the copper wafer (thin copper film=1

gm TiN underlying layer = 15 nn) is perforned ﬁit& g.
normal -tenperature formng gas and a case wherei & B 2007
copper wafer ‘is heated and reduction is performed with

5 a formng gas will be describgg with reference to

FIGS. 13 to 15. Steps before and~after the reducing
process are perforned in the sane manner as in the

enbodi nents descri bed above. Exanple 6 10 In Exanple

6, thé rkducPppepevtbemariciof coppem tfddperatlurem, TiN
hydrogen gas and that of heated (activated) hydrogen

gas Méﬁérgwéé@vééYeAfFeﬁ5a“"ﬁ|ﬂﬁo@@ﬁfﬁﬁﬁﬁ§bﬁéﬂ€1H% set

in the processing vessel 35A, an oxide filmon a
copp%?r%f-eFe’i“EeFéHHéédfPﬁmé“iJSgﬁér R agésase wherein the

i OnEOPEG bl REF oy PBPEFFed b B8 rieygors PorToMes with
CO”CS”EB%&RQ g!aét M?‘it LN’y E%fr%'b%glf R”?;&% 'x%fae{ef%déécecdo
thin was ob Speci

cal | yIcshelgogeeﬁsmf gﬁ:elp% @Je%%d QR %%t%tla%el?re%cmg
which is set at a tenperature of 350C, and is heated

to 2706cekB Lbe peatednsbialie, tde @AM QERRIAt WL in the
formng gas (hydrogen gas concentration = 3% by

vol usbodamkhew Baterzbkdl/amovet.0 2 L/nln) is supplied
toward the copper wafer to reduce it for 20 m nutes.
Af t eExamipflab, the oxygen concentration distribution
'n the In Example 6, the reducing performance of
room-temperature hydrogen gas and that of heated
(activated) hydrocgen gas were observed. After a
nitrogen atmosphere 1is set in the processing vessel
35A, an oxide film on a copper wafer is reduced in a
forming gas atmosphere. The concentration distribution
of oxygen atoms (to be merely referred to as "oxygen
concentration distribution" hereinafter) in a reduced
thin copper film layer was observed. More specifi-
cally, the copper wafer is placed on the stage 13

which is set at a temperature of 350°C, and is heated
to 270°C. 1In the heated state, a room-temperature
forming gas (hydrogen gas conéentration = 3% by volume,
a flow rate = 1 L/min to 2 L/min) is supplied toward
the copper wafer to reduce it for 20 minutes. After
that, the oxygen concentration distribution in the

thin copper film layer was observed with the X-ray

- photoelectron spectroscope (XPS). The result of the
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~thin copper filmlayer was observed with the X-ray

phot oel ectron spectroscope (XPS). The result of the 1
FEB2007 41 observation was shown in FIG 13 by,
plotting marks ~. In the sanme nmanner, a forninésg£§82m7
(hydrogen gas is activated) heated to 550C is

“supplied to a copper wafer heajed to 335C toward the

copper wafer to reduce 5 it for 20 mnutes. After

that, the oxygen concentra- tion distribution in the

thin copper filmlayer was observed wth _the XPS. The
resuPReCof2Ehen ob@er §APIBniNaFéCshdwnPynPRPGLing Bprks M.

pIotiin%?narks A. The ox%g%n concentrgkion ,

di sttTbtRf o Th TRE"EbppBr T REFErIpEfsr e NYGLOREN 9as 1s
redugi r ss_Ls_shown . in.FIG 5 Db lottin mar ks
s ARt Pra e Ao i Hroure 1 Rt 45 R e O RE
roong4 & for Bk Ber 9as,d Sy SUpP! | h yggn,
conce%t€€$$%%yégcones zero at%g%eggge%§ﬁ%e%5£%£g?hgg reduce
fromthe,sushagen@fcthe gepper chhkn themohaueh concentra-
reaches 20 nm as indicated.by the marks ~7irn FIG 13.
Whenc 1 e heat edofioi Bhngngabei ShsHPBbbedr &R 18XYESRr was
concentration of 7 at%to 8 at% was exhibited at a

deptdbo o r20d ni £ hothehegPsur f abe. rebullhe bhi Rheoppeker2@tion
filmlayer, as indicated by the marks Ain FIG 13.
Wheretheshear etnf BE@i ng3ghy piobsedg mheksedci nBhe oxygen
performance with hydrogen is |ower than in a case

wher @PPCePer 2 boAPt @hPEF aPUF@CONOLRi hegasrPsrugeder before

Accordingly, the form ng gas at room tenperature, .
i.e.?h%Sr?%%ﬁi?%nﬁéPﬁ?ﬁFelﬁyéPB@@nlﬁag;Gha§ 8YhPgREE1ng

reduci n
: 1 DEs ¢.

According to the results shown in FIG. 13, when
the room-temperature forming gas is supplied, the
oxygen concentration becomes zero at% before the
depth from the surface of the copper thin film layer
reaches 20 nm, as indicated by the marks B in FIG. 13.
When the heated forming gas is supplied, an oxygen
concentration of 7 at% to 8 at% was exhibited at a
depth of 20 nm from the surface of the thin copper
film layer, as indicated by the marks A in FIG. 13.
When the heated forming gas is used, the reducing
performance with hydrogen is lower than in a case
wherein the rbom—temperature forming gas is used.
Accordingly, the forming gas at room temperature, i.e.,
room-temperature hydrogen gas, has a higher reducing
ability than that of the heated hydrogen gas. This

results show that when room-temperature hydrogen is
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ability than that of the heated hydrogen gas. This

results show that when roomtenperature hydrogen is 1

F E B 2007 42 used, hydrogen is adsorbed by th

surface of the copper wafer, and is activated ﬁ? R 2007
tenperature of the wafer. Activated hydrogen reduces

copper oxide. An oxygen concen%%ation gradi ent forns
between the surface 5 and the inferior of the thin

copper filmlayer. Consequently, diffusion of oxygen

atons is pronoted fromthe interior toward the

sur faged, Shvdreaneous| pdsoabedmper ahegr s udiffeficer exfcd hiss copper

fornmed between the surface and the interior of the

t hi n""ebpper 2R &F| a«;é.ivaiedt k¥ tégpéeapera tor awafchhe
has beﬁn decreased by the roomtenperature hydrogen
gas."TFhfs: teﬁﬁ%?&?ﬁ?@ hé?éﬂﬁ@ﬁtr&dPF§§e§°Fﬁ@roﬁ%¢Q? An

atons_in n r to

o Relet PLCLlE FRBREN phapTepdy SartruBiy oaTgde Surface
2l oMo r enkoteed; by Bydtpgen; bn 13 contrast LocLhi .

mhen rogen rs used eraturé the

t hi I he cC r fer [
t ha$§ﬁ£@?éﬁ%2%¥2} u?égé‘lg?dg DT Pace s Srhasy ﬁ?ngé%%%éﬁed

fil nElayvetnel interesti pBlhadat hat sdirfrhusi onsefnuaXxugedusly,
atons in the thin copper film20 |layer is delayed, so

t hatareduséngtueacti 6iebynbydieg€n rmes. dekayed. the

other words, it is estimated that diffusion of oxygen

at onsurfatheahfii hheoppeerficknofayée thdnt coppetrhegilm layer

speed of the reducing reaction. Exanple 7 25 In

Exanphe 7emperapper waf @highshplabegni negreased by the
room-temperature hydrogen gas. This temperature
gradient diffuses the oxygen atoms in the thin copper
film layer toward the surface. It is estimated that
the diffused oxygen atoms are reduced by hydrogen. In
contrast to this, when heated hydrogen is used, the
temperature in the thin copper film layer of the copper
wafer is higher than the temperature of the surface
of the thin copper film layer. It is estimated that
-diffusion of oxygen atoms in the thin copper film
layer is delayed, so that reducing reaction by hydrogen
is delayed. In other words, it is estimated that
"diffusion of oxygen atoms in the thin copber film layer
contfols the speed of the reducing reaction.
Example 7

In Example 7, a copper wafer was placed in a

nitrogen gas atmosphere, and the oxygen concentration

distribution in the oxide film layer of the copper



10

20

25

ni trogen gas atnosphere, and the oxygen concentration
distribution in the oxide filmlayer of the copper 16
FEB2007 43 wafer was observed in a case wherq
roomtenperature hydrogen gas was supplied to EhFé':B 2007
copper wafer and a case wherein such hydrogen gas was
not supplied toit. In the saqgsnanner as i n Exanple
6, the copper wafer 5 was placed on the stage 13
heated to 350C. A roomtenperature form ng gas was
supplied to the copper, wafer heated to 270C at a fl ow

T at &3gfer Wi QP%9§ﬁ%g iy ?eﬂﬁﬁ% Y%%I%b%pﬁ?oﬂaF%Wp?B? ure

20 mn, The oxygen conce on_distribution hg
hi TSRS €59 AR | L b %%S%We%omﬁ YRESK Fay 2
hot | ctr . t. :
oxy GET T vﬂz%ﬁeuf?ik?. et s Fr o A G by 2, ke it
E t
neattdd T &4 (PO o ot nesahere eSS Bpetoreter

m nyres, f%&%@%%@@@@engrﬁéa@@ddwtBs@mI omin
t he th|n copper filmlayer was observed with the XPS.

As & d&asW dmp &k XYY Efo £ANEENGE At v @B euspIibdt toNnthe
indicated by marks ~ in FIG 14 was obtained. The

oXygsspmoncenteathentedisé rBOtd et of flhev copperoval ero
before the reducing 20 process is shown in FIG 14 by
pl ot iIngnimar kiso . rfdeor dilmg corphe vesaft§oshddnmin. The
FIG 14, the sane results as those of Exanple 6 are
obt P ¥iEGEN tFRICE I BT 2 Wheh @hétFé@ﬁﬂ@ﬁpe?a‘éﬁ?et%ﬁnFﬁﬁper
gas was supplied wunder the sane condjtions as_ .

n ExBHPl 6T 2623 ceheF BRI HithetBRi f~ E%ﬁpBPOFPFg?CtrOH

Ia er was pronote
y spectroscope QXPS

As a result, an oxygen concen-
tration distribution indicated by marks @ in FIG. 14
was obtained. After the copper wafer was heated in a
nitrogen gas atmosphere at 335°C for 20 minutés, the
oxygen concentration distribution in the thin copper
film layer was observed with the XPS. As a result,
an oxygen concentration distribution indicated by marks
B in FIG. 14 was obtained. The oxygen concentration
distribution of the copper wafer before the reducing
process is shown in FIG. 14 by plotting marks @.
According to the results shown in FIG. 14, the
same results as those of Example 6 are obtained, that_
is, when the room-temperature forming gas was supplied
under the same conditions as those in Example 6,
reduction in the thin copper film layer was promoted,

as indicated by the marks @ in FIG. 14. 1In contrast

to this, when the copper wafer is heat-treated in
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as indicated by the marks O in FIG 14. In contrast

to this, when the copper wafer is heat-treated in. 1 6
FE B 2007 44 a nitrogen gas atnosphere, oxidation
reaction by oxygen contained as an inpurity in {£8eEB 2007
nitrogen gas progresses, as indicated by the marks *

in FIG 14, and the oxygen conggntration becones

hi gher than that 5 in an unprocessed copper wafer
indicated by the marks in FIG 14. Exanple 8 In
Exanpl e 8, the influence of the tenperature of the
coppertila¥ @¥epnd? 2dRETAGPT A8t | BHIWAEIBBsERFEG oM Y10

Exanpl e 8, reduction and heat treatnent re.perforned
whi | €792 5T TG PR fomper atare of thetEopPer tRarer 625

tsgecgf?girgg%@} h%‘geiﬁdﬁggtgésgyoﬁhgx%%kgmg e%”f%%. 14,

n reducrng t hé copper

red“&ﬁggthQFQ § no oﬁc&ﬂ%PaEgeﬂeEeEBhgglﬂX%Ee@a%han that
t 6

performed w it e sane conditions as I n Exanples

and inexceptpthatskbg tepperalHEerof nbheaeenpPel, Wakeharks
was I ncreased to 340C. As a result, an oxygen

conc@ntyatgen W stribution indicated by marks 0 in

FIG 15 was obtained. Heat treatnent of the thin
coppexkahpl e 20 | ayer was perforned with the same

conditions as in Exanple 7 except that the

t enper at ufe BkamhéecBppehe waffénewas lcltdasagrerature of
400C. As a result, an oxygen concentration

di st thpucPpReEF ndpéatrednbyeAEFkEINTPACELGN Y5 sygserved. In

obt ai ned. The oxygen concentration 25 distribution of
the EoppElewdf eFeBEFELENt ABYr 88AEI hgeatment were performed

while increasing the temperature of the copper wafer to
be higher than in the case of Example 7. More specifi-
cally, when reducing the copper wafer, the reducing
process of a thin copper film layer was performed with
the same conditions as in Examples 6 and 7 except

that the temperature of.the co?per wafer was increased
to 340°C. As a result, an oxygen concentration
distribution indicated by marks @ in FIG. 15 was
dbﬁained. Heat treatment of the thin copper film
'layer was performed with the same conditions as in
Example 7 except that the temperature of the copper
wafer was increased to 400°C. As a result, an oxygen
concentration distribution indicated by marks W

in FIG. 15 was obtained. The oxygen concentration
distribution of the copper wafer before the reducing
process is shown in FIG. 15 by plotting marks €.

According to the results shown in FIG. 15,
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process is shown in FIG 15 by plotting marks
According to the results shown in FIG 15, 1 6 FEB 200
45 when a reducing process was performed with the
roomtenperature formng gas, the sane results as in
Exanples 6 and 7 were obtained, as indicated by fthe£B 2007
marks O in FIG 15. Accordingly when reducing a 5
copper wafer with roon}tenperatu?e hydr ogen gas, the
tenperature of the copper wafer nay be increased to
270C at nost, as indicated by the marks 0 in FIG 15.
I n comtastre@UERNS, PRABASEhB2E0PREE OWEREr Widd the
heat-treated in a nitrogen gas atnosphere, the higher
10 tHeOPehPRPRE BF B Bf fPﬁ@lESpiééF waf&r SaRe Heoed hés 1n
OX|dat|on rea tloa zrogressed the l.arger .the

p

thi ckiedsor %Fd8bt3§”|‘ﬁ i Cat SAB (e e 9
of 3 5% Mah Teacti on 4 h ﬁ%%ﬁa?éﬁ?'% iR
f
e o4he; L eperalure ohohnecroRet Al gy felded e cne

range uctl results S|n1la

th08€er9{>e££1€u9908§ %HQOQbFBBESw‘A@E§ %Qtyalb@eqné\é%@ed to
when the wafer Wwas ed to a tenpérature higher

thanztbe 20 uppet, ldei in@fcités penrpreandesr @gen the. 15.
reducing ability did not inprove. As has been
descinhbedntrascotdi ngitp whies terbadippent wafleen was
reducing the oxide filmof the thin copper filmlayer
f or redabntthetedpper awafiérogpdegas agmeshiears,c the higher
pressure, a nitrogen %as at rmsphere was
the temperature of the copper wafer, the more the
oxidation reaction progressed, and the larger the
thickness of a copper oxide, as indicated by the marks
B in FIG. 15.

In the above examples, the description of a
reducing reaction at 270°C or less was omitted. When
the temperature of the copper wafer fell in the range
of 150 to 270°C, reduction results similar to those
of the above embodiments were obtained. Even when the
wafer W was heated to a temperature higher than the
upper limit of this temperature range, the reducing
ability did not improve.

As has been described,- according to this
embodiment, when reducing the oxide film of the thin
copper film layer formed on the copper wafer under
atmospheric pressure, a nitrogen gas atmosphere was

formed.in advance. The Copper wafer was heated to a

range of 150 to 270°C, and a room-temperature forming
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formed i n advance. The copper wafer was heated to a
range of 150 to 270C, and a roomtenperature formng 7
6 F E B 2007 46 gas was blown to the surface of the
heated copper wafer. Therefore, even under 18 FEB 2007
at nospheric pressure, the copper oxide on the surface
of the thin copper filmlayer ,f the copper wafer
coul d be reduced at a 5 conparatively | ow heating
tenperature. In addition, danmage to the copper wafer
coul d be prevented. According to this enbodi nent,

pri 6P St Wase NP tTe eI iEte chiarHt he3tFLsCOrPEr

waf er by bringin r obe ég{ns into contact with the
o

el ebPlEdes, THEDE 'Ot Toppt O ARVPYETIET IBYS SR
the wafer, the oxide filns of | ect
cabiBu CHRRT SHSDIEl I CTES O Ty €4 “copper

redyghion,, @ Nids qgen At spher gl 8y fi9L Medyyifa at a
15a o? t%e %

advance i'n-a processing vesse oader

chaplgi, 56, and Af ey Hdwati dhecvrberat srbeat ed £8atheon,
15 range of 150 to 270C. The roomtenperature form ng

0as dasal)OWD tihd heosusd acerof ¢bel besd efr ot ed SO
that the copper oxide on the el ectrode surfaces of the

waf er carhdsor@iugeto ath s canpadahene} ypkdwrheat tagting the
t enper at ure-even under atnospheric pressure. In 20

t estalrgrttthiec sl ettaraate cheract epf st i ¢afof bhebwafiging probe
the probe pins and the el ectrodes need only be brought

i Nt ®igontideto vi AHE e W btthef i ¢ heat vedgs| ofr peedf ecopper
pressure (e.g., 0.2 mMN or less),.so that they are

br o®ght2 iGRRPRT et ¢ ¥al oo actawfth E%%hoﬁf%%rflkﬁs of

When conpared to the grio art, the needl e pressure
the €lectrodes are reduced’ under atmospherIc pressure.

In this reduction, a nitrogen gas atmosphere is formed
in advance in a processing vessel 15a of the loader
chamber 56, and after that the wafer is heated to the
range of 150 to 270°C. The room-temperature forming
gas is blown to the surface of the heated wafer, so
that the copper oxide on the electrode surfaces of the
wafer can be reduced at a comparatively low heating
temperature.even under atmospheric pressure. In
testing the electrical characteristics of the wafer,
the probe.pins and the electrodes need only be brought
into contact with each other with a very low needle
pressure (e.g., 0.2 mN or less), so that they are
brought into electrical contact with each other.

When compared to the prior art, the needle pressure
between the probe pins and electrodes can be largely

suppressed. Damage-to the electrodes or the like can
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bet ween the probe pins and el ectrodes can be largely
suppressed. Danage to the electrodes or the |like can 1
6 FEB 2007 47 be prevented. Therefore, even when
deposition |ayers such as electrodes or their 16 FEB 207
underlying | ayers beconme thin, the deposition |ayers
wi Il not be danaged by the need 5 pressure fromthe
probe pins, and stable, highly reliable testing can

~be perforned. According to the enbodi nents of the

present invention, there can be provided a target
obj €8¢ P¥FUERFRG- met hod which can reduce an oxide or

the |ike 18 on_the surface of the netal |ayer or on
the surfalBeT8fO4f eFEE T 8GEN §Gé3rosdftla?”t gragye‘?rsobﬁ%%}i as
q ¢ _ pheri . i 1 .
Fgwe%aéff‘ﬁéde? chper BB bFo e ERar todmae S D e
. h . i :
ook Pl Pl RS PR 20380 HEATunolr AR HPAS nocce

exanpl-gsshhe ‘ﬂ@?%f thedHehRg HRNACEsSsMRANG1GAN r@@l@/

various types of enbodinents in addition to the

arr apgengpts shewinign cbihepeegredidrved.enbodi nents. The

gas contai ning hydrogen gas is not 20 l[imted to a

form ng gascobdtinghen néeessarodingerta rdferthggsramnte
appropriately selected and used. Wien performng the

waf einvediicong phecessanwifepy dvidete a dassmsitt elgartbe
reduced at once sinmultaneously. In the above

enbodeAertisg asthhe objledt saW nesluse @asted deomr the like.

integrated circuits forned on the wafer Wwere used.

on the surface of the metal layer or on the surface
of an electrode layer of a target object under atmos-
pheric pressure and with a comparatively low heating
temperature, so that damage to the target object can
be decreased.

The present invention is not limited to the above
embodiments at all. For example, the wafer reducing
process means can employ various types of embodiments
in addition to the arrangements shown in the respective
embodiments. The gas containing hydrogen gas is not
limited to a forming gas, but when necessary, a carrier
'gas may be appropriately selected and used. When
performing the wafer reducing process, wafers in thé
cassette can be reduced at once simultaneously. In
the above embodiments, as the objects W' to be tested,
integrated circuits formed on the wafer W were used.
However, the present invention can also be applied to a

package article other than z wafer.
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However, the present invention can also be applied to

a package article other than a wafer. 1 fi F E B 2007
48 According to the enbodi nents of the present
invention, there can be provided a probing et Hdd FES 2007
prober, and an el ectrode reducing/plasnma-etching
mechani sm whi ch, even when depog%tion | ayers such as 5
testing el ectrodes beconme thin, can bring probe pins
into electrical contact with the testing el ectrodes
with as | ow a needl e pressure as possi bl e w thout
damagi ng Bhecdeposi tPofilFapaRediaked teaw feltde MIcAIN
connect the probe pins and the testing el ectrodes to

10 eherepther  r ePEadl GansBet RAPVALGAI ¢ PépbéﬁﬁemethOd' a
testing can b erfgrned 16 FEB 2007, 49 C L A h M S
1. APprove’ ndffio ﬁaPﬁgrS BF&BQ/BFESFﬁt&tC 1ng
electrlcal contgct MAth an ect 40 b teste

havi AgCeF 8T ol %ChateVSaSVhone e FaE toyfégt%§Ch as
el e%égg%%gg&g% ELSthesopt t %noblc%%t o o i %teegylps

t he orn1ng at ['éast one o uci
P ocesgo a@ﬁeek9§8@1e&@hltaetpcqqce%S%hfeortefsQem%I %qfer&%des
of the object to be tested and the probe nethod
testyngn Lbei1slest hteahecharasi ekl ski % sefiihke wvakjhett:
to be 10 tested, the probe nethod conprising: (a)
bri ngamggthe test dagoeliedcbnodevyanmd,t hedproalie elgiot rintad 1y
contact with each other in a non-oxidizing
connect the probe pins and the testing electrodes to

each other reliably, so that highly reliable testing

can be performed.
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at nosphere, the non-oxidizing atnosphere conprising a

dry

15 atnosphere. 2. A probe nethod accordin

claim1, wherein the dry atnosphere is a dry gBrFEB2NW

at nosphere. . 20 3. A probe nethod according to claim
1, wherein the reducing proces% is perforned by

bringi ng one of a gas containi

gas

hydr ogen gas and a
obtai ned by activating a hydrogen-contai ni ng gas

with a catalyst netal into contact with a surface of
the el ectrode of 25 the onggt toﬁge tested. 1 6 FEB

2007 50 4. A probe nmet hod
wher ei n 1 he mtgl%ly %rfo%qrg%#l%go%rf Qr gE bl% glélto

gas

%o cIa|n11

contalnlng plas hydroge o

netheﬁeaﬁgqegungtha%kamqh% w@eaﬁlgb ke %%I%ky%%s ed
netal is at | east one of a platlnun1group netal an

an ahkoynef etlbetpbakisnuatgnedptmehal e1@ctAdeoR® test

nmet hod according to claim1l, wherein 10 the

r edueil gt pliasin cabchicng risadess ofonhei sby cheationge ttheted,

object to be tested. 7. A probe nethod according to

cl ai bhe, pubbehmetwothperéompringest 1Bastponer oifo at heducing

reduci ng process of the electrode of the object to be

t est BYOCHEECRRE PhasHB-etchisgberocessedorn tas iedectrode of

gas

20 8Lhg B

a nosghere and_heating the  object to be tested.

8BEEMEnbE 5€§6Fé|ﬁ&dt6h€l§FﬁP? MEEEPE festing

the electrical characterlstlcs of the object to be
tested, the probe method comprising:

(a) bringing the testing electrode and the probe
pin into contact with each other in a non-oxidizing
atmosphere,

the non-oxidizing atmosphere comprising a dry

atmosphere.

2. A probe method according to claim 1, whereig

the dry atmosphere is a dry air atmosphere.

3. A probe method according to claim 1, wherein
the reducing process is performed by bringing one of a
gas containing hydrogen gas and a gas obtained by
activating a hydrogen-containing gas with a catalyst
metal into contact with a surface of the electrode of

the object to be tested.
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the reducing process is perforned under atnospheric
pressure,in which the reducing process is perforned by
bringing a reducing gas into contact with the

el ectrode of the object to be tested. 25 1 6 K gFBB 2007
2097 51 9. A probe nethod according to claim1,
wherein the reducing gas in thé“%educing process is
one of a normal-tenperature reduci ng gas contai ni ng
hydrogen gas and a nornal -tenperature formng gas. 5

10. A probe nethod according.to claim 7, wherein a _
tenperature to E‘ﬁb’?h eBlBﬁg@c?C‘f%r‘%nfﬂe%‘t’eﬂl‘%m 1, wherein

heat I 0 ing the electrode. of t obj ect

to gtgjetoéjsjtoa[esé& af_a"{ﬁe%kﬁm{% & Fange poefr%%la“‘?cge@? 939
11. : r. WelellE %Q% in.inhto electrical
cont ?ﬁ{%er{]l,ﬂggfpl%éo Jl%cgt@ e egis{beal “according to

the nethod of claim11, the object having el ectrodes,
at | east one electrode to test electrical 15

characteristi s pfofdiendti®LtadOREALHEL14Ne PraAPSLrein

conprising a reduci ng/ pl asma-et chi ng process nechani sm

whi clehperdeoraisy sat netasl ioneatofl eadtedind RE R QRSS A0 group
pl asma- et chi ng process for the el ectrode of the object

to baetedt edd and alleoyt exft it mMEatamwmMdmrug esdtaig.

the 20 electrical characteristics of the object to be
tested, the prober conprising: a bringing nmechani sm

for bringingthetestingt .
6.” A probe method according to claim 1, wherein

the reducing/plasma-etching process comprises heating

the object to be tested.

7. A probe method according to claim 1, which
further comprises;

prior to the reducing process of the electrode
of the object to be tested, placing the object to be
tested in an inert gas atmosphere and heating the

object to be tested.

8. A probe method according to claim 7, wherein
the reducing process is performed under atmospheric
pressure,in which the reducing process is performed by
bringing a reducing gas into contact with the electrode

of the object to be tested.
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el ectrode and the probe pin into contact with each

ot her in a non-oxidising atnosphere 25 wherein the

non- oxi di zi ng at nosphere conprises a dry atnosphere.

1 6 FEB 2007 52 12. A prober according to cIainHJleEB2007

wherein the dry atnosphere is a_dry air atnosphere.

13. A prober according to claimPi1, wherein the 5

reduci ng/ pl asma- et chi ng process nmechani sm perforns

bri ngi ng one of a gas containing hydrogen gas and a

as obtaipned by activating a hydrogen-containing gas

\g/]vi th a catal fs%/p?i%?ealmﬁtrﬂ%i GEAUALIRE t4P £1RiHT dee Werein

de of the.obj§%% to be tested. 10 14. A

t he | ectr

probgﬁeaaﬁgﬁﬁﬁﬂgtﬂ?%ﬂ%ﬂlﬁ TERS &S Rpsess is one of a

pl asnm- hi I L.smj_s, perfor.ned b as

Cont ara g S AEREAIRE meibgey sa% Ut Mg ffutien gae
accoLdiiNg 1o rflal Mekdbe MISHE & yst metal is

at Igast one oﬁ'a 5%%?1nun1groﬁ%mﬁﬁ%fg%é£nd al I oy of

the platinumgroup netal. 16. A prober according to
claim1ll, wherein the 20 reducing gas is one of a gas

cont ai ni ng chy drogaoigasne tiedl adcyriing 328 .c1bfim A, wherein
prober according to claim 11, further conprising a
mechanitempsiriathurer itor wihd chheheedibgicny 25 preocess «of is
el ectrode of the object to be tested, places the
obj eéeatedo@riest &¢ inedmeingeithegad eattmosigherfe téed object to
heats the object to be tested.

~ be tested falls within a range of 150 to 270°C.

11. A prober for bringing a probe pin into
electrical contact with, of an object to be tested
according to the method of claim 1, the object having
electrodes, at least one electrode to test electrical
characteristics of the object to be tested, the prober
comprising a reducing/plasma-etching process mechanism
which performs at least one of a reducing process and
plasma-etching process for the electrode of the object
to be tested, and the testing mechanism for testing the
electrical characteristics of the object to be tested,
the prober comprising:

a bringing mechanism for bringing the testing
electrode and the probe pin into contact with each
other in a non-oxidising atmosphere

wherein the non-oxidizing atmosphere comprises a

dry atmosphere.
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16 FEB 2007 53 18. A prober according to claim7,
wherein the reducing process is perfornmed under
atnospheric pressure wherein the reduci ng process Feg g7
with the reducing/ plasma-etching process nmechani sm

Is performed 5 by bringing a reducing gas into contact
wth the electrode of the objeé? to be tested. 19. A
prober according to claim1l, wherein the reducing

gas is one of a gas containing hydrogen 10 gas and a

form ng gﬂEV Zgéﬂéﬁggober according to claim9,

wherein t h e AR AS Fietobt botwherein the
t est in.a range af 150, to 270C__15 21. A prober
acco?%?h%ﬁﬂ?%ﬁﬂﬁ%% I AWEYeint T ATEFENSHE conpri ses a

prober chanmber where the electrical characteristics
of the object to be tested are tested, and 20 the

reduci ng/ plasm: helidly MAGRIIRAIA SR IS AHANISH che

in the prober chanber. 22. A prober according to

11, weaueiifg/p1e sHa0RRICHERPHITRE SR AR iChaRe's
where 25 the object to bngggied is | oaded and oxms

unl oddedgiand onlche fr @dueisn@opltasmanet CHIAIBIIOCRSS and a gas
mechanism is provided in the | oader chanber. "0 5 FEB
20070b541i28d Ayprotieévaadngr ¢i hydrogenaiconthinier ejas with a
t he

catalyst metal into contact with a surface of the

electrode of the object to be tested.

14. A prober according to claim 11, wherein the
plasma-etching process mechanism is performed by a gas

containing plasmatized hydrogen gas.

15. A prober according to claim 13, wherein the
catalyst metal is at least one of a platinum group

metal and alloy of the platinum group metal.

16. A prober according to claim 11, wherein the
reducing gas is one of a gas containing hydrogen gas

and a forming gas.

17. A prober according to claim 11, further
comprising a mechanism which prior to the reducing
process of electrode of the object to be tested, places
the object to be tested in an inert gas atmosphere and

heats the object to be tested.
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reduci ng/ pl asma- et chi ng process nechani sm has at | east

one of a processing vessel, a stage which is arranged

in the processing vessel and on which the obj ect té) F5

be tested is to be placed, a tenperature adjusting® FEB 2007
mechani sm of the stage, a nmechanism which supplies a
reduci ng gas to a surface of thé3obj ect to be tested
which is heated by the tenperature adjusting

mechani sm  and a nechani sm whi ch supplies an etching

gas. 10 24. A prober accorccéi%j{%to claim 22, wherein

means f ortSsupph RIRPIheA T N RSB T he shesein the
ohj.ect to be test ed ncl desd% su pI our.ce

th
of arggélmé‘gm%oﬁleﬁgg Hy'd P&& % enifer e
t he %@% |§1r£5w§1 . | £ hfer Q‘Qd‘h g u%q_,loyé Squrce hoft:r}ehe
gas, Na SIBans or activati ng the“gas 1n t'he

ChanQ%'duc?L% g /ARGhE! e%(‘cq’lqﬁ'g;' gﬁotc%s%l P23t \M]qrse'ﬂérformed

t he nmeans for activating t in the gas channel

20 coRPBLrSeyidcCal Hamic iRt JagdMingld Ic%rﬁrar&ngﬁctrpm@
i nner surface of the gas channel. 26. A prober

accokdierg riodeClofi Mh4 obfkesteitd e teataldyst metal is

at | east one. of a platinumgroup 25 netal and an

all oy of the platinumgroup netal. 55 1 FEB 2007 27.

A prober according to claim 11, further conprising an
oxygen cordent FatfirsParetasrcorz8.ndA bty e imetliod wferein
bringing a probe pininto 5 electrical contact wth,

of a%hﬁbjr&éiluctlélgbéiatseﬂsed)n%é\f-l g 98iSe QONG@dging hysragen
one el ectrode to test electrical characteristics of

the G6Felf% & FOTES @S-

20. A prober according to claim 9, wherein the
heating mechanism heats the object to be tested in a

range of 150 to 270°C.

21. A prober according to claim 11, wherein

the prober comﬁrises a prober chamber where the
electrical characteristics of the object to be tested
are tested, and

the reducing/plasma-etching process mechanism is

arranged in the prober chamber.

22. A prober according to claim 11, wherein

the prober comprises a loader chamber where
the object to be tested is loaded and unloaded, and

the reducing/piasma—etching process mechanism

is provided in the loader chamber.
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the probe nmethod conprising: performng at | east one

of a reducing process and 10 plasna etching process

for the electrode of the object to be tested,

bringing the testing electrode and the probe pin iR%oFgg g7
contact with each other in a non-oxidising

at nosphere; and 15 testing the efectrical

characteristics of the object to be tested; wherein

the reduction process is performed by bringing one of

a gas containing h S%Pgen gas,.and a gas .obtai ned by |
activati ng>a hf’dP&é’ Te AREHNIRG §&s ST d loatigiain the
20 netal_ i.nt ontact with a surface of the el ectrode

of  CREUSHISLP IS Be rELidE, PERESFralRE Erafingas at least
proc [ perfor cqontai_ni_ng,pl asmati_sed

hyr S8nCEag Brels iled) s3sal &k e el 4¥ Sangea

CONPE 1S @808 pdbY-c2TRIP RS el 2R3 Pn ANRLAPEh U 'he ct o

bringing a probe pinTinto electrical contact wth, of

an obkegkstedbe st @t @d 10 akEB,2@0fempR BRI adjusting
el ectrodes, at | east one electrode to test elecCtrica

char aetBahsbinC®fot Heh@taljegClh echantiest athi chaceidiiRg a
to the nethod as clainmed in claim1, the prober '
conpresundngbgasr edual Bgrfllasnefettlel odpjpracess be tested
mechani sm which perforns at | east one of a reducing
pr ocebd chsiimg hgateddyi hgegasmpedagnret elijng tpnge eeshanism,
using a plasma gas

and a mechanism which supplies an etching gas.

24. A prober according to claim 22, wherein means
for supplying the reducing gas to the surface of the
object to be tested includes a supply source of a gas
containing hydrogen gas, a gas channel where the gas is
supplied from the supply source of the gas, and means

for activating the gas in the gas channel.

25. A prober according to claim 23, wherein
the means for activating the gas in the gas channel
comprises a catalyst metal which is arranged on an

inner surface of the gas channel.

26. A prober according to claim 24, wherein
the catalyst metal is at least one of a platinum group

metal and an alloy of the platinum group metal.
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for the electrode object to be tested; and a nmechani sm

whi ch noves at | east one of the object 10 to be

tested and the probe pin into electrical contact wth
each other. 30. A reducing/plasnma-etching process
mechanismto performat |east one of a reducing 1§ FEB w7
process and plasma- 15 etching pPocess for an

el ectrode of the object to be tested in a prober for
testing electrical characteristics of an object to be
tested, according to the nethod as clained in claim

1, the redici Ay/MARSHR-2IUAIARY Firoo @ssitdcharfiwikher
i ncludi ng:. 20 a gas source whi ch supplies a gas
cont &° % sﬁ?@f@%bﬁxxﬁi? Eﬂﬂifqﬁﬁﬁﬁﬂén'ﬂﬁgfﬁga

hydr ogen-containing gas is supplied fromthe gas
source; and a process nechanismwhich is arranged in

L0, 957, o ST MBAIG RO E kel £15eale o oo
the RYdERE8R=1CRURYRIING GRS of an object to be tested

having electrodes, at least one electrode to test
electrical characteristics of the object to be tested,
the probe method comprising:

performing at least one of a reducing process and
plasma etching process for the electrode of the object
to be tested;

bringing the testing electrode and the probe pin
into contact with each other in a non-oxidising
atmosphere; and

testing the electrical characteristics of the
object to be tested; wherein

the reduction process is performed by bringing one
of a gas containing hydrogen gas and a gas obtained by
activating a hydrogen-containing gas with a catalyst
metal into contact with a surface of the electrode of
the object to be tested, the plasma-etching process is
performed by a gas containing plasmatised hydrogen gas,
and the non-oxidising atmosphere comprises a dry

atmosphere.

29. A prober for bringing a probe pin into

electrical contact with, of an object to be tested
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having electrodes, at least one electrode to test
electrical characteristics of the object to be tested,
according to the method as claimed in claim 1, the
prober comprising:

a reducing/plasma-etching process mechanism which
performs at least one of a reducing process using a
reducing gas and an etching process using a plasma gas
for the electrode object to be tested; | |

and a méchanism which moves at least one of the object

to be tested and the probe pin into electrical contact

with each other.

30. A reducing/plasma-etching process mechanism to
perform at least one of a reducing process and plasma-
etching process for an electrode of the object to be
tested in a prober for testing electrical
charécteristics of an object to be tested, according to
the method as claimed in claim 1, the reducing/plasma-
etching process mechanism including:

a gas source which supplies a gas containing hydrogen
gas ;

a gés channel where a hydrogen-containing gas is
supplied from the gas source; and

a process mechanism which is arranged in the gas
channel and performs at least one of an activation
process and plasmatisation process with.the hydrogen-

containing gas.



