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1 DESCRI PTI ON PROBE METHOD, PROBER, AND ELECTRODE
REDUCI NG PLASMA- ETCHI NG PROCESS MECHANI SM 5 *@00002*
Technical Field The present invention relates to a
pobe mtnod, o prober “and an‘cloctrode [N
reduci ng/ pl asma-etching process nechanism More

specifically, the present 10 invention relates to a  *159159*
probe nethod, a prober, and an *l ectrode

reduci ng/ pl asma- et chi ng process mechani sm whi ch cajmuﬂ"""“l|||||““‘“"||||“"I
i mprove the electrical contact state of the electr

of an object to be teshidd ard A prbbe pidh.N Background  *Goooo2+
Art 15 A process of manufacturing an electrica

product and electrical conponent (e.g., a

sem conductr®OBRE MIQHOMES PRARERYS AN AS.EXTRODEs a film
formati on RESUCING /fPQASMAG BTAOHINE RROGES SoMERIAN T SM

| ayers such as an interconnection |ayer on a target

object (e.g., a 20 wafer), a step of testing the

object to be tested whi qﬁ for oin the wafer, and

a step of testlng t he Yo be tested

For exarrplqeh, sge%t *}}%e&leé \‘faint r%eclaa!t Cé“acroagat gff é Gfethod,

of the obJe For e
waf er, p@o%%qbea%bnahseq 49Rlge reducing/plasma-etching

process mechanism. More specifically, the present
invention relates to a probe method, a prober, 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

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
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
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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25 into contact with an el ectrode of the object to be
tested. A nmeasurenent signal is applied to the object

to be tested froma tester through the probe pin. If

an electrically insulating oxide filmhas been 2
formed on the surface of the el ectrode of the object

to be tested, sonetines the el ectrode cannot be

el ectrically connected to the prébe pin by nmerely
bringing the probe pin into contact wth the

electrode. 5 In this case, a test signal cannot be

appl ifedntedl tdie e aiurfierd ramdite dlesittfode of the object
Conventionally, while the probe pin _s in contact with

t he edcedter odstwid,h sonprieichetertti enedl amsedide prasgsur 6e

the probe pin scrubs the el ectrode surface to break

t he odiedy fiidamhlon qdreneldk &l ect ridue BiadadeEn oy thritely
the probe pin and el ectrode are brought into

el ectiidslino it tP KA Rlde hiihefon ek Wéltimt%g@ Rl rode.

degree of sem conduct.or ,
In this case, a test signal cannot be applied to the

electrode from the tester. Conventionally, while the
probe pin is in contact with the electrode with a
predetermined needle pressure, the probe pin scrubs
the electrode surface to break the oxide film on the
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 formation step, an oxide film on a

metal layer hinders formation of another metal layer
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products becones ultra-high, the thicknesses of the
deposition | ayers of the sem conductor products 15
decrease accel eratingly. Electrodes al so becone thin.
If the probe pin is brought into contact with the
electrode wth a needle pressure of a degree that
barely breaks the oxide film as in the conventiona
probe nethod, the needle pressu@e of the probe pin my
20 undesirably change the electrical characteristics
of the sem conductor product. Wen the |ower |ayer of
the ehettrodehesefimde, otha safitemitl émi mhstsubk aedaced
lowk material that has a |ow dielectric constant, the
pr obenpi nenamadt ibeallvenght bivntdesnhngcorwihh Lh&e.

el ectrode 25 with such needle pressure. In the film

f or nBbkoaxsmppe, adroxi detfi PRPSA - aKﬁﬁﬁélPPﬁﬁéPaﬁPﬁaers
formati on of another netal |ayer 3 it. Therefore,

the BRi déOPPrALABSE 6élﬁéauéédaaﬁdpﬁéﬁs€éahuAOQé&éﬁce
I the like. F . .
KOARE BB Pt | Of RoP:o56653 7 68E0aRg: th T4 ang e Bo
0041 I f
para ngFEL%OP g%f§eg ?%rhgﬁggcoﬂn@cEE886§§ g&s 95”‘”9

a vi nnec I'ng erent 1 nterconnection

laye&ﬁl%?%%g@?%ﬁ'%ﬂ¥%&%@ h@E%ﬁBﬂnngchBEesg B&o%Q%§nQEg the
cl eani ng

via hole ore form ng an upper netal

i nt epggn I kR thirsiRLOGESSpparNakitye 9Xide chnhect |
and 5%9 F%EE %Efoornedrlﬁ ?he V|§phgle in the sufface en

of argi khganpsubskkat 8 aneikenewedebyilsi Bgdnegat lvke
hydr ogen i ons generated by supplying electrons to

hydr ggemetiadncahs. via hbile processsuafgae odneaisiiligon
hydrogen atons is subjected to m crowave di scharge

i r r aduatitontien agel s evaoedmbromisange neJelidy egbyeirggieng ions
a hydrogen plasma. An el ectron supply device supplies
therﬁ@@ﬁééﬁﬁ@n§YtéupﬁéYHW@r@é@ﬁtﬁééﬁcépshﬂér@éﬁ@ré@élcals
negative hydrogen ions. In this reference,

nega@PvéhﬁﬁdpéﬁéﬁSSon§ gPe GS8d3for gl XﬁFﬁ&en atoms 1s

subjected to microwave discharge irradiation in a
vacuum container, thus generating a hydrogen plasma.
An electron 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, a 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 of the
object to be tested is performed. If an oxide film
is presert on the electrode surface, as the oxide
film is an insulator, it interferes with electrical

contact of the probe pin and electrode. For this
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20 In the testing step, a probe pin is brought into

el ectrical contact with an el ectrode on the wafer

surface. Wiile the probe pin and electrode are in

el ectrical contact wwth each other, testing of the

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

is present on the el ectrode surface, as the oxide film

is an insulator, it interferes ith electrical contact

of the probe pin and el ectrode. For this 4 reason,

the oxide film on the electrode surface nust be

r enoyed sphi, ot hieo oixaslel ig.lmTonr emeyv e lEelre roxieds Uriflape anust
reduci ng net hod described in Jpn. Pat. Appln. KOKAI

Publ beatrieowvedo pra@00t311868 iogn b&ougemovy tthet Iixgde film,
reduci ng met hod, however, the wafer is exposed tq

har sh ceddictiingnse thododgiseglipedeliangvne fFetmed e nt-hdOKAL
waf er may be damaged, decreasing the yield. U S P. hgr

6, 19Pukiad cBE i@ aions 2809 e BSurceR &8 wRsd-4 gt this

i nes) describes an apparatus which 10 generates free

at on€ CGMCLRG S NPAt i w@é’.erThitg‘eafﬁ’ﬁ;Freé? ds I’?ﬁ‘?ozfetc{@é) harsh
for suppl.yi.ng a gas,_ e.g... -hydr S Ar e

gas, Cgﬁ%%’lﬁ e e%dé:r%idﬂ‘élgall%néﬁt%ﬁ%nt %bé‘:%arn @c%%lnggteedvafer
to a r g A t: i to the wire
tohg%yﬁf. e%%ﬁhﬂ#gg%%%igﬁ%gﬁﬁgVWreheMS

the gas flpw ng Nyt he taabe te gh 5QOK it ZrR0GKe tourth
thermal |y deconpose the gas, thus form ng an atom c

mat erdcalumer, rMadiccales.lithe )atdesior iltetse rarala para raadisc alrsi ch

of the gas serve to reduce other materials. This

appam@hnes ait® sc dimeacta tamd icrexperisiale particles. This

apparatus has a tube for supplying a gas, e.g.,
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 apparatus is compact and inexpensive
when compared to that of Jpn. Pat. Appln. KOKAI
Publication No. 2000-311868. However, the tube must
be heated tc 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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20 when conpared to that of Jpn. Pat. Appln. KOKAI
Publ i cati on No. 2000-311868. However, the tube nust be
heated tc a high tenperature. "Characterization of Cu
surface cl eaning by hydrogen plasma", MR Bakl anov,
D. G Shamryan, 25 Zs. Tokei, G P. Beyer, T. Conard,

S. Vanhael eneersch, and K. Maexj. Vac. Sci. Technol.
B19(4), Jul/Aug 2001 (preface of> page 1,201) reports a
technique of 5 thermally deconposing such copper

oxi de, copper hydroxide, and the like into water or
the kihkemand yCopRempdsite ishich ‘apiemn aixiald,empapatrur e
of 150C or nore to renove water or the like fromthe
met ahyb rettiag e anand heedudkiend naued wiaermny iong thiee 1ike and
remai ni ng copper oxide with a hydrogen pl asna.
Accordippgrt oxtide tiecknivagautesstr sbégmpergtere afo.150°C
6, 191, 416 B1, hydrogen radi cals and _atoni c hydrogen
can b& gexer &edemoym s Sy @FoGds dadanftnprg the metal
conparalO tively sinple apparatus. However, the, .

r eduiid agsi| POy & %%@P&géﬁ@&&n@aﬁg‘%ﬁ&m&ﬁ%“@
hydroggn i s nat cle r.%?% or di n "Characterization

of dCG ?Erefraeéugleeéi’ﬁ'i y%ﬂ;@rggg‘ef?qﬁls&aﬂa", copper
oxi de, roxide, 1 t ik .
YN G0 3 MG *{%Aﬂn‘sbe%uoen ddie GaR ;101??9% P.

surface arete n a vacuum usi ng

pl aspm, ats the tenpeyat %lr))‘?ir%fg_e]‘ﬁqgoqrca@ &ndl REIRfY &ydrogen

reduction nust be perforned’in a vacuum at nosphere in
the sape yRRee 3% dd i that hydiigen dAlwith a compara-

Publ i cati on 'No. 2000-311868.
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.



10

15

20

25

20 Di sclosure of Invention The present invention is
based on the above problens and sol ves at | east one of
them According to one aspect of the present

i nvention, there can be provided a probe nethod, a
prober, and an el ectrode 25 reducing/ pl asma- et chi ng
process mechani sm whi ch can bring probe pins into
electrical contact with electrodes with as |ow a

needl e pressure as possible. 6 According to another
aspect of the present invention, an oxide and the like
on the net@lcdmyialg s face yr elgoidodes [@Eyerpsardace

of a target object can be reduced under an atnospheric
pr essuverati cm ,5 aconpards ianel yheowl iHeatamd: hee mpegraalt Urag/er
According to another aspect of the present invention,

t her sugdadse qir elicdsd e drgstr shirdacea edfud fguaathodject
with which damage to the target object can be

decr sasede IBPIWEES dINFELR ¢ Na FMCEPHEPECPIFSTHE at 2
present invention, there is provided a probe nethod of
br i NGO 3 3riotset i kP MG e thsRa T Sxct with, of

an object to be tested haviqg:electrodggwﬁgt | east_.one

el ectrode AN Rt I T e et e 5116 %_e?%net
obj eql J e LesledaqThe RLARA dit hod |38 ct

(a) pérform nd east one Cl ng process and

pl as%‘ﬁﬁm;]d‘gné)ir%ﬁ%tfkprwﬁi% &l Heldode, afnd ha fdect

to be tested; (b) bringing the testing el ectrode and

the piphePidhd MO LaEHean th each other in a
non- oxidi zing 20 atnosphere; and (c) testing the

el ectri calpcdr@ci@eristd o oft thepady est e herdesited.

Thi s probe nethod preferably conprises any one of the

f ol | dwivegh tairagrgngemerd si sa)ptavijded ar oo awddittadargf bringing

ones of the arrangenents in conbination.
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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25 a) The reducing process is perfornmed by bringing

one of a gas containing hydrogen gas and a gas

obt ai ned by activating a hydrogen-containing gas with

a catalyst 7 netal into contact with a surface of the

el ectrode of the object to be tested, the

pl asma-etchi ng process is perfornmed by a gas

cont ai ni ng pl asmati zed hydrogenrbas, 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

gr oupetreflai nandcantakkoyioh a phatiecemodr tbhp seeatrote of
c) The reduci ng/ pl asnma- et chi ng process conprises

heat thg ptheeobj éct beotbetedst ed. d) The met hod

conprises, prior to the reducing process of_ the

el ect r ode thf PRESBBEECIiHIPTOESSES I SpPEEERGMEre Py @ gas
object to be tested in an inpert %as 15 at nosphere and
heatFﬁ@tﬁﬁélBEjEéﬁspétﬂéegegygﬁ9 fheP@Sn R reduci ng
process is perforned hy .bringin reduci ng .gas i_nt
contact wiTH RS EXErre4é ggmto%é)%oetﬁeecctonip%lbee %t éastd‘e}d'
under. ,at ric pressure. e) The reducing gas in the
redungaggﬁgggés is 20 one of a normal -tenperature

reduci ng g3s r¢antaining hydragen 9as and& one of a
normal -tenperature formng gas.
platinum group metal and an alloy of a platinum group
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 1s performed by
bringing a reducing gas into contact with the electrode
of the okject to be tested under atmospheric pressure.

e) The reducing gas in the reducing process is

one of a normal-temperature reducing gas containing

hydrogen gas and a normal-temperature forming gas.

f) A temperature at which the object to be tested
is heated prior to a 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 is a forming gas.
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f) Atenperature at which the object to be tested is
heated prior to a process of reducing the el ectrode of
the object to be tested falls within a range of 150 25
to 270C. g) The catal yst includes palladium h) The
reducing gas is a formng gas. 8 i) The el ectrode
contains at | east one of copper and a copper alloy. j)
The inert gas is nitrogen gas. According to a second
aspect of the present 5 invention, there is provided a
prober for bringing a probe pin into electrica

contact wiit)h,Tref eArcaljcelet domthee isestted dead rpe of copper
el ectrodes, at |east one electrode to test electrica
char acideri siopperofalillbe .obj ect to be tested. The prober
conprises: 10 a reduci ng/ pl asma-et chi ng process

mechani smvhildte gevefor 98 satl s edtrag®d® &@sa reduci ng
process using a reducing gas and an etching process

usi ng a plAESREGAY 6 & Fe QeI HFE ook ﬁg“eotﬁreecsce%
be tested; .and a nmechani sm whi ch noves

the GB/EE L8 ST adt SAOHAST GoEBERT £8 DI Ig e

ol ectiofe oft 15,005k A i Lentatand e oF 9P diffhee
to be tested having electrodes, at least one electrode
to test electrical characteristics of the object to be
tested. The prober comprises:

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.

1) 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



10

15

20

25

The prober preferably conprises any one of the
follow ng arrangenents k) to x) or sonme arbitrary ones
20 of the arrangenents in conbination. k) The reducing
gas is one of a gas containing hydrogen gas and a

form ng gas. 1) Conprising a nmechani sm which pl aces
the object to be tested in an inert gas atnosphere and
heats 25 the object to be tested wherein the reducing
process with the reducing/pl asma-etchi ng process
mechani smis performed by bringing the reducing gas

i nt owGent acte 9 adtirbdehe felteet ride af tchéebjestted aurter
tested under atnospheric pressure. n) The reduci ng gas
in thhemeatharig precessaM th the

reduci ng/ pl asma- et chi ng process nechanism5 is one of
nor mal - t empertauree dyaimsyere a1 gtk areducing process
normal -tenperature form ng gas. n) The heating: ,
necharitdmtieatis durd nejrd s mas PN idst &FAGESP MafJeeorsm

150 to 270C
is one of normal-temperature hydrogen gas and a

normal-temperature forming gas.
n) The heating mechanism heats the object to be
tested in a range of 150 to 270°C.

o) A mechanism 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.

g) 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 a 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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0) A nechani sm which sets a non-oxidizing 10

at nosphere at |east around the el ectrode of the object

to be tested which has been processed by the reducing/

pl asma- et chi ng process nmechani sm p) The mechani sm

whi ch sets the non-oxidizing atnosphere sets a dry

at nosphere at |east around the 15 el ectrode. ) The
prober conprises a prober chanb&f where the electrica
characteristics of the object to be tested are tested,

and the reduci ng/ pl asma-etchi ng process nechanismis

arr apgedsktAanghecphabgsmcbd@mber. s2@ge) Eheephalpdrsm which
conprises a | oader chanmber where the object to be

t est edppd ikcadededndingl gadedo angutrffece of the object to
reduci ng/ pl asma- et chi ng process nechanismis provided
in the kteaderd whasbers Spatikd bedidien§epPasivdlidtcFicagsting
process mechani sm 25 has at | east one of a_processin%,
vessBEChandglge 2 éhMesharisAg¥dich ENePIrESedsy F§ching
vessel and on which the object to be tested is to be

pl ac885:a tenperature 10 adjusting mechani sm of the

t , hani whi ch [ i. t
SurTace oft NERs det co SR a0, B e
the t t ' i i :
whi cRoQnacE 82 (A BEL0S TRCRRNRT BN R RSN Shpply

supplyiRget he nedusl nggas nlid gt ReSWyaCf, thgas channel
object to be test'ed includes a supply source of "a gas

cont ginRirRg thrdLREen sgasppd igas febantele wWhepd vt Reugas of
is supplied fromthe 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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10 the gas, and neans for activating the gas in the
gas channel. u) Means for activating the gas in the
gas channel conprises a catalyst nmetal which is
arranged on an inner surface of the gas channel. 15 v)
The catal yst netal is at | east one of a platinum group
nmetal and an alloy of the platinumgroup netal. w) The
catal yst is palladium x) The réducing/pl asma- et chi ng
process mechani sm 20 has a processing vessel, a stage
which is arranged in the processing vessel and pl aces

the @hjeelritaibenkesied ikerneenora sfeehgricimushiceh tested,
supplies the reducing gas into the processing vessel,

and a mreehanngMoMisai -@ererialge $ rad delsas e dheomsthe o perform
reducing gas in the 25 processing vessel. According to

a t hiatd lespeconef dfhe preserindg mredtisen ancherl@sms-etching
provided, in a prober for testing 11 electrica

char acpeeisst ifoy 6 & eshjreste 1 Boe eiegt &0 be tested.
reduci ng/ pl asma- et chi ng process nmechani smto perform

at | 84St reAECENd PAESRIENG HHEEEs TAGE S5 ASFRLPEHEM ng

process for an el ectrode of the object to be tested.
includes:

a gas source which supplies a gas containing
hydrecgen gas;

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 15A, and FIG. 1B
shows a 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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5 The reduci ng/ plasma-etching process nechani sm

i ncl udes: a gas source which supplies a gas containing
hydrogen gas; a gas channel where a

hydr ogen-containing gas is 10 supplied fromthe gas
source; and a process nechani smwhich is arranged in
the gas channel and perforns at | east one of an
activation process and plasmati 28ti on process using

t he hydrogen-contai ning gas. 15 In the

reduci ng/ pl asma- et chi ng process nmechani sm preferably,
t he gaseghawrmel includes an inner wall surface, and a
surface of the inner wall surface includes a catalyst

met al .

Br iRefGDes3x igptd (3B ofr Drserinigs 20 VHIeGs: shiovalimy

1B are sectional views show ng a prober according to
one erbodiimgnip lefsttehe fotsgentodaness idey,ides wArdh &6 Go a

| A shows a prober having a heater 15B in s supply
cont @nede r1 Bacoed | ¢o mlﬂiomﬂo&fmro@érrbq%«m it the

such heater; 25 FIGS. 2A and 2B are sectlonal Vi ews
show%&sﬁ%dﬁwwlﬂ%céé‘s WA & Trat3 e dr® Be Saﬁfﬁﬁoét?l view
to a ober accor another nbodi nent of(} h
presEMWITE itk ‘1 l(ﬁmas/f ﬁ‘dl BROSSSec o4l heving

VI ewg %@@@é¥315B, and FIG. 3B is a sectional view showing a

reducing/plasma-etching process device having no such
heater;

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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reduci ng/ pl asma- et chi ng process devices applied to a
prober according to still another enbodi nent of the 5
present invention, in which FIG 3A is a sectiona

vi ew showi ng a reduci ng/ pl asna-et chi ng process device
having a heater 15B, and FIG 3B is a sectional view
showi ng a reduci ng/ pl asma- et chi g process device

havi ng no such heater; 10 FIG is a sectional view
showi ng a reduci ng/ plasna-etchlng process device
applied to a prober according to still another

enbogh nepi chf Frbe present gnupht sboyifyGehE tempegrbiiphe
showi ng, together with a 15 conparative exanple, the
d|stofbuheonoppeoxygéarcandehhﬁadﬂ@hrihuélphlﬁfcéﬁwéﬁn
fil mwhich is obtai ned when a reducin rocess for a
coppepneanhdratiopeifobhiedtbynusPrEcs pibBe RefRodre
according to one enbodi nent of the e i, nvention;

20 Fplefagned Hh@PaEHGSHBRPﬁﬁ VﬁéeFeﬁﬁ iﬁ?ﬁr I¥hgir and
copper wafer and, the str but i of . ox

concéﬂt?ﬁtFBWO?HhFﬁg ﬁFn cBﬁSgggFFPﬁp ggﬁréPg of time,
obtai ned.phen g tedycing pr 0eRs hok.t RE L CORPEL WM eh ary

i s p8F u5|ng probe according t

one ggpoghgegk QReZEthgggggﬁgent i nvention; FIGS. 7A

are graphs show n e influence of humdity on

OX'dat'onEQESth@Ar%@U@@ds%%ﬂp%rp%@ﬁ%rmetk%dlﬁcWB&@ﬁng to
FIG 7A is a graph show ng the tenperature of the

coppgheWafhebdandnthe rdicsker bbekean ahvexygen, and are graphs
concentration in the thin copper filmwhich are

obt ashedinhenheheedappenshabebeitgekaf thienodeydaiiveantiount
5 in an atnosphere for a predeterm ned period of tine,
and BhG c?Btiestargeaphasikewi ng oxidation rates in dry

air and in the atnosphere;
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
resistance of the copper wafer which is obtained by
measuring the reduced copper wafer in an atmosphere;
FIGS. 1l(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. 8A to 8C show a probe nethod according to one
enbodi nent of the present invention, and are graphs 10
showi ng the rel ati onshi p between the overdrive anount
and contact resistance; FIGS. 9A to 9C show the

rel ati onshi p between the overdrive anmount and contact
resi stance of a non-reduced copper wafer, and are
graphs corresponding 15 to FIGS148A to 8C, FIG 10A is
a graph showi ng change over tine of the contact

resi stance of the copper wafer which is neasured with

the prebemrihed accar dieng iy oneiebedi rend 1dfkd hef FIG. 1,
present invention, and FIG 10B 20 is a graph show ng

change warcH i 0f1 Arhe scentsaedt foesilstvarae off tthee same, and
copper wafer which is obtained by neasuring the

r eduged .cqpeeri shaf grlam varvwatafogpleersemell GS. 11(a) to
11(h) are conceptual views show ng the respective
steps in &kGrgel iobjaeciramdudiaw mettied 25l afccurah iy
to one enbodi nrent of the present invention; FIGS. 12A
and DEBveed \Hhen® SR P Efitat Wamnt e gepth from
reduci ng process apparatus that can be . 14 o

i ncorpsr e aGe ePfeasttﬁHé’ FERARSE yllf%elamelfe B ghgbLt
1, in.which FIG 12A is a -sectJd | wiew of-t ﬁﬁ?@s
and FNE P85S arf%f’luelvs\g o?f t%ﬁgeaam \alllrrewe\;llé fGéhle% R e

graph _show.ng the relationship 5 between the oxygen
concéﬁﬂ%ﬁﬂ%ﬁbﬁnd the depth fromthe surface of a thin

Coier o ASIEL B2 LR dhe pronriaain e omh
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 Dbe
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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FIG 14 is a graph show ng the rel ationship 10 between

t he oxygen concentration and the depth fromthe

surface of a thin copper filmlayer to exhibit the
experinmental result of Exanple 7 of the present

invention; and FIG 15 is a graph show ng the

relati onship 15 between the oxy%en concentration and

the depth fromthe surface of alPhin copper filmlayer

to exhibit the experinmental result of Exanple 8 of the
present invention. Best Mdde for Carrying Qut the

| nvenrtds@t i22dThe enodisrinte afhe he:ipreesféntmd "Nietdiorafter) .
will be described with reference to FIGS. 1A to | OB

Accor di ng Wreert Heheenboidiareiitlnof arhethpr eslamtianeshtd o9,

oxide filnms fornmed on the el ectrode surfaces of a

waf erreacy aded et eore ipisasfdl etaghdxd Byranghig,intqy.electrical
hydrogen gas or a 25 reducing gas (form_ng gas as

gas MHONtAGE oF tHy dieyen apds JiRP miToger Yag)sedle Dressure.
cont ai ni ng hyd t I f
part|c>pnahegoé+ﬁynth&g§”te?qi‘?esl%°q{oe S '53 & o fiaifgd, by the
renove e oxid ft,

fil mMPrs ﬁ’e”léﬁ gc%’ocf‘é%d h:?bel ks eo‘) Sriohe gplhc‘rﬁ:hs )1%4%eoe pins
can q Abrcoat%ghtﬁlﬂg oloql Q}rl cal cont act with the

el ectrodes eedle pressure. 5 Consequently,

the el ect r@%%}! laMr%cﬁja{@g@r@l.@Yerﬁﬂ@dlment will be

described. As shown in, e.g., FIG. 1A, a prober 10
of this 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 pins 14A, and the service life of the probe pins
14A can be prolonged. A prober according to this

enbodi mrent will be described. As shown in, e.g., FIG

1A, a prober 10 10 of this enbodi nrent can have a

| oader chanber (56 in FIG 4) which transports a

target object W(e.g., a wafer), a prober chanber 11
where the electrical characterisfics of objects W to

be tested (to be referred to as integrated circuits
hereinafter) forned 15 on the wafer Ware tested, and

a COMHOldbeblawdl aly cont redlextvaidedu® toyfpashefobjects W'
devi ces arranged in the two chanbers. The | oader

champer &b teantdddrudsen wetfage Woranidor whereess means (to
cassette which stores, e.g., 25 wafers 20 W is to be

pl acée, refeefrEd tucarsper t' ey urEciea(F 1SaMEG AR teiidty process
transports the wafers Wone by one fromthe cassette

C, am$chanisaiudie sHine tdh)gns (e GhafReif quns at least one
predeterm ned direction while the wafers Ware bein

t r an$ifort FEANING R TS A1 7R SRR e, for

or ob Tehrth S g e ThESadh 15 oy tostha on the

al i gnnent chani sm (not shown) which aligns probe
pins“f%%”bgﬁ 16 the probe card 14 and el ectrodes P of

the obj eCtﬁnéNs%%g e 4 etfsér?do@r}ncs\;@d waf erh MWe a0k & directions

process neans ( e referred to as a

" redys) ng/ ol AsdBnetL hixth process e haiEM-axis) moving
hereinafter) 15 which perforns at |east one 5 of a
r eduGidh M i0eesls anth pdas e ettty prlonessi forardiecoun-

el ectrodes P of the objects W to be tested on the

waf ertdfclockwise in a 6 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 & conductive metal, 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 stage 13 can be noved in three-axis directions by

a three-axis (X-axis, Y-axis, and Z-axis) noving 10
mechani sm 12 and can be rotated cl ockwi se and
counterclockwise in a 6 direction by a rotary

mechani sm The stage 13 can al so include a tenperature

adj usti ng nechani sm 35J which adjusts the tenperature

of the objects W to be tested &hich are placed on the

15 stage 13. The probe pins 14A of the probe card 19

cone into contact with the electrodes P of the

i Nt egleatetetid qu ha fiegmed ter tidre Twafsera Ndarige C amedie head
the tester T and el ectrodes P to each other. The

el ecoredes 1B carch2@ Hee nade tefs ta heeed qtt icse et allectrically
e.g., copper, a copper alloy, or alum num The

r educiomgvepitasimi-cettdis my greocessl dchadiss Moy T difovdss. 1A,
the oxide filnms fornmed on the el ectrode surfaces of ,

t he dbjeetoy iy mechalsd smedile ¢ agh hiave 25 Ysttadpe €1 3L 2AT e ich
probe card 14 can be fixed to a head plate 16 on the

ﬁppgl‘“oﬁ@rst iion sofY (HE etotody (Ghalig&ctipn Rerppiguiar to

ead TH having a tester, T js, arranged on the head .

pl at &6 R ¥ ‘redt Gread TH tdi be 00T surface in
el ectrically connected to t ar. AS, §QQA%5'

in FIFG® IpAﬁ,O\gt ie Cr?t?\%qbr?gr r%ngh%% ggmq%%lc%anl Bziéqehla tabl e tnoan

12A %gﬁl}%%t%\ﬁe% g X didied iom (il rfH1 0N s mechanism
per péndi ¢

ular to the sheet surface in FIG 1A) on the

fl oor gunfracs iy the Hqkelorchaer thb1an g t abhe 3 ing
which noves in an X direction on the Y table 12A, and

a Z- fdchdEEhani smakl @V eledrsrargnanged oty heseX the
table 12B. The noving
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

10 nechanism 12 can be a nechani smthat may use the
principle of a linear notor. The noving nechani sm 12
noves the stage 13 in the X, Y, and Z directions. The
stage 13 can incorporate a tenperature adjusting
mechani sm 35J whi ch adjusts the tenperature of the 15
objects (W) to be tested which are placed on the

stage 13 in the range of, e.g.,1855 to 400C. The stage
13 can be rotated cl ockwi se and countercl ockwi se by a
8-driving mechani sm (not shown). The

r educd 2@/ pl asew et ghiingaPe oc6ess neshanesims2Onttmaberial
referred to as a reducing process nmechani sm

her esnafit @) d5gperfioanszavr| easéranecohaferedlici agheater
process and pl asma-etching process for the oxide filnms -
on théBehrecengdd surtheegasdfsvpplpbfeetaipeyr) 18/ ba 92s
tested mhich‘are_glaced and heated on, the stage 25 13
undePuRPhpspheei e5Br 6880eetef Fedhbediptesafeth@sgas

shown in, e.g., FIG |A, the reducing process ns. 15
can fabely gastaypprylednt 3 Adf iBEPerﬁﬂﬁéaeoﬂg?hgthh

18 head plate 16 and made of a heat-resi o
Suchfgs?gggGSFeguggtEgar8§gcgﬁgﬁ$§tﬁ%$§L?§ ?gggﬁégpéihes
15B d i h t ai |

N L N

SuppkxnegeieiEEé 19hy 2298So8UPRLYrSeMiEE 48D Whbghthe gas

connected to the gas supply pipe 15C and supplies a

for”Eﬁ?pg?SsoéﬂgealHBSS rhewreantiall protsEswhieehs 15 can
controls the flowrate of the formng gas fromthe gas

supph¥asouheefdbRinghgacseduchnghpr beessrndéisit5tbangas
10 heat the formng gas with the heater 15B in the gas
suppkyppont abnerihBA. 1Fhe hBhtelehbrdi igrgasar gdgcesduces
or plasnma-etches the oxide filnms on the el ectrodes P

of the phpemaseWthes bbet ezidd WhleE aretheard@cséiogRs P

stage 13. ,
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 to 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
112 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 fixed

to the upper portion of the moving mechanism 12. The
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15 The gas supply contai ner 15A can include a

heat -i nsul ati ng nechani sm The heat-insul ating
nmechani sm prevents tenperature decrease in the gas

supply container 15A. As shown in FIG |A a gas

di scharge port 35K. of the gas supply container 15A

can 20 be arranged such that it extends through the

head plate 16 at a position adj&8ent to the probe card

14 and opposes the upper surface of the stage 13. The
prober chanmber 11 has an exhaust port 11A. The exhaust

port yEhAcqan she cgennrctrednicel an exhaust dewieerndarger than
t hrough 25 an exhaust pipe 15E. A flat vessel 15F

whi chhhas odn tepen taeeer 3end Tard vewseduids tdewen steadd 103d

can be fixed to the upper portion of the noving
mecharditdmtb2, fHrenink9 gees selprlERd dir dye ther e toiHrave

a dianeter larger than that of the stage 13. The
vess@ontBr nean 15 f i 1A egdbaimna Wénf%ﬂheﬁge g dfppigtedn the
fromthe gas supply container. 15A. A reduci

at nodphére daR héligetVassand 3 ity itde off°¥%é‘%egaasse'l The
o et NG 09,805, TG, 935 SR PUL A er 15m
pOSI t | on as fa{.l.h S a!nty f alsllsc:LVgnt résn ilance arg)wtngfarlalrkg%qloghln

the $t orn1n gas can be "a gas m xture

consi sf,ltl % g}gofﬁ%yegc% Qgen 1gAS Bk cay ri er gas

(nltrogen ga ormng gas 1n the prober chanmber

11 can beﬂpéugﬁgl,h%/ e dBsHd loWLOM 0t &8 ddtsisting

such that the cont of the hydrogen gas falls within

an nYF explrasjate Jangahd &akrnido dus volitmogen |gss) andrhe
nore particularly 15 approximately 3% . As the carrier

gas, faidemd hans nir ridgerpgassr foramgeanpl e, can foblad gasted
such as argon or heliumcan be used. The inner surface

of they prioberasschaniber cointoaml Ieavel d stH@ dhmahiidre 1@ tent
The shield nmenber 15G 20 can hold the interior of the

pr oberf ctemberddagem gas dialhs ghitisimean (PR e ve

the interior of the prober. chanber_ in edet er m ned

r educeigst e o s\?‘at%y S Tonceit r%l{)% g HetRg st yeularly

Canl§%§¥g§3é£tely 3%). 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 air-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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i nside and outside the prober chanber 11. The oxygen
25 concentration neters 17 neasure the oxygen
concentrations inside and outside the prober chanber
11. When an oxygen concentration neter 17 detects an
oxygen 20 concentration of a critical |level, a
warning unit 53 such as an al arm can produce a
war ni ng. The prober 10 can incl dde a nmeans 54 for
supplying dry air. The dry air supply source 54
supplies dry 5 air onto the stage in the prober

chanbemn ckht rS@ ildmalo ft e celiedidailcalevad1gr actwarrrsiingc sargft 53
the objects W to be tested can be tested in the dry

at nospher e.s \Ah faltshen drayn atroobjalerse watrndsey .el ect r ode
surfaces of the objects W to be tested fromwhich the

oxi de fil Mhehguehreerl 0lGarenmadidsy & mearodessfor supplying
mechani sm 15 are prevented from bei ng oxi di zed agai n

by waltrer aii .t h&had AryWeednr SWRFM mPUdiGe aid SURR igfe dry
Ui RGR AL IR TS GRCHR AR, | g 9 that
T B G e ot bt 4 £ 1 ie prbbae e
Peot &6 Tl GArpmse et A i S 0, |t che

exhatasgdﬁdattfdy e{{h%y@g@t@ﬂeéﬂmé%r@% her 2Ge objects
gas fromt

formn e gas supply source 15D i s supplied

i ntoythe Y3 SURRISE GaHmifIeichl he Hiel deatElmsl 3Rt been
the gas supply contai ner 15A heats the form ng gas.

The heatged Wit gasdes S uplliart rovies e objeatisd

(W) to be tested on the stage 13 through the gas 25

di schraraqye Heoirtg 35K difzddheagaisn supptatcontraitier di5A. When

The interior of the vessel 15F is filled with the

f or mapgasinsalithatia imdoudhey mtalsspharanisr fokmdde 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 is 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 153A.

The interior of the vessel 15F is filled with the

forming gas, so that a reducing atmosphere is formed
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21 in the vessel 15F. The form ng gas reduces the

oxide filns of the electrodes P of the objects W to

be tested which are already heated to a tenperature

of, e.g., 200C or nore by the tenperature adjusting 5
mechani sm (35J) of the stage 13, to renove the oxide
films on the electrode surfaces partly or entirely.

The formng gas after the reductRg process flows from
the vessel 15F into the prober chanmber 11, and is
exhausted fromthe prober chanber 11 to the outside 10

t hr oygh tirke veydwustl 53 .pe TheE.f duriimg ddd seepeareat itorg oxide
if air is not sufficiently exhausted fromthe prober
chanffarinkl cehd Hehee lmotgertesoric et rtatd arpjiessttd ghlerta Hemn

a predeterm ned preset value, the warning unit 53

pr odirces el warinim@rel 5 afaaaty thee trest il iy Yaiseegsture of,
neans 15 renoves the oxide filns on the el ectrodes P,
dry &-9-(wi20P°s @swnopsi Ry ke &egperatoes pelisgprded
into the vessel 15F, to set a dry atnosphere in

h .
vessdlechsmign, (e < e Stqﬁaegerr&\/?i'ngt%erﬁ%‘fesrﬁﬁﬁeoxme
dri , to bri t he 20 b ' 14A of_th
Girucs go bina e 20 pusbegias R ol ihe pishe .,

t est [ ont act with . i ' [
the. ahtd TY o i oy 3 SRR nd padieed Ty Strom
prob I"FQ %ésdéﬁ alnéq? til'}{ac_o eé}‘?é:tﬂ&ﬁﬁ?egr %l’ﬂﬁ&%lonll])’, b&d is

brought into contact wth 25 each other with a needl e

pressure vl 4180 die thiebaoneiiianall caseshs outtde
they are brought into electrical contact with each

ot herchrduth tihe dxastiert piE? el t xtrire Wliectopaadtion,
characteristics of the objects W to be tested.
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. 1In 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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As described above, this enbodi nent includes reducing

the oxide filnms on the el ectrodes P under the 5

at nospheric pressure or reduced pressure by using the
reducing 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,

the probe pins 14A and el ectrodéd P need only be 10
brought into contact with each other with a very | ow
needl e pressure (e.g., 0.2 nmN or less), so that they

are ppaugbtti phe eheckriicall cpatrack ewilsh ieach fotther objects
Thin deposition layers such as the el ectrodes P or

t hei yrundepkyicegtlayers can be avoi ded from being 15
damaged by the | ow needl e pressure of the probe pins

14A. Accordi nig stox iftids adrbyedi révits, emniipe diyhrdg em qjasdd€ sn

the formng gas is activated by the heater 15B. The

r educiedycpnacsds oxigleadidmst Ofi fdeprdesdgogsisng under the
acti vated hydrogen can renove the oxide filns on the

20 ePEFOFBAET IS WIERISHIE SRorEIIORe PInFSEddict Pn BS1ng the

since the form ng gas and obj.ects (W) to be.tested
are HEQPE&Pgtﬂésré%u@rng PeL %% Xésﬁ§¥% EHinGg "9 the

b ln this. i , .
PLOCSSSL OB S B OTH S A S AP Wi o

r edu€i $ means

used 'co’?l‘ltta%rtn %it‘fle?é'cha§t§%%;winih r’?:h':el @ryl %tn%‘f)hré%%t.er Thus,

15B may be omitted, an the gas supply source 15D

may hePrevided il 1l $n? 16858 odk d eduEdiy FAS be
(formng gas) is supplied into the prober chanber 11

f r ompirh@g@as isuRrplosrsewtc e itdDeddh radisae Wit abjveatys low

W to be tested which are heated to a predeterm ned

t enpereatdlree prespure20@Car, oMb ltdws )st age tikxt 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 i1s activated by the heater 153B.
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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FI G 2A shows anot her enbodi nent of the reducing

process mechani sm A prober according to this

enbodi nent is different fromthat of the above

enbodi ment only in the reduci ng process nechanism As

shown in 10 FIG 2A, a reducing process nmechani sm 25

used in this enbodi nent has a palladiumpipe (wwith a

di ameter of, e.g., 3 to 100 nm) 235A which is formed of

a platinumgroup element (e.g., palladium or its

alloy into a pipe. The palladium pi pe 25A is a gas
changelse, The rkalucduciqng priecessgreasniismAprldrecaveo the
a pipe-like heater 25B surroundi ng the pall adi um pi pe

25A, padibeat -dhasideat ildn fpigre 26C daor saggdihodatiasy e to
heater 25B, and a storing pipe 25D which has a

doublrednald téter witjerat samt! gt drenddittessd telch are heated to
heat-insul ati on pipe 20 25C. The reducin rocess

mec haniesaoes egan nesl iampafad i al hréad ‘€ 96, MRIGAs On
suppgé1source 15D i s connected to the upper end of the

pal | q”ﬁﬁﬁQﬁalébA t hrough a gas supply pipe 25E. The

gas supply urce 15D suppli.es a 25 O, :

1|‘O_or i ggAga%%O'c aﬁt ‘?"ﬁslg_ 'S renenébz%%t%gerﬁeg%a?}?%d?%%}cmg
i pe ile r [ : ; -

W th pa‘irorrcwsle\gs15 ﬁeocv%%%oln%%'ol Iqﬂgrg]%%—glJ %%c{]&{)%%f?ﬁce% smbodl

heat 'nier}'?‘é“j%t '&%ﬁrﬁ%@%ﬁn%}%@rd@&ﬁé R&ARD didso@iment

bottom surface wth an outl et forned at its center
The hattpmswiaceffcide Stard 19 g2 al 56 hasown in

doubl e structure, and an inert gas such as nitrogen 5

gas isIcUp, ed danic sppger dsdveanedienisw Maldsed 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 is 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 supply source 13D 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



10

15

20

25

The inert gas supplied fromthe outlet of the storing
pi pe 25D into a prober chanber purges air in the

prober chanber. The pal |l adi um pi pe 25A has a function

of activating the hydrogen gas. The pal | adi um pi pe 25A

10 may be of a nmesh type or sponge type. In place of

t he pal | adi um pi pe 25A, a granul ar pal | adi um cat al yst

or palladiumcoil may be arrangéd in a pipe nade of a
corrosion-resi stant material. The operation of the
reduci ng process nmechanism 25 15 will be descri bed.

Fi r stheNiHdz00em 9AS 1 iSors Wipd exbd raomd tdresitray igligpepi 2D has a
25D into the prober chanber. The nitrogen gas purges

ai r ipotithen protfercec haitieran Thet lheatferrREB dteaittss tdenter.
pal | adi um pi pe 25A to the activation tenperature (600C

or | €8s loft tywrogeeagme Rt st qwinpering e fhralso has a
pl asmati zi ng hydrogen. Subsequently, a formng gas is
suppldcadh e craturt Wy UPHIAP siotfitle IBD FWFht s nitrogen

pal | adi um pi pe 25A. drogen gas in the formn S
Dot R s U b 1 SRAH RATHATh Yo BT 11 ki

pi pe

5A., The formn as 1s.25 s i t.0 .
waf erﬁ\ﬁliwet%e %t F%Ha%#oefrr.orﬁ'ht %c?uﬁ?laﬁteﬂ%ﬁeogsé%ormg
gas reduc r. pl asma- et.ches [ ' . Of
el ectqlé)oee:chig?olnr&t%ea H:’ergc%be V\%}#%‘rﬁo% @ﬁ%éégz?lrlgdlu%i%%e prober
process, Rehani§in 25, CAL NG EIErAl wmised M8 ion of
reduci ng or plasma-‘etching a netal material nade of,

€. 0. .5 GORRA 1Y ShEAPRFoRH A Was Fl GhSASNNEi @n pipe 254
reduci ng process nmechanism 15 5 used in a prober
accongindd ostd Iheanod y1es enbashrgntt ple t helprgberg of

i nvention. The prober according to this enbodi nent can

be fdrimedd Il adieurs gigperedhfer asgfanuher ahplleadium catalyst
enbodi ments except for the reduci ng process nechani sm

15. Ao grhiciadi yr ooeiss mac Hemi ar arsgewhi ©h 4 oipe 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-
guently, a forming gas is 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 plasma-etches the

oxide films of electrodes P on the heated wafer W. The
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10 used in this enbodi nent and perforns at |east one

of a reducing process and plasnma-etching process is
fornmed in a | oader chanber 56, as shown in FIG 3A
Before testing objects W to be tested forned on a

wafer W the reducing process nmechani sm 15 reduces the
oxide 15 filnms of electrodes P of the objects W to be
tested fornmed on the wafer WinZ2bhe | oader chanber 56.
The reduci ng process mechani sm 15 can include a

processi ng vessel 35A, a tenperature adjusting
nmechaeiys®i3e) pMiicels shericszanént @@l sarheenafrarf Mvabi yt hesed
processi ng vessel 20 35A, a stage 13, a plurality of

el evahieng rRidts: 135C dro pleceiare tidhe nyafee mewadn ntahies rsiteelgenade
13, a gas supply contai ner 15A which is arranged above

t he pifocessi.ng cogpsel 35A amgoeas ad lveat er 15B, a gas
supply pipe 15C connected to the gas supply contai ner
15A, a gaFIsupplly sIBvsolr ceedMBE NG EE s wsdimsism 15

pi pe 15E connected to the gas supply .cantainer 15A ,

f or nuggdgdd intIrEEde & F59H e t@as’itsldﬂpwostcenﬁlceemfé%lment
t hrou he gas suppl 6 pipe. 15C is heated in,.th

gas Q%{; ﬁI('V @%ﬁlsaﬁnﬁerl%@&.% 1‘Fﬁ‘é héri}eeé) 585 f5 cgoarsdllnge to

i ntrqduced into t pr.ocessi i %%%ﬁ :

t he %)%iltfe efn}qorf@moepl ﬁg%eﬁoéact%glee?éﬂoft%}%estaghbﬁr ects \ as an
to bq:hteesatb%%%’e%rﬁ%ogrénéﬁg anspd ing- mechani &AM RA divcess

arranged int r chanmber "'56. The wafer

t r ansRRHINGMMBEhanizs MOA AR dSs e @fm W5 which is
bet ween a cassette C and the processing vessel 35A

Pref ersald] Vin dmy Qidmd s s et ipdrf dhes laxadesast one of
chanber 16, in the same manner as in 10 the prober
chankerseduriadj ystodeadserdrat poifa driee-d toddierg gheodysys 565 formed
to a dry atnosphere. Reference synbol G denotes an
openiimg/acllogidey ddmmhar dfen/at adwwhel privkkessifhg Before
vessel 35A. The operation of the reduci ng process

mechdifiSThMEs k586199 We ek itRtked rioRHRe |Yadervater W

ot T4 UGS WHTHAT MECHUEET 6 C T Rpo S THee

\gggﬁh@é\lniangqgﬁ t eeocgtgxi?o(:%s%ﬁ gt?ﬁ/eéhseel ob?’jSeQ:tt sh ! g*:ho tkg'ee 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 15A, 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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Is open, and places the wafer Wfromthe stage 13 onto

20 the elevating pins 35C that have noved upward. The

el evating pins 35C nove downward to place the wafer W

on the stage 13. The heater 15B of the stage 13 heats

the wafer Wto a predeterm ned tenperature. Meanwhil e,
the formng gas is supplied fromthe gas supply source

25 15D into the gas supply cont2®ner 15A. The form ng

gas is heated in the gas supply contai ner 15A by the
tenperature adjusting nechanism35J (e.g., to 27

subspapti abtyithgesase tanpreagusesapplhatoatather 15A.
waf er The heated formng gas flows into the

pr ocessi ngavedsebridbAgt gaseducenorophasdaistohthke

el ectrodes P of the objects W to be tested on the

waf epri¢edstieg vhesBlogbBetbi kadugeethedagédeofilms of the
pl asma- et ched, the wafer transporting nechani sm 16A

ext ratestrhdesaPepfWheoabiREtpr Biessi R Gesserd -35A wafer
and transports it into the prober chanmber 11. The

el ectFpeaPOERARECTEFDEE]ER gﬁAtﬁé BBFBREEAWE Nt fhfe 1oader

tested fornmed on the transported 10 wafer are te %%d
i n tRB3PPBBer Schakber ¥t SZFFE-NSBOFL L AET FEFBAL 1PFom

th t [ El Ain th [

i ncl B8 aCRERPof RTse AT JuBECHE Er dosaeortthan aAcLShe

Shoﬁ?rggegggkgsgegggﬁlbgﬁ.a @?gF%EQQl?anQEbQir ds supplied

formng gas roma 15 gas supply soufce 1 to a

ProcessbNgh¥essehe35AnatBer €@UCiRg tdas spAkt h¥nler as in
entirely reduces the oxide filns of el ectrodes P of

heat edeobirepts WhatiBelke teskaduehi Ghtakeoenod shageokder
arranged in the processing vessel 35A. 20 FIG 4 shows

a reduainbgrpsecess aneelanicsmsphersed Refarpngkesymbol G
according to still another enbodi nent of the present

i nvedenonesThe ppebengdcdosdingg doort ios cprbddilmset tégn
be formed in the same manner as in the above
enmbodirwestss lagec@psskdr 30Re reduci ng process 25
mechani sm 15. As shown in FIG 4, the reducin proQFss

mechani smTPs @REFat rhiad diSodismist "dak T @Fadegnanism 15

lOad%&lﬁh%gb%%s%gib%dprO%%S%%%gl%%se%lc %n&%@n%%ae%he 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
is open, and places the wafer W from the stage 13 onto
the elevating pins 35C that have moved upward. The
elevating 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 is heated in the gas supply container 15A by the

temperature adjusting mechanism 35J (e.g., to
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28 to the | oader chanber 56 through a door G such that

the processing vessel 35 can communicate with and be

i solated fromthe | oader chanber 56, a stage 13

arranged in the processing vessel 35 and serving as 5

a lower electrode as well, an upper el ectrode 45C

arranged above the stage 13 to be parallel to it and
having a | arge nunber of gas suﬁﬁly hol es, a gas

supply source 15D for supplying a formng gas into the
processi ng vessel 35, and an exhaust device 52 10 for
exhagstdsngrithe 1gas tine tdeneprecessiangneesselt 38, & drhe wafer
at nrosphere can be set in the | oader chanber 56. As
showi)i.n, Teegheafle@ hrnting stesge 1@ scdmtindihfderpcessing
| ower el ectrode 45F connected to an 11.56- MHz

hi gh-vessgleRdP goneredigsploF 4R st tedat] Ad g girodes P of
45G having a heater, a cooling portion 45H arranged
uEderthlteh@ egtisnd 'pdra iksh t@é%ﬁd)r’hat\ﬂ%& §lefifi gdtdfr the
channel, and el evatin ins, (35C.in FIG, 3A),far

ver t i°&H9Y Tovishg & v%f‘%rce\?\i/ (()Chr e L4551 etcglue)r ’agtehe WRSE T

t he hi gh-frequenc . [

hi gh-trl%équlﬁjéjﬁcyl%gqom){nee?&}%%%g Hl%gymeeﬁégiaé%gcﬁ otgge i%:f eurncWerfrom

a preqet giﬂgéikg%%ifn%dt{%&f eEFUEd & JHIAJG Oas: plasBehe
IS generdte etween the | ower el ectrode 45F and upper

el ecty QAR ARG amths: heat | NghPAtd A 466 anhoddMigtics of

portion 45H adjust the tenperature of the wafer Won

25 thastagrdt: WS SO tidstel CormddG o, thdet gassported
supply source 15D can include a hydrogen gas supply

sour e A W arres upd tyd dh gl o g lgars  creamrid r olglen  gas

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
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29 supply source 95J for supplying nitrogen gas, and a
mass flow controller 15E for adjusting the flow rates
of the hydrogen gas and nitrogen gas. The nass fl ow
controller 15E adjusts the hydrogen gas to a 5
predet erm ned concentration and supplies it into the
processi ng vessel 35. The processed gas fromthe
processi ng vessel 35 is exhausted through the gas
exhaust pipe 15E. The operation of the reducing
process nmechanism 15 10 will be described. In the

| cader, ¢hanhernd 26, chawdfeer sW ithrexighact eddrr @nsaich that
cassette. Before testing the electrica

char agkepirslbees ioky ahjseetls 38 cbo enmestied Hfeomiedh emd be
the wafer W a wafer transporting nmechani smtransports

t he dabdrtBH rfaont ded dadere rclvdmdre r56 615 comt@aehd 3
stage 13 in the processing vessel 35. The gate valve G

i s closeddged iisoltitee prveasstion geseelt R PretE&SIiigG9 as
vessel 35 fromexternal air. Then, an exhaust device

52 ewhd@stesr giledty adfe g5 oddsi FG WREd) S3BCtigqds (f5C

e Bt nsae Eeaaan oy e et e T e

it i lied f t I
by 0D R 52 BB R (e o SRl OLR o gas
flow 5%?213{ QL RYrge l%d'"o-@“%d;g{l iy Ofrdhe Ry si %

vessgl s mai ntained at a ssure that enabl es 25

pl asrmfd @td'c%siwgfvésrﬂuemy PR SRR e diad e

| oner el ectrode 45F, and a form ng gas is generated

bet wegst tdigduawam £l rede 46k rang uppass ieleoiaa 35,
A dry atmosphere can be set 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 cooling
portion 45H adjust the temperature of the wafer W on
the stage 13. As shown in, e.g., FIG. 4, the gas

supply source 15D can include a hydrogen gas supply

source 451 for supplying hydrogen gas, a nitrogen gas
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30 45C. The plasma etches the oxide filns of copper

el ectrodes P of the objects W to be tested on the
wafer W After the cooling portion 45H quickly cools
the wafer Wto decrease its tenperature to normal 5
tenperature, and supply and exhaust of the form ng gas
are stopped. The gate valve Gis opened, and

simul taneously the wafer transpdPting mechani smenters
t he processing vessel 35. The wafer transporting
mechani sm unl oads the wafer Wfromthe processing 10
vessglipgdyi Bbarthe glsoader ehaphenngbnitheqgat gaval wedGa
is closed. The wafer Wis transported to the prober
chanhekst iteuwghohhe dlaader 5ehdolre nd56 swhiingh tihe flow rates
adjusted to a dry atnosphere. After that, the

el ectrfi tak tlyarageer igsisi esdohithegebj aetss WIhteomess
tested on 15 the wafer Ware tested in the prober
chanffépwi gonfigodades ARBnediastisn thige hetBodicRe 9e$ to a
descri bed above. [Exanples] In the exanples, the,

i nf | REREES SERAN eCh &€ OFEEAATRSH O8n @ Ce SYERTG S5t diferites the
of copper and 20 hum_di € on oxi datj on e
obseP¥8FeSSet NESISSY QErxoggﬁ‘ee)Pﬁé’rcieﬁé”ﬁt% g8 \Agfr&,omt fr&e
probe _net hod of the present inventi ci.fjcall
prac?F@ggsF&n@hg@f%Fﬁe%éfﬁgcfxé R Bkﬁgﬁﬁ&% éﬁfiggfy

2o SR Bethe reduci g per o nce of The

vafer (thiphLREadidiMst kndNred¥ iHeIdoddiEs mechanism 15
will be described. In the loader chamber 56, a wafer W
is extracted from a cassette. Before 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 is closed to isolate 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 processing
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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31 layer = 15 nm (to be nerely referred to as
"reference wafer" hereinafter) for reference was
reduced in a form ng gas atnosphere. The oxygen
concentration distribution in the thin copper filmwas
observed. 5 More specifically, the reference wafer was
pl aced on a stage. The reference wafer was heated on
the stage which was set at a tedAferature of 150C. In
this state, a form ng gas (hydrogen gas concentration
= 3% by vol une) was supplied to expose the reference
vaf ey stQ t @@ 10 G Gas atfesphiere. f iAfMLroft hdpper
t he oxygen concentration distribution in the thin
coppen fddinaars okserared oM tdttan W ray qehateaedeettarorthe
spectroscope (XPS) In the sane manner, while heating a
r ef emerfesr Waf ey ftad yehd tacgeim gy Meisors Ads! iediakaly cools
expose the 15 reference wafer to a nitrogen gas

at nospreemea feAf tert a hcreaare oy demsicdntratiomormal
distribution in the thin copper filmwas observed wth
t he XPEPEMAGUIR/sHEWS THRP esid £X1a4H L o V5HHI9
According to the results sho in FIG_5, when the

for MIfF G4$ LR 'upﬂ%]eetﬂavg]%evac}x‘ﬁﬁgeqﬁ Jc%r?&eerﬂer(gt i
becane zero ato befare the depth from.t.he surface

t he tslﬁnWe‘Lctéﬁbeeoru %ql'}f %l}ee AHSE 1F HRP i ™9 A Cchaa}nelssq{ enters
t hat .the ' i ' e y thi ' ;

r ef erté] nréc éj%\)/\gia%gsrglar{rg ‘%ezs sg{:lc ?’rdd [ ngq{Hyenr e fléa]g?{/kér%ﬁ{%dlnb%/
the TN GAunioadd GRS 1P £H0S tHd processing

non- oxi di zi ng at nosphere obtai ned by supplying the

Ni trogeyddas3s e OXNEEN SAGEHAON @S Nighefatdarnlve
in the reference wafer. 32 Exanple 2 According to

t hi s exanmlleysdde ITHd uenter of et tanperatad e @fthdigprober

stage when reducing the oxide filmof a reference

waf ercHamhest nghwodgr nihg gesdevaschamber 56 which is adjusted
to a dry atmosphere. After that, the electrical
characteristics of the objects W' to be tested 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 example, the reducing performance of the

forming gas was observed. The oxide film of a copper

wafer (thin copper film = 1 pm, TiN underlying
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5 observed. Mre specifically, as showmn in FIG 6, the
tenperature of the stage was changed between 250C,
300C, 325C, and 350C, and the oxygen concentration
distribution in the thin copper filmat each
tenperature was observed with the XPS. FIG 6 shows 10
the results of this observation. According to the
results shown in FIG 6, the higher the tenperature of
the stage, the nore the reduction was pronoted.

Exanple 3 In this exanple, the influence of humdity
on 13 sQ%irdat i1en ntgs (@kseleverkrJibr ecseatidd aal las "reference
wafers were left in dry air (dew point: -70C), an

at nosplferre Heargderadttwre <£025Ce flumErdiet was Ex@}z@ucwhdn a
nitrogen gas for time periods shown in FIG 7A. The

pr ogrfessicly @eisdattimorspdfertche Gdsp evx wsne con@eitiyation
copper film= 201 m TiN underlying |layer = 15 nm

i n t W stedpadtione lat splidries GRARE obddmy s BRgS 7R -
shows the results of this observatl on I dation rate

in dMPra rSpﬁ?dﬁlrFadtlﬁbsﬁﬁ?@r WgsgPliased on a
Che. Sk 25 neﬁ@eiﬁerf%{qt%ﬁ*adhﬁh rkf%%tnﬁ%edn@h' e, ¥ e

¢ oo M 'é"dm Na ity 3 e rAt e e el o HiREn s,
ﬁ?gh%hunldlty%§¥%%n%ﬁ t§“34¥3¥6dght 48 ddh@ntration = 3%

ere nor e ~he oxi dati on of

the tyj B, oopRer fdd Muparessed e aihd hthd afegRirdhae wafer

t hi ckness of the oxide filmto be reduced. I n contrast

to this,tHd tdeniHy daaidtma@ieshen Afteed emdmg themoxygen
was | ong, oxidation did not progress so nuch as
conpaieethdra tdtel aophiert mafueri dmmiedi atelyhiaf tarpper film was
fabrication. Therefore, even after reduction, if

t est ik asagedhot perdrorfrach i m@ﬂmﬁ@@mm@wope

was perfornmed in dry air, testing could. 10 be

per f oRFRS) wi tH &£ hoRAM SEUIE hr ddsiire "Bt @ greference

wafer, 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 accordingly 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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In this exanple, the relationship between the needle
pressure of the probe pins and the contact resistance
of the oxide filmof the copper wafer in 15 a dry

at nosphere was observed. The copper wafer was reduced
by using hydrogen gas with the follow ng conditions,
and was kept in a nitrogen gas atnosphere for 20

m nutes. Then, the reduced coppé waf er was pl aced on
the stage. The stage was overdriven in dry 20 air (dew
point = -70C) to three levels, i.e., 0 m 10 m and
30 BwxaApleach overdriven point, the contact

resi stance between the copper wafer and probe pins was
measur ed. ARldE3.di8w tte 80 ishewanird a.eltdts nsfhiyenise viden
the overdrive anount (needl e pressure) 25 and contact |,
r esi shansenprsatie 9dkahst sEagsarinesn raslpcidinghe oxide
non-r educed copper wafer, the needl e pressure  of

pr obé 13 & fafd HaHE TESTEadt fEds Pt APdddnér & 03 9 tghaes was
TGS SFHE T ebiE SO e e Rt PE ShowtGn 6 Ee
cati EFIEE GO Dt iep s M R S £ Vegn 2505
reape e s oo a1 IO Yne T prosa sSSP S ratien

probe i Garigh Gank, it @ oM Wdded e 16enttere0fn t he
copper wafer and the resistance value was 5~ or |ess,

it wasnpdetiuridaet d hatsc@ed With tAles®Pvar iEld.orks shows
the Z 10 direction were 10 mor less. [Conditions
f or Recu ey Rrooces s]hifr edsgmeyati qur.oc sy aatthimserto the
133.332 Pa Tenperature of stage: 400C Tenperature
i ncr emsa itimsheivwrstiagd IS fndthes hipRedd@ dgpoddsye of
time with hydrogen gas: ,
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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15 mnutes Flow rate of hydrogen gas: 500 sccm

Cooling tinme for wafer: 15 m nutes According to the
results shown in FIGS. 8A to 8C, 20 when the

overdrive amount is O m(that is, when the copper

waf er and probe pins are nerely in contact with each

ot her), sonetines the contact resistance val ue

exceeds 1.0~, as shown in FIG BA As the nunber of

ti mes of neasurenent increased, however, the contact

25 resi stance decreased. \Wen the overdrive anount
becarengd® the lbevtootacher esi st Ahgh-kamiiéibgcatmoaphere,
low as 0.2~ or less fromthe begi nning of

measunhemeonte ahd o8b5detéonr pfatheohhént conprbet ieén t he
thin copper filmand probe pins was greatly inproved.
Whenpthereveedr i sedahbantargerhehei hBieksedst 8fr hgnoxide
30 m _the contact resistance val ue did not

subsfahW|?PI?ecﬁﬁﬁ@Eeﬁronﬁg FRAETBBEaFRelnaf 167 fpe dry

Hen t est ld b f d

e A AL S e s
I f1

oS RERBEE S sobo B BN ak0cBARRERS! LhOchE BopletNvdter

resuh%ﬁeé? mzsa%geflg§br?éaEgogC eueR¥er tReen after

copper wa placed 1n a dry air atnnsphere t he
mﬂfekeeeekqoﬂot betE@%Eﬁ@ f¥6eRbtWokhrarme¥erdr avaumid

amount of m that is, with a high needle pressure

of 5QtﬂUspﬁé§€pb@t5was performed in dry air, testing could
be performed with a lower needle pressure.
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 cbserved. 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 in dry
air (dew point = -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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15 In this exanple, the influence of humdity on the
contact resistance between a reduced copper wafer and

t he probe pins was observed. Dry air (dew point =

-70C) was supplied at a flowrate of 300 L/mn. In a
dry at nosphere, the copper wafer was 20 overdriven for
10 mto bring it into contact with the probe pins.

The contact resistance of the eAfire surface of the
copper wafer was neasured. The result of this

measur enent was shown in FIG 10A. Also, in an

at nogRhene od amperat Wwie X dhCpdiut di t4702C5010%he25aae
reduced copper water was overdriven for 10 mto bring
it i maeneont adthewintdsulies priolddiepimesis Uksmesdntaaest shown in
resi stance of the entire surface of the copper wafer

36 WY Gfeady éd. SThe Mdwul tthef ovieire miwis e rmqunt

shown in FIG 10B. Accordi ng to_the results shown in
FI GSsatGAamg I0BB= ith # e BPy=affodphera?dt®e = 30 um, the

resi stance val ue was 5 st abl ~or less int entire
sur f A& tﬂ@%ﬁﬁer‘”%foem\%l #5( ﬂé\]’at%ébeln@,ﬁ e Pec”
closer, tq the m ddl e .of urenent_.time, . the

hi ghért 'cor‘f{pbe@t aﬁésiosf{ gﬁ‘cee i\%alpureo.%eel A Hi sdfexélhn%lrgé&,c ©
as the obe card, -l I r '

201 ot s At R PP e S ORI A e

was ysed . Fpmdhe ahoue deserjdlionaafd@r oirheess, it was

reduci ng process was perforned, in dry air, even i

the wafilfrwased eftad @D as d opg.as a4 skQUKSrAE tIBHS, in the Z
testing could be reliably perforned with a | ow needl e

pr es s afi ckb wahaut1 ®. 2mnr Qkstshe copper wafer on
the stage, the central portion is |ower than the
peri phegrad i tpiorrtd dfor Ramycling tsidarslin t he

at nosphere, even if the overdrive anpbunt stays the
sane, the Pees$erorissprecess | Oy : t hed cét riad

portion of the wafer than at the
Temperature of stage: 400°C

Temperature increase time of 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 results shown in FIGS. 8A 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 increased, 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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20 peripheral portion. Thus, the contact resistance
val ue i ncreases. Another enbodi nent of the probe

net hod of the present invention which uses the

reduci ng process nmechanism 15 shown in FIG 3B will be
described wth 25 reference to FIGS. 2B, 11, and 12.
FIG 11 shows only the processing vessel 35A of FIG
3B fromthe viewpoi nt of show ng>the process in the
processing 37 vessel 35A shown in FIG 3B. As shown
in FIG 11(a), a transporting nechanismtransports a

waf elg 1\Wdtramatihe drerder sthassisie 26 o1 adive @@t ifigdm and
pins 35C of the stage 13 in the processing vessel 35A

t hr oygloHchg imsopeni rE/edtdsi ngnpdeoredc. Whereltthaatdveyrdrive
pi ns of the stage 13 nove downward to place the wafer

W on arhvaurgt ggeth®r Tine rstespal dan faach id wafier thewicehtact
a vacuum chucki ng nechani sm The openin /cI05|ng door
Gis r@sa%@n(@eefam@ di BOt %4 r}@r?erfirom

as 10 (e. nitrogen gas at flowrateo
E/ i r?)hai(ts RS qqh 1oogtll‘lé1 ‘pr 8€8§§Vn§a\;§§séles§%ﬂg Ropld be

in the oces sel AIS substituted b the
nitr r‘?g“f% yné”Pt £ AT A g 1 h 4™

the pro e;ss;,ngwalt%sseuo%ega@gp%pm I FIG Mc;

Srosphérs Uci ng gas

formng g t thand &
l1to 2L/ %ﬁqn) 'S %Sgpﬁ ed from t]ﬁ{ﬁgags cgbplt)él)cg/\%p?%e %gc?r

tovargd dde vaf ers \e/;%sm stage b e e Prasssing
vessel 35A. 20 As the gas supply pipe 15C, a pipe 15C

(W thrasgl aretter af,, @rdgh ,whkd cHDGoppe madef af veas placed
pl ati num group netal (e.g., palladium or a pipe 15C
cont aimiangimy palt adinosdhod te carhdevased, casl Shovin b, tested
e.g.’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 supplied at a flow rate of
300 L/min. In a dry atmosphere, the copper wafer 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 was measured. The result
of this measurement was shown in FIG. 10A. Also, 1in
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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FIG 2B. 25 As shown in FIG 11(d), the tenperature

adj usti ng nechani sm 35J heats the stage 13, to quickly
heat the wafer Won the stage 13 to, e.g., 150 to 270C
within 38 a short tine (e.g., 5 mnutes). At this
tenperature, as shown in FIG 11(e), the form ng gas
reduces the electrodes P on the wafer Wwhich are nmade
of copper, a copper alloy, or tB& like for a short

time (e.g., 55 to 20 mnutes). After the reducing
process, as shown in FIG 11(f), while the form ng gas

i S swppl med ssueeesSsSiThel yestitle tofmmériat ures sadjensdritng. s
nmechani sm 35J qui ckly cools the wafer Wto a nor nal

t enpehatvunr & rwiktlld.n 1@Bshort tinme (e.g., 5 mnutes). As
shown in 10 FIG 11(g), after supply of the form ng

gas is stdpmed;dinid rogdheasedsl supgidawd v dMGhe s and
supply pipe 15C into the processing vessel 35A. Air in

t he pldoedsi rdeyc¥selaIBRRANLISur j&@ WaH SUFEGH gk was
gas, and an _inert gas atrm%Ehere i,s for

din th
procsistrig vébseF 1555A" Th BB RoPCF 6SPRg dobF SaeoPPer
is ope and the tran ti ' t ,
e, PEOGE2d ok o7 WAT DR Bt OBoc s Wecealt G e
Into ¢ r § . Fl | ,
Ioadé)rfhgharr‘:};[*e%(raaSS%~é nettr htéljmpeg'ot}(ei;}re g@ac 2{1%\%%65&% contact

el eCtr?sCiaa“lta‘?g%g%]ﬁfé StifGs 9f1 & hg: 2 10D] aqt S AW O card,

tested forne on the waf er V\_/are tested. Even when the
t enper aturg AGHASHd NG e GhaRS a3l dtasd 0 162l idW 0.2 mN

nmeans, the stage 13 may be heated, the opening/closing
door Wadmytherad asediddiven IFdha0 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 portion.
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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25 processing vessel 35A may be purged with the

formng gas, and after that the wafer Wmay be fi xed

to the stage 13 by chucki ng and reduced by heati ng.

39 I ndependently of the tenperature adjusting
mechani sm 35J, for exanple, a cooling device 35M

shown in FIGS. 12A and 12B may be provi ded. As shown

in FIGS. 12A and 12B, the cooli%b device 35M has a

pair 5 of cooling plates 22C that can be noved for

enl argement or reduction. A case wherein this cooling
devi cessslu3bd whblnbénd&3cri BBd. As dbswni bedFabevel (a),
the wafer Wis heated on the stage 13 in the

pr ocassiagspesséhg3sachandsistradgpedtswai Wafsuppl firag the
the formng gas 10 into the processing vessel 35A the
elevéﬁﬁﬁgrpF%§m95€ ﬁﬁf@n@ﬁetgﬁf@#GVWFﬁaﬁmPH@Ss@é&eOfsﬁhe

I n thi tate, th i | at 22 bet
the BAREF Wahi Sh8q8° PSSR 8andRRER 1t RO "ol Bu At Fig "
[ 35C, T | ti [ C pl th f
Pho CBET-RG BaPeeoastor 16 or ToPabdoy Eota b C: Gt 1y
te f ' t Ciy Ih f '
o0 BA°B5 TRo BB o BParRe C2BLe ki FAr BGorrny, The"e

pai r sof ,609ki NgTRLakes g@2Eahekhgak nkr amrkhewst,ag@ d3vacuum
The tra%sportlng nmechani sm 16A transports the wafer W

suppehtiediBy hBenddiehevatrhagopens ng¥Clbe ihlge dpoeber is
chanber 11. Alternatively, the cooling plates 22C may

not beoysead, saed il @1t(be )f or Subgegasnitd ysuppl ilegrt gas

into the processing vessel 35A and the elevatin% pi ns

35C l(kf.b.t heinabeenWgbisoaitt he f3pageate, ofhd Wwef @r Lmin)

may be cool ed. Al so, 25 the form ng gas may be o

suppliseduabtléedt hatwatée RECSESISENEd VEASEas 8 Hher @il in the

reduction of the oxide film , .
processing vessel 35A 1s substituted by the nitrogen
gas, and an inert gas atmosphere is formed in the
processing vessel 35A,

As shown in FIG. 11l(c), in the inert gas
atmosphere, a reducing gas (e.g., a forming gas with
normal temperature 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. 2B.

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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40 of the copper wafer (thin copper film=1 m TiN
underlying layer = 15 nm is perforned with a
normal -t enperature form ng gas and a case wherein the
copper wafer is heated and reduction is performed with

5 aformng gas will be described with reference to

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

enbodi nents descri bed above. Exanple 6 10 In Exanple

6, the reducing performance of roomtenperature

hydr egenogas tdne t(katy.Qf Shedted esact i Vet ed)i shycdmpgerature,
gas were observed. After a nitrogen atnosphere is set

in the phosessindg Eesddl (e35Athen foximdend idan giedces the
copper wafer is reduced in a 15 form ng gas

at nospleerteodise Reomediter atdf@y & sthiiddutdren msfdeogigeippper, a
atons (to be nmerely referred to as "oxygen .

CoNCEMPPAt G 1diYst Attt Merfihar (R19° 5 F 1S efrded °

Specicrt O YIRS copdir Sl (%6 HoAdRH TP S48 1o 3 PO
13 2Q ' [ t at .a t tur. f . i

noat o8 £8 2708 Tt e e SrA g S et ts Abbl S
rooml I ALIUS, ];Q{)HQ NG G ANA QSN A8 hg mechanism

concentration =-30 by volume, a flowrate =1 L/mn to

2 L/ gy s SURPIARA 4 awd did e GPpREra Wad@fa t cdr@shieture
it for Zéim'nutes. After 25 that, the oxygen

concenturald on SHett idiutd ofe g t he nidriuteopperad ishovwn in
| ayer was observed with the X-ray photoel ectron
spectrmgs.cage( )XPIE t eihes uggsly tooftiehef ordirobsmsats ortopped,
was shown in FIG 13 by plotting marks ~. In the sane
mannerit mdeor raw igass (inldradefr gasthis gt isurrld) pipe 15C
heated to 550C is supplied to a gggper wafer heated to |
335C itrdmrtdh @ e aspeyn i eS¢l $dlucébir 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. In the
prober chamber, the electrical characteristics of the
objects W' to be tested formed on the wafer W are
tested.
Even when the temperature adjusting mechanism
35J 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 that the wafer W may be fixed to the

stage 13 by chucking and reduced by heating.
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5it for 20 mnutes. After that, the oxygen

concentration distribution in the thin copper film

| ayer was observed with the XPS. The results of the
observation are shown in FIG 13 by plotting marks ~.

The oxygen concentration distribution in the copper

waf er before 10 the reducing process is shown in FIG

5 by plotting marks . According®o the results shown

in FIG 13, when the roomtenperature formng gas is
suppl i ed, the oxygen concentrati on becones zero ato

bef ore t henlfedepidhd1rom ft hthes Wénmeear afu i e diopperng

thin filmlayer reaches 20 nm as indicated by the

mar Ksetham G353, Adheretang lgateeddadrimionglegdssd $35M' shown
suppl i ed, an oxygen concentration of 7 ato to 8 at%

was exhirgiased 182 ardedt2B ofay2®enmdawrdeche ur fdewrofin
the thin copper 20 filmlayer, as indicated by the ,
mar k§ 65 .n 1RIAG antB. 1 Aherf heh ec dvdlaitred d‘edfrlrﬁehg?féés Hag a pair
used, the reducing performnce with hydrogen is |ower

t han dfn @ddde WHertei 43t TedmIBhpest fUWSE fidmiSigrargement
T e
h hi gh duci il it {
h;lzr glgsel é’qgl;l.lr %ugdep%s%l Iesd. 's%g%tacﬂéagt%beegj J%$’éagr?éj wafer
[ ooyl APGIALUE Ay ARIe Ik 12 14 the IMURORLAP vessel

e he ¢

adsor by the surface of opper wafer, and 1s
act i vafed Hyy tihe teimetat urngh ofe theprfialg i i fatethg gas

hydr ogen reduces copper oxi de. An oxygen concentration

gr adijgnito fifdp heiewemd he saut aasn 5 and dhevd iy imins 35C
of the thin copper filmlayer. Consequently, diffusion

of oxyigen Bt fer pf ofmdred e amdde 1ht erlrortlionesttate, the
the surface. Sinultaneously, a tenperature difference

i s faraedi roptpieere s R2G eittee kefdvedre thm erafmr df ame@ stage
thin copper filmlayer 10 the tenperature of which has_,
been ecreaatibich He'e dd¥s famied Rie Mr ogeie gissvating

This tenperature gradi ent diffuses the oxygen atons in
the tREH cHPpe?ldce nrPaytdieovhrd? (Hee s%‘?‘%/:gjc%g fatr%s 22C,

esti et ed that, the, diffUped, Oy IS ALOMB ALdn EHHCES1 ing
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 lift 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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15 contrast to this, when heated hydrogen is used, the
tenperature in the thin copper filmlayer of the

copper wafer is higher than the tenperature of the
surface of the thin copper filmlayer. It is estinmated
that diffusion of oxygen atons in the thin copper film
20 layer is delayed, so that reducing reaction by
hydrogen is del ayed. In other wéfds, it is estinated
that diffusion of oxygen atons in the thin copper film

| ayer controls the speed of the reducing reaction.
Examgkerfe28obBeEX@BRLe [thanCeppperWafigh wag placedin
in a nitrogen gas atnosphere, and the oxygen

concgRieat voRqgdilsleirbut n@nnimy tilse pexitdeneid miltayar of
the copper 43 wafer was observed in a case wherein

r oombenperatnpe raydregdo rgasonas ssappl ifedatse wierein the
copper wafer and a case wherein such hydrogen gas was
not sopperredaferi is heatle sade redigéroas lisn PERXdi9pIed with
6, the copper wafer 5 was placed on the stage 13

heat éd fpgM3BACIaA Médh PEMBEsSrdPe % Hifitng e aRes to
supplied to _the copper. wafer heated to 270C at a fl ow,
rat eF86St &8 2oLAm n, SEEPSe O EnE CopPEF HEGRcing
20 mn. The oxygen %oncentnat%gg distribu%%%nakn.%h%he

t hi nPEGFEES £6°f PEMPATES Wh's To5s 8ATEd WK Tt RE Xy &y
Phot ag} 8elh AN SPeCLoseaRe KA. As a result, an

oxygen concentration distribution indicated by marks ~
in Fbghm%ﬁew%s obt ai ned. After the copper wafer was
heated 1n a nitrogen gas atnosphere at 335C for 20

m nutes, the rld ) GORCeddutiing pd retdrintiideornd n

the thin copper filmlayer was observed with the XPS.

As aroesiHtlemperature hydrogen gas and that of heated

(activated) hydrogen gas were observed. After a
nitrogen atmosphere is 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. In the heated state, a room-temperature
forming gas (hydrogen gas concentration = 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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an oxygen concentration distribution indicated by

marks ~ in FIG 14 was obtai ned. The oxygen

concentration distribution of the copper wafer before

the reducing 20 process is showmn in FIG 14 by

plotting marks . According to the results shown in

FIG 14, the sane results as those of Exanple 6 are

obtai ned, that is, when the roofttenperature form ng

gas was supplied under the sane conditions as those in
Exanpl e 6, 25 reduction in the thin copper filmlayer

was ppheeRtadioaswardishaved iby FUlte madr by pliontEnG mbiks W.
In contrast to this, when the copper wafer is

heat Itr eakedame m@@narni br dgemigas gasndépheogen gas is

oxi dation reaction by oxygen contained as an inpurity

i n t hetnivetegénhgasepr 6gr 5998S, 1assipel tafleloby ERBEPEr
marks ~ in FIG 14, and the oxygen concentratiagn
becohas e rarechis t3ﬁét°05tpﬂaé% Lhpr6eeRSEAREppefFo reduce
waf er. i ndi cated by the mar in FIG

19. |
ExanﬁFefQ; e MAREEENCe %thhF§Wp§P§tSﬁgé%gpﬁﬁg%éd%ra_
co . duci ' ved.
B e LA "artd 1Rt "Tiidal CERE Tndrd DA SRS

Mhil%b%%%%%%§MQOtE%et%@@ﬁraﬁka fsuihe %%pQ%%‘Myégfvation

to be higher than in the case o anpl e re

specifiCalloym Wherrcedua g thet¢apRematierA .t héhe oxygen
reduci ng process of a thin copper filmlayer was

per f eorRd Wit 153 e tsamritaerdiitn e asdpe Examaleddfore
and 7 except
the reducing process is shown in FIG. 5 by plotting
marks 4.

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 room-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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that the tenperature of the copper wafer was increased

to 340C. As a result, an oxygen concentration

di stribution indicated by marks ~ in FIG 15 was

obt ai ned. Heat treatnent of the thin copper film 20

| ayer was perfornmed with the sane conditions as in

Exanpl e 7 except that the tenperature of the copper

waf er was increased to 400C. As4d result, an oxygen
concentration distribution indicated by marks ™ in

FIG 15 was obtained. The oxygen concentration 25

di st pisbut i g debgkhe igopREL rvebebybeher & ulrlfe deedifcitiig copper
process is shown in FIG 15 by plotting marks
Accowdifeg,t anthe sr estlitva tekowy itheFitEmpeFatuds wierthe
reduci ng process was perforned with the

r oonwbérper afurte vesed hydgagent kedsams coppelrs oxdden  An
Exanples 6 and 7 were obtained, as indicated by the

mar koxygen EpGcensraidesr diragilyn twHermee dediviggna the surface
copper wafer with roomtenperature hydrogen gas, the

t enp@fst the énterd ofoPfetNRaltéd 'nePPPE Y rdrd@adéy Sto

270C at nost, as indicated by the marks ~ in ,FIG_ 15.

In corregsens v &5 PhoTc SFpEF WAt was Promoted

B g e

e copper t'he nore t

°Xid%ﬁE%%p%ﬁﬁ%UEQWdyfﬂﬁﬁ§ﬁ£ﬂ¢sa&%ﬂH$a'H@HN@éﬁ'%he

t hi ckness"of a copper oxide, as indicated by the marks

NN gifli@a S ankn dHe jaheve axaphes thhe depydPiiidm layer
of a 15 reducing reaction at 270C or |ess was om tted.

When trRe ¢ satuee oFf wrhercoppebesaf eledreldsdd Hyhahe
range of 150 to 270C, reduction results simlar to

t hos@oom-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. 1In other words, it is estimated that
diffusion of oxygen atoms in the thin copper 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

15

20

25

of the above enbodi nents were obtained. Even when the
waf er Wwas heated to a tenperature higher than the 20
upper limt of this tenperature range, the reducing
ability did not inprove. As has been descri bed,
according to this enbodi nent, when reducing the oxide
filmof the thin copper filmlayer fornmed on the

copper wafer under 25 atnospher®é pressure, a nitrogen
gas atnosphere was fornmed in advance. The copper wafer
was heated to a range of 150 to 270C, and a

r oomyberpekakub® sker@dnd n 46 @de wWas rkliewr dom-tteenperature
surface of the heated copper wafer. Therefore, even
undeh yairidgeph efaisC wiarse $sippd, i elche ot apyee rcoppiede wafdrheind a
surface of the thin copper filmlayer of the copper

waf ercaseut elre ineducdd had redenc g@sarats velty supplied to it.
heati ng tenperature. In addition, damage to the copper
waf e nc iled sEEepravefiteds Adcrdimpg o & t filg copper water
enbodi nent, prior to testing the electrical__.

char #ée PL&GEEs OBf %e\/\éft@rgeo}%ﬁ%% tr?rgbsé) birns®i nt o
contact with the el ectrodes, made of copper, 1(3? or .
copp&P A TEEPPEFRHHE WaFEr S & SoxidPe Sfuiq%ﬁsleo GGhehe

el ectrodes are reduced er. her i r r n

thi s SPERGE Y6 S ta r‘ﬁatecreé%ggo gzé@to SRELR el U o 8L ko
advance 4.1 .3 RIOGESK] f (A
chan%er%/gg,n'a%é) aft er&?ﬁ\aﬁt%sﬁzﬁigé\/\%?é%ﬁ%hﬁfgafzggﬁtmol%'he The

15 r pgR N b dre r2t06n Hieduwntiepemtine frmridigper
gas is blown to the surface of the heated wafer, so

t hat ftihen ceprar wad d e vdie waltec tuhed & -sunf ades: afl ddteron

waf er can be reduced at a conparatively | ow heating

t enperpataie ssogre UWKRS) .at fos gherdssilgresgurakydan 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 minutes, 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 4.
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. In contrast

to this, when the copper wafer is heat-treated in
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20 testing the electrical characteristics of the

waf er, the probe pins and the el ectrodes need only be
brought into contact with each other with a very | ow
needl e pressure (e.g., 0.2 nmN or less), so that they
are brought into electrical contact with each other.

25 When conpared to the prior art, the needle pressure
bet ween the probe pins and el ect4odes can be largely
suppressed. Danmage to the electrodes or the |ike can

47 be prevented. Therefore, even when deposition

| ayessnsuebgas ghechtmdepheret hekidandenl yengthiayeby
beconme thin, the deposition layers will not be danaged
by tbeygerdtenbapnedsaseahr omptimétpr dbetpensitanden gas
stable, highly reliable testing can be performed.
Accopdpgyeseetheaenbodigehes bt the Eﬁégénﬂltheﬁ¥@on}4r
there can be provided a target object reducin ne%hod
whi CAREaRhPedl8 AN CERFAB GALERB PFRETES BRofiRg than that

surface of the netal |ayer or on the surfac f

el ectPo8B PH?éPCSFsﬁdt5¥§8?roHF28F &Haéfaggﬁogghggfcmarks
presgur e ag ij{? a conparatively | ow heating

tenp ratur 50 that danmage to the target object can

be d dg 15 The present invention is not limted
to tﬁ%gggggegenbodinents at all. For exanple, the

vaf er redyei BY-RIHACESS WBRANS GANCAR! QF VAl AusdetR@ure of
of enbodinents 1n addition to the arrangenents shown

in theer espeeti warerbed reat:ginghecgas iodnivaisniodgerved. In
hydrogen gas is not 20 limted to a fcrm ng gas, but
whenEres@ssany, radeatioar agas heay heecappeopr watrel yerformed
sel ected and used. When perform ng the wafer reducing

pr oceds l ewahersaisinpghé heassepes acamebe fr edgcedprderomeder to
si mul taneously. In the above enbodi nents, as the o
objebpshwphp@ K@apegpedpe 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 copper wafer was increased
to 340°C. As a result, an oxygen concentration
distribution indicated by marks @ in FIG. 15 was
obtained. 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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25 integrated circuits formed on the wafer Wwere

used. However, the present invention can al so be
applied to a package article other than a wafer. 48
According to the enbodi nents of the present invention,
there can be provided a probing nethod, a prober, and
an el ectrode reduci ng/ pl asma-et chi ng nechani sm whi ch,
even when deposition |ayers suchdas 5 testing

el ectrodes becone thin, can bring probe pins into

el ectrical contact with the testing electrodes with as

| ow @hReed ecRRRSTY ©raTeResSidl @eanfiidrodd daragitig t he
deposition layers, and can electrically connect the

pr obe cpimAs eaipe ralte tee Starng el ectsr,oddse tsank) el tot ey in
reliably, so that highly reliable testing can be

per f Gxaeglesda® @nid A [welMeS cbtaA nmdbbe metitthigajfed by the
bri ngi ng atgr obe pin into electrical contact with, of

an objaedts ba FéstedShavPRgosRéRELYdeyheat TREHSE NGNS

el ectrode to test 5 electrical characteristics of the
obj eGOPPE hé&af&dt &ttt HE P IEERREART & ig&y.9as, the

temperature of the copper wafer may be increased to
270°C at most, as indicated by the marks @® in FIG. 15.
In contrast to this, when the copper wafer was
heat-treated in a nitrogen gas atmosphere, the higher
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
M 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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(a) performng at |east one of a reducing process and
pl asma- et chi ng process for the el ectrode of the object
to be tested; 10 (b) bringing the testing el ectrode
and the probe pin into contact with each other in a
non- oxi di zi ng at nosphere; and (c) testing the

el ectrical characteristics of the object to be tested.
15 2. A probe nethod according €6 claim1, wherein the
reduci ng process is performed by bringing one of a gas
cont ai ni ng hydrogen gas and a gas obtai ned by

acti yaki fgsa hkdhogenteentsairfiade @IS thet e teal Aoppler
metal” into contact with a surface of the el ectrode of

20 t e rebj.ectrhie@ cfe regskeadn thelepl asmasehelriing pureecess,

is perforned by a gas containing plasmati zed hydrogen

gas, taed cip@eronxdxiedioni nyecatsmrsploer @ fcdiner itdes admper

at mosphere. 25 3. A probe nmethod according to claim 2,

wher giidnt Re yeat alfy $themsoapeirs W@tfelrea?@tul@hg?eofreaiuced at a

plati num group nmetal and an alloy of the platinum, .

gr oupgomPRaIR Lt 1vied y4 1 on ﬁ@@ﬁé“ﬂeﬂﬁ&?%ﬂﬁﬁﬂ%ﬁwm)%Q)%HQ%qﬁon'

2, wherein the reducing/pla -ethi rocess

conpe8egends ithg H‘Pé)p%rﬁpé@ggtiro I8 d;%eg@revented'

According to this embodiment, prior to testing the

electrical characteristics of a wafer by bringing probe
pins into contact with the electrodes, made of copper
or a copper alloy, of the wafer, the oxide films of
the electrodes 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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5. A probe nethod according to claim1, which 5

further conprises prior to the reducing process of the

el ectrode of the object to be tested, placing the

object to be tested in an inert gas atnosphere and

heating the object to be tested, and 10 in which the
reduci ng process is performed by bringing a reducing

gas into contact with the el ect fdde of the object to

be tested under atnospheric pressure. 6. A probe

nmet hod according to claim 1, wherein the reducing gas

in the pedweintgdirocess is one of a 15

nor mal -t enperature reduci ng gas contai ni ng hydrogen

gas and a Thermedonesnpereat wherf clepori gaen Tmyor probeh as
met hod according to claim®6, wherein a tenperature to

whi cle letod rolgjescton & hsd 1t exydeat livsl e a5y ikgreans thin,
reduci ng the el ectrode of the object to be 20 tested

fal | $hai denesd tidngd ofe s ild J70C P damageshdiy figre needle
bringing a probe pin into electrical contact wth, of
aln oBFEFS WS & Tedt W%d”é}sectarr}f%e%ﬁaab;te’l 4" bhe
el ectraode.t.o test .el ectrical ¢ eristics of the
obj edt® %?qﬁ§taﬁﬁﬁifg'i§”}%%3ﬁ%%%%ﬁg%%%brising: a
reduci ng/ plasie &4 N 0L A5RSS IIRGHANI SN Wh e sent

performs at Teast One of a reducing process using a
invention, there can be provided a target object

reducing method which can reduce an oxide or the like
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 fcrming gas, but when necessary, a carrier
gas may be appropriately selected and used. When
performing the wafer reducing process, wafers in the
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 a wafer.
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51 reducing gas and an etching process using a plasnma
gas for the electrode of the object to be tested; and

a mechani sm whi ch noves at | east one of the object to

be tested and probe pin, to bring the electrode 5 of

the object to be tested and the probe pin into

el ectrical contact with each other. 9. A prober
according to claim8, wherein th® reducing gas is one

of a gas containing hydrogen gas and a form ng gas. 10
10. A prober according to claim8, further conprising

a mechani garwhbehgpkaceset babobjigeh tiso olfe thes pee siemtan

i nert gas atnosphere and heats the object to be

t est edvenbesei nthbheer educbagpprocdss wi phobheg method, a
reduci ng/ 15 plasma-etching process nmechanismis

per f probdrbyabdi agi ngetheodeduedngigad riiashacefcadng
with the electrode of the object to be tested under

at nosphbANESPr e84 Ghe. ©YEN ANBROPEPCEAESPAI ARG YRS SciSdich as
10, wherein 20 the reducin gas i.n the r%ducing b .
proc§§§t&P9heﬁﬁ§tF@§9§iP&F%W shRiBtr cRPRgPpr8gefsoPe Pins

nmechani smis one of normal -te rature _hydrao

and a"hBr ?9F§ﬁﬁéﬁaF8P5aF8r qﬁg 3&?.%Tf¥lﬂgg§g§%§§0des

accor di to,claim1 [ e_25 Ny .

nechgﬁFgﬁeﬁe&Pg the%gﬂggg&?gggggtgétgg%?%%g%rgﬁégcgﬁ

}3?tﬁgp§599§ 18 AeRLAReN oACGRRAIRY bACIRNMeBectrically
connect the probe pins and the testing electrodes to

each other reliably, so that highly reliable testing

can be performed.
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52 conprising a nechani smwhich sets a non-oxidi zi ng

at nosphere at |east around the el ectrode of the object

to be tested which has been processed by the reducing/

pl asma- et chi ng process nechanism 5 14. A prober
according to claim13, wherein the mechani sm which

sets the non-oxidi zi ng at nosphere sets a dry

at nosphere at |east around the di%ctrode. 15. A prober
according to claim8, wherein the prober conprises a
prober chanber where the 10 el ectrical characteristics

of the object to be tested @arg Aestieds and the

reduci ng/ pl asnma- et chi ng process mechani smis arranged

in the prober xhadies .mdithod @f deeingicepralippet® glmi imto
8, wherein 15 the prober conprises a | oader chanber

wher e Itehet ralyjedic tedra doet tveistled a5 droamteik and wrboadest ed
and the reduci ng/ pl asma-etchi ng process nechanismis
provitded rign eleect ek, charksast 1one A& Juaberdacedrithr vy

to claim8, wherein the 20 reduci ng/ pl asma-etching

pr oc esle GreiEli SHharaCtRT 1H6ss dife e PpIdesss e tested,
vessel, a stage which is arranged in the processing

sts&h%MﬂfQQ?\MﬁQﬂP HOUh] et 90 be tested is to be
d, . adj ust ] ' ;
D age. a mAnG S 2 €0 ok Pel R E Bikeddeing pyocess

g Surafnacfgaloafsr{ —eeé)g{]%ﬁ%sépo@@sg 5redtﬂ@ié:fbé.’§r$@@t@fl the
y the nperat ur e adj Ing mechanism and a
Wechacggjsggmcgfbéu@@gg@&; an et chi ng gas.

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

(c) testing the electrical characteristics of the
object to be tested.

2. 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,

the plasma-etching process is performed by a gas
containing plasmatized hydrogen gas, and

the non-oxidizing atmosphere comprises a dry
atmosphere.

3. A probe method according to claim 2, 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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53 18. A prober according to claim 17, wherein neans

for supplying the reducing gas to the surface of the
object to be tested includes a supply source of a gas
cont ai ni ng hydrogen gas, a gas channel where the gas

is 5 supplied fromthe supply source of the gas, and
means for activating the gas in the gas channel. 19. A
prober according to claim 18, wh&rein the means for
activating the gas in the gas channel conprises a

catal yst netal which is arranged on an 10 inner

surface ofs t hey gasmhatslod 2bcdAdimpearo ackcimdi hg wieerein
claim19, wherein the catalyst nmetal is at |east one

of a tpleatricaiwigiooyl aetaale tard ren preddamys sofcantper ipf et imatiing
group netal. 21. A reducing/plasma-etching process

mec hahies mol® dto tpetfeortmsdted.east one of a reduci ng
process and pl asma-etching process for an el ectrode of

t he obj ect5 o Meonas stelitPd gretindrtq eska gy 1, which
el ectrical characteristics of an object to be tested,

t he fedgidiadg/CHPFPEsFESet chi ng process mechani sm

i ncluding: 20 a gas ,source which supplies as

cont ai ni nd®hyRr d'g%ﬁkbeasfe Uy dEn %S v%fe?%}g% electrode

hydr ogen-cont ai ni.n S, 1S suppl i I to b

sour gg;enc%ed oéajr?rc&cgcsog%r?ec YAni Srh \ﬂ?:jac‘{]lrﬁj;ngaﬂrb?an edCtl' n ° e

the 25 gasy chanpel; and § %Eﬁ%@éhéf@%n&r}?eé&_ the
activation process and plasnatizati on process with the
hydr egensGotRid "EBasd, and

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

6. A probe method according to claim 1, wherein
the reducing gas in the reducing process 1s one of a
normal-temperature reducing gas containing hydrogen gas
and a normal-temperature forming gas.

7. A probe method according to claim 6, wherein a
temperature to which the object to be tested is heated
prior to reducing the electrode of the object to be
tested falls within a range of 150 to 270°C.

8. A prober for 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 prober comprising:

a reducing/plasma-etching process mechanism which

performs at least one of a reducing process using a



59 22. A reducing/ pl asma-etching process nechani sm
according to claim21, wherein the gas channe
includes an inner wall surface, and a surface of the
inner wall surface includes a catal yst netal.
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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.

9. A prober according to claim 8, wherein the
reducing gas is one of a gas containing hydrogen gas
and a forming gas.

10. A prober according to claim 8, further
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 with the
electrode of the object to be tested under atmospheric
pressure.

11. A prober according to claim 10, wherein
the reducing gas in the reducing process with
the reducing/plasma-etching process mechanism is
one of normal-temperature hydrogen gas and a
normal-temperature forming gas.

12. A prober according to claim 10, wherein the
heating mechanism heats the object to be tested in a
range of 150 to 270°C.

13. A prober according to claim 8, further
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comprising a mechanism 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.

14. A prober according to claim 13, wherein the
mechanism which sets the non-oxidizing atmosphere sets
a dry atmosphere at least around the electrode.

15. A prober according to claim 8, wherein

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 1is
arranged in the prober chamber.

16. A prober according to claim 8, wherein

the prober comprises a 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.

17. A prober according to claim 8, wherein 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 adjusting
mechanism of the stage, a mechanism which supplies a
reducing gas to a surface of the object to be tested
which is heated by the temperature adjusting mechanism,

and a mechanism which supplies an etching gas.
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18. A prober according to claim 17, 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.

19. A prober according to claim 18, 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.

20. A prober according to claim 19, wherein
the catalyst metal is at least one of a platinum group
metal and an alloy of the platinum group metal.

21. 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 charac-
teristics of an object to be tested, the reducing/
plasma-etching process mechanism including:

a gas source which supplies a gas containing
hydrogen gas;

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 with the

hydrogen-containing gas.
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22. A reducing/plasma-etching process mechanism
according to claim 21, wherein the gas channel includes
an inner wall surface, and a surface of the inner wall

surface includes a catalyst metal.



