; e3en<6Tn* DESCRI PTI O NRELIABILITY EVALUATI ON TEST APPARATUS,
RELI ABI LI TY EVALUATI ON TEST SYSTEM CONTACTOR, 5 AND RELI Al TI ON
TEST METHCD This application is based upon and clains the awmwMTwmmmwm
priority fromthe prior Japanese Patent Application No. 2001-36¢ | ed
Novenber 30, 2001, 10 the entire contents of which are |ncorporated herein
by reference. Technical Field The present |nvent|on relat

reliability evaluation test apparatus, rellablllty eval ua @Wﬂ%M%M'!mm
system contactor, and reliability evaluation test method

particularly, to a reliability evaluation test apparatus, rel18Mity

eval uation test system contactdr E &d@ Relli &iTl iIt ¢ &val uati on test nethod,
which are used to evaluate/test the reliability 20 of interconnections and
insulating film which formmnultilayered interconnections for a nunber of
sem conduct or devi CERELDABELIDY EVAEBUATDOKIUTEST MBPRRATBAckground Art In a
sem conduct or testi NRREPIRBELETY t HEABUATION CEAESPS5SEHAEMet EONSACTSRpf a
nunber o senm conducA¥P RERIBEBIEITY cEVWARLUATEONcTESD METHABVI ces"

herei nafter) formed on the surface of a sem conductor wafer (to be referred
to as a "wafer" heregj nafteri are. tested in a wafer stat and_ devi ces

having no failures FRALFhBPRLLERF{LCRI 1S BagRdr URPBr PEE| € aips EBPeened.

Then, in the flnaéf1£e8f 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



of testing process, wafer dicing is perfornmed, 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
interconnections in the sane plane or between upper and | ower

i nt erconnections are conducted under accel erated conditions of the
tenperature and the like. 10 In areliability evaluation test, test
packages are prepared. Devices are packag@d in these packages.
Subsequently, the reliability evaluation test of, e.g., approximately 70
packaged devices is executed in a furnace at a predeterm ned high
tenperature (echgractiérB890(y)s.abesstosemedof Theentionthkewyre]l Hbept he
conventional reliability evaluation test that is to be conducted in a
furnace, waferodli teaging peotessedyaded desinpatkapesfarvedo pndpared.
Devi ces are packaged using these test packages. For this reason,

consi der abl e t¥ﬁ%l%hﬁltbﬁte%@bU@EthrE@SFérSRﬁhe@Sdﬁﬁlng test package
preparation, and devi ce packaging. In addition, the conventional test
executed in the ?GFE%%égE%El%%nH¢%t2§°6nF9€t%H§tb¥a¥%Eﬁ§ges i.e., only
tens of devices at _once. Wen deyices Vi n connecti ons nade
3 of, €.9.. cob ‘E?r%?nae%b%? ot |%§c¥h§%wgﬁdﬂl§ S BR 5808, SOt HOBE (oot ed,

an inert gas i since,the furnace is

troguced in . ver
poor in sealiné i oper¥FEs, 1?5?r%%%ﬂ%?glo?ﬁel%x§§%nsé%ﬁcgﬁ?PStP5n 5 cannot
be made Iom1en8 %8 @éég %n@xigﬁékoﬁn r88RHSEti§£§f898“8§£aae% gror

this reason, portions O copper erconnecti ons Ut al s

t he copper Int@ﬁ&@@ng&&é9@§a£@&n§@$a§§1aﬁg Qf'ghéegeﬁBéPHEHrEhSnHaghe

portions. To prevent this, an anti-oxidizing 10 al um num pad | ayer nust be
added to each copper pad portion at the tinme of waf er sanpl e preparation.
Furthernore, when a plurality of types of sanples are to be tested, the

dicing Bmd wire bondhng pusiabelchangediuateonr espendease phthagagh type.
Hence, three 15 or nore weeks are required before a reliability eval uation
test result caarbeppbpareéd. Mviowsrardapackaghdasni thestapntcpataseters
for the reliability test or dependence related to various test patterns
nust be acqui r&dbbygesetiyi ngha resiaki20tpl evalieyioh temesofHemce., the
test efficiency is |ow
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



For, e.g., an electromgration test, the positions of voids generated by

el ectrom gration need to be observed, and the observation result is fed
back to'process devel opnent later. For this observation, test 25 packages
are disassenbl ed to extract devices one by one, bonding wires are detached
from each device, and each device is observed under a mi croscope. To do 4
this, a great deal of labor and tinme are necessary. The present invention
has been nmade to solve the above problens3 An invention according to an
aspect of the present 5 invention has as its object to provide a
reliability evaluation test apparatus, reliability evaluation test system
contactor, andofgele¢adi]itypeyal amta ocoprest akidpdthahi chadahyqoxclliye
efficiently, and reliably execute a reliability evaluation test of a
plurality of l18rsehdcomduesoeddesnceseforgesl bs antwmbdncedninnteati on
according to another aspect of the present invention has as its object to
provi de a rel i fbrnacy. evidwevebn seRee apparfitmaceel fabpprt ynesapbanbon
test system contactor, and reliability 15 evaluation test nethod, which
can greatly reRtRRe¥hECT abbPr aP¥RBRSE/ r By PRWIPRr CANFRNEEBELPRY eval uation
test. Additional objects and advantages of the inventign will be set forth
in the descri pt#eRC WhPEhRE%E | tWE, SBR g?ot?an%Y?nﬁﬁ?¥l§@thQi8 s fromthe
description, or nag be ] earned by. ractige og t he_ invention Thf oghects
and advant agesCFPthe thveR?ORC @“%e r BAF i YRE° 2h32 88 ai ARG B ¥eiRE of
the instrunental jtj o I Lon I ojnte t

herei nafter. 2§£§c%§$%?ﬁgst§92é$§¢§? §g§§%§5§¥£?ﬁégg$e§§%t9}%§eﬁ Fon, t here

|5 provi ded ancapparalyse wbbeheLests achehiabiLht ¥r 8" ofi 8PULAORAYEHAR War er

on the basis o 5 a test signa roma measurenment unit, conprising a

measur ement seghd 0P @Ndo At 8695 agersestépEnwhtghshagnaafer ki gi andy.
i nsul ating structure, stores a sem conductor wafer that is totally in

electriz@l 5 contmchumi bhdalLest ashof BAdadsansHbt sAEBCEb¥EErapkast signal
to/fromthe nmeasurenent section. The reliability evaluation test apparatus

conpri ses a presstiennEtheanesoimbi 6h paessesanpbeecpnepatation.the storage
section, and a heating 10 nechani sm whi ch heats the sem conductor wafer
that is totallJubtibeghtréntehenndaciunalhtyhefcoppast of bymphes 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 patterns 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



pressure nechanismto a predeterm ned high tenperature. The reliability
eval uation test apparatus evaluates reliabilities of a nultilayered 15

i nterconnection and an insulting film which are fornmed on the

sem conductor wafer, under an accelerated condition. The apparatus provided
in accordance with the first aspect also preferably conprises one of (al)
to 20 (al4) below or a conmbination of a plurality of conponents from (al)
to (ald) . (al) A table which has a heat i#nsulating structure and on which
t he sem conductor wafer is placed, a connection ring which surrounds the
table and cones 25 into electrical contact with the contactor, and a wiring
board whi ch cotmss) i gt £ctdegRnl oLondlost amdhtime spanestédparyng and
transmts/receives the test 6 signal fromthe neasurenent section, which
are arranged in theTk¢opageesecinoant{a) hdsskaénmeatier tehsohveottes i nto
contact with the contactor to seal a space in the storage section 5 from an
out si de, and natawige forolsleps yi ng an inert gas and/or reducing gas into the
storage section, which are arranged on the connection ring. (a3) A pressure
pl at e whi ch pressesPRhéneentieropccording to an aspect of the present

5 invention has as its object to provide a reliability
evaluation test apparatus, reliability evaluation test
system, contactor, and reliability evaluation test
method, which can quickly, efficiently, and reliably
execute a reliability evaluation test of a plurality of

10 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
15 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
20 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.
25 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



a bell ows whose Lower end is connected to the pressure 10 plate, a support
whi ch is connected to an upper end of the bellows and can nove vertically,
and nmeans for supplying a gas into a space formed by the pressure plate,
the bellows, and the support, which are arranged in the pressure nmechani sm
15 (a4) A heater which uniformy heats an entire surface of the

sem conductor wafer froma | ower surface side and al so serves as the table,
which is arranged in the heating nechanis (a5) A first heating portion
whi ch heats a central 20 portion of the sem conductor wafer, and a second
heating portion which surrounds the first heating portion and heats an

out er edge porti basbf sigeasefironndunessuwaiment whith avmpadisanged in the
heater. (a6) An auxiliary heater which heats the entire 25 surface of the
sem conduct or waafeastiremenh apptiosuahdce stdeagehsehtionawhanbed in the
heat i ng mechani sm (a7) An el ectrom gration neasurenent section and a

| eakage currenbageashetiehicsendi bpsuhAfEnJapbruFtangedsStATeRe neasur enent
section. (a8) A switching mechanismwhich alternately 5 sw tches_between
the nmeasurenent SEBLFeRAUCEQY) WahareFBREr bfi §PARILON ABaStPEREACAdect i on
gﬁf}’;;ff&aapfjfggk O”Eﬁ{d;gﬁfg' YLng.thnee Kinds olnsHLrents ;L aghuding,a OC

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 (ald) below or a combination of a plurality of
components from (al) to (ald).

(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 into electrical contact with the contactor, and
a wiring board which comes into electrical contact with

the connection ring and transmits/receives the test



and an AC current. 10 (al0) A plurality of test patterns formed on the

sem conduct or wafer, and test pattern grouping function neans for putting
the plurality of test patterns into groups and executing a reliability

eval uation test for not |less than five groups sinultaneously. 15 (all) An
ani sotropi c conductive film arranged between the contactor and the

sem conduct or wafer. (al2) Means for sinultaneously executing a reliability
eval uation test of not less than 100 seni Conductor devices formed on the
sem conductor 20 wafer, which is arranged in the nmeasurenment section. (al3)
A heat insulating structure which maintains the sem conductor wafer at a

t enper at ure ofsigrtal efison hiame I6EG UM eht | sSeal t@amgedhicht hre saorageed
section. 25 (ald4) A heat-resistant substrate having a thernal expansion
coefficient ofinl the 5otppny< seditdnis arranged in the contactor. 8
According to a second aspect of the present invention, there is provided a
reliability eval uati®?) tBssealstepebnphishngonfsalnheFORRRER VoERI |y
brings a contactor into contact with a sem conductor wafer, a 5 transfer
tool which trar® efEdetbnEActdt ! ahdSRHEe sk EBRdBEPBRIAaFREE IR ch are
totally kept ip contact with each other by the aligner, and a reliability
eval uat i o t estEFPph S B biByi Tl TRABSchPHanBeP WHRO1 7R $RF5E d8pect of

(Do prosent | SIS cHRLEN, 1o o0l obeg ELLRL LAY, SUE) vEhLan Legt of
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
semiconductor 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

mechanismn.



The reliability evaluation test system provided in accordance with the
second aspect al so preferably conprises one of (bl) to (b4) below or a
conbi nation of 15 a plurality of conponents from (bl) to (b4). (bl) Means
for allow ng data communication between the aligner and the reliability
eval uation test apparatus. (b2) A mcroscope to observe the sem conductor
20 wafer on the basis of a test result of 4he sem conductor wafer, which is
arranged in the aligner. (b3) A nagnet to Integrate the contactor and the
sem conductor wafer, which is arranged in the transfer tool. 25 (b4) A
magnetic circuit, switch neans for turning on/off the magnetic circuit, and
means for exciting/ dédauddi g4 ech&omagratilonc Meagur emendadssiiipn angl a
transfer tool to attract/rel ease the contactor and the sem conductor wafer,
which are arrah§@H2PR FHEXERANBLBFUEEBPNTASEGEdPRy 118Nt Rited 2&<38CEYf t he
present 5 invention, there is provided a contactor which conprises a
heat-resistantlgugg?rﬁ?ésH59Wﬁ tasﬁﬁgﬁﬁﬁr expansi on coefficient of 1 to 50

ppn C, and a conduct,or 'rcuL%c§prned on the heat.-resi.stant substrate, and
it

c t
is used to execute a2rel FaBit HValTar 170 e sl & 51; dhSerat ure of not
less thap 160C, JPen&aNLAchREnPERY! HBY LR AGHEr daRes Wt h 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.



third aspect also preferably conprises one of (cl) to (c3) below or a

conbi nation of a plurality of conponents from(cl) to (c3) . 15 (cl) A bunp
arranged in the conductor circuit. (c2) The heat-resistant substrate fornmed
fromat |east one material selected froma heat-resistant resin, a netal, a
sem'conductor, and a ceramic. (c3) An insulating coating formed on a
surface 20 except a portion which is electrically connected in executing
the reliability evaluation test. Accordin@ to a fourth aspect of the
present invention, there is provided a reliability evaluation test nethod
of executing different reliability 25 evaluation tests for a sem conductor
wafer in a state whaceondihg senaceaduntioaspaterodntha pertantor are
totally in electrical contact with each other. 10 According to a fifth
aspect of the prnesehionnvemérenistpeoeidsdpaovetedbalityi abaluayienal uation
test method of executing a reliability evaluation test for a sem conductor
waf er by presstagttsgsteni conputsongsanadeignai cihicht botalyyihréhgstri cal
contact with a contactor, heating the sem conductor wafer to not |ess than
160C, and renderfeptagecEehntonaectdctwiieh @onemécppductor wafer, a

5 transfer tool which transfers the 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 (bd4),

(bl) 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



The reliability evaluation test methods provided 10 in accordance with the
fourth and fifth aspects also preferably conprise one of (dl) to (d5) bel ow
or a conbination of a plurality of conponents from (dl) to (d5) . (dl)

Si mul t aneously executing the reliability 15 evaluation test for not |ess
than 100 senmi conductor devices on the seni conductor wafer. (d2) Executing
an electromgration test and/or a | eakage current test as the reliability
eval uation test. 20 (d3) Controlling a terferature distribution in a
surface of the sem conductor wafer within 2.0C at a range of 160C to 350C.
(d4) Placing the sem conductor wafer and the contactor in one of an inert

gas at nospheretaafs@sr2boalmesphereaet /aaleaeket taas contedteirt Bna r@duci ng
gas. (d5) Setting an oxygen concentration to not nore than 100 ppm
Addi ti onal advaehagesdandomvdiafieecat whish até arkbhngeddiihy thectrahe fielrose
skilled in the art. Therefore, the invention in its broader aspects is not
limted to thetspécific details and representative enbodi nents shown and
descri bed herein. 5 Accordingly, various nodifications nmay be nmade wi thout
departing fromthe #gicordiog $eoope thfl nchaspendr aif itheemriesendoncept as
defined by the appended clains and their equivalents. Brief Description of
Dr awi ngs>10 FI &8VenAighd tBeirelvi WOVIHEH Bgcantaritali Mhigheval uation test
appar at us according,to an enbodi nent of the present invention, in which
FIG 1A is a vFeWPERSREnG herh partStand PPéStEBtieshé"ﬁé‘ﬁsﬁeé?‘ie\?é‘a\}i ew
showi ng a controller; 15 FI?..Z.is a _sectional view,show ng the i art
'n a state wheFdPRNSRE SPETGAFABAI ) dviPusti BRTYSSt Fededetaranchefng
the reliability,evalvathon 4egl 2RRALALYS 2NWRALR BlBstdate, 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 insulating 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.



FIGS. 3A and 3B are views showi ng a contactor 20 according to an enbodi nent
of the present invention, in which FIG 3Ais a sectional view, and FIG 3B
is aplan view, FIG 4 is a sectional view showing a contactor according to
anot her enbodi nent of the present 25 invention; FIGS. 5A and 5B are views
showi ng an exanple of an aligner which aligns a wafer and a contactor, in
12 which FIG 5A is a perspective view show ng the outer appearance, and
FIG 5B is a sectional view showing a fixtAg mechanism FIG 6 is a side
view showi ng a state wherein 5 a shell is chucked using a wafer transfer
tool; FIG 7A is a schematic view showing a side surface in a state wherein
t he contactor and watebrtiahal kty eorfe ficht aspeataott theovwalk sanpr essure
mechani sm shown in FIG 2, FIG 7B is a side view exaggeratingly show ng 10
a state wherei anvhetiont atherebéndproFli@ed8A rslambenhlisygestageetional vi ew
showi ng an el ectrode pad portion in copper interconnections of a wafer,

whi ch is used tasthmethbidablfl ekpcetahdati valiebilibvhetadvesidnngess t he
present invention, and 15 FIG 8B is an enlarged sectional view showi ng an
el ectrode pad pertproRemACceBPPELornyYefesnh¥cPreasing heafemicaRRiERtPE used
in a conventional reljabjility evaluation test nethod executed using a
furnace; °FI GS. WoAeanyhoBhal 8 pPaAldYehB SHEGERGCRésFOntact with a

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 (di) to (d5) below or a
combination of a plurality of components from (dl) to
(d5) .

(dl) Simultaneocusly 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



20 patterns on a wafer, which are to be used for an electromgration test,
in which FIG 9A is a view showing a single termnal type, and FIG 9B is a
vi ew showi ng a double termnal type; FIG 10 is a graph show ng the

rel ati onship 25 between a change in relative resistance and a test tine
during the electromigration test; FIG 11 is a graph showi ng cunul ative
failures by 13 the electromgration test; FIG 12 is a chart showi ng the
waveformof a current that is supplied inlan el ectromgration test using a
pul se DC current; 5 FIG 13 is a chart show ng the waveform of an AC
current that is supplied in an electromgration test using an AC current;
FIGS. 14A to 14( areeyd g eachir showehgséhekieladi onsbhe yetween a main

di ffusion path and MIF; 10 FIG 15A is a graph showing a critical length
measur enent reThétefand, Ftie IbBensiangiaphtshbwbadet hesPesesvbsrnbengt h
dependence of MIF;, FIG 16 is a view show ng the distribution of TTF and
initial resistametéd owalierspd8ifl G ddTaissaagdapépshsenngtite i nfl uence
of MIF and ~ on Juse; ‘
embodiments shown and described herein.
5 Accordingly, various modifications 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 sectional 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



FIG 18A is a graph showing a Juse |oss due to a current variation, and
FIG 18B is a graph show ng a Juse | oss due to the tenperature
distribution; 20 FIGS. 19A to 19D are vi ews show ng exanpl es of test
patterns used in a BT test (TDDB test), in which FIG 19A is a plan view
showi ng an upper |evel interconnection pattern, FIG 19B is a sectional
view of FIG 19A, FIG 19Cis a plan view showing a | ower 25 |eve
i nterconnection pattern, and FIG 19D is &Zsectional view of FIG 19C
FIGS. 20A to 20E are views showi ng steps in 14 manufacturing the
contactor according to the enbodinent; FIGS. 21A to 21D are views show ng
steps in manufweidhi ROGt hBACOBt acherspebt thef ol é0VshbriffepReSoghewn in
FIGS. 20A to 20E;, and FIGS. 22A to 22D are views showi ng steps in
manuf act uri ng abeeenanaet oandwhAich $Bl iswat hecsiepslshbem shokRLifss. 21A to
21D. Best Mode for Carrying Qut the Invention 10 The present invention wll
be descri bed bel bixbdngthechasismof enbodi nents shown in FIGS. 1A to 22D. A
reliability evaluation test systemaccording to the enbodi ment conprises a
reliability eval uat Féf-t ésisappaideuy¥ied shawandahi ghatesoheTRénreliability
15 eval uation test apparatus 10 and aligner 50 can be connected through a
comuni cati on ﬁe@ﬂ%ig £p thackedtusépsmanvederohreBRinE ERetated. The
reliability eval uation test_apgaratus 10 according to the enbodi nent will

h

be described first, Fafid tfiehS £hECBEMEFIGndrCB0SRPIENBe2dE4ER F¥IL2AE shown
i FIGS. 1A, 1B d 2, th L i jlit ti t est 10
ggcording to th?sggﬁB%E?n%ﬁ?£§5h§€#§;§¥3€é§¥§? égar§g§e§2£83%2&§2?oﬁﬁessure
hani 13, i j F 2 L i 15,
Tocrar sattyon qEY! PInbEELABhEBNI &PbFosEhre R lRARNLATERLLASER O 100 o

Lobe 00 o STETRITE] SPHET B0 (B o1 0P VEASEeEAgey Bangton, 12
(to be figscribgdstaterkherein the contactor bends;
FIG. 8A 1s 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 type, and FIG. 9B 1is 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



(FIGS. 3A and 3B). The pressure nechanism 13 is arranged above the wafer
storage section 12 to press 5 the contactor 11. The heating nechani sm 14
directly heats a wafer that is pressed against the contactor 11 by the
pressure nmechani sm 13. The neasurenent section 15 neasures the electrica
characteristics of the wafer heated by the heating nechanism 14. The tester
section 10 16 forns a neasurenent signal of the neasurenent section 15 and
processes a measurement result signal. Thé&3tenperature controller 17
controls the tenperature of the wafer. The tester nmanagenent section 18
manages the tester section 16. The housing 19 accommpdates 15 the above
devices. The cenerelketrdfiigeatiohstebe;devices in the housing 19. The
reliability evaluation test apparatus 10 evaluates the reliability of

i nterconnection fil #EGand2i hnsubathagtf showihgr tkd eaveliersewifcanduct or
waf er under accelerated conditions of 20 the tenperature, current density,
and the like. #ssrshointhatFi& stBplihd éonanoklerct20mignabéovonssitt ut ed by
a desktop conmputer and arranged adjacent to the housing 19. For exanple, a
test result isudis@l ayedlen BCneHrteRrtscreen 20A of the conputer as 25 a
wafer map (FIG 16). Wien _any one_of the device on the wafer map is clicked

on by a #ouse 20B of 1fhelPi k&, 2t RBafssehrrdnpt the Wpyederrcefonnt BE waf er
can be 16 innediatekﬁhdisgla ed on the nDnit?r screen 20A. The controller
20 al so has a H4FRBRbrrlAFcAEi OHPPUAEH &R &Pt RLERETSMEgReF1PPotF&tdescri bed

| ater) so that the resuhé of the reliability evaluation test can 5 be
transnitted t o"FhBYafPgher CUFhE™Af er storage section 12 can be

i nserted/ extracted %ﬁggg?ﬁgéhkgtgﬁkrggktgﬁe gug%g%-é$ﬁggn h%h%irection of

an arrow a in FIG ou SlI'irde mechani sm asurenent section

LT e ook 0ot 0ueld Anpsachson st pacElhgyasyr erent
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 used 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



The tester section 16 is constituted in correspondence with these

measur enent sections 15A and 15B. FIG 2 shows an exanple of the main part
of the Structure of 15 the reliability evaluation test apparatus 10. The
measur enent section nmay al so conprise a neasurenent section for another
test item For exanple, as shown in FIG 2, the wafer storage section 12
may conprise a table 22, thermal insulating 20 nmechani sm (cylinder) 23,
heat -resi stant connection ring 24, and mﬁﬁ%ng 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 nounted
on the 25 tabl gaddrehravghgheatersn29htand a28Braiaghecdeseri bed later). The
thermal insulating nechanism 23 is made of a thermal insulating &
electrically i esbbdtimegtrateri al 17 and surrounds the table 22. The

heat -resi stant connection ring 24 cones into electrical contact with the
contactor 11 througiflitsSat 2lésitst 2D eoet adtewsestiondnsy (s&.egps, ipogopi ns) 24A
The wiring board 25 5 conmes into electrical contact with the connection
ring 24 and resenudgcgurasg shgngbntaehorhe whdgbufeddow $be6t isdepPE5. The
waf er storage section 12 can reliably cause the pressure nechanism 13 to
total ly Bring €hewBoARadlEr-120Anfte €CE¢t AN€al contact with the wafer W 10
The contactor 11 can be electrically connected to the nmeasurenent section
15 through the connédGSon 24Pn§ 24 2&h@ 5% MY ShFRCW 13, SASPShdwh in FIG 2,
a seal ring 26_nmade of a.heat-resistant resin,suc sil i cone rubber may
be 15 arrangedmﬁPu&ﬁ§t86989 %& ec8FEFﬁ%°EOnH§&F%OEO?ﬁH§ she ﬁ%@ﬁsthe seal
ring 26 elastigﬁbb% ﬁ%”%%g%@tglﬁp@Ea%HerFh the contactor 11, a hernetic
space is forned Inthe warer Storage section 12. The wafer storage section
12 may al so conprise a S o [ whi 2 r : out er edge
portion of the contactgggglﬁogﬁeQ%?eggkﬁgéﬁgn?gg1gygrgﬁ?ggfgggrings t he

contactgp 11 into elgel HrealeRONLAEh tWid WiNQ ERNREI AR e 124 othe press
mechani sm 27 nmay be nade of, e.g., a heat-resistant material (e. g.,

ceranmic) and cempribsgiddoF khbddikichdsskaRes TRMeGs27AA $econd.ri ng- shaped
menber 27B, heat-resistant spring nenber 27C, arm 27D, and a pair of gas
springs (not showa)liabhe iftiyr etvalukd ibhngeshaped temmbeicoZzdAnkasoa shape
conplying with that of the outer edge portion of the contactor 11. The
second ri ng- sh&ped embobiemeREB cospirasesd ai med iabridstt vt leeadamt ionz éess t hat

of the first ring-shaped nenber 27A. 5 The heat-resi stant spring nenber 27C
is inserted beemnveraths fli0r endand sedanerr idfy- sAysed erdmipddd tY7A and 27B.

The arm 27D is formed integrally with the ,
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 reliability
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



second ring-shaped nenber 27B and connected, at the rear portion of the
waf er storage section 12, to the 10 wafer storage section 12 through a

hi nge. The pair of gas springs support the arm 27D. By the function of the
gas springs, the first and second ring-shaped nenbers 27A and 27B can be
opened/closed with little force. The press nechanism 27 may have a | ock 15
mechani sm 27E. The | ock nmechani sm 27E fixes the first and second

ri ng- shaped nenbers 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 nechanism 13 20 and press
mechani sm 27 psestidhelzopteceoraldaféhethateisotobdlifeinatbecsioeage
section 12 is thermally insulated fromthe external atnosphere so that the
hermeti c st at ecostaat nvathed. cébotaexanple, (8s sdodbvscnibeé&d 12tekrhe table 22
may 25 have a pair of gas supply and exhaust ports 22A and 22B which
vertically ext éREGShrdyghnd heBi abl Bhe@2pr@ssunermeghasnsswhlasiai t rogen gas
and/ or a reducing gas such as 19 hydrogen gas is supplied froman inert
gas supply apparhengedsabpveuthet Mefghsstappty pectionAlZ ABeoPdRAFl y, an
inert gas atnosphere or a reducing gas atnosphere is created in the

consi derably | F t@ﬁnBaﬁfﬁrnﬁh}spr% RepfEaponarpanient hé €6REEELYporti on
bet ween the contactor 11 _and the wafer Win the, wafer storage section 12.

The exhaust poR€259p? eXAbEEt sRehel PrRFeSEad apa+BFtt ke redbiERrAGOHas 1t hr ough
I 75. S I f duci . f bl t ed 10
gdg?n;ea redugggggﬁgsp?ﬁggugggﬂg?ﬂgﬁf%%élgﬁngigeS%gﬁﬁxfﬁégggggg?géﬂan an
Inert gas atnnfghﬁégsﬁPQéofhé EEQHELQQaQa§EQEQ8§QF§EE'&é é?rgﬁg.hgféﬁe
smal | space in"The wafer storage Section ,heral "T At ér connécti ons 'Such as

copper i”terCOHQSEéboﬂszQQthéé@ié?rHSQhQHiéﬂeli5 Sﬁﬁért¥%989 ceadi by

oxi di ze may be prevent rom oxi dif zi ng under a higher tenperature, or

netal oxpde fiipsropysbe neFdyeeEneht 30ghhionr thE RURBLYemERHNt of the
inert gas and/or the reducing gas can be suppressed to mnimum The wafer

storage sectiogedBidf NBSaAdhproeékEest HUGtHEGretientere¥hen hgnalr is
replaced with an inert gas and/or a reducing gas, the oxygen concentration

can be reducedThe, tempgeratQrppovntrbesserand, conteopar theutampgratuke 5 ppm
or less to prevent oxidation of netal interconnections or pads 25 forned
from e.g., coppetheThefexygefheoheshérananagenedet eeteilobhyld manages
conventional ly known oxygen sensor (not shown) arranged in the wafer
storage sectiobhhg2tester 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 example, 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



20 On the basis of the detected signal, an oxygen concentration measurenent
section 28 (FIG 1) arranged in the housing 19 cal cul ates the oxygen
concentration. Hence, no anti-oxidizing alum num pad | ayer need to be 5
formed on a test pad, unlike the prior art. Wien the air is replaced with a
reduci ng gas, any netal oxide filmhas been forned before the test may be
reduced. For this reason, the wafer Wand contactor 11 can be reliably

el ectrically connected. 10 As shown in FI¥® 1, the pressure nechanism 13 is
fixed i medi ately above the wafer storage section 12 inserted into the
housi ng 19. As shown in FIGS. 1 and 2, the pressure nmechani sm 13 may
conprise a prebauediptale ABSplapéd psessies hdweicont acteen110aa bel |l ows 13B
15 which is made of a netal and whose lower end is connected to the upper
surface of theThpeessnteoplate203dlsa sappardaphatemdBCioht tbni s connect ed
to the upper end of the bellows 13B to support the bellows 13B, and a
cyl i nder nechafiisatiGD whitlththe abhgreer efito ob@0deher soppotatetht 8013C and
fixed while being suspended in the housing 19. As shown in FIG 2, the
support pl ate 8B&E nBjehageubt t f otly® hol balBELLA gualyappPy ReehafifrBm 76
supplies_conpressed air fromthe through hole 13E to_increase the pressure
in a spate forRedthynIBLERed pFesklie e@ bt GRer 13ATRPeV2 698 18BT29RAd support

I 13C. U izi ng,, the bel 13B d d f h
D 5! ar SRl SERuL LR b "Sa RS R PR R ouptard Trom e
t act 11 th t h I . 13A. A dj ngl th ti
curf ace of 't het BEATAEPEr Ch1 TRUGRIFof B 11 pr R cRh €6ET RO BLABsS b O he
contactor 11 rfklﬁPéy iﬂtﬁ#%gugﬁng éligéomggﬂéﬁfé Wi h e&§§trode pads of

the wafer W As shown 1n n"auxilTary heater 29C (fo be descri bed

later) can be fbxedrahehfescenisy 08 ki hOUEsnSHILaLEq0hyL e pressure

plate 13A. The auxiliary heater 29C hea e wafer Wifromt contactor 11

10 sidejpAs deggribedtpbaygrathenpPlE8s MBSBAPERENE Tkt EORANESAednlihr ough a
hi nge at the rear portion of the wafer storage section 12 and can freely be

opened/ cl osed &hiesghgancadxéht aryTregbasihsemstehsastgas springs. After the
contactor 11 and wafer W which 15 are integrated, are placed in the wafer
storage secti ohhd2tesherpsessioechanisnc@iststtteédetinf oonaedpdndence

hori zontal ly contact the second ring-shaped nenber 27B to the outer edge of
t he contactor withnthéeewagesusenengessetions 122 AgdalbBsul FIGas2shown in
FIG 2, 20 the outer edge portion of the contactor 11 stored in the wafer
st orage secti ofha®sianpevasplepyit hleesmabndrarhgoshbbedsheubbrre7efand | ock

nmechani sm 27E. The heatin?,nechanisn114 may have a heater 29 which heats
the waf&? W pl Beedrehisheli byl evadusk bt hesbsapPeakrtedridce ShBe. The

heater 29 uniforni heatg thetentire suiface of the wafer W The heater 29
mey be formod FPOMIENGHt PRECIPRchabealBr SORPRAPE NS pRgesUTeneht

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



22 a circular shape and is arranged at the central portion of the table 22
and the second heater 29B which has a ring shape and surrounds the first
heater 29A. The first heater 29A heats the central portion of the 5 wafer
W The second heater 29B heats the outer portion of the wafer W The second
heater 29B can al so conpensate for a dissipated heat conponent fromthe
outer edge portion of the wafer W The heater 29 nay have any structure as
long as it can uniformy heat the 10 entite surface of the wafer W The
heater 29 need not al ways be divided into the first heater 29A and second
heater 29B. In addition to the heater 29, the heating nechanism 14 may al so
have t he di sk-zhdpsadraommnds artlye hezdit ke 28C tThiae¢ keaesrémistaontact with the
upper 15 surface of the contactor 11. The auxiliary heater 29C nore
reliably heatscohreolienr YWre 24 prenes cinipeel ¢¢ghlcahperntare whth
cooperation with the heater 29 and maintains the tenperature. As described
above, the heath@igcored@bPsm 14thkowsh | edenrest Heanaf €PN ¢Eom 20 t he
upper and |l ower surfaces. Since the heating space to, be heated bg t he
heating nechanf@hfi2a}s &%n%ide?%%@@lm$h1%g%; t hiee vidt BP9V RaRr BeReated to
a target_tenperature,in a short.tipe. In additjon,. when the wafer Wis
heat ed and nmai FOATREHRER Th0erbieaE GRRadndvL Hor BhBar PREFAIPY, T AP Ta

'he matal 1 ntof COMBOTTORST8R T nESOal &1 S0 Lokt B8 CH23"GER0F BHRLY moasur ed

under the highs%ﬁgpgﬁaigfe.Tg ewggg%i€ﬁ%95g€2$é€€%%§1g%eégﬁapéyig§£%roIs to

uni formy heat e entire surface o C or nore | e

setting a tenperalyr endistesbuts oflobRak N B Cto St AL p BrBLy Heace, when,

e.g., copper is used as e interconnection materi al, e intéerconnections

and insul atingcbht aBt6AN1 Dei REGUEBELL i YRl HahedcPyweoRdbREi Rarthey,
reliability evaluation test under accel erated conditions of the high

tenperatare anthdi gbnifctofrentcaensétyledbeivbllngcbonedt@d tbathe
constitutes the wafer storage section 12 extends to the rear side (right
side of FIG 2peafutéreehbuseoyids. lExtieroaghcohaectnoacteom nahg 28E are
arranged on the upper and |l ower 15 surfaces of an extended portion 25A. On
t he ot her and wiring board 25.
As shown in FIG. 2, a seal ring 26 made of 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 portion 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



hand, connection boards 15C and 15D of the EM neasurenent section 15A and
BT neasurenent section 15B, respectively, shown in FIG 1 are arranged to
sandwi ch 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 | ower surfaces of the

ext ended portion 25A by a switching nmechanism 78 to alternately switch

bet ween the EM neasurenent section 25 15A'8nd the BT neasurement section
15B. That is, the connection boards 15C and 15D are switched between the EM
measur enent section 15A and the BT neasurenent 24 section 15B. Each of

t he nmeasurenentisgethgpsdlbémend 1%8 nay heshapeedompdpiagbewatd badtng 512
channel s so that 512 devices can be sinultaneously measured. The contactor
11 and wafer W£Eahhbeotbeal k§igs bootigbh ofit bheonvatacwbrhléachTheher

t hrough an ani sotropic conductive film 31, as showmn in FIG 2. Each of the
bunps of the ceacasdoring-ahadpredemenkerrodd padfoovhedhéntaf almpspr &her ably
has a circular shape or a polygonal shape, or a shape of a conbination
thereof. 10 ThéamaxFiaem RenghAtopfathanpiratt Aengrsbaradr eerben 24A-
preferably equal to or smaller than the pitch size of the el ectrode pads of
the wafer. EachlBuhpehaycpestarhedPrhls geﬂ?ﬁﬁE?@F of, 1BS§rtedpout 75 ~ m

The b f t i nt | f .about 120 ~ ith 15 t t
The e ™ ReEHeER haf raRat tRa SRroher Bone-SBaRacl PoabrrF2aE hos an®

| i h he_b f.th d

Gl oot rode padsBR (AR varBr ARagiia Fobar AN FaFEREBL AL TELR BB%ansor bed.
Lectrode pad vaf 8F

The ani <ot obi ¢ copdugt kechLL I3 2AHRY Be hr FBALEOTNA ov che

tetrafl uoroet hyl'éne resi and aggr egat €s having a

diameter of, e.gay gartiBh 8k EBQk@éfékngtB?ﬁ?ECESEtT@hCT?P?EBSEHEV

arranged in the entire surface at a predeternined interva 70 am

and extepded tpedghstheagd tettabhuopoehhyhgnear Bs$hgesheehe3pAiragrshown
in, e.g., FIGS 7A and 7B. The aggregate 31B is forned by gathering netal

fine particl esgabospthhgsr eapportWwhrs arm52aDpr eBguthel Suapplibadofo the
aggregate 31B, the nickel fine particles are set in a conpaction state.
Hence, only bythasegati agrtihgsanitbet fopst endduetomd kihprShapetinveen t he
contactor 11 and the wafer W the bunps of 5 the contactor 11 and the

el ectrode padsmefmbehe @@Rernw 23R benebasvtbenkflyclosall yibholghtlent o
contact with each other through the anisotropic conductive film 31 so that
both can reliabPycBe elbet prear| pecbpnéened’ WhE¥ TaveMat oFE normal |y

di sposable. Referring to 10 FIGS. 2, 7A, and 7B, reference nuneral 32
denot esta waf elfeRBRAEFNAdE - of TRemAGREt PEChaRéFal 7Euéh*8s Ahei fékShased

raterial. 1o aLigncLhe Bulbe oL, e cOMAstor 13 and e pLeghLogk e o
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 that the
hermetic state is maintained.

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

25 have a pair 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



15 As shown in, e.g., FIGS. 3A and 3B, the contactor 11 may conprise a
heat -resi stant substrate 11A, conductor circuits 11B, a plurality of bunps
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 11A is formed froma material (to be described later). The
conductor circuits 11B are fornmed on the upper surface of the
heat-resistant substrate 11A by using a cbRductive metal (e. g., copper or
a copper alloy). The plurality 25 of bunps 11C are forned integrally with
the conductor circuits 11B. The pad portions 11E cone into electrical
contact wth thedpegeni gas24A aupphged Gprom 2H thereogaeckupplli ng 24 of
the reliability evaluation test apparatus 10. The insulating coating 11F
covers portionappaceptist ié thmoeghi ahepgdspenppbpspdtb aad.connecti on pad
portions 11E. The contactor 11 can 5 suitably be used for a reliability
eval uati on t esPceredihgdyat an teapér ghar etnbspbéCeoprner eedlikéngngalsat i ng
coating 11F prevents any unnecessary electrical contact between the
contactor 11 amtimphEpheskeisVreiated, 15t fbkecensétershil ycdhmetetdon 10
bet ween the contactor 11 and the wafer Wcan be ensured. The heat-resistant
substraté 11A ménamemeﬁaap9 ﬁﬁééeéPoadﬁﬁﬂeFPthﬁh§§§tﬁﬁ§rHﬁrtéﬁﬂansion
coefficient under a hlgge e erature a_material whose
[

thermal expansP&HWEGES LRRTeE ﬂﬁeaﬁsaﬁgﬁ HP?@EtWoﬁnth?hEaéSﬁtactor
LT uner s temerstine S AS0C\00 TICE LEudhe, B0,RO0LE o0 Brsleranl . 2
to 30 ppnmi C. E e h=tém t 1

| e, 35 h | f f.the_h
20 substrat e 1R SeRa Eﬁé?ogﬁéﬂ’&‘; sA0GERG, aoF Efketant fov ﬁ?te 5%2%@2?‘”? he
total contact %gﬁb?xcé? Qe % F”?y e@gguBEEgEEEEQEbﬁgn@g%%h@%dc & be

reliably ensure and the r ation test C rella

execut edg The aea&n@egl§gankl§5bagga&ﬁ éléraée€a¥m99e639ﬁoahtakol%ﬁst one
material selected from e.g., a heat-resistant resin such as polyimde or

bi smal ei m de-t ihazitngasa haaknr @si shart gasi AtWbkBherd7aadysi-nkor cement
material (e. g., glass cloth or carbon fiber), a netal such as al um num

copper, stainl esgugtiegl gaanaitneaphakkoys dormadain aheosaudiospadeh ias
silicon, and a ceramc mainly containing alumnumb5 nitride or silicon
car bi de. When the wrfeor etpmbgei akstapre U8edmethé he&krresnstaénbnsubstrate
11A can be fornmed by appropriately conbining the materials. The material of
the insul ati ngseeat ragcoRPers inberpannectianby thitni eed. fTFemedxanpltde a
heat -resi stant 10 resin such as_a pol yi m de-based resin is preferably
15 wafer W and readily oxidize may be prevented from
oxidizing under a higher temperature, or metal oxide
films may be reduced. 1In addition, the supply amount
of the inert gas and/or the reducing 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.



used. The insulating coating 11F only needs to be fornmed 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 -resi stant substrate 11A. The controller 20 can display the test result
of the wafer Won the display apparatus as a wafer map (FIG 16). The
controller 20 can also transnit the 20 ted? result to the aligner 50

t hrough a data conmunication line. The aligner has an arrangenent as shown
in, e.g., FIGS 5A and 5B. As shown in FIG 5A the aligner 50 conprises a
| oader chanberohltibi basssosesthbedvaéetellV 2dgaal, | aadskygenads the waf er
W and an alignnent chanber 52 which is arranged adjacent to the | oader
chanmber 51 to abhganthetwahenedéandmenht actdionl28 (BBGLnNlyherabhgedent
chanmber, the wafer Wand contactor 11 are aligned to be totally brought
into contact winthtkachoosheg. 12l chbaghahes theuskyderdconcenhnsfteépn.
mechani sm (tweezers) and prealignment mechanism5 (subchuck) are arranged
in the | oader BaagbernslantTheorafiersngnelunioughpadelameer needr tenbati on 10
the wafer Wthrough the are transferred fromthe carrier one by the
tweezers? | n t Apsmedansfartpebcead; vBlpkeathgnegien &kE- suBBROckhEsi ng an
flat or notch as a reference. After that, is transferred to_the alignment

chamber 52 twe82Er&S ASPLAGRA VhTRI & r8ALCiNfedasSpl aP8 BStRL qkidened to
th | t chanb 52 t f / d. A /,cl drivi
rechani om 54 mouo8 BRE RESH praredi8YE3PRachRg ERe. Ban el croseegy O
/ cl th . i f j . i i
port on 53a hatohe chiSnERRaEnG: sheruRrbRoT tha BaNPEEeSE 18 Fehfherng ar®

t he center of %Qgigggg Bhé&gr§§alEgUEoBBéEEEd”ECha”iS”E 53B which fix the
1 on t

20 cont act or are arrange inner surface of the head plate 53 (in

FIG 5Apthe head phét%h§§niinQP@G@d190%H%E§§eBELrEOm%%h%ﬁ§BQ ghe jfsi rst
openi ng portion 53A, As shown in, e.g., FI 5B, each fixing nechani sm 53B

conprises a presseAemREdD3PeWi 6Pole Ph¥Olakky BeYRLEE 28cthod necess
portion 53C fornmed at a correspondi ng one of four portions around the first

openi ng portiobnb8Atedndngan ahe hylisnder 183E menpretvadi hoFLBE.pLoxhaal 29
portion of the press nmenber 53D. The air cylinder 53E rotates the press
menber 53D i n €pubhher pkeskursemeohéhxshhé3cnayacbopriiepbapedsenrehe first
openi ng portion 53A to the head plate 53.
plate 13A that presses the contactor 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



5 As shown in FIG 5A, a main chuck 55 which can nove in the X Y, Z, and 8
directions is arranged under the head plate 53 in the alignnent chanber 52.
The wafer Wis placed on the main chuck 55 through the wafer holder 32. The
mai n chuck 55 noves in the X and 10 Y directions through an X-Y stage 56.
The main chuck 55 incorporates a rotary el evating nechani sm (not shown).
The rotary el evating nmechanismvertically noves the main chuck on the X-Y
stage 56 and al so rotates the main chuck 4brward or backward in the 8 15
direction. The tweezers in the | oader chanber 51 nove the prealigned wafer
Wonto the wafer holder 32 which is nounted on the main chuck 55 in the
al i gnnent chanbties &2l imdedvieackanse V&b efo hotdes tmy bentacecpf1a magnetic
mat erial such as an iron-based alloy. The 20 wafer holder 32 is used to
transfer the wafiesuyt atide conéastne dllawdi LA ar eAcod eginadg ey, byha waf er
transfer tool (to be described later). An alignment nmechani sm (not shown)
may be arrangeentiré hsunfaganeht tiohanbetadlor The asignbEotmbecheessed25 has
an upper camera fixed on an alignnment bridge and a | ower canera fixed on
t he mai n chuckss5tkagebunpages thaseenbycthestl chekiaklareotiaspyagedeon a
di spl ay 30 apparatus 57. A toucr panel is also _displayed on the display
screen o} the HPEpla9nbpphruitl srechrodatrade afi ghervaberpé- opdfated on
the screen. The mai n, chuck 55 is noved, K and electrogg%p?ds on the wafer W
e

are 5 sensed b§PP¥R HppktCcaferdd 2ix} hhas¥ne s F &b, iR®chuck 55 is
d, d the,b El 3 f t tact 1 attached t he head

SF;Se Sgnare ggﬁ%ﬁ f%édtﬁ%t?%%g?a%ae ? fx%ﬁ %%e%%%gfggg gtﬂ?gtéﬁggeegata,

th | ectrod f 1 1

bl oned. Aot heOdEr b REcHRRLeNE APl PR TEECQ 1 30 CEnEPALEELRL,g ] are

Pat. Appl n. K%@‘%qtggbéé@aﬁéggs e 1ds 238 7 7 PBY PﬁeUéSHFaJPSrOFF”/C' ose

driving nechani's I's preferably designed to accurately totally bring the

contactpf 11 agdquaf efsWdactihEeQniBshe WEREVSE b benORRRAELRSE70psr ation of
the head plate 53 after alignnment is conducted repeatedly. Areliability

eval uation tesgohgsstédt tRASHEL £ChDygdaia eRaMHBLAEabbpPivht Hrt he
reliability evaluation test apparatus 10 can be di splayed on the display 20

screen of the dhephayjeappavatys S5dcasomn Wafendnapn(Fré&elibhe The test
result is displayed as nunerical values on the wafer nap. Defective
portions and tbpenedfalesedfterotple sestuxabibeyseéebartsnhsoaghashe waf er
map, and the defective devices can be observed with 25 a m croscope 79.
More specificafby, sarsegdnd dpear nghporenbacE3F hlj aceénvafertWe Whish

openi ng gortion 53A is fornmed in the head plate 53. The m croscope (having
1 are integrated, are placed in the wafer storage section

12, the press mechanism 27 is tilted 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



31 a maxi mum magni fication of, e.g., 2000k or nore) is attached to the
surface of the second opening portion 53F. Each device of the wafer W

pl aced on the main chuck 55 can be observed through the m croscope. 5
Hence, after the wafer Wtested by the reliability evaluation test
apparatus 10 is placed on the main chuck 55 of the aligner 50, the test
result fromthe reliability evaluation test apparatus 10 is transmtted to
the aligner 50 through a conmunication |i4%®. The 10 test result is

di spl ayed 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 novesa ¢oreuposi shape | amedi at 2t yandgekdrat hehei cevscopepdbyt Dper at i ng
the main chuck 55. A void or 15 the like due to the electrom gration
phenonmenon cancbetlvbstealvbel 23i amgd t ize nsecosd opeatar t heBwaliechshase. When a
CCD canmera with a lens is used as the mcroscope, each device on the wafer
W can be obser¥edimg shepeli apd ayuappards ushs7f 1 pot Theaaf e2 98 and cont act or
11 which are totally brought into contact by the aligner 50 in the above
way are transfBreeflfst tiheateriadhihegtevEneacenhrabsponpparaefisthe by a
waf er transfer tool 60. The wafer transfer tool 60 conprises a magnetic
circuit 87 25 Yetahghd i Fha sesendlearehpe?Brtoat§ ebie %@t%¥vﬁ@5€+9n
nounted on the case 61 to open/close the magnetic_ circuit, and a pair of
handl es 63 at tAENEEE 3 IRE Raceln® 3o SR NP EPE 20 rPBHELEPdes of ¢ he
operation | ever 62 s, shown in,.e.qg. .. Fl 6. A net be,used in

pl ace of the n%.ﬁ%??%a%érg Pt ?%F%%#%t%%g%?a?h%oﬂg n%?tgggo%etﬂ%ved in the
vertical direct] b kO Wh h opgrati,on is
performed in aég‘?g%eg%%?%?%e?ﬁ%aémgf%éte‘yg%sfgvﬂ'togﬁeiggg#gﬁeggflr%% t he

first opening popdi gy S3A-gleire headopbale 58 &fh GinBA)RNY OnLle enatactor

11, the magnetic circuit 77 1s excited. e magnetic circuit strongly

attractgo 10 thenwetershprsdes 32 €Rethatet @, COPhACkOE AL, 29N SOHT APEC
conductive film 31, and wafer Ware integrated without any m salignnent, as

shown in FIG 8lwéps esdodiveaédointberkiel fabstihyatyal 2o gRdt estodd nmet hod
of the present invention will be described next together with the operation

of the reliabiheédyervadBati Dn sésitsystem the hheaterenge thhe Fh&SEibA to 17
First, the probes (e.g., bunps) of the contactor 11 and the el ectrode pads
on the wafer \Weagkardsallgreayuslsg héee athgnei skoshapedoathisiatrfie head

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
heating 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. 1In 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



plate 53 is opened by the open/close driving nmechani sm54. The contactor 11
is attached fromthe inner surface side of the head plate 53 to the first
openi ng portion 53A through the fixing nmechani sns 53B. 25 Si mult aneously,
the wafer holder 32 is placed on the main chuck 55. Next, the head plate 53
is closed by the open/close driving mechani sm54. Then, the wafer W 33 is
preal i gned using the tweezers and subchuck in the | oader chanmber 51 and

pl aced on the wafer holder 32 by the tweezérs. Subsequently, the electrode
pads on the wafer Wand the bunps of the contactor 11 are aligned 5 using
the X-Y stage 56, rotary el evating nmechanism and alignnment mechani sm

After the end QEcakhgémgnhea&ﬁ@eheaﬂdékatﬁe5ﬁib§ eprpedatilipe.anraet ropic
conductive film 31 may be arranged on the wafer Wafter alignnment. The head
pl ate 53 cl oserebbengprachanpent i onppéfeéhebl) abhgnakst tohanbéprm2yby the
open/ cl ose driving nmechani sm 54. Wien the main chuck 55 noves upward to
totally bring hhetbthpsenfitbesoohtaet of theawdfeheWetecl£0Ue qadsond t he
wafer Winto contact through the anisotropic conductive film31, an

i ntegrated shewhi¥e ssttanbudi hgnpaeatwater dhstdébuB2onsinothedwalerer that,
when the operator places the wafer transfer tool 60 fromthe first opening
portion B3A of wikbiRed® f°4t-e Henesy o Wisd cEntdact GOPPETad® MF@datdss t he
operation lever 62 of the wafer transfer tool 60 to 20 excite the magnetic
circuit, the waheripbpaepnsectiontpheréals r Bhft hetesRAPREE6ELI2DSSPRE by a
strong magnetic faéc , SO %hgt t he cont actor %1 anisgtrggic conductive film
31, wafer W anBSRaREIPHOFHLRS3538r BS| AEEYFAFRY Y EYBHUGFBAORY any

m sal i gnment. 25 The, head, pl ate,53. i $.opened.hy, teleasing the fixing
Techant o 538°0R0REF ERat oy R Laap e EVangrRer b8P BB e k8B ached 1 om t he

mai n chuck 55 Iyt ; ekl 7hi okl o_then
reliability evgﬁggé?g%tggsgogggg%ggésé?Okhgnﬁlﬂ%ugggéggéﬁgﬁ% ﬁéQtQ%gEQ of
the waf gp storage, sget heAsig extracted fromthe housing 19 of the apparatus

10. Next, when the press nmechanism 27 5 of the wafer storage section 12 is

tilted by handl e openat keringheoarter sedas tpebhis@n tak esheneonbaeior 11 in
the wafer storage section 12°is pressed against the seal ring 26 and fi xed

(FIG 2). By tbtsrapersttenont he watend¥ tenpaearthy e@feS (FAGAtceAHact
with the 10 heater 29 on the table 22 through the wafer hol der 32.
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



When the outer edge portion of the contactor 11 elastically cones into
contact with the seal ring 26 on the connection ring 24, a hernetic state
is forméd. In addition, the contactor 11 elastically conmes into 15 contact
wi th the pogopi ns 24A of the connection ring 24 so that the contactor 11
conmes 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, 2Re 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 mechagksfiddDiok.t heaphesgutBemRehRanrefichd 8BdtdansURBRI 85d
conpressed air into the bellows 13B through the through hole 13E. After
this injectionlsBhaagybendermaeciasnsa b3Rraovasyihhe sprestdnaeplsatlse 13A and
35 bell ows 13B downward. The auxiliary heater 29C on the | ower surface of
the pressure pltane 532 devicktedannbedeithétpnesssigchaaisamed?. In a state
wherein the pressure plate 13A has reached the | ower end, the 5 auxiliary
heat er 29C on the | Gher comtiadorofl It hadpmwedsur & plaat del3Ateddns into
contact with the contactor 11. At this tine, as shown in FIG 7A, the
pressur eSof thérprebsuiniedcanitact whdhbepcbwotheB thgowght B& pressure
plate 13A to press the central 10 portion of the contactor 11 through t he
auxi | i ary heat 8niz9€ropdct Rendigs iventaditosl11ass ShRvhoiR Y 1fr-egsed agai nst
the entire surfac of_t fer W, The pressin rce fromthe pressure

pl ate 13A and EP& OﬁeEg§n£§WP§7OFOFgFI§°BF?ﬁ§grtﬁé Bﬁﬁp§g%1€EGFtFﬁge15
contactor 11 and the elﬁctr on.a mul t|.

ds ed
i nt er connect i oR378 8F £HE W 8Fp®V ﬁfgeéﬁg&yrpégl cgﬁfﬁﬁﬁthfgﬁgﬁ e
ani sotr opi ¢ cogdﬁgt é% ﬁ'ghgﬁuéTg? gukﬁib%y%%eq o gglﬁgQQ%%tE%%re%fOf the

wafer Wmay bef y a’s ture a natively tacked

nsuatigg 11! Mhel Gl SniEo a5 AN 1hN FLCpiTBn Whectantachar 11

may be deforne an S pressu air in the bell ows

13B corrects tE@e@%&%bE@tbggantbh%rC%ﬁEQQ%Qrt%%ntﬁhguﬁhthﬁeSiQé'bﬁary
heater 29C, as shown i n Fl . 7TA 25 and 2. Wth this correction and the

ani sotropi ¢ comduckileethible phdsadt the humpes.of rhhe eoRpaaker bkl and all
the el ectrode pads of the wafer Ware totally 36 brought into electrical

contact wth edohlrmethentbyaadiamkaem pifesei.ng,f aboat M5 thm.refhability
eval uation test, 512 devices can be sinultaneously neasured. Hence, the
test time can bemgseaklyybe formed at an interval of about 120 pgm 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 tetrafluorcethylene 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



5 shortened as conpared to the conventional nethod using a furnace. In the
above- descri bed enbodi nent, when an inert gas is supplied fromthe gas
supply port 22A into the wafer storage section 12 for a predetermned tine
10 (e. g., about 30 mn), the air in the wafer storage section 12 is
renoved fromthe exhaust port 22B to set an inert gas atnosphere in the

waf er storage section 12. The oxygen concentration is decreased to 10 ppm
or less and, nore specifically, 1 to 5 ppaPor 15 less. At this oxygen
concentration, oxidation of the el ectrode pads and netal interconnections
of the wafer Wmay be reliably prevented. For this reason, the el ectrode
pads and ”Eta|aiF£@£§@ﬁ@e§§i@ﬁ§lﬂ@& be tRenegyb¥gated31BFOPREI nOEkALCOPPEr
alloy that readily 20 oxidizes. For exanple, as shown in FIG 8, when a pad
P made of coppeinerpartoppes aréoyetwbhch tsmpecebbhystsed, iHBehoeped on
the wafer Wand left to stand for a long tine until the test, an oxide film
is formed on tbelgubyateseftihe phd &#niFbebrogidecbdbnurtiakesf2bmeBéctri cal
connection difficult. Even in this case, when an inert gas such as nitrogen
gas i s suppliedetweent heewabrtrastoragytd sedttbe ¥afen Wdvbheebuopsopfh 37
an inert gas atnmosphere, the oxygen concentration in the wafer storage
section 32 is bbereasbacterabbudngetbeatlpghrodetpadshaf, theavahgri ¥
performed, and the contactor 11 and wafer Ware pressed, the electrical 5
connect i on theFéBePﬂe%ﬁaﬁﬁb?é%ég tV%@%thErQHGFECénEP EABLAGH Png

consi derabl y OXIdb g nert such as nitrogen ﬁ E conta sever al

% of a reduci n§2g heh rﬂ?ﬁpoggﬁ gassPsrShphl BRIHEGELVEREL st or age
t 12 d_h t d

Fer o 12, SEE Lyt BShokehbuy bk gt l Erlsagfﬂé‘o'ﬁémﬁiafx' :

connecti on bEtrQS”GBnggég féaHQrﬁQTEQC 95 %gbggrovﬁéfek9lh soway, after

sati sfact ory electric connection 1Is tween t ntactor 11 and

the vafes W thecgonbacygr dnalis) 5r9§§§éH&éZEQm§¥aih§2p&@ﬁ89é§ mechani sm
13. Wth this operation, the contactor 11 and er Ware relrably

electrically coanpgetednodndranhgbi 86l &8 nebhabitki hyteyahyatien hest can be
executed. At this tine, the inert gas such as nitrogen gas or reducing 20

gas such as hydhogesngBsska megevedifrompt heigxhanst bpRps 32BthSi nce the
space in the wafer storage section 12 is mninum the use anount of the gas
usage nmay be suapptessed Ld andi hbben eAsctesdei bedsabbdvehei RathrsWwenbodi nment,
the 25 reliability evaluation test can be executed in the wafer form All
the wafer diciayg ptogess tadbasdesbrybe¢gathbgrngaypbecessdin the

conventi onal nethod using 38 a furnace can be omtted. As a result, the
test tihe As shown in, e.g., FIGS. 3A and 3B, the 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 11A 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



can be shortened, and the test cost can be greatly reduced. Especially, in
the assenbly process, it is difficult to directly bond a wire to the pad P
made of “5 copper or a copper alloy. For this reason, as shown in FIG 8B,
after a barrier layer B and pad | ayer Pl of alum numare forned, a wire L
must be bonded. In this enbodi nent, however, since the oxygen concentration
in the wafer storage section 12 may be decreased to 10 several ppm the
barrier layer B and pad |ayer Pl of alunmi4®mcan be onmitted, as described
above. As a consequence, the test cost can be further reduced. In the
conventional nethod, an alum num pad |ayer is necessary in addition to an
al um num barri gfie | @ygiedbi becolisg 2hecf Ur@cee] SalgENet @l dyapeLtion seal ing
property. \Wien the pad portion of copper or a copper alloy is oxidized
during a test,tést beomaestas fI0 cul The olenslatei ey ecdattry TOhnecstéps. Next,

t he heating nmechani sm 14 operates. The 20 tenperature of the heater 29 and
auxi l i ary heateorR8@s nexeeasesthd heoteat el en 28adnho 29> heat 1P hendaf er W
directly fromthe upper and |lower sides. In this way, when the wafer Wis
sandwi ched andceieReeHi®y P#@ Peutben2olbnd alke| ¢arlagear ekl 20@fromt he
upper and |lower 25 sides, the wafer Wcan be heated to a target tenperature
t 350C at> maxi néig talply RBeopsedi fer (2. rgliaRdthin avatyationabesti on, since
t he waf er storage %3 section 12 has a h ai insul ating structure, any
decrease in teﬁ%%?‘é? 2Hu teRRERtUre st hat POIT IHoMYtfe waf er storage

section 12 can be effective S ressed. a_resul t he wafer Wcan
easi:y be 5 naintai&%ﬁ é%gPLétfﬁggg?a éﬁ%engupﬁgvgﬂtshQHYer 29 may be

constituted by, the f1Lsl, aDf. SO0 NERLELS: 294900, 298, vbi.ch. kpdvi gual |y

function. ea drssipated fromihe outer edge portion of "The

contactor 11, Lhg E’Hé%a?@?%‘?' hﬁé‘ﬁ@é,2§{3a169éié‘Pé%tP?HB?”?ﬁ%ﬁéc%?oBor the

di ssi pat ed heat conponent fromthe outer edge portion o contactor 11

and mai g ai ns HHe.E04 1 e SEbhesertof theaNafene Watethg taR0st tenperature.
A variation in tenperature distribution in the wafer Ww thin the range of

160C to 350C naysBeegUPPressedat orddi2tan®CGabst £56e. 1 Vensan
electromgration test is to be executed under a high tenperature, as shown

in FIG 2, thepeenseshlopmbaardf 19Gnatet hel ENhoBastheneal sephhOhoAbA i s
brought into contact with the external connection 20 term nal of the
ext ended portiooefbfcbént henderiaghigh temperature is very small,
e.g., a material whose thermal expansion coefficient in
15 the planar direction of the contactor 11 under 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-resistant 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



board 25. After that, the EM neasurenent section 15A sinultaneously
executes electrom gration neasurenents of 512 devices in the wafer W The
tester sSection 16 anal yzes the test result. In this case, by stably 25

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

i nt er connecti ons 40 of the devices is readily induced. As a result, the
test result can be obtained in a short ti#®, and each device on the wafer W
can be evaluated in a short tine. Wen a current should be supplied to
execute the 5 electrom gration test, the EM neasurenent section 15A
according to tAi seenbodtsraht caatsupply (éhgee kiads olochroentsrbbne., a DC
current, pulse DC current, and AC current. The conventional nethod using a
furnace uses afsbbhepr afmstippl yuoly asl ylamDOunur cepperpubseibledd current,
or AC current. According to the reliability evaluation test apparatus 10 of
thi s enbodi nensteehe shnghvaappatayusorahnvape @i thndhceercancbnassupply
schenes. Wen the three kinds of currents are to be 15 supplied, as a test
pattern 77, a sébicpattend fofabdambén TaenhEfepnppiasnghahkNinume. g., FI GS.
9A and 9B, can be used. These test patterns _are normally nost frequently
used. Ba%ic teBitpafeePhsSiheroRecarPade - pafherntyp arshAgremeERRLAAF type

whi ch has a 20 connect,i o hoég t _an,upstream end 't? espectf to the fl ow
of el ectrons. ALSSHORA | hOBI ReabAreahatartoSEPRhE fbPn 0 BB0LPE ter ni nal

t whi ch h ti hol t h of th t d t

bode withroonERrt el R e PPEaREFa B At FaRB oA ES B ARRTER A S0 185 She.
test pattern OL?EQ§i§anketﬁgr'.Qﬁha£ ﬁgréBQ%@nb?lfkeﬁsgﬁbks used when

electrons flow fromthe I'ower I'evel I'n connection to an upstream

i”terCO””eCtiOBartﬂégi%%ygggiﬁTEeHQ””?SE aQahghe, QPBEBEL¥es§s€HBEe”t

i
density of 0.5 to 2 I's enployed in an accel eration test. However,

a lengtfol of ackestsfiBhahsi At BHCOMNEaELBAsBREAEstA B8 ?@Efé@a@lbength at
which no 5 back flow effect occurs. An interconnection ength L of 50 a m

or nore sufficasedlhough ithsusapiafeeabtynd001F00300 nedtsThe best

i nterconnection width normally changes dependi ng on the device or the

obj ect of the festetiooheaexertihed. eXenapdupigcinieatonnrnticohsncan be 10
normally laid out on each side, i.e., about 20 dummy interconnections can
be laid out onpbsthossdésrof azedéebiéinyoamdluh&ibnt Eecdnnedsi showno be
tested. These dummy interconnections are laid out to obtain a target

i nt erconnect i oANWFdgh hi PR apsHdprAgnanyapedxi At yuesB asfacsiilhcehe

| i t hography process for formng a thin test interconnection and to detect
extrusibg of acnefgl 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.



as an interconnection material fromthe interconnection at the tinme of
electromgration test. In the test, the extrusion is nonitored basically by
four-tefrmnal 20 neasurenment. Wen a DC current is to be used, the test
pattern of a single termnal type shown in FIG 9A is used. An

i nt erconnecti on whose interconnection length L is set to 100 a mis used.
When the test interconnection is 25 made of copper or a copper alloy, the
test temperature is preferably 250C to 350%. Wen the test interconnection
is made of alum numor an alum num 42 alloy, the test tenperature is
preferably 150C to 250C. The density of a current to be supplied is
preferably abobh 0hé &Dignm®tnghémbarpi thanyafeerwasedi soheapescat ute due
to Joule heating. FIG 10 shows a 5 change in relative resistance val ue
when the test paételngsbddwhoibeFt&adlyilsrosedt Bstoscappacenwifthom FI G

10, there is a long tinme (Incubation Tine) in which the resistance val ue
does not increasehaothen, ahdthéueh nbbtitinetrahedresi sranséeval ue
abruptly 10 increases (G owh Tlne) At this tine, the tinme when the

resi stance val ¥echaBisncfbdsegers) @n@ Prﬁébl@ﬁmﬁﬂg nechenipBd as a Tine To
Failure. FIG 11 shows cunul ative fail ures when, 30 deV|ces wer e

si mul t aneousl y { FE?FBECE§|ﬁﬁetﬁéréﬁﬁﬁdtégttbat%%?ﬁerlﬁhigbﬁFG. 11 a

| og- nor nal dlstﬁlbutlon is used as a statlshlcal di stribution.

reliability eva EaV?BﬁrFe@taﬁﬁpSFﬁ?ﬁgeiéega rgpshh §|ﬁﬁFFéﬁE08§Fy ¥utput a
Vi bul | distributi a ngénag dlgtrlbut 9 hg a dltlgn to_the | og-nornal
di stribution  ROFeFRFAGoRots preeRets L aRt thisiEFebo8hs Prprare s
defined as NWFnééhgh?Qern?s rgg%iﬂﬁge Vghgh eChBERGA 8 1Bﬁ] aflr adi ent for

| i near appr oxi i on correspond arla ion 1n é gratlon

These two Va'PS%1éﬁ?a¥§6M Eﬂ99r89”509éﬁaﬁgt§r§ef8r8ﬁ89'CtA@EeE“EhZ@
electromgration life for
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 53A,
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 around the first opening portion 53A,

and an air cylinder 53E connected to the proximal



When a pulse DC current is to be used, a pulse DC current shown in, e.g.,
FIG 12 is supplied. In this 43 case, the pulse frequency is inportant. A
pul se frequency of, e.g., about 50 KHz to 10 MHz is necessary. The
reliability evaluatlon test apparatus 10 according to this enbodi nent copes
with this 5 frequency. In the electromgration test using a pulse DC
current, a transition in the noving node of netal atons occurs dependi ng on
t he pulse frequency. The frequency of traRfition has been reported so far
to be 100 KHz to several MHz. Hence, the reliability 10 eval uation test
apparatus 10 of this enbodi ment can properly neasure the noving node of
metal atonms. VhemtaBnAGfcHheeplkeks memberssdppl.i edhel kiirs ciylpadeans3E0
change the frequency and the duty ratio (ton/tcycle~ while keeping the sane
size of the areatateshéhpopiresgeméhbeegibGD dndcnegakeiredockgice ab tthe
frequency, as shown in FIG 13. This is because it resenbl es the behavior
of metal atonsthki chntreoentlypdecedsonntar (ESksti ppentng\ibemrtawn
el ectrom gration test is to be executed 20 for devices in the wafer form
512 devi ces caf3Betsi ket hraduslypteeSBed. To the contrary, in the
conventional nethod _using a furnace, onIy about 100 devi ces can be tested
at maxi ndm Hence, fiSeStO¥D dapABO-i O /i & FidRechiuek fo efied s of t he
present 25 invention by four-_to_five- f% In addition, when the t
pattern Iayoutmﬁﬁetﬁﬁ fefr mranaftﬁ@dgrou%?ﬁﬁc?hﬁ%flbﬁ %?r?ﬁg?dp%? %Fns of
the reliabilit u app ratus 10 are. use very i nportant
data for devel Bﬁeﬁ? g@éﬁn éuég &PQQEP% gﬁng§|ggbl|l can be
efficiently ob d..at _o ngl.u g cQRn

k% L §s EE%Ce gh @h@ g%ﬁgucﬂh %C28 %%%Egéé t%EA to 140),

dependence 5 (| icatron o amain SIO path)

the oritical | gokh (loelr bl calbeRglR) chELR siSAbyeand pRener yorh enot

dependence (Fl e contrary, in the conventional net using a
furnacejoeach paghagetidst hers@hneuar x-ti ERagachedat @nl0niadnt @HRE K

nmeasured. This nakes the test very

55 incorporates a rotary elevating mechanism (not
shown). The rotary elevating mechanism vertically
moves the main chuck on the X-Y stage 56 and also
rotates the main chuck forward or backward in the 0

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



cunbersone, and a long tine is required to obtain a result. In addition,
when the devices formed on the wafer are tested, output paraneters rel ated
to the 15 reliability, for exanple, the distribution of TFT or initial

resi stance values in the wafer Wstate can be output as the wafer map shown
in FIG 16. For this reason, the distribution state can i medi ately be
grasped. For exanple, referring to FIG 16, the output 20 result of the
devi ce, which is indicated by double indié8tes a change in relative

resi stance value shown in FIG 10. Fromthe cunul ative failure distribution
shown in FIG 11, a change in relative resistance value with respect to
time or cunul abpperhéubupes WAt Bodbrrpapect ikoalkeedeaplayeadbat ehy be
seen. Hence, on the basis of the test result, data in object may be
efficiently obtiaspedyi Bcaeshoot theedikplagdappapatuibe57 4b taaterthsecti on
16 can efficiently and accurately analyze the data in a short tine. To the
contrary, in théigonaventhohal operhbddusnhngha Suoreane, Thenmdewi cascare
packaged after wafer dicing, |abor is needed to put 5 marks to discrimnate
bet ween t he debbces. mIhed, napdakdeckeadet padar khngher wefer Af eee t he

el ectrom gration test, the test result can be transmtted fromthe

reliabil Pty evarnaefohyt b5e upparacane1n -t oAthehal pgner tipepy thgt ain

comuni cation. 10 The _aligner 50 has a capera and_m croscqpe, for alignnment.
Hence, when t h&PPEYt ed haf BPVEHr s2Bet tPR PHBPE i(§hFent) cRaANDBER 52, and a

e et ve Gov 0| 3cRLOTRC P2 REPLSL BBy TEES SLELY, 40! D, osoore
| ect i ti i di at el b ok ditiion, _th b ti

e ecttom o211 B0 68 B, LITESLBLEL) SREghiefeL IS gnsgile mbssT vl Lon,

Fecti 5 of 51 el _ h

5 2,0y ce M Lh-01g0n0cTul s 3ho0e HEY ) G MELGS MPuyghe

disP'ayl@pparaEHﬁt§§§o¥h§1039Er21958%?? ahgRRE QQi&ﬁﬁeg%a&Q%BQBQQan a

manual node as needed to observe a ective portion and a region around it
at a hi gh magnif ikeahh@gueVBeBpheshstance. gehavpar spat . vapg142 ROKhiTONs to

be extracted are designated in advance, they can be automatically listed up
after void obseuvatcaniby Nbe aligsere3Omaftee tbedtestTheTopehgclose
driving mechanism 54 is preferably designed to
accurately 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 result 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 53A

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



46 contrary, in the conventional nethod using a furnace, each device is
detached fromthe package and observed with a m croscope. A lot of |abor
and time are required for the observation. 5 Wien the el ectronigration test
is to be executed, the tenperature distribution in the wafer Wis
controlled, e.g., 2.0Cwithin the range of, e.g., 160C to 350C. The

el ectrom gration test can be executed under accel erated conditions of the
10 tenperature and current density. As tedt result, MIF and variation a are
obtained. After tests are executed under the different tenperature
conditions and different current density conditions, acceleration
paraneters Ea §AatkvatioRagnefoyataod of( Gargent 2a50expengpky) are obt ai ned.
Finally, Juse (Usage used current density at operating condition) is
obt ai ned. Juseissaptetkedbty tsel angfaas pbHsshbl sec@ndt bpehasygs of the

el ectrom gration principle, the value n falls within the range of 1
(conponent of goowibnt bAE) tBagh2@evioapofiehheovafatulapilaaeti o) th¥he

val ue n changes depending on the formation accuracy of test patterns or the
rel ati ve changBatestbualiceSchangeerabsergedwhheaughdebecrirsopeghrded as a
defective device. Ea is an activation energy for diffusion, which is

det ermi ned by Benehe ahteri bheanafpr o¥ebeshigddoyoEheoFfairbhloEYt est
patterns. The values Ea and n are determ ned in_accqQrdance with the wafer W

and not in accBV8aRBEl@Rt heST49PPRE2HBFT bP nafcBlBFeEneRr EPPaBPi Pt y
| ti t est t 0. To.th t ,.th i i 6 i ffected
by the perfor nERCE P oAb FBFi AbHPIES B0al DAE BRoFebeodpparhels 86 Fi G - 17
h the d L LD - d N
R e R i 42

words, when a g3 ggégﬁ%iSnSrz5@:§h9%ug§r§’c5 uhﬂ&gﬂﬁgﬁiégﬁethebength of

MIF is not observ e“variation curs due tot waf er (LS

manuf aciyri ng pegeessiudt EBedis%h§9Ehi5M exal yakpHonyt gekedpParatye 10. The
variation 6 due to the reliability evaluation test apparatus 10 is

preferably as gmBplagsappashblhe. 5Thasvarwateenmépgengr akedcbyukbe for
reliability evaluation test apparatus 15 10 can be classified into two
types: a vari athenteatsednbyet beltetrpdr ahutkedssteehuti Ohisntebeedaf er W
and @ 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 transferred 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



vari ation caused by the variation in current. FIGS. 18A and 18B show a Juse
| oss due to a current variation and a Juse |loss due to the tenperature 20
distribution (variation), respectively. As is apparent fromthe cal cul ation
results, the loss due to the tenperature distribution is enornous. To
prevent this, the reliability evaluation test apparatus 10 directly and

uni formy heats the entire wafer Wusing the 25 heating nmechanism 14 in a
very smal | space, thereby suppressing the3fenperature distribution wthin
the range of 2.0C even under a high tenperature of 350C. 48 Hence, the
variation due to the reliability evaluation test apparatus 10 can be
greatly suppressetdheabdfanaptieet ¢hti gidesonft esk cparaelbabllgvee égecut ed.
When | eakage current neasurenent (Bias-Tenperature 5 Testing: BT test) or
TDDB (Ti ne Deperndshbowbi ehecergc, BEeEakdéwn) At matines meybbeexeedt éd in
addition to the above-described el ectromgration test, the connection board
15C of the EM pkaserefehheseaghohidspirsusiit chedthdst heseeontibeti on board
15D of the BT nmeasurenment 10 section 15B by the sw tching nmechanism Wth

t hi s swit chi nghagdhefehelit beeBp¥edahnbbheonattiedlbjirhetspaghby &ppar at us.

In the enbodi ment of the_present invention, the conventional assenbly
process 2an beCBRFREEAN LAV&APE onWhRBN)2REVFCRREERRIDE ﬂésP@éfQmeé t he

sane tine. For this son, the test cost can be_reduce and.t he test
efficiency can*Be? gféag?ywbﬁﬁ?éﬁsgae g§ﬁ??6659gpgﬁoﬁﬁe?éﬁﬁﬁgs of test

Phis t ot “ng « 5FR%; SRBaErafi bPERbabt ést? ta.O?f 5?&?% FBh BRAPnEbraCg Pl
pattern. and a phgnapabherncpl LaheLaoopest| opuaaLenacal diquy, pet veen

I nterconnecti o rrng to pOI’ i'ons 7i ndi cate

the sections 0572§s'8585988”ec%h8” ¥h8%@9 EEQEhE?e gk&ﬁﬁg&ogek?gbﬁéted by

the alternate long and short dashe Ines in FIGS

respectiyely. BPhbhywEEES nd9Geand219D tn4? tAdi eahedclogontact hole to the
upper interconnection. In the | eakage current test, a voltage is applied

whi | e keepi ng bheswatepi¥W abnauptetet €5 minned, taﬁaewafa&ew améd a change in
| eakage current generated between the 5 interconnections is nonitored over
time. The tineiontogkathé wéakage enyremntaleégohesta psedabennined val ue is
the tine to failure of the sanple. As in the electrom gration test, the
di stribution oFI6he6tinme to failure is plotted. In the | eakage current
test, the 10 Weibull distribution satisfactorily matches the characteristic
life. 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. VFirst, the probes (e.g., bumps) of the
contactor 11 and the electrode pads on the wafer W are
20 aligned using the aligner 50. To do this, the head
plate 53 is opened 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



In this test as well, many devices can be neasured sinultaneously, as in
the electromgration test, and test results corresponding to test patterns
can be put 15 into groups. For this reason, a plurality of measurenent data
such as electric field dependence can be acquired sinultaneously. Wen the
pads for the electromgration test and | eakage current test are arranged in
the sanme contactor 11 in manufacturing the 20 contactor 11, the

el ectrom gration test and | eakage current3fest can be si mul t aneousl y
conducted. However, the acceleration tenperature in the electromgration
test and | eakage current test is limted to the sane tenperature. \Wen

di fferent acceisratéabiteapenaingesh@stneedets bedusedchackt hg the

el ectrom gration test and | eakage current test, the reliability eval uation
t est appar at uslé@deusthbmbappbbpandt el ycsel ect thel yatisedholds® A8 Hdgscri bed
above, in this enbodi nent, the wafer storage section 12 which stores the
waf er Wwhi ch thetbvattgrin efeloseqgeanttvnt boe eiebtradecpadacoonrthe can
have the pressure nechani sm 13 which presses the 5 contactor 11 and the
heati ng mechanvafeI4Wwanahtie rieenpy %gatbetﬁ@nﬁa¢b®rvﬂiha¥ei§1ﬁG@Qﬁly
brought into contact with the contactor 11 by the pressure mechani sm_ 13.

For this°reasolSiBIrENeabhrYiel289abbat FoRat¥seleviehing BACRRBEERONPBAAt i on

test or |eakage.current 10 test can executed for _100 or nore Vi ces
b, more spechtUMIEYE 895 GRePhes REFRbGtER AP ErS L SRERRERe BFocess
for dicing the f.er Ln Vi C nd [o s for assenbling each
devi ce af?er dP%?%gpggéeoﬁgt?gd?pgﬁ?ske #ﬂg %%ﬁ%gﬁf?ghglcﬂéﬁﬁgg}v he test

cost 15 can becgegugedyzln,additigeqoh! Uhal iLyeplykipds ok tahhaht! ity

eval uation test can Icientl'y’executed in a short tine.

storage sectiofnd2ngRYy Payeelbs LabLes22neno¥bheRgt PSrabhl oW that Is

totally in electrical 20 contact wth the contactor 11 1s placed, the

connecti@n ring)24nmbhehcBakboENgds bhiethabbgerdZc8hdeCQRBGihRt 0 el ectrica
contact with the contactor 11, and the wiring board 25 which cones into

el ectrical conhaehawith bhe cRheRCtheMmAiNIcRdcRNIsSHPPEEt Gplhedt abl e 22.
25 Wth this structure, the wafer storage space may be mnimzed. In

addition, the tenpéigthréngfthbebuaperotVtha bentacteasetl tnd16BE or nore
and, nore 51 specifically, 350C in a short tinme. The pressure nechani sm
13 may have t helpressdeeppiat ef 1BRewhaEarclnestontontantathraiigh the

contactor 11, the netal bellows 13B having a | ower end connected
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 a 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



5 to the pressure plate 13A, the support plate 13C connected to the bell ows
13B, and a neans for supplying air into these nmenbers. Wth this structure,
the contact pressure between the contactor 11 and the wafer Wcan be
controlled to an optinum pressure by the air 10 pressure. The seal ring 26
may be arranged on the connection ring 24. The seal ring 26 cones into
contact with the contactor 11, thereby sealing the space in the wafer
storage section 12 fromthe outside. In addition, a 15 neans for supplying
an inert gas such as nitrogen gas into the wafer storage section 12 is
provided. Wth this structure, the oxygen concentration in the wafer
storage sectioshé21nay,berdasreased to tOQeppwlionblie¢sisyantali@iteon
specifically, 1 to 5 ppmor less. As a 20 result, since netal

i nt erconnect i onsssuehpasatoppén, i ahdr monnéeti ons ther hedtem L9e ofaftbe W may
be prevented from being oxidized, the contactor 11 and wafer Wcan be
reliably el ectvadarl gtosngecsedtiandlehexicebicabll frpmethuapusinged® can be
reliably perforned. A reducing 25 gas such as hydrogen gas is added to the
inert gas and 8fippheedprrasakuédéd. EUéﬁtwh@ﬁephéhﬁepéﬁSﬁa@§0§@@lSm 27

consi derably oxi di zed, the oxide filmmay be reliabl 52 reduced, the
contactoP 11 aRd %@?ewaﬁﬁéaﬁtﬁéaﬂélF&SF%OQIé@tﬂ?céPﬂie@oﬁﬂééﬁéﬁ leand the
reliability evaluatlon te can, be r |abI perforngg The heatln%
mechani sm 14 c4B§é§ ﬂﬁ@ rfi ?tO&FSrSe 880RATHERePS 28R §RATI6BT0 HHeat the

fer Wf he | f de and h | h 29C
heat the vat or T FHBnBHE-ubber Ehr PACSGRIeL W RLPAPS<CAPRCT I e Ehe t wo

sur faces of thg g@fg g%n Rg qhQ%Qtl IEea%gd f g q§ 1 %tﬁ%% | ower
ure t rget teﬁb

sides 10 to incréasé t fer tenpera eraturé (160C or
more and, mretﬁeewaffgfawl xemééQQ)flw 2oRBar i nkbMeon®h %%ewtl% wafeer storage

section 12 has a heat insulating herfretic structure, the tenperature during

the tesfgcan baeB&@@eQbyoﬁatﬂéatagdelé2a&h&6@gha&g@twb&@&eh@u@@& 3n
addition, the tenperature distribution on the entire surface of the wafer W

can be suppresgént ah2d. @Gtetr kdge. pbenten afr eheabbathesbrr @aqult al nost
free fromtenperature variation can be obtained. 20 The EM neasurenent
section 15A anelBEtheaslyenenesseatbonobbBcandiahswhiciend meckyarkicsmnwhi ch
alternately swi tches between the neasurenent sections 15A and 15B may be
arranged. Wt hthki sosnegttione rinke 2l eet hewingtari statesti sadg riveskagdn
current test can be 25 sinultaneously or alternately executed by the single
appar at us by s@ddékiipg, HeRceonthRetpsst lepflpeitdrey lyaropesygiadd y

|ncreased and the test cost can be reduced. 53
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 injection, the

cylinder mechanism 13D moves the pressure plate 13A and



Thi s enbodi nrent may have the function of supplying three kinds of currents,
i.e., a DCcurrent, pulse DC current, and AC current in the

el ectrom gration test. Wth this structure, in this enbodi nent, three kinds
of 5 tests may be executed sinultaneously, and the test tinme can be greatly
shortened. Additionally, in this enbodinent, a plurality of test patterns
formed on the wafer Wcan be put into groups. This enbodi nent has the
groupi ng function of sinultaneously execu!?ng tests 10 for five or nore
groups in the plurality of groups. For this reason, since a plurality of
paranmeters related to the reliability can be obtained by one test, the test
efficiency andbdblewanedysiewebidtdi entlye canx bei greahéyténceeased. tidé I n
this enbodi ment, the contactor 11 nay have the heat-resistant substrate
11A. The ther nbdwexpsmsfare cobffheipréssure helptanhBAdisefitbadof the

heat -resi stant substrate 11A can be 1 to 50 ppm C. Even under a high

t enper at ure of i1s0&: othepeesanmedlmanpOueXanpl &) atsBa0E€, whareihethal
expansion coefficient of the heat-resistant substrate 11A and that of the
waf er Whave |IP¥¢eseusefpbrienck3A Hemgereapleed| teerieuer confectn®On bet ween
the contactor 11 and the wafer Wcan be reliably ensured. Wen the

heat - r es? st ant24¥bsi2hy hoBLa1 £ 76 PRdERBfLlaveT eB8F fRRR At BPFal sel ected

f .g., heat - i t i h, | yj m

HENEIIGEE Bt EONE R TIE HERIN A
terial . 0. I th bop.fib , tal h i

mcertal (2 Snh28c LB &L FALPORALDCLY. B, A) peD 32, Sy num

SLTLeon end apecrane gl ol sonLabpl aelup NS LS dsc08RTl eon

insul ating coatinged1f,cap - COVEte WI&%Q”?B@XﬁS%réEQ EHQ”@EB%?Q%E?“ on to

the wafer Wand the connection portions to the pogopins 24A o

connectj®n ringo2diod0c Fofht hisnt£866R, 1 aNYnLXEER €hecknkeal aepnt act
bet ween the contactor 11 and the wafer Wmay be prevented, and stable

el ectrical connegtépn2sen be emstrelle besmeesrbheltonsachotodlgnd the waf er
W The ani sotropic conductive film 31 nay be inserted between the 15
contactor 11 apdesbedwafeindt €oe ¢htsreessofiace hef bthpswafeth®.cont act or
11 can be reliably electrically connected to the el ectrode pads of the

waf er W This enbodThenpreaayivenperse fhemathgneresouwhi phatet aBRyabdi ngs
the contactor 11 into contact with the 20 wafer W the wafer transfer tool
60 which integPBaf$y Teahaness 2hetebnt hetBF1ngs aklde wareps W 1GhpEnthere
totally in contact with each other in the aligner 50, and the reliability
eval uatton testOBppaFar usl 18ndntln ekectirederpads ef PEBEHi #) @val uation test

of Ll velter Vi2h.uotag,Lhe, contack ot A anichto.sioeg Liough (e valer
bunps of the CQP&@E%?Eal 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 auxiliary 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



55 11 into contact with the electrode pads on the wafer Wto integrate the
contactor 11 and wafer Was a shell. Then, the shell is transferred to the
reliability evaluation test apparatus 10 through the wafer transfer 5 tool
60, ,.and the reliability evaluation test apparatus 10 can reliably execute
the reliability evaluation test. The reliability evaluation test apparatus
10 and aligner 50 nay be designed to be capabl e of data comruni cation. For
this reason, the test result 10 obtained % the reliability evaluation test
apparatus 10 may be directly transmtted to the aligner 50. The aligner 50
can display the test result as a wafer map and use it. The aligner 50 can
al so have a mcrosgibpeino bel eisedital obsetaet t hethatach\Vbhet heybasi s of
the 15 test result. For this reason, a tested device can be designated on
the wafer map.aAwbfdrorpréesingefofcehe Hestiyparetigevlieeycan be directly
observed and effectively used for a process devel opnent |ater. The
observation i neéjelvayioe sevfeddby Bovhcos ¢ae hei ghevnlbanspuahy t he
reliability evaluation test apparatus 10. In this enbodi nent, the wafer
transfer tool BOAFayeRavelenfagnete FRnteti1ffeCani BRerresdtidy properly
integrati the contactor 11, anisotropic conductive,filf131 and wafer W
whi ch ar® t ot afPYr FRPEDnE BcEOMRRT 8d 28 sHBf | Cantertkore!l HRENRDINESEREr 11
and wafer W can ﬁﬁ reliably transferred w thout any m salignnent. 56

[ Enbodi ments] A hethd3dof manufacturing the contactor of the present
invention and its peff i . CLJ ] et aj LEh. rence to
FIGS. 22A to 22D, 5?éi?égagﬁ§8§1ﬁ%ﬁe?fﬁgﬁhéh$?§é§g8gbo§b%82%5 ékggge

wherein the copfaciers g?ﬂg&mfwmﬂ}% §a555@§9§aﬁayﬁeézw Lhcbechgscri bed.
First, a conpoSition containing, e.g., 100 parts by weight of an al um num

nitride powderydfehaythgagd S¥Etage PArtbel 8 5r&8ePbrRifeacCtimé parts by
wei ght of an yttria powder having an average particle size of 0.4 a m 12

parts byowei ghteo§.analbeny! 36 mes) p bhadeir andtRO pares bByovegght of

al cohol was sprayed and dried to prepare a granul ar conposition powder. 15
Thi s granul ar seopbshtidniponeesvadstchnar ged exhauatnpbdtadédBnbbded into a
flat plate shape to obtain a nol ded body (green). This nol ded body was

hot - pressed atsdt890Cinadt 1§ad/Pathospii€rar $nt bhebvafaraatakragenum nitri de
sintered body having a thickness of 5 nm 20 A di sk-shaped substrate having
a dianeter of S3othanwdd-cufhe¢ronygee cpnpcerbrabbey 18 decapasad to

heat -resi stant _substrate_ 11A shown in FIG 20A The thermal expansion
coefficient inl?hePB| @hatSdFrakei JROBE TREChEafa}&¥istahP SuBBFrafe 11A was

ﬁégtPPgLégtzgt %%%étf§€2€§i§?§§§§§5;géﬁg?%gF%Egoﬁggégggagg?%hgérﬁPs copper

thin filnlllBlefggLPgde 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



57 a thickness of 5 ~ m as shown in FIG 20B. The copper thin film 11B1
was lamnated with a lamnate film 101. The lamnate film 101 was exposed
and devel oped to formthe etching resist film 101 having an opening 101A 5
where the copper thin film11B1 was partially exposed (FIG 20C). After
that, the copper thin film 11B1 except a portion where the etching resist
film10Z was formed was renpbved using an aqueous sol ution of HF/ HNO3

(HF/ HNO3/ water = 1/1/2) at 55C (FIG 20D)37 The etching 10 resist film 100
was renmoved to forma conductor circuit 11B nade of copper (FIG 20E).

Next, a liquid resist for bunp formation was applied to the major surface
(the surface ognWhhéhttHes condoshRers) renet otiBemasohoenedit obnt b

heat -resi stant 15 substrate 11A using spin coating. The resist was dried at
a tenperature tlhielb@fetost@Pagenséotionna testistreasttngofaboutThe resi st
filmwas exposed and devel oped to forma plating resist film 102 having an
openi ng 102A fesevbeuap pommathdher ashghpwneahi kg Gl s2pér f@tméickehdpthei ng
11C1 was executed on the conductor circuit 11B fromthe opening 102A in an
el ectrol ess nicketaptari hy dadhWEFe G W2aBy . ppgseedt hihe aseshowaAailn FI G
21C, the plating resist film 102 was renoved to forma bunp 11C to be
connect ed to t@enpREbiony thearogehdeeri bApravasekelnprathagserfareosfwas
formed on the conductor circuit 11B and bump, 11C (FIG 21D). In addition,
as shown in FIEe2R2ad § 48| GeRohderablBgoRighseesedRi tRGEL cdRr8oSPEly ner
whose viscositg was_adjusted to 30 Pas in advanfeomag apFIied.to the entire
surface of the ﬁiEkEFoé?%tgﬁﬁ FPRhR B3R AN KBEE I r &Pt anfedibiPPafas11A
using spin coating and 5.dried at a.tenperature.of 160C for 20 mn_to form
2 bhotoresi ot FiTHh A0anPRgkeeR B nnteTREPEH €851 850 BRG U3k oPRbel®
etching ”HSk_h§¥&990§°#bda§arﬁé§ o 89906%:%%“ﬁ§£@§ %@ﬁ?ﬁ%ﬂ? ing to bump
openi ng portions was placed on the photoresist film 104. e photoresist 10

film 104y was ié%é?&%i@ﬁ,“&ﬁ@ Ylaght i undsh angopdht bonsofe4QQeAULGNE to
expose and devel op the photoresist film 104, thereby form ng a connection

openi ng 104A f@heceéaﬁéihgn 59, theaweher e VWctniaddi EbARec8soshBwBwkanFl G
22D, rare netal (e.g., go d? pl ati ng 105 was 15 executed on the bunp 11C

and conductor thecpall B1Bnfir esntbetopeni ngmpO4desW t bnt Bhssseaes of
processes, the conductor circuit 11B and bunp 11C were forned on the

heat - r esi st ant astibst satesfdAtoAyt bbeghrihotli tbusecafied, ianobpenneg portion
to which the connection 20 pad portion 11E to be connected to the pogopin
24A of the relbabweenythoatoatiohorest appatheusaforwis eRkposedtaasofor med
in the same procedures as those of the series of processes %FIGS: 3A and
3B). ThkSbunp hdsia pPeesanghrad Bhaphe FResrukPnuArhengeh LA-t hBigB pitch

direction was 75.a m Second enbodi nent 2
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



In the second enbodi ment, a nethod of 59 manufacturing the contactor 11
shown in FIG 4 wll be described. A conposition containing, e.g., 100
parts by weight of a silicon carbide powder having an average particle size
of 1.1 ~m 0.5 parts by weight of a boron 5 carbide powder as a sintering
assistant, 12 parts by weight of an acrylic resin binder, and 20 parts by
wei ght of al cohol was sprayed and dried to_prepare a granul ar conposition
powder. This granul ar conposition powder s charged into a nold and nol ded
into a flat 10 plate shape to obtain a nol ded body (green). This nol ded
body was hot-pressed at 2,100C and 17.6 MPa for 10 hrs to obtain a ceramc
substrate whi ca fmsnanedecah kel omdDhtedr bi Ale andebatita theckassstohe3 mm
This ceram c substrate was dipped in a nolten silicon at 15 1,500C to

i npregnat e t heceerbei shgubshedt eandlit bhehkest| cesh sahubeoareAtdysk- shaped
substrate having a dianmeter of 210 mmwas cut fromthe surface of the
ceram ¢ substraedueedebt BFRcalebhbosivetBabasssankely TREOER8E AL tekpansi on
coefficient in the planar direction 20 of the conposite substrate was 3.6
ppni C. A gl assdphsieutt 523Riraghi Y aBPRAf R ot BRokP ERenPRdl ¥ hadeapplied to

t he conpgsite substrate. Then, the ;esult nt Etructure was sintered at 600C
for 1 hroto foffAPBeEi PFcBnCORPEE #HAY 11 ALvFRYSarBAFRRNe@S §ROYE 303 m on

h f f ' b i nl i ni il bi de,
So a heat - resi Efant SAUbSTFRE R 13AT haSr obR A hel (R Pod) TafeEobfustor 60

i it 11B i k h I f .
ﬁggg?;gsistaﬁ?gégﬁg?#gt§r§ﬁ§§F%8§2§%rggﬁ%eﬁmﬁﬁﬁggpggééﬁgggQSi%ngplgo t hose

descr i bed aboven,SabhEer SPEGULVER! | ¥incBPRRE WRSSRULLREEA:LLiBR SHTface

of the heat-resisfant substrate 11A using a sputfering apparatus to form a

copper thin filtaehayeag acbhhgknsgsst pbnd128 ﬂh¥TB€ 88epeLskhi Bofi | mwas
| am nated with a lamnate film The lamnate filmwas 10 exposed and

devel oped to feeteanlepphj ngheesastiét! myerwsi ghdt pedcopper bhi pefil m was
partially exposed. After that, the copper thin filmexcept a portion where
t he etching resilshihuhncaasbéosmedtads aendeedribedgabavaquenssasol ution of
HF/ HNO3 (HF/ HNO3/water = 1/1/2) at 15 55C. The etching resist filmwas
renoved to forophbhequendect bhectesti togtBcandeeofunthak tegperd.Nein, a
solution of a photosensitive cardo polyner whose viscosity was adjusted to
30 Pa's in adviheecoay¥enppbhed nothad, eani péuapohn Badf da¥esf ishe 20

heat -resi stant substrate 11A using spin coating and dried at a tenperature
of 150C for ZonﬁFﬁSFBrYo%ﬁméd@éEFﬁnlg?eﬁnnﬁaémbﬂu@ Bekrifar d4aMed fil m of

t he pho{gsensiéive cargo p Igner. Next, a gggto et chi ng naik having solid
circl es!for med”§€2BpENFAG 88 PEronsS28ceof fespoRdPhgttoSEAEIPEd portions of
the wafer Wand ghe gonne&%éon gad ggrtiggg %1E to thgrpggogigg 2%@ of the
reliability evBFGRET 0¥ "t S ﬁpB rabos 18" wal pP£c88pp pp
alloy is oxidized during a test, it becomes difficult
to ensure electrical connection.
Next, the heating mechanism 14 operates. The
20 temperature of the heater 29 and auxiliary 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
25 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



61 on the resin layer. The resin layer was irradiated with UV |ight under a
condition of 400 ml/cn2 to expose and develop the resin |ayer, thereby
form ng connection opening portions to be connected to the wafer Wand 5
openi ng portions to which the connection pad portions 11E to be connected
to the pogopins 24A of the reliability evaluation test apparatus 10 were
exposed. After that, the resin layer was conpl etely hardened at 250C for
120 min to formthe insulating coating 11B2 10 In addition, a gold |ayer
having a thickness of 0.03 ~ mwas fornmed at each pad portion using a gold
plating bath to obtain the contactor 11 shown in FIG 4. Third enbodi nent

In the third egbediiganti2 aagokyhebde iagbsbiahg briicherkhenmm expansion
coefficient in the planar direction was 30 ppniC) containing a glass cloth
was used as theegakeasicalinofteipe ratthser die. tthihgasubldtssdipa ti@as rfaouf act ur ed
in the following way. A glass cloth was inpregnated with polyimde resin.
The resul tant 20eswadetuscomagedsieetdian 3QCchar be leif fiectprvedar e pre- pregs
as B stage. Ten pre-pregs were stacked, and the resultant structure was
heated and presypprassedd MPE andes2AC, f ghel winferMir ¢agpeeisiiilyabley, copper
was sputtered to the surface of the polyimde substrate 25 using a
sputteri Ry appdrafiisingd etmtaecsppeett heAreiremWsvi nghe hisatiededd of 5
,um The copper thin filmwas |am nated with a resist film (DF avail abl e

from TOKYO 6FFHRE RRPSTLHAETEEsPYt TRl hivgs exsosedontd heaF&rdped™ o form
an etching resist. filmtaq i.ch.the c er_thin fil mwas rtially exposed.
Aft er tLa?, thénéoﬁbérwkﬁFﬁhh' V&Q@égﬁ%afHGFkFSthh W?ntﬁg é%@ﬁiﬁ& ﬁgsist
5 fil f d d i l.uti HE/ HNO3
CHEY HND3 wat er X3 BPSF St SBBC DR 8 S e eht R o BSESTOF Prh Ve FEIVET o for m
a conduct or_ci rqui trL1B FRYe b CAPRELtNlon 3e30lu1iPRAbeRsates

phot osensi tive "cardo polymer
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



10 whose viscosity was adjusted to 30 Pas in advance was applied to the
entire major surface of the polyimde substrate using spin coating and
dried at a tenperature of 150C for 20 min to forma resin |ayer nmade of a
sem - hardened fil mof the photosensitive cardo polyner. 15 Next, a photo

et ching mask having solid circles formed at opening positions corresponding
to the pad portions of the wafer Wand the connection pad portions 11E to

t he pogopi ns 24A of the reliability eval ud?ion test apparatus 10 was pl aced
on the resin layer. The resin 20 layer was irradiated with WIlight under a
condition of 400 ml/cn2 to expose and develop the resin | ayer, thereby
form ng connecsf othepesiNgePoisi posdi Dybengonsect edst e tbeuaf eth¥ and
openi ng portions to which the connection pad portions 11E to be connected
to the 25 pogopess 2d4dubt the belovlabainéy envabuahoon tesé, appdraebos 10 were
exposed. After that, the resin |layer was heated and conpletely hardened at
250C for 120 nmidevicé3onotherwafarifisobnt bagevadtangdlik. al shaddi tina, a
gold | ayer was fornmed on the surface of each connection pad portion to the
waf er Wand each colhest poaupadnposhpPvhdt bet Rerpeliedbipi eyecuikrusibeon test
apparatus 10 using a 5 gold plating bath. Spire-shaped gold bunps are
formed u2ing aShfFereBharabliappbeatustheneeBgashraranhgsactbnnathbdr .
Conparative Exanple .l In copparative exanple 1, a carbon fiber was used 10
as a substrate?® ?E?F%g.t?oggéiaﬁﬁp%glﬁeﬁ r ban ?PB@?Y(Bhré?tF&PQS of

di to T-300 i | abl T c fib [ ter; 15
i xea Wi h pheRoF PRSFn LThe: rBSB GNE ARt PR ABsDRo BT Bebed Bader &

t t f_ 1,000 t f .6 MPa to_1 bt

heat -1 osi st ant CSibstFat 608 SaPRERCSEBEt rar 8RR ots phe? nat EBupanerBR °
fficient in_t i ! 0.9 | G 523N

avai 1 abl o front ShoAhEnaE; ShPEERLER MREy 2 pEPRhErefed BATRTPED: ¢ Then

the respyptant strughdl eowanc20ustoher ednatobA0hyf 06 Lnbr £0iEgEMaysilicon
oxide film having a t hi ckness of 2 ~ mon the sirface. Copper was Sputtered

to the surfaceephltifeibgateseshphanbtaybsdraketssnemBoaPMELE) | BHeappar at us
to forma copper thin filmhaving a thickness of 5 a m 25 The copper thin
filmwas | am naiesdlei abparaessstafii topéDrianathabéechroanTOKYpo OFKA KK)

The resist filmwas exposed and devel oped to forman etching resist filmto
64 which the ceppemethin filmwas partially exposed. After that, the copper
thin fil mexcept a portion where the etching resist filmwas fornmed was
removed using an aqWibenstbel thires &ingE/ PKOBUEHENERO3@aterbe 1/1/2) at 5
55C. The etching resist filmwas renoved to forma conductor circuit 11B
made ofl2oppersSuRekieda 88| at feptopahtphdt ddendi £pee eaklerpofgrBednhose

viscosity was adjusted to 30 Pa's jn adyance was agglieg to the_entire
maj or surface B8R the YB'REal:rasi ShaWk sBbstrdte HSFRg 2Pi AE0dPr n§2Rnd
dried

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. 94, 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



at a tenperature of 150C for 20 min to forma resin |layer nmade of a

sem -hardened filmof the photosensitive cardo polynmer. Next, a photo

et chi ng mask having solid circles forned at opening positions 15
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 |layer was irradi ated
with W light under a condition of 400 mi#¢n2 to expose 20 and devel op the
resin layer, thereby form ng connection opening portions to be connected to
t he waf ex Wand opening portions to which the connection pad portions to be
connected to tbrrpaghpths 24Anettibe heleabi NokmakVgl uat canrerst apparat us
10 were exposed. After that, 25 the resin_|ayer was conpl etely hardened at
250C for 120 nilensbtfoofh An5i heuladi my/codt iagetpFoyed addahi on, a gold

| ayer having a thickness of 0.03 a m 65 was forned on the surface of each
connecti on padapoeléepationt hestaf eHoweuad, eachenghhebt b6naphdspomekeh to
the reliability evaluation test apparatus 10 using a gold plating bath,

t her eby obt ai ningesacennegation. ngeddnparbei et Exanpl éeRgthnpar ahiivk BERanpl e
2 is the sane as Conparative Exanple 1 except that a phenol resin plate was
used. The phenBfCKe§ilAWsABEEFRt CRBESpr ePBr BLBYCSUPRFYLAY URREEBeked

phenol resin into nol d made of 10 _fl uorocarban resjn and_hardeni t he
ool at “120C OFnabe Hah el U T o SO (TRTERT 1 AP SO 1 HE on of

é%id?‘éﬁﬁi :sjaéﬁa*’?%%@2#5{‘5’1”1Sfféefiiep%ﬂ2%19*%’%955%%03@?5’%35?@@% Lé‘o%ﬂ%@i’ﬁvt: he

w L 25 2 ; i i
Table 1 was obtiindac ASkSnding n FHe"HeiPE Srotht) BBssr Ot thhe > 1
contact ars 11 eboEmbedbaeakscheed, a0dndaashiDihed:BqaRBEaSbnEatLA BE 100%

This indicates that the 20 contactors can used under a tenperat ure

of 250G oTo thg,cRRE N YaiQOBRAr 8hi ¥8cRXaNBREES | leaNdaBoaxhbbi higfing cont act
ratio of 1000 under a tenperature |ike roomtenperature. However, the

contactors cannfatebeoHsedttiipder canhbghlkeapsnat ghebeth2808es o6aTable 1
25C250CEnbodi ment 1100%.00%Enbodi ment 2100%.00%Enbodi ment

310094 00%Conpadativel8péhodxhapliatéCooparativaiO0s®beExanpkda.2 Thespr esent
invention is not limted by the above 5 enbodi nents, and the design of the
constituent el énemysinbigrbennpptopnsatekylehdnget wot hbhatheaspargetand
interconnection width while avoiding any proximity
15 effect in the lithography process 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.
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



scope of the present invention. For exanple, when the pressure plate 13A of
the pressure nechanism 13 is forned froman heat insulating material, and
heat 10 di ssipation fromthe upper surface of the contactor 11 can be
prevented, and the auxiliary heater 29C may not be arranged. In the

enbodi ment, the anisotropic conductive film31l is inserted between the

cont act or 11 and the water W However, when the bunps of the 15 contactor
11 and the el ectrode pads of the waf er W éan el astically cone into contact
wi th each other, the anisotropic conductive film 31 nmay not be inserted.
The cont act or of the present invention is not limted to the above

enbodi ment. Anylcent acher tbavi Rgmperatheat iEepretfaptbsybstodt etyhose

t hermal expansion coefficient in the planar directionis 1 to 50 ppniCis

i ncor porat ed i as5ohe. presendensiventeo bna duraeklt ttonbe s@Fplhedconmt act or of
the present invention may al so be used for a Burpose other than reliability
eval uati on tespireferEbfigctbofitt ReSl hvedt MBAcBAtocordipnd oyt hecpeesent
invention, there can be provided a reliability evaluation test apparatus,
rellablllty evahuaemparassresyseelp dontacheptiagd rEEGabﬂplﬁﬁoyﬁaBuatlon
test method, which can quickly, efficiently, and reliably execute a
reliabil Pty 10C89a96aﬂpoﬁe@é§ﬂvéfr§éﬁ§§éﬁ§&c¥éﬁuﬁth@§st%ﬁ tRétwaf er form

and al so greatly reduce_ the | abor an COSt QU|red for the rell%blllty
eval uation tespattern shown in FIG 1s use As 1is apparent from

FIG. 10, there is a long time (Incubation 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
simultanecusly tested using the same test pattern. In

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



68 CLAI MS 1. Areliability evaluation test apparatus (10) which tests
areliability of a sem conductor wafer on the basis of a test signal froma
measurenent unit, 5 conprising a neasurenent section (15) and a storage
section (12) which has a hernetic and heat insulating structure, stores a
sem conductor wafer (W that is totally in electrical contact wwth a
contactor (11), and transmts/receives a test signal to/fromthe 10

measur enent section, conprising: a pressu?% mechani sm (13) which presses
the contactor in the storage section; and a heating nechani sm (14) which
heats the sem conductor wafer that is totally brought into 15 contact with
the contactor bygséhetpeessise fieehaasnsy is ampoetener m Aedul eaperat ure,
wherein the reliability evaluation test apparatus evaluates reliability of
a multil ayer edfrageecopnetti eng(7/3xbant af KHsutoi hg ¥MHknié74), which are
formed on 20 the sem conductor wafer, under an accelerated condition. 2. A
reliability evatoassenyt esThappatasbslatygoeddhyatoon! beat lappheatha t he
storage section (12) has a table (22) which has a heat insulating structure
25 and on whi chOt Aeceediegnbactdi swahepdineptagenesawebnkkifon ring (24)

whi ch surrounds the table and conei into electrical contact with the
Contact0$, angfrequency. 1In the electromigration test using a pulse

DC current, a transition in the moving mode of metal
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 devices 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 maximum. Hence, the test
capability is higher in the 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



69 a wiring board (25) which cones into electrical contact with the
connection ring and transmts/receives the test signal to/fromthe
measurenent section. 3. Areliability evaluation test apparatus 5 according
to claim2, further conprising, on the connection ring (24), a seal nenber
(26) which comes into contact with the contactor (11) to seal a space in
the storage section (12) from an outside, and neans (74) for supplying an
inert gas and/or reducing gas 10 into the44torage section. 4. Areliability
eval uation test apparatus according to claim1l, wherein the pressure
mechani sm (13) conprises a pressure plate (13A) which presses the
contactor, a bekkewappdzBruwhosealrewage@ndviegyconpeetadtldata Fthe pressure
pl ate, a support (13C) which is connected to an upper end of the bell ows
and can nove veetvetaphgntand meahsi@éeéy for suppkgsiggathas into a space
formed by the pressure plate, the bellows, and the support. 20 5. A
reliability evaklacbohitgstaappar atffis caevtigi nhtodneldarm dneeherei n the
heati ng mechani sm (19) conprises a heater (29) which uniformy heats an
entire surfaceisfludéngettheonttieropnnetsiopwifitbndereodencsur f ace si de and
al so serves as the table. 25 6. Areliability evaluation test apparatus
accordi n§ to cllapensifikaetérn fheahdatar difdpséenppprsbs 4FEGSst 14@atter
(29A) which heats a central portion of 70 the sem conductor wafer, and a
second heater (¢26By WRPCRT4GrF8dndsnekE flilcst CRé&LERLaAEPRERYs an outer

d [ f ' d fer. . 7. | i abili I [

appar Atus 8 acdBRAr nd b CPAFNTE oARELS: hePAE N EEFERGREFN RS (o«

compr i ses an At LLarLoneater (380 el A3t s henghine sauriage of the
per Side.” 8. r

sem conduct or Waf er 1-an surface _ el'rabi ity "eval uati on
test apparatus¢]Qnaeeordipg H9ckhakMbstWBE" 8k LhEFPRsHECEERE §5¢L! on
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 L[],
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 wvalue
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) conprises an electrom gration nmeasurenent section (15A) and a | eakage
current neasurenent section (15B). 9. Areliability evaluation test
apparatus according to claim8, further conprises a sw tching Z5 mechani sm
(78) which alternately switches between the neasurenent sections. 10. A
reliability evaluation test apparatus according to claim38, wherein the

el ectrom gration neasurenent section (15A) conprises a function of 20
suppl yi ng three kinds of currents includiA§ a DC current, a pul se DC
current, and an AC current. 11. Areliability evaluation test apparatus
according to claim1l1, in which a plurality of test patterns 77 are forned
on the sem condugtet wateronand 2anwlifehcgenpniysasdaakest-apatit,ern groupi ng

function of putting the plurality of test patterns into groups and
executing a rehknaliylziet yhevaktat iionat ehbritotimet. | &8s the7 tohltalarfyi, vangr oups
sinmul taneously. 12. Areliability evaluation test apparatus according to
claim 1, furth&hecoppriesitignad awitbodr ugiingcenduchiaee, f when( 8&y ilsetsween t he
contactor and the 5 sem conductor wafer. 13. Areliability evaluation test
appar at us accopdeng§ackagesi mfterwwateirn dikdngradabereds seediegh to put
5 marks to discriminate between the devices. This may
also lead to marking errors.
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 immediétely 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 after void

observation by the aligner 50 after the test. To the



si mul t aneously executes a reliability evaluation test of not |ess than 100
sem conduct or devices fornmed on 10 the sem conductor wafer. 14) A
reliability evaluation test apparatus according to claiml, wherein the
storage section (12) conprises a heat insulating structure (23) which

mai ntai ns the sem conductor wafer at a tenperature of 15 not |ess than
160C. 15. Areliability evaluation test aggaratus according to claim1,
wherein the contactor includes a heat-resf8tant substrate (11A), and a

t hermal expansion coefficient of the heat-resistant substrate is 1 to 20 50
ppmi C. 16. Areliability evaluation test systemconprising: an aligner (50)
which totally bohbgarg, cont antocohnenttonbtaciethdll assrgi gopdunkoe, wafer; a
transfer tool (60) which transfers the contactor and 25 the sem conduct or
waf er, which aeechotlavigeképt dehacbatiatromi theepabkagbeaniyobherakdgner;
and a reliability evaluation test apparatus of claim1, 72 whi ch executes
a reliability e¥ghuatnbaroesopef theletndEohdberoandatimet paasferred by the
transfer tool. 17. Areliability evaluation test systemaccording to claim
16, which al | ovgqgaradcéatiuhheapbsarvathesn

5 When the electromigration test is to be executed,
the temperature distribution in the wafer W is
controlled, e.g., £2.0°C within the range of, e.g.,
160°C to 350°C. The electromigration 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 E5 (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



5 the aligner and the reliability evaluation test apparatus. 18. A
reliability evaluation test systemaccording to claim 16, wherein the
aligner includes a mcroscope (79) to observe the sem conductor wafer on
the basis of 10 a test result of the sem conductor wafer. 19. Areliability
eval uation test systemaccording to claim 16, wherein the transfer tool

(60) includes a nagnet (67) to integrate the contactor and the

sem conductor wafer. 15 20. A reIiabiIity4%vaIuation test system accordi ng
to claim 16, wherein the transfer tool (60) includes a magnetic circuit
(67) and switch neans (62) for turning on/off the magnetic circuit, and the
swi tch means exhet perdegmdasesofhehsagaetbbititguetralaaciusaettbe 20
transfer tool to attract/rel ease the contactor and the sem conductor wafer.
21. A contact oeppahathscdfpri Sestheheahtresyst ahe sabsacabe (©@11¥g having a
t hermal expansion coefficient of 1 to 50 ppmiC, and a conductor circuit
(11B) forned 28féacthd h¥atheeppsfannangbsefatbe aAdiebilséd to execute a

reliability evaluation test at a tenperature of not _|ess than 160C 73
22. A contact ofVatedtdPRgtestcrBPAF2TUSWAEr ei R1EReldoRBAYEOEDEI Aediree

conprises a bung éllcg. 23. A contactor according to claim21, wherein the
heat - r esPst ant °SubBf F8EBCRsOf ol hBd2Pflof R I'base - orfeS 1S apparent from

FIG. 17, the influence of the variation ¢ is
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 o
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 Jy;ge loss due to a current
variation and a Jyge loss due to the temperature

20 distribution (variation), respectively. As is apparent
from the calculation results, the loss due to the
temperature 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.



5 material selected froma heat-resistant resin, a netal, a sem conductor,
and a ceramc. 24. A contactor according to claim?21, wherein an insulating
coating (11F) is fornmed on a surface except a portion which is electrically
connected in executing 10 the reliability evaluation test. 25. A
reliability evaluation test nmethod of executing different reliability

eval uation tests for a sem conductor wafer in a state wherein the

sem conductor wafer and a contactor are té@ally in 15 el ectrical contact
with each other. 26. Areliability evaluation test nethod of executing a
reliability evaluation test for a sem conductor wafer by pressing the

sem conduct or Weher,antteaveenbadbar duki ¢tb ahe trellakby linyekealiniatdlbncont act
20 with each other, heating the sem conductor wafer to not |ess than | 60C,
and rendering teetseppratadust a0 wahebecgméaciliyveuppresheriel aabi bint y

eval uation test nmethod according to claim?25, wherein the reliability

eval uati on teseliestZomdgeedtion Sestl cancoesdlipbfloyr broexkessedhan 100

sem conductor devices on the sem conductor wafer. 28. Areliability
eval uation test net Hb@nadeskdidey currgnto neeguhersn wHeigis Teperature

el ectrom_ gration test and/or , _ ,
5 Testing: BT test) or TDDB (Time Dependent Dielectric

Breakdown) test is to be executed in addition to the
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 assembly 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. 19A to 19D show 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,
hatched 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 19D



a | eakage current test is executed as the reliability evaluation test. 29.
Areliability evaluation test nethod according 5 to claim 25, wherein a
tenperature distribution in a surface of the sem conductor wafer is
controlled within 2.0C at a range of 160C to 350C. 30. Areliability

eval uation test nethod according to claim?25, wherein the sem conductor
wafer and the 10 contactor are placed in one of an inert gas atnosphere and
an atnosphere of an inert gas mxed with 4% educing gas. 31. Areliability
eval uation test method according to claim 30, wherein an oxygen
concentration in the 15 atnosphere is not nore than 100 ppm
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have the pressure mechanism 13 which presses the
5 contactor 11 and the heating mechanism 14 which
directly heats the wafer W that is totally brought into
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 plurality 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 placed, 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. 1In addition, the temperature of the wafer W

can be increased to 160°C or more and, more
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&QRR&S&AE: / 11, the metal bellows 13B having a lower end connected
5 to the pressure plate 134, the support plate 13C

connected to the bellows 13B, and a means for supplying

alr into these members. With this 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, 1 to 5 ppm or less. As a

20 result, 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 electrically connected, and the reliability
evaluation 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 oxidized, the oxide film may be reliably
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second heaters 29A and 29B to heat the wafer W for the

lower surface side and causes the auxiliary heater 29C
to 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 increase the wafer temperature to a target
temperature (160°C or more and, more specifically,
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 be suppressed to *2.0°C or less. Hence,

a reliable test result almost free from 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.
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With this structure, in this embodiment, three kinds of

5 tests may be executed simultaneously, and the test time

can be greatly shortened. Additionally, in this

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.dg., a heat-resistant resin such as polyimide or

bismaleimide-triazine, a heat-resistant resin with
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10%9v&' ()-3 fiber), a metal such as aluminum, copper, stainless
steel, an invar alloy, or invar, a conductor such as
silicon, and a ceramic mainly containing aluminum
5 nitride or silicon carbide, the thermal expansion
coefficient can be ensured. 1In addition, the
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 reason, any extra electrical contact between
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 integrally
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 while being integrated. The

aligner 50 reliably brings the bumps of the contactor
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to integrate the contactor 11 and wafer W as a shell.
Then, the shell is transferred to the reliability
evaluation test apparatus 10 through the wafer transfer
5 tool 60, and the reliability evaluation test apparatus
10 can reliably execute the reliability evaluation
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 reliability evaluation test apparatus 10.

In this embodiment, the wafer transfer tool 60 may
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 contactor 11 and wafer W can be

reliably transferred without any misalignment.
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[Embodiments]

A method of manufacturing the contactor of the
present invention and its performance will be described
in detail with reference to FIGS. 22A to 22D.

5 First embodiment

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 pm, 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 to 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 the

heat-resistant substrate 11A using a sputtering

apparatus to form a copper thin film 11B7 having
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uuuuuu! v_@ thin film 11B] was laminated with a laminate film 101.
The laminate film 101 was exposed and developed to form
the etching resist film 101 having an opening 101A
5 where the copper thin film 11B; was partially exposed
(FIG. 20C). After that, the copper thin film 11B;
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
10 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
15 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 to form a plating resist film 102 having an
opening 102A for bump formation, as shown in FIG. 21A.
20 Nickel plating 11C; was executed on the conductor
circuit 11B from the opening 102A in an electroless
nickel plating bath (FIG. 21B). After that, as shown
in FIG. 21C, the plating resist film 102 was removed to
form a bump 11C to be connected to the wafer W. In
25 addition, a nickel plating film 103 was formed on the
conductor circuit 11B and bump 11C (FIG. 21D).

In addition, as shown in FIG. 22A, a solution of
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adjusted to 30 Pa°s in advance was applied to the
entire surface of the nickel plating film 103 and
heat-resistant substrate 11A using spin coating and
5 dried at a temperature of 160°C for 20 min to form a
photoresist film 104, Next, as shown in FIGS. 22B and
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. 1In 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 11lE 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 um.

Second embodiment 2

In the second embodiment, a method of
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manufacturing the contactor 11 shown in FIG. 4 will be
described. A composition containing, e.g., 100 parts
by weight of a silicon carbide powder having an average
particle size of 1.1 pum, 0.5 parts by weight of a boron
5 carbide powder as a sintering assistant, 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. This granular composition
powder was charged into a mold and molded into a flat
10 plate shape to cbtain 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 impregnate 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 ppm/°C. A glass
paste (G-523N: available from Shoei Chemical) was
applied to the composite substrate. Then, the
resultant structure was sintered at 600°C for 1 hr
to form a silicon oxide film 11G having a thickness of
25 2 pum on the surface of the composite substrate mainly
containing silicon carbide, so a heat-resistant

substrate 11A was obtained (FIG. 4). A conductor
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circuit 11B and the like were formed on the major
surface of the heat-resistant substrate 11A in
accordance with procedures similar to those described
above.
5 More specifically, copper was sputtered to the
surface of the heat-resistant substrate 11A using a
sputtering apparatus to form a copper thin film having
a thickness 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 removed 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 advance 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 11E to the pogopins 24A of

the reliability evaluation test apparatus 10 was placed
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with UV light under a condition of 400 mJ/cm? to expose
and develop the resin layer, thereby forming connection
opening portions to be connected to the wafer W and
5 opening portions to which the connection pad portions
11E to be connected to the pogopins 24A of the
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 gold plating
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
was 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 um. The copper thin film was

laminated with a resist film (DF available from TOKYO
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thin film except a portion where the etching resist
5 film was formed was removed using an agqueous solution
of HF/HNO3 (HF/HNO3/water = 1/1/2) at 55°C. The etching
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 develop the resin laver,
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
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layer was formed on the surface of each connection pad
portion to the wafer W and each connection pad portion
to the reliability evaluation test apparatus 10 using a
5 gold plating bath. Spire-shaped gold bumps are formed
using a wire bonding apparatus, thereby obtaining a
contactor.
Comparative Example 1
In comparative example 1, a 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 pgum) 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 um.

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
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Next, a solution of a photosensitive 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 portions 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 nJ/cm? to expose

20 and develop the resin layer, 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. In

addition, a gold layer having a thickness of 0.03 um
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to the reliability evaluation test apparatus 10 using a
gold plating bath, thereby obtaining a contactor.
5 Comparative Example 2
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.
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25°C | 250°C
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
conductive 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. In addition,
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the contactor of the present invention may also be used
for a purpose other than reliability evaluation
testing.
Effect of the Invention
5 According to the present invention, there can be
provided a reliability evaluation test apparatus,
reliability evaluation test system, contactor, and
reliability evaluation test method, which can quickly,
efficiently, and reliably execute a reliability
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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)-G !l @10983&wWh)icls tests a reliability of a semiconductor wafer on
the basis of a test signal from a measurement unit,
5 comprising a measurement section (15) and 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 mechanism (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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3. A reliability evaluation test apparatus
5 according to claim 2, further comprising, on the
connection ring (24), a seal member (26) which comes
into contact with the contactor (11) 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) comprises

a first heater (29A) which heats a central portion of



1033EFFF$GECGACGIEXY: 1 L"10% & () -
10% & ()-10% & ()-10% & ()-&SH10% & ()-t10% & () - dGEGEH9HHVI aBxY: !'!/s10% & (
)-s!,:110% : & ()-&10% & ()-F( 10% & ()-f&10% & ()-$10% & ()-vII1JJJ
J#JJb@!!sL "10%& ()-10% & ()- 10: 10: 10:,
10% & ()-99&10% & () - Y7#10% & () - IKKLN?NOz[ 9b@ ! ! y/ #10% F
& ()-""10% & ()-!"10%=& ()-!"10%=& ()-3310% & ()-'dL "10%& () - OOOOO0CP
QS1!'i " Y'109%& ()-!'d Y'109& ()-3 10960&f(7010@60&f()- 10== 10==
10==1y/ #10%=& () - Q¥QUQaRRgSS]; uSl!!i!f& #10%W0%& ()-F !f& #10%0& ()-F
& 10% & ()-3 & 109t ()-3 F10% o0& ()- s Y'10%
& () - SgTUUUUUGH P15 Eml E8n&00YEE | wa b 2D%EEBE& &) s€cdNib Rebrer1(Q308p 103030
103030! 1"10%8030& ()-3 '1"109%88& ()-3
GUUIVVWINKz X9P1Whii ER09mBr 6hnfls! tDBQERY £) - he&t8%0 &h() hka#i08@8&uUEer! | L
m 10%u& ()-Z '|L mM10%& ()-Z
edge portion of the semiconductor wafer.
7. A reliability evaluation test apparatus
5 according to claim 5, wherein the heating mechanism
{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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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,
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to claim 16, wherein the aligner includes a microscope
(79) to observe the semiconductor 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 the magnetic circuit, and the switch means
excites/degausses the magnetic circuit to cause the

20 transfer tool to attract/release the contactor and the
semiconductor wafer.

21. A contactor, which comprises a heat-resistant
substrate (11lA) having a thermal expansion coefficient
of 1 to 50 ppm/°C, and a conductor circuit (11B) formed

25 on the heat-resistant substrate, and is used to execute
a reliability evaluation test at a temperature of not

less than 160°C.
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22. A contactor according to claim 21, wherein the
conductor circuit comprises a bump (11C).

23. A contactor according to claim 21, wherein the
heat-resistant substrate is formed from at least one
material selected from a heat-resistant resin, a metal,
a semiconductor, and a ceramic.

24. A contactor according to claim 21, wherein an
insulating coating (11F) is formed on a surface except
a portion which is electrically connected in executing
the reliability evaluation test.

25. A reliability evaluation test method of
executing different reliability evaluation tests for
a semiconductor wafer in a state wherein the
semiconductor wafer and a contactor are totally in
electrical contact with each other.

26. A reliability evaluation test method of
executing a reliability evaluation test for a
semiconductor wafer by pressing the semiconductor wafer
and a contactor which are totally in electrical contact
with each other, heating the semiconductor wafer to not
less than 160°C, and rendering the semiconductor wafer
conductive.

27. A reliability evaluation test method according
to claim 25, wherein the reliability evaluation test is
executed simultaneously for not less than 100
semiconductor devices on the semiconductor wafer.

28. A reliability evaluation test method according
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to claim 25, wherein an electromigration test and/or
a leakage current test is executed as the reliability
evaluation test.

29. A reliability evaluation test method according
to claim 25, wherein a temperature distribution in
a surface of the semiconductor wafer is controlled
within *2.,0°C at a range of 160°C to 350°C.

30. A reliability evaluation test method according
to claim 25, wherein the semiconductor wafer and the
contactor are placed in one of an inert gas atmosphere
and an atmosphere of an inert gas mixed with a reducing
gas.

31. A reliability evaluation test method according
to claim 30, wherein an oxygen concentration in the

atmosphere is not more than 100 ppm.



