19 OCT 2005 DESCRI PTI ON *@00002* RELI ABI LI TY EVALUATI ON TEST APPARATUS,
RELI ABI LI TY EVALUATI ON TEST SYSTEM CONTACTOR, AND RELI ABILITY EVASURGT G5
TEST)NFTHSD Thiﬁ application is based upon and clains the benefit of
priority fromthe prior Japanese Patent i cat -367268, fi
Novenber 30, 2001, 10 the entire contentsAgP mhiJmmM"mmmmmm orated hereiﬁd
by reference. Technical Field The present invention sigi@tes to a
reliability evaluation test apparatus, teliability evaluation test

system contactor, and reliability evaluation test nethod and

particularly, to a reliability evaluation test apparatus, Hmm ”@m ”H,””Jmm
evaluation test system contaptBrs and CePi &bill Ot ) evaluatlon

nmet hod, which are used to evaluate/test the reliability 20 of *G00002

i nterconnections and insulating filns which form nultilayered

i nterconnections f g ABMDErY EVAENT CONATES DrAPBARRESS f or med on a

seni conduct or waf erRgIReekOr OMNGEVRTUATI GN SEDS T OSYSTENM; CESTAGHORF ocess, the
el ectriscal 25 charay RESIAREL DY £VALDETION SBST MRTECRor el enents (to
be referred to as "devices" hereinafter) formed on

This application is based upon and claims the
benefit of priority from the prior Japanese Patent
Application No. 2001-367268, filed November 30, 2001,

10 the entire contents of which are incorporated herein by
reference.
Technical Field
The present invention relates to a reliability
evaluation test apparatus, reliability evaluation test
15 system, contactor, and reliability evaluation test
method and, more particularly, to a reliability
.evaluation test apparatus, reliability evaluation test
system, contactor, and reliability evaluation test
method, which are used to evaluate/test the reliability
20 of interconnections and insulating films which form
multilayered interconnections for a number of
semiconductor devices formed on a semiconductor wafer.
Background Art
In a semiconductor testing process, the electrical
25 characteristics of a number of semiconductor elements
(to be referred to as "devices" hereinafter) formed on
the surface of a semiconductor wafer (to be referred to
as a "wafer" hereinafter) are tested in a wafer state,

and devices having no failures in the electrical



the surface of a semconductor wafer (to be referred to as a "wafey} CT_ 9%
hereinafiter) are tested in a wafer state, and devices having no fg{?d}ééZWS
in the electrical 19 OCT 2005 2 characteristics are screened. Then, in the
final step of testing process, wafer dicing is perforned, and reliability
eval uation tests such as an electromgration test for the nultilayered 5

i nterconnections of each device and a | eakage current test between

i nterconnections in the sane plane or bétween upper and | ower

i nterconnections are conducted under accelerated conditions of the

tenperature and the I|ike. 10 In a reliability evaluation test, test
packages ar eHarepsrad sthe case e gankagedThent hesetlipackiges. step
Subsequently, the reliability evaluation test of, e.g., approxinmately 70

packaged devicfestdsstioxpquarkds, avafaer ndcelmy bs prederenedneandi gh

tenperature (e.g., 15 300-C). Disclosure of Invention However, for the

convent i onal wedlijadbiliitty eveluaition testst$aghiastanbe conducted in a

furnace, wafer dicing is perfornmed, and test packages are 20 prepared.

Devi ces are paldciyedni@iaiglahdsest eker %%%H@@%£%1¢%?r?%is reason

considerable tine and cost are required for wafer 9i0%n8, t est 8%ckage
eLHnven

prepar at i on, HHEIRIIEE HRKARhEath BRI EF o?Rt Pe tRohaP t est

executed in the fyrnace can han . .
testlﬁetween {hterégéaectlons in the same plane or

between upper and lower interconnections are conducted
under accelerated conditions of the temperature and the
like.

10 In a reliability evaluation test, test packages

| are prepared. Devices are packaged in these packages.

Subseqﬁently, the reliability evaluation test of, e.g.,
approximately 70 packaged devices is executed in a
furnace at a predetermined high temperature (e.g.,

15 300°C) .

Disclosure of Invention
However, for the conventional reliability

evaluation test that is to be conducted in a furnace,
wafer dicing is performed, and test packages are

20 prepared. Devices are.packaged using these test
packages. For this reason, considerable time and cost
are required for wafer dicing, test package
preparation, and device packaging. In addition, the
conventional test executed in the furnace can handle

25 only tens of packages, i.e., only tens of devices at
once.

When devices having metal interconnections made



25 only tens of packages, i.e., only tens of devices at once. \Wen devices
havi ng metal interconnections made 19 OCT 2005 N 3 of, e.g., copper9dCTa2005
copper alloy that readily oxidize are to be tested, an inert gas is
introduced in the furnace. However, since the furnace is poor in sealing
properties, for exanple, the oxygen concentration 5 cannot be nade | ow
enough to prevent oxidation of copper interconnections. For this reason,
not only the pad portions of copper i nt ér connections but also the copper

i nt erconnections thensel ves are oxidi zed through the pad portions. To
prevent this, an anti-oxidizing 10 al um num pad | ayer nust be added to each
copper pad poticony at ddwpdr ner of vedesr sahpde phiepareaddhy o¥idibher nore,
when a plurality of types of sanples are to be tested, the dicing and wire
bondi ng nust s twhangerkstedoraresipuemdengas wi ¢ hirbcddugepa. itetlze, three 15
or nore weeks are required before a reliability evaluation test result can
be obtai ned. omemeer, RtaeveucHs fsce nigoe t Etnpee ahetReer f bh seabing
reliability test or dependence related to various test patterns nust be
agguired by exemaities test eXxawhturdde t9XvFeri fRRCeMeRi2BiO®he test
efficiency is low For, e.g., an electromgration test, the positions of
voi ds dener at@NHt eI "ét?%u%e%ot%g%%eangé?‘s%E}o%nﬂPt he

observation result is fed back t .
copper interconnectf%ns. For this reason, not only the

pad portions of copper interconnections but also the
copper interconnections themselves are oxidized through
the pad portions. To prevent this, an anti-oxidizing
10 aluminum pad layer must be added to each copper pad
portion at the time of wafer sample preparation.
Furthermore, when a plurality of types of samples are
to be tested, the dicing and wire bonding must be
changed in correspondence with each type. Hence, three
15 or more weeks are required before a reliability
evaluation test result can be obtained.
Moreover, data such as important parameters for
the reliability test or dependence related to various
test patterné must be acquired by executing a test a
20 plurality of times. Hence, the test efficiency is low.
For, e.g., an electromigration test, the positions of
voids generated by electromigration need to be
observed, and the observation result.is fed back to
process development later. For this observation, test
25 packages are disassembled to extract devices one by
one, bonding wires are detached from each device, and

each device is observed under a microscope. To do



process devel opnent |ater. For this observation, test 25 packages qr 08T 2005

di sassembl ed to extract devices one by one, bonding wires are detache

from each device, and each device is observed under a m croscope. To do 19

OCT'2005 1 4 this, a great deal of labor and tinme are necessary. The
present invention has been nade to solve the
according to an aspect of the present

above problens. An invention
5 invention has as its object to

provide a reliability evaluation test apbaratus, reliability eval uation
test system contactor, and reliability evaluation test method, which can
quickly, efficiently, and reliably execute a reliability evaluation test
of a pluralityhok, 18 gesneondudt of davoeesanborin@d @t ea nadafedisarin i nvention
according to anot her aspect of the present invention has as its object to

provi de a

test system contactor,

can greatly redave pheblember and cost required for a reliability

eval uati on

be set forth in thandésyenjtioon assiogiding Itowan @ape2d iaf gdra midderde

test. Additional objects and advantages of the invention

obvious_fromthe description, or my be |earned by practice of the
i nventi®n. ThénNBBPEEPB BAE agduAft 8§ESCEf tonhen 2o seyplid irteal i zed and

10

15

20

25

evaluation test apparatus, reliability evaluationltest'
system, contactor, and reliability evaluation test
method, which can quickly, efficiently, and reliably
execute a reliability evaluation test of a plurality of
semiconductor devices formed on a wafer.

An invention according to another aspect of the
present invention has as its object to provide a
reliability evaluation test apparatus, reliability
evaluation test system, contactor, and reliability
evaluation test method, which can greatly reduce the

~labor and cost required for a reliability evaluation
test.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and
obtained by means of the instrumentalities and
combinations particularly pointed out hereinafter.

According to a first aspect of the present
invention, there is provided an apparatus which tests a

reliability of a semiconductor wafer on the basis of

rel i abi Theypeealkendt iiovenddorapas dfass) meeld da |ddlwe ehbad uat i on
and reliability 15 evaluation test nethod, which

Wil |




obt ai ned by neans of the instrunentalities and conbinations partiguhﬁflﬁ
poi nted.-out hereinafter. 25 According to a first aspect of the prese 05
i.nvention, there is provided an apparatus which tests a reliability of a
sem‘conductor wafer on the basis of 19 OCT 2005t 5 test signal froma
measurenent unit, conprising measur enent section and a storage section
which has a hernetic and insulating structure, stores a sem conductor
wafer that is totally in electrical 5 coRtact with a contactor and
transmts/receives a test signal to/fromthe neasurenent section. The
reliability evaluation test apparatus conprises a pressure nechani sm which
presses the Lagactorgrdl tiromtodmgesseaténn, wahtd, actieat ieagnd0 nmechani sm
whi ch heats the sem conductor wafer that is totally brought into contact
with the contactarsinendet geasbur camichasicnag¢e septiodetenbthed high
tenperature. The reliability evaluation test apparatus eval uates
reliabilitieshad a hernetiayeaard Issyuhreironpect¢brrandsbarefsulting film
which are fornmed on the sem conductor wafer, under an accel erated

condi tion. The SEpEeeRUCiRDWIERE | Bhakcbs dapkal it kot akectristlaspect al so

preferably conprises one of (aI% to. 20-- §al4 . bel ow or a conbi nati on of
a plurdity dforlagpornthis 3 remR %ﬁ§o¥oa?%1ﬁ ans&lts/recelves anges%

signal to/from the measurement section.'

The reliability evaluation test apparatus
comprises a pressure mechanism which presses the
contactor in the storage section, and a heating

10 mechanism which heats the semiconductor wafer that is
totally brought into contact with the contactor by the
pressure mechanism to a predetermined high temperature.

The reliability evaluation test apparatus
evaluates reliabilities of a multilayered

15 interconnection and an insulting film, which are formed
on the semiconductor wafer, under an accelerated
condition.

The apparatus provided in accordance with'the
first aspect also preferably comprises one of (al) to.

20 -+ - (al4) below or a combination of a plurality of
components from (al) to (al4).

(al) A table which has a heat insulating structure
and on which the semiconductor wafer is placed,

a connection ring which surrounds the table and comes
25 info_electrical contact with the contactor, and
a wiring board which comes into electrical contact with

the connection ring and transmits/receives the test




(al) A table which has a heat insulating structure and on which the

sem conductor wafer is placed, a connection ring which surrounds 18e08®tl2005
ant ‘éomes 25 into electrical contact with the contactor, and a wiring board
whi ¢h comes into electrical contact with the connection ring and
transmts/receives the test 19 OCT 2005 6 signal fromthe measurenent
section, which are arranged in the storage section. (a2) A seal nenber

whi ch cones into contact with the contaftor to seal a space in the storage
section 5 froman outside, and neans for supplying an inert gas and/or
reduci ng gas into the storage section, which are arranged on the

connecti on rigigmmalad)roin prres s es ot aten hs edit poes seisithearensacdmged a
bel | ows whose | ower end is connected to the pressure 10 plate, a support
whi ch is connecttée tamgppercteimh of the bell ows and can nove vertically,
and neans for supplying a gas into a space formed by the pressure plate,
the bellows, and tfe2ksubpoeal mtmksr avkiahrapged inhot Aenppessuith
mechanism 15 (a4) A heater which uniformly heats an entire surface of the
seni conduct orthgafeantiaetinm toweakd faRece sifetRAdSBPERIZeFGEE1@R t he
table, which is arranged in the heating nechanifn1%éag% A first heating
porti o whi cHEifEhtaN Lentd 23D PRART ofPBf StHRL ¥ERY cdhdtRebF #&Fer, and a

second hea“g%%}ggtgéghg!%éﬁbg%ﬂ{g%@d@héhgtékggé Qgg£ig§, which are

arranged on the connection ring.
(a3) A pressure plate which presses the contactor,
a bellows whose lower end is connected to the pressure

10 plate, a support which is connected to an upper end of
the bellows and can move vertically, and means for
supplying a gas into a space formed by the pressure
plate, the bellows, and the support, which are arranged
in the pressure mechanism.:

15 (a4) A heater which uniformly heats an entire
surface of the semiconductor wafer from a lower surface
side and also serves as the table, which is arranged in
the heating mechanism.

(a5) A first heating portion which heats a central

20 . portion of the semiconductor wafer, and a second
heating portion which surrounds the first heating
portion and heats an outer edge portion of the
semicohductor wafer, which are arranged in the heater.

(a6) An auxiliary heater which heats the entire

25 surface of the semiconductor wafer from an upper

surface side, which is arranged in the heating

mechanism.



portion and heats an outer edge portion of the semiconductor wafer, which
are qrranged in the heater. (a6) An auxiliary heater which heats 1 %e 06ht 2095%
25 surface of the sem conductor wafer froman upper surface side, which is
arranged in the heating nechanism 1 9 OCT 2005 k 7 (a7) An

el ectrom grati on neasurenent section and a |eakage current measurenent
section, which are arranged in the measur enent section. (a8) A swtching
mechani sm which alternately 5 swi tches between the nmeasurenent sections.
(a9) The electrom gration measurenent section conprises a function of
supplying three kinds of currents including a DC current, a pul se DC
current, and an AGTturkenelegbremigrapippurgprpbyenentesecharieeRs for ned
on the sem conductor wafer, and test pattern, grouping. function means for
BULLing the IeRkAdE BT s MpREREFRENT nBECC5PBUpEhARE BXECAEFAGIE
reliability evaluation test for not,less than five groups sinultaneously.
15 (all) An aht sote dpes\orercti $8SF1PHr arranged between the contactor and

Rt (AW TN G P R o LA
formed on the SO0 WG Men2Pne ¥BLSLreMBLENSERLIERINYEd 1N the
(a9) The electromigration measurement section
comprises a function of supplying three kinds of
currents including a DC current, a pulse DC current,
and an AC current.

10. (al0) A plurality of test patterns formed on the
semiconductor wafer, and test pattern grouping function
means for putting the plurality of test patterns into
groups and executing a reliability evaluation test for
not less than five groups simultaneously.

15 (all) An anisotropic conductive film arranged
between the contactor and the semiconductor wafer.

(al2) Means for simultaneously executing a
reliability evaluation test of not less than 100
semiconductor devices formed on the semiconductor

20 wafer, which is arranged in the measurement section.

(al3) A heat insulating structure which maintains
the semiconductor wafer at a temperature of not
less than 160°C, which is arranged in the storage
section.

25 : (al4) A heat-resistant substrate having a thermal

expansion coefficient of 1 to 50 ppm/°C, which is

arranged in the contactor.



(al 3) A heat insulating structure which nmaintains the semiconductor wafe
at" a temperature of not less than 1600C, which is arranged in the éﬁbpﬁﬁ b
section. 25 (al4) A heat-resistant substrate having a thermal expansion
coefficient of 1 to SO ppmi'C, which is arranged in the contactor. 19 OCT
2005 8 According to a second aspect of the present invention, there is
provided a reliability evaluation test %%ften1conprising an aligner which
totally brings a contactor into contact with a sem conductor wafer, a 5
transfer tool which transfers the contactor and the sem conductor wafer,
which are totally kept in contact wth each other by the aligner, and a
reliability eval uattondirgt tappasatuadpasepededoifntaecordarae Wi th the
first aspect of the present invention, which 10 executes a reliability

eval uation tesmtverititie, tkereohduptovidefiea raflégbalétywevhltuheionansfer
tool. The reliability evaluation test system provided in accordance with

t he second aspest avstepredtepubbjyngcanpelsgsesnehoth(bpyatdy(bsinpel ow or a
conbi nation of 15 a plurality of conponents from (bl) to (b4). (bl) Means
for all ow ng ¥t Earkohi EREPoRORERGEeNithhe aPRgRePdHRFOrhEaLBE aBility
eval uati on test agparatus. ébzg A m croscope to observe the sem conduct or
20 wafet on tHeBHSPE BPOL VRLEDR, ELXaReisrst hRe contactor and the

semiconductor wafer, which are totally kept in contact
with each other by the aligner, and a reliability
evaluation test apparatus provided in accordance with
the first aspect of the present invention, which

10 executes a reliability evaluation test of the
semiconductor wafer integrated with the transfer tool.

The reliability evaluation test system provided in
accordance with the second aspect also preferably
comprises one of (bl) to (b4) below or a combination of

15 a plurality of components from (bl) to (b4).

(b1l) Means for allowing data communication between
the -aligner and the reliability evaluation test
apparatus.

(b2) A microscope to observe the semiconductor

20 wafer on the basis of a test result of the
semiconductor wafer, which is arranged in the aligner.

(b3) A magnet to integrate the contactor and the
semiconductor wafer, which is arranged in the transfer
tool.

25 (b4) A magnetic circuit, switch means for turning
on/off the magnetic circuit, and means for

exciting/degaussing the magnetic circuit to cause the



sem conductor wafer, which is arranged in the aligner. (b3) A nagnet to
integrate the contactor and the seniconductor wafer, which is arrpQard bis
the transfer tool. 25 (b4) A nagnetic circuit, switch neans for turning
on/ 6ff the magnetic circuit, and neans for eXC|t|ng/degau33|ng t he
magnetic circuit to cause the 1 9 OCT 2005 i 9 transfer tool to
attract/rel ease the contactor and the sem conductor wafer, which are
arranged in the transfer tool. Accordin& to a third aspect of the present
5 invention, there is provided a contactor which conprises a

heat -resi stant substrate having a thermal expansion coefficient of 1 to 50
ppn’ C, and a o ortocl reai dttpaokedrebeabe beat coptastant asdbsheate, and
is wused to execute areliability evaluation test at a 10 tenperature of

not | ess thamsdtl@ndbeteonwateor phoohdedei arnseoedahsethiet Grenefethird
aspect also preferably conprises one of (ci) to (c3) below or a
conbination(ﬁOQﬂpIuraIity of conponents from(cl) to (c3). 15 (cl) A bunp
arranged in the conductor circuit. (c2) The heat-resistant substrate
formed from at Ie%@@oﬁﬁbnﬁaF@rPthééﬁeéﬁéacFrBﬁl5 ReRESCEE st ant resin, a

nmetal, a sem conductor, and a ceramc,
5 invention, there 1s provided a contactor which

comprises a heat-resistant substrate having a thermal
expansion coefficient of 1 to 50 ppm/°C, and_a conductor
circuit formed on the heat—resiétant substrate, and is
used to execute a reliability evaluation test at a

10 temperature of not less than 160°C.

The contactor provided in accordance with the
third aspect also preferably comprises one of (cl) to
(c3) below or a combination of a plurality of
components from (cl) to (c3).

15 (cl) A bump arranged in the conductor circuit.

(c2) The heat-resistant substrate formed from at
least one material selected from a heat-resistant
resin, a metal, a semiconductor, and a ceramic.

(c3) An insulatiﬁg coating formed on a surface

20 except a portion which is electrically connected in
executing the reliability evaluation test.

According to a fourth aspect of the present
invention, there is provided a reliability evaluation
test method of executing different reliability

25 evaluation tests for a semiconductor wafer in a state
wherein the semiconductor wafer and a contactor are

totally in electrical contact with each other.



(c3) An insulating coating fornmed on a surface 20 except a portigp g@”&ﬁ
is electrically connected in executing the reliability evaluatia- pLL;2
Acco?ding to a fourth aspect of the present invention, there is provided a
relifability evaluation test nethod of executing different reliability 25
eval uation tests for a sem conductor wafer in a state wherein the

sem conduct or wafer and a contactor are _totally in electrical contact with
each other. 19 OCT 2005 10 According to Htfifth aspect of the present
invention, there is provided a reliability evaluation test nethod of
executing a reliability evaluation test for a sem conductor wafer by
pressing the sem caneheed g Stavad ef 1 fbh chspsct ov @l tlgei prebevtri cal cont act
with a contactor, heating the sem conductor wafer to not |ess than 160C,
and render i ngirven tsiem c drttics of s viefevidednauce l vabiTheyrevabwakiep

eval uation test nmethods provided 10 in accordance with the fourth and
fifth aspect sedtsonethral crheyeconrdse oablaplilifty evatasfise| b&S6r a
conbi nation of a plurality of conponents from(dl) to dSi. &gl%

Si mul t aneous| 50X AR RPRHECERT | WdT €T )Y B5eeSANdatPBnSERIEOPEICHBE | ess

t han 100 sem conductor . devi ces t he sem conduct or fer,.(d2) Executin
an el ec rom draigoteh Ja%d?%\‘agfyﬂe%k% %CEE%?%ﬁcu C?Eggcgsw%%g %’el i abil i t3

eval uation contactor, heating the semiconductor wafer to not less
than 160°C, and rendering the semiconductor wafer
conductive.

The reliability evaluation test methods provided

10 in accordance with the fourth and fifth aspects also
preferably comprise one of (dl) to (d5) below or a
combination of a plurality of components from (dl) to
(d5) . |

(d1) Simultaneously executing the reliability

15 evaluation test for not less than 100 semiconductor
devices on the semiconductor wafer.

(d2) Executing an electromigration test and/or a
leakage current test as the reliability evaluation
test.

20 (d3) Controlling a temperature distribution in a
surface of the semiconductor wafer within * 2.0°C at a
range of 160°C to 350°C.

(d4) Placing the semiconductor wafer and the
contactor in one of an inert gas atmosphere and an

25 atmosphere of an inert gas mixed with a reducing gas.

(d5) Setting an oxygen concentration to not more

than 100 ppm. Additional advantages and modifications



test. 20 (d3) Controlling a tenperature distribution in a surface ngLtlhﬁ 5
sem conductor wafer within 2.0C at a range of 160C to 350C. (d4) Placi @
t.he Sem conductor wafer and the contactor in one of an inert gas

at mbsphere and an 25 atnosphere of an inert gas mixed with a reduci ng gas.
(d5) Setting an oxygen concentration to not nore than 100 ppm Additi onal
advant ages and nodi fications 19 OCT 2005 11 will readily occur to those
skilled in the art. Therefore, the invehtion in its broader aspects is not
limted to the specific details and representative enbodinents shown and
descri bed herein. 5 Accordingly, various nodifications may be nmade w thout
departing fromlilhesmily atcscope diosdeskgkbedaini tvenaive concept as
defined by the appended clains and their equivalents. Brief Description of
Drawi ngs 10 FlHe&efloxeandtid dreentbws Sholtngbroader abspecys esanhakbti on
test apparatus according to an enbodi ment of the present invention, in
which FIG 1A ted/itew thehoswer ha¢ ndpbatils appd Freprasentafliper specti ve
view showing a controller; 15 FIG 2 is a sectional view show ng the main
part in a stemeodimentish shown eandclea®riPed BeHEURAtion test is executed

using the reliability evaluation test. a ratus.,shown in FIG 1;
g 5 Acggrdingly, various mgggf?ca%ions may be made

without departing from the spirit or scope of the
general inventive concept as defined by the appended
claims and their equivalents.

Brief Description of Drawings

10 FIGS. 1A and 1B are views showing a reliability
evaluation test apparatus according to an embodiment of
the present invention, in which FIG. 1A is a view
showing main part, and FIG. 1B is a perspective view
showing_a controller;

15 FIG. 2 is a sectional view showing the main part
in a state wherein a wafer reliability evaluation test
is executed using the reliability evaluation test.
apparatus shown in FIG. 1;

FIGS. 3A and 3B are views showing a contactor

20 according to an embodiment of.the present invention, in
which FIG. 3A is a sectiénal view, and FIG. 3B is a
plan view;

FIG. 4 is a sectional view showing a contactor
according to another embodiment of the present

25 invention;

FIGS. 5A and 5B are views showing an example of

an aligner which aligns a wafer and a contactor, in



FIGS. 3A and 3B are views showi ng a contactor 20 according to am g¢njqd
of the present invention, in which FIG 3Ais a sectional
3Bis a plan view FIG 4 is a sectional view show ng a contactor
according to another enbodi nent of the present 25 invention; FIGS. 5A
5B are views show ng an exanple of an aligner which aligns a wafer and a
contactor, in 19 OCT 2005 12 which FIG 5A is a perspective view show ng
the outer appearance, and FIG 5B is a Secti onal view showing a fixi

mechanism FIG 6 is a side view showing a state wherein

view, and F

5 a shell is

F@gnt.

and

ng

chucked using a wafer transfer tool; FIG 7A is a schematic view show ng a
si de surface wHith BiGA Sahes ed pdihspaeont eet viewnshomieg tbeabhipecone
contact through a pressure nechanismshown in FIG 2, FIG 7B is a side

vi ew exagger afppwinarshoni gl A a 58 ai® aheeetbonak vbevashovibends; FIG
8A is an enlarged sectional view showing an electrode pad portion in copper
i nt er connect iaon&iofng anewfanismhich is used in the reliability eval uation

test nethod according to the present invention, and_ 15 F
enl arged secti onal F16 ewf shovi ngl@dn Bievt BawipddapsFefsn¥

i nterconnections of a wafer, which is use

eval uati on t estShfebhoks extuecked Wiy & W%gﬁlﬁgggaggge

b

G 8B is an
RE€dpper

FIG. 7A is a schematic view showing a side surface

in a state wherein the contactor and wafer totally come

into contact through a pressure mechanism shown in

FIG. 2, FIG. 7B is a side view exaggeratingly showing

10 a state wherein the contactor bends;

FIG. 8A is an enlarged sectional view showing

an electrode pad portion in copper interconnections of

a wafer, which is used in the reliability evaluation

test method according to the present invention, and

15 FIG. 8B is an enlarged sectional view showing

an electrode pad portion in copper interconnections of

a wafer, which is used in a conventional reliability

evaluation test method executed using a furnace;

FIGS. 9A and 9B are plan views showing test

20 patterns on a wafer, which are to be used for an

electromigration test, in which FIG. 9A is a view

showing a single terminal typé, and FIG. 9B is a view

showing a double terminal type:

FIG. 10 is a graph showing the relationship

25 between a change in relative resistance and a test time

during the electromigration test;

FIG. 11 is a graph showing cumulative failures by

into

vgn%ggT?l reliability



FIGS. 9A and 9B are plan views show ng test 20 patterns on a wafer, which
areW‘SO be used for an electromigration test, in which FIG 9A isl 8 00Tepes
show ng a single termnal type, and FIG 9B is a view showi ng a doubl e
terfinal type; FIG 10 is a graph showing the relationship 25 between a
change in relative resistance and a test tine during the electrom gration
test; FIG 11 is a graph show ng cunul ative failures by 19 OCT 2005 k 13
the electromgration test; FIG 12 is a éhart showi ng the waveform of a
current that is supplied in an electrom gration test using a pulse DC
current; 5 FIG 13 is a chart show ng the waveformof an AC current that
is supplied ithearlelctctordrmgrtatororcgsdst  using an AC current; FIGS. 14A to
14C are views each showing the relationship between a nmain diffusion path
and MIF; 10 FI G HBA il dgrapthatovwimyingrihe caave kg o hrelasur enent
result, and FIG 15B is a graph showing the Reservoir |ength dependence of
MIF; FI G 16dugrgnt dkathdw ryarid afl sity iaduts Jareforigratan it 1t al
resistance in a wafer; 15 FIG 17 is a graph showi ng the influence of MIF
and a on Jus&sipmdca PedSes DE GiEptEshowi ng a Juse | oss due to a

5 FIG. 13 is a chart showing the waveform of an AC
current that is supplied in an electromigration test
using an AC current;

FIGS. 14A to 14C are views each showing the
relationship between a main diffusion path and MTE;

10 . FIG. 15A is a graph showing a critical length
measurement result, and FIG. 15B is a graph showing the
Reservoir length dependence of MTF;

FIG. 16 is a view showing the distribution of TTF
and initial resistance in a wafer;

15 : FIG. 17 is a graph showing the influence of MTF
and o on Juse;

FIG. 18A is a graph showing a Juse loss due to a
current variation, and FIG. 18B is a graph showing a
Juse loss due to the temperature distribution;

20 FIGS. 19A to 19D are views showing examples of
test patterns uséd in a BT test (TDDB test), in which
FIG. 19A is a plan view showing an upper level
interconnection pattern, FIG. 19B is a sectional view
of FIG. 19A, FIG. 19C is a plan view showing a lower

25 level interconnection pattern, and FIG. 19D is
a sectional view of FIG. 19C;

FIGS. 20A to 20E are views showing steps in



current variation, and FIG 18B is a graph showing a Juse |oss due1§cb@mg 5
teonrature distribution; 20 FIGS. 19A to 19D are vi ews show ng exanpl es JP
test’ patterns used in a BT test (TDDB test), in which FIG 19A is a plan
vi ew showi ng an upper |evel interconnection pattern, FIG 19B is a
sectional view of FIG 19A, FIG 19Cis a plan view show ng a | ower 25

| evel interconnection pattern, and FIG 19D is a sectional view of FIG
19C, FIGS. 20A to 20E are views shomﬁng3%%eps in 19 OCT 2005 1, 14

manuf acturi ng the contactor according to the enbodinment; FIGS. 21A to 21D
are views show ng steps in manufacturing the contactor, which follow the °
steps 5 showanufadtGEinPAH® X acsk &S r@y tio 22k are vi ews showi ng
steps in .manufacturing the contactor, which follow the steps shown in

FI GS. 21A toe2bbdiBestt;Mbde for Carrying Qut the Invention 10 The present
invention will be described bel ow on the basis of enbodi ments shown in
FIGS. 1A to 22D. ATG&H i abid ity 2Rl ane i dvhevessheyinensherdr dhng to the
enbodi ment conprises a reliability evaluation test _apparatus 10 and an

al i gner 50. TRaUfAqtaliing this eanfiacioon Whkkeh abpht et usheoskRBSal i gner 50

can be connected through a communi cati on network so that dat
5 shown in kas. 20A to 20E; and a

FIGS. 22A to 22D are views showing steps in
- manufacturing the contactor, which follow the steps
shown in FIGS. 21A to 21D.
Best Mode for Carrying Out the Invention
10 The present invention will be described below on
the basis of embodiments shown in FIGS. 1A to 22D.
A reliability evaluation test systém according to
the embodiment comprises a reliability evaluation test
apparatus 10 and an aligner 50. The reliability
15 evaluation test apparatus 10 and aligner 50 can be
connected through a_communication network so that data
communication can be executed. The reliability
"evaluation test apparatus 10 according to the
| embodiment will be described first, and then, the
20 aligner 50 will be described.

As shown in FIGS. 1A, 1B, and 2, the reliabiiity
evaluation test apparatus 10 according to this
embodiment comprises a wafer storage section 12,
pressure mechanism 13, heating mechanism 14 (FIG. 2),

25 measurement section 15, tester section 16, temperature
controller 17, tester management section 18, housing

19, and controller 20 (FIG. 1B). The wafer storage



communi cati on can be executed. The reliability evaluation test apParatus
10 agcording to the enbodinent will be described first, and then,.9H3“2@m5
alig er 50 will be described. As shown in FIGS. 1A 1B, and 2, the
reltability evaluation test apparatus 10 according to this enbodi nent
conprises a wafer storage section 12, pressure nechanism 13, heating
mechani sm 14 (FIG 2), 25 neasurenent section 15, tester section 16,
tenperature controller 17, tester nanag%%ent section 18, housing 19, and
controller 20 (FIG 1B). The wafer storage 19 OCT 2005 15 section 12 stores
a wafer that is totally in electrical contact wwth a contactor 11 (to be
descri bed | atesdtidirl B5. s Bfr@fnda IR feFhehpt eSsutetabthannsel &édtirscadrr anged
above the wafer storage section 12 to press 5 the contactor 11. The heating
mechani sm 14 achnteatt ywitiead scantvateort hat (ts peedsedrageailnsatehe cont act or
11 by the pressure nmechani sm 13. The neasurenment section 15 neasures the
el ectrical chtPEeSer3htand 3B) t heThafprespene edephanhemhédt ifig nechani sm
14. The tester section 10 16 forns a neasurenent signal of the neasurenent
section 15 amfprrgedsakone nehsurefeht Skesare spghaPn 1FhECt BRFESat ure
controller 17 controls the tenperature of the wafer. The tester nmanagenent
sectiorP 18 nelaRecontetebst br sERei BR2i6nITHEChBNL Pl 1994EEG Mg dat es 15

the above devices, The pontyoller 20, controls,(he. PYI E8RchBebe ousi no

by the pressure mechanism 13. The measurement section
15 measures the electrical characteristics of the wafer
heated by the heating mechanism 14. The tester section

10 16 forms a measurement signal oﬁ the measurement
section 15 and processes a measurement result signal.
The temperature controller 17 controls the temperature
of the wafer. The tester management section 18 manages
the tester section 16. The housing 19 accommodates

15 the above devices. The controller 20 controls the
devices in the housing 19. The reliability evaluation
test apparatus 10 evaluates the.reliability of
interconnection films and insulating films formed on
the semiconductor wafer under accelerated conditions of

20 the temperature, current density, and the like.
As shown in FIG. 1B, the controller 20 can be
constituted by a desktop computer and arranged adjacent
to the housing 19. For exémple, a test result is
displayed on a monitor screen 20A of the computer as

25 a wafer map (FIG. 16). When any one of the device on
the wafer map is clicked on by a mouse 20B or the like,

the test result of the device on the wafer can be



test apparatus 10 evaluates the reliability of interconnection filns and

FRe8eT, Jamg

insulating filnms formed on the semiconductor wafer under

accel er

conditions of 20 the tenperature, current density, and the |iKke.
i.n FIG 1B, the controller 20 can be constituted by a desktop conputer and

arranged adjacent to the housing 19. For exanple, a test

result

di spl ayed on a nonitor screen 20A of the conputer as 25 a wafer
16). When any one of the device on . the fer mp is clicked on by a nouse
20B or the like, the test result of the device on the wafer can be 19 OCT
The controller

2005 16 immedi ately di spl ayed on the nonitor screen 20A.

al so has a damaeddrrmenliyc atiisprl ayfadheti dihenintdn ittty adngmr {Q%. be descri bed

IS
map (FI G

later) so that the result of the reliability evaluation test can 5 be
transmtted Thet wendlriojder. 2the lssf dlasstordafed SE@UBEAPIQAN be

inserted/ extracted the wafer into/fromthe housing 19 in the direction of
an arrow a ifmnritGon] At digh ad ianede e i des Aibehel 2kl uF @ ment

section 15 may b tituted by, .0.,. 10 | ect i ti
SR BRBIG of T Ra AR YT (B et

nmeasur enent b dheryesidd of it

R

E%%tion

15B. The tester section 16.is cqonstituted in correspondence wth these

rr;aasur'ément Sec RS TaA och do 5@ @I INET sh e I eSanpt® 37t he mai n part
th t t .of th | iabilit | i 10. Th
Teasur enent SESHGR ey TG TIPITRE Foskr e wapea! s )

into/from the housing 19 in the direction of an arrow a

in FIG. 1A through a slide mechanism 21. The

measurement section 15 may be constituted by,

e.g.,

10 an electromigration (EM) measurement section 15A and

a leakage current (BT) measurement section 15B.

'The tester section 16 is constituted in correspondence

with these measurement sections 15A and 15B.

FIG.

2

shows an example of the main part of the structure of

15 . the reliability evaluation test apparatus 10.

The

measurement section may also comprise a measurement

-section for another test item.

For example, as shown in FIG. 2, the wafer storage

section 12 may comprise a table 22, thermal insulating

20 mechanism (cylinder) 23, heat-resistant connection ring

24, and wiring board 25. The table 22 is made of

a thermal insulating & electrically insulating

material. A wafer W that is totally in electrical

contact with the contactor 11 may be mounted on the

25  table 22 through heaters 29A and 29B (to be described

later). The thermal insulating mechanism 23 is made of

a thermal insulating & electrically insulating material

20



section for another test item For exanple, as shown in FIG 2, thq ¢wge@rme
storgge ' section 12 may conprise a table 22, thernal |nsulat|ng 20

mechani sm (cylinder) 23, heat-resistant connection ring 24, and wiring
boar'd 25. The table 22 is made of a thermal insulating & electrically
insulating material. A wafer Wthat is totally in electrical contact with
the contactor 11 nay be nounted on the 25 table 22 through heaters 29A and
29B (to be described later). The therma 7insulating mechani sm 23 i s made
of a thermal insulating & electrically insulating material 1 9 OCT 2005 17
and surrounds the table 22. The heat-resistant connection ring 24 cones
into el ectri cad comtaetnds tbhet habtentact ofhélhehtonghibeaniresi st ant
contact termnals (e.g., pogopins) 24A. The wiring board 25 5 cones into
el ectrical commreciwien rhegcohneenednintageleatahdatecentastawidbt si gnal
fromthe measurenent section 15. The wafer storage section 12 can reliably
cause the pré%%%r%p%%%%%%¥sh41Qh¥®ugbt%FP9 pephgtenRE cephegEtor 11 into

el ectrical contact with the wafer 10 The contactor .11 can bhe

electrically E%ﬁ%%%%%%df% Yhe pﬂ%%@h?%he%ﬂAsec?FSnwiSlPHrBaéﬁdtﬁél

24 26
o ncots on LL%%H?%&@?% ol o foaBag i bR b bGP Ras 168 238%: r angaq
at the outer sdge of {he; ngggg%&@ Li0g. 24 Wep Lhg seal ohing 26

el astically cones
section 15. The wafer storage section 12 can reliably

cause the pressure mechanism 13 to totally bring the
contactor 11 into electrical contact with the wafer W.
10 The'contactor 11 can be electrically connected to the
measurement section 15 through the connection ring 24
and wiring board 25.
As shown in FIG. 2, a seal ring 26 made df a
heat-resistant resin such as silicone rubber may be
15 arranged at the outer edge of the connection ring 24.
When the seal ring 26 elastically comes into contact
with the contactor 11, a hermetic space is formed in
the wafer storage section 12. The wafer storage
section 12 may also comprise a press mechanism 27 which
20 presses the outer edge portibn of the contactor 11.
The press mechanism 27 reliably brings the contactor 11
into electrical contact with the connection ring 24.
The press mechanism 27 may be made of, e.qg.,
a heat-resistant material (e.g., ceramic) and comprise
25 a first ring-shaped member 27A, second ring-shaped
member 27B, heat-resistant spring member 27C, arm 27D,

and a pair of gas springs (not shown). The first



with the contactor 11, a hernetic space is formed in the wafer sgg%?
section*12. The wafer storage section 12 may al so conprise a pre 2005
mechani sm 27 whi ch 20 presses the outer edge portion of the contactor 11.
The*press nechanism 27 reliably brings the contactor 11 into electrical
contact with the connection ring 24. The press nechani sm 27 may be nade
of, e.g., a heat-resistant material (e.g., ceramc) and conprise 25 a
first ring-shaped nenber 27A, second riny8shaped menber 27B

heat -resi stant spring nenber 27C, arm 27D, and a pair of gas springs (not
shown). The first } 19 OCT 2005 18 ring-shaped nenber 27A has a shape
conplying wi thinghethaped hbebett 27Aekge poshaps ebmpheingnivaehoehit. The
second ring-shaped nenber 27B is forned into al nost the sanme size as that
of the first of nghehapesr nedberp@rtion dhetheatenescsbanilspr Thg nmenber 27C
is inserted between the first and second ring-shaped nmenbers 27A and 27B.
The arm 27D isedandredingt eyapéed ymembdrt A28 secbodmedngnshapérorstnibbe 27B
and connected, at the rear portion of the wafer storage section 12, to the
10 waf er st orzafee sekz¢ oms 1Phakrofighhe fAinge. rng-phipedf meghsrsprAngs
support_the arm 27D. By the function of the gas springs, the first and
second i ng- stkpeeakehpetstorh apulpyEnenhehe? dpeh8dLBFBEEBIWI th |itt]l e

force. The press nechani sm 27 may have a .| ock 15 nechani sm 27E__The | ock
mechani sm Zgé:)e;i;%%nt ef{rﬂ.g%t af\{d second rgng—shape members 27A-

and 27B. The .arm 27D is formed integrally with the
_second ring-shaped member 27B and connected, at the
rear portion of the wafer storage section 12, to the

10 wafer storage section 12 through a hinge. The pair of
gas springs support the arm 27D. By the function of
the gas springs, ﬁhe first and second ring-shaped
members 27A and 27B can be opened/closed with little
force. The press mechanism 27 may have a lock

15 mechanism 27E. The lock mechanism 27E fixes the first
and second ring-shaped members 27A and 27B to the outer
edge portion of the contactor 11. Hence, the wafer
storage section 12 stores the contactor 11 and wafer W,
which are integrated. Since the pressure mechanism 13

20- and press mechanism 27 press the contactor 11, the
interior of the wafer storage section 12 is thermally
insulated from the external atmosphere so thatlthe
hermetic state is maintained.

For example, as shown in FIG. 2, the table 22 may

25 have a palr of gas supply and exhaust ports 22A and 22B

which vertically extend through the table 22. An inert

gas such as nitrogen gas and/or a reducing gas such as



and second ring-shaped nenbers 27A and 27B to the outer edge portion of

t he ﬁonbactor 11. Hence, the wafer storage section 12 stores the ¢gn @pgﬂﬁ
11 ahd wafer W which are integrated. Since the pressure nmechanism 13 2
and ‘press nechani sm 27 press the contactor 11, the interior of the wafer
storage section 12 is thermally insulated fromthe external atnosphere so
that the hernetic state is nmaintained. For exanple, as shown in FIG 2,
the table 22 may 25 have a pair of gas d¥pply and exhaust ports 22A and
22B which vertically extend through the table 22. An inert gas such as
nitrogen gas and/or a reducing gas such as 19 OCT 2005 19 hydrogen gas is

supplied fromaRdRent (@as iSURRKH1 idRPa @t Sin/ 4 ddW o Uy thgeg supply port
22A. Accordingly, "an i'nert gas atnosphere or a reducl ng gas Tatnosphere is

created in. F@@p@Q@&mgenabmﬁﬂdw@iegm5gg§ﬂ ﬁpgg&ﬂxgz@§ponding to the
contact portion between the contactor 11 and the wafer Win the wafer

storage secti @rcb2zdifiyg yexkaudthepar tgad?2B eadsplssre tde a insdlicgag gas/ or the
reduci ng gas through a valve 75. Supply of a reducing gas nay be
preferably exeduosgphleyeld saddieadeal riedudiengagesidarab oy eldet ered ned anount
to an inert gas. Wien an inert gas atnosphere and/or a reducing gas

at nosphér e i s miovimed isipaciee coraldsparabiand rto tthe wafndraslht @eageierct i on 12,
nmetal interconnections such as copper interconnections that are forned on

the 15 wafer Wedmeeneddis Fophiaditar rdy a3l g étafar fif ol the wafer

storage section 12. The exhaust port 22B exhausts the
inert gas and/or the reducing gas through a valve 75,
Supply of a reducing gas may be preferably executed by
10 adding a reducing gas in a predetermined amount to an
inert gas. When an inert gas atmosphere and/or a
reducing gas atmosphere is formed in the small space in
the wafer storage section 12, metal interconnections
such as copper interconnections that are formed on the
15 wafer W and readily oxidize may be prevented from
oxXidizing under a higher temperature, or metal oxide
films may be reduced. 1In addition, the supply amount
of the inert gas and/or the redﬁcing gas can be
'suppressed to minimum. The wafer storage section 12
20'-__ has a hermetic structure. Hence, when the air is
replaced with an inert gas and/or a reducing gas, the
oxygen concentration can be reduced to, e.g., 10 ppm or
less and, more particularly, 1 to 5 ppm or less to
prevent oxidation of metal interconnections or pads
25 formed from, e.g., copper. The oxygen concentration is
detected by a conventionally known oxygen sensor (not

shown) arranged in the wafer storage section 12.



oxi di zing under a higher tenperature, or netal oxide filnms may bFQﬁﬂﬁ“gﬁQ'
I n addi tion, the supply anount of the inert gas and/or the reducihg ga

can be suppressed to mninum The wafer storage section 12 20 has a
hernetic structure. Hence, when the air is replaced with an inert gas

and/ or a reducing gas, the oxygen concentration can be reduced to, e.g.,
10 ppmor less and, nore particularly, 1 to 5 ppmor less to prevent

oxi dation of netal interconnections or p&®s 25 fornmed from e.g., copper.
The oxygen concentration is detected by a conventionally known oxygen
sensor (not shown) arranged in the wafer storage section 12. 1 9 OC T 2005
20 On the bashs e thes et oLt €fe stgbattedns byygen anoorggenati on

measur enent section 28 (FIG 1) arranged in the housing 19 cal cul ates the
oxygen concentsértéwtrat Hemceeasoranent oxedt zong28l RLGEunl padrrapgedneed to
be 5 formed on a test pad, unlike the prior art. Wwen the air is replaced
with a reduciiig gas, hanyingt & oxidelatébnthasokgeanf 6preanbERELEN-he t est
may be reduced. For this reason, the wafer Wand contactor 11 can be
reliably el eciencel | yocanhécosiidizdngsaswehnurnPeiGlayert Reegr E9sbfe
mechanism 13 is fixed i nmedi ately above the wafer storage section 12

i nserte®d i nt ofeHBe@ooB| Agtest PadshBRAiKA EhesPriogngrts, Wﬁéon sur e

- mechani sm 13 may conPri e a presaure alate 13A that pre s;z t he,_cont act or
11, a bel | ons218BL355 R 2RefsWhbdedof qUMERl 98Rd FREsBEBel*&ME i s

film has been formed before the test may be reduced.
For this reason, the wafer W and contactor 11 can be
reliably electrically connected.

10 As shown in FIG. 1, the pressure mechanism 13 is
fixed immediately above the wafer storage section 12
inserted into the housing 19. As shown in FIGS. 1 and
2, the pressure mechanism 13 may comprise a pressure
plate 13A that presses the contactbr 11, a bellows 13B

15 which is made of a metal and whose lower end is
connected to the upper surface of the pressure plate
13A, a support plate 13C which is connected to the
upper end of the bellows 13B to support the bellows
13B, and a cylinder mechanism 13D which is connected to

20 the support plate 13C and fixed while being suspended
'in the housing 19. As shown in FIG. 2, the support
plate 13C may have a through hole 13E. A gas supply
mechanism 76 supplies compressed air from the through
hole 13E to increase the pressure in a space formed by

25 the pressure plate 13A, bellows 13B, and support
plate 13C. Upon pressurizing, the bellows 13B extends

downward from the support plate 13C supported by



connected to the upper surface of the pressure plate 13A, a support plate
13C which is connected to the upper end of the bellows 13B to subPodGT 2098
bell ows 13B, and a cylinder nechani sm 13D which is connected to 20 the
support plate 13C and fixed whil e being suspended in the housing 19. As
shown in FIG 2, the support plate 13C may have a through hole 13E. A gas
supply nechanism 76 supplies conpressed air fromthe through hole 13E to
increase the pressure in a space forned Y 25 the pressure plate 13A,
bel l ows 13B, and support plate 13C. Upon pressurizing, the bellows 13B
extends downward fromthe support plate 13C supported by 19 OCT 2005 21
the cylinder tmsheyi smaddnéchpness 1BB tonpaeter thé cbhteughrt hé pressure
pl ate 13A. Accordingly, the entire surface of the contactor 11 is

uni formy presisesugh sché hatebsups platbelddnt aBtoprdingélyi abhg total ly cone
5 into contact with el ectrode pads of the wafer W As shown in FIG 2, an
auxili ary heatwtip®GCsirbabe ofiethei bedthater) Léadshentifrsnlyt PERESEENt er on
the |ower surface of the pressure plate 13A. The_auxiliar heater 29C
heats the wafee W&t omvrhe @6nth@t@@niiciersﬂée?eA§38é§cFPééél&b@@@? t he
press nmechanism 27 is connected_through a hinge at the rear portion of the
waf er st or agelBbetrontagtandtbanlereepgepradspiedrel ¥&€grt Aroudfs an

auxi liary nmechani sm such as_ gas spri ngs. ter th ontactor 11 and waf er
W which” 15 a?%OW%té@rgigd,Zar@npﬁgﬁéggﬁﬁyﬁﬁéaﬁﬁfeﬁggtgﬁggbesection
described later) can be fixed at the center on the
lower surface of the pressure plate 13A. The auxiliary
heater 29C heats the wafer W from the contactor 11
10 side. As described above, the press mechanism 27 is
connected through a hinge at the rear portion of
the wafer storage section 12 and can freely be
opened/closed through an auxiliary mechanism such as
gas springs. After the contactor 11 and wafer W, which
15 are integrated, are placed in the wafer storage section
12, the press mechanism 27 is filted forward to
horizontally contact the second ring-shaped member 27B
to the outer edge of the contactor 11 in the wafer
" storage section 12. As a result, as shown in FIG. 2,
20 the outer edge portion of the contactor 11 stored in
the wafer storage section 12 is pressed by the second
ring-shaped member 27B and lock mechanism 27E.
The heating mechanism 14 may have a heater 29
which heats the wafer W placed on the table 22 from the
25 lower surface side. The heater 29 uniformly heats the
entire surface of the wafer W. The heater 29 may be

formed from, e.g., the first heater 29A which has



12, the press nmechanism 27 is tilted forward to horizontally cont1a t the
second ring-shaped nenber 27B to the outer edge of the contactor iiQQT £08%
mafe9 storage section 12. As a result, as shown in FIG 2, 20 the outer
edgé portion of the contactor 11 stored in the wafer storage section 12 is
pressed by the second ring-shaped nmenber 27B and | ock nmechani sm 27E. The
heati ng nmechani sm 14 nay have a heater 29 which heats the wafer W pl aced
on the table 22 fromthe 25 |ower surface side. The heater 29 unifornly
heats the entire surface of the wafer W The heater 29 nmay be fornmed from
e.g., the first heater 29A which has 19 OCT 2005 22 a circular shape and is
arranged at theienirat fiodgd and ofs tderdeddéé@ 22 tined ¢betsatopdrhéaner 29B
whi ch has a ring shape and surrounds the first heater 29A. The first heater
29A heats theofetie atalpbos tidremnd the Seowmidrhydtdhe28Bcehtdcheheer 29B heats
the outer portion of the wafer W The second heater 29B can al so
conpensate fa miny s esthdesur compdhebive f £bnst heeabarel98dge portion of
the wafer W The heater 29 may have any structure as long as it_can

uni form y hedfhe heinst drmeater s%?ﬁd@%am the %ﬁEFawpqﬁElﬁﬁa%rtQQ need not
al ways be divided into the first heater 29A and second heate

additidn to t¥efeedler Dhoe ??@P%@é@?%@ern%%%ah?@ﬁ?lﬁhﬁa9uﬁﬁgopﬁﬁ éOPhe

di sk- shaped aUX|I|ary heater 29C t hat cones_int ontact mnth t he upper 15
surface of th% cloh e ber 14 ea_?&?‘?‘i“g eﬂ’éﬁ’fe%é

compensate for a dissipated heat component from the
outer edge portion of the wafer W. The heater 29 may
have any structure as long as it can uniformly heat the
10 entire surface of.the wafer W. The heater 29 need not
always be divided into the.first heater 29A and second
heater 29B. In addition to the heater 29, the heating
mechanism 14 may also have the disk-shaped auxiliary
heater 29C that comes into contact with the upper
15 surface of the contactor 11. The auxiliary heater 29C
more reliably heats the wafer W to a predetermined high
temperature in cooperation with the heater 29 and.
maintains the temperature. As described above, the
heéting mechanism 14 directly heats the wafer W from
20 the upper and lower surfaces. Since the heating
space to be heated by the heating mechanism 14 is
considerably limited, the wafer W can be heated to
a target temperature in a short time. In addition,
when the wafer W is heated and maintained at 160°C or
25 more and, more particularly, at a highest temperature
. of 350°C, the electromigration and leakage current of

the metal interconnections on the wafer W can be



}r[_)re reliably heats the wafer Wto a predeterm ned high tenperaturegigCT 2005
coopegration with the heater 29 and. nmintains the tenperature. As
descri bed above, the heating nechanism 14 directly heats the wafer Wfrom
20 tthe upper and |l ower surfaces. Since the heating space to be heated by
t he heating nmechanism 14 is considerably limted, the wafer Wcan be
heated to a target tenperature in a short tine. In addition, when the
wafer Wis heated and mai ntained at 160G%r 25 nore and, nore particularly,
at a highest tenperature of 350C, the electromgration and | eakage current
of the netal interconnections on the wafer Wcan be 19 OCT 2005 23
accur at el y meassiied aingaiied hierdd gindenpekatut gh Thepehettrag nBbhani sm 14
preferably controls to uniformy heat the entire surface of the wafer Wto
160C or nor e hewiiiey se¢tchayi smt bdperaferablly sconbuolontonunhéowalgr 5
within 2.0C. Hence, when, e . g . , copper is used as the_ interconnection
mat eri al, thehéalt etlorertironsunfiaicei afuthei vgfer| steah®Be R Ut @l y
eval uated by conducting the reliability evaluation test under _accelerated
condi tions ofwhhke hsejht tgper bemperahdrfi ghst1dPELiPBNENIERSI V$#ESFhe wiring
board 25 t hat _con_stig}_ut es the wafer storage section 12 extends to the rear
side (r3ght sviehinf*@.@°C2) HentRe WHSnG 99 EOPHSTall S t%%n
term nals 15E are, arranged on,the ugger ?nd ower 15 surfa%es of an
ext ended port’?%‘ﬁ %%?A?r‘ﬁign?ﬂ%tb?]ﬁe?‘? rial, the interconnections an
insulating films can be accurately evaluated by
conducting the reliability evaluation test under
accelerated conditions of the high temperature and high
10 current density.
The wiring board 25 that constitutes the wafer
storage section 12 extends to the rear side (right side
of FIG. 2) of the housing 19. External connection
terminals 15E are arranged on the upper and lower
15 surfaces of an extended portion 25A. On the other.
hand, connection boards 15C and 15D of the EM
measurement section 15A and BT measurement section 15B,
respectively, shown in FIG. 1 are arranged to sandwich
the extended portion 25A, as shown in FIG. 2. The
20 connection boards 15C and 15D are alternately brought
into electrical contact with the external connection
terminals on the upper and lower surfaces of the
extended portion 25A by a switching mechanism 78 to
alternately switch between the EM measurement section
25 15A and the BT measurement section 15B. That is, the

connection boards 15C and 15D are switched between the

EM measurement section 15A and the BT measurement



hand, connection boards 15C and 15D of the EM neasurenent section 15A and
BT neasurement section 15B, respectively, shown in FIG 1 are arnagnged 2%
sandwi ch the extended portion 25A, as shown in FIG 2. The 20 connection
boar'ds 15C and 15D are alternately brought into electrical contact with
the external connection termnals on the upper and | ower surfaces of the
ext ended portion 25A by a switching nmechanism78 to alternately switch
bet ween the EM neasurenent section 25 15A4and the BT neasurenent section
15B. That is, the connection boards 15C and 15D are sw tched between the
EM neasur enment section 15A and the BT neasurenent 19 OCT 2005 24 section

15B. Each of thetiBasubBNENEasRCHFORBelRABNGenb2B MRY:theformed f1dm a
board having 512 channels so that 512 devices can be sinmultaneously

measured. TheileBnhagtpe tdrasd webar a\\oeardddatvanal 1512 ZHumighd dato
contact with each other through an anisotropic conductive film 31, as
shown in FI G tRat Baehdetitke bhanpdeok iud taombactiyr nkksanted.he el ectrode
pads of the wafer Wpreferably has a circular shape or a pol ygonal shape,
or a shape of a coffbienabingracttioer 8df antD wHfemékigarmberigrtablya bunp in the
pitch direction is preferably equal to or smaller than the pitch size of

t he eleétrodebpaughéflﬂﬁ@ ranspctErdRhbgmshmeihise theiarsh iait o a di aneter

of , .g., about 75 gm The bunps may be fornmed at an interval_ of about
120 gmvvlth 1§n|lé§i§éépl?oc@ﬁéu€§ﬁfv@r 11 3lhe a6t BEOYRaAd Rie 2-

Each of the bumps of the contactor 11 and the electrode
pads of the wafer W preferably has a circular shape or
a polygonal shape, or a shape of a combination thereof.
10 The maximum length of a bump . in the pitch direction is
preferably equal to or smaller than the pitch size of
the electrode pads of the wafer. Each bump may be
formed into a diameter of, e.g., about 75 pum. The
bumps may be formed at an interval of about 120 um with
15 respect to the centers. On the other hand, the
anisotropic conductive film 31 has an elastic structure
so that even when the bumps of the contactor 11 and
electrode pads of the wafer W have a level difference,
it can be‘absorbed. The anisotropic conductive film 31
20 may be formed from a tetrafluoroethylene resin sheet
31A and aggregates 31B (each having a diameter of,
e.g., 25 um) of nickel fine particles which uniformly
arranged in the entire surface at a predetermined
interval (e.g., 70 um) and extended through the
25 tetrafluoroethylene resin sheet 31A, as shown in, e.g.,
FIGS. 7A and 7B. The aggregate 31B is formed by

gathering metal fine particles. For this reason, when



ani sotropi c conductive film31 has an elastic structure so that ewqpog@eﬂbs
t he ?unps of the contactor 11 and el ectrode pads of the wafer W have

level difference, it can be absorbed. The anisotropic conductive film 31
20 may be formed froma tetrafl uoroethylene resin sheet 31A and aggregates
31B (each having a dianmeter of, e.g., 25 un) of nickel fine particles
which uniformy arranged in the entire surface at a predetermned .
interval (e.g., 70 gn) and extended thro@gh the 25 tetrafl uoroethyl ene
resin sheet 31A, as shown in, e.g., FIGS. 7A and 7B. The aggregate 31B is
formed by gathering netal fine particles. For this reason, when 19 OCT
2005 25 a pregspresksrapphi fpl vetiheoagpeeggteedaBe BhB, nithkehickiede
particles are set in a conpaction state. Hence, only by inserting the

ani sotropi c conducpaveitiés 8te betwernat hempepntaoctostateandHeheewaf er W
the bunps of 5 the contactor 11 and the el ectrode pads of the wafer W can
be el astical |gniptayl yinbeonughy theoavdapbacerict kondach igehdi lhBddugh t he
ani sotropi ¢ conductive film31 so that both can reliably be electrically
connected. Thet@serMabe fenhachar| ¥ldreposhsl wairef 8prithg L8PS @ifcs. 2,

7A, and 7B, reference nuneral 32 denotes a wafer hol der nade of a_pagnetic
materi ad suchthe cantpebarbideandatlpi ghectsodei §AEHE thitss Vet hd

contactor 11 and the el ectrode pads g tge wa ri$@ an |.i gner..to be
described | at€#RnR§ BLagkedalis Retatdun Fﬁ?gg.g., o G8nts am&ggB, t he
contactor each other through the anisotropic conductive film 31
so that both can reliably be electrically connected.
The GoreMate is normally disposable. Referring to
10 FIGS. 2, 7A, and 7B, reference numeral 32 denotes
a wafer holder made of a magnetic material such as
an iron-based material. To align the bumps of the
contactor 11 and the electrode pads of the wafer W,
an aligner to be described later méy be used.
15 As shown in, e.g., FIGS. 3A and 3B, thé contactor
11 may comprise a heat-resistant substrate 11A,
conductor circuits 11B, a plurality of bumps 11C, .
connection pad portions 11D for the wafer W, another
connection pad portions 11E for the test apparatus, and
20 | insulating coating 11F. The substrate 1l1A is formed
from a material (to be described later). The conductor
circuits 11B are formed on the upper surface of the
heat-resistant substrate 11A by using a conductive
metal (e.g., copper or a copper alloy). The plurality
25 of bumps 11C are formed integrally with the conductor
~circuits 11B. The pad portions 11E come into

electrical contact with the pogopins 24A arranged on



11 may conprise a heat-resistant substrate 11A, conductor circuiis 11B, a
plurality of bunps 11C,. connection pad portions 11D for the waf T 2005
anot her connection pad portions 11E for the test apparatus, and 20

insul ating coating 11F. The substrate 11Ais fornmed froma material (to be
described |l ater). The conductor «circuits 11B are formed on the upper
surface of the heat-resistant substrate 11A by using a conductive netal
(e.g., copper or a copper alloy). The plé4fality 25 of bunps 11C are forned
integrally with the conductor ~circuits 11B. The pad portions 11E conme into
el ectrical contact with the pogopi ns 24A arranged on 19 OCT 2005 26 the
connection rifge 2dowhetbeonietingi biit yrevakuatioabilesty appanatusnl0. The
insulating coating 11F covers portions except the connection pad portions
11D and connggst osppadapast ions THE. ifibelevhhgctorntibhgcahF5cewetrabl y be
used for areliability evaluation test executed at a tenperature of 160C
or nore. The postuiansngxcepti hhjel¢bnpeetéanspadypoyinessssaPy agldect ri cal
contact between the contactor 11 and the wafer W Hence, stable electrical
connection 10coeneebhonheadonpstionsiilBnd The wep&RCWPEadlb&alensured. The
heat-re5|stant substrate 11Ais preferably_ made of _a materi al whose

t her mal > expan%ﬂbﬁabéﬁebﬁlEﬁéﬁtfaﬁdérralhﬁﬁﬁlﬂéﬁpéyéﬂﬁﬁélp§ V&S smal

e.g., a material whose thernal ansi on _coefficient |n 15 the planar
direction of eheCebftagtor E?mBﬁHgFuée of" 160°¢ “or mor

The insulating coating 11F prevents any
unnecessary electrical contact between the contactor 11
and the wafer W. Hence, stable electrical connection
10 between the contactor 11 and the wafer W can be
ensured. The heat-resistant substrate 11A is
preferably made of a material whose thermal expansion
coefficient under a high temperature is very small,
e.g., a material whose thermal expansion coefficient in
15 the planar direction of the contactor 11 undef a
temperature of 160°C or more is 1 to 50 ppm/°C, and
preferably, 2 to 30 ppm/°C. Even under a high
temperature of 160°C or more, and for example,.at 350°C,
the thermal expansion coefficient of the heat-resistant
20 substrate 11A and that of the wafer W have little
difference. Hence, the total contact state can be
maintained, the electrical connection can be reliably
ensured, and the reliability evaluation test can be
reliably executed. The heat—reéistant substrate 11A
25 may be made of at least one material selected from,
e.g., a heat-resistant resin such as polyimide or

bismaleimide-triazine, a heat-resistant resin with



tenperature of 160C or nore is 1 to 50 ppmiC, and preferably, 2 tq ?QmT 5
ppm €. Even under a high tenperature of 160C or nore, and for exanple agm
350C' the thermal expansion coefficient of the heat-resistant 20 substrate
11A'and that of the wafer Whave little difference. Hence, the total
contact state can be maintained, the electrical connection can be reliably
ensured, and the reliability evaluation test can be reliably executed. The
heat -resi stant substrate 11A 25 may be nale of at |east one material
selected from e.g., a heat-resistant resin such as polyimde or

bi smal ei m de-triazine, a heat-resistant resin with 19 OCT 2005 27 a

rei nf or cenenta ned i fatcdreent , mgtassakl 6¢hgor ghabsnclbtheor,carbenal such
as alum num copper, stainless steel, an invar alloy, or invar, a

conduct or sucﬁamsr)sla|MQMalamwcn.@@r@humlnnmnlyoppﬁralﬁtﬁgnéﬁaﬁlnun15
nitride or silicon carbide. Wen two or nore materials are used, the

heat - r esi st ansteebstamt En1an ahkove 0¥oihﬁarbyaaﬁﬁnéﬁﬁtQFeﬁycboﬁﬁining t he
materials. The material of the insulating coating 11F is not particularly
limted. For &kkhetr, %ﬁ%e@tc?é%mk@aﬁ%lﬁbyrGgpﬁaéﬂéﬁgaélﬁmbBP?lnlde based
resinis preferablé used, The i nsul ati ng oatlggollF onlé eeds .t

formed Dn a stFEERE SRR et LEFRRt FRERFARoNNERBROAYOPEFt EA exia &
ot os, o' L THEbuBha8r, 162 e s PR Beab, FhlleshapRlodfl PRl %ﬁ actor dance
formed by appropriately combining the materials. The
materiél of the insulating coating 11F is not
particularly limited. For example, a heat-resistant
10 resin such as a polyimide-based resin is preferably
used. The insulating coating 11F only needs to be
formed on a surface except electrical connection
portions for a reliability evaluation test. As shown
in Fig. 4, an insulating layer 11G such as a silicon
15 oxide film may be formed on the surface in accordance
with the type of the heat-resistant substrate 11A.
The controller 20 can display the test result of
the wafer W on the display apparatus as a wafer map
(FIG. 16). The controller 20 can also transmit the
20  test result to the aligner 50 through a data
communication line.
The aligner has an arrangement as shown in, e.g.,
FIGS. 5A and 5B. As shown in FIG. 5A, the aligner 50
comprises a loader chamber 51 which stores the wafer W
25 and loads/unloads the wafer W, and an alignment

chamber 52 which is arranged adjacent to the loader

chamber 51 to align the wafer W and contactor 11.



with the type of the heat-resistant substrate 11A. The controllquzggpqw-
disphay'the test result of the wafer Won the display apparatus as a wafe
map '(FIG 16). The controller 20 can also transmt the 20 test result to
t.he *al i gner 50 through a data comunication |line. The aligner has an
arrangenment as shown in, e.g., FIGS. 5A and 5B. As shown in FIG 5A, the
aligner 50 conprises a |oader chanber 51 which stores the wafer W 25 and
| oads/ unl oads the wafer W and an al i gnnett chamber 52 which is arranged
adj acent to the | oader chanber 51 to align the wafer Wand contactor 11.
1.9 OCT 2005 28 In the alignment chanber, the wafer Wand contactor 11 are
al i gned to berd otigd | y1 hyonght ¢ntmbeont aké wafbr Washdothetacsbtrhdligh not
illustrated, a transfer nechanism (tweezers) and prealignnent mechanismb5
(subchuck) arsrarahigeedi totbe tohdkiychaobght5intoThentatér withar e
transferred fromthe carrier one by one through the tweezers. In this
transfer processh otiherwafBbithWoughpnetl ighedtoatede sub&hbekedsi ng an
orientation flat or notch as a reference. After that, 10 the wafer Wis
transferred toechanibsnghienezenahberdsprephigngRnEnBeCR@836Ps. As shown in

FIG 5A, a head plate 53 is attached ,to the_alignmept cha r 52 to be
freely Dpened! ePoskuck) ppr8pahranged aPiQpﬁglﬁéégéanﬁpgﬁrggges t he head

plate 15 53 haying, F08CANL2S! QLadd ek 2r2R° R 8hO2Re" BErRRE one by
one through the tweezers. In this transfer process,
the wafer W is prealigned on the subchuck using an
orientation flat or notch as a reference. After that,
10 the wafer W is transferred to the alignment chamber 52
through the tweezers.
As shown in FIG. 5A, a head plate 53 is attached
to the alignment chamber 52 to be freely opened/closed.
An open/close driving mechanism 54 moves the head plate
15 53 having the contactor 11 to open/close the upper
opening of the alignment chamber 52. A first opening
portion 53A having a smaller diameter than the
contactor 11 is formed at the center of the head
plate 53. Four fixing mechanisms 53B which fix the
20 contactor 11 are arranged on the inner surface of the
head plate 53 (in FIG. 5A, the head plate 53 is opened
downside up) to surround the first opening portion 533,
As shown in, e.g., FIG. 5B, each fixing mechanism 53B
comprises a press member 53D which is pivotally mounted
25 in a recess portion 53C formed at a corresponding one
of four portions arouhd the first opening portion 53A,

and an air cylinder'53E connected to the proximal



openi ng- of the alignnment chanber 52. A first opening portion 53A having a
smal | er ~di ameter than the contactor 11 is formed at the center of 185h8CHheX0s
platé 53. Four fixing nmechanisnms 53B which fix the 20 contactor 11 are
arranged on the inner surface of the head plate 53 (in FIG 5A, the head
plate 53 is opened downside up) to surround the first opening portion
53A,. As shown in, e.g., FIG 5B, each fixing nechani sm53B conprises a
press nmenber 53D which is pivotally nount2€d 25 in a recess portion 53C
formed at a corresponding one of four portions around the first opening
portion 53A, and an air cylinder 53E connected to the proximal 19 OCT 2005

29 portion of gbheiphesy WRED@e23DmelitR r@iF3Iry! iTHiera i3k yroiddessime press
menber 53D in counterclockwi se to fix the contactor 11 placed on the first

openi ng porti @8ta%23A thet peckeathepirire 533 in ApElawtidtitise Sfe Bikmi n
chuck 55 which can nove in the-X Y, Z and 6 directions is arranged under

t he head pl at ehe3cbatbkeocal 1gnpaaicechamehed X1 rEte opafiatg Wast braced on
the main chuck 55 through the wafer holder 32. The nmain chuck 55 noves in
the X and 10 ¥3di tecthenseklr plgitear®3X- Y stage 56. The main chuck 55
incorporates a rotary el evating nmechani sm (not shown). The rotary

el evati Ag nechani ssvetowraliny FIfyv &t e maitm dhiek wihkclX- ¥aBt age 56
and also rotates the main chuck formaag or backward in the 6 15 direction.
The tweezers MRVEhN §&GeK cHantfer 35 ppveirections is arranged under

the head plate 53 in the alignment chamber 52. The
wafer W is placed on the main chuck 55 through the
wafer holder 32. The main chuck 55 moves in the X and
10 Y directions through an X-Y stage 56. The main chuck
55 incorporates a rotary elevating mechanism (not
shown). The rotary elevating mechanism vertically
moves the main chuck on the X-Y stage 56 énd also
rotates the main chuck forward or backward in the 6
15 direction. The tweezers in the loader chamber 51 move
the prealigned wafer W onto the wafer holder 32 which
is mounted on the main chuck 55 in the alignment
chamber 52 in advance. The wafer holder may be made of
a magnetic material such as an iron-based alloy. The
20 - wafer holder 32 is used to transfer the wafer W and
contactor 11 which are integrated by a wafer transfer
tool (to be described later).
" An alignment mechanism (not shown) may be arranged
in the alignment chamber 52. The alignment mechanism
25 has an upper camera fixed on an alignment bridge and a
lower camera fixed on the main chuck 55 side. Images

sensed by these cameras are displayed on a display



the prealigned wafer Wonto the wafer holder 32 which 1is nnunted,qp é?e
mai n,chuck 55 in the alignment chanber 52 in advance. The wafer ho 8 m@&
be nﬁde of a magnetic material such as an iron-based alloy. The 20 wafer
hol der 32 is used to transfer the wafer Wand contactor 11 which are
integrated by a wafer transfer tool (to be described later). An alignnent
mechani sm (not shown) may be arranged in the alignnent chanber 52. The

al i gnment nechani sm 25 has an upper cam®®a fixed on an alignnent bridge
and a lower canera fixed on the main chuck 55 side. Inmages sensed by these
caneras are displayed on a display 1 9 OCT 2005 30 apparatus 57. A touch

panel is al saghsayecDn thetodtsppayescieenled dbspilagplagnapharatus 57
so that the aligner can be operated on the screen. The nmain chuck 55 is
moved, and el@cdpdle pasisewno f hehaadespVdar apbasehsedShysohEhappehecaner a.
At the same tinme, the main chuck 55 is noved, and the bunps (FIG 3) of
the contact alilgnet tcahdoe tope¢haetbdadnpthees6Beane sEhsenaipychiekl ower
canmera. On the basis of this inmage data, the electrode pads on the wafer W
and the bunpsSofis heoved comdcebectuodeeradsgpedthasweheralli ghkent
mechani sm a techni que proposed in, e.g., Jpn. Pat. Agpln. KOKAI
Publ i cdti on Neengdd A3g787e iepP®E G3BEraTheRbpEhecFa®e tdPPvi henBEARni sm 54
is preferably designed to accurately totallé br i g t?? c%n%%ctor 11 and
wafer W 15 i ¢heokt aeti5BpESer £RE BRenPER §e<83 ratt ofitof*Fhe

contactor 11 attached to the head plate 53 are sensed
by the lower camera. On the basis of this image data,
the electrode pads on the wafer W and the bumps of the

10 contactor 11 are aligned. As the alignment mechanism,
a technique proposed in, e.g., Jpn. Pat. Appln. KOKAI
Publication No. 11-238767 may be used. The open/close
driving mechanism 54 is preferably designed to
acéurately totally bring the contactor 11 and wafer W

15 in contact whenever the open/close operation of the
head plate 53 after alignment is conducted repeatedly.

A reliability evaluation test result transmitted

by data communication with the reliability evaluation
test apparatus 10 can be displayed on the.display

20 screen of the display apparatus 57 as a wafer map
(FIG. 16). The test reéult is displayed as numerical
values on the wafer map. Defective portions and their
states after the test can be selected through the wafer
map, and the defective devices can be observed with

25 a microscope 79. More specifically, a second opening
portion 53F adjacent to the first opening portion 353A

is formed in the head plate 53. The microscope (having



head plate 53 after alignment is conducted repeatedly. A .reliabi{btétT 2005
eval yatiron test result transmtted by data conmunication with the
reliability evaluation test apparatus 10 can be displayed on the display
20 screen of the display apparatus 57 as a wafer map (FIG 16). The test
result is displayed as nunerical values on the wafer map. Defective
portions and their states after the test can be selected through the wafer
map, and the defective devices can be obd¥krved with 25 a m croscope 79.
More specifically, a second opening portion 53F adjacent to the first
opening portion 53A is forned in the head plate 53. The m croscope (having
1 9 OCT 2005 B3k imh aymBgnédt cahi on, oé, ge, 020080008x morepre) is
attached to the surface of the second opening -portion 53F. Each device of
t he wafer W piacettarhédetoniine churkadd chnthe sbsendedpthioggh t he

m croscope. 5 Hence, after the wafer Wtested by the reliability

eval uation t gs¢riappar33bs 1Daclks pgéuted ofi the wafsr Bhpikces oh the aligner
50, the test result fromthe reliability evaluation test apparatus 10 is
transmtted nainhehatkghercs0 barobgarvedorhuareht tbs MiGEOSTRSSLO t est

result is displayed on the display screen of the display apparatus 57 as a
waf er rfap. A Hew¢ee abkerfbpe vatere¥tteahegebyelbet €8ldabidd tcreen. This

tested device is noved to a position innediat&ly gnder hhe m croscope by
operating theehalpabhoektest APRaratef 18 tRePlPk&YddGE 8 A@Ln

electronlgratéggc hggog?ngHngTigger 50, the test result from the

reliability evaluation test apparatus 10 is transmitted
to the aligner 50 through a communication line. The

10 test result is displayed on the display screen of the
display apparatus 57 as a wafer map. A device used for
the test can be selected on the screen. This tested
device is moved to a position immediately under the
microscope by operating the main chuck 55. A void or

15 the like due to the electromigration phenomenon can be
observed using the microscope in the wafer state. When
a CCD camera with a lens is used as the microscope,
each device on the wafer W can be observed on the
display apparatus 57.

20 The wafer W and contactor 11 which are totally

| brought into contact by the aligner 50 in the above way

are transferréd to the reliability evaluation test
apparatus 10 by a wafer transfer tool 60. The wafer
transfer tool 60 comprises a magnetic circuit 67

25 arranged in a case 61, an operation lever 62 pivotally
mounted on the case 61 to open/close the magnetic

circuit, and a pair of handles 63 attached to the case



observed using the mcroscope in the wafer state. When a CCD cank8a00W 2085 a
| ens i s'used as the m croscope, each device on the wafer Wcan be observed
on the display apparatus 57. 20 The wafer Wand contactor 11 which are
totally brought into contact by the aligner 50 in the above way are
transferred to the reliability evaluation test apparatus 10 by a wafer
transfer tool 60. The wafer transfer tool 60 conprises a nmagnetic circuit
67 25 arranged in a case 61, an operati o lever 62 pivotally nounted on
the case 61 to open/close the nmagnetic <circuit, and a pair of handles 63
attached to the case 19 OCT 2005 32 on the left and right sides of the
operation | evf G2 l&St Shoright esfdes FHE the dpemghitdnnmhgvbe G2ed in

pl ace of the magnetic circuit. In this case, the nmagnet nmay be noved in
the vertical 4k rsicdvironiby ¢ he. 5 Bper abi onAl sggnet2mavhea haedl énoperati on
is perforned in a state wherein the wafer transfer tool is placed from
the first opemiaxe pof tile B3neticheiheadtpl ate SBlS(Fﬁ€§r5A£eonto t he
contactor 11, the magnetic circuit 77 is excited. The magnetic circuit
strongly attreedzetlonandoaanevedoidethgovestifal €heeebapBcbyr the,
ani sotropic conductive film31l, and wafer Ware integrated mﬁthoutdgny
mi sal i ghent ,oRerakbWn 1ever| & - 6. WaAnchBBal feAPeERtERR F8I PRSP
eval uation test 15 method of ,the present invention mﬁ&l.be Qescribed next
in a state wherein the wafer transfer tool is placeéed
from the first opening portion 53A of the head plate 33
(FIG. 5A) onto the contactor 11, the magnetic circuit
77 is excited. The magnetic circuit strongly attracts
10 the wafer holder 32 so that the contactor 11,
anisotropic conductive film 31, and wafer W are
integrated without any misalignment, as shown in
FIG. 6.
An embodiment of the reliability evaluation test
15 method of the present invention will be described next
together with the operation of the reliability
evaluation test system with reference to FIGS. 5A
to 17. First, the probes (e.g., bumps) of the
contactor 11 and the electrode pads on the wafer W are
20 . aligned using the alignefHSO. To do this, the head
plate 53 is opeﬁed by the open/close driving
mechanism 54. The contactor 11 is attached from the
inner surface side of the head plate 53 to the first
opening portion 53A through the fixing mechanisms 53B.
25 Simultaneously, the wafer holder 32 is placed on the
main chuck 55. Next, the head plate 53 is closed by

the open/close driving mechanism 54. Then, the wafer W




together with the operation of the reliability evaluation test systemcM pios
reference to FIGS. 5A to 17. First, the probes (e.g., bunps) of the
contactor 11 and the el ectrode pads on the wafer Ware 20 aligned using the
aligner 50. To do this, the head plate 53 is opened by the open/close
driving mnmechanism54. The contactor 11 is attached fromthe inner surface
side of the head plate 53 to the first opening portion 53A through the
fixi ng mechani sns 53B. 25 Sinultaneousl y33the wafer holder 32 is placed on
the main chuck 55. Next, the head plate 53 is closed by the open/close
driving nmechani sm 54. Then, the wafer W1 9 OCT 2005 33 is prealigned using

the tweezers andpsdfthyrkdi Bsing theatdreegbasbendSiupodupkagedtae the wafer
hol der 32 by the tweezers. Subsequently, the electrode pads on the wafer
W and t he bunpsa@ért beagbetabl oandlpaseedl ognedeSwasenrghbheeX- ¥2sbyge 56,
rotary el evating nmechanism and alignnent nmechanism After the end of

al i gnnent, thehehtadepbase 53ubsegpentily, Thbeanlsotropgecpredsdont ithe fil m
31 may be arranged on the wafer Wafter alignnent. The head plate 53

cl oses the opeafay Poanidohhefbumesiofathgnrentachanbéd 8Zebyltisa@eshben/ cl ose
driving nechani sm 54. Wen the main chuck 55 noves upward to totally
bring the bunpsing the Lokt atesr 2% arateky edp¥atipdenpgisandt™hénfaf er W
into contact through the anisotropic conductive film 31, an _int %rated
shel | 71 15 i AtLOBRRGtt REChaReF ™ hol 6Fe32CPE £BANRE. alignment, t

head plate 53 is opened. The anisotropic conductive
film 31 may be arranged on the wafer W after alignment.
The head plate 53 closes the opening portion of the

10 alignment chamber 52 by the open/close driving
mechanism 54. When the main chuck 55 moves upward to
totally bring the bumps of the contactor 11 and the
electrode pads of the wafer W into contact through the
anisotropic conductive film 31, an integrated shell 71

15 including the wafer holder 32 is formed.

After that, when the operator places the wafer
transfer tool 60 from the first opening portion 53A of
the head plate 53 onto the contactor 11 and operates
the operation lever 62 of the wafer transfer tool 60 to

20 excite the magnetic circuit, the wafer holder 32 is
attracted from the contactor 11 side by é strong
magnetic force so that the contactor 11, anisotropic
conductive film 31, wafer W, and wafer holder 32
are integrally fixed without any misalignment.

25 The head plate 53 is opened by releasing the fixing
mechanisms 53B. After that, the wafer transfer tool 60

is detached from the main chuck 55 together with the



After that, when the operator places the wafer transfer tool 60 3@€§bt2@5
first opening portion 53A of the head plate 53 onto the contactor-
operates the operation |ever 62 of the wafer transfer tool 60 to 20 excite
the 'magnetic circuit, the wafer holder 32 is attracted fromthe contactor
11 side by a strong magnetic force so that the contactor 11, anisotropic
conductive film31, wafer W and wafer holder 32 are integrally fixed

wi t hout any nisalignment. 25 The head pl3t e 53 is opened by rel easing the
fixing nechanisns 53B. After that, the wafer transfer tool 60 is detached
fromthe main chuck 55 together with the 19 OCT 2005 34 shell 71,

transferred tghdihe el itakird fiar @l tatton réesdbappay agvsld@triand nount ed
on the heater 29 of the wafer storage section 12 extracted fromthe

housi ng 19 afesthapepartatais A,0.aiextiqunthed dhetlpe essatrechafi s 2Re5 of the
waf er storage section 12 is tilted by handle operation, the outer edge
portion of theafrontdctmagel Isedtridihel vaderrastoedgbrercthenhelsisgpl8ssed
against the seal ring 26 and fixed (FIG 2). By this operation, the wafer
Wt enporari | yfcdhes damaraton acd . wiNext hewhon helag eprossonechani apl é 722

t hrough the wafer holder 32. Wen the outer edge portion of the contactor
11 eIéétiCMQQ/Qhﬁnﬁﬁﬁ%ﬁ(ﬁ?ﬁﬁﬁ§ﬁnsﬁﬁﬁ¥P@hézsbﬁlt%fﬁadzbyoﬁanﬁﬁé connection

ring 24, a hernetic state is formed, In additiog, the co taﬁtor il
el astical |y CRAERLIRY HheRHRE SRIR PRECPOYOPF nER94RCBE2ER8  cdiinect i on

ring 24 in the wafer storage section 12 is pressed against the
seal ring 26 and fixéd (FIG. 2). By this operation,
the wafer W temporarily comes into contact with the
10 heater 29 on the table 22 through the wafer holder 32.
When the outer edge portion of the contaqtor 11
elastically comes into contact with the seal ring 26 on
the connectibn ring 24, a hermetic state is formed. 1In
addition, the contactor 11 elastically comes into
15 contact with the pogopins 24A of the connection ring 24
so that the contactor 11 comes into electrical contact
with the connection ring 24. Next, the operation lever
62 of the wafer transfer tool 60 is operated to degauss
the magnetic circuit. The shell is released, the wafer
20 transfer tool 60 is detached from the contactor 11, and
the wafer storage section 12 is pressed into the
housing 19.
| After that, the controller 20 (FIG. 1B) drives the
cylinder mechanism 13D.of the pressure mechanism 13 and
25 supplies compressed air into the bellows 13B through
the through hole 13E. After this injectiQn, the

cylinder mechanism 13D moves the pressure plate 13A and



so that the contactor 11 cones into electrical contact wth the connection
ring,24. Next, the operation |lever 62 of the wafer transfer tool 1600CE 2005
operéted to degauss the magnetic circuit. The shell is released, the wafer
. 20 transfer tool 60 is detached fromthe contactor 11, and the wafer
storage section 12 is pressed into the housing 19. After that, the
controller 20 (FIG 1B) drives the cylinder nmechanism 13D of the pressure
mechani sm 13 and 25 supplies conpressed3a@ir into the bellows 13B through
the through hole 13E. After this injection, the cylinder nmechani sm 13D
noves the pressure plate 13A and | 19 OCT 2005 35 bell ows 13B downward. The

auxi l'i ary heaben 1386 onpt BewnWawer., Suheae@ixafl ithe, Wty @ qu ajre A 1S
fitted inside the press mechanism 27. In a state wherein the pressure

pl ate 13A haslb@aehedrifheel ofethendreshaire alddd a3n heatfirtt28C on t he

| ower surface of the pressure plate 13A conmes into contact with the
contactor 11. iAsitlki $hel pEesas nelobamiism RI7G 74, & letaty edsureirofthidie
pressurized air in the bellows 13B causes the pressure plate 13A to press
the central 1Prpestirenpdftehd 3dohasctreached Mhsudlowdre endd Ity  heat er
29C, so that the contactor 11 is unifornmly pressed against the entire
surfacedof thaugdféprw headegr @96 wg fidvec d MedmaiE gsiesslurtdr gl ate 13A and

press mechani sm 27 totally brings the bunps 11C of the
pressure plate 13A comes into contact with the

contactor 11. At this time, as shown in FIG. 7A, the
pressure of the pressurized air in the bellows 13B
causes the pressure plate 13A to press the central

10 portion of the contactor 11 through the auxiliary
heater 29C, so that the contactor 11 is uniformly
pressed against the entire surface of the wafer W.

The pressing force from the pressure plate 13A and

press mechanism 27 totally brings the bumps 11C of the

15 contactor 11 and the electrode pads formed on a
multilayered interconnection 73 of the wafer W inte
electrical contact through the anisotropic conductive
film 31. The multilayered interconnection 73 of the
wafer W may be formed by a structure alternatively

20 stacked with insulating films 74. At this time, as
shown in FIG. 7B, the contactor 11 may be deformed and
slightly undulate. The pressurized air in the bellows
13B corrects the deformation of the contactor 11
through the aﬁxiliary heater 29C, as shown in FIGS. 7A

25 and 2. With this correction and the anisotropic
conductive film 31, all the bumps of the contactor 11

and all the electrode pads of the wafer W are totally



15 contactor 11 and the electrode pads forned on a nultilayered

i nterconnection 73 of the wafer Winto electrical contact throughi8hgT 2009
anis&tropic conductive film31l. The nultilayered interconnection 73 of the
waf ér Wmay be fornmed by a structure alternatively 20 stacked with
insulating filns 74. At this time, as shown in FIG 7B, the contactor 11
may be defornmed and slightly undul ate. The pressurized air in the bellows
13B corrects the deformation of the contdctor 11 through the auxiliary
heater 29C, as shown in FIGS. 7A 25 and 2. Wth this correction and the
ani sotropic conductive film31, all the bunps of the contactor 11 and all
t he el ect r oderpads tofintee elafcerr iWadr ecdrotadt ywiltth GEIC20OBh&6 y ought into
electrical contact with each other by a uniformpressing force. In the
reliability aewalifatrirompreasting > meei cen cre beekiatd 1 Bheously neasur ed.
Hence, the test tinme can be greatly 5 shortened as conpared to the

convent i onal evetlved igsi fgsta falthatesriqes t¢rn R velMesea9RWs £bodi nent ,
when an inert gas is supplied fromthe gas supply port 22A into the wafer
storage sect imeasixedr aAlgnatettdrar trat tiiee 1920 £¢. 9radblY 30 nin), the
air in the wafer storage section 12 is renoved from_I[he exh ust.gort 22B
to seB an i FOHE IPREREFOGHHAF §h The-RRr &P EeRdThye? s%%tfﬁ%ﬁ 15 %% he
oxygen concentration is decreased to 10 ppmor |ess and, nore

speci fical | y2 fYRaSpm or

In the above-described embodiment, when an inert
gas.is supplied from the gas supply port 22A into the
wafer storage section 12 for a predetermined time

10 (e.g., about 30 min), the air in the wafer storage
section 12 is removed from the exhaust port 22B to
set an inert gas atmosphere in the wafer storage
section 12. The oxygen concentration is decreased to
10 ppm or less and, more specifically, 1 to 5 ppm or

15 less. At this oxygen concentration, oxidation of the
electrode pads and metal interconnections of the wafer
W may be reliably prevented. For this reason, the
electrode pads and metal interconnections may be formed
by, e.g., copper or a copper alloy that readily

20 oxidizes. For example, as shown in FIG. 8, when a pad-
P made of copper or a copper alloy, which is recently
used, is formed on the wafer W and left to stand for a
long time until the test, an oxide film is formed on
the surface of the pad P. The oxide film makes

25 electrical connection difficult. Even in this case,
when an inert gas such as nitrogen gas is supplied into

the wafer storage section 12 in advance to form



15 less. At this oxygen concentration, oxidation of the electrode_pads and
netal, i nterconnections of the wafer Wnay be reliably prevented. Ak O0CRi 2605
reas&n, the electrode pads and netal interconnections may be forned by,
e.g., copper or a copper alloy that readily 20 oxidizes. For exanple, as
shown in FIG 8, when a pad P nmade of copper or a copper alloy, which is
recently wused, is fornmed on the wafer Wand left to stand for a long tine
until the test, an oxide filmis formed &1 the surface of the pad P. The
oxide filmmakes 25 el ectrical connection difficult. Even in this case,
when an inert gas such as nitrogen gas is supplied into the wafer storage
section 12 inaadvasee gasf atmokPhErE,20bhe d&kvayen reniceyexr atimosplrere, the
oxygen concentration in the wafer storage section 12 is decreased to about
several ppm Ahtewaffkat stbeatengeict iper fl&r ned desmmeasssl toortlamttor 11 and
wafer Ware pressed, the electrical 5 connection therebetween inproves.
Wien the surfseweskl pha.padfiers thatsi de@adbing dhd diezdprad and Y such
as nitrogen gas containing several % of a reducin as such as hydrogen
gas is supplieantacsorhd lnaner waferade ar@ecﬁﬁecﬁﬁelg &ﬁ't? el Eer ¥&2 200C or
nore. Wth this 10 operation, the oxide filmon the pad Pis reducgg by
“the redfci ng §a8neghdorhéhairedetivesn domtetiaon st e (HF iRkf P hnd

contactor 11 LN guesy L LIS e Bl L B! 2R §00

contactor as nitrogen gas containing several % of a reducing gas

such as hydrogen gas is supplied into the wafer storage

section 12 and heated to 200°C or more. With this

10 operation, the oxide film on the pad P is reduced by
the reducing gas, and the electrical connection between
the pad P and contactor 11 improves. In this way,
after satisfactory electrical connection is obtained
between the contactor 11 and the wafer W, the contactor

15 11 is pressurized by the pressure mechanism 13. With
this operation, the contactor 11 and wafer W are
reliably electrically connected, and a reliable
reliability evaluation test can be executed. At this
time, the inert gas such as nitrogen gas or reducing

20 gas such as hydrogen gas is removed from the exhaust
port 22B. Since the space in the wafer storage section
12 is minimum, the use amount of the gas usage may be
suppressed to minimum.

As described above, in this embodiment, the

25 reliability evaluation test can be executed in the

wafer form. All the wafer dicing process and assembly

(packaging) process in the conventional method using




15 11 is pressurized by the pressure mechanism 13. Wth this operggi

t he cont'act or
reliable rel

11 and wafer Ware reliably electrically connected, an
iability evaluation test can be executed. At this tineg,

» 2005
a
t he

i.ner't gas such as nitrogen gas or reducing 20 gas such as hydrogen gas is

renoved from
section 12 i

t he exhaust port 22B. Since the space in the wafer stor
s mninmum the use anount of the gas usage may be suppr

to minimum As described above, in this &#kbodi ment, the 25 reliabil
eval uation test can be executed in the wafer form Al the wafer dic
process and assenbly (packaging) process in the conventional nethod
19 OCT 2005 38 sufnsd@ceagape bemovtétied. Adsaaresallkt, thbeteesst thimee
shortened, and the test cost can be greatly reduced. Especially, in
assenbly process,bétshertemnéd) cahdl tbedtestt bysbondnabei geeatliyhe pad P
made of 5 copper or a copper alloy. For this reason, as shown in FIG 8B,
after a barrieedliegér Espdcpatlyayén Pheoéssahbhiyvnperoaessioiteds a wire L

must be bonded. In this enbodinment, however, since the OXégen
concentrati ondi Afichbt wae ediseor debonrdt ponize Kaytbhe Beer a

several ppm

gadet @10
the barrier layer B and pad | ayer P1 of alum num can be

age
essed
ty

i ng
usi ng
can be
t he

omitted® as deQWPEPedr aPovePPas alleBnsefOEnEBist KE2FREY A§sENONR HE
further reduced. | t he, conventi onal t hod, an .al unm un1@a% | ayer
g%n @gt aye 1 of

necessary in

10

15

20

25

BHdr t eh al DAFRURTbARYPEr B aper P2

aluminum are formed, a wire L must be bonded. In this
embodiment, however, since the oxygen concentration in
the wafer storage section 12 may be decreased to
several ppm, the barrier layer B and pad layer Pl of
aluminum can be omitted, as described above. As a
consequence, the test cost can be further reduced. In
the conventional method, an aluminum pad layer is
necessary in addition to an aluminum barrier layer
because the furnace is generally poor in sealing
property. When the pad portion of copper or a copper
alloy is oxidized during a test, it becomes difficult
to ensure electrical connection.

Next, the heating mechanism 14 operates. The
temperature of the heater 29 and auxiliéry heater 29C
increases. The heaters 29 and 29C heat the wafer W
directly from the upper and lower sides. In this way,
when the wafer W is sandwiched and heated by the heater
29 and auxiliary heater 29C from the upper and lower
sides, the wafer W can be heated to a target
temperature (350°C at maximum) in a short time (e.g.,

within 1 hr). 1In addition, since the wafer storage

S



15 because the furnace is generally poor in sealing property. WhehSt0oT goasl
port“on'of copper or a copper alloy is oxidized during a test, it becones
difficult to ensure electrical connection. Next, the heating nmechanism 14
operates. The 20 tenperature of the heater 29 and auxiliary heater 29C

i ncreases. The heaters 29 and 29C heat the wafer W directly fromthe upper
and | ower sides. In this way, when the wafer Wis sandw ched and heated by
the heater 29 and auxiliary heater 29C BPom the upper and | ower 25 sides,
the wafer Wcan be heated to a target tenperature (350C at maxinum) in a
short tinme (e.g., wthin 1 hr). In addition, since the wafer storage 19

OCT 2005 39 s@cdt fdh 122 hass aa hgabti fsghabtNdgSkEuaEdn@e, aBYy decrease in
tenperature due to heat dissipation from the wafer storage section 12 can

be effectiveldecsedpps essetlemperatiiesulite tbehvatetdi¥sipateani Ifyoe 5

mai ntai ned at the target tenperature.- The heater 29 may be constituted by
the first andtisecoanfehestersg@98ecandn29B wvhnchei edifecddaelly function. Even
if heat is dissipated fromthe outer edge portion of the contactor 11,
the outer secombhessed. 29Bsrel rabliytcotthbenvatfes WOchor eblsé 1¢i i pat ed heat
conponent fromthe outer edge portion of the contactor 11 and mai ntains
the entdre gwmintzintdtae hhteravgat thepeapferetenfbeaberd&erA2fari ation

in tenperature distribution in the wafer W within the range of 160C to
350C may be sippriegseensbituted by the first and second heaters 29A

and 29B which individually function. Even if heat is
dissipated from the outer edge portion of the contactor
11, the outer second heater 29B reliably compensates
10 for the dissipated heat component from the outer edge
portion of the contactor 11 and maintains the entire
surface of the wafer W at the target temperature.
A variation in temperature distribution in the wafer W
within the range of 160°C to 350°C may be suppressed to
15 +2.0°C or less.

When an electromigration test is to be executed
under a high temperature, as shown in FIG. 2, the
connection board 15C of the EM measurement section 15A
is brought into contact with the external connection

20 terminal of the extended portion 25A of the wiring
board 25. After that, the EM measurement section 15A
simultaneously executes electromigration measurements
of 512 devices in the wafer W. The tester section 16
analyzes the test result. 1In this case, by stably

25 maintaining the wafer W at a high temperature of 350°C,
the wafer W can be maintained in a state wherein

movement of metal atoms in the copper interconnections



15 2.0"C or less. Wen an electromgration test is to be executed under a
hi gh)ter'rperature, as shown in FIG 2, the connection board 15C ofl & BET E005
freasur ement section 15A is brought into contact with the external
conrdection 20 termnal of the extended portion 25A of the wiring board 25.
After that, the EM neasurenent section 15A sinultaneously executes

el ectromigration nmeasurenents of 512 devices in the wafer W The tester
section 16 analyzes the test result. In40his case, by stably 25

mai ntai ning the wafer Wat a high tenperature of 350C, the wafer Wcan be
maintained in a state wherein novenent of netal atons in the copper

interconnectigasth8 Q¥ 1285140 rehdihy devuees.i s Acadidesulduatgte As a
result, the test result can be obtained in a short tine, and each device
on the wafer ¥Yeanrkeudvrakuat ed obtaisled tint iamshoffen imegurarehteastioul d be
supplied to execute the 5 electromigration test, the EM neasurenent
section 15A derdredi ng thet hafeenbodiamebte caalswisdy irhreesHantds: iofe .
currents, i.e., a DC current, pulse DC current, and AC current. The
conventional netho@hed rg carnemiachaislss bey ssudniedfts iRty By a DC
current, pulse DC 10 current, or AC current. According to the reliability
eval uat Pon t estegppardguationottesti s theoddl maasunanents SRfite Appedfat us can

cope with three current sup%Ly schemes. Wen t he threﬁlkinqg,qi cuErents
are to be according to this embodiment can supply three kinds o

currents, i.e., a DC current, pulse DC current, and AC
current. The conventional method using a furnace uses
a scheme of supplying only a DC current, pulse DC

10 current, or AC current. According to the reliability
evaluation test apparatus 10 of this embodiment, the
single apparatus can cope with three current supply
schemes.

When the three kinds of currents are to be

15 lsupplied, as a test pattern 77, a test pattern formed
on the wafer W, as shown in, e.g., FIGS. 9A and 9B, can:
be used. These test patterns are normally most
frequently used. Basic test patterns include a test
pattern of a single terminal type which has a

20 connection hole at an upstream end with respect to the
flow of electrons, as shown in FIG. 9A, and a test
pattern of double terminal type which has a connection
hole at each of the upstream and downstream ends with
respect to the flow of electrons, as shown in FIG. 9B.

25 The test pattern of the single terminal type shown in
FIG. 9A is used when electrons flow from the lower

level interconnection to an upstream interconnection



15 supplied, as a test pattern 77, a test pattern formed on the wafgepeiVapos
as shown in, e.g., FIGS 9A and 9B, can be used. These test patterns are
normal ly nost frequently used. Basic test patterns include a test pattern
of a single termnal type which has a 20 connection hole at an upstream end
with respect to the flow of electrons, as showm in FIG 9A and a test
pattern of double term nal type which has a connection hole at each of the
upstream and downstream ends with respé%¥ to the flow of el ectrons, as
shown in FIG 9B. 25 The test pattern of the single term nal type shown in
FIG 9A is used when electrons flow fromthe |ower |evel interconnection
to an upstreahriduidgi o esdnmost t18o0dHo PO05 Mdrhal bughat trercembecti on hol e.
Normal |y, a current density of 0.5 to 2,0 mAdcnR is enployed in an

accel erat i on desstitHovevEr5 o | 2nYtdlcnt astesplogedl injaber connection
needs to be set to a length at which no 5 back flow effect occurs. An

i nt er connect iardlmratidn ©¥stE0 ghewevenr eashehgtbsl ehRoaghest petal
preferably 100 -to 200 gm The test interconnection width normally changes
dependi ng” on iHee HRAARRC bYon HeeoBF ck® b $8E CPedt 1BBIBR @keChtEl. Pfen
dummy interconnections can be 10 normally |aid out on, each sidg L.e.,

about 20 dunBRCH kW oWheREF OPSCBER - bePlal BEBHECBRSHLEA s BRI La  devi ce
around the interconnections to be tested. . These . dummy inter nections are
laid out to dbtah 4T &gOTs M%r ct T cﬁWIﬁ@HREFQ%%qgﬁ%gf%%y

proxim ty to 200 um. The test interconnection width normally
changes depending on the device or the object of the
test to be executed. Ten dummy interconnections can be
10 normally laid.out on each side, i.e., about 20 dummy
interconnections Can.be laid out on both sides of a
device around the interconnections to be tested. These
dummy interconnections are laid out to obtain a target
interconnection width while avoiding any proximity
15 effect in the lithography procéss for forming a thin
test interconnection and to detect extrusion of a metal
as an interconnection material from the interconnection
at the time of electromigration test. In the test, the
‘extrusion is monitored basically by four-terminal
20 measurement. N
When a DC current is to be used, the test pattern
of a single terminal type shown in FIG. 9A is used. An
interconnection whose.interconnection length L is set
to 100 um is used. When the test interconnection is
25 made of copper or a copper alloy, the test temperature

is preferably 250°C to 350°C. When the test

interconnection is made of aluminum or an aluminum



15 effect in the lithography process for formng a.thin test 19 0CT 2005
inteqconnectlon and to detect extrusion of a metal as an interconnection
material fromthe interconnection at the time of electromgration test. In
the test, the extrusion is nmonitored basically by four-term nal 20
measurenent. When a DC current is to be used, the test pattern of a single
termnal type shown in FIG 9A is used. An interconnection whose

i nterconnection length L is set to 100 6%1|s used. When the test

i nterconnection is 25 nmade of copper or a copper alloy, the test
tenperature is preferably 250C to 350C. Wen the test interconnection is
made of al um AuMdPr €he atest nbempePatGFe2085p48fakbbyy 1HO°Cesd tenperature
is preferably 150C to 250C. The density of a current to be supplied is
preferably ab®s0°@. 5 The Jen¥ P ¢ avoidranty tncreasepphiednperature due
to Joule heating. FIG 10 shows a 5 change in relative resistance val ue
when the testpreferabhyshbenti f.Fl o SAMA Cmgeﬂo A¥olid apyai8sreRsém FI G
10, there is a long tine (Incubation Tine whi ch t he _resistance val ue
does not i ncréaskempesptureadyeafeedothat ?ﬁﬁéngtheFF@3|épaﬁééwﬁaﬁue
abruptly 10 increases (Gowh Tine), At this tineg, %I when the
resi st ahce vaFE@nﬁﬁsanEFéQEéHetSesésaancfoﬂ? per@en Ehgefeidd as a Tinme

o e e, PSS aen SRR KR 12 L M o ufionn B3t YT
FIG. 10, there is a long time.(Incubatlon Time) in
which the resistance value does not increase at all,
and after that time, the resistance value abruptly

10 increases (Growth Time). At this time, the time when
the resistance value has increased to, e.g., 10% or 20%
is defined as a Time To Failure. FIG. 11 shows
cumulative failures when, e.g., 30.devices were
simultaneously tested using the same test pattern. 1In

15 FIG. 11, a log-normal distribution is used as a
statistical distribution. The reliability evaluation
. test apparatus 10 can also simultaneously output a
Weibull distribution and normal distribution in
‘addition to the log-normal distribution. Referring to
20 FIG. 11, the time up to 50% failure is defined as MTF
(Median Time to Failure). The reciprocal of the
gradient for linear approximation corresponds to the
variation in electromigration. These two values are
very important parameters in predicting the
25 electromigration life for LSI.
When a pulse DC current is to be used, a pulse DC

current shown in, e.g., FIG. 12 is supplied. 1In this



15 FIG 11, a log-normal distribution is used as a statistical
distsibUtion. The reliability evaluation .test apparatus 10 can a?§00CT 2005
simul'taneously output a Weibull distribution and normal distribution in
addi'tion to the log-normal distribution. Referring to 20 FIG 11, the tine
up to 50% failure is defined as MIF (Median Tine to Failure). The

reci procal of the gradient for |inear approxinmation corresponds to the
variation in electrom gration. These two*val ues are very inportant
parameters in predicting the 25 electromgration life for LSI. Wen a pul se
DC current is to be used, a pulse DC current shown in, e.g., FIG 12 is
supplied. In thss, 1tRe(Rh126805rd3ueasg, ichémpolrsenftr.eqdepay.sies i nportant. A
pul se frequency of, e.g.,.about 50 KHz to 10 MHz is necessary. The
reliability efatgaeéhop bEst eagpar abust 20 H¥eortdi A§ Mzt Kiss enbodi ment
copes with this 5 frequency. In the electromgration test using a pulse DC
current, a tramesessanyin The weviahisdty evaduedlionatest 6&Paratdspendi ng
on the pul se frequency. The frequency of transition has been reported so
far to be 10b0kpgcesdsbdetal thie. embpednepke copEsailitl PG eval uati on

test apparatus 10 of this enbodinﬁnt can, properly nggsune t he Vi ng node
of metaP at onBredHBRCYan AR EBFr BAECTLOMd IBE tLQppitiesd, WSEn%s 3 Qnt to

chande, e [ BAUEIEY A0 LIS UL A3H! 9o WSS moll | R0 the

atoms occurs depending on the pulse frequency. The
frequency of transition has been reported so far to be
100 KHz to several MHz. Hence, the reliability

10 evaluation test apparatus 10 of this embodiment can
properly measure the moving mode of metal atoms. When
an AC current is to be supplied, it is important to
change the frequency and the duty ratio (ton/tcycle)
while keeping the same size of the area of the positive

15 region and negative region of the frequency, as shown
in FIG. 13. This is because it resembles the . behavior
of metal atoms which frequently occurs in an LSI
circuit.

When an electromigration test is to be executed

20 for devicés in the wafer form, 512 devices can be
simultaneously tested. To the contrary, in the
conventional method using a furnace, only about 100
devices can be tested at makimum. Hence, the test
capability is higher in thé embodiment of the present

25 invention by four- to five-fold. 1In addition, when the
test pattern layout on the wafer W and the grouping

function of test patterns of the reliability evaluation



15 regi on and negative region of the frequency, as showmm in FIG 13. This
i's chadse it resenbles the behavior of netal atons which frequentil..%/ 0CT 2005
occurs in an LSl circuit. Wen an electronmgration test is to be executed
20 f'or devices in the wafer form 512 devices can be sinmultaneously
tested. To the contrary, in the conventional nethod using a furnace, only
about 100 devices can be tested at nmaxi num Hence, the test capability is
hi gher in the enbodi ment of the present 23 invention by four- to five-fold.
In addition, when the test pattern |ayout on the wafer Wand the grouping
function of test patterns of the reliability evaluation 1.9 OCT 2005 44

test apparatugel® appatseths V@ \ridRdBNtvedal anfgyrtLaY edorerdr of
techni ques for increasing the reliability can be efficiently obtained at

once, i ncluddegelbenentedonretinigues ddyr depaigdanaesy SHd denti fication of
a main diffusion path) (FIGS. 14A to 14C), the critical length (Lc:
Critical |engtrkligBiGitiSARn ded RdSeriemtrl y ergtdi repentderrcee ( FI G 15B) .
To the contrary, in the conventional nethod using a furnace, each package
must be set evecyudimg édeh iddtex crnies ttimprbey itdds (dembndrtice makes the test
very cunbersonme, and a long tine is required to obtain a result. In

addi ti of, wheridgatddiicedd opoofed & ithalifdfusiommatyst ElCoutlth to

paranmeters related to the o
14C), the critical length (Lo: Critical length)

(FIG. 15A), and Reservoir length dependence (FIG. 15B}.
To the contrary, in the conventional method using a
furnace, each package must be set every time each data
10 is to be measured. This makes the test very
cumbersome, and a long time is required to obtain a
'result.
In addition, when the devices formed on the wafer
are tested, output parameters related to the
15 reliability, for example, the distribution of TFT or
initial resistance values in the wafer W state can be
output as the wafer map shown'in FIG. 16. For this
reason, the distribution state can immediately be
grasped. For example, referring to FIG. 16, the output
20 : result of the device, which is indicated by double (I,
indicates a change in relative resistance value shown
in FIG. 10. From the cumulative failure distribution
shown in FIG. 11, a change in relative resistance value
with respect to time or cumulative failures with
25 respect to time can immediately be seen. Hence, on the
basis of the test result, data in object may be

efficiently obtained in a short time. In addition, the



15 reliability, for exanple, the distribution of TFT or initial regigtangs
val ues i'n the wafer Wstate can be output as the wafer map shown in FIG
16. For this reason, the distribution state can inmediately be grasped.
For 'exanple, referring to FIG 16, the output 20 result of the device,
which is indicated by double ~, indicates a change in relative resistance
value shown in FIG 10. Fromthe cumul ative failure distribution shown in
FIG 11, a change in relative resistance4mlue wth respect to time or
cunul ative failures with 25 respect to tine can imedi ately be seen. Hence,
on the basis of the test result, data in object may be efficiently

obtai ned in atd¥¥dr tddPridm BFldidr @t f fdienl) PCh2Mcdbatebyer section 16
can efficiently and accurately analyze the data in a short tinme. To the

contrary, in dris ey idatad iretdhicshorsi nginge f urt@cehe Whemt gy cebn ar e
packaged after wafer dicing, |abor is needed to put 5 marks to discrimnate
bet ween t he déhiecennvEntsiarml mdtdowd esling arafldmaces raisn dévices he

el ectrom gration test, the test result can be transmtted fromthe
reliability esdeusaadiraaesstafteappraugdioing thebet i hare&dedytaapat
communi cation. 10 The aligner 50 has a camera and m croscope, for

al i gnmert . Hefee ksuien diRCrigsknat sdieliwesn stheetdenicene alhymmedY chanber
52, and a defective device is aligned to a position imredi ately under the
mi croscope  by@it¥%e 3G AR SRS fail ure such as a void

-After the electromigration test, the test result
can be transmitted from the reliability evaluation test
. apparatus 10 to the aligner 50 by data communication.
10 The aligner 50 has a camera and microscope for
alignment. Hence, when the tested wafer W is set in
the alignment chamber 52, and a defective device is
aligned to a position immediately under the microscope
by the alignment mechanism, a failure such as a void
15 due to electromigration can be immediately observed.
In addition, the observation results of 512 test
patterns can be'stored as images. For example, if
there is a device with an abnormal resistance behavior
on the wafer map, the image of the device can be
20 . immediately displayed on the screen of the display~“
apparatus 57. The camera of the aligner 50 can be
operated in a manual mode as needed to observe a
defective portion and a region around it at a high
magnification. When resistance behaviors or void
25 portions to be extracted are designated in advance,
they can be automatically listed up afterlvoid

observation by the aligner 50 after the test. To the



15 due to electrom gration can be inmediately observed. In addition, the
obsefvation results of 512 test patterns can be stored as inmages.! $dCT 2005
exanmple, if there is a device with an abnornmal resistance behavior on the
waf ér map, the imge of the device can be 20 imediately displayed on the
screen of the display apparatus 57. The canmera of the aligner 50 can be
operated in a manual node as needed to observe a defective portion and a
region around it at a high nagnificatioﬂ§ When resi stance behaviors or
void 25 portions to be extracted are designated in advance, they can be
automatically listed up after void observation by the aligner 50 after the
test. To the d&n€XdrZ2P0bndb6heondnaeyftionalhmetbndensiogak Metrhedeysi ng a
furnace, each device is detached fromthe package and observed wth a

m croscope. Achch déviaboisaddtachedafeometibier pdckaget hadobbeeraridon. 5
When the electromgration test is to be executed, the tenperature

di stribution whthhe mateeswpbs. ciniedl Pédlabog. ang ¢Cmgi Bifien t he range of,
e.g., 160C to 350C. The electromgration test can be executed under

accel erated copdiirefsfer the ¢bses&WpéiqPure and current density. As test

result, MIF and variation a_are obtained. After tests are execut under
the di fferent tenpBR&RuLEecEAGCEFORd IXAEF1oG ftedtert &&r @ntexcfé:r‘l’stiec‘ﬂ

conditions, ageel grallon. par aTELers B (AL VALl gl 20eRdy, and n (Qurrent

controlled, e.g., £2.0°C within the range of, e.g.,
160°C to 350°C. The electrémigration test can be
executed under accelerated conditions of the

10 temperature and current density. As test result, MTF
and variation o are obtained. After tests are executed
under the different temperature conditions and
different current density conditions, acceleration
.parameters E; (Activation energy) and n (Current

15 | exponent) are obtained. Finally, Jyge (Usage used
current density at operating condition) is obtained.
Juse 1s preferably as large as possible. On the basis
of the electromigration principle, the value n falls
within the range of 1 (component of growth time) to 2

20 (component of incubation time). The value n changes
depending on the formation accuracy of test patterns or
the relative change resistance change ratio at which a
device is regarded as a defective device. E  is an
~activation energy for diffusion, which is determined by

25 the material and process used for formation of test
patterns. The values E; and n are'determined in

accordance with the wafer W and not in accordance with



15 exponent) are obtained. Finally, Juse (Usage used current densi{ty paT 2005
operqtiﬁg condition) is obtained. Juse is preferably as |arge as
possi'ble.. On the basis of the electromgration principle, the value n
fall's within the range of 1 (conponent of growth tine) to 2 20 (conponent
of incubation tinme). The value n changes depending on the formation
accuracy of test patterns or the relative change resistance change ratio
at which a device is regarded as a defetfive device. Ea is an .activation
"energy for diffusion, which is determned by 25 the material and process
used for formation of test patterns. The values Ea and n are determned in
accordance W the tper PefrindVé antl tioé rolasooltlapcevailthtiof ©€FL2005 47 the
performance of the reliability evaluation test apparatus 10. To the
contrary, theapparatusnl@.i sToathectedtbyryhetherfermabtenofo the
reliability evaluation test apparatus 10. FIG 17 shows the degree 5 of

i nfl uence of AMifeabnedabpntYeseentormanppapénther salipb&lity, the influence
of the variation a is considerably large. In other words, when a is |arge,
e.g., 0.5 or evabuathenihesteaprabatvhel PengFhGof 1NTEhONS fbe S59&@fed. The
variation a occurs due to the 10 wafer W (LS nanufacturing rocegs) or the
reliabidity efainhivenceesf ¥pparRfus 197 ﬁw&evarﬁ%l+%na%.ﬂ8%nFo Phe
reliability eval uatjion testaggﬁaratus [ referably as small as

1
possi bl e. TheFV@riafioh?g * ?%F%doﬁnghZV?gFF BPPi t% &Val uation test

apparat us considerably large. In other words, when ¢ is large,

e.g., 0.5 or more, the influence of the length of MTF
is not observed. The variation ¢ occurs due to the

10 wafer W (LSI manufacturing process) or the reliability
evaluation test apparatus 10. The variation ¢ due to
the reliability evaluation test apparatus 10 is
preferably as small as possible. The variation ¢
generated by the reliability evaluation test apparatus

15 10 can be classified into two types: a variation caused
by the temperature distribution in the wafer W and a
variation caused by the variation in current.
FIGS. 18A and 18B show a Jyge loss due to a current
variation and a Jyge 10Ss due to the temperature

20 distribution (variation), respectively. As is apparent
from the calculation results, the loss due to the
tempefature distribution is enormous. To prevent this,
the reliability evaluation test apparatus 10 directly
and uniformly heats the entire wafer W using the

25 heating mechanism 14 in a very small space, thereby
suppressing the temperature distribution within the

range of £2.0°C even under a high temperature of 350°C.



15 10 can be classified into two types: a variation caused by the
tenperature distribution in the wafer Wand a variation caused by’?ﬂ@”-zms
variation in current. FIGS. 18A and 18B show a Juse | oss due to a current
vari‘ation and a Juse | oss due to the tenperature 20 distribution
(variation), respectively. As is apparent fromthe calculation results,
the loss due to the tenperature distribution is enornous. To prevent this,
the reliability evaluation test apparatd@ 10 directly and uniformy heats
the entire wafer Wusing the 25 heating mechanism 14 in a very snall space,
thereby suppressing the tenperature distribution within the range of 2.0C
even under apkingle,t enperainirss iafn 3IBOC.td 19 QL 2005 4Gy Herekbiathen
variation due to the reliability evaluation test apparatus 10 can be
greatly supprestedpraumhtars 16 e dm gread Oy teuppressed iapd yabe execut ed.
When | eakage current neasurenent (Bias-Tenperature 5 Testing: BT test) or
TDDB (Ti me DeperdartmiRy e oty i e s Braak dosw) ak ks tbe sexecheedxecut ed in
addition to the above-described electromgration test, the connection
board 15C of the DiiereakerlcaentCureEeRbrnazAIrenant i (Reys—Te™PRE2EYRRect i on

board 15D of the BT nmeasurenent 10 section 15B Qéaihe S 'tfhi@g.nechanisn1
Wth this svhiasHingg, RBE riettentor e caitbe RemcrRieRY %ﬂjye e rtFngl e

o v oy oseedigs o0t £L 050" 8260 red R EA s e SORNEN T on@!

above-described electromigration test, the connection
board 15C of the EM measurement'section 15A is switched
to the connection board 15D of the BT measurement

10 section 15B by the switching mechanism. With this
switching, different tests can be conducted by the
single apparatus. In the embodiment of the present
invention, the conventional assembiy process can be
omitted. In addition, many devices can be tested at

15 the same time. For this reason, the test cost can be
reduced, and the test efficiency can be greatly
increased.

FIGS. 1S9A to 19D sth examples.of test patterns

used in a leakage current test. As shown in FIGS. 19A

20 to 19D, this test pattern is basically a pattern
different from an interdigital pattern, and a planar
pattern or interconnection pattern laid out between
interconnections. Referring to FIGS. 19B and 19D,
hatchéd portions indicate the sections of

25 interconnections viewed from the direction indicated by
the alternate long and short dashed lines in FIGS. 19A

and 19C, respectively. [ in FIGS. 19C and 18D



omtted. In addition, many devices can be tested at 15 the sane thmyﬂcﬁo%ns
thisyreason, the test cost can be reduced, and the test efficiency can be
greatly increased. FIGS. 19A to 19D show exanples of test patterns used
Fn a | eakage current test. As shown in FIGS. 19A 20 to 19D, this test
pattern is basically a pattern different froman interdigital pattern, and
a planar pattern or interconnection pattern |laid out between

i nterconnections. Referring to FIGS. 198*And 19D, hat ched portions

i ndi cate the sections of 25 interconnections viewed fromthe direction
indicated by the alternate | ong and short dashed lines in FIGS. 19A and
19C, respectiMpldcated na RE&BadOChabd 49010 @EFeR2006td8condecaties.a
contact hole to the upper interconnection. |In the |eakage current test, a
vol tage i s apptitte wedleagkeepingnt heesf ea VWhtadepiedeppliiededhile
tenperature, and a change in | eakage current generated between the 5

i nt er connect i lowsping nomé teabelr ofeat t & npredaternipeduhenperREureak age
current reaches a predetermned value is the tine to failure of the

sanpl e. As i rBt¢Range ethrbarkrati ewrrest, generatse, PBLYEBR &Pt he tine to
failure is plotted. In the | eakage current test, the 10_Wei byl |

di striuti on SAEPEERESFFIGNFat 8 HBINE herednaVaEt ELSti cTPRF &1™En this test

as well, many devjces can pbe neasured, sinultaneousl as _i.n the
electronigrag?%ﬁi ckhe gﬁagage current reaches a pre&étermlned Value

is the time to failure of the sample. As in the
electromigration test, the distribution of the time to
failure is plotted. In the leakage current test, the

10 Weibull distribution satisfactorily matches the
characteristic life.

In this test as well, many devices can be measured
simultaneously, as in the electromigration test, and
test results corresponding to test patterns can be put

15 into groups. For this reason, a plurality of
measurement data such as electric field dependence can
be acquired simultaneously. When the pads for the
electrﬁmigration test and leakage current test are
arranged in the same contactor 11 in manufacturing the

20 contactor 11, the electromigration test and leakage
current test can be simultaneously conducted. However,
the acceleration temperature in the electromigration
test and leakage current test is limited ﬁo the same
temperature. When different acceleration temperatures

25 need to be used for the electromigration test and
leakage current test, the reliability evaluation test

apparatus 10 must be appropriately selectively used.



test results corresponding to test patterns can be put 15 into grpups._ For
thisyreason, a plurality of neasurenent data such as electric figgdUCT 2005
dependence can be acquired sinultaneously. When the pads for the

el eCtrom gration test and | eakage current test are arranged in the sane
contactor 11 in manufacturing the 20 contactor 11, the el ectrom gration
test and | eakage current test can be simultaneously conducted. However,
the accel eration tenperature in the eIec@@onigration test and | eakage
current test is limted to the sanme tenperature. Wien different

accel eration tenperatures 25 need to be used for the electrom gration test
and | eakage current destribbe abbiabi iht yhegakmbbdanenhést thapparfatus 10
nmust be appropriately selectively used. 19 OCT 2005 50 As descri bed above,
in this enbodstensgetbechnderl2svbiagessecesohhé2walfiechWswbied fike wafer W
which is totally in electrical contact with the contactor 11 can have the
pressure nechemitabl¢3imheétbcprisabscohbastcwhthctbe ¢teniagtekhe lRe&Biing
mechani sm 14 which directly heats the wafer Wthat is totally brought into
contact with haeecoheapressareppechenppresddr ehisbharrsses18heFor this
reason, a reliability evaluation test such as an. ele trogtg&ation test or

| eakage5 cur r eren18Ct@5t 1t aAnBetBReBBREANIOREDONOF D e Vel ces and, nore

he v o W | H6°8b0Y cBES5RACPReSRP bolobhrbr Las CaTBT Hg PERUR BV 68 af t or

dicing are contact with the contactor 11 by the pressure mechanism

13. For this reason, a reliability evaluation test

such as an electromigration test or leakage current

10 test can be executed for 100 or more devices and, more
specifically, 512 devices formed on a wafer. Since the
process for dicing the wafer W into devices and the
process for assembling each device after dicing are
omitted, unlike the conventional method, the test cost

15 can be reduced. In addition, a plﬁrality of kinds of
reliability evaluation test can be efficiently executed
in a short time.

The wafer storage section 12 may have the table 22

on which the wafer W that is totally in electrical

20 contact with the contactor 11 is placéd, the connection
ring 24 which surrounds the table 22 and comes into
electrical contact with the contactor 11, and the
wiring board 25 which comes into electrical contact
with the connection ring 24 and supports the table 22.

25 With this structure, the wafer storage space may be

minimized. In addition, the temperature of the wafer W

can be increased to 160°C or more and, more



omtted, unlike the conventional nmethod, the test cost 15 can be reduced.
I'n agdition, a plurality of kinds of reliability evaluation test!8afChe005
efficiently executed in a short tine. The wafer storage section 12 nay
havé the table 22 on which the wafer Wthat is totally in electrical 20
contact with the contactor 11 is placed, the connection ring 24 which
surrounds the table 22 and cones into electrical contact with the
contactor 11, and the wring board 25 whtch comes into electrical contact
with the connection ring 24 and supports the table 22. 25 Wth this
" structure, the wafer storage space may be mnimzed. In addition, the
t enper at ure ofpdédefivedelyW 3BaIT b ingtemsed: e 160C or nore and, nore 19
OCT 2005 51 specifically, 350C in a short tinme. The pressure mechani sm 13
may have the pressihe ppkabteré3iiechinlhsmodBsmagt baventhet pwietslsutriee
contactor 11, the netal bellows 13B having a |l ower end connected 5 to the
pressure pl ateldBd, 13hewsippocompbairto3conbantcrétiht §heheobéercd®s 13B, and
a neans for supplying air into these nenbers. Wth this structure, the
contact presshte é@@mﬁ@haihbeébﬁW§ciéB haviRe ghéowareendnwceanegéed

controlled to an optinmum pressure bi the air 10 resiure. The seal ring 26
may be rranged BhctPECESRRBCPIBRS tPfg She FHBPSER PhAhE 26Ccomes into

contact with the conta i i
_ connected %éo£hé1beiTg&gb¥3§?aghggatR%a%ga%%rlgu%%ﬁf@%ger

alr into these members. With tﬁis structure, the
contact pressure between the contactor 11 and the wafer
W can be controlled to an optimum pressure by the air
10 pressure.
| The seal ring 26 may be arranged on the connection
ring 24. The seal ring 26 comes into contact with the
contactor 11, thereby sealing the space in the wafer
storage section 12 from the outside. 1In addition, a
15 means for supplying an inert gas such as nitrogen gas

into the wafer storage section 12 is provided. With
this structure, the oxygen concentration in the wafer
storage section 12 may be decreased to 10 ppm or less
and, more specifically,.l to 5 ppm or less. As a

20 rééult, since metal interconnections such as copper
interconnections formed on the wafer W may be prevented
from being oxidized, the contactor 11 and wafer W can
be reliably electriéally connected, and the reliability
evaiuation test can be reliably performed. A reducing

25 gas such as hydrogen gas is added to the inert gas and
supplied, as needed. Even when the metal pads are

considerably dxidized, the oxide film may be reliably



"storage section 12 fromthe outside. In addition, a 15 neans for JUPECYi 2006

an inert gas such as nitrogen gas into the wafer storage section 12 is

proviided. Wth this structure, the oxygen concentration in the wafer

stor'age section 12 may be decreased to 10 ppmor |less and, nore
specifically, 1 to 5 ppmor less. As a 20 result, since netal

i nt erconnections such as copper interconnections fornmed on the wafer W nmay
be prevented from being oxidized, the coftactor 11 and wafer Wcan be
reliably electrically connected, and the reliability evaluation test can
be reliably perforned. A reducing 25 gas such as hydrogen gas is added to
the inert gasréddcedlpphé edontscheeded. afienafbenwt heannbeakepaddlyr e

consi derably oxidized, the oxide filmmay be reliably 19 OCT 2005 52
reduced, the ebetarically} aomnaated, Wndnthe reliabliyitel evedivedlion
connected, and the reliability evaluation test can be reliably perforned.
The heating neettancam bd reausaslyhpeffesmednd 5 second heaters 29A and 29B
to heat the wafer Wfor the |ower surface side and causes the auxiliary
heater 29C to heaThehbeasies Merhamishe ldppersssr t&ce fdirdd @t h this
structure, the two surfaces of the wafer W_can be directl eat%gﬁgron1the

upper and | owPCePdeleatiersosPhcrase PhECunBrelr tafpYRafard 6 a 4 get

Lomeraiure (1898C SslRhe 80s 95°2REh LR LYy 3500 th2 Shor i e

structure, thgo heat the wafer W from the upper surface side.

With this structure, the two surfaces of the wafer W
can be directly heated from the upper and lower sides

10 to inqrease the wafer temperature to a target
temperature (160°C or more and, more spgcifically,
350°C) in a short time. Since the wafer storage section
12 has a heat insulating hermetic structure, the
temperature during the test can be properly maintained

15 at the target temperature. In addition, the
temperature distribution on the entire surface of the
wafer W can bé suppressed to *£2.0°C or less. Hence,

a reliable test result almost free froﬁ temperature
variation can be obtained.

20 The EM measurement section 15A and BT measurement
section 15B and a switching mechanism which alternately
switches between the measurement sections 15A and 15B
may be arranged. With this structure, the
electromigration test and leakage current test can be

25 simultaneously or alternately executed by the single

apparatus by switching. Hence, the test efficiency can

be greatly increased, and the test cost can be reduced.



tenperature during the test can be properly maintained 15 at the target
tenperature. In addition, the tenperature distribution on the entygeycT 2005
suri ce of the wafer Wcan be suppressed to 2.0C or |less. Hence, a
reli"abl e test result alnost free fromtenperature variation can be
obt ai ned. 20 The EM neasurenent section 15A and BT neasurement section 15B
and a swi tching nmechani smwhich alternately swtches between the
nmeasurenent sections 15A and 15B may be®arranged. Wth this structure, the
el ectrom gration test and | eakage current test can be 25 sinultaneously or
alternately executed by the single apparatus by swtching. Hence, the test
efficiency can bergieadhyodneeeasedy aadet tiket shctdsh cansbppigdoged. }
19 OCT 2005 53 This enbodi nent may have the function of supplying three
kinds of currentes kireds @f Ducroenesy,ipal sea DI curremt,; pabdsaCCurrent in
t_he electromgration test. Wth this structure, in this enbodinment, three
ki nds of 5 testrramy, n@xECutedreniuin anreusl gctaomighetiestteshe can be
greatly shortened. Additionally, in this enbodinent, a plurality of test
patterns fordbiclorkhire sveierug caln behputenpedinephipsthThpskeRdBdPhent has
the grouping function of simltaneously executing tests 10 for fiye or nore
groups § n t heEgita Ay pofexpopsd sPBRlEaRecrgh¥onand; ke SepFuFaltfty of
araneters related to the reliapili can be ' [
P can be greatly shorteneéy Add?tiggg?ig?digytggg test,

embodiment, a plurality of test patterns formed on the

wafer W can be put into groups. This embodiment has

the grouping function of simultaneously executing tests

10 for five or more groups in the plurality of groups.

For this reason, since a plurality of parameters

related to the reliability can be obtained by one test,

the test efficiency and data analysis efficiency can be

greatly. increased.

15 In this embodiment, the contactor 11 may have the
heat-resistant substrate 11A. The thermal expansion
coefficient in.the planar direction of the
heat~-resistant substrate 11A can be 1 to 50 ppm/°C.

Even under a high temperature of 160°C or more, and for

20 example, at 350°C, the thermal expansion coefficient of
the heat-resistant substrate 11A and that of the wafer
W have little difference. Hence, the electrical
connection between the contactor 11 and the wafer W can
be reliably ensured. When the heat-resistant substrate

25 11A is made of at least one material selected from,

e.g., a heat-resistant resin such as polyimide or

bismaleimide-triazine, a heat-resistant resin with



the test efficiency and data analysis efficiency can be greatly.
increaseéd. 15 In this enbodi ment, the contactor 11 may have the _19 0CT 2006
heat -resi stant substrate 11A. The thernal expansion coefficient in.the

pl anar direction of the heat-resistant substrate 11A can be 1 to 50 ppm C
Even under a high tenperature of 160C or nore, and for 20 exanple, at 350C
the thernmal expansion coefficient of the heat-resistant substrate 11A and
that of the wafer Whave little differeffe. Hence, the electrical
connecti on between the contactor 11 and the wafer Wcan be reliably
ensured. Wen the heat-resistant substrate 25 11A is nade of at |east one
materi al sel egtedififonteneény. nadeheal- fespst agllasesicl ot b rasapdloyi m de or
bi smal ei m de-triazine, a heat-resistant resin with 19 OCT 2005 54 a

rei nforcenentfimée)j ab fietgl, sgthsaschothinnmgarcbpperf,i BeR)inlesset al such
as alum num copper, stainless steel, an invar alloy, or invar, a
conduct or suchtaesl, sahi tovaraadlayecepaniovani nky comdugitoimg ualhudisnum 5
nitride or silicon carbide, the thermal expansion coefficient can be
ensured. |n agéiiten; ané aiAsuhBirnBaébali aEnIeENdaY @3WaimyBrti ons except
the connection portion to_the wafer Wand the connection portions to the
pogopi n3 24A BitFheecerngéli6Anr FRGL24e, 16hpoPERFS Iy SXDGRS LAY extra

el ectrical contact, between the contactor 11 and.the wafer Wmay be
prevent ed, and®® %éﬁ?%n | 68Fr EaFnEBﬁﬁgctiiﬁ égglEéO@nsﬁﬁﬁh bet ween t he
insulating coating 11F can cover portions except the
connection portion to the wafer W and the connection
portions to the pogopins 24A of the connection ring 24.
10 For this reaéon, any extra electrical contact betweén
the contactor 11 and the wafer W may be prevented, and
stable electrical connection can be ensured between the
contactor 11 and the wafer W. The anisotropic
conductive film 31 may be inserted between the
15 contactor 11 and the wafer W. For this reason, the
bumps of the contactor 11 can be reliably electrically
connected to the electrode pads of the wafer W.
This embodiment may comprise the aligner 50 which
totally brings the contactor 11 into contact with the
20 wafer W, the wafer transfer tool 60 which inEégrally
transfers the contactor 11 and wafer W, which are
totally in contact with each other in the aligner 50,
and the reliability evaluation test apparatus 10 which
executes the reliability evaluation test of the wafer W
25 using the contactor 11 which is stored through the
wafer transfer tool 60 whiie being integrated. The

aligner 50 reliably brings the bumps of the contactor



contactor 11 and the wafer W The ani sotropi c conductive film 31 may be

i nserted between the 15 contactor 11 and the wafer W For this reas%ﬁ,oghém5
-bunp% of the contactor 11 can be reliably electrically connected to the

el ectrode pads of the wafer W This enbodi nent may conprise the aligner 50
which totally brings the contactor 11 into contact with the 20 wafer W
the wafer transfer tool 60 which integrally transfers the contactor 11 and
wafer W which are totally in contact wi®h each other in the aligner 50,

and the reliability evaluation test apparatus 10 which executes the
reliability evaluation test of the wafer W25 using the contactor 11 which

is stored throughhtdeconeder wienstre &vettbOdwhphesbennghénvegeatwd. The
aligner 50 reliably brings the bunps of the contactor 19 OCT 2005 55 11

into contact wétintdgretectrodeopadston 1heanaf waf¥t Woaknheghalé.t he
contactor 11 and wafer Was a shell. Then, the shell is transferred to the
reliability Tvehuatheonshesl apparathssetbetihtoughet helnabéilityansfer 5 tool
60, and the reliability evaluation test apparatus 10 can reliably execute
the reliabili¢vabvaticmi basttaspardhesr&li thibigh thal wateontressfappar at us
10 and aligner 50 may be designed to be capable of data communication.

For thi® reasopoltfe, tard teesurelisbpbibynedalnathenr EEFabaPPRYAEVE] uati on

test apparatus 10 nay be directly transmtted to.the aligner 50. The
al i gner 50 cahOdFap|a§lipelyesreritnl thasrglhapélifypevaliation

test. The reliability evaluation test apparatus 10 and
aligner 50 may be designed to be capable of data
communication. For this reason, the test result

10 obtained in the reliability evaluation test apparatus
10 may be directly transmitted to the aligner 50. The
aligner 50 can display the test result as a wafer map
and use it. The aligner 50 can also have a microscope
to be used to observe the wafer W on the basis of the

15 test result. For this reason, a tested device can be
designated on the wafer map. A void or the like of the
designated device can be directly observed and
effectively used for a process development later. The
observation image may be stored by both of the aligner

20 50 and the reliabilityméValuafion test apparatus 10.

In this embodiment, the wafer transfer tool 60 may
have a magnet. Hencé, the aligner 50 may properly
integrate the contactor 11, anisotropic conductive film
31, and wafer W, which are totally in contact, as a

25 shell and fix it. The contactor 11 and wafer W can be

reliably transferred without any misalignment.



and use it. The aligner 50 can also have a m croscope to be used.t
observe'the wafer Won the basis of the 1.5 test result. For this'%ia@én?m%
tested device can be designated on the wafer map. A void or the |ike of
the’ designated device can be directly observed and effectively used for a
process devel opnment |ater. The observation imge nmay be stored by both of
the aligner 20 50 and the reliability evaluation test apparatus 10. In this
enbodi nent, the wafer transfer tool 60 nd§ have a magnet. Hence, the
aligner 50 may properly integrate the contactor 11, anisotropic conductive
film 31, and wafer W which are totally in contact, as a 25 shell and fix
it. The cont aptmodilmames waf er Wcan be reliably transferred w thout any

m sal i gnment. 19 OCT 2005 56 [ Enbodi nents] A nethod of manufacturing the
contactor of the presethoding€nmanunfasdurtiagpehkborpaneetvirl bfbehdescri bed

in detail with reference to FIGS. 22A to 22D. 5 First enbodinent In the
first enbodi nergsemnt chseemhiori and hetscparfotnantd whdwnbendeksGriBeids

manuf actured will be described. First, a conposition containing, e.g.,

100 parts by Wweidhtabl whthl vefenennet t0dEIGowWd@2A100hd¢Png an aver age
particle size of 0.6 um 4 parts by weight of an yttria powder having an
aver aged partiEiest sepleo@dimens /Lm 12 parts by weight of an acrylic resin

bi nder, and 20 parts bK wei ght of al cohol was sprayed
- In the first embodiment, a case wherein the

contactor 11 shown in FIG. 3 is manufactured will be
described. First, a composition containing, e.g.,
100 parts by weight of an aluminum nitride powder

10 having an average particle size of 0.6 um, 4 parts by
weight of an yttria powder having an average particle
size of 0.4 um, 12 parts by weight of an acrylic resin
binder, and 20 parts by weight of alcohol was sprayed
and dried to prepare a granular composition powder.

15 This granular composition powder was charged into a
mold and molded into a flat plate shape ta obtain a
molded body (green). This molded body was hot-pressed
at 1,890°C and 15 MPa for 10 hrs to obtain an aluminum
nitride sintered body having a thickness of 5 mm.

20 A disk-shaped substrate having a diameter of 310 mm was
cut from the sintered body to obtain a heat-resistant
substrate 11A shown in FIG. 20A. The thermal
expansion coefficient in the planar direction of
the heat-resistant substrate 11A was 4.5 ppm/°C.

25 | Next, copper was sputtered to the surface of ﬁhe
heat-resistant substrate 11A using a sputtering

apparatus to form a copper thin film 11B7 having



“and dried to prepare a granul ar conposition powder. 15 This granu
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coefficient in the planar direction of° the heat-resistant substrate 11A
was 4.5 ppnmi C. 25 Next, copper was sputtered to the surface of the
heat - r esi st ant tsukSdeai=se offlA usimnNgasd shotwherinnFIGap@EéBat usheo dapprm@m copper

thin film 11B1 having 19 OCT 2005 57 a thickness of 5 gm
20B. The copp#rin tfilm flilBy WER1 easinan dadiddh v t hamihape
The lam nate film 101 was exposed and devel oped to form
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except a portion where the etching resist film 101 was
formed was removed using an aqueous solution of HF/HNO3
(HF/HNO3/water = 1/1/2) at 55°C (FIG. 20D). The etching
resist film 100 was removed to form a conductor circuit
11B made of copper (FIG. 20E).

Next, a liquid resist for bump formation was
applied to the major surface (the surface on which the
conductor circuit 11B was formed) of the heat—resistant
substrate 11A using spin coating. The resist was dried
at a temperature of 160°C for 20 min to form a resist
coating film. The resist film was exposed and
developed tb form a plating resist film 102 having an
opening 102A for bump formation, as shown in FIG. Z1A.
Nickel plating 11Cq was executed on the conductor
circuit 11B from the opening 102A in an electroless
nickei plating bath (FIG. 21B). After that, as shown
in FIG. 21C, the plating resist film 102 was removed to
form a bump.llc to be connected to the wafer W. In
addition, a nickel plating f£ilm 103 was formed on the
conductor circuit 11B and bump 11C (FIG. 21D).

In addition, as shown in FIG. 22A, a solution of



conductor circuit 11B was formed) of the heat-resistant 15 substrate 11A
using spin coating. The resist was dried at a tenperature of 1604 § SCT 22805
-mnto forma resist coating film The resist filmwas exposed and

devel oped to forma plating resist film 102 having an opening 102A for
bump formation, as shown in FIG 21A. 20 N ckel plating 11Cl was executed
on the conductor «circuit 11B fromthe opening 102A in an el ectrol ess

ni ckel plating bath (FIG 21B). After tha®, as shown in FIG 21C, the
plating resist film2102 was renoved to forma bunp 11C to be connected to
the wafer W In 25 addition, a nickel plating film 103 was fornmed on the
conduct or ci rguptotdd&e etk brepcd2do (b Gme@dDihose addtdsdoy wasshown in
FIG 22A, a solution of 1 9 OCT 2005 58 a photosensitive cardo pol ymer
whose vi scosidgjwetsed arh U3 ebla t+ & 3ith Redvanreadwenapplsedppd igteto t he
entire surface of the nickel plating film 103 and heat-resistant substrate
11A using spienicibae i sgrfacke . 6L dehednackal t phpeitagufélof 1980enflor 20 min to
forma photoresist film 104. Next, as shown in FIGS. 22B and 22C, a photo
et chi ng nmask eatnresbitanti sebstrabenbl® vsipesFPiBnsCebiRrdspBAdi ng to
bunp opening portions was placed on the photoresist film 104. The

phot or €5i st 18riedmpioa YREPeFabarat e @\FBW Jog i ghtmimde? ECEBrditi on  of

400 mJ/cnR to expose and devel op the _photoresist fil , reby, form ng
a connecti on DPRFPRZS1DUAL F HR 186nne§g¥5n 8 f 8WR6F8?%$§§rn52§dPP on, as

shown in 22C, a photo etching mask having solid circles formed

at positions corresponding to bump opening portions was
placed on the photoresist film 104. The photoresist

10 film 104 was irradiated with UV light under a condition
of 400 mJ/cm? to expose and develop the photoresist
film 104, thereby forming a connection opening 104A for
connection to the wafer W. In addition, as shown in
FIG. 22D, rare metal (e.g., gold) plating 105 was

15 executed on the bump 11C and conductor circuit 11B from
the opening 104A. With this series of processes,
the conductor circuit 11B and bump 11C were formed on
the heat-resistant substrate 11A. Although not
illustrated, an opening portion to which the connection

20 pad portion 11E to be connected to the pogopin 24A of
the reliability evaluation test apparatus 10 was
exposed was formed in the same procedures as those of
the series of processes (FIGS. 3A and 3B). The bump
has a rectangular shape. The maximum length in the

25 pitch directiOn was 75 pm.
Second embodiment 2

In the second embodiment, a method of




FIG 22D, rare netal (e.g., gold) plating 105 was 15 executed on Lpe @Pg@
11C and ' conductor circuit 11B from the opening 104A. Wth this s i Qsl 45
-processes, the conductor circuit 11B and bunp 11C were forned on the
heat-resi stant substrate 11A. Although not illustrated, an opening portion
to which the connection 20 pad portion 11E to be connected to the pogopin
24A of the reliability evaluation test %fparatus 10 was exposed was
fornmed in the sane procedures as those of° the series of processes (FIGS.
3Aand 3B). The bunp has a rectangul ar shape. The maxi mum |l ength in the 25
pitch direction was 75 am Second enbodinment 2 In the second enbodi nent, a
met hod of 1 %-Q0Fa2000 i5% rufasitdding the seswaciorFld. shombllinb&l G 4
will be described. A conposition containing, e.g., 100 parts by weight of
a silicon cadesteipasier Fhaydmp st iaveragetajpaitgcle. ¢i zel0d gattgm 0.5
parts by weight of a boron 5 carbide powder as a sintering assistant, 12
parts by weibghtwedfghen cdftrayldicl iamwi rcdpibnidée  pandepChpaing &y avierge of

al cohol was sprayed and dried to prepare a granular conposition powder.

Thi s granul apasdripos tdicre Qovidelr mas Ghadr g sty &gt &Hd ;dIeferfinto a
flat 10 plate shape to obtain a nol ded body (green). This nolded body was
hot - pr &ssed &RLRIOEWRLLL 2D IFHHRIING #7313b28bt at 7 BREEFaRYC

substrate which was nade of sjlicon carbjde and q§d & thigkness of 3 nm
Thi s weight of an acrylic resin binder, and 20 parts by

weight of alcohol wés sprayed and dried to prepare a
granular composition powder. This granular composition
powder was charged into a mold and molded into a flat
10 plate shape to 6btain a molded body (green). This
molded body was hot-pressed at 2,100°C and 17.6 MPa for
10 hrs to obtain a ceramic substrate which was made of
silicon carbide and had a thickness of 3 mm. This
ceramic substrate was dipped in a molten silicon at
15 1,500°C to impregnéte the ceramic substrate with the
silicon solution. A disk-shaped substrate having a
diameter of 210 mm was cut from the surface of the
ceramic substrate to obtain a composite substrate. The
thermal expansion coefficient in the planar direction
20 of the composite substrate was 3.6 pﬁm/°c. A glass
'paste (G-523N: available from Shoei Chemical) was
applied. to the composite substrate. Then, the
resultant struéture was sintered at 600°C for 1 hr
to form a silicon oxide film 11G having a thickness of
25 2 um on the surface of the composite substrate mainly
containing silicon carbide, so a heat-resistant

substrate 11A was obtained (FIG. 4). A conductor



ceram c substrate was dipped in a nolten silicon at 15 1,500C to
inpr?gnate the ceramic substrate with the silicon solution. A di sR-%B6petid
-substrate having a dianmeter of 210 mmwas cut fromthe surface of the
ceram c substrate to obtain a conposite substrate. The thernmal expansion
coefficient in the planar direction 20 of the conposite substrate was 3.6
ppm C. A glass paste (G 523N avail able from Shoei Chem cal) was applied.
to the conposite substrate. Then, the r@®ultant structure was sintered at
600C for 1 hr to forma silicon oxide film 11G having a thickness of 25 2
gmon the surface of the conposite substrate mainly containing silicon
carbide, so a-heaiifesistand tisalbpikatwedd Arvbre@bbai ted HEiGr 4). A
conductor 1 9 OCT 2005 60 circuit 11B and the like were formed on the major
surface of theuheate resi shantesthséspseadtiAsulbbstaater dhacénwi th procedures
simlar to those described above. 5 Mre specifically, copper was
sputtered to dadbeordam¢aceliof phecddaresesisidar sabtheoatedesarabendg a
sputtering apparatus to forma copper thin filmhaving a thickness of 5 I
LM The coppezbeven filmwas |amnated with a laminate film The | am nate
filmwas 10 exposed and devel oped to forman etching resist filmto which
the copper thin fiXearaasrpaifiaprlyvexpobrar ﬂﬁﬁeﬁptl%é?}:efihé%&aﬁer thin

filmexcept a portion where the etching resist filmwas fornmed was renoved
usi ng an surface of the heat-resistant substrate 11A using-a

sputtering apparatus to form a copper thin film having
a thicknesé of 5 um. The copper thin film was
laminated with a laminate film. The laminate film was
10 exposed and developed to form an etching resist film to
which the copper thin film was partially exposed.
After that, the copper thin film except a portion where
the etching resist film was formed was removed using an
aqueous solution of HF/HNO3 (HF/HNO3/water = 1/1/2) at
15 55°C. The etching resist film was remdved to form the
conductor circuit 11B made of metal copper.

Next, a solution of a photosensitive cardo polymer
whose viscosity was adjusted to 30 Pa‘*s in advanée was
applied to the entire major surface of the

20 heat-resistant substrate 11A using spin coating and.
dried at a temperature of 150°C for 20 min to form a
resin layer made of a semi-hardened film of the
photosensitive cardo polymer. Next, a photo etching
mask having solid circles formed at opening positions

25 corresponding to the pad portions of the wafer W and
the connection pad portions 11lE to the pogopins 24A of

the reliability evaluation. test apparatus 10 was placed



aqueous solution of HF/HNGB (HF/ HNO3/water = 1/1/2) at 15 55C. Theq gtgdv @5
resigt filmwas renoved to formthe conductor circuit 11B nade of netal
.copper. Next, a solution of a photosensitive cardo polynmer whose viscosity
was 'adj usted to 30 Pas in advance was applied to the entire mjor surface
of the 20 heat-resistant substrate 11A using spin coating and dried at a
tenperature of 150C for 20 mn to forma resin |layer made of a

sem -hardened film of the photosensitivebktardo polyner. Next, a photo
etching mask having solid circles fornmed at opening positions 25
corresponding to the pad portions of the wafer Wand the connecti on pad
portions 11Edr0 e ROGOPI Ney@dA ofhethesiel iapeki ysevakuatinoadt est
apparatus 10 was placed 19 OCT 2005 61 on the resin |layer. The resin | ayer
was irradiataeditith 1Mghi ghtdemnder candbbdbhi ofi 600400/ mifchB eapespose

and develop the resin |layer, thereby form ng connection opening portions
to be connectad tdetdiomatiee ¥éaiml bappeni hpepebyi fnsmingwibohetlidon
connection pad portions 11E to be connected to the pogopi ns 24A of the
reliability expéningapexesenspparkeusonnegeed erpbbedwaiafrt 8r anfat, t he
resin | ayer was conpletely hardened at 250C for 120 mn to formthe
“insul atd ng comemA FOripons Bedivkieh, thegePEneayéPRhRFANGCH SR Skness of

0.03 m was fornmed at each pad portion using.a gqld plating bath to
obtain the cohtlact®rPa 1CQRBHRtEH F@($hﬁ.p?ﬂPgan§n§361E@n%ke

reliability evaluation test apparatus 10 were exposed.
After that, the resin layer was completely hardened at
250°C for 120 min to form the insulating coating 11F.

10 In addition, a gold layer having a thickness of 0.03 um
was formed at each pad portion using a goldlplating
bath to obtain the contactor 11 shown in FIG. 4.
Third embodiment

In the third embodiment, a polyimide substrate

15 " (the thermal expansion coefficient in the planar
direction was 30 ppm/°C) containing a glass cloth was
used as the material of the substrate. This substrate
was manufactured in the following way. A glass cloth
waé impregnated with polyimide resin. The resultant

20 structure was dried at 80°C for 1 hr to prepare
pre-pregs as B stage. Ten pre-pregs were stacked, and
the resultant structure was heated and pressed at 7.8
MPa and 120°C for 1 hr. More specifically, copper was
sputtered to the surface of the polyimide substrate

25 using a sputtering apparatus to form a copper thin film
having a thickness of 5 pm. The copper thin film was

laminated with a resist film (DF available from TOKYO



In the third enbodi nent, a polyimde substrate 15 (the thernal exqqpﬁh? 3
coefﬂicrent in the planar direction was 30 ppniC) containing a glass clo
-was ‘'used as the material of the substrate. This substrate was

manuf actured in the followi ng way. A glass cloth was inpregnated with
polyimde resin. The resultant 20 structure was dried at 80C for 1 hr to
prepare pre-pregs as B stage. Ten pre-pregs were stacked, and the
resultant structure was heated and presséd at 7.8 MPa and 120C for 1 hr.
More specifically, copper was sputtered to the surface of the polyimde
substrate 25 using a sputtering apparatus to forma copper thin film

having a thickpraskel .5 gAe Fheieep@elmt kak khdods\was andmdrilehad tto a
resist film (DF.avail able from TOKYO 19 OCT 2005 62 OHKA KK). The resi st
filmwas expogsedmand devalapedekdstf dinmanoetvtiiichg thesiceipddd rotim whi ch t he
copper thin filmwas partially exposed. After that, the copper, thin film
except a portiEobmwheseptéialldlyi egpoesdst Afftielrmbhad ,f dhveedopgser enoved
usi ng an aqueous solution of HF/ HNOG3 (HF/ HNO3/water = 1/1/2) at 55C. The
etching resishihi fmlwasxceptvedros tionnwaerenddet @t ahiinguinesis® made of
copper. Next, a solution of a photosensitive cardo polymer 10 whose
vi scosi by wasfadjuveedfesmed Fas ranadesnds s angpsivyesys salidEiitire
maj or surface of the Bolyinide substrate using spin goating and dried at a
Gr

tenperature ©f HEQHENDg (8F/FNR3¢ yateinia Irddi? PéyéﬁgﬁadeT £ gtching

resist film was removed to form a conductor circuit 11B
made of copper.
Next, a solution of a photosensitive cardo polymer
10 whose viscosity was adjusted to 30 Pa*s in advance was
applied to the entire major surface of the polyimide
substrate using spin coating and dried at a temperature
of 150°C for 20 min to form a resin layer made of a
semi-hardened film of the photosensitive cardo polymer.
15 Next, a photo etching mask having solid circles formed
at opening positions corresponding to the pad portions
of the wafer W and the connection pad portions 11lE to
the pogopins 24A of the reliability evaluation test
apparatus 10 was placed on the resin layer. The resin
20 layer was irradiated with UV light under a condition of
. 400 mJ/cm? to expose and dévelop the resin layer,
thereby forming connection opening portions to be
connected to the wafer W and opening portions to which
the connection pad portions 11lE to be connected to the
25 pogopins 24A of the reliability evaluation test
apparatus 10 were exposed. After that, the resin layer

was heated and completely hardened at 250°C for 120 min



sem - hardened fil mof the photosensitive cardo polymer. 15 Next, ? photo
etching mask having solid circles fornmed at opening positions -970CT 2008
-corresponding to the pad portions of the wafer Wand the connecti on pad
portions 11E to the pogopins 24A of the reliability evaluation test
apparatus 10 was placed on the resin layer. The resin 20 | ayer was
irradiated with WIlight under a condition of 400 ml/cn2 to expose and
devel op the resin layer, thereby forni iR connection opening portions to be
connected to the wafer Wand opening portions to which the connection pad
portions 11E to be connected to the 25 pogopins 24A of the reliability
eval uation tesd rappaitisslbyei® expobeg. 1At erIhhafiditheny esi goldyer
was heated and conpletely hardened at 250C for 120 min 19 OCT 2005 63 to
form an i nsullatyeg wamtfowgndd Fon | thadshit face af gehdh tayeechasnfpaded on
the surface of each connection pad portion to the wafer Wand each
connecti on pasbpoidn oro tloe twefer| W abndi ¢ycvabnnetbhonesadappatkaptds 10
using a 5 gold plating bath. Spire-shaped gold bunps are forned, using a
wi re bondi ng tppdratusl ialhik by ove hiathehateebnabeébrtusohBaratindedExanpl e
1 In conparative exanple 1, a carbon fiber was used 10 as a substrate
materi & . Forg@bdriptating ceaon fFphre-¢haradt vefd EBWPésﬁBﬁd%ﬁﬁmﬁg T- 300
avai l abl e from  Toray: K fiber gianeter: 15 um  was gixeg Wi th 8heno| resin.
o! thereby obtaining a

The resul t antU$459 7 &' WeR PRIIP S RRBAHALR?” a

contactor.
Comparative Example 1
In comparative example 1, é carbon fiber was used
10 as a substrate material. For example, a carbon fiber
(an article corresponding to T-300 available from
Toray: fiber diameter: 15 um) was mixed with phenol
resin. The resultant mixture was hot-pressed under a
temperature of 1,000°C and at a pressure of 19.6 MPa to
15 obtain, as a heat-resistant substrate, a carbon
substrate whose thermal expansion coefficient in the
planar direction was 0.9 ppm/°C. A glass paste (G-523N:
available from Shoei Chemical) was applied to the
carbon substrate. Then, the resultant structure was
20 . sintered at 600°C for 1 hr to form a silicon oxide film
having a thickness of 2 um on the surface.

Copper was sputtered to the surface of the
heat-resistant substrate using a sputtering apparatus
to form a copper thin film having a thickness of 5 pum.

25 The copper thin film was laminated with a resist film
(DF available from TOKYO OHKA KK). The resist film was

exposed and developed to form an etching resist film to



tenperature of 1, 00C and at a pressure of 19.6 MPa to 15 obtain, ﬁ§lﬂn'zm5
heat ; resi stant substrate, a carbon substrate whose thermal expansi'on
acoefiicient in the planar direction was 0.9 ppmiC. A glass paste (G 523N
avai l abl e from Shoei Chemical) was applied to the carbon substrate. Then,
the resultant structure was 20 sintered at 600C for 1 hr to forma silicon
oxide film having a thickness of 2-umon the surface. Copper was sputtered
to the surface of the heat-resistant subd4trate using a sputtering
apparatus to forma copper thin filmhaving a thickness of 5 m 25 The
copper thin filmwas lamnated with a resist film (DF available from TOKYO

OHKA KK) . Thewlﬁf@iw.sthéil:ggiééﬁ tBXRosedmandsdpuelaped yt @xpesm@dan et ching
resist filmto 19 OCT 2005 64 which the copper thin filmwas partially

exposed. Aftexftbatthbbe enppebppBirnthihmreisepkcapoat ol twoer evheree
etching resist filmwas forned was renoved using an aqueous sol ution of

HF/ HNG3 ( HF/ H\NQ8/ watring tE£342) &tilh B3E. fobeedt chisngemesiest silng an
was.renoved to forma conductor circuit 11B nmade of copper. Next, a
sol uti on of aaphebusensitivencafddFPaNgner HFVHYSg /wiaseasrt | AMa )aditust ed to
30 Pas in advance was applied to the entire major surface of the 10
heat - r e8i st anb5¥ubstThg eetushingg spepisbafl hy wad. deinededatoafeshper at ure of
150C for 20 min to forma resin |ayer nmade of a sem -hardened filmof the
phot osensi t i veordrabopoFyrerl tNgAB, Madgheto CePEfitng
' Next, a solution of a photdsensitive cardo polymer
whose viscosity was adjusted to 30 Pa*s in advance was
applied to the entire major surface of the
10 heat-resistant substrate using spin coating and dried
at a temperature of 150°C for 20 min to form a resin
layer made of a semi~hardened film of the
photosensitive cardo polymer. Next, a photo etching
mask having solid circles formed at opening positions
15 corresponding to the pad portiéns of the wafer W and
the connection pad portions 11E to the pogopins 24A of
the reliability evaluation test apparatus 10 was placed
on the resin layer. The resin layer was irradiated
with UV light under a condition of 400 mJ/cm? to expose
20 and develop the resin Iéyer, thereby forming connection
opening portions to be connected to the wafer W and
opening portions to which the connection pad portions
to be connected to the pogopins 24A of the reliability
evaluation test apparatus 10 were exposed. After that,
25 the resin layer was completely hardened at 250°C for

120 min to form an insulating coating 11F. 1In

addition, a gold layer having a thickness of 0.03 um



mask having solid circles forned at opening positions 15 correspoqqk%@ t£W%
the pad'portions of the wafer Wand the connection pad portions 171 b
-pogogins 24A of the reliability evaluation test apparatus 10 was pl aced
on the resin |ayer. The resin layer was irradiated with UV |light under a
condition of 400 ml/cnR to expose 20 and devel op the resin |ayer, thereby
form ng connection opening portions to be connected to the wafer Wand
openi ng portions to which the connectionépad portions to be connected to
t he pogopins 24A of the reliability evaluation test apparatus 10 were
exposed. After that, 25 the resin |ayer was conpletely hardened at 250C for

120 min to fopAsafoknsll shi BeCQakirRgelbl. chidh 2ddind@nora 3@ d | ayer
having a thickness of 0.03 gm 19 OCT 2005 65 was formed on the surface of

each connecti pprpadn perthenwhdetrh®@ waticeadhardne@elt ieenpee! ip@rthiach portion
to the reliability evaluation test apparatus 10 using a gold plating bath,
t her eby obt ai hbngha eehtiabtidd ty5eCadpatabinyeeeEtamppa ra tGamidr atsivey Bxanpl e
2 is the sane as Conparative Exanple 1 except that a phenol resin plate
was used. ThgopHepdhtiegi hasbbsthatrebwasbrépingd abyrondesitgmg unhar dened
phenol resin into a nold made of 10 fluorocarbon resin. and hardening the
resin ab 120CComphsath¥entkamrpgensi on coefficient in the pl anar direction

of this substrate was 60 ppm C_ For the contactors obtained in the above
Comparative Example 2 is the same as Comparative

Example 1 except that a phenol resin plate was used.
The phenol resin substrate was prepared by supplying
unhardened phenol resin into a mold made of

10 fluorocarbon resin and hardening the resin at 120°C.
The thermal expansion coefficient in the planar
direction of this substrate was 60 ppm/°C.

For the contactors obtained in the above

embodiments and comparative examples, the contact

15 ratios between the wafer W and the contactors at 25°C
and 250°C were obtained. A result shown in Table 1 was
obtained. According to the result shown in Table 1,
the contactors 11 of Embodiments 1, 2, and 3 exhibited
a contact ratio of 100%. This indicates that the

20 contactors can be used under a high temperature of
250°C. To the contrary, comparative examples 1 and'2
exhibited a contact ratio of 100% under a temperature
like room temperature. However, the contactors cannot

be used under a high temperature of 250°C.



enbodi mrents and conparative exanples, the contact 15 rati os. between gt per 2006
wafer Wand the contactors at 25C and 250C were obtained. A result shown
-in Table 1 was obtained. According to the result shown in.Table 1, the
contactors 11 of Enbodinents 1, 2, and 3 exhibited a contact ratio of
100% This indicates that the 20 contactors can be used under a high
tenperature of 250C. To the contrary, conparative exanples 1 and 2
exhibited a contact ratio of 100% under & tenperature |ike room
tenperature. However, the contactors cannot be used under a high
tenperature of 250C. 19 OCT 2005 } 66 Table 1 25C250C Enbodi ment 1100%100%
Enbodi nent 210094.00% Enbodi nent 3100938B4€Cdnpar ati ve 1009%%0% Exanpl e 1
anpara%iVﬁb180%60@6Exanple.2 The present invention is not limted by the
above enbodi nents, and tie design of tQ ngtJ I t elements may be
appropriately changed wthinthe Qgirif nr%sgg régﬁggthe pr esent invgntion.
For exanple, when the Embodiment 1 | 100% | 100%

Embodiment 2 _100% 100%
Embodiment 3 100% | 100%

Comparative

100% 50%
Example 1
Comparative

100% 60%
Example 2

The present invention is not limited by the above
5 embodiments, and the design of the constituent elements
may be appropriately changed within the spirit and
scope of the present invention. For example,'when the
pressure plate 13A of the pressure mechanism 13 is
_formed from an heat insulating material, and heat
10 dissipation from the upper surface of the contactor 11
can be prevented, and the auxiliary heater 29C may not
be arranged. In the embodiment, the anisotropic
condﬁctive film 31 is inserted between the contactor 11
and the wafer W. However, when the bumps of the
15 contactor 11 and the electrode pads of the wafer W can
elastically come into contact with each other, the
anisotropic conductive film 31 may not be inserted.
The contactor of the present invention is not
limited to the above embodiment. Any contactor having
20 a heat-resistant substrate whose thermal expansion
coefficient in the planar direction is 1 to 50 ppm/°C is

incorporated in the present invention. 1In addition,



pressure plate 13A of the pressure mechanism 13 is formed from an{hegCT 200
insulatirng material, and heat 10 dissipation fromthe upper surface of the
-contactor 11 can be prevented, and the auxiliary heater 29C may not be
arranged. In the enbodi nent, the anisotropic conductive film31 is
inserted between the contactor 11 and the wafer W However, when the bunps
of the 15 contactor 11 and the el ectrode pads of the wafer Wcan
el astically come into contact with each @ther, the. anisotropic conductive
film31l may not be inserted. The contactor of the present invention is not
limted to the above enbodi nent. Any contactor having 20 a heat-resistant
substrat e whoggs thattedt expanstion soeidhei envenbibhenpyaadsodbreasiedn is 1
to 50 ppmiCis incorporated in the present invention. In addition, 1 9 OCT
2005 67 the ceosit agt@irwdsé hetlpsesetndn i nekhabbdhihmyeubdvabéoused for a
purpose other than reliability evaluation testing. Effect of the Invention
5 Accordi ng tioegtingresent invention, there can be provided a reliability
eval uation test -apparatus, reliability evaluation test system contactor,
and reliabiliffeevabfiathenInesnthenhod, which can quickly, efficiently,
.and reliably execute a reliability 10 eval uation test of sem conductor
devi cesSin the wafbgcordingahd hheopgeeantylpgantdobrne thessr camd Reost

required for the reliability evaluation_test.
provided a rellability evaluation test apparatus,

'reliability evaluation test system, contactor, and
reliability evaluation test method, which can quickly,
efficiently, and reliably execute a reiiability

10 evaluation test of semiconductor devices in the wafer
form and also_greatly reduce the labor and cost

required for the reliability evaluation test.
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which tests a reliability of a sem conductor wafer on the basis o a04Te <405
-signal froma neasurenment unit, 5 conprising a neasurenent section (15) and
a storage section (12) which has a hernetic and heat insul ating '
structure, stores a sem conductor wafer (W that is totally in electrical
contact with a contactor (11), and transmts/receives a test signha
to/fromthe 10 neasurenent section, conpb8sing: a pressure nechani sm (13)
whi ch presses the contactor in the storage section; and a heating
mechani sm (14) which heats the sem conductor wafer that is totally brought
into 15 contact with the contactor By if he pressure nechanismto a
predeterm ned tenperature, wherein the reliability evaluation test

apparatus eval uates rgl iabikbiyiel; avAulbithayetedti Ricpacammectiion (73)
and an insulting film(74), which are forned on 20 the sem conductor wafer,
under an acceket et eesondat rebiab2lifyr eFi abskint yoadaktati aafeesbnappar at us
according to claim1l, wherein the storage section (12) has a table (22)
whi ch has a hetat basibadfng sesticsiigpal25ramdaonealiuckemeheé senit¢onduct or
wafer is placed, a connection ring (24) which surrounds the table and
cones into elewwpriaingoatmeaswrenenheseohtadt dip)andd a storage
section (12) which has a hermetic and heat insulating
structure, stores a semiconductor wafer (W) that is
totally in electrical contact with a contactor (11),
and transmits/receives a test signal to/from the
10 measurement section, comprising:
a pressure mechahism (13) which presses the
contactor in the storage section; and
a heating mechanism (14) which heats the
semiconductor wafer that is totally brought into
15 contact with the contactor by the pressure mechanism to
a predetermined temperature,
wherein the reliability evaluation test apparatus
evaluates reliability of a multilayered interconnection
(73) and an insulting film (74), which are formed on
20 the semiconductor wafer, under an accelerated
condition.
2. A reliability evaluation test apparatus
according to claim 1, wherein the storage section (12)
has a table (22) which has a heat insulating structure
25 and on which the semiconductor wafer is placed,

a connection ring (24) which surrounds the table and

comes into electrical contact with the contactor, and
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with,thé connection ring and transmts/receives the test signal toOFf %n1
-t he nmeasurenent section. . 3. Areliability evaluation test apparatus 5
according to claim2, further conprising, on the connection ring (24), a
seal nmenber (26) which cones into contact with the contactor (11) to sea
a space in the storage section (12) fronégn outside, and neans (74) for
supplying an inert gas and/or reducing gas® 10 into the storage section. 4.
Areliability evaluation test apparatus according to claim1, wherein the
pressure nechanism (13) conprises a pressure plate (13A) which presses the
contactor, a kelWioving I3Bravhode |wwech eroingés tohneetedtibcad thatpréssure
plate, a support (13C) which is connected to an upper end of the bellows
and can, nove Wiy tihaldgnnesivionansng 7@)d f orarssppryi hgcaiygyas theo a space
formed by the pressure plate, the bellows, and the support. 20 5.
Areliability sl dekanhl tket L egipathe UscanecerenhgSe6tePRim 1, wherein the
heati ng mechani sm (14) congrises_a heat er 29% whi ch uniformy heats an
entire surface of the senfeohtRttbtYwayatuewofr 6RFta2PBRERTYES face side
and als% serves_as t.he tabIgHaZSéf. reAiabiIit .evaluatiog t est apparatus
accordi g to A% GRS e the’ he HEr ?§9§O%B¥bF?§gs o8 FPPst heater
(29A) WhIChl“%%ﬁ%é%é%%ﬁrfﬁnfo(édpp gfseal member (26) which comes
into contact with the contactor (l1) to seal a space in
the storage section (12) from an outside, and means
(74) for supplying an inert gas and/or reducing gas
10 into the storage section.
4. A reliability evaluation test apparatus
according to claim 1, wherein the pressure mechanism
(13) comprises a pressure plate (13A) which presses the
contactor, a bellows (13B) whose lower end is connected
15 to the pressure plate, a support (13C) which is
connected to an upper end of the bellows and can move
vertically, and means (76) for supplying a gas into
a space formed by the pressure plate, the bellows, and
the support.
20 5. A reliability evaluation test apparatus
according to claim 1, wherein the heating mechanism
(14) comprises a heater (29) which uniformly heats
an entire surface of the semiconductor wafer (W) from
a lower surface side and also serves as the table.
25 6. A reliability evaluation test apparatus

according to claim 5, wherein the heater (29) compfises

a first heater (29A) which heats a central portion of
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surrgunds the first heater and heats an outer edge portion of the
-sem conductor wafer. 7. Areliability evaluation test apparatus 5 according
to ¢laimb5, wherein the heating nechanism (14) conprises an auxiliary
heater (29C) which heats the entire surface of the sem conductor wafer
froman upper surface side. 8. Areliability evaluation test apparatus 10
according to claim1, wherein the measur&ent section (15) conprises an

el ectrom gration neasurenent section (15A) and a | eakage current
measurenent section (15B). 9. Areliability evaluation test apparatus

accordi ng to g{@iduicdiidesr GRapst Sesnd@ sWéEHhAOhedBerre¢han) sm (78)
.which alternately switches between the nmeasurenent sections. 10. A

reliability ealdratdn-diasds appar i st wesoeti agdtheatai an8ouwvberei n the
el ectrom gration measurenent section (15A) conprises a function of 20
suppl yi ng t hreegyigwst dn calf r e ssémitomdngtar DEafencrent, a pul se DC
current, and an AC current. 11. Areliability evaluation test apparatus
according to claiml, Anrehighidipyuenbhliugtdbnt éest papeerpitivs77 are forned
on the sem conductor wafer, and 25 which conprises a test pattern grouping
functi édn of peedrdinhetplctalnt, ofheesinphbeechfsdtingongEBaPSSENd
executing a reliability evaluation test for not |ess ,
(14) comprises an auxiliary heater (29C) which heats
the ‘entire surface of the semiconductor wafer from an
upper surface side.
8. A reliability evaluation test apparatus
10 according to claim 1, wherein the measurement section
(15) comprises an electromigration measurement section
(15A) and a leakage current measurement section (15B).
9. A reliability evaluation test apparatus
according to claim 8, further comprises a switching
15 mechanism (78) which alternately switches between the
measurement sections.
10. A reliability evaluation test apparatus
according to claim 8, wherein the electromigration
measurement section (15A) comprises a function of
20 supplying three kinds of currents including a DC
current, a pulse DC current, and an AC current.
11. A reliability evaluation test apparatus
according to claim 1, in which a plurality of test
patterns 77 are formed on the semiconductor wafer, and
25 which comprises a test pattern grouping function of

putting the plurality of test patterns into groups and

executing a reliability evaluation test for not less
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eval yatiron test apparatus according to claim1, further conprisi%é BGT 2005
~ani s6tropic conductive film (31) between the contactor and the 5

sent conductor wafer. 13. Areliability evaluation test apparatus according
to claim1, wherein the neasurenent section simnmultaneously executes a
reliability evaluation test of not |ess than 100 sem conduct or devices
formed on 10 the seniconductor wafer. 141 A reliability eval uation test
apparatus according to claim1, wherein the storage section (12)

conprises a heat insulating structure (23) which nmaintains the

sem conduct or twahefiak ricamperAmie @feould ot [ ess than 160C. 15. A
reliability evaluation test apparatus according to claim11, wherein the

contactor includes2a Rheatelriediidtiagy eswisiataion (Hes) ,apper@a-dder mal
expansion coefficient of the heat-resistant substrate is 1 to 20 50 ppni C.
- 16. A reliabi bctprevagudiol alatiestl ,s\yR&trthe rcormpup sisiglg aam adn Deetr¢dDd whi ch
totally brings a contactor into contact with a sem conductor wafer; a
transfer tool cogdpciiveh ftidans3dr)s eavesonttdot orordialt @5 am@ Sledri conduct or
wafer, which are totally kept in contact with each other by the aligner;
and a réliabi By cepdugiciromafest. apparatus of claim1

13. A reliability evaluation test apparatus
according to claim 1, wherein the measurement section
simultaneously executes a reliability evaluation test
of not less than 100 semiconductor devices formed on

10 the semiconductor wafer.

14, A reliability evaluation test apparatus
according to claim 1, wherein the storage section (12)
comprises a heat insulating structure (23) which
maintains the semiconductor wafer at a temperature of

15 not less than 160°C.

15. A reliability evaluation test apparatus
according to claim 1, wherein the contactor includes a
heat-resistant substrate (11A), and a thermal expansion
coefficient of the heat-resistant substrate is 1 to

20 50 ppm/°C.

16. A reliability evaluation test system
comprising: an aligner (50) which totally brings
a contactor into contact with a semiconductor wafer;

a transfer tool (60) which transfers the contactor and
25 the semiconductor wafer, which are totally kept in
contact with each other by the aligner; and

a reliability evaluation test apparatus of claim 1,



19 OCT 2005 72 which executes a reliability evaluation test of the.
sem conduct or wafer transferred by the transfer tool. 17. A reliabiiﬁt90r2w5
eval uation test systemaccording to claim 16, which allows data
comuni cati on between 5 the aligner and the reliability evaluation test
apparatus. 18. Areliability evaluation test systemaccording to claim16,
wherein the aligner includes a rricroscope7 (79) to observe the
sem conductor wafer on the basis of 10 a %est result of the sem conductor
wafer. 19. Areliability evaluation test systemaccording to claim16,
wherein the transfer tool (60) includes a magnet (67) to. integrate the
contact or and WHE @NaBHRRtDrrweidriliby 2ovahupblpabtpptycévihgati on test
system accordin to claim 16, wherein the transfer tool %gg% i ncludes a

f

magnetic ci r cAFHEPIHFP S WA LH neaiRs {82y f oPY t bR hgan forhe
ragnetic ol 1cul L. and Lhe S uch feans, Sxcliesldemuosce Lhe manst e
‘the senicond%%;%ﬁ£%§€¥6,%ﬁnch allows data communication between
5 the aligner and the reliabiiity evaluation test
apparatus.
18. A reliability evaluation test system according'
to claim 16, wherein the aligner includés a microscope
(79) to observe the semiconductér wafer on the basis of
10 a test result of the semiconductor wafer.
19. A reliability evaluation test system according
to claim 16, wherein the transfer tool (60) includes a
magnet (67) to. integrate the contactor and the
semiconductor wafer.
15 + 20. A reliability evaluation test system according
to claim 16, wherein the transfer tool (60) includes a
magnetic circuit (67) and switch means (62) for turning
on/off thehmagnetic circuit, and the sQitch means
excites/degausses the magnetic circuit to cause the

20 transfer tool to attract/release the contactor and the

semiconductor wafer.

25



