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1 DESCRIPTION MICROSTRUCTURE PROBE CARD, AND
MICROSTRUCTURE INSPECTING DEVICE, METHOD, AND
COMPUTER PROGRAM 5 Technical Field [0001] The present invention
relates to a probe card, an inspecting device, and an inspecting method

for inspecting specifically a microﬁﬁ%m , an MEMS (Micro Electro
Mechanical System), 10and ac a &am for inspecting a
microstructure. Background Art [0002] Recently, an MEMS which is a
device having various functions, such as mechanical, electrical, optical,
AR EBCIOR IO YR IARBDIANT SIRORERSREGE R IS ISIPROUIIPDE VICE,
15 microfabrication technology or the like receives attention. An example
of an MEMS technol O TMOEH) AND ESNVRITITERPROGR 48Mo put an MEMS
device on micro sensors, such as accelerometers, pressure sensors, and
airflow sensors as various sensors for automobiles and medical services.
Adapting the MEMS technology to an inkjet printer head enables an
increase in the number of nozzledSw4jEIEkLt inks and enables
E&m ate ink jetting, thus improving a print quality and 20 speeding up a

r peed. Further, micro mirror arrays used by reflecting projectors are

Knowgy 5 AERSHAL MR A0 G000l o iR RURRELEADAN M R peciing method

development of various sensors and actuators using the

techriagy WildrRymoP ARRIGALORS §Q ORIIGAELAMIMIHIGALAR, WRBHSical System),
devices, peripheral devices 25 of computing machines, and further

hidlogiagluan aplygesndodippetabien pavvestsourees. The technology search

report voL 3 (issued on March 28, 2003, by the technology research and
information office of the industrial Begkgreendrdttechnology polity and
%g]onmental bureau, and 2

Recently, an MEMS which is a device having various functions, such as mechanical,
electrical, optical, and chemical functions, integrated by using specifically a semiconductor
microfabrication technology or the like receives attention. An example of an MEMS technology
which has been utilized so far is to put an MEMS device on micro sensors, such as accelerometers,
pressure sensors, and airflow sensors as various sensors for automobiles and medical services.
Adapting the MEMS technology to an inkjet printer head enables an increase in the number of
nozzles which jet out inks and enables accurate ink jetting, thus improving a print quality and
speeding up a print speed.  Further, micro mirror arrays used by reflecting projectors are known as
general MEMS devices.

[0003]

It is expected that future development of various sensors and actuators using the MEMS
technology will develop applications to optical-communication mobile devices, peripheral devices
of computing machines, and further biological analyses and portable power sources. The
technology search report vol. 3 (issued on March 28, 2003, by the technology research and

information office of the industrial science and technology polity and environmental bureau, and



10

15

20

25

the industrial machinery division of the manufacturing industries bureau,
Japan ministry of economy, trade and industry) reports various MEMS
technologies under the topic "present situations and issues of
technologies regarding MEMS". [0004] 5 A scheme of appropriately

AR S S A T S o
| gk 1l ‘
A e R A e

andidaiantaRuel daterkoabies MysRiamestion by performing appropriate
inspection at an early stage like a wafer state improves the yield and
foodaer reduces a 10 manufacturing cost. Disclosure of Invention Problem
to be Solved by the Invention [0005] In general, microstructures having a

minuti sshensisicepprivatéivenspeeitediirdifckeicesdedBnge vinesantiegether with the

change a responsive characteristic with respect to a minute movement.

deelormehy! taeddEMSdetireChrsraRa et Hersyriias nboaysyiynay. the

form highl ise i tion. [0D06] Vari t be performed
R e SR TS ARS8 BN 90 Ch TR e o e
SthiRGISH AP TRe AN AP AR ASKUATHIBARCHIGALY SARRRRIEdifopriare

the Inspection electrode of a device, an electrical signal 15 transmi
hyahh anselaherrOy waki QHB M IDRReEIIGRIiNaHRYIsRudRR0 7]
Meanwhile, when the inspection electrode (sometimes called electrode
pad)fistieipeckof a 25 material which is easily oxidized, such as
aluminum, copper, or a solder, because an insulating capsule like an
oxide film is formed on the surfatselestiepefispetigion electrode in an

inspection stage, even if the probe is caused to electrically contact the
inspection electrode, theF&pRlgnidaPecstird &y the Invention

[0005]

In general, microstructures having a minute movable portion like an accelerometer are
devices which change a responsive characteristic with respect to a minute movement.
Accordingly, to evaluate the characteristic thereof, it is necessary to perform highly precise
inspection.

[0006]

Various tests can be performed on the devices, and in a case where the electrical
characteristic is subjected to inspection, a probe as a contact is electrically connected to the
inspection electrode of a device, an electrical signal is transmitted through the probe, thereby
performing inspection on the device.

[0007]

Meanwhile, when the inspection electrode (sometimes called electrode pad) is formed of a
material which is easily oxidized, such as aluminum, copper, or a solder, because an insulating
capsule like an oxide film is formed on the surface of the inspection electrode in an inspection stage,

even if the probe is caused to electrically contact the inspection electrode, the electrical contact
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therebetween is unstable. In particular, when the inspection electrode is
formed of generally-used aluminum, an extremely hard oxide film
(insulating capsule) is formed on the surface of the inspection electrode,
and this raises a problem such that it is difficult to establish electrical

SRR e L BRE5 SR oSt e SEH A BBAd g Seerly-used
Rl W%Q&é&%ﬁ@&ﬁg AFRAR AR 8{&%&%&%9&%% %@gugffa@%f the

probe into the oxi m on the surface of the inspection electrode while

ARRIMIDE AORKIEI QI BSSIRs i Quft] it R S RTIASISER IR B¥RIEH N Gontact

a resonance frequency when the leading end of a probe is inserted into
Hasvirapeopiobealetingietioh alea@odelerometer. [0010] The horizontal axis
represents the displacements of a probe card having a probe whose
[Bihg end is pressed against the inspection electrode. The vertical axis
represents the values of 15 the resonance frequencies. As the

displ SRR ErteTssraLSiFRs e kil g BT Setecp bR OBy Sithe
j ti lectrode i tF | fth dl
R VU PR o ST 16 DA L Ry LB g srface of
{Hcgﬁ%?aé&ﬁm@@cﬁ%ﬁg%ﬂg%@ﬂ%ﬁg%ééﬂﬁ?%%?e. This indicates that the
isti ad n

frequency characteristic vice changes because of the needle

prgsgure. 20 [0012] In particular, in the case of a microstructure having a
movable portion like an MEMS device, there is a possibility such that the

motidri@flthie dagablef@eriphintizangesahe: fitipaesparsive leftgetelristiprobe is
of the device changes as the probe comes in contact therewith. Because
whtied intsebitanspegiurelasirtide Prabiscdsoagipve stress is applied to the
microstructure, so that the motion of 25 the movable portion thereof

es. [0013] Therefore, to perform highly precise observation, i.e., to

° bserﬁlee L%%z%ﬂ&%srr%% e%gnstévtﬁeélrﬁsplacements of a probe card having a probe whose

leading end is pressed against the inspection electrode. The vertical axis represents the values of
the resonance frequencies. As the displacement amount of pressing the leading end of the probe
against the inspection electrode increases, the value of the needle pressure increases.

[0011]

With reference to FIG. 15, as the needle pressure increases, the resonant frequency decreases.
This indicates that the frequency characteristic of a device changes because of the needle pressure.
[0012]

In particular, in the case of a microstructure having a movable portion like an MEMS device,
there is a possibility such that the motion of the movable portion changes, i.e., the responsive
characteristic of the device changes as the probe comes in contact therewith. Because of the
needle pressure of the probe, excessive stress is applied to the microstructure, so that the motion of
the movable portion thereof changes.

[0013]

Therefore, to perform highly precise observation, i.e., to observe the original responsive
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characteristic of the device, it is desirable that the needle pressure should
be reduced as much as possible and the direction of the needle pressure
should be limited in such a way that the microstructure does not deform.
[0014] 5 The present invention has beeh made in view of the foregoing

14] 5 The present invention has been | ew of th
FSIRG i 08 2 o i i SO FBUTSE: U B B = ch s
SRR OSAESH RE RAA D S SHRPTARNG Sl Al el

ressure in contacting a probe 0 an Inspection e ectrode to su press a

shabgR i@ e8yics-rhgracteristic, thereby enabling highly precise
inspection. 10 Means for Solving the Problem [0015] A microstructure

[p@ildé card according to the first aspect of the invention is for inspecting a
characteristic of at least one microstructure formed on a substrate and

havinkha pressriliiecpartbas besrondmiprises ofihe foregsergipioblamdrmsdacition object of
electrode to cause the inspection electrode provided 15 on the

RRRSSHIBIRAHE & DITBE PN dEP OIS BRAprobR Rl erid EdMERRAIBGERvice, an
ther b lqyi hitting ph .Joo16] T b further .
et At TR R SR

%R&&ﬁg &gf%ﬂé‘fé ﬁﬁﬁ%@é@c‘ﬁ{ @%@6&918)&%9};@&%}%@@ PARLR00: AW G,

It Is preferable that the probe card should further comprise fluctuating

neanHapIGAUS NG hecithaxpligoportion of the microstructure to fluctuate
to inspect a characteristic of the microstructure. [0018] In particular, the

fluctuating means includes MdeasoidSwvaguthelPvdlkengeneration means for
25 outputting a test sound wave with respect to the movable portion of the
PdPdstructure. [0019] Note that the leading end of the probe which is

supposed to contact the inspection electrode 5 ) o ) ]
A microstructure probe card according to the first aspect of the invention is for inspecting a

characteristic of at least one microstructure formed on a substrate and having a movable portion,
and comprises: two probes for one inspection electrode to cause the inspection electrode provided
on the microstructure and a probe provided on the probe card to conduct each other by employing
fritting phenomenon.

[0016]

The probe card further comprises conduction means for causing the inspection electrode and
the probe to conduct each other by employing fritting phenomenon.
[0017]

It is preferable that the probe card should further comprise fluctuating means for causing the
movable portion of the microstructure to fluctuate to inspect a characteristic of the microstructure.
[0018]

In particular, the fluctuating means includes at least one sound-wave generation means for
outputting a test sound wave with respect to the movable portion of the microstructure.

[0019]

Note that the leading end of the probe which is supposed to contact the inspection electrode
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of the microstructure contacts the inspection electrode of the
microstructure perpendicularly. [0020] A microstructure inspecting device
according to the second aspect of the invention is for inspecting a
characteristic of at least one microstructure formed on a substrate and
having.a 5 movable portion, and comprises: means for causing a probe to
O R R PR S S B
s for causing the inspection electrode and the probe to conduct
each other by employing fitting phenomenon. [0021] It is preferable that

the cangdidigncnRanp&RaN IS HeedEnlitii tH-REWRN SQUEEST HREAVEAGAS for
applying a voltage to the inspection electrode to cause the hitting
pheromeanhnaddnieiastrichsuoiemiichsitiglectisaty @onbdsiad tadhaving a
inspection electrode and outputs an inspection signal for executing a
pradelipaticecidsioatives: aivana fondeohivgpcirekdtodaithciscoapreteagipgtrode of
the hitting power source when the hitting phenomenon is caused, and

G RpEORIY Y R R0FROCHFNY TRSANVIRE FRUHRS She HsRer I el s @atl dis Riobe to

executed. 15 [0 22}]nl is.preferable that the conduction means should
O N T R PR o voltago Siona which causes
i phenomenon to the inspection electrode or applying an inspection

voltage signal for executing a predetermined inspection to the inspection

electip@idaiabie eifeHOD AR fREAeiasHingha sienatdsiestae iemtthRed for

inspection electrode in response to the 20 inspection voltage signal.

PPl hveltge o gielintpeeivnspentide td emisetlia fifiteéncorapises@ tlerstuning unit
sound wave generation means for outputting a test sound wave with
vdugitiselectiraln ovriisiicd tr tisninspenéonilertroteand utp[CoRUNIB AN sighaltfor
the microstructure corresponds to either one of an accelerometer and an .

TERHEE 2Ele SEHRSr N RS PG R SHEChEEAIsTIhTEtch Brampre R iairiting
Sg\gflzresgl?r%g %\;h%rol t %%%%Hg ptger?orrplgrllgﬁaig(gasusﬁed, and connected to the measuring unit when
the predetermined inspection is executed.

[0022]

It is preferable that the conduction means should include: voltage output means for applying
a voltage signal which causes fritting phenomenon to the inspection electrode or applying an
inspection voltage signal for executing a predetermined inspection to the inspection electrode; and
detection means for detecting a signal detected from the inspection electrode in response to the
inspection voltage signal.

[0023]

The microstructure inspecting device further comprises at least one sound wave generation
means for outputting a test sound wave with respect to the movable portion of the microstructure.
[0024]

Note that the microstructure corresponds to either one of an accelerometer and an inclined
angle sensor.

In particular, the accelerometer and the inclined angle sensor correspond to a multi-axes
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accelerometer and a multi-axes inclined angle sensor, respectively.

[0025] A microstructure inspecting method according to the third aspect of
the invention is for inspecting a characteristic of at least one
microstructure formed on a substrate aréd having a 5 movable portion, and

com risets: a Onta?t-Ste§' otmggatac ing a tProbe to algr,l inspection electrode

B RS S8t A RS AR S B AR SR e 5 BF ChiSing the inspection
ode and the probe to conduct each other by employing fitting

phenomenon. [0026] It is preferable that the conduction step should

includend piRRBhRAAGREFNINBAIN RRBrEh ol A HA GBS IROMUERL is for

cause the hitting phenomenon, and applying a voltage to the inspection
eigetioge, chnddbestioethnddudhemcoonpuisas fisiepdfoutpuitgdinaving a
inspection signal for executing a predetermined inspection to the
ineyrblstiontions endeanpfisssthednsgietion eleeainge proticeap ratpectips electrode of
conducted each other. [0027] 15 In particular, the method further
LB AUEtepIbT BRAMIGHAY SeBighrartiasdbdermrofanleciosh ptillly probe to
electrode in response to.the.inspection signal. [0028] It is preferable that

T g PR TR Kotact the inspection
W&ode of the microstructure perpendicularly. 20 [0029] It is preferable
hat the contact step should further include a contact detection step of

deteqtingabbranpsRe sHRNEIGCHGADANHOR R RE I RRANBEAHRVIH 0 a

each other [0030] It is preferable that the contact detection step should be

fretiferpoedrbyutiet ecting: she fidttigepinendmarore lect tipal iesistalnge foeliwmepection
the probe which contact one inspection electrode. [0031] Further, the
oriteds. snejitinuieitied ardislampiveritsste pfobtratikinntivepprbtesae for executing a
grls eltgl(':n?igveg ri]anection to the inspection electrode after the inspection electrode and the probe are
conducted each other.
[0027]

In particular, the method further comprises a step of detecting a signal detected from the
inspection electrode in response to the inspection signal.
[0028]

It is preferable that the contact step should cause the probe to contact the inspection electrode
of the microstructure perpendicularly.
[0029]

It is preferable that the contact step should further include a contact detection step of
detecting that the inspection electrode and the probe come in contact with each other.
[0030]

It is preferable that the contact detection step should be performed by detecting a change in
an electrical resistance between the probe which contact one inspection electrode.

[0031]

Further, the contact step includes a displacement step of causing the probes to displace with



10

15

20

25

respect to the inspection electrode by a predetermined displacement
amount after the contact detection step. [0032] Note that in the
displacement step, the predetermined displacement amount that the
probe is 5 displaced with respect to theZinspection electrode is the same
amount to all microstructures formed on rte%e S bstrate.#’)OSB Th
TSRl PRt SR R e SRS OeHL Do
§ausingfhe movable portion of the microstructure to fluctuate to inspect
the characteristic of the microstructure. 10 [0034] Note that the fluctuation
gienjs performed after the conduction step. [0035] A microstructure
inspecting method according to the fourth aspect of the invention is for
iInspastirghat dhdratitplistiacnt atpehspadesnitned tivstteenéaraachontat the probe is
substrate and having a 15 movable portion, and comprises: a contact
displactd i ihepspsctietbetirgatian aledhefois tisrsansctioget of athaicrostructures formed
microstructure and a probe come in contact with each other. [0036] The
RbRSPHIARer comprises a displacement step of causing the probe to
@J(Z ce with respect to an inspection electrode by a predetermined

| % cement amount after the contact 20 detection step. [0037] In

particylat, i HR diRRIBG SRR SR PRRIGIIFERHASY LY ERE Hep T Ying the

that the probe is” moved with respect to the inspection electrode Is the

ARSI pRERIaIR hiRiekas i W B8 daAmP eARPediB-SHRSHBESHZST IRO3RTAtructure.
computer program according to the fifth aspect of the invention is for

i6@pHEcting a characteristic of at least one microstructure formed on a

substrate and having a movable portion, 8
Note that the fluctuation step is performed after the conduction step.

[0035]

A microstructure inspecting method according to the fourth aspect of the invention is for
inspecting a characteristic of at least one microstructure formed on a substrate and having a
movable portion, and comprises: a contact detection step of detecting that an inspection electrode of
the microstructure and a probe come in contact with each other.

[0036]

The method further comprises a displacement step of causing the probe to displace with
respect to an inspection electrode by a predetermined displacement amount after the contact
detection step.

[0037]

In particular, in the displacement step, a predetermined movement amount that the probe is
moved with respect to the inspection electrode is the same amount to all microstructures formed on
the substrate.

[0038]
A computer program according to the fifth aspect of the invention is for inspecting a

characteristic of at least one microstructure formed on a substrate and having a movable portion,
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and allows a computer to function as: contact means for causing an
inspection electrode of the microstructure and a probe to contact each
other; and conduction means for causing the inspection electrode and the
probe to conduct each other by employi$ig hitting phenomenon. [0039] 5

A t ding to the sixth t of the invention |
T S PR e o ST S PR LB RB TS of e

%&8&%&%@%@&%%@@&%&?%&9&@#{%& Acaf &Lgﬁfsﬁ?% %he inspection

function as: microstructure Inspecting means w ich includes conta

Q%@%@&Hﬁ@ﬂ%ﬁ@fo%%@f&&ﬂ%&b%ﬂﬁ%?&%ﬁl@ﬁ OH&Ghth6n.
|

microstructure and a probe come in contact with each other. 10 Brief

pexgription of Drawings [0040] [FIG 1] A schematic structural diagram

showing a microstructure inspecting device according to an embodiment

of theinvaptorpiiRI@croningtathdor&qshamiridha iprobeoeartbanspectimater

both shown in FIG 1. 15 [FIG 3] A diagram showin% a three-axes )

cheerisFiSHTENEt leest R BUCTRSHGMHE HEted 9o SHaRtE1q piehaYiReoRaYARl portion,
C1L

[ f the three- I ter. [FIG.5] A tual di f
R AR YL S IS S AR B coma
Hég:'éﬂgﬁj ﬁleﬂ?ﬁ%ﬁ&%‘?&ﬂﬁg hah %@Qﬁﬁn%%géﬁ;e @} ﬁe%%mgtﬂl@tgf@md a probe come

showing the structure of a Wheatstone bridges provided for each axis.

FenéltAviRgBier explaining an output response of the three-axes
accelerometer with respect to an inclined angle. [FIG 8] A diagram for

explaining the relationship betisdas@igiavitiDendhgcceleration 25 (input)
and a sensor output. [FIG 9] A diagram for explaining a frequency
EW4Pacteristic of the three-axes accelerometer. 9

[FIG 1] A schematic structural diagram showing a microstructure inspecting device
according to an embodiment of the invention.

[FIG 2] A diagram for explaining a probe card and a wafer both shown in FIG. 1.

[FIG 3] A diagram showing a three-axes accelerometer as viewed from the device top
face.

[FIG. 4] A schematic view of the three-axes accelerometer.

[FIG 5] A conceptual diagram for explaining deformations of weights and beams when
accelerations in individual axial directions are applied.

[FIG 6] A circuit diagram showing the structure of a Wheatstone bridges provided for each
axis.

[FIG 7] A diagram for explaining an output response of the three-axes accelerometer with
respect to an inclined angle.

[FIG 8] A diagram for explaining the relationship between a gravitational acceleration
(input) and a sensor output.

[FIG 9] A diagram for explaining a frequency characteristic of the three-axes

accelerometer.
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[FIG 10] A diagram for explaining a prober unit according to the
embodiment of the invention. [FIG 11] A flowchart showing an example of
the operation of a probe according to the embodiment of the invention. 5
[FIG 12] A diagram for explaining another prober unit according to the

o oad T e e SR A Ha 2R R psinn: of e

slruciysal diagram showmg a probe card according a second mOdIerd
example 10 of the embodiment of the invention. [FIG 15] A diagram for

explaiping#) reAoMRARhR USRIy WhetthteadingRRHAGH & RraBdSccording to the
pressed against the inspection electrode of an accelerometer. Explanation
ahReiera@notiNumeanada. [0041] 15 1 Inspecting device 5 Inspecting unit
10,10# Probe card 11, 11# Probe controller 12 Loader unit 20 15 Wafer
20 MEchickAZBiepay fProxdanng a0 Repepetrodliecagdigztotessesubirtment of the
unit 25 41,41# Driver 42 Comparator 50 Fritting power source 10
nvention.

[FIG 13] A diagram for explaining the other prober unit according to the embodiment of
the invention.

[FIG 14] A structural diagram showing a probe card according a second modified example
of the embodiment of the invention.

[FIG 15] A diagram for explaining a resonant frequency when the leading end of a probe is
pressed against the inspection electrode of an accelerometer.

Explanation of Reference Numerals

[0041]

1 Inspecting device

5 Inspecting unit

10, 10# Probe card

11, 11# Probe controller

12 Loader unit
15 Wafer
20 Main chuck

25, 25# Prober unit

30 Relay circuit
40, 40# Measuring unit
41,41# Driver

42 Comparator

50 Fritting power source
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Best Mode for Carrying Out the Invention [0042] An explanation will be
given of an embodiment of the invention with reference to the drawings.
Note that the same or corresponding portions in the drawings are denoted
by the same 5 reference numbers andihe explanations thereof will not be

repeated. [0043] FIG]P \?é] ic structural diagram showing a

microstructure mspectl (@f &Y %P&ig) tt@et Ye&lodiment of the
66%’]“0[’] With reference to FIG 1, the inspecting device 1 of the
mbodiment of the invention has a 10 loader unit 12 which feeds an

objech 4 exifRRiRsiatveHerfolVAlaNbRIIAR B HBthIni¥RIGRIREHRIBS O the

electrical characteristic inspection on the wafer 15, an inspecting unit 5
ivindhgre civeshatas wihfeortoifsjorober porib2Sathe digtenpsine sdhgedtByehe same
of the wafer 15, and a non-illustrated controller which controls those units.
[eforate neimhess kwddles wxplanRidng Sherenbeiiting enipgastdshown) on which a
cassette retaining, for example, twenty five wafers 15, is mounted, and a

feedlng mechanism which feeds the wafers 15 one by one from the
cass the ount| Fg\jumt 045 rowded as the wafer feedin

mechiamat RoahiL S AR N
Ihroi g%%%%&gﬁ&gﬁhg@eﬁﬂg 12C which are three-axes (X axis, Y
a

axis, and Z axis) moving mechanism, and rotates the wafer 15 clockwise

and oguRtersiarekW$EAN a ﬂ@ﬁ&ﬂﬁg deVRDEMIY BB EIseaIH_NY itARIfion has a
12A which moves in the Y direction, the X table 12B which moves in the

Kadtiactior? odthtfeedy dabiied 28 (arddinel 2 axiswatee, 1 aiobathiain Zrehich performs
disposed in such a way that the central axle thereof is brought into line
Qlieititlabehaaetarisiaispctionlentixavar IaVaBsSpesEns 6 uingh fisaieesza result from
dlrectlon arﬁ%%rowded and the main chuck 20 is caused to move in the X,

e proler upihavausHsT ST il RivRsvaiRy Ebanteramclieaed:roriiles which

non- |]Iutﬁtrated 0 drive mechanism within a predetermined range with the
SRR E%E tien as the center. 11

[0044]

The loader unit 12 has a mounting unit (not shown) on which a cassette retaining, for
example, twenty five wafers 15, is mounted, and a wafer feeding mechanism which feeds the
wafers 15 one by one from the cassette of the mounting unit.

[0045]

Provided as the wafer feeding mechanism is a main chuck 20 that moves in three-axes
directions through X, Y, Z tables 12A, 12B, and 12C which are three-axes (X axis, Y axis, and Z
axis) moving mechanism, and rotates the wafer 15 clockwise and counterclockwise in a 0 direction.
To be more precise, the Y table 12A which moves in the Y direction, the X table 12B which moves
in the X direction over the Y table 12A, and the Z axis table 12C which are disposed in such a way
that the central axle thereof is brought into line with the center of the X table 12B and moves up and
down in the Z direction are provided, and the main chuck 20 is caused to move in the X, Y, and Z
directions. It rotates clockwise and counterclockwise through a non-illustrated 6 drive

mechanism within a predetermined range with the central axis taken as the center.
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[0046] The prober unit 25 has a probe card 10 which causes a probe and
an electrode pad formed of a conductive metal, such as copper, copper
alloy, or aluminum, on the wafer 15 to be electrically conducted each
other using fitting phenomenon, an alighiment mechanism (not shown)

' E 5 aligns the probe of the probe card 10 with the wafer 15, and a
Eﬁc@ controller 11 which controls the probe card 10, and causes the

probeyf 6 408 IEG IR FEACh USRI B LB o

wafer 15'to perform inspection for the electrical characteristic afer

A8V iRRIDE8E4P RIFRIPIPIRS CHOMBY AR, ISREGHIRG SRNIBE clectrically

according to the embodiment of 10 the invention, first, an explanation will
bedived atlahieciosipdttiie pheeerrxes, acadlenwmehechaiioh (st ahtest) which
object. [0048] FIG 2 is a diagram for explaining the probe card 10 and the
lighethepiobervsthowntindmidl @ witstixhweler id.RIG Lprethe gostsdlard ddvb@hscontrols

provided with a plurality of probes, and is 15 undergone alignment

hajerebne d9-hediste hsipebest S oFPBRCEIS \VEIRYITHE sEArhibRelectrode pad
hani Note.that in th bodi t. th fer 15 i ith
s e T CR e Sl S b o p e Sulgefs @

eqerometer. [0049] FIG 3 is a diagram showing the three-axes
accelerometer as viewed from the device top 20 face. As shown in FIG 3,

a chipiBidexpraru Weeish BSURImpRE ARIRIN Q) SR aste-RBEGEment of

PD disposed therearound. Metal wirings for electrical signal transmission
tiee ihecetieat fosteap ads mntitherdftaiane g caovidesrkoaue tegins Addefamettr which
in a clover-like shape are disposed at the center. [0050] 25 FIG 4 is a
seHesrliRediagram showing the three-axes accelerometer. With reference
to FIG 4, the three-axes accelerometer is piezoresistor type, and has

resistors which are detection devices as diffusion resistances. The

piezoﬁféiaggg%ggra]fg for explaining the probe card 10 and the wafer 15 both shown in FIG. 1.

As shown in FIG 2, the probe card 10 is provided with a plurality of probes, and is
undergone alignment adjustment to a predetermined position on the wafer by the alignment
mechanism. Note that in the embodiment, the wafer 15 is provided with a plurality of
microstructure chips TP each of which is a three-axes accelerometer.
[0049]

FIG 3 is a diagram showing the three-axes accelerometer as viewed from the device top
face.

As shown in FIG 3, a chip TP formed on a wafer substrate has a plurality of electrode pads
PD disposed therearound. Metal wirings for electrical signal transmission to the electrode pads or
therefrom are provided. Four weights AR formed in a clover-like shape are disposed at the center.
[0050]

FIG 4 is a schematic diagram showing the three-axes accelerometer.

With reference to FIG 4, the three-axes accelerometer is piezoresistor type, and has

piezoresistors which are detection devices as diffusion resistances. The piezoresistor type
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accelerometer can utilize an inexpensive IC process, and the sensitivity
thereof does not decrease even if the piezoresistor is so formed as to
have a small size, and is advantageous for miniaturization and cost
reduction. [0051] 5 As a specific structize, the weights AR at the center

tructured in such to b ted by four beams BM
RIS B e o TorBReEe B el S Y S e

IR e ALSHIRNS REXCANCYHADY BRNREJOHC RIRALERINRTS Per

axis. The four plezoresistors for Z axis direction detection a ISpOSGd

ResieihgonigzssistRkden X axis direction detection. The top faces of
the weights AR are formed in a clover-like shape, and 10 connected to the

[eanms BM at the center. Employing a clover-like structure makes it
possible to realize a small-size highly sensitive accelerometer because

the waigheeaiR sarstbes.|degecahits ik aubasmnienythricastutnd elowratadnner as to be

[0035%@ Employed as the o%elration principle of the piezoresistor type )
tHPeetsdBY IqrckiamsiMer e baxsn et fln formed iatriaPiivet sag RSk At right
deform when the weights recgive acceleration (inertial force), and th

S s R S B B S T e e B et four

PIEARIGSISqES 71 M&Mﬁ%@t&ﬁﬁﬁ‘ﬁ%%ﬁ\k&@& BEMDHENLSENSOF BHPIR

are to be taken out from the outputs of Wheatstone bridges to be
gisctissadelats. antdrgorresaterkindiaudndtvifUBhRIER AXBFRARARISY and
[0053] 20 FIG 5 is a conceptual diagram for explaining deformations of the
veaights] antidieamsBMenhacosierabBophiintecindividieatraxiat dicdgesiopsssible to
are received. As shown in FIG 5, the piezoresistors have a character
(gsiezeoy ssidtorze tiebly seshivhacatleromaigebotaussidneghtidd shichalagsgnd the
due to applied distortion, and the value of resistance increases in the

IR mAGTaBHIsHh and reduces in the case of compression
@aﬁ tion. In the 25 embodiment, X-axis-direction detection piezoresistors

XI'T0 Rx4, Y-axis-direction detection piezoresistors Ryl to Ry4, and

Z-axigslliE RUPR BRIGEHADRIFAURE SIS RZMIQRGAMEh e UE  dReter is a
mechanism such that the beams BM deform when the weights receive an acceleration (inertial
force), and the acceleration is detected through changes in the resistance values of the piezoresistors
formed on the surfaces of the beams BM.  Sensor outputs are to be taken out from the outputs of
Wheatstone bridges to be discussed later and incorporated in the individual three axes separately.
[0053]

FIG 5 is a conceptual diagram for explaining deformations of the weights and beams when
accelerations in the individual axial directions are received.

As shown in FIG 5, the piezoresistors have a character (piezoresistor effect) such that the
value of resistance thereof changes due to applied distortion, and the value of resistance increases in
the case of pulling distortion and reduces in the case of compression distortion.  In the
embodiment, X-axis-direction detection piezoresistors Rx1 to Rx4, Y-axis-direction detection
piezoresistors Ry1 to Ry4, and Z-axis-direction detection piezoresistors Rz1 to Rz4 are

exemplified.
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[0054] FIG 6 is a circuit diagram showing the structure of a Wheatstone
bridge provided for each axis. FIG 6(a) is a circuit diagram showing the
structure of a Wheatstone bridge in the X (Y) axis. 5 Output voltages of
the X axis and the Y axis are denoted by Vxout and Vyout, respectively.
rﬂbﬁ»‘,‘ (b) is a circuit diagram showing the structure of a Wheatstone bridge

Z axis. An output voltage in the Z axis is denoted by Vzout. [0055]
As meptian \, I C f ' iStor
e T o A AR o
ghanges, in the X and Y axes, for example, each piezoresistor detects an
acceleration component from the output of a circuit formed by the
Whe&isiaiia) braddyevindacihestisvdsgahestitpuire/of tagddasiepehdietiy the X (Y) axis.
separated from one another Note that to constitute the foregoing circuit,
thepwietdiagasiigbea axih antlikheshavisruindencied byd xsohuekYeoutogepersively.
and output voltages for the individual axes are detected from assigned
e|ectiﬂ@%%%u[b@%m@w@%%g%%mé%?@m%@t@ébﬂ?ew
Rﬁ: corqpopent o{ha accel rati%g and can be used as an inclined angle
S8 S YL e S %Xlgsrlgvﬁ% I n%’( aczzglétreration. [0057] 20FIG 7 is a

' m for explaining an output response of the three-axes

accelerometer with respect to an inclined angle. The sensor shown in FIG
7 wa\ kofRtReRAABOL IR YRBLZrer@mcaNsH tRefHGHO RLURBES ffadNgX i change
Y, and Z axes, respectively, were measured through a voltmeter A
e apiiaige dicoreéon soidrcscfoh3hesevhangse thals terpovvees doireeafigyldhech
sensor. A value having a zero-point offset of 25 each axis output
piritheretiodjertsauigseclerplomecinppecit fronehe avipgt pbirsiipvicignrd [oobs]
FIG 8 is a diagram for explaining the relationship between ae%ravitational
Wheatsrea BAISR5¢h axis as an output voltage independently separated from one another.

Note that to constitute the foregoing circuit, the metal wirings and the like shown in FIG 3 are
connected together, and output voltages for the individual axes are detected from assigned electrode
pads.

[0056]

The three-axes accelerometer can detect the DC component of an acceleration and can be
used as an inclined angle sensor which detects a gravitational acceleration.
[0057]

FIG 7 is a diagram for explaining an output response of the three-axes accelerometer with
respect to an inclined angle.

The sensor shown in FIG. 7 was rotated around the X and Z axes, and the bridge outputs for
the X,Y, and Z axes, respectively, were measured through a voltmeter. A low-voltage power
source of +5 V was used as the power source for the sensor. ~ A value having a zero-point offset of
each axis output arithmetically reduced is plotted at each measuring point in FIG. 7.

[0058]

FIG 8 is a diagram for explaining the relationship between a gravitational acceleration and a
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sensor output. The input/output relationship shown in FIG 8 is one that
gravitational acceleration components relating to the X, Y, and Z axes,
respectively, are calculated from the cosine of an inclined angle in FIG 7,
a relationship between a gravitational aceeleration (input) and a sensor 5
output is acquired and the input/output linearity thereof is evaluated. That
T’E?%reo\@%ttionship between an acceleration and an output voltage is

almo%@?&%%%@ﬁg%‘%ﬁ&s ISR SIAATAE &30 URSiRdERAYERG Y ation

characte ree-axes accelerometer. Asshown in FIG 9, as an

RigistRedFRAY faoY, ThaideiBlistieselRensat exthisdatihttoodiBeof an

and Z axes, respectively, have flat frequency characteristics in all three
uckised prideap PIOXTmaatiiyoR6) bzwadich tesdndace acocketitail GoRitianiatieasor
X axis, at 600 Hz in the Y axis, and at 833 Hz in the Z axis. Note that the
Arespii ésreywredrisk i dtipuHenpudmessientizorpd frevplientesy chhatistérgtlotishenp

ackaging. [0060] 15 Hereinafter, an explanation will be given of a
W@@mw@@%@mgtﬁ@ﬁﬁmﬂmhe invention. [0061]
Eorbr?gio Is a diagram for explaining the prober unit 25 according to the

diment of the invention. 20 With reference to FIG 10, the prober unit

25 ofpifee &H‘P&Q%’Aﬁﬂ’opé %ﬁ%ﬂ&iﬁéﬂ%ﬂ%ﬁ&@ﬁs@&%%%Q-éb%s%geﬂ%'f%merer.

probe controller 11, and the probe controller 11 includes a fitting power

SOUIGRs IRLANANEFTER AL HN ek biR{I4 hd BRGZh T RBPIIBR IR dABASuTHRANOr the X,

of probes 2 each of which contact one of the plurality of 25 electrode pads

¥ ndfZlhecyyatercandyralay 13 Grapenectha dactive caapi ditee grslbe so2pprdimately
the pair of probes 2 are switched over between the measuring unit 40 and

208 i e pospweaners nesers008A dlzdo e rxds tAroiiYH 2 ethe lagrg s3@ndias 833 Hz in the
Zaxis. Note that the frequency characteristic here represents the frequency characteristic after
packaging.

[0060]

Hereinafter, an explanation will be given of a probing method according to the embodiment
of the invention.
[0061]

FIG 10 is a diagram for explaining the prober unit 25 according to the embodiment of the
invention.

With reference to FIG. 10, the prober unit 25 of the embodiment of the invention includes the
probe card 10 and the probe controller 11, and the probe controller 11 includes a fritting power
source 50 and a measuring unit 40.

[0062]

The probe card 10 has a pair of probes 2 each of which contact one of the plurality of

electrode pads PD of the wafer, and relays 30 connected to the respective probes 2, and the pair of

probes 2 are switched over between the measuring unit 40 and the fritting power source 50 and

connected through the relays 30.
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[0063] The measuring unit 40 has drivers 41 and comparators 42, and is
structured in such a manner as to output an inspection signal from a
driver 41, and compare and determine a result thereof by a comparator
42. Although a structure such that the tWo drivers and the two
arators are 5 connected to the pair of probes 2 is illustrated, a
ucture such that one driver and one comparator are connected can be

empl?’)ﬁ?ﬂle@%%f%u&?éf@%%@%9?%%%&1@%@&2%&%%%&%&1%@%%amanner

when the pro IS pressed against t ectrode pa , If a nee

RRSSHpR i ageash foptes! JasiRtanceRebipar the Riekemr ARG by a

electrode pad PD increases. The stress of a needle pressure and a
canpacisesistaftieoagk intactisdechithie thd onshiiyerk hadelie 1eoltoatparators are
inspecting scheme according to the embodiment of the invention, the

effoettof  Hegdieoprea Risallsiped ssadaywiSyiraedivey and one comparator

phenomenon. Note that the fitting phenomenon is phenomenon such that

#h &AiF ERRREFH: applied to an oxide film formed on the surface

@O&Eetal (electrode pad in the invention) becomes 105 to 106 V/cm or 15
0, a current is caused to flow because of the thickness of the oxide film

and unsuennes s ALING SATBGINAR SIS EnaNAIAR e I Pagains e

destroyed. [0065] It is desirable that the compliance characteristic

¢flextilibaioishe RiQr grelinid RaiaN cARAREFIRMRIRHRRN N }8iaNTand the

of the leading end of the probe 2 with respect to the wafer 15 may 20 not
dectodspadBIaindreases. slighdiytreliffef £ occdqhigosaband. albatevenisgase are in a
accuracy of the height of the leading end of the probe 2 and the
maderafbiciatimghan st Biettoisrolbw axpdo8nsrechanae repsedinl todhagatpsdipent of the
the compliance characteristic of the probe 2 is high when the differences

BreREoteharily L AbR TSPt oWE S SURPESIES BisEP il biesptsnompgon. - Note
to the electrod ds, d| dif f h )
B R B S RS R AL v

pro 0 ma e compliancech

HaR s dif ftﬁé‘%ﬂﬁﬁc@bﬁa%&igéi&%‘ﬁa@ﬁ% %@éﬁ%@%&%@&ﬁ%%‘ﬂ@m or

needle pressures thereof can be almost uniform. [0066] 16
S0, a current is caused to flow because of the thickness of the oxide film and unevenness of the

composition of the metal, and the oxide film is destroyed.
[0065]

It is desirable that the compliance characteristic (flexibility) of the probe 2 should be high.
To be more precise, the height of the leading end of the probe 2 with respect to the water 15 may
not be constant, and may slightly differ for each probe 2. The evenness accuracy of the height of
the leading end of the probe 2 and the manufacturing cost of the probe card 6 are in a trade-off
relationship.  If the compliance characteristic of the probe 2 is high when the differences of the
leading ends of the probes 2 are absorbed and all probes 2 are contacted to the electrode pads, a
needle pressure difference for each probe 2 is small. To make the compliance characteristic high,
even if there is a difference in the heights of the leading ends of the probes 2, the needle pressures
thereof can be almost uniform.

[0066]
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It is also structured in such a manner as to detect that the leading end of
the probe 2 comes in contact with the electrode pad PD, and the probe 2
is pressed against the electrode pad PD by a certain length from that
contact point (overdrive amount). In patdtécular, in a process of forming a

confqrmational structure like an MEMS on a watfer 15, it is difficult to k .
tho ST ST Shee EO BB TR A BAGHE Rt omes i
. i . ¢ :
e B e S (R«
ANAH R AREGIBPESSASLIR (DEREHTING AR P MR iEAGDE B TG ming a
even if the height of each chip TP differs. [0067] 10 To detect that the
teafhimgremnl ciriberplikear?MBENS s cafiials, withiiffievd edteepl gadfiBof the wafer
there are a method of measuring a distance between the probe card an
{Re@npitid 8padddhe herztkermsie chisdifere aRirdefrshinzahat Shisadare end of the

detecting a contact state by extracting a shape from images of the

RECRAAGURS Bropniep i besirgtipde epd Ry dadpaersins e arsctiBhafitpigverdrive

by a change, in a electrical resistance between the pair of probes, 2 10.he
s i N A e
Eh% glegigal resistance between the pair of probes 2, detection can be

made when one of the pair of probes 2 contacts one electrode pad PD

ogAhe electrical resistance becomes small from an open state where the
electrical resistance is extremely large. [0068] The differences in the

heighs dftdttehmdividudihg bipofitRe ot wafies ih bandtthehdiéeiencds p2OPD,

in the heights of the leading ends of the probes 2 are absorbed in this

e i nbbkAYiShectoee bahscatidroptebe tare anribieleceetrdiadhy, for

such that a needle pressure is uniform. [0069] At least the leading end of

THARIERY TR AanEkod Al RISEHNSS (PRSI Ly RS A thepg e
0

Af
inspecti lectrode,of. a mic ructure. Accordi a needle pressure is
RS et Bema TS SRR, S QS PSRRI dShange

APRIGAHAR QGG RBERIERIASMIS A BrlBes MRy FRARMRITHIRGHRNAB dRGiRE 4R the
direction or the Y axis direction in FIG 4) is suppressed, thus suppressing
SnsH SIURB ANAR@ HY INANEL i ENR tNEQ S RIRSBFedithe pair of probes 2, detection
can be made when one of the pair of probes 2 contacts one electrode pad PD and the electrical
resistance becomes small from an open state where the electrical resistance is extremely large.
[0068]

The differences in the heights of the individual chips TP on the wafer 15 and the differences
in the heights of the leading ends of the probes 2 are absorbed in this manner, thus enabling
inspection on a microstructure under a condition such that a needle pressure is uniform.

[0069]

At least the leading end of the probe 2 is formed in such a manner as to perpendicularly
contact the inspection electrode of a microstructure.  Accordingly, a needle pressure is applied
only perpendicularly (in the Z axis direction in FIG 4), application of the needle pressure in the

horizontal direction (in the X axis direction or the Y axis direction in FIG 4) is suppressed, thus

suppressing a disturbance originating from the needle pressure.
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[0070] When the wafer 15 is to be inspected, first, the pair of probes 2 are
contacted to the respective electrode pads PD, and then the pair of
probes 2 are connected to the fitting power source 50 through the relays
30. It is preferable that the probe 2 shouifd be contacted to a device, i.e.,
E@z 5 electrode pad PD, in a perpendicular direction. When the probe is
cted to the electrode pad in an oblique direction, the effect of a

need %%Sféi“?é’ﬁ"‘t%%% %%l{éo%%g, 2%&%’% ?Eﬁ? c}%‘?fo%e%i ﬁrﬁ [:&9%&&3 E')ethée respective

method of detecting that the In contact with the electrode

BadbR paRPIRIEREIRG TR R BrévagRinstifs-aleat adarat BRvBYsdurce 50

certain overdrive amount after contact has 10 advantages such that the
hrotieh dendidipriis held gefestsliatantiapdiechoildbe biptideixdadedes iBs., each
the probe 2 and a probing method which do not employ hitting. Further, a
elvstiedd ot By piipenskatns difettione alhendrebestorhie qontisted tintha aderode pad
manner as to perpendicularly contact the electrode pad PD, and causing

manebligrrdErdion thesHifshel @ rerdis RESUR 81 SERGH B dXpiysAnd the Y axis.

@%jndicular direction have an advantage such that an effect on a chip
IS reduced in the probe 2 15 and a probing method which do not

empley Jitting,q (Al Grbdyls g:éﬁ%‘%%@ﬁ{éﬁrﬂ%ﬁ@& RNHEKAORIR,Q! 34 PD, and

operation of the probe according to the embodiment of the invention.

REQMOHERBrIbeRatR: 812 AdIEHIRPHYPIVES, ARAVEHIEME R MAMH: it @bifict has
an appropriate value beforehand so that the contact resistance between

theapreebesich ddttthe 20be leeidome jpaddRbnisare diutadefiad atredsporiginatdng:d in
from a needle pressure of the probe 2 can be vanished. [0073] When the
hereebes Rudiquphig oxthied Whath dshtemplaHetting. stHarbetarieBpéefitonming the

is entered_ (step Si), a chip to be inspected is selected and the position of

tHePRrhReRERESa4 S ROYeZoriveR f Gh AT AHE REZRTHS il e0ptagidhe electrode
ShAgE2 0o alnmet conglisa et e SeleeiRd iR RRINBB AL e
perpendicular direction have an advantage such that an effect on a chip TP is reduced in the probe 2
and a probing method which do not employ fritting.

[0072]

FIG 11 is a flowchart showing an example of an operation of the probe according to the
embodiment of the invention.  Prior to the inspection on a microstructure, an overdrive amount is
set to an appropriate value beforehand so that the contact resistance between the probe 2 and the
electrode pad PD is reduced and stress originating from a needle pressure of the probe 2 can be
vanished.

[0073]

When the wafer 15 is mounted on the main chuck 20 and the start of the inspection is entered
(step S1), a chip to be inspected is selected and the position of the main chuck 20 in the X-Y
direction and the azimuth angle 0 are changed to do alignment control so that the selected chip
positions at the location of the probe 2 (step S2).

[0074]
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Next, the wafer 15 is moved to come close to the probe card 10, and it is
detected that the leading end of the probe 2 comes in contact with the
electrode pad PD. That is, the wafer 15 is moved in the direction of the
probe card 10 (step S3), the resistanceIBetween the pair of probes Which

oo S O P K SOV G P i g o the
Gl LB DR AN %ﬁﬂﬁé@&;&%{ dciaﬁctmes e%fer I5is

certain overdrive amount from that point o keep a needle

RksRAuenatiRGRH IR PRI 0B SN FASRHRDBAWRFHB d&aﬂ&%%b

chip TP of the wafer 15 and then to displace by a predetermine

ehetdrivec dnindigihaioredientioméeheretijtdpRS 43, anid it ¢d, revixthites deatiasas (step S5),
can be carried out for each chip TP under the same condition. 10 [0075]
Bebséy e rtkepamotiagelascaioilieprobesne prdbe abethis panedipthsisdestpode pad
from the hitting power source 50. When a voltage is gradually increased,

B dirstiendh WB@&W&%@%YFB%@@?WB%P@% (@ é@ﬂ Mfespc?degdie pressure at

flows.between the alrof fnttln he om sed.o
d%n?mnceaﬁ‘ gj \F‘f"tad/ecgups %R/ 'ﬁ)ﬁ?e palf’ prgbes r\iv(ffﬁ%qgandthento

Eﬁ'é REH I pleaiiaathed 5, CRRRL GRS MR E%c‘?h%“&{é’&ﬂpoﬂf’isp R IERIS Al

Next, thé pair of probes 2 are switched over from the hitting power source

RGhsidenteni e RrRAGIDEHWAINAiS TR Hhiaus iR lalfos0 and electrically

connected to the measuring unit 40 (step S8). Although the explanation
[@3dpeen given of a structure such that switching between the hitting
power source 50 and the measuring unit 40 is realized by the relays 30,
the shuleaeeidnaviiliet wpliid tose pehd Ziisthsaxsilolrrobpetitem the fritting

switching bgﬂqiemlconductor switches instead of the relays 30. [0076]
nN¥BettsreggneRufBersh trarr adtriny ktybaoxide film

{)he elect E:Opja?r 2tﬁrou%h the IPtLObe 2 (%ft:s [%{ﬁng%el{IStlc og #(pnebas edona
|s mea e app ying ex erna orce

ﬁﬁ%réﬁcmﬁ%%ﬂ&% E%Bh% iSeRYRLG theae G¥SRIBYES :!L{i' BRORSHESTRR Ay

When 25 there IS another chip TP to be inspectéd on the wafer 15 ( step
dohdY&sd wisiiRchbdispag EoteRpaTsl  ansiadiepsiftIpignme sk ieRaoker from

(step S2) to storing and displaying of a measuring result (step S10) are
tiepeategpdvaeotive (6 isdaothenadtasngnghipit BB sidchrongh detexthpr Bthand electrically
wafer 15 (step S 11: 19

connected to the measuring unit 40 (step S8).  Although the explanation has been given of a
structure such that switching between the fritting power source 50 and the measuring unit 40 is
realized by the relays 30, the structure is not limited to this case, and it is possible to perform
switching by semiconductor switches instead of the relays 30.

[0076]

Thereafter, an inspection signal is applied from the measuring unit 40 to the electrode pad PD
through the probe 2, and the characteristic of the chip TP is measured while applying external force
to the chip TP (step S9). A measuring result is stored, and displayed if needed (step S10). When
there is another chip TP to be inspected on the wafer 15 (step S11: Yes), this chip TP is selected, and

operations from alignment control (step S2) to storing and displaying of a measuring result (step

S10) are repeated. ' When there is no remaining chip TP to be inspected on the wafer 15 (step S11:
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No), the inspection is finished. [0077] By employing hitting phenomenon,
a needle pressure between the probe 2 and the electrode pad PD can be
set to an extremely small value, so that highly reliable inspection becomes
possible 5 without a possibility that the Electrode pad or the like is

]qfaén ed. 0078]?%%%0 ram which allows a computer to execute the

pP b%%n 34'd eggmbodiment of the invention can be stored in a
‘Wﬂory medium, such as an FD, a CD-ROM or a hard disk, beforehand.
n this case, the non-illustrated controller is provided with a driver device

WhiC'Bﬂz%@ﬁ)‘?ﬁlg)H{tﬁB%ﬁf&ﬁfﬁéﬂoﬁtgrﬁ&dﬁ BréQER! SHRPRMARIHROLECCRIY B clectrode
the program through the driver device, the prober unit 25 is controlled

purED tiae lrosetolaaekineraein tiali rahreostiien hipdKokeigbingsibinigecosikt@dssible

is executed. In a case where a network connection is established, the
prbgraapissibidiyrihotibie dldetndeopadprdic tilke ipdoegeshit 25 is controlled

under the control of the controller, and then the foregoing probing method
[QERbcuted. 15 [0079] (First Modified Example of Embodiment) FIG 12 is

di f laini th b it 25# ding to.t .
emb ORERPLT 156 THRSATUIR Feferahe R BERaereid b sppimentof
354061 DR S 0 A RIS EQNOLSh 7D T FASAPIR YR el

10# is structured In such a manner as to have no relay 30 in comparison

péitehhfiPraR gkt 1fle AbiEiMIQRRCRTOIEF id proNas] & MRQRRHEAG:WRMwhich
40#, and is structured in such a manner as to have no hitting power

sadyoat 8@ propamparisdin withoidegnakkucoriseiles thd pfAg&athiougiethe driver
foregoing structure, drivers 41# included in the measuring unit 40# have
dhuicsathreprbeuwitidniseontiatiest uhderdrecuitigl fither giwiierswd bendla foregoing
Specifically, they are structured in such a manner as to be able to directly

BihigedTEdiedii cregicd: orlbartaye Mk AR CARTE AR RIRRR IS i dpoeram is
‘.tir%éégg%%)‘.{é%) fg(i)g%}] zg%%egerlj H}fi:rigoggreurlllcl)tr?§ g%gnit%oﬁa ﬁg(ge’r ttng Xo%ggll Xf%gle controller, and
then the foregoing probing method is executed.
[0079]
(First Modified Example of Embodiment)

FIG. 12 is a diagram for explaining another prober unit 25# according to the embodiment of
the invention.

With reference to FIG. 12, the prober unit 25# has a probe card 10# and a probe controller
11#.  The probe card 10# is structured in such a manner as to have no relay 30 in comparison with
the probe card 10. 'The probe controller 11# has a measuring unit 404#, and is structured in such a
manner as to have no fritting power source 50 in comparison with the probe controller 11.
[0080]

In the foregoing structure, drivers 41# included in the measuring unit 40# have the same
function as that of the foregoing fritting power source 50.  Specifically, they are structured in such

amanner as to be able to directly apply a certain degree of voltage, which can cause fritting

phenomenon, to the probe 2. After fritting phenomenon is caused, they apply an inspection signal
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like the drivers 41. It is not illustrated but comparators 42 are built in, so
that a signal which is output in response to the inspection signal can be
subjected to comparison and determination. [0081] Accordingly, hitting
phenomenon can be caused by a simpl® structure having no relay 30 5

nd_hitfin er source 40 to perform device inspection. [0082] .(Secand .

R o P e Y5 S S AT e i
nr : ; 10..

o dhon
pisag controller ilk The probe card I0OAhas the built-in hitting power
source 50 in comparison with the probe card 10. In accordance with this
structwenrthelyr Gireng@htieliaenbi Adicts onlyetts m@aplersagetimnithaknd 00834y 30
15 Employing such a structure allows the probe card itself to have a
fod biiongatorepn siuesdrildi ppeploan davem arspestidienables the probe and an

inspection electrode to conduct each other. [0084] In the example, the
H@é card 10A finther includes a test-sound-wave output unit 60. FIG 14
IS a stryctural diagram o obe card | OA according to the second
{'%%C I fqeﬁ%%% ﬁgr%f) ft%m%g odiment. The probe card IOAhas the
LeSt S9N AN QIR HUr O i PARSH DB AG IR ORTERIES OO B ciment of
60 is, for example, a speaker. TG cause a sound wave from the
testsaiad-wave output unit 60 to hit a chip TP subjected to inspection,
the probe card IOA has an aperture region formed at the position of the
test-SWith cefsiane: auiGt 1Gnike Arsibdn sira s A Gk afpriive @irddocatd 4 Qvdbhasntroller
the probes 2 attached so as to protrude into the aperture region. A 25
rhisroghe peol:ienisk dideas thebpithin Spera pewarginmce RS BLasthpaaveniwithghe probe
vicinity of a chip TP is_ caught by the microphone 3, and a test sound )
%@vﬂ?&W@@ﬁ?ﬁ%ﬂﬂ&%‘%ﬁ‘é‘*@é@%ﬁﬂ&ﬁ%@@@%h"t*@?ﬁt‘)&b fge measuring unit
%Sntrolled in such a way that a sound wave applied to a chip TP has a

ésired 21

[0083]

Employing such a structure allows the probe card itself to have a function of causing fritting
phenomenon, and enables the probe and an inspection electrode to conduct each other.
[0084]

In the example, the probe card 10A further includes a test-sound-wave output unit 60.

FIG 14 is a structural diagram of the probe card 10A according to the second modified
example of the embodiment. The probe card 10A has the test-sound-wave output unit 60. A
possible test-sound-wave output unit 60 is, for example, a speaker. To cause a sound wave from
the test-sound-wave output unit 60 to hit a chip TP subjected to inspection, the probe card 10A has
an aperture region formed at the position of the test-sound-wave output unit. A substrate 100 of
the probe card 10A has the probes 2 attached so as to protrude into the aperture region. A
microphone 3 is provided near the aperture region. A sound wave in the vicinity of a chip TP is
caught by the microphone 3, and a test sound wave which is output from the test-sound-wave

output unit 60 is controlled in such a way that a sound wave applied to a chip TP has a desired
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frequency component. [0085] It is supposed that the test-sound-wave
output unit 60 generates a test sound wave in response to a test
instruction given to the probe card 10k Asa result, the movable portion of
the 5 three-axes accelerometer becomés to make a motion, and it is
Frossible to detect a signal according to the motion of the movable portion
r%egﬁﬁ?%@ﬁ% electrode through the probe which is conducted by
m phenomenon. This signal is measured and analyzed through the
measuring unit 40 to perform device inspection. [0086] 10 The

explapatigppbas heandiveneidharasepiisiestherieke catcndhasdhe

built-in test-sound-wave output unit which generates a test sound wave,
Rubdhe ioventibeusctiat fivhiad te piols: case,(20d foraxanphe npodgsepaltion of the
inspection (test) can be executed through fluctuating means like a

itseation adeskizenwisidiedimats et e mevvasiedpiosthossible edine e agrsd according

accelerometer, if desired. 15 [0087] In the foregoing embodiment, the

i Hesamaiian ofcbe raeyrhlsteeriior Kem phifedeinnleciodp ksl tiRqprewhich is

[ hod b li t gnly the three- I t .
B L N T
&ﬂgﬂf%ﬁ@ﬁoﬁ?ﬁé@&fﬁ{ gqing disclosed embodiment is just an example

and is not fimitative. The scope of the invention should be defined by the
fodkesying claims, not by the foregoing explanation, and all modifications

and equivalents should be included in the scope of the invention. [0089]

25 THikeapplinatianhis basedvomncdpaneseeattintpApp taatitfANS. the built-in
2005-10275 1, Japanese Patent Application No. 2005-102760, both filed
©F-MBRAHVITC QOPSE uaih eV igh aenssicPatesh soNpR N dniNes, iIpEEBPBEPPIgited to

filed on September 14, 2005. The specifications, claims, and entire
@}éggﬁqg@gfozgxample, a desired inspection (test) can be executed through fluctuating means

like a vibration device which fluctuates the movable portion of the three-axes accelerometer, if
desired.
[0087]

In the foregoing embodiment, the three-axes accelerometer is exemplified, but the probe card
and the probing method can be applied to not only the three-axes accelerometer, but also other
MEMS:s, e.g., a microphone.

[0088]

It should be understood that the foregoing disclosed embodiment is just an example and is
not limitative. 'The scope of the invention should be defined by the following claims, not by the
foregoing explanation, and all modifications and equivalents should be included in the scope of the
invention.

[0089]

This application is based on Japanese Patent Application No. 2005-102751, Japanese Patent

Application No. 2005-102760, both filed on March 31, 2005, and Japanese Patent Application No.

2005-266720 filed on September 14, 2005.  The specifications, claims, and entire drawings of
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Japanese Patent Application No. 2005-102751, Japanese Patent
Application No. 2005-102760, and Japanese Patent Application No.
2005-266720 are incorporated in this specification as references.
Industrial Applicabili ty [0090] 5 Accordihg to the microstructure probing

ethod the e card, th device, the i ectr
T B o e e B e Sy o an
&%&é'ﬁﬁeﬁ ‘i%ﬂ%%&f ﬁﬂﬁéﬁ%ﬁ%%ﬁeﬁﬁ R5RAEL %&H%SH&% Aences.
probe are cted each other by employing fritting phenomenon.
Therefore it is possible to supprassANgifaciwi@ needle pressure in
contacting the probe to the inspection electrode without damaging the
[pesiog or 10 the inspection electrode. Asa result, it becomes possible to
execute a highly precise inspection while suppressing a change in an
electrsapehiag sl iviicodiuec g pwlkiffe oedioth éhn petiecprb dwuinsp@gng device, the
CLAIMS 1. A microstructure probe card for inspecting a characteristic of at
femstisanHied st i breddipsesrsia %fdlb%%i?ét‘éﬁcﬁ H’éRH‘?r’é Qyrslgisratact the

ortlon c ?p two ?grobes foro eln ECtIO{‘I trog to cause sai
SXeite]

gﬁ%c%o%e% arcturg, and Sal fion electrode BO ¢ are conducted
@J&Véq{%gb?f%ﬁﬁlgyﬁ{é)ﬁﬁuﬁ gi)éﬁoﬁ%gff CUPRCLQLNRES g&é‘&tgﬁ Sfect of a

phenomenon. 2."The micfostructure probe card acc dlng to cl

HEHCH QP THBBa ERRAHCHRBI RABD P Fiok SNSRIk RS RESHRLIng the probe or
electrode and said probe to conduct each other by employing fritting
hanpendnotiectiodd. TAe misnbStictunesprakiblearekeatondinylypelasminkpection
further comprising fluctuating means for causing said movable portion of
whil pairesingcrghangs fluaneiaeienl ihepeieristicHuede theisiieeiaif sagdieedle pressure.
microstructure. 4. The microstructure probe card according to claim 3,
wherein said fluctuating means includes at least one sound-wave

generation means for outputting a test sound 15 wave with respect to

said movable portion of said microstructure. 5. The microstructure probe

card according to claim 1, wherein a leading end of
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said probe which are supposed to contact said inspection electrode of
said microstructure contacts said inspection electrode of said
microstructure perpendicularly. 6. A microstructure inspecting device for
inspecting a characteristic of at least or2é 20 microstructure formed on a
substrate and having a movable por{lj , prising: means for causing a
probe to contact an inspection elect o?d%ﬁgaid microstructure; and

condyction, RGANR &Zﬁ?&?‘ﬁ'@cﬁ?ﬁ%’??ﬁ’ﬁn%%%ﬁ%é%%‘ﬁ%‘?eﬁ%%ﬁ}% RIQRS IO

conduct each other by loying frittin menon. 25 7.

MISORLMAI enRESHRG ARIER arEMAING tonsdRtmI6 phhBE kb aRHsing:
conduction means includes: a fritting power source used for applying a
voltagedpisbid iiaspactiospetaoiretie tiod4ocause ssadddsiitiagppleénaodnaoyided
a measuring unit which is electrically connected to said inspection
elegtiduecaortrusiasbmnrdsauvardsiembict pobesirdgta prediateradinedier by
inspection; and a switching circuit which is connected to said fritting power
%@B}E@%féﬁt%ﬁhgllﬁm%@rbhenomenon is caused, and connected to said

mea rinP]Eunitwhen said predetermined lnspectlioni %ﬁﬁmed- 8. The
W

micrastructtir RS ELEHE dEORSALCATERY 1S I THB LY ooagrising

CONAREBANDERTS DENARSYE Eﬁﬁsg%c‘ﬁ‘&%‘l‘e@&%ﬂ@ %ﬁﬁrsﬁiﬂpé){é’ﬁg f VOlIA%S cach

signal which causes fritting 10 phenomenon to said inspection electrode

SthaPPlyenRg R iNsReeHiHMaKaasmsignal for executing a predetermined

inspection to said inspection electrode; and detection means for detecting

a sigfal déteaieddsouetaaipinspestivicedediiigde dhinesphnsetosaidising
inspection voltage signal. 9. The microstructure inspecting device

Heeoriing mevlaifvrGansiigsiasbmpyisilegpordai oé saidoniswstinetwae fluctuate to
generation means for outputting a test sound wave with respect to said

RFabie PR SH S Qi HdRISEPS Lt Rure-

4. The microstructure probe card according to claim 3, wherein said fluctuating
means includes at least one sound-wave generation means for outputting a test sound
wave with respect to said movable portion of said microstructure.

5. The microstructure probe card according to claim 1, wherein a leading end of
said probe which are supposed to contact said inspection electrode of said microstructure
contacts said inspection electrode of said microstructure perpendicularly.

6. A microstructure inspecting device for inspecting a characteristic of at least one
microstructure formed on a substrate and having a movable portion, comprising:

means for causing a probe to contact an inspection electrode of said microstructure;
and

conduction means for causing said inspection electrode and said probe to conduct
each other by employing fritting phenomenon.

7. The microstructure inspecting device according to claim 6, wherein said
conduction means includes:

a fritting power source used for applying a voltage to said inspection electrode to
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10. The microstructure inspecting device according to claim 6, wherein

said microstructure corresponds to either one of an accelerometer and an
inclined angle sensor. 11. The microstructure inspecting device according
to claim 10, wherein said 20 acceleromgter and said inclined angle sensor

corresgi%re}d tto a néulti-axes accelerometer and a multi-axes inclined angle
BRSS! TeSptiv E}l.oﬁnﬂnmicrostructure inspecting method for

inspegﬂ{gqsﬂlﬂg[ﬂg‘&ﬁﬁgﬁ igfeﬁdﬁﬁﬁilf&%ﬁ@&éa%w}& (RIS 80cBode and

substrate an aving a movable portion, comprising: a contact step of

SRPACHAGRRLeMRA (A iRTRIEHAMEISHeRe-fhRRIWiIRpItIGRSWYCtUre;
and a conduction step of causing said inspection electrode and said probe
to condudicteagleiathie mbiycarisployirgtédttngiohiindmeover 2bu3d. wihea said
microstructure inspecting method according to claim 12, wherein said
botidachenostepandiuriesed. stepoonseriné tving Gaidaprobe i iligngpid
power source to cause said fritting phenomenon, and applying a voltage
PECSI B TALISE IRFCHRIL P SHECHARE 5 the method further comprises a step of
outptgttinqﬁ;m inspection si%?al for e cutin&;8 a redteteimin d irlllsPection
to said inspféf:lfilﬁnosetfggpr’gae e85 el‘ﬁlgﬁe on erectiodd ahd" Said) psr%ge
aefepdyaied.each piher. 14. The microstructure inspecting method

according to claim 13, further comprising a step of detecting a signal
deteGlgraifoBugRICHRERES IO SAGYE AdR I e SRORF & L Iasaid ingpgction
signal. 15. The microstructure inspecting method according to claim 12,
eacenesaido catasipstejprcalesasdaid gplynfoaadnipettsaid idsgesigrml for
electrode of said microstructure perpendicularly. 16. The microstructure
wispetin g predblstuoeddinrgotensltsriingpesom degtrods; @oftact step
further includes a contact detection step of detecting that said inspection
electfREUPRIBERATITLIIERTNG s EBIHALTHiH! SERUR Bddpspection electrode in

response to said inspection voltage signal.

9. The microstructure inspecting device according to claim 6, further comprising
at least one sound wave generation means for outputting a test sound wave with respect to
said movable portion of said microstructure.

10. The microstructure inspecting device according to claim 6, wherein said
microstructure corresponds to either one of an accelerometer and an inclined angle sensor.
11.  The microstructure inspecting device according to claim 10, wherein said
accelerometer and said inclined angle sensor correspond to a multi-axes accelerometer

and a multi-axes inclined angle sensor, respectively.

12. A microstructure inspecting method for inspecting a characteristic of at least
one microstructure formed on a substrate and having a movable portion, comprising:

a contact step of contacting a probe to an inspection electrode of said
microstructure; and

a conduction step of causing said inspection electrode and said probe to conduct

each other by employing fritting phenomenon.
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17. The microstructure inspecting method according to claim 16, wherein
said contact detection step is performed by detecting a change in an
electrical resistance between said probes which contact one inspection
electrode. 20 18. The microstructure ingpecting method according to claim

16, whereijp said contact step includes ahdlg lacement st]e oc} au}sling
said probe 5 SRTRUBGIN S MR S ORI AS Dy i
predeteiminad sk '§%8§ TREfILAMALL) ?ﬁ‘&{n%%%ﬁg @éﬁﬁrgﬁé‘%gthoﬂiﬁiﬁg pOWer

The inspecting method according to claim 18, wherein'in sai

displacement 3ri $iRRnsPitkREaASQIMIREshFiISRIaGaRAMNHAL A SRS

probe is displaced with respect to said inspection electrode is a same

arvowade farall microstructures formed on said substrate. 20. The

microstructure inspecting method according to claim 12, comprising a 26
fluctuhtioncdie bibgusingpsiais mucRblopmitn O HisPAsIdPOSTgEU@r fxecuting
fluctuate to inspect said characteristic of said microstructure. 21. The
FriErESiFUBrd IRYISEERRG MRthBERCHERIRIT FO AP B: dvepsri @hfdectrode and
flugtuaii?on ste |3‘ gerc{om}?dtﬁ\:‘ter said conduction step. 5 22. A

Hicrastrtdare |nnsup X8 ier"lagc metiiGd for inspecting a characteristic of at least
one IErogHuGiIE IBIMER S ASHRS KAGANLDANAG BrIRYRYE RAMHan

comprising: a contact detection step of detecting that an inspection

elagirasies of seich riecesyg i bR A BcRIO B KA IRsEORIBREIRRRGR response
other. 23. The microstructure inspecting method according to claim 22,

eosnidriakpgaaididsiiaplacement step of causing said probe to displace with
respect to an inspection electrode by a predetermined displacement
amoukt afidregaidresimaite ersetivinsapthed aTerrdispeceingmidivdeprein said
according to claim 23, wherein in said displacement step, a

Bt SITRIRUE T SVERERC AR Hhi S SaPSFIRB SeehiERrePivitidrBEp@stHsture

sgidell%sc%?ciion electrode is a same amount to all microstructures formed
PrEAid Slbstrate. 15 25. A computer program for inspecting a

charggferigic of allG AR, QRETICLARE WRHSTRLREE QN SHRST 16 A0in said
having a movable portion, allowing a computer

contact step further includes a contact detection step of detecting that said inspection
electrode and said probe come in contact with each other.

17. The microstructure inspecting method according to claim 16, wherein said
contact detection step is performed by detecting a change in an electrical resistance
between said probes which contact one inspection electrode.

18. The microstructure inspecting method according to claim 16, wherein said
contact step includes a displacement step of causing said probe to displace with respect to
said inspection electrode by a predetermined displacement amount after said contact
detection step.

19. The inspecting method according to claim 18, wherein in said displacement
step, said predetermined displacement amount that said probe is displaced with respect to

said inspection electrode is a same amount to all microstructures formed on said substrate.

20. The microstructure inspecting method according to claim 12, comprising a
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to function as: contact means for causing an inspection electrode of said
microstructure and a probe to contact each other; and 20 conduction
means for causing said inspection electrode and said probe to conduct
each other by employing fritting phenora@non. 26. A computer program for

gs ectin ach?racteristic. chf at least one mi ro:g‘iructure formed 0{1‘

USHRE 8 RNy e MOV AR RSH, AnBwig &8RSt é‘%retéofuﬁgﬁl&ﬁe o

Ashan Mis" E&E‘ﬂf&igﬁp&?&i%&%ﬁﬂ&ﬁ}@mh include; contact detection
mé)ans for etecting that an inspection e ectrode of said microstructure

and a probhgcamediaentachypihifaei@ib®hiccording to claim 20, wherein said
fluctuation step is performed after said conduction step.

22. A microstructure inspecting method for inspecting a characteristic of at least
one microstructure formed on a substrate and having a movable portion, comprising:

a contact detection step of detecting that an inspection electrode of said
microstructure and a probe come in contact with each other.

23. The microstructure inspecting method according to claim 22, comprising a
displacement step of causing said probe to displace with respect to an inspection electrode
by a predetermined displacement amount after said contact detection step.

24. The inspecting method according to claim 23, wherein in said displacement
step, a predetermined movement amount that said probe is moved with respect to said
inspection electrode is a same amount to all microstructures formed on said substrate.

25. A computer program for inspecting a characteristic of at least one
microstructure formed on a substrate and having a movable portion, allowing a computer
to function as:

contact means for causing an inspection electrode of said microstructure and a probe
to contact each other; and

conduction means for causing said inspection electrode and said probe to conduct
each other by employing fritting phenomenon.

26. A computer program for inspecting a characteristic of at least one
microstructure formed on a substrate and having a movable portion, allowing a computer
to function as:

microstructure inspecting means which includes contact detection means for
detecting that an inspection electrode of said microstructure and a probe come in contact

with each other.



