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TITLE OF THE INVENTION Device for Inspecting Micro Structure, Method
for Inspecting Micro Structure and Program for Inspecting Micro Structure
BACKGROUND OF THE INVENTION 5 Field of the Invention The present
invention relates to a device, a method and a program for inspecting micro
structure, such as MEMS (Micro Electro Mechanical Systems). Description
of the Background Art In recent years, MEMS which are devices where
various functions, such as 10 mechanical, electronic, optical and chemical
functions, are integrated, particularly using a semiconductor microscopic

procBd&iRPEr THE IRY O™ rawn attention. In accordance with MEMS
technologiep bt havepeamewkintosaiRetice Mool IMEMS H8Y RS N8N cture

been mounted as various types of sensors for, for example, automobiles and

mediBAPEFFELEE 1Bp5Hite M SISUER as acceleration sensors, pressure

senBNEKIGROUMWGE THEINAENTONKe. In addition, such MEMS
techlpofgg%elsh ve heen adopted in an inkjet printer head, and thereby, an

. 1€ the Invention . . . .
increase in the number of nozzles for spewing an ink and precise spewing of
an ink haveThegoesenpossibien miaking it pogsidhlemwhadhiale @ngrordase in
the ‘flﬂg&'&’u{ﬁ B&%%H%‘%%&”%,%ﬂéﬂ%%ﬁﬁa@ cxscpﬁgﬁn%fﬁ@a{gﬁ%aﬁ?%%@}?Ore’
a micro mirror array or the like that Is used in a reflection type projectoris 20
alsollsenntieiscd dedeckisMmEM Sidevice. In addition, a variety of sensors and

actuators will e AevelpeeERYSUIZING MEMS CEERQIRAES AT NG U LS, And

thereby, it is expected that application to optical communications and mobile
appaieee] ipfretior rS e Aphehamigab Srattioes ¥r Bpisd rartpyarly using

applicatintviaiviasinelagicaabalisisanet PeWenh sOWEes fesdierablg 25
apparatuses will broaden. A variety of MEMS technologies are introduced in

TecAHSIE) RELBIHRPOR NFB IS e Mee By tHEMEISH S Stu g EMS
Indukivic Bureabebndusiiald\dachioesyypectidiesbih el bisikyrop Ecananmpiles

Trade gnd fndustry, Technology Enviranment Buteay Technology Reseateh
Division, on I’Crélﬁgﬁh,lb%% undaer fﬁe agenaa oaftspafe 0? tshggal’ ana ’
probleisvcemsemingl MENS. -InMddinwhitesiadydtentetbnappiopgriataiyen
inSpﬁﬁ)tb@&i M%Mﬁk?&‘ﬂﬁﬁ%ﬂgad, and thereby, an increase in the number of nozzles for
spewing an ink and precise spewing of an ink have become possible, making it possible
to achieve an increase in the quality of pictures and an increase in the speed of printing.
Furthermore, a micro mirror array or the like that is used in a reflection type projector is
also known as a general MEMS device.
In addition, a variety of sensors and actuators will be developed by utilizing
MEMS technologies in the future, and thereby, it is expected that application to optical
communications and mobile apparatuses, application to peripheral apparatuses of
computers, and application to biotechnological analysis and power sources for portable
apparatuses will broaden. A variety of MEMS technologies are introduced in
Technology Research Report Number 3 (issued by the Manufacturing Industry Bureau
Industrial Machinery Section of the Ministry of Economy, Trade and Industry,
Technology Environment Bureau Technology Research Division, on March 28th, 2003)

under the agenda of state of the art and problems concerning MEMS.
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becoming more and more important, because of the micro structure thereof,
as MEMS devices develop. Though the property of devices have been
evaluated by rotating the devices after packaging or by using means such as
vibration according to the prior art, it 5 will become possible to increase the
yield and reduce the manufacturing cost by detecting defects as a result of
appropriate inspection carried out in the initial step, where the devices are in
the state of wafers, after the application of a microscopic processing. In
Japanese Laid-Open Patent Publication No. 05-03437 1, an inspection 10
system for Adtaryhieiie Yasmton cenjaniately apserstme MES SN iSP thiat

chapgesmtiy: owing albRapipstihe resaledirh mRRS A foRad e 8 WaRMS
and thereb%for determinin i%f‘ehe proper of the acceleration sensor, has

beeABHISSH Y art kst p‘iﬁpﬁ‘é}ﬁ‘ﬁf icst vt RS Ry Ry ke spsidhe

momhies Atk ldeheas @l bpaskierasion mnscgrvﬂﬁamdemer@m/tu ¢hetpor art, it

respon ropertg/ %l? ein accordan (}5 ith a micro ic movq)ment
%%O S1 l'lCI‘ ase the and reduce the. ﬂ}laH Ct 1r1ing cost
Accor ng necessary t6°carr ou INSpection wi precision,

ordeietecengﬂréwsheseqsudmérappfbbdatgmﬂpeqﬁmpangﬁdbamnahemwmp
SENSALI tﬁ’%‘éé’a&%‘tﬁﬂag RV %feor% JRUEY Ré% ﬁ@é‘%%‘%{‘& §pin

the case where a device is ¢ ange lowing a| evice as Shown in
the rapesseidescribed gazette, it is extremely difflcult to carry out inspection

with high ZQIPﬁ‘gH%Q@LQ){dC@BHPFHB&E%@ﬁh%HWH 935 Heyy: andi e same

time uniformly blowing a gas against the device, and a complex, expensive

teStEYFRUSIOB A HEIELRE TENRAGIENE RERN ASFRBHTANSSRPIShABFitdeges by
SUMMMRY 6 iodinde (N WENTHADh Tha arreaRl by e Riige isruhigved fororder

to solve the above-described 25 problem, and an object thereof is to provide
a maTHSE RSP F%?ﬁ%‘?lefﬁ%‘éé?ﬂ?&ahé‘f‘rﬁﬁ?ﬂ R PPRffgsan example.

mlcroscopldn@emablespadtmhahigg precisioopancldneablsipaplessyistenm A
deV|ce I[laectlng Clcro stry é’ cordln to the p sent invention is a
era 1S a y

€VICE O € IS g {)Y aﬂr%% 11 accqordance
deVICG or inspec |ngam|cro StI’UC re avm am veapie part rormea on a

substithte mR ok evakeates the\propargyoit at eastandomicry stricprejand
which i3 iRERviFeith, %ragmdemva?egr?&s TR OHiRing RS ERO R,

wave to a micro structure at the time
acceleration sensor must be evaluated by carrying out microscopic adjustment, even in

the case where a device is changed by blowing air to the device as shown in the
above-described gazette, it is extremely difficult to carry out inspection with high
precision by controlling the amount of gas flow, and at the same time uniformly
blowing a gas against the device, and a complex, expensive tester must be provided,
even when such inspection is implemented.
SUMMARY OF THE INVENTION

The present invention is achieved in order to solve the above-described
problem, and an object thereof is to provide a method, a unit and a program for
inspecting a structure having a microscopic moveable part with high precision and in a
simple system.

A device for inspecting a micro structure according to the present invention is

a device for inspecting a micro structure having a moveable part formed on a substrate
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of testing. The movement of the movable part of a micro structure in

response to sound wave that has been outputted by the sound wave
generator is detected, and the 5 property of the micro structure is evaluated
on the basis of the detection result. Preferably, a number of micro structure,
each of which is the same as the micro structure, are arranged in array form
on the substrate. Preferably, the unit detects the movement of the movable
part of a micro structure in response to test sound wave that has been
outputted by the sound wave 10 generator, and is further provided with an
evaltibigt ol eaiatuBeiREPPSERbYdrEp GBI cfe SHife e WHAhE pEiklest with

the detpatiomieseletndasticulphiuthe Lxalualan Welddss AchARER @RAQURL time
detector for detecting the amount of change that changes on the basis of the

moviifaiEsf tHERVERSH BERIraY AN RES AL MO aHECH Bt FRRaAtS  For
evakeatiagvtie Propelteed tiepmied® sthdGhiitl omildddirrbasis afttied, and the

comparison l? tween the amount of change hat has been detected by the
I‘Oé)el‘t [0) %}G&H{CI‘O structIHet 1S evaluateq l‘ft as1S (f t?te detectlon resuit.
change amount detector and the amount of change thatbecomes a

predetermirizefethbbsholdmbepariceiasithech angeoimbuhidbtector detects
the AMOYOHehGRANGS 1A 1% AMREIFGE (he).Chmnges on the basis of the

movement of the moveable part of"a micro 20 structure, and the
determinatdirefgsibbtdBetheipreipetstihofpecmiot ofstre sravebly redmparing ehe

amauRt R ENARGS RS LBRGARNGEINALIAR BESN HRIRESH X IRG.haNGE

amount detector with the amount of change in the impedance that becomes a
preceRsFied tHFdEABI PIR péadictih A Re bieter At dina egonsely of the

Propgidyo Qfrackaieren SHUBALKE  PYh LR e aEig: the frequency that
corresponds to the maximum amount of change that has been detected

: by
the change BRYLRY Ao BB Med HEgse ATy thaI LT vd brgsctge the
the amaunbdichasgethailecomas bugisedete iminadethreheldols4dpéspattlaf a

the evaluator gnclud S % é?osmonal IS vle?lﬁgi ergf‘ detectlgr f(%rthdetectlrgg@ggre on

amotint of displacement of the moveable partor amitro structure tha

displacks bt basisidfthéavovertertofifieo fabveatieias sk thistmicrby the
Strugtirs . antuf ‘3@5@&'81]3 Qﬁ‘&%é%n%?ﬂﬂl%%%H%Q%‘%tﬁ(%%@&)feg’fat&%cf&'éﬁﬁined

structuré on the basis of a comparison between the amount of displacement
thattheeshioédn detected by the

In particular, the change amount detector detects the amount of change in the
impedance that changes on the basis of the movement of the moveable part of a micro
structure, and the determinator evaluates the property of the micro structure by
comparing the amount of change in the impedance that has been detected by the change
amount detector with the amount of change in the impedance that becomes a
predetermined threshold.

In particular, the determinator evaluates the property of a micro structure by
comparing the frequency that corresponds to the maximum amount of change that has
been detected by the change amount detector with a desired frequency that corresponds
to the amount of change that becomes a predetermined threshold.

In particular, the evaluator includes a positional displacement detector for

detecting the amount of displacement of the moveable part of a micro structure that
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positional displacement detector the amount of displacement that becomes a
5 predetermined threshold. In particular, the positional displacement detector
detects an electrostatic capacitance that changes on the basis of the
movement of the moveable part of a micro structure, and the determinator
evaluates the property of the micro structure by comparing the electrostatic
capacitance that has been detected by the positional 10 displacement
detector with the electrostatic capacitance that becomes a predetermined
threshold. In particular, the positional displacement detector detects the

amotititlgfeshsphsdasient ba e Has dithsanesvbloant of themisoaBre Hart B

a MicheSthURRErHINGLBHAS e pRparRASTIG AlictBRHRIBrMIRAteHeMAlates
the property of a micro structure by comparing the frequency that

corre¥pBHEO TP ThecHdRAm AmbHisPBF aRgIHbaah PRt s B e
detgaiadday thieppesiionalcgtisplate masideRdiplisdtheat desibecbireguency
that c%rrtesrgon%j%hto Bh? amount of displacement that becomes a

pred’é ermined thresho 81 Preferably, the sound wave generator includes a
sound wavdmopipisttiag tharicoriold distpartmentebtaoembt @y entedadmgstatic

50“@ngéﬁgéc%r%?ﬁ%%\ﬁgégéﬁﬁ?e Wi ap tﬁé"x%%%'ﬂéntt.@?tﬁté‘%%@%abe}e S il 8o

detecting test sou ave that reaches the proximity of a micro structure,
andsirsduisdandihe detraetentdo dvatesting Redteso i dhe/averesupase bieen

Ut HIRThiNGSRUALLWENA GUIRVTAPHASH.LY £FAPRABIINS SR

pressure level of the test sound wave that has been detected by the detector
with¥RRIAGTHAL I5!55es 811 e e /AP e prtaldretapasifaderdsy SetprivAaResdrig mined
becatpgroadreference. In particular, the sound wave generator further
includes a noise remover for removing a noise sound wave that reaches a
micro structJL‘?rBaFH?Hi%éh‘éBP§?&8P?F1dﬁ%(%ﬁ&‘iffé?ﬂ}ttﬂ“éeﬁ%éefg‘i%%F‘Bﬁ?ﬁhf’§ an
antidigite satnndivhy 8asikichths inovéhphasesdhadsbbppositdmifioseafure
noise sourld wave and has the same frequency and sound pressure as the
noisé S6UNd wave so as to cancel the noise sound wave, on the basis of the
noise soundnyave that the sidtemn matectetidystihe plerectorbeforedtesticigrd hy

Particulaly e ANHRLEE SN WRNSIR S IRU S A S SRR WAYERnt that
outputting part together with the test sound wave at the time of testing.
has been detected by the positional displacement detector with a desired frequency that

corresponds to the amount of displacement that becomes a predetermined threshold.

Preferably, the sound wave generator includes a sound wave outputting part for
outputting test sound wave having a sound pressure in accordance with an input from
the outside, a detector for detecting test sound wave that reaches the proximity of a
micro structure, and a sound wave corrector for correcting test sound wave that has
been outputted from the sound wave outputting part by comparing the sound pressure
level of the test sound wave that has been detected by the detector with the sound

pressure level of predetermined test sound wave that becomes a reference.

In particular, the sound wave generator further includes a noise remover for
removing a noise sound wave that reaches a micro structure from the outside.

In particular, the noise remover outputs an anti-noise sound wave which is in
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In particular, the evaluator receives the detection result of test sound wave
that has been detected by the detector of the sound wave generator, and
outputs the determination result by means of the determinator. Preferably, a
micro structure corresponds to at least one of an acceleration 10 sensor and
an angular sensor. In particular, the acceleration sensor and the angular rate
sensor respectively correspond to a multi-axial acceleration sensor and a
multi-axial angular rate sensor. A device for inspecting a micro structure
according to the present invention is a device for inspecting a micro structure

whidhasgatiaiECme PR o PERIEASOBRE WRBCHIErbs thectRs Favisecy and
moveahlepRALLIOHNEE ANR SUPRAIR angh Whightis BENAedowiina R0uRthe

wave generator for outputting test sound wave to a micro structure at the
timePBF teEifG ek SR ARSI DETOLHG TR pHEDETIFIF RSt sine.

structure ondharthasis oktheideicetomaeswt whaitpthe dfidmleiestaibavave
movement of the moyeable, part of a micro structure in r?s onse to the test
souRa WaveR it 955 B e Bt dete M the 9d"SotRa Wave Fenerator,
wherein theleyatuatbr,ifcleddsa@nretectes siaticteapaoitanicel getectiohwave that
elecroqe that 2. skl IRd %Se?ea%}%ﬁ%%ﬁéﬂﬁd@v%‘v’g DleRA AWK the

structure; a capacitance detector for detecting efectrostatic capacitance
betwieeminetisiecerobthricnceapatiberdetetpteition electrode and the moveable

part of the mBifa- Y CHUiRr SUHERLRNARRESA0: L LRSS HltBEMANEMERLPT

the moveable part of the micro structure; and a 25 determinator for evaluating
the PFBI9EAYIMARSHITERS S icture on the basis of a comparison between the

electrostatig.capacitancethat kasichangedAndhbasrudetacieshhyr pectively
capacitance detector, and the electrostatic capacitance that becomes a

pred8IEAMREAC thisdHiari2) ASS eI SRS AR bt A gyl A dgasor
movementsAoiithe afiaviabpecpast a 1pioibtheutnueca sttt e shapiléase ouslytmnds

uses 3 resu}tant det?ction to evaluate at Ie%st t}/vo é)r erties of tpe [nic 0

a device 10r inspec 1H§ aIPICI‘O S rucﬁure %hlc erlu { sgggr(%gert oI at least one
structure simultaneously. In particular, the evaluator detec vements in at
leastnivwro divettiohe ofighennvestzblenpdorotdhe michotstia et e/ kichuttarmeolesly

and yses &)ﬁﬁﬁ%%%tggﬁé?ﬁﬂpfb}%ép%\l’ﬁlgfi‘é@t 9§89<?($L‘R% 1B 2hIRASLMQure at the

directions of the micro structure simultaneously. In particular, if the micro
struéfirehigstiaglaxsenerinoniiecyalatiagdhstraerty of a micro structure on the

basis of the detection result when the unit detects the movement of the moveable part of
a micro structure in response to the test sound wave that has been outputted from the
sound wave generator, wherein the evaluator includes: an electrostatic capacitance
detection electrode that is installed so as to face the moveable part of a micro structure;
a capacitance detector for detecting electrostatic capacitance between the electrostatic
capacitance detection electrode and the moveable part of the micro structure, which
changes on the basis of the movement of the moveable part of the micro structure; and a
determinator for evaluating the property of the micro structure on the basis of a
comparison between the electrostatic capacitance that has changed and been detected by
the capacitance detector, and the electrostatic capacitance that becomes a predetermined
threshold.

In particular, the evaluator detects at least two movements of the movable part
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substrate has at least two micro structure thereon, preferably the evaluator
detects the at least two movable parts' respective movements
simultaneously and uses a resultant detection to evaluate simultaneously
properties of the at least two movable parts, 10 respectively, of the micro
structure or the at least two micro structure. Preferably, if the at least two
movable parts have different property, respectively, in movability, the
evaluator detects the at least two movable parts’ respective movements
simultaneously and uses a resultant detection to simultaneously evaluate
propse e Snéfrehurag e st RsevEb RN aPES Y Esp et pcRaN ing ilfete it lenst
propgiigRpesRestinehhiiorevabiiyinBraiRimkly. the sound wave generator

outputs as the test sound wave a composite wave including at least two
sound wave8 BfféPdAt TGl Brs ISRt SBUft WDl igetionstor the

outputs whiteu ois@ aSitessGatEL Wiangtadfopaticid akethe-saume wadion to

generaltor outguts. as. the test sound wave afvghite 20 noise in.a rescribled
evaluate gl‘ erties 1n hleas% two_directjons of the mlCl‘E) structure sium éaneops ﬁ]
frequency range. A"method Tor InSpecting a micro structure according 1o the

present invémtianiéslqor duittediwiilstthetsteimohciappiyiogra telst goun dn@vehto
atle ICrQ structure. havi veabl rt for supstrat
e DA e B P R AR
strutgfiie We reahhs Rt tHRsPRESTVSOUPNE MeVe s Iad Ao Bt BDG ust ey adeidlting

the REQRAY BRI SRS R IRG RaSISAE 1R ABIREHADRR farl)

particular, the step of detecting detects simultaneously at least two
moVEPREFHECHE BTl BUEIsI S HAHTEOIHBEAFBSE IR TGO AHECtHE step of

evaluating prauatgsisimultangoushhieashiwoHIKRREies Of iR myicro

structure. -6 Preferably the step of supplying supplies a white noise as the
test SRHTHWEVE. R B3GR s MSpectiviges MifctbShltYare WeRE MG to the
presesjenisention: akawsiamcoamauiey tadnyiementlamditeodoiotolsispectiagualy
micro Stcture which. ncludes the S‘e(%ﬁesug’&'y%g 2 lest spund det‘f&éot at
least ONE Micr structure having a B moveable par ormed on a substrate,
the stepeofadeteptingvtthe movertehtyof the moveable part of the micro

structure in ses0ARRAAQ MG IEFEROUNI WAVS AR J0SS1ER QfuRYFMAUNY the

property of the micro structure on the basis of the detection result. In
partfapstisevatesy sl aE Et At dterteusicrivines dehign bin S5t RgY -

Preferably, the sound wave generator outputs white noise as test sound wave.

In particular, the sound wave generator outputs as the test sound wave a white
noise in a prescribed frequency range.

A method for inspecting a micro structure according to the present invention is
provided with the step of supplying a test sound wave to at least one micro structure
having a moveable part formed on a substrate, the step of detecting the movement of
the moveable part of the micro structure in response to the test sound wave, and the step
of evaluating the property of the micro structure on the basis of the detection result.

In particular, the step of detecting detects simultaneously at least two
movements of the movable part of the micro structure; and the step of evaluating

evaluates simultaneously at least two properties of the micro structure.
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movements of the movable part of the micro structure, and the step of
evaluating 10 evaluates simultaneously at least two properties of the micro
structure. Preferably the step of supplying supplies white noise as the test
sound wave. In accordance with a method, a unit and a program for
inspecting a micro structure according to the present invention, test sound
wave is supplied to a micro structure and the movement of the moveable
part of the micro structure is detected, and 15 thereby, the property thereof
are evaluated. The moveable part of the micro structure is moved by means

of air vibratiis&tSghsotarivape ] Yis erpilied mphds dieiapaths, e serdirave-
property thetgpbgam b6 axpluaied, Anddheielereadigdnicts sl palle GaARMRRN

inspected with a simple system. The foregoing and other objects, features,
aspALiY'aAG HBRMAEAY HRPTSRL S0 HRAL GRS B UMk oyRich
appataotdsans the tollappngndetaitecbdeseription Hictbeopeaskit iivenii®Raving a

when taken in conjunction with the accompanying drawings. BRIEE

D RN S R AT Gt £ Ao S oL RAN s,
Qiagrwveﬁﬁg‘;ﬁng)ﬁtlseystm ﬁumhl}spému@e@@smtbemsmm mrdmgt_te sep of
frst mBAFTED} AR RISRENKIYENAN: 25 Fidv2 fs & flegram;showing 2
device o aﬁwe -axis acceleration sensor as viewed from a%ove; Fig. 3isa
schematic dinpgaienkiohdntepd deredtizailtsecaiaralivysshsdriemgtwois a

congeptyaLdiagramfen iisatinerraatvassasend daformatien of bgams

in the case where an acceleration is applied in the direction of each axis; -7
Fig<SVBN A B itee iy Ridetifi GueaioPrHish Phs BHEMHY Witeatstone's

bridges provided#y arcepdisspRsiRA it Mawmpaiardesciivingvaie.
output response relative to an inclination anale of a three-axis acceleration

sensor; 5 Fifl. 79 yraph iy TRty fed S AR hERRESH Y ity
accelaratian(itypdit) o dhe ipsinoisengon; kigsodAl WaSECiasepgraphs daticro

S e T T
thereby, the property thereof are evaluated. The moveable part of the micro structure
is moved by means of air vibrations using sound wave, which is compression wave, so
that the property thereof can be evaluated, and therefore, the micro structure can be
inspected with a simple system.

The foregoing and other objects, features, aspects and advantages of the
present invention will become more apparent from the following detailed description of
the present invention when taken in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic configuration diagram showing a system for inspecting a
micro structure according to a first embodiment of the present invention;

Fig. 2 is a diagram showing a device of a three-axis acceleration sensor as
viewed from above;

Fig. 3 is a schematic diagram showing the three-axis acceleration sensor;

Fig. 4 is a conceptual diagram for illustrating proof masses and deformation of

beams in the case where an acceleration is applied in the direction of each axis;
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10 according to the first embodiment of the present invention; Fig. 10 is a
graph for illustrating the frequency response of a three-axis acceleration
sensor that responds to test sound wave that has been outputted from a
speaker; Fig. 11 is a schematic configuration diagram for illustrating a system
for 15 inspecting a micro structure according to a modification of the first
embodiment of the present invention; Fig. 12 is a flowchart for illustrating a
method for inspecting a micro structure according to the modification of the
first embodiment of the present invention; Fig. 13 is a schematic configuration
diagram forliigisfrating absyastetis i copdi sHEpoBtHacE N Che StAg Y featstone’s

accorling i egend-amhediment of the present invention; Fig. 14 is a
flowchart for jllustrating a method for inspecting a micro structure according

to the secohBEMBJIAINHE ST fredestihite ARSH REfge et Uy rdRfor
illustratingisynihests etieisexBaitbelaniva whiek is 25 emitted from a noise

source and anti-noise sqund yave which is.in.phases exactly opposite to
those of thel il dar i Irahehe b betyetn he SRy
showdodeantiimspeatipmgystgnt ofisearding to a first modification of the second

embodiment. gt £ pregen ir}g ti{g)n'mF;g[. 1{ i§ flqlw hlaor fgr gllgfsgr t] :
method forrligr%gpegctinoggaé raﬁléc 0 §lt{r.'guctrure}l -8%050?%?%69 fg 5 sé,ecolﬁd mo@#%glat%sn
of trsaséssaimen spbdiment of the present invention; Figs. 18A and 18B are

conceptual giagsamsipr sahagratcaliviv g fo.Camleyss HReMEMRure

switch; Figs. 19A and 19B are conceptual diagrams for schematically

illustesarY g0 SRl SRORERCA AU RBE RiFF FiIRYSHEAbrane structure; Fig. 20
is a diagranFfor lusiratipg Rcasenwner enandhupinatigrminsonREanxis
electron beam illuminator has a membrane structure; Fi?glé 21A to 21C are

schaRSEEHBRAGARLHBR ERRIPHS {6 RRIPNRY kRS PsepHieyisddtrm o

Fig.sp2alsea conceptual diagram for illustrating a measurement part according

Fig. 11 is a schematic configuration diagram for illustrating a system for
inspecting a micro structure according to a modification of the first embodiment of the
present invention;

Fig. 12 is a flowchart for illustrating a method for inspecting a micro structure
according to the modification of the first embodiment of the present invention;

Fig. 13 is a schematic configuration diagram for illustrating a system for
inspecting a micro structure according to a second embodiment of the present
invention;

Fig. 14 is a flowchart for illustrating a method for inspecting a micro structure
according to the second embodiment of the present invention;

Fig. 15 is a diagram for illustrating synthesis of noise sound wave which is
emitted from a noise source and anti-noise sound wave which is in phases exactly
opposite to those of the noise sound wave;

Fig. 16 is a schematic configuration diagram showing an inspection system
according to a first modification of the second embodiment of the present invention;

Fig. 17 is a flowchart for illustrating a method for inspecting a micro structure
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to a third embodiment of the present invention; Fig. 23 is a diagram for
illustrating in detail a measurement jig and an illumination window of an
electron beam illuminator that is mounted on the measurement jig; 15 Fig. 24
is a flowchart for illustrating a method for inspecting a micro structure
according to the third embodiment of the present invention; Fig. 25 is another
diagram for illustrating in detail a measurement jig and an illumination
window of an electron beam illuminator that is mounted on the measurement
Jig; 20 Fig. 26 is a graph for illustrating the resonant frequency at the time

whelf ptighie Recgroahrofbenies phakesesmaer i paioha rrwataxysntion;
acceleratiorsgnsok; fnlg$siE 4R st eplBiaiasansential iagramsifiirating a

illustrating another measurement part according to the present invention;
Fig<@ 8K VshBBMEMS d¥itAms for illustrating a case where the movable
part 25 of &R \displBmealekighe QA haghim afer diagamsion illystatingn

detecti electroges Whic}fg afe provided beneath a three-axis acceleration
A SV‘gﬁh ava%at 11 El 1. ﬁ[leI{I l‘fll’le structure; . .
sensor; Fig. 30'is a diagram for ilfustrafing a case’where a displacement in

the movemiépt 4 the dnguablepdrsoh@npucrostruetune iweteciadvbydastan
displacement, ;2 MeteLwheh %Sm%él&%?e“ GRfRLPart, and thereby, property

of the micro structure are evaluated; and Fig. 31 is a diagram for illustrating
a case whekega displacdnert sahiveatipovelitgertion tHegraovdpialwamabngaarink
accelerafien gefasor is detected by a laser 5 displacement meter which is a
measurement part, and thereby, property of the acceleration sensor are
evaluated. Ei§: 2218 GiespHrbpesantiAG AUratiReot Bty PeRYOAEEHE

the thregiaxesvelithentvegapisancaleralian sensor simultaneously as a
white noise of a frequency range is output as a test sound wave. 10 Figs.

33A and 33B&r & 804%%%‘6?&5‘?rc‘gﬁfféﬂ’r%$i8hd8¥%§bFa‘ﬁ?%‘i‘ﬁiﬁ%‘ﬁé}ﬁr?é‘%ang

presHuneigeinaovindow of an electron beam illuminator that is mounted on the
measurement jig;

Fig. 24 is a flowchart for illustrating a method for inspecting a micro structure
according to the third embodiment of the present invention;

Fig. 25 is another diagram for illustrating in detail a measurement jig and an
illumination window of an electron beam illuminator that is mounted on the
measurement jig;

Fig. 26 is a graph for illustrating the resonant frequency at the time when probe
needles are made to make contact with pads of a three-axis acceleration sensor;

Figs. 27A and 27B are conceptual diagrams for illustrating another
measurement part according to the present invention;

Figs. 28A and 28B are diagrams for illustrating a case where the movable part
of a chip is displaced;

Figs. 29A to 29C are diagrams for illustrating detection electrodes which are
provided beneath a three-axis acceleration sensor;

Fig. 30 is a diagram for illustrating a case where a displacement in the

movement of the movable part of a micro structure is detected by a laser displacement
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DESCRIPTION OF THE PREFERRED EMBODIMENTS In the following, the
embodiments of this invention are described in detail, with reference to the
drawings. Here, the same symbols are attached to parts that are 15 the
same as or corresponding to those in the drawings, and the descriptions
thereof are not repeated. First Embodiment With reference to Fig. 1, a
system 1 for inspecting a micro structure according to a first embodiment of
the present invention is provided with a tester (inspection 20 device) 5 and a
substrate 10 where a number of chips TP of micro structure having
microeEspikithdyaasiesyars i Rifo AREHCTPDIH ETEPSEH OF Eif BUEIPENE e are
thregyaisacegieration sensor which has multiple axes is cited and
described as an example of a micro structure that is to be tested. Tester5is

provided witfi%a Hps AkErSH8 BT S 8GR WATE diARe D8t dhilFession

wavgoaeni Bl okd pri S fReeol b i ntrnsianingspu/ ecttordddata 13etween
the gut ide an(t:i th? in id%of the tester, a copttrol&lt??it 0 for corlttrolijirlllg the
entifet) O tESte M5 Probs SIS A WhichPare USed TS NidkeHEoRtAct With the
test abdottienspeakercondwliedg unit 30 for controlling speaker 2 in response
to an instrugtion, from g%ﬁﬂ%lr‘é&;éﬁ%% £4(f [%‘PH&Qe‘??gi'gfgésrggﬁ%é:s“@%]l%’tﬂpe% axes

from the outsigde, anda sign 0 adjusting unit 35 onverting the soun
wavef thatihes dréerrerdeetien Dysmisiopltanserslyinsc: avittagecsit adiceusdcy

furthermate, 8L AR YIRGRewRItage signal which is then outputted to
control unit 20. Here, it is possible to place microphone 3 in the vicinity of the

test object. Bisirdt e e areRdrA GoR SN sHagTHitfor thdiRHae 2
whighdgthestassr object is described, before describing the inspection method
accordinﬁ%to the present _embodiment. As shown in Fig. 2, a number of pads

pD R SREEH AR HRd e %%ﬁ%ﬁ%%ﬁ%ﬁé“&%&%ﬁ%? is formed on a

substrate 10habeViewednkoue tiebiafinadngs bif égs dxisnaccele triiatibseé Nso¢tail,

devige, Inaadition. uetalwires fef.fa Sem‘“‘ng?n%&'eg?rté‘é%%‘ic%‘é’gség N2L%% are
pad ‘Or 1o transmitting an elgctrical signal romra pad are provided:
Furtthe smoesisfouroprapbnd asses R ihahdomwan foursié tife destopgpshdpe elrere

placed }gpgg&gd(_:enter portion.

First Embodiment

With reference to Fig. 1, a system 1 for inspecting a micro structure according
to a first embodiment of the present invention is provided with a tester (inspection
device) 5 and a substrate 10 where a number of chips TP of micro structure having
microscopic moveable parts are formed.

In the present embodiment, a three-axis acceleration sensor which has multiple
axes is cited and described as an example of a micro structure that is to be tested.

Tester 5 is provided with a speaker 2 for outputting sound wave which is
compression wave, an input/output interface 15 for transferring input/output data
between the outside and the inside of the tester, a control unit 20 for controlling the
entirety of tester 5, probe needles 4 which are used to make contact with the test object,
a speaker controlling unit 30 for controlling speaker 2 in response to an instruction from

control unit 20, a microphone 3 for detecting sound from the outside, and a signal
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With reference to Fig. 3, this three-axis acceleration sensor is of a
piezoresistive element type, and a piezoresistive element which is a detection
element is 15 provided as resistance of diffused region. This piezoresistive
element type acceleration sensor can be made using an inexpensive IC
process, and the sensitivity is not lowered, even in the case where the
resistor element that is a detection element is formed so as to be small, and
therefore, this acceleration sensor is advantageous for miniaturization and
reduction in cost. 20 Proof masses AR at the center have structures that are

SUpPOMEHB YT P BeatARYBINGihs vomerar coififurAtighdaeid S BN carahone 3
formed 80 AR e HenRERANHAUAIR, BRGMBIIEH KBS JnMRAXE ARBLLPRIN

and Y, where four piezaresistive elements are provided for each axis. Four
puez@%@%‘t‘ﬂx@ éfé‘ﬁ‘i%‘rﬂ%“fépde’fé“éﬁo‘hlﬁfﬂﬁ‘réﬂﬂﬁé‘éﬁ&‘ieo‘f“ﬂﬁ%’%’a%laﬁée vicinity
provided wgtﬂﬂﬂestde of the piezoresistive elements for detection in the 25

direction of e X axis. The form of the ugp surface of roof m% % s AR is
d‘ he t ¥ee axi1s a%pelerat On SCrsor mlCI‘ %}l{l‘e w 1S test
in four-leafed G1oVer orfm, and proof masses are o Dedms

the objaters pesrdzmimdltlieﬁneerﬂmgtbenspmpie rmetlnba almghtyr@uoshwesent
accelgrats nﬁ‘eﬁﬁ'lxsor % TROARL o ‘%?’%'e Pﬂ%@ﬁﬁééﬁ SLRIOALPATRESy

AR is -11 mcrease e same time ngth o eams is

increasebipolPabept ﬁglm@ Ofwmbﬁf@ta Hoveritysd SnuchartopTie Supsirgs
mechanism of Be RS axiS RORRIBIGHIONSERSRE A5ihis sRIRGRESRISHN G cal

element type provides a mechanism where beams BM are deformed 5 when

the PBdt Inadedoréeipasquting arctrisit sigtahlpiag aptiaseeei&eration
is detgeteshdHe fuARbANeR ik AR RS stancervaluesafdoepidapasisiive:d in

elements which have been formed on the surface of the beams. In addition,
this GG SPHECensor is set to be taken out in the configuration as the
output of thavinalafedescribed. Yintadsiones Iactdamamlnaéastdnree)ﬁxes are

independenthass °C'at d 10n¥1" 'thlé%reers‘?s C2 1. Fidy dudarormation o the cment is

proof masses ande [ﬂen S in‘the “Case where acceleration Is receive
the direddishiefentmaxid ffiestntaeh. ASTBhauwaaaresigyvdclamiezbmmsistive

elemeni Nas RIARESN MR IR JSSISIRNGS pYRlHR iheé'fl%%s%h%@% AGiEQiR is

warp that has been caused (piezoresistive element ect), in a manner
whetet e eesistapic il GasheRsas s [astherciarest ﬁlmﬁrp ¢eiersisy plpment is

formed so as to be small, and therefore, this acceleration sensor is advantageous for
miniaturization and reduction in cost.

Proof masses AR at the center have structures that are supported by four beams
BM in a concrete configuration. Beams BM are formed so as to be perpendicular to
each other in the two axial directions X and Y, where four piezoresistive elements are
provided for each axis. Four piezoresistive elements for detection in the direction of
the Z axis are provided on the side of the piezoresistive elements for detection in the
direction of the X axis. The form of the upper surface of proof masses AR is in
four-leafed clover form, and proof masses AR are linked to beams BM in the center
portion. It becomes possible to implement a highly sensitive acceleration sensor

which is compact, even though the size of proof masses AR is
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15 stretching and the resistance value decreases in the case of a warp
caused by compression. In the present embodiment, piezoresistive elements
for detection in the direction of the X axis Rxl to Rx4, piezoresistive elements
for detection in the direction of the Y axis Ryl to Ry4, and piezoresistive
elements for detection in the direction of the Z axis Rz 1 to Rz4 are shown
as examples. 20 Fig. 5A is a circuit configuration diagram of a Wheatstone's
bridge along the X (Y) axis. The output voltages of the X axis and the Y axis
are assumed to be Vxout and Vyout, respectively. Fig. 5B is a circuit
confitfieatidrierag taerrBratinvh & deneis siikRibrraon dngiearedaRisadpRENS Ut

voltagg afathe 4oaxisys-assiumed to be Vzout. 25 As described above, the
resistance values of the four piezaresistive elements along each axis change

due to a walPHREHEHEBAPERSE e ANG O tha BHSTRUGP RS ERANYE, the

circyitHoadsistiaedeas ppdfiieaisionasdattige byeasbapie BMesistiv®rmed

eleme[\lnt long, for example, the Xlaxis and the Y axis, detgcttls the ..
en,t ep 001 masses receive acceleration ?l‘fﬁ) Ol 1 er'[l%l) and the za:celera on,s
acceleration® componént along each‘axis e output’as an independent,

§epdﬁm6ddlﬂm1_tam_llhlgge mmd&fsistdnemgfehmﬁmdrm'eg&lmlaammmMeh
like, 3% %WPO}&Ed%n%hggﬁrP&k%‘? {2 ﬁ&%‘?‘ e 5%%8%?&%%?%9&%@ d&nsor is
formed, and an output voltage for each axis is detected from &
predetéorpirialcbpadt i the coofiigiatition. the addition thhikethredesstiged

aCCEIGIANQBs NI LAMRRISRIING RGCAMBRNENH R R Regleration, and

therefore, it is possible to use this three-axis acceleration sensor as an

inclination aiffers&hnse forfdetdctrigractaneatisPineh®aravyd thabramsdmihe

anguias wate: SeRsetdAth refareacs de tige«bAJr66h ke vutRutipesponse to
the inclination angle of a three-axis acceleration sensor is described. 10 As

shown in Figs SBA BE & b AREOS Y MEUHYTREPETY Where hpdesiggnce

thatthieer espedtiranksdde: aotputspohth@aX byeansh £ dygszaresigspetivety effect),

measured by a dil%itt%I voltatge metler..A low volt%geeC ower sua%g)l 1(1)sf gtﬁ Vis
IC

utilized as'the E)Vct)l\?ver esﬁepsbﬁy 1or the'sensor. 1elzlre, vaiues fromiw &
offsetstohiparsigpe ctive axial abetdeds have ieenmwrithmetipaliydddneased
ZE PRHES a5 hefaRP SRS BRARHARME Ple AreROVSSAHR RFIGR 64 18 the
direction of the X axis Rx1 to Rx4, piezoresistive elements for detection in the
direction of the Y axis Ryl to Ry4, and piezoresistive elements for detection in the
direction of the Z axis Rz1 to Rz4 are shown as examples.
Fig. 5A is a circuit configuration diagram of a Wheatstone’s bridge along the
X (Y) axis. The output voltages of the X axis and the Y axis are assumed to be Vxout
and Vyout, respectively.
Fig. 5B is a circuit configuration diagram of a Wheatstone’s bridge along the Z
axis. The output voltage of the Z axis is assumed to be Vzout.
As described above, the resistance values of the four piezoresistive elements
along each axis change due to a warp that has been caused, and on the basis of this
change, the circuit that is formed as a Wheatstone’s bridge by each piezoresistive

element along, for example, the X axis and the Y axis, detects the acceleration

component along each axis of the output as an independent, separate output voltage.
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With reference to Fig. 7, the relationship between gravity acceleration (input)
and sense outputs is described. The input/output relationship shown in Fig. 7
is gained by calculating the gravity acceleration components which
respectively relate to the X, Y and Z axes form 20 the cosines of the
inclination angles of Figs. 6A to 6C so as to find the relationship between the
gravity acceleration (input) and the output of the sensor, and by evaluating
the linearity of this input/output. That is, the relationship between the
acceleration and the output voltage is approximately linear. When the
threBea%isha cbelsrdersh Reshaei Svpiro o Fhids d kRIS shppFaife Hiigo P 28 cdiierbie

alongfhec4axiasandhnrdiirrBXinacceIsratian sgusesiaiaies araund the X
or Y axis (or other than the Z axis), Coriolis force acts on proof mass AR. As

Coribiiec sk Ee gipsdsbranadRal M s Wis Bat§8tected, the three-axis
accelerationmseris@sicalts feddsats ascar@anguldniateaserset.tke Metb@dponent of

employing a three-gxis acceleration. sensor to. measure angylar speed is
mor S EEE BEEHRE Yor EXTRACDY 03 NRBU A FaAIGoR 6 4
"Micretnadhinag b-axisMotidneSansarcelihtiohe otrbstatiei tDrilve asnas an angular
Capl%%tg\égsgetection", Technical Digest of the 18th Sensor Symposium,
2001, pp. 377-380. With reference to Figs. 8A to 8C, the frequency properties

of the threeYdiisrdbeznceltr Hiksn e 5ol dhe deipuriseponas eHbovndhinmigs. Bale

to 86k thedrepsencunipRARigs R tie.outayts of sensors along the X, Y and
Z axes, respectively, are indicated as flat frequency properties up to the

vicinity of 200 HieWibiRd i SF e thrés aResisifP e Rl Rert théreasfs so

resapatigp seqflh2cHa@lonane & X at GROHE & aRa-dhe Xidtisrnduadd by a
883 Hz alon%ﬁlo the Z axis. With reference to Fig, 1 again, a method for

inspUetiAy 8HHEBL Fuctir At ERARG t6 PR Blotinte B RS Prdgditver
INvesiippiy Hooid esnsosy Stdere fonlaed praitinghisb tindoWssre o tie e ip dimypaeasion
wave 10 a hree-axis a&lcel?raﬂ'o sensor thatlistaCl migro strucgurel,nand (
theréby, detecting the movemn n'%egﬁﬁsee moveable 6%&3%‘?ﬁ1i’SCrh‘i8roef%“eme“
struptumés simotheibdss. 6Fthes€.sound wave, so as to evaluate the property
thereof. With;f{erenga 1@ 1g Houehantiohhig tdnAmeHof ol JNeResinthfun

micro
and sense outputs is described.

The input/output relationship shown in Fig. 7 is gained by calculating the
gravity acceleration components which respectively relate to the X, Y and Z axes form
the cosines of the inclination angles of Figs. 6A to 6C so as to find the relationship
between the gravity acceleration (input) and the output of the sensor, and by evaluating
the linearity of this input/output. That is, the relationship between the acceleration and
the output voltage is approximately linear.

When the three-axis acceleration sensor('s proof mass AR) is vibrated for
example along the Z axis and the three-axis acceleration sensor rotates around the X or
Y axis (or other than the Z axis), Coriolis force acts on proof mass AR. As Coriolis
force's direction and magnitude can be detected, the three-axis acceleration sensor can
be used as an angular rate sensor. A method employing a three-axis acceleration

sensor to measure angular speed is more specifically described for example by
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structure according to the first embodiment of the present invention is
described. With reference to Fig. 9, first, inspection (testing) of a micro
structure is started (step SO). Next, probe needles 4 are made to make
contact with pads PD of 20 chip to be tested TP (step S 1). Specifically
speaking, probe needles 4 are made to make contact with predetermined
pads PD in order to detect the output voltage of the Wheatstone's bridge
circuit described in Fig. 5. Here, though Fig. 1 shows a configuration where a
pair of probe needles 4 is used, it is possible to provide a configuration
whehebimifsbEnégushir§ (el pribsonsshiad araxis Mt BRnY 1t IHesnwity
of paifs OfiRrehgorrdIBSEHIRNS detastinopidRasaliel Isnrlsouwprpiama
plurality of outputs of a single chip TP and/or a plurality of chips TPs. Next,
test n e-thiat is outputted from speaker 2 are set (step S2a).
Specifically wpeakis@ncorimabiirsh20 seceivesqriopytpkinpubdataiiremibe
outside V|a |nput/o ut mterlf)age 15. Then, control unit 20 controls speaker
conﬁocifr?ﬁatlﬁ(r)\?tse Ef% ana hetructs speaker controlling unit 30 so that test
sound waveAIaahuvglandégsréh\ foéiﬂlehmﬁ@udnayd&spadesmfmhb ressire srasors
CUPHISELIOR $haR4eLE On e Ral> LS NN AP NP PRt RRHId o
wave IS outputte rom spea r2to chlp to e teste tep

micrbphiswats of AY¥ed 26l oegebtabdresbisndwave rvctipleubolicdars erfip to
be testgd TR1OBYSREAKSIAHSLR.E3 ) FHE EShSAHE Yave thathassheshong
detected by microphone 3 are converted to a voltage signal which is then
amﬁﬁﬁ&jafﬁsslgnal adjusting unit 35, and the resulting signal is outputted to
control unit AGnVersteAAVE @i giNita2lRnahsrrsiandi dptetminesihe yaltags

signal that is 10 inputted from signal adjusting unit 35, and determines

whetheFGPast BESTRetHREYSU %s%%&%ga RERF %S oMM RfRuing
S4) shutteveasehdheirecoptestiun ity 20 d@bamweslﬂmmhteﬁtmmdmava in

step S4, the proce es to the ne: tste V\(JL re the ert Iue of
the BRI Bl e e B e SR B R RRE N BB
is measturedmtimdass et buphyta?s, &md&h@ bedisoftampedpctricksighal

that is tra“%ﬁﬁ%‘!ﬂﬂ@u@é‘%@%@%@@lﬁr‘% éﬁﬁg SUmBEF M ERGRKINGIDE
moveable part of a micro structure of the chip to be
structure according to the first embodiment of the present invention is described.

With reference to Fig. 9, first, inspection (testing) of a micro structure is
started (step SO). Next, probe needles 4 are made to make contact with pads PD of
chip to be tested TP (step S1). Specifically speaking, probe needles 4 are made to
make contact with predetermined pads PD in order to detect the output voltage of the
Wheatstone’s bridge circuit described in Fig. 5. Here, though Fig. 1 shows a
configuration where a pair of probe needles 4 is used, it is possible to provide a
configuration where a number of pairs of probe needles are used. Employing a
plurality of pairs of probe needles allows detecting, in parallel, signals output from a
plurality of outputs of a single chip TP and/or a plurality of chips TPs.

Next, test sound wave that is outputted from speaker 2 are set (step S2a).
Specifically speaking, control unit 20 receives an input of input data from the outside

via input/output interface 15. Then, control unit 20 controls speaker controlling unit
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tested moves due to the arrival of test sound wave which is compression
wave outputted form speaker 2, that is, air vibrations. A change in the
resistance value of 20 the three-axis acceleration sensor which is the micro
structure that changes on the basis of this movement is measured on the
basis of the output voltage that is supplied via probe needles 4. Meanwhile,
in the case where the signal is determined not to be desired test sound wave
in step S4, the procedure returns to step S2a again, and the test sound wave
25 is reset. At this time, control unit 20 instructs speaker controlling unit 30 to

corré@etiddnesicsotnsalwzarn rshmgreitclheshin et sy mivedueopicdigpired

adjustauhie yfraaueRGY.and(au hessaene RIASHAE SRSt Hasl 8dstest the
sound wave in response to the instruction from control unit 20, and thus,

contfis! sy Sleth K5 HARthEBEL Qe PHESC B GRRAE 34 bEltpUted FroiRs TP

speadtes 22tlere, though a system where test sound -15 wave is detected and

corrected t eetS‘B%‘é'rEeﬁ; sound wave I described 10 the RIesent supplied to chi
embodiment, it is POsSI IEtd provide a conﬁ%uraﬂon WHEre a part“leP P

correchingtestTBduma speakeran@tepsiten liotesosraotingateshsdun davadetarted
not partic rovi in ases. desired test sou Ve [€ es
. B 1c%%ﬁ_}én% ﬁ[ %reg%%nvel%pf tg d VOIt %e SIZTI w‘?u(% 1S ¢t Sg%gghgg‘? 1@1 sll(%gﬂa?

mlcrc}’struc Ip to be tested 1n Sadvance. Sp y speaking,
procesEinBey i’ Stepd B (8 Kambiepvémntédlite catiaheeitifore the start

of testing, aReh@ CAIFeFtGH 90 ’A‘H&lllyk’é’é URJALCHIMILIAY dasited;drstRauad

wave is stored in speaker control mg unit 30. Then, at the time of testing of

the HiRtAdhTERd SERILaNESESHRE? TARtORIRENRG: SOethinbRotiissisLicthsound

speaket BayviticHaistrecordad santieb\alye, and thereby, it becomes possible
to omit the 10 above-described ro,cessir%gHin_steps S3 and S4 at the time of

testing. NeXt, BORHFEIUINESE R inE S SHBINE: SrHES the sHRaEuAag n step 54
propkstyrvaldige foad is timeaswep shtahisdrhaprajomabingange ($igpoIs)tekied
the casewhere Iuis. determined to e in the sllowable rande.In siep, 36 LIS
passe%l1 (as ep 7),pa the’ tputtring ahd'’s o?’ing of data are |mpTIémen e
(stepa88) Ththe,tikvés pfocetkntegbeigia LBiStepBMmiAsiamexampledts 4 (step
detegggination in the allowable range, in control unit 20, it is determined
whether or not a desired output voltage is gained in response to the sound
pressure of YeetiSetlhsivaa gy Hie Ry eis e frof SpeHReNE, Wrthgehap to be

congigialyaovdieithan FNgtiihesesisiangg valueaidhe tyspraxisagerleration

sensor changes in S ) )
outputted form speaker 2, that is, air vibrations. A change in the resistance value of

the three-axis acceleration sensor which is the micro structure that changes on the basis
of this movement is measured on the basis of the output voltage that is supplied via
probe needles 4.

Meanwhile, in the case where the signal is determined not to be desired test
sound wave in step S4, the procedure returns to step S2a again, and the test sound wave
is reset. At this time, control unit 20 instructs speaker controlling unit 30 to correct
the test sound wave. Speaker controlling unit 30 microscopically adjusts the
frequency and/or the sound pressure so as to gain desired test sound wave in response to
the instruction from control unit 20, and thus, controls the system so that the desired

test sound wave is outputted from speaker 2. Here, though a system where test sound
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linear form in response to a change in the sound pressure of the test sound
wave which 20 is outputted from speaker, that is, whether or not the linear
relationship described in Fig. 7 is gained, and thereby, whether or not the
chip has appropriate property, can be determined. Here, data is stored in a
storage unit, such as a memory, not shown, that is provided inside tester 5 on
the basis of an instruction from control unit 20. In the case where there is no
chip to be inspected next in step S9, the 25 inspection (testing) of a micro
structure is completed (step S 10). Meanwhile, in the case where a chip to be

inspeatedsisiacedisslitparsir s ® drdredriseernyie petviens deserbchindhepsat
and dhe RARAVR; FESFREFIINSRRGHIAR IS RURIBratTBRIRMENigHr sl SolRt dhg GasSE
where control unit 20 determines that the measured property -16 value, that .
is, AU H AV AR R B FYTRE AR AR LR iSO B G gy ided in
(stemStijandsiedspaciion e carsietouid siepoShdubpecificalip speakingd an

chlpa&hat IS dgter. JneI‘yto be.outside of the aIIowakSJc:% range can bieer%eeg]o ed

throfigh "Fe-indPectich ~AREIN ARy “Eipe tRAL A& tetd ihimed 8he sutside
of thel allowbdilesirange cardiedimded inta@damibanaiugriupspilkiatgsietiigl

00”31, esrc?quﬁhv‘é‘év@%%?@cﬂ?ﬁs 8%!%&"8%%%3 %ﬂi?%dha’rﬁé{‘,%PEh%%Srge?fge‘}r‘e:sEﬁlsgtof

conditions but do not cause any problems even If they are shippe

modificaion amdcsrrettiorrpadcs apirghiingisnipo8sipiaaty thelanutvppdner 2
groypiRIHRSLHIRSIRSRYON SRiNSReRHOM, ANAHRS AiKE p AR O SRR SAMe of

the chips on the basis of the selection result. 10 Here, though in the present

emBBaiFERTCEPED RIRAGFAME NS RS FiBRY HsahhediBn e here a change in

the resistangexyalbg.of anpiedoresisiive elenenbihat ife HaMided jrogerty value,
three-axis acceleration sensor is detected and determined by means of an

outg R VUSHEGE Y fethbrs e &' HE WOVe e S e thrdB i st WoaFatisn
sengeferihise dlsbpossibleltor e vide aicorfigdrativrpavier s apchanaelithéhe

impedance valug, such as 15 that of a capacitor element or g reactance
ele Ly d WS o R R o, e e e o
in thrtepditage) the cumpht ofhds treguenoy jitite: pHawebldifferente; diteotiwhaty 20, it

time and-IR&RASHEM LD NG RaRis Ok Qu?ﬁﬂ%ﬁdgﬂ%{&ﬁﬂ%@ﬂ%?ﬁon‘éé%‘%ﬂ§ sound

detected and determined. With reference to Fig. 10, the frequency response
of anfreeraidescs@ladariyme which is outputted from speaker 2, or more concretely,

whether or not the resistance value of the three-axis acceleration sensor changes in
linear form in response to a change in the sound pressure of the test sound wave which
is outputted from speaker, that is, whether or not the linear relationship described in Fig.
7 is gained, and thereby, whether or not the chip has appropriate property, can be
determined. Here, data is stored in a storage unit, such as a memory, not shown, that
is provided inside tester 5 on the basis of an instruction from control unit 20.

In the case where there is no chip to be inspected next in step S9, the
inspection (testing) of a micro structure is completed (step S10).

Meanwhile, in the case where a chip to be inspected next exists in step S9, the
procedure returns to the initial step S1, and the above-described inspection is again
implemented.

Here, in the case where control unit 20 determines that the measured property
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20 sensor that responds to test sound wave that has been outputted from
speaker 2 is described. Fig. 10 shows the output voltage that is outputted
from a three-axis acceleration sensor in the case where test sound wave of 1
Pa (Pascal) is supplied as sound pressure, and the frequency thereof is
changed. The vertical axis indicates the 25 output voltage (mV) of the
three-axis acceleration sensor, and the horizontal axis indicates the
frequency (Hz) of the test sound wave. Here, the output voltage that is gained
in the direction of the X axis is particularly shown. Fig. 10 shows two regions
A andlB 8pktsifibainyespeakitng mdiol 0 shomie wabter pagp bt § bah iy tBefon
A, apg-peniesnanhFeausne L 4@ B Wit referepea teafricptAtliea chip
frequency where the output yoltagze is the maximum, that is, where the

maxXiUn S RPsb it st h s Rraligetb ke se san b RS AL HBAYRD
gainedmpergispondsiéentiiedesampnihiieguaseyminetig tloikaiérenmeanywmble

th?‘trﬁﬁréec%%%”dﬁvﬁ tcﬁ‘E%t‘@%tﬁh’r%i?ef‘é’ﬂ“r%x'm.ateﬁéa?‘l)soiﬁé-c&?s?fﬁe'% L AIMOSY chips
coindities With the freqUeAcy Broperty ofithie thiteakiS ACCRIEration sensor
alongitheviidas: cAipsohdirginoit pgspessibiestoopgdesing the desonantéraguency
from, the RIeRGIN: QLIS QUIBKVRIIRgG ik e, 9 ANEA WHRB, for,examplg, the
freqﬁency ontegstlsougm1 r(‘%/va\lﬁeB s ci?ggnged1 \}v%%g n%lzﬂz%g the Sound press‘% e
congrspiblamelstl pechmeBypmsibig the d0ridbepnsheewretsapbpnsoththige, and to

spegifigdias oAl dERYRNRY ta Jdeaiediresonantfrequency after the
comparison between this specified frequency and the desired resonant

frequency. TiBudP BRIy M Rrese RModimaRdd AAMEPIRIRENE dRspaRRfwsAD it

IS pegaiRie: RN e fieaveRGYRieRe s alP A& R ARehEAE KBS IN
the same manner, and therefore, the properties of the acceleration sensor

alorfJ HEGHhIBE TEFRIR RIS SHR Bes SHitiatetr SRRSO g an
casewhe el fareexasmplese esoisation aecuss tie ehfeeguency dtheiothans@00 is

Hz that is nat.the resonant frequency, an appropriate and. desired frequenc
canfsp B Rl I6 prondey contrburdll SherEFCRings i BCiietinge Y ich as
thattthe dystepacisorafestiver T ratisndt ig aifficultitboco hengtpimspelatigifngad to

the PRAALRANGReAD &?I@ﬁ%?@%%@%ﬁ?g&f‘ S A INCRSHUEINE, Wil ase

damage in the internal structure and

difference, the delay time and the position on the basis of a change in the impedance
value is detected and determined.

With reference to Fig. 10, the frequency response of a three-axis acceleration
sensor that responds to test sound wave that has been outputted from speaker 2 is
described.

Fig. 10 shows the output voltage that is outputted from a three-axis
acceleration sensor in the case where test sound wave of 1 Pa (Pascal) is supplied as
sound pressure, and the frequency thereof is changed. The vertical axis indicates the
output voltage (mV) of the three-axis acceleration sensor, and the horizontal axis
indicates the frequency (Hz) of the test sound wave.

Here, the output voltage that is gained in the direction of the X axis is
particularly shown.

Fig. 10 shows two regions A and B. Specifically speaking, Fig. 10 shows
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a crack or the like that has occurred in the moveable part of the micro
structure can be inspected in the above-described manner. Here, though a
case where the resonant frequency is specified from the maximum output
voltage is described, the moveable part has the maximum amount of
displacement as a result of resonation. Accordingly, 25 the frequency where
the maximum amount of displacement is gained corresponds to the resonant
frequency. As a result of this, the resonant frequency is specified from the
maximum amount of displacement, and it is possible to determine whether or
not &SaeYlt St FeaRsyAnEife Juar)MAs9BEH eiHerriHtBiesBme manner as
described afqifcRfeRS (0 SRS ib R ASTRBS. he nAddibiRbetimalso

possible to change the sound pressure of test sound wave _using, for
exaMpremHR tRaGiie KBy BRI PEGIGH B  thaltage thy hi‘frf’i’é%?%?ﬁta result of
frequeoeytidegighinsd asrteppadtoiimhdetesiian aaphdinspe cioR flthehsansjlivptity
and h? offset ofdatt%ee-axistacceleratio? ?egbsooilfromtﬁhte. outtgf,ut retsult. 5Cl
Furtheniore POt 8 Syt IePIEpEEtiRg One chip TP 'Via'piobe neaties s

is degdrithedrigibe p respatyerii bedimventsitesicsbunowaueos praadbaNifarmly,

and therefofe, i oR I % rform.th S I0p. On.a nu [
o1 chips in el A e S S el AW per
and gabmeutireisee regechaé stoseaimrd Wwhe, fanek anuriefdie feaensuifiy tesitionnds

the yaitCRUPEINPARIFO RS éi@%'&é%?e&ﬂ?é’eéﬂs@&mgﬁﬁiﬁ%é@%st Gssible to

configuration of the unit for controllggt e amount of flow of air. As described

abofetctRuns pehsr 8F BoriliicRariitadi Fesentnbidesperied dtiehigiPpreicision

frontthadmavament ebihRriey eakle:partsehHIg B 6re SEHIGHE ik Nigired
configuration of an inspection method and an,insgectio,n device according to

the frst s BrRIBmert WA Dsiiipis A8 B BTG SOUR nsE
whichiigcolibpr esgidnthieave)uaerepibperiessiohg thestarei sapdaeainiis in the
advance for allowig ac mptt[]lter to imé)le Ent an inst ection m tho%%
according 16 the first embodimeRt #at is %@s&ﬁ‘ﬁ%‘iﬁe{ﬁ e HONCHATE SIFIYD
in ansperdingereedintg subingd amERpeoGD-ROM or a hard 20 disk. In such
a case, a dijyarunt.thatreagds.he.progam.ial Has aeneIgtesiNther than

recording medium is provided in tester 5, and control unit 20 receives the
progj(g}rﬂqig_lat is not the resonant frequency, an appropriate and desired frequency cannot

be gained along this axis, and therefore, it is possible to determine that the system is
defective. That is, it is difficult to conduct inspection from the appearance,
particularly because this is a micro structure, while damage in the internal structure and
a crack or the like that has occurred in the moveable part of the micro structure can be
inspected in the above-described manner. Here, though a case where the resonant
frequency is specified from the maximum output voltage is described, the moveable
part has the maximum amount of displacement as a result of resonation. Accordingly,
the frequency where the maximum amount of displacement is gained corresponds to the
resonant frequency. As a result of this, the resonant frequency is specified from the
maximum amount of displacement, and it is possible to determine whether or not a
desired resonant frequency has been gained in the same manner as described above, so

as to see if there are defects.
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the driver unit and stores the program in a memory within control unit 20, and
thereby, it is possible to carry out the above-described inspection method.
Furthermore, in the case where the system is connected to a network, it is
possible for this program to be 25 downloaded from a server so that control
unit 20 can carry out the above-described inspection method. Here, it is also
possible to store a program for allowing a computer to implement an
inspection method according to the below described embodiments and
modifications of these in a recording medium in the same manner, so that

control unit Po¢diiaifyscilitothesiiip ée 6B asdhs saURdtAE s efisantepdeave
-19 daserivedxahpve tdereg b inspeatimnystanelaseriRedin dananesequency
Laid-Open Patent Publication No. 05-03 43 7 1 has a configuration where

the FrapRriy 8t WrPeieenelassrosamsbrerstir Halimg sy Bk dheintpd aky
by bigwsngiaiicagainssikendavicen acbtheubrpy@perties of a multi-axial
acceleratio%sekrllesor can1[110t Be inspec}ed.without chan ingrihe dirq)ction dles 4
(angle) from WhIEHSiFiS BISwA S&'gsgirrl?sP HEBRIRR CRowe ver, itd rﬁogéﬁ%ﬁe,es'n
the sydtemitofl thalprpssattcontfiglimetions o inspectviheppropartitsolythed

' XeS. Si toft dy of
gl ATpemr DR s et

tions. 10 Modification of
FirspEphlsbdimadinieaoridinged eemedificatiomnrof trefiatcapibodisnent peshee

PresgtdVGRiMR, SaPRIRARSAHPEOWRGLE M OPEID.AE BMi R RIEUGHIS

are evaluated in a system that is_different from the one described in the first
emboRRserd With iFeferaMER YD Y. the consigerion ol hennit fonceriralipetithe
modificatiosr ASwobthe. first embodiment of the present invention is different
from that of the first embodiment in the point where tester 5 is replaced with

tester 6. TeSbIBIEGHRIRH: HORWBLRPEIMIAE SOt ShigrBpHThy S
andisignatadijosting uhitpdvate naeif fhrasentdbideatenhd hecodhenparesate:

the same,, and (he descrptions ereol 218 NoSreRsated: 22 Wilh elefenes:
to the rFO%NC ar OE?PIQ fé? ame o§flor mspeB INg a MICro Sstruc Lﬁe
accerdiditeethevmollifi cationlof yhefirsr enmbodingeiuof thevpresehisnvention
is d%ﬁﬁ{ﬁp&gmn wave.

Here, it is possible to store a program in advance for allowing a computer to
implement an inspection method according to the first embodiment that is described in
the flowchart of Fig. 9 in a recording medium, such as an FD, a CD-ROM or a hard
disk. In such a case, a driver unit that reads the program that has been stored in a
recording medium is provided in tester 5, and control unit 20 receives the program via
the driver unit and stores the program in a memory within control unit 20, and thereby,
it is possible to carry out the above-described inspection method. Furthermore, in the
case where the system is connected to a network, it is possible for this program to be
downloaded from a server so that control unit 20 can carry out the above-described
inspection method. Here, it is also possible to store a program for allowing a
computer to implement an inspection method according to the below described
embodiments and modifications of these in a recording medium in the same manner, so

that control unit 20 can carry out the inspection method in the same manner as
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With reference to Fig. 12, inspection (testing) of a micro structure is started
as described above (step SO), and probe needles 4 are made to make
contact with pads PD 25 of chip to be tested TP (step S 1). Next, test sound
wave which is to be outputted from speaker 2 are set (step S2a), and then,
test sound wave is outputted from speaker 2 to chip to be tested TP (step
S2b). Next, the property value of the chip to be tested is measured.
Specifically speaking, the property value is measured by measurement part
25 on the basis of an -20 electrical signal that is transmitted via prove
needfseribed sbyecribed above (step S20). Next, control unit 20 determines

whether or pRidhgrRPE MY e thalbas-heenpeasurad-bydneagurement
part 25, that is, measured data, coincides with a desired property value, that

is, MEBLEAERN ARaORstElr B 1yss FRYEZYFERR WASK (DREFERTTY Bbt8ARTRISH Y94t
the measwiecyaliendoas Hat Loingiatity Bleesiset prapsryivairdNagtede

521, the procedure ﬁlgain returns to step S2a ang test sound wave is reset.

At RSB S CoA T it 2b SRS SRR Eh D HRGTtIRT SO Eorage the

test downdnyavges dronatvhide siredbpropedyivalhe ds\geinedioheseryht shpstible,
be tlensgﬁéjs-rsl:t)e%so?tfl%s"i“etsgrt}néloen %&%mﬁmobl}{s e%?ﬁ)%rélreylpee%i&agf %g'ré?ﬁ%gtive

response to an instruction from ¢ontrol unit 20, speaker controlling unit 30

microsespitdipeadils fsomndhi eeismeptam disrsoieablpbedys ufe oTulteatasl

sound.waves et adesited panskty value can be gained, and thus,
controls the system so that test sound wave is outputted from speaker 2 and

a de¥rdtiiprierhishRmRimdhe case where it is determined that the

measured Valuergineidas it aick figsirack prarRihicvalifens tepmbileliien, a
procedure goes to the next step S22, and the output value of the test sound

wavEthA $56URSHREt T SRR S B MBS S88 &7 S eemdais
speakifeesnt drdirolhe nih2d:-acijeites watarorittvedownd pressure, frequency,

voltage an like of th t sound wave for gainjng a desired, property .
Vel when STGST A0 e et Ch o SIS L g s
test dosdimdewhed frorhos feakescd! NexificontdFerat Xodeteroirtbs fivktether

or ”Qﬁq%%iﬁl%ﬂt’ihetﬂe%ﬁhﬂ%vi[&%'?es@é%@?éﬁl&é&&%i(ﬁﬂt?&e?@l- 19 SIEPSEaiHaf

case where it is determined that the data is in the allowable range, it is
pas$ein(sey ST theraninvthrsccaiaaphete Jtard digehafliegiing unit 35 are not

present in tester 6. The other parts are the same, and the descriptions thereof are not
repeated.

With reference to the flowchart of Fig. 12, a method for inspecting a micro
structure according to the modification of the first embodiment of the present invention
is described.

With reference to Fig. 12, inspection (testing) of a micro structure is started as
described above (step SO), and probe needles 4 are made to make contact with pads PD
of chip to be tested TP (step S1). Next, test sound wave which is to be outputted from
speaker 2 are set (step S2a), and then, test sound wave is outputted from speaker 2 to
chip to be tested TP (step S2b).

Next, the property value of the chip to be tested is measured. Specifically

speaking, the property value is measured by measurement part 25 on the basis of an

-20 -



10

15

20

25

that the data is not in the allowable range, it is failed (step S 11). The
following 25 procedures are the same as those described in the flowchart of
Fig. 9 of the first embodiment, and the detailed descriptions thereof are not
repeated. A method for inspecting a micro structure according to the
modification of the first embodiment of the present invention is a method for
determining whether or not a chip to be tested has passed or failed, by
comparing the level of the sound pressure or -21 the like of predetermined
test sound wave that has been set in advance and outputted from speaker 2

so tHRCEigrevdstal itk EdBrepEe Vil Reodetsetes frothdgssEBedabem steb Q)

a good produisl, eahue Bainedewithiibedavelpbie Ay B RRS SHIR: Adnfis
like of test sound wave that has been qutputted so that this predetermined

progFy Y hbY e & WATREH PRty & Rty b et rigeVith @ desired

configsationanecarding iedhiecmadificaijoseof. the first embodiment of the

present inveption, tester 6, where.microphone 3 and sie%nal c\IjListilag Qart 35
. . re, 1h the case Where it is determined that the m sure? u €S not
described in theé first efibodirient are 1o prowcfle ‘can eVafudte the property

of a@ﬁpi@%&t&éh&de@p@ph@yoammmeﬁégﬂe nltfegrr_dcwdluer d@irﬁdm_eﬂtd»ytep
decﬁeﬁsﬁ}% (e ImP&Ld A 9&8@”%%%%?&%,%’5}9%‘? '%ﬁ%"%&&%%%‘j\%‘&ﬁer
o} th higher

method and an inspection device for implementing an inspection
precisiviolding deiSfile daesorelintptohvsecondhenatsisslirrbproogtiie apretsegained

InveRign M ERISIENER 405 &uﬁ%%&%@%ﬂ?@%&@ﬁ%%rﬁ%ﬁrgﬁng iR
|

the second embodiment of the present invention is different from inspection

systERANTA {hagBHHHSHAR FEote SRaFSl naY BbaReaiAoad Witk i@ditells#. Other
parts 8stopisAN aGSsin tHSREGHRY aNSeNtolih plds tlesiRednbigd hiaabdo
therefore, the detailed descriptions thereof are not repeated. 20 According to
the SBEEAEURDBARTENY B EHa e SBREThIBAHBH; FIMHe!THSeYiHBrE theTs
a noisensaurceiNotpidie fionespéirathgpdnspaoto praptithiglaiiedision is

carried out anceling naise sound Wgyet at emanates from this noisg1
S e}_ﬁg WIIC 3[ €S W1 a

#ase d‘.e 1t ]tS termine at the measure V?.lﬂ? coincid
source. Te according to tne second emonodiment O e present

inveditsond prafifieyentfeonstester Stn phecpbirt soberettestert5tfiitAeand the

incl%q%@vgﬁiggf rtﬁg]tgytaslound wave that is outputted from speaker 2 is measured (step
S22). Specifically speaking, control unit 20 acquires data on the sound pressure,
frequency, voltage and the like of the test sound wave for gaining a desired property
value when control unit 20 instructs speaker controlling unit 30 to output such test
sound wave from speaker 2.

Next, control unit 20 determines whether or not the acquired data is in an
allowable range (step S6). In step S6, in the case where it is determined that the data
is in the allowable range, it is passed (step S7), while in the case where it is determined
that the data is not in the allowable range, it is failed (step S11). The following
procedures are the same as those described in the flowchart of Fig. 9 of the first
embodiment, and the detailed descriptions thereof are not repeated.

A method for inspecting a micro structure according to the modification of the
first embodiment of the present invention is a method for determining whether or not a

chip to be tested has passed or failed, by comparing the level of the sound pressure or
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25 controlling unit 40, a speaker 2# and a microphone 3#. Other parts are the
same, and the detailed descriptions thereof are not repeated. With reference
to the flowchart of Fig. 14, a method for inspecting a micro structure
according to the second embodiment of the present invention is described.
With reference to Fig. 14, the method for inspecting a micro structure -22
according to the second embodiment is different from the inspection method
that is described in Fig. 9 in the point where steps S 13 to S 16 have further
been added between steps Si and Sta. Specifically speaking, in the step

nexthe 1 pigredeiyaised el vrane rave tBetdas bsmgthiersprarfeand (apted
S13)ronPgrificalysSRrRakipthdeERIGRRNRAR 3 URICARBRIPR GAUNANANG thdhat

emanates from noise source NS and outputs the result thereof to noise
remBvARESARIAG-FAR 2082 Hdh Mithr e dBHL Qo a A RS PRSI FoRF UbREbIest

unit sXAnMQise: BRI AYAbeaNbiRPing AU KO iNSthreissprakEpdfertd Gl can be
anti-nois oun% ﬁ\{avg. for %anceli g the noise sound wave that emanates
q\f €

fromF NOISE SOdrce IICstt(ép £9Y , and to output the anti noise sound wave

to chip to béntéstecnfi@uF#Ridromcthéigpeeken{stéic 8b)oShe tificathpspiewking,
anti-noi und wave haying the sam n .sam
sl DT e
phadessibathenibidescurhgdinck! aienotippetided. Aangyalvale dfc thiweas shawmp

N Fig.pL 3. A0 -0 %R: S0UNH WRKSfaRineiaR: B RRASES BRI ARP ARG Her

those of noise sound wave "fnoise" that emanates from noise source NS, for
exaﬁfmé‘f[siLS is outputted from speaker 2#, and thereby, noise sound wave
"fnoisRoig Caneligeks0 as to barely exist when they are synthesized and
reach chip TP having a micro structure. Then, contrgl unit 20 determines

whether or NS AYISE SBMRPRATE AL ISBEH P8 Hioved Uit BRI 8 fthe
outpuipesici fradnhsghaap@ditisting dait3bettiactoidiop homnecc3rGtapb&dibgndof the

the case ¥vhere it is determined that the noise sound wave have been 20
1CSC, nvention

removed, t. e procedure goes to the above-described next step S2a, and the
following prdGéssdsrare: tiod sarnie asithpstidesctive dindeigd@gantherecond

detailgel deaH %tﬂ?ﬁbspﬁl%?e(&f{[w%ﬁc‘ja&qfs r&ﬁf@?e‘iﬁ‘%r%‘%ﬁé}%@ﬁ'& 040& ‘%%ﬁ‘?h‘é’%&'lﬁ

it is determined that noise sound wave has not been removed in step S1
the prseethsier adairPreruames ke 9. ShatGsheamd tioisethe 5ase srdwave

is resgbeAlothisdicae: aonicldniid insteugts noiss demorRl £entkallifGriptions
thereof are not repeated.

According to the second embodiment of the present invention, in the case
where there is a noise source NS at the time of testing, inspection with high precision is
carried out by canceling noise sound wave that emanates from this noise source.

Tester 5# according to the second embodiment of the present invention is
different from tester 5 in the point where tester 5# further includes a noise removal
controlling unit 40, a speaker 2# and a microphone 3#. Other parts are the same, and
the detailed descriptions thereof are not repeated.

With reference to the flowchart of Fig. 14, a method for inspecting a micro
structure according to the second embodiment of the present invention is described.

With reference to Fig. 14, the method for inspecting a micro structure
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unit 40 to allow speaker controlling unit 30 to correct anti noise sound wave.
In response to an instruction from control unit 20, noise removal controlling
unit 40 microscopically adjusts the frequency and/or sound pressure and/or
phases of the anti noise sound wave so that they become desired anti noise
sound wave, and controls the -23 system so that anti noise sound wave is
outputted from speaker 2#. In accordance with an inspection method and an
inspection device according to the second embodiment of the present
invention, noise can be removed or cancelled as a pre-process, before the
outpeeoriastadisrigarad enhedimsnsisiAdFeetidiomwitheHrgRas e aisiber bt ise

perfaegagsungler.congitiopsinharedRers iS1newise Althedneceh J88ting.
Here, it is also passible for the present example to have a configuration

whePe™ELbHEE! ARl isterP S E GGy spetitieally Broaedh advamde 1hithe
caseovheiavdesiiacctestsapnaonpredeatiesptbesmicspatfieiye ehkighip to

be tested. S eg' ically 10 sspeaki L progesses up to.steps.S2a to Sﬁsare
miero EIO € cte tSbH(¥ € S({Hﬂ ve t a% en%an tes from 'noise squree an
carried out in advance before the start of "testing, and a corrected contro

valuaufpute ttputtiigtesaiad testesomodahvaneridlsipned #9). spdaekemaesiooletg an
“r."ti?ithUP%g »ﬁ%’?ﬁé‘kﬁo QR ,”&%Q%%%&ﬁ%gﬁ'r%ﬁﬂ '%Bﬁ%‘i?m%’é’r%a‘é%rék"x}t@#
this recorded control value at the time of actual testing of a micro strtfcture,

and ttheateiyi-iisesousiblete Hriitraeliabdviendiss shebvyrecdssendnasiefors3
15 apasg atthedime X esting (S HabMadificatiRn ol RAGNA Ebagi6otested

With reference to Fig. 16, an inspection ;ﬁstem 1#a according to a first

modificaBIst Prekss AR Embodipreiical Xiiacakdte A thuintiorrns! difsr daYing
fromhénspRatieusystena # thakisodesgrieddndighsd 3indhe it whergd in

tester 5# has been 20 replaced with a tester 5#a. Specifically speaking, tester
5#a BT ORRSE HoIh PSRBT RO BSIHRURM S S arEp SR Hogs Hat ekist
andthise seonaMal gt limg it 46uhas dveérniaplacsdnvyithsasreisdy opposite
removal controlling unit 40# and a speaker contrqlling unit 30#. arts
e S B e R e L R e R e
13, mmewdmtkw@tﬂfe_d@leh@mbﬁmmmmf uaeg”i‘cﬁncv'ep’é'&t_edlczléd S0 as
Noise semoval.eqteling HolL ARSI dpsharofth AncorAing IR S sructure.

modification of the second enibodiment of the present invention instructs
speaker Then, control unit 20 determines whether or not noise sound wave has been

removed on the basis of the output result from signal adjusting unit 35 via microphone
3 (step S16). In the case where it is determined that the noise sound wave have been
removed, the procedure goes to the above-described next step S2a, and the following
processes are the same as those described in Fig. 9, and the detailed descriptions thereof
are not repeated.

Meanwhile, in the case where it is determined that noise sound wave has not
been removed in step S16, the procedure again returns to step S14. That is, anti noise
sound wave is reset. At this time, control unit 20 instructs noise removal controlling
unit 40 to allow speaker controlling unit 30 to correct anti noise sound wave. In
response to an instruction from control unit 20, noise removal controlling unit 40
microscopically adjusts the frequency and/or sound pressure and/or phases of the anti

noise sound wave so that they become desired anti noise sound wave, and controls the
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controlling unit 30# to output the above-described anti-noise sound wave for
removing noise sound wave that has been detected by microphone 3# from
speaker 2. In response to an instruction from control unit 20 and noise
removal controlling unit 40, -24 speaker controlling unit 30# instructs the
system to output anti noise sound wave together with test sound wave from
speaker 2. As a result of this, anti noise sound wave and test sound wave are
generated using the same speaker 2, and the noise sound wave and the
anti-noise sound wave 5 cancel each other out, as described in Fig. 13, so
that YHtHe farsduribvavadearp RS REagRkehAtro structure. Anti

noise soungpyavs AREIRShSAURHWAYE AEhEERIeH D SREAKELZ Agiltk to
the configuration aqcordinﬁ to the first modification of the second
emdBaiTERT ST RIS SRR D EYH N XY PRl CARPhEmEErbrsaneiehas
furthesrbereaticediosotrs dafi sedicarcastviverendhpughipdhp configugation
according to thi% emt%odiméent, speaker conHoIIirl% unit 30 ouiéput test so%lnd
TCC1SIoN ¢an be perrorm under conditions,where there,is no noise at the tiune o
which M Wave hiaVing aSingle meqliency from a speaker, the

presesitnigivention is not limited to this, but rather, it is possible to synthesize

sine wave SE%E‘(?,HP%‘QEQ Qs%l‘ebt%rrﬁeféﬁ%ﬁﬂ xf£%g}1‘ e&%\s{e%séﬁﬁfié}]ﬁzaf&&n where
example, an adder, not shown, and output the re u?tlng signal from a
speakerrsawmanésyiieof arfigotesporisaly torey ighibeardpiifee duisciess edsbe

deteriGH @IoNG H G ARG ARG i diSRERIAR Of FEAPEOBY KRRRONSGecifically

property as described in Fig. 10 can be efficiently and effectively performed.

For SeahifiePipee eIy BandAeP e drsettd @i dittiapembsiarnifh rihel
and @stow, hand anetslgns.of singlassivapuaunsidfrseiesteshiiowathashi@led in

and low bands, respectively, are composited together and thus output from
the §Be€5%?°é}ﬁ815n§Q‘HﬁI3%spjél?ﬁiﬁ§etﬂéefe‘i%“f§°gf€ﬁigﬂtﬁﬁp SBHRY fiftgpput o
resppases ool e pdenteie sonaiol Sinhid tankotisly dfedeieciethglof addition,
the test sound wave hal is O%E%iétﬁod fron.2 Speaker are.pot Imitea. 19.a,5l0g
wave signal or a synlfﬁesu signal of sine wave signal, bk rather, fast
soundd 35 aweheeinevafigestimarbitrary waveform, such as white noise, may be

outgﬁﬁg?g,lggdﬂgaﬁof[ygpgg&gfﬁﬁ{@&%nermor of an arbitrary waveform), not

shown. As a result of this, a micro structure exhibits a response that is
dominated Withéﬁf@%??a‘ific%g)flﬁaén inspection system 1#a according to a first

modification of the second embodiment of the present invention is different from
inspection system 1# that is described in Fig. 13 in the point where tester 5# has been
replaced with a tester S#a.  Specifically speaking, tester S#a is different from tester S#
in the point where speaker 2# does not exist, and noise removal controlling unit 40 has
been replaced with a noise removal controlling unit 40# and a speaker controlling unit
30#. Other parts are the same as in the inspection systems that are described in Figs. 1
and 13, and therefore, the detailed descriptions thereof are not repeated.

Noise removal controlling unit 40# of tester S#a according to the first
modification of the second embodiment of the present invention instructs speaker
controlling unit 30# to output the above-described anti-noise sound wave for removing
noise sound wave that has been detected by microphone 3# from speaker 2. In

response to an instruction from control unit 20 and noise removal controlling unit 40,
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moveable part, because white noise, for example, includes approximately the
same amount of components of all frequencies, and the resonant frequency
and vibration -25 property of the micro structure can be easily inspected by
detecting such a response. At this time, it is possible to use a band pass
filter or the like to render the frequency band of the test sound wave a white
noise limited to a region in the vicinity of the resonant frequency of the micro
structure to perform inspection of resonance property 5 of the micro structure
efficiently and effectively. Fig. 32 is a graph representing a result of detecting

respORdes e iRESminR8E 1R5HIGHEhe SYSAHe auipHitanHaiscoa et ieNnCy

ranggoisiRY P 8SadeR SVt maysakEhe test sound wave by the white
noise Is output and the three axes' output signals for a measurement time

are each subjecied @ HGiBr NS SAPARE MRS VSRS eyt &KE T sy,
32 shawsta fiislemeaseremedtiesuiie Asutan be aeethéam-figse3dutastave

aPPES e?é?ﬁortﬁgrgﬁte%iﬂgséﬁ gnantfregiengies for the X y.and 2 axes,
respecﬁvefiy. or ﬁex’ anay axes, re§0nainf)ftreque cies aroun 1%6—??%

_Hz _atépir’fd’ibatdmg anﬁlcforsmmuraxis, a resonant frequency around 1980 Hz is
indicated. Aﬁn@ﬁoﬁ%@%&&r{g@%@ ) ?ﬁ%ﬁ%’%ﬁ?&w&%%ta%%s@%‘é@x %EJ%%%Q&%% as in

band are limited, the input Is a pseudo white noise, 15 however resonant
freqiiervopfamdative reger dugiattheviaist medblcetanelithy. steondorabedimentlgf the
inspGELIRE MIGIR SIHHEIHE S PreReh R ESMEOt sHRIRAING. e &St SOHNG

wave for the measurement time to Fourier transform is preferably used to
norrfdiise @strequency component of an output signal for each frequency.

Furthermorgjsichongasure msiticiiayole densin &y enthanvaca-aNd Raker
average for each frequency may be 20 provided. Furthermore If a moving

averSGBE BRIt TEIRESARPISITALS FRGhEY© Seetidi AR IS in a
grafgreqaanty crests grdkeotighsassesreindnds B2 Gaidiedatusladt iathelpttia
visually apprehend the property. Secqnd.Modification of. Second Embodiment
BT s TR e e e TS s R e
25 ihveriow]a methied fot shomaviayg! noipe, tivatis]tfog rgise framcelfatiber, infe a

SYSIRM NS, JUESGOL HOMLIRG,SY SIS, [RLLENONRY QLR NRLIR dameriRgd

in the above Fig. 14 is described. With reference to the flowchart of Fig. 17,
a méwistPror By Aastiersy response property as described in Fig. 10 can be

efficiently and effectively performed. For example, if a frequency band to be
inspected is divided into a high band and a low band and signals of single sine waves
selected from the high and low bands, respectively, are composited together and thus
output from the speaker and a signal responding thereto is divided by a band filter,
responses to two frequencies can simultaneously be detected.

In addition, the test sound wave that is outputted from a speaker are not limited
to a sine wave signal or a synthesized signal of sine wave signal, but rather, test sound
wave having an arbitrary waveform, such as white noise, may be outputted using a
function generator (generator of an arbitrary waveform), not shown. As a result of this,
a micro structure exhibits a response that is dominated by the resonance of the
moveable part, because white noise, for example, includes approximately the same

amount of components of all frequencies, and the resonant frequency and vibration
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structure according to the second modification of the second embodiment of
the present -26 invention is described. With reference to Fig. 17, the present
method is different from the inspection method that is described in Fig. 14 in
the point where steps S 13to S 16 are replaced with steps S30 to 533. 5
Specifically speaking, after step Si, noise sound wave is detected using the
property value of a chip to be tested that is to be detected via probe needles
(step S30). Specifically speaking, the probe needles are made to make
contact with pads of the chip to be tested, and thereby, the moveable part is
moVEERSIHNDi Sk SBIGFRISTRATA e BeatoHY IRTPREISRPE eqtsieting ftshsipense.
sound sRuiiae NSs sesthat s RedalstminedineRethy uRlug A dsrdetergd frgm

the chip to be tested via the probe needles, Measurement Part,2_5_ outputs

this YRR IREERaRY ey Cuhiirorlsd B ki cieeingide themmigiply of the
conikaling il o sermonecROisR @iréhe fasitointpecpmdetesiagg property

property value that hastpe.en ea uted k\)}g measurement part 25. Thus, in
of t CI{IIC{H structure el ICIGIII'[ }/nan eltect] 1'}/ . .
response to thé instruction from control unit 20, noise removal controlling

uni? 40 setsFagltEhtsis@mpbmebve_zsmeirﬁgml&uhnédﬁmgthgiwmnsgmb%ve}mhani@s
emitted,fre oﬁﬁ'f% AWMGE I%l%el%ftg?r%&u%%(a{ra éngs (%1’1381]11)? a%'lqe'ﬁsst&‘f(&

JRGP
to be tested TP 1o output anti-noise s ave from the speaker (step

S327hsrstifivatyvepelkitg, venti-noiseisoune wilidsshiehdias eHpwangaals for a
freapyRRcy NG thmSaESRURY RISSRVES AR IRGHIRIAG SAUALWAVEaRd SR y.

IS in phases opposite to those of the noise sound wave is outputted. As a
resUitPthi8OE 2 HeBerHEINABOVEY Antiticise bSobRR o8y El efalttiHtsrerppear

whigRdgsifeploasem exa6Hin QRRPSHAJONAREX0 RRIEL SR PRSI {NOIBEY the x
which is emitted from, for example, noise source NS, as shown in Fig. 16, |
are BUtPHEY FrERAHEEHETSHS AR dretly! Y HatHBLiGHe 4nd f5ids ~ axis,
soundegmdet firgisad ysucandahsd Ha ashd daedalmastinoneaxistazhtwiheribdehe

syniesizecound wae eachas S T of the micre stugtue 2801,
addition, control uni etermines whethér or not the noise sound wave

has loeeyeertoved (sigp833ndSpecificallipspeading) itisvdbt@rhindd whether
A A 0 DS IR By
is, WHEthEY dieriderusraerstBrmifd pieperip ivame Reptertl hewd Hetestsdze a
frequency component of an output signal for each frequency. Furthermore such
measurement may be done more than once and an average for each frequency may be
provided. Furthermore If a moving average is provided for each appropriate frequency
section and plotted in a graph, such crests and troughs as seen in Fig. 32 can be leveled
to help to visually apprehend the property.
Second Modification of Second Embodiment
According to a second modification of the second embodiment of the present
invention, a method for removing noise, that is, for noise cancellation, in a system that
is different from the system for removing noise that is described in the above Fig. 14 is
described.

With reference to the flowchart of Fig. 17, a method for inspecting a micro

structure according to the second modification of the second embodiment of the present
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-27 In the case where a predetermined property value has not been detected
by measurement part 25 via the probe needles, that is, it is determined that
noise sound wave has been removed, the procedure goes to the
above-described next step S2a, and the following process is the same as
that described in Fig. 9, and the detailed 5 descriptions thereof are not
repeated. Alternatively, it is also possible for the procedure to go to step
S2a, where the following testing process is carried out in accordance with a
system as described in Fig. 12. Meanwhile, the procedure returns to step S31
agaifyfatiheicdeeciidre it is determined in step S33 that the noise sound
wave has notieRrfaRoNet s THAkS prtAMIRIae RHRLWAYE i ée8leibn

this time, control unit 20 instructs noise removal controlling unit 40 to allow
spe AR ULRAGIAG GRS & ditdeinaciHtiherest RV 2R YeRlpstse

to theiinstspeson digzscontrol unit 20, noise removal controlling unit 40

mlcroscoplc?lg/%g%lﬁsts th%};re%]enc /or.sound Pressure and/qr hasg:es

so that desi&d anti-noise SGund Wave gar' léegsglllﬁledv,v tha S’léi,e getedu ingt

predetpenynedhp dpertiip 1& heatkeseethatiss mdasiaeddlyvimeashe eendliat aep 350).
via e DIODR NeEdISS HREQMES 2ad SONHAlS NS Y UGMAUNAMEof the chi
i T R 1RERES a0 SeRUEC IR R SRS R Cor he chip
metHoek destetding ety Jbeomy wddifiation oty secsrduahibetirmerbefions

the RresROfJRMFRUPRAISRLR BEFANEIRENG @S NHREHRARGRIGoFRRIN e

according to the second embodiment and the first modification, noise can be
20 risieoeiad fremidiecdyidy, aued pretiiarbspuiste UGG A Eotnd

waveupind iIRSReRIOR Yok Highiprecisioncan e paHarRecthiisthemstate where
there is ng noise at the time of testing. Furthermore, in the,ins?ﬁ%e;ction

methY 8L NG b e S UL RE AEh Ot R S SR B BT Y Bt
the prasenbievienticnrdd isy mudanaeassa patic? 8etatiurpis e 4 s@un dhe e wsing

a microphone angi us,.microphgne 3# .can be %minated from the
10} COH'[]ZB’[IHI l’ldl rem Vg CO 01 ll’lsg lf]ﬁlt sets antiznois sound wave fOl‘
above-described testers an a, that'is; the number of parts can be

_red Lmethmgdnbﬁﬁe soosd @famltsémi@ad bermem_sc_edt_mw Aéiditidimg thesiker (step
INSpegfio %@ﬁ%@t??ﬁ@% LY @&W‘&%ﬂ)m adifigaHen LG 280N dhe

embodiment of the present invention is a method for testing by outputting test
-28 speaker (step S32).  Specifically speaking, anti-noise sound wave which has the same

frequency and the same sound pressure as the noise sound wave and which is in phases
opposite to those of the noise sound wave is outputted. As a result of this, as
described above, anti-noise sound wave “fantinoise” which is in phases exactly
opposite to those of noise sound wave “fnoise” which is emitted from, for example,
noise source NS, as shown in Fig. 16, are outputted from speaker 2#, and thereby, are
synthesized, and noise sound wave “fnoise” is cancelled so as to be almost non-existent
when the synthesized sound wave reaches chip TP of the micro structure.

In addition, control unit 20 determines whether or not the noise sound wave
has been removed (step S33). Specifically speaking, it is determined whether or not a
predetermined property value from the chip to be tested that is detected by
measurement part 25 via the probe needles has become 0, that is, whether or not a

predetermined property value has not been detected.
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sound wave after the property value of the chip to be tested that is detected
via probe needles has been adjusted to 0 as a pre-process before outputting
the test sound wave. That is, the present inspection method is a method for
testing in the state where the effects of noise have been completely removed
on the basis of the actual measurement 5 result, and therefore, inspection
with high precision can be performed in comparison with the methods which
are described in the second embodiment and the first modification. Though
in the above-described embodiments, a three-axis acceleration sensor is

described a dif 63ROt BIPARTESRAIRIRRS T &Pl s BRI AGs TS et by
MEMe:d@dechnpiraiesiasdaserhediRbaxs; @ndithr dialRgliueuRdbat s

the object of the present technology is not limited to a multi-axial
accAIBYAHENH RSERSTFOYHL [reentItee AADISY I e AR BE A2 BE B b itBinarad

insp@etionositlie eperatiancprepett)andesnacaaniErl prapehe aéancactuator
and fé mlcroscqrgécr:{an}echanical art, aif'llustrateld in. th belov{\k)lis Fgg. 18Ais
u

- SCriptions. 0l are not repeateg. ternativ; 1t 1S ,alSO PosS, or_tf1c
a dlagrarﬁ or'illustrating a case Wheré a SWitch 18 stlatlonrfry. thYeference
to FigodArean dMEMSsHACH Haerdin&ftervap pdytneferoedssosasusiaitol) ins

for%%gogj 2 C%u\gﬁﬁrgti‘, S§Qm% Sc&nyll%\égri nsi!?i aﬁ)ntrol electrode 52, a cantilever
ini 53 an

joining part joining electrode 547'In the state where no control
signal is inpMativhHe bevitelsadoesteiotroperate S20 Fign18Rhiscasdingeamt fior

llusHaung R £asayRaFEIRE MR RGIR IR NG BLAnUA sidnakify is,

supplied to control electrode 52, cantilever 51 is attracted to the control
electfidRPse WHR! Ka¥ereseitlof thishisdtife (R ToinAY PhtsTETHARES EBPRARY

withcjgriningrelestr adeqdofsgeirsUb At dnise theravits b hreomesmat ibeehind

state. When a control signal in pulse form is supplied to control electrode 52,

for eX&fipld™ SERANGIVET |BHHY FaH B3 RS U A AR SHE TS AHGC ine
repeaiitnyy) ihe joingt c digteljuon-jiudfed siaie dodjoining é leetsacteabd/of pitgses so

switgh, 5 Dicipssonic, and s lized gs 2wt for haaing the freguenoy
at hlg% speed. With reference o(ﬁgs. iéﬁ\ and és, aﬁ) SWI'[EPI a\ylng
a meahisréneissirersturd by a¢hinrfimenispechmatidally deseibied beonkig) 190\
is a %%&%E%H!Hﬁ%@tﬂﬂﬂ &fg QI%—‘M)E@@ s%ﬂgde\lglgg%d(ﬁﬁputted from the speaker.

In the inspection method according to the second modification of the second
embodiment of the present invention also, in the same manner as in the inspection
method according to the second embodiment and the first modification, noise can be
removed, that is, canceled, as a pre-process before outputting test sound wave, and
inspection with high precision can be performed in the state where there is no noise at
the time of testing.

Furthermore, in the inspection method according to the second modification of
the second embodiment of the present invention, it is not necessary to detect noise
sound wave using a microphone, and thus, microphone 3# can be eliminated from the
above-described testers 5# and S5#a, that is, the number of parts can be reduced, and the
cost of the testers can be reduced.

In addition, the inspection method according to the second modification of the

second embodiment of the present invention is a method for testing by outputting test
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With reference to Fig. 19A, a signal wire 72 into which a signal is inputted
and a signal wire 73 from which a signal is outputted are shown. In addition,
a trench is provided between the signal wires in the vicinity of the center
portion, where an 5 electrically insulated state is shown. In addition,
electrodes 70 and 71 are provided on the two sides of the signal wires in the
configuration. Fig. 19B is a diagram for illustrating a case where the
membrane structure is used as a switch. As shown in Fig. 19B, a membrane
is placed above signal wires 72 and 73. Thin film beams form flexible
sprifgdTHiREeaEehbe RTaRsHbYae FAhachp idagsirs thadsslippifidyigrobe
electedrs A sad 1duand therghyprisinlianerdd washsiandhelRuladidewes,

by electrostatic attraction, in a manner where the membrane makes contact
with 1t BidhaPieied WeHiardsieAdea Behed donfrs e intas@endhsrrdle ¢
of thifetheofrasich haetweancdiepsgiatatitesd il ieobisi Psoe igut éheasurement

conductive ﬁtzﬁe 1(ON). That is, th% Etaﬁe where si ri)al WiI‘fES 72 and 73 are
result, and therefore, ins ﬁCt on_wit 1 reG1S10n Cé‘% [+ TTorme Com% 1501
confftictve"'s galneoe, sothatfs"an mpltted signal’is oﬁ?puf?é . Meanwhile, in

the eageiwherérdhiewhemnbrade @ibddheths ga@ind red dibnmot andkbedontact with
eacpngﬁt&% &QS state of non-conductivity (OFF) is gained. Though an
example where a membrane structure is used for a switch is described

above, this Therthrarbesthertudesisihest fimfirsdments switeds, 43t tregfearsiorbezor
20 SeRsQBRhlaSHEBARAISMPRIAY (- REMR0M R AL IRHREFRIEMS

technology makes it possible to perform performance inspection on a variety

of nié S piy e &gl 4RO W etFTRAGH BANEMRITR i fmbicssivighpe

propgetyiathindiimsaiotheditemination windaveQéandmlestsen be&aspresent
illuminator, without moving the thin film portion, which is a moveable part of

the FEMYPANSERTAHIFEC L RBH T BI G RERSITLP ks SRSELIAD BERFAand
referasbanioaFigo@fteo asadsidesaribe thistoerepic methirankpatrlctiliesigated in
usegr%g)relih% illumination window of an electron beam illuminator. As shown in
Fig. 20, electron beam EB is emitted into the air from a vacuum tube 81
through an hih$daticrdiwgndowo8llvamdiag ealsr gédremssisbdticntfrary.

PortigpfAYMINHR, WINEQW SRNMRONG: 2 3 MEMPARE SIHGHUER d%s switch)
adopted in the thin film. Here, though -30 Fig. 20 illustrates only one

meriorame SO tHPEUAISESYR trantilsiebPdne GeTophidRsi6Pds BingRantileerispinime
somge gasesdthfoMeRbrRRsINeY, besfarmed-af R RUMBSK R MiateridiSiputted, the

switch does not operate.

Fig. 18B is a diagram for illustrating a case where the switch operates. When
a control signal is supplied to control electrode 52, cantilever 51 is attracted to the
control electrode 52 side. As a result of this, cantilever joining part 53 makes contact
with joining electrode 54. As a result of this, the switch becomes of the ON state.
When a control signal in pulse form is supplied to control electrode 52, for example,
cantilever joining part 53 moves upward and downward, repeating the joined
state/non-joined state to joining electrode 54. This switch is microscopic, and is
utilized as a switch for changing the frequency at high speed.

With reference to Figs. 19A and 19B, an MEMS switch having a membrane

structure of a thin film is schematically described.
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so as to have a multi-layered film structure, or may be formed as an
illumination window where a number of membrane structures are arranged in
array form. In 5 accordance with the technology of the present invention, it is
possible to inspect the existence of damage or a crack in the film, or the film
quality, even in a mechanical part that has a moveable part, as described
above. With reference to Figs. 21A to 21C, an inkjet printer head is
described. Fig. 21A is a diagram for illustrating a case where an inkjet printer

head is 10 stationary. With reference to Fig. 21A, the inkjet printer head is
formed of aliez4é 60r dippiarderddint ding siwieb Y isschdelsrieriter 62, a

support memRg&4 AESHPRLING, RigZRAIRHEITaGIHAIRICR L sRfANE Blputted and
electrode 63a, a control electrode 63b that is joined to piezoelectric actuator

61, A Sahirdte 65 Ry HihitcHesd! rote Esd A awnswitt AYEE 98 fubsaEN Y,
the iikjet@rinierdar atk dipasl Mt pe tata: tigre oathdrdeisfilediin, Whbetween
cover memper 62 and piezoelectric gctuator 61. Fig. 21B is a djagram for
e A S LTS OB pr A R S At s B o
Fig.tBd Byeletiyosthticigttriaetioniwtksob&pmeenncontrol electrode 63a and

piezoelectrig. tor 61 in the. inkj inter head i i :
turned on. &g%gv%%atéggﬁ%ifégﬁﬁc%ﬁé{g tﬁg%%} \V/vaér}ﬁgsﬂlg\gﬁ% us%§%§ j |r£1)tt e

figurtsedEig. azpadB. a dingrenm foditudfBtingentusecwidrecthebaveiteni wiraed
off aftar7 Fig Rl Bfsoshawiif figidd Cor .Oeiﬁsgggl@?wélﬁ%n@&%@wasA

been warped returns to its original state. At this time, a force of repulsion is
gairfe8 Bkl yPris iR chestidasi b antk /ih<iad theiekte dneRIPTABA oz Rs and

60. Khisliekiehwniipfeldaas tearatReas deseHhed ahavenandiheiebinagan be
utilized as a microscopic and high-speed printer head. When the inkjet

prinfOPRELY TR A VEDY WuGhE Wl & HP el g MR ™ e 208 R ETH
actuattor 6 ihd etaithdandealdetrosisticicapatiilanoe pewides thontialudive state

e T TS B D sl e e e
is a orogzgedtmnal is outputted. Meanwhile, in the case where the membrane and the
signal wires do not make contact with each other, the state of non-conductivity (OFF) is
gained.
Though an example where a membrane structure is used for a switch is
described above, this membrane structure is not limited to a switch, but may also be a
sensor part, such as a temperature sensor. In addition, the present technology makes it
possible to perform performance inspection on a variety of mechanical parts, such as
electron/ion transmitting thin films, using the property of a thin film or the illumination
window of an electron beam illuminator, without moving the thin film portion, which is
a moveable part of the membrane structure, at the time of utilization of the product.
With reference to Fig. 20, a case is described where a membrane structure is
used for the illumination window of an electron beam illuminator. As shown in Fig.
20, electron beam EB is emitted into the air from a vacuum tube 81 through an
illumination window 80, and an enlarged cross section of a portion of illumination

window 80 shows that a membrane structure is adopted in the thin film. Here, though
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taken along a line A-A of Fig. 33A. As shown in Figs. 33A and 33B, a silicon
5 substrate Si has a center provided with a diaphragm D substantially in a
square and small in thickness. Diaphragm D has four sides having
intermediate points with piezoelectric resistances RI, R2, R3, R4,
respectively. When a difference between pressures exerted to opposite
sides of diaphragm D causes the diaphragm to deform, a stress is caused in
piezoelectric resistances RI-R4. The stress varies piezoelectric 10
resistances RI-R4 in electrical resistance, and by detecting the variation the

diffefein el ihestinies P pheat renbraltat e evdispoditansimesef WikpmetthD

can J@ﬁ»‘gl@ aasedinlhepesentHsihac alsenall oW R PEe iR e BB Rfakerials
operation to be confirmed such that the pressure sensor is formed on a

subStr At BLAMHPIA RAIFEHP BTG Oprashrd ¥8nea tidh UpBraRtm

entailiéawSingra dilieenee i ﬂﬁbﬁﬂﬁ&ﬁél rabappasiterdpauifaces eframwaler,

and |t |s |ff|cult erfo m n n with the pressure senspr formed o
raance Wl e tec Bf) resent 1nvention ltthse‘pSOS n&gectt (]
the Wafer It is aso possible per Inspection oh ViCes,

suclexageame RFdswateioon andk hujehplﬁﬁltemh dadjlasqiekgribeoh abowechanical part
acc%gt (o3 \rllvl(g %t]%?e %meas%g%gm é"%b%h t described above. 20 In
a

accordance Wlth resent invention if the above described acceleration

sensor (or aMghlfasrcsendes) MEMS Switthnkneimbnisdesgueterstikiet
printer heads; PHSSUIS ALASAT BPHIREERIMIA-RAVALR 1B§fétq}1q§t%?rﬁ%5& is

property are combined together to form a micro structure, e.g., if the

accalaianyiseWabrralsernse Priigsale duniadiearsipisiisioea &t {98 60

a singIRANWArRILEIEHS: ek pler alinedr 25, movaide lﬂamsepmrf&rﬁeﬁpaamg
S|multaneously be inspected. Furthermore, for MEMS technolo

U SHFARS RS GR AR SHIN ot BFBHL SRS B Ay R hAlSraratk SBetindeipsd

presemﬁm&ﬂbaﬁeﬂamw @i uﬁaht;smétmrmswummm @ alsubstratevibelieswitch

nspeeiet STianeousi Simuliancoushy specing Aglaliyof pevaple

parts of those different roper y or a plurali Ticro structure allows an
MEM@WMomeﬁﬂqu@:mmmlmmwm reduced period of time.

FU”hermor%l% %LfE%Erﬁt(%é’g}gﬁqafomiﬁfé%rﬁﬁfﬁg‘:&%eﬁét&ﬁ{%%SMJ%?[JHEF%?%%%H

and if a defective productis found it can be excluded from & subsequent
packagfittgSprocess and/or the like. Third Embodiment

With reference to Fig. 21B, electrostatic attraction works between control
electrode 63a and piezoelectric actuator 61 in the inkjet printer head when switch 66 is
turned on.  Along with this, piezoelectric actuator warps, as illustrated in the figure.

Fig. 21C is a diagram for illustrating a case where the switch is turned off after
Fig. 21B.

As shown in Fig. 21C, piezoelectric actuator 61 that has been warped returns
to its original state. At this time, a force of repulsion is gained, and thereby, the ink
that fills the inside is jetted out from nozzle 60. This inkjet printer head operates as
described above, and thereby, can be utilized as a microscopic and high-speed printer
head.

When the inkjet printer head receives a sound wave of appropriate magnitude,

piezoelectric actuator 61 deforms and electrostatic capacitance between control
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5 The systems as shown in the first and second embodiments are described
as systems for inspecting the property of a micro structure by detecting an
electrical signal that is outputted from the micro structure primarily by making
probe needles make contact with pads of a chip having the micro structure.
In a third embodiment of the present invention, a system is specifically 10
described where it is possible to inspect the property of a micro structure
without directly using an electrical signal that is outputted from the micro
structure. Specifically speaking, the system is described using the
illunsiseiieteintiand 6fMaigectdn dsestngltisivitaroatiinpriatsidsndrenebe
strugiue.Myith reference to Fig. 22, a measurement part 25# in accordance
with the third, 15 embodiment of the present invention is described. ,
Specifically dBeiinly ARBAIEAERPITAT S5 LEbFdarcE With IR thRrden
emhaeimaeih©f the presenfin\amiondnshdes ame aBKememn Bnitdk@and a

measureme tﬂ 45, In additlc()in meas rerﬂent uBit 1)6 and lmeasurement!lig
substrate ?1 acente@nom (v 1t ?] 1a8 ra Su S}&FEJ& }%IH a sguare a .
45 are “electrically coupled to each other via'a terminal TP. Measurement unit

46 detelttie dncRiesiecttogibtigodp asttneesibetiedn anelteatiadd&sarichthe

object of I tapt i f testing.. Meas e 45 ingl a
o T e 2 TR A LR
and restined ek ofed éx e ey ichiaabsasroldedsin thedipmargmdiogeform, a

thergols HeLgn e RAR AL RIRIAQNE SectragR BlAIS,RFRVIGeASRA@S2S

to correspond to one pad PD# from among the number of pads PD#, and
thed&sitanSieRiiBAIN ElsaisIed] TesHERcotRE LY HAeriit® Hepitfi s Hisfétgrence
casgaphesepasupactRigianehtesppnak ERIarsr @lgmitisally eavplagdddagach

other as an_example. In addition, the illumination window 80 of an electron
beam illumin&fdP 5% MAVRG HSHERBrHE BERRUGAS HAEISPEANCPd SR tPEmgd
mountédian tipmseasysament foigndd asianLxam fie. ddarg] aateater of therting

third emboqimen}.has ac nfi%u ation where fobe needles 4 have be(?n
N conii n n{a&f cal 1{c

TCSSUre Im operatl S1 a €rence 1n pressurg at oj .
removed a measurement par w I({}%IS Ee tester esaned W&Slg lis

replacéadeyith avedsurechignt pisiic @54 patbothesppatis) sudhtaspthe &contol
unit and the speakgr, have the same configuration, and therefore, the

detailed
It is also possible to perform inspection on these MEMS devices, such as an

RF switch or an inkjet printer head, as described above, in accordance with the same
system as that described above.

In accordance with the present invention if the above described acceleration
sensor (or angular rate sensor) MEMS switch, membrane structure, inkjet printer head,
pressure sensor and other similar movable part different in property are combined
together to form a micro structure, e.g., if the acceleration sensor and the pressure
sensor are combined together to form a single micro structure, such plurality of
movable parts' properties can simultaneously be inspected. Furthermore, for MEMS
technology, a substrate is often provided thereon with a plurality of micro structure, and
the present method allows a plurality of micro structure on a substrate to be inspected
simultaneously. Simultaneously inspecting a plurality of movable parts or those

different in property or a plurality of micro structure allows an MEMS production
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descriptions thereof are not repeated. With reference to Fig. 23,
measurement jig 45 and illumination window 80 of the electron beam
illuminator that has been mounted on measurement jig 45 are described in
detail. 10 With reference to Fig. 23, electrode ED is provided on the surface
of measurement jig 45. Also, spacers 47 are provided so as to secure a
predetermined space L between electrode ED and illumination window 80. In
addition, electrode ED and external pad PD# are electrically coupled to each
other, as described above. With reference to the flowchart of Fig. 24, an
inspiehets inetalremadiicredrsedipgrnsrel dEedrd i thsTnererigbstrate with a
embgdimeni @b heRiesenh vengioRis SrseriortAISPRLIRNI(ESHAG) Qhe

micro structure is started as described above (step SO). At this time,
illunfifAedi TR B Bt AdiEnPES S MdfRiatdFRaving the micro

strugture Hagddgithaobject of inspection is mounted on measurement jig 45.

Next, test sqund wave Wl’}]liCh IS othGplutted from spea erd2 are set steg)bsgag,
and then, testsound 20 wave 18 outpuued t iimifation Wihudw S0 Hem *
speakeeids(Biep b dNbxprtiperprope rycva e chith by dspedtipanctigotiscal signal
meagred, MEREIARL SAMRIR.he SlactRsi e canaAsiBRge. RIS ot
changeé.sghlt ﬁe%aé?s OP %he1 a(?zsg{a%tgne?gﬁt og&ﬁmoa\l/ea aPe pgrtgt%% moves
dueatgshprbPaibrrivesiinharicg hgtpittedifrsirgpeaker 2 is measured by

measuremantypit A& AL ISR ME PR AP 2R, GIERGPR) NG KL-FONtrO|

unit 20 determines whether or not the property value that has been

medKFERBy e UMD EHPBEC RGIROPHE RiSdBIFed a4 hyihout

desigagcBrapainvalisgidhaidsaishii anabawabie rangenisteRuR6lrd he
following process is carried out in the same manner as described in Fig,

. . ) : g. 9,
-34 SRS SPEHE dBENE B ALTSHERS tHaR0F HieHBtiepastdav-rhan
methlediiai Haspeadiingnatonicioisiru atee@aacordingréo the third embodiment of

the present.invention is no thod for inspectin %}F roperty of a.micro . .
Structure. oML O S A At SIS IODE CHE PR I RPSEAy e
frometfiednion 6f sheupitsmtdaectoidhesmovahednt of the moveable part as

described i Fig+2, RUJANGE A MR IQLINSRRGHAG RIARE VAT fasuliero
structure on the basis of a property value
embodiment of the present invention includes a measurement unit 46 and a

measurement jig 45. In addition, measurement unit 46 and measurement jig 45 are
electrically coupled to each other via a terminal TP. Measurement unit 46 detects an
electrostatic capacitance between an electrode ED and the object of measurement at the
time of testing.

Measurement jig 45 includes a number of pads PD# which are provided in the
periphery of the outer region, and a number of electrodes ED which are provided in the
inner region thereof. Here, in the present example, one electrode ED is provided so as
to correspond to one pad PD# from among the number of pads PD#, and these are
electrically coupled to each other.

In addition, Fig. 22 shows a case where one pad PD# and terminal TP are
electrically coupled to each other as an example.

In addition, the illumination window 80 of an electron beam illuminator
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that is indirectly measured from the movement of the micro structure. With
reference to Fig. 25, measurement jig 45 and illumination window 80 of the
electron beam illuminator that is mounted on measurement jig 45 are
described in 10 detail. With reference to Fig. 25, illumination window 80
having the membrane structure that is shown in Fig. 25 is different from
illumination window 80 shown in Fig. 23 in the point where illumination
window 80 having the membrane structure that is shown in Fig. 23 is placed
so as to face downward, while illumination window 80 15 having the
merhbrEige SIS HACIES RIS hoRigroSE st Ba sy HedeFAts Mpteidner
additions asshasehhé andasHi-gledraderkidaarsrvoed Podar@hion

electrode ED, and electrode ED and sub electrode EDa are _electricall
couplBTt6eBeAGHEY tHAIGRCE TEOMALERE IR gBRY PaFbty Y Rph e gester
AlsalessiBesoibrd inskriglx3d thighdistanean bt puaersthamelestosieistRatisisshd

electrode EDa, acmjlthe nllem}tl)ran structuretj.s setat 20 I_h In%)ec jon, of .
. con 01 nit and t %S ca Ei:I' ave the same con 1g(1)1f3[gon,2'1§d.t CIrelore edetal et%
micro structure can performed, In the case Ig.’25, in “accordance wi

the slemé[_aﬁysseherasftmmdewémed. in Fig. 24. I_n addition, the three-axis
acce'erat"?%ﬁﬂ%?é%ﬁ’cfett‘oepa .%%?:9%%8&%%%@&32@ @/ﬁ{t Eﬁﬁ%ﬁl:ﬁﬁ)@l URARE 80 of

inspected in accordance with'the same syste eference to Fig. 26,
the reselsaiiefrerguenieynstaioe tiphbaybran probeeheietiessupaenhie 40 #fake
contact it Rags.af a three-axis acceleration sensor is described. As shown
in the present example, the greater the needle pressure of the probe needles

which are m¥HB igsirare e ditact il RIa LR st h dredbiashot
frequRRGKdRBAIS 0A3eCMS, Hacardingly, jrspestion.cansbarashenasaimed
without -35 using probe needles and without changing the predetermined

resoRAF: FrREUNERRS Biote R ang HHE RSN HY R Rie B additign. electrode ED
capasitareenvbpae Pt chargesdty thafasis eictihehdisplarecriead abdhe
moveable that moves due.to compression wave which is qutputted from
e oo B S R 5 oh O 3
of atiweeraxisadoalerdtiothsdrstodsnemwhtbd prsenfieestiamedtspabe@5#a.

Measurement part 25# N9 UFE S £ABETANEE ABIREH AN LUGHIER G e 3 s0).
CS2, electrode EDb and measurement unit 46#. Here, the
At this time, illumination window 80 of the electron beam illuminator having the micro

structure that is the object of inspection is mounted on measurement jig 45. Next, test
sound wave which is outputted from speaker 2 are set (step S2a), and then, test sound
wave is outputted to illumination window 80 from speaker 2 (step S2b).

Next, the property value of the inspection chip is measured. In the present
example, the electrostatic capacitance value that changes on the basis of the
displacement of the moveable part that moves due to compression wave that is
outputted from speaker 2 is measured by measurement unit 46 of measurement part 25#
(step S5a).

Next, control unit 20 determines whether or not the property value that has
been measured by measurement part 25#, that is, the measured data, has a desired
property value, that is, is in an allowable range (step S6).

The following process is carried out in the same manner as described in Fig. 9,
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tester of the present example has a configuration where probe needles 4 are
removed and measurement part 25 of the tester that is described in fig 1 is
replaced with 10 measurement part 25#a in the same manner as described
above, while other parts, such as the control unit and the speaker, have the
same configuration, and therefore, the detailed descriptions thereof are not
repeated. Two electrodes EDDb are provided beneath proof masses AR
having a three-axis acceleration sensor, and are electrically coupled to
capacitance detection 15 circuits CSl and CS2, respectively. In addition,

capatitaireeleratdtideiadicd descosioandhersy akcnebrinedtsd to measurement

unit 46# so gt QHSAUbIRNG piRIeLIadn RAPaRIRNCaMRINE: MeaRUFSII SRbBMient
46# measures the changing electrostatic .capacitance value. Fig. 27B is a

circ@it BERFGEPADNHIAG AL F8 s LR P iRssURs sy D Y Yt RE G ructure
measiiieBent paah 2RERicASsEhav ikethie: prese i xayalae dfeoinithal Mattes
of electrostzgic cat]?acitances Cdl and Cd betweergg egrccr)i%f ma%s Ag% lz)alptqa her. a

electoGe ESE® APe TelSE Vel ditdteetr By RAPATSHEE Tetbcton QHEAE

CS2renidh CSRinfprennths @etectioma esuid aneicoutputtbe hasmeds prepaent aing
467 ap YIRS ARGS9 PRE RGN RtDiGfl g e moveable
part, displaces dyue to compression wave from speaker 2. As shown in Fig.
28B, proof MadsrxReare Wisitadednegsdreneainig apatithmosadatectdew 80 of

CifC%@e@é@t!r&{‘ge%%ﬁ}ﬂ%{%{%ﬁﬁ%%lﬁﬁeﬁ%%%@%ﬂ?&n\éﬁllj ¥are described in

measurement unit 46#. In the present example, a case is shown where the
electféitatic capacitance -36 values are displaced from Cdl to Cdl +AC1 and

from Cd2 towGerereindo {©90NEY, indihiHAa lisalRANSeHaOfih épvMasRie:

part. These amounts of change are detected by measurement unit 46# and
outpUHEY B Rt I U 26 }ga%é theid iR Eetb S Brioany ey B M%ie
accéleratan sensaitcaieles] perfodtioadyinlére  Sheamisghbe femnspestinghbeathat

micro %[ructur%iig is C se&s the same method (?Swmﬁlat ﬂescri ed in.the

flowhar of EigS 72 SRUTherefore the detated Qoo RL LS KR ng
repéaténg FigneoArshovisidwadevindrevelectiodessiDiedre provithed wovasito
COMESPRRGLHIP a%%?%ﬂ@ﬁﬁ& 3 OB [ ERREDE Y AP ACRIREA FPIVG Rl 16D,

also possible to perform
and electrode ED and sub electrode EDa are electrically coupled to each other through a

contact hole that goes through spacer 48. Also, as described in Fig. 23, the distance
between the electrode, that is, sub electrode EDa, and the membrane structure is set at
L.

Inspection of a micro structure can be performed, in the case of Fig. 25, in
accordance with the same system as that described in Fig. 24.

In addition, the three-axis acceleration sensors of the above-described micro
structure can also be inspected in accordance with the same system.

With reference to Fig. 26, the resonant frequency at the time when probe
needles are made to make contact with pads of a three-axis acceleration sensor is
described. As shown in the present example, the greater the needle pressure of the
probe needles which are made to make contact with pads is, the lower the resonant

frequency tends to become. Accordingly, inspection can be easily performed without
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inspection in accordance with the same system as that described above, by
providing one 10 electrode ED# corresponding to proof masses AR, as
shown in Fig. 29B. Alternatively, as shown in Fig. 29C, it is also possible to
perform inspection by providing electrodes ED#a, which are larger than the
bottom areas of proof masses AR, in the present example, where the
detection areas are greater than electrodes EDb that are shown in Fig. 29A.
Here, the system shown in Fig. 24 of the present specification is the same

system as that in the case where step 15 Si that is described in Fig. 9 is
remByag freba reedipstrbuithenarrathie prafistRiTai e terpnFol fessarnstingy

propRitu MGG StmetieAepsding bt ef10s nat deskedRreReHYs of
data has been detected in accordance with test sound wave which is

supPlfed PHTOsREKEPO MiN RleRh ' Ph gHET RGLTeB pEsEme iy ebaithte
the propery froaccerdancelsiibadsysteatr. which is described in Fig. 12 of the
modification af the. first emhodiment, Fig. 14 or Fig. 17 20 of the secaond

ermbodiment 31 S O A e T 817 b TApe S
alsoipossivte to canepoutreedesireStest Meashustiog test Saanacvassecipacitance

gainilg JeRIsd, PIRRGN ARk S A% S0 SYBIMALE 1S RIARSHY, Of AMICere,

1 e?ls he
structure%epencﬁng on whether or not data such as the soun pressure OT1

the tralpeef thepsvaricyaavecibayiisinBavsdiowatiiereange, tedhss dupuetingyed
antiRAIGR SAHRCLIPUR SYSRHR IS8R WHELGDAISR SRUNdWANG PRITE like

is 25 generated. Here, it is L)ossible to implement a tester by eliminating
ProBBCABERIRSE P ERYS, inthe fane mprnaiEsesqabedipRRY abbiile 2fher Byrts: such

changing dnaasurementRapakdothe @bovacdeseibedMeasRRNE AR
25# or 25#a. Here, it is also_possible to supply sound wave which is

comTALETHIFIWHRECS theysol angl EipE¥&the property of the moveable part of
a micro struCiurel&omdth&Diove penidédereehtipfotiennaked RYaving a

Alterpatively, it Ig also bossible tg supply ﬁg#PdCXYlaYe Jahich 15 compression
wave 16 a micro structure and 10 detec (EISp acement in tha movement of the
moveabie fart aftes Picspestrudiurelusifitias oapalitchiasktstdisplacemnent

metaﬁd%§?Q@Q&mgc@éds&mggsa;eﬂlgﬁp&ﬁ@m@&%mﬁtt&@xa&?g@ the

property of the micro structure, by determining whether or not the detected
amodRtORHRHEe mMRaRISTIRY Fe Affiouriewidibpletmgiaaelsytindalits of a
deterpinpiqrordie. like. With reference to Fig. 30, a case is described where

displacement in the 10 movement of the moveable.ioart of a micro structure
is detected w.ra%%hgwngqgé:@pflguratlon diagram for illustrating capacitance

detection in measurement part 25#a.

As shown in the present example, the initial values of electrostatic
capacitances Cd1 and Cd2 between proof mass AR and electrode EDb are respectively
detected by capacitance detection circuits CS2 and CS2. Then, the detection result are
outputted to measurement unit 46#.

With reference to Fig. 28 A, proof mass AR, which is the moveable part,
displaces due to compression wave from speaker 2.

As shown in Fig. 28B, proof mass AR are displaced, and thereby, capacitance
detection circuits CS1 and CS2 output the detected capacitance values to measurement

unit 46#. In the present example, a case is shown where the electrostatic capacitance
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displacement meter LZ that is a measurement part, and thereby, the property
of the micro structure are evaluated. In this case also, property of
illumination window 80 of an electron beam illuminator can be tested on the
basis of whether or not a desired displacement has been 15 detected. In
addition, it is also possible to test the property of an acceleration sensor, in
addition to the illumination window of an electron beam illuminator, by
detecting displacement in the movement of the moveable part of the
acceleration sensor by means of a laser displacement meter LZ, which is a

meaglitenaerdipalaceddronpadl itp il 3 NQIamhEamiaddrisdodimeXtalsgeiiows
a plyralith OhieeNaRIg PartEOL Hesfe JHferenhif RIRREIY RRRI MY R cted by

micro structure to be simultaneously inspected. Furthermore, a test sound
wavESASHRETHYHE 36 et BrYRar ot braEfbhar! thugirmEtiamBEPERsLY
be appli@e-t0.2i ittt t? @ininaigdhs-necessityieli nreannivgithetast
sound wave's frequency in inspecting the micro structure's ropertt;{. 25
AlthBUYH & S EEe R iHY 6T Ra S BERUREH B SRy ‘?ﬁgﬁ‘é{% RGOt

is clearbtundeatstefidethbd teeidahdesisipyonathatdiustradiorpeaddxample only
and is not tq.. be taken by way of limitation, th irit and scope of the present
vention baly vt ok by e e ToP e & WE e o
IS QradMEBSESAR, ﬁe@evib@%ﬂfisrtbpe@bwgabonﬁdpot stisetereavkiigh evaitietes

a ProRELY AT Al leashANSITHEHR: SHHEW S AL (RS A MRRIERALIPMGHiR one

a substrate, comprising: a sound wave generator for outputting a test soun

wavelagredidiiifceerretrgating rarhBsteesthges uBaridedi@Rleciieripyively, as

CONRRAHAGTR; 2N oCIRUL RRE RrQYiied BL3aiM MIpKRHSH YGIS: dhEXIEaGb&es ED#a,
signal output from said micro structure configured on said substrate; and an

evaltiBidt 165 s chiy b AHEUEHEN LHPIAY MBVbitRpiH I Rig A ple, where the
strughsitsh respaRsgrtasaiBaeakseod Ml thilnatehashe e FoL Atagefe0Me system
said Eound I\Q{av&%??{?rator and for evaluatir]%the r%)rogerty of said rl?icro

strutare % 7e 8L PO P aSIE ARG Ui A BroBEReedr sk a ghaIpasayhere step
on tR¢ theovedesnibefl hhdFipdvablanoact! from the first embodiment. That is, this is a system

for evaluating property of a micro structure depending on whether or not desired property
data has been detected in accordance with test sound wave which is supplied from speaker 2.
In the same manner, it is also possible to evaluate the property in accordance with a system
which is described in Fig. 12 of the modification of the first embodiment, Fig. 14 or Fig. 17
of the second embodiment or its modification, from which step S1 is removed. That s, it is
also possible to carry out a desired test by adjusting test sound wave for gaining desired
property data so as to evaluate the property of a micro structure depending on whether or not
data such as the sound pressure of the gained test sound wave is within an allowable range, or
by outputting anti-noise sound wave even in the case where noise sound wave or the like is
generated. Here, it is possible to implement a tester by eliminating probe needles 4 in Figs.
1, 11, 13 and 16, as described above, and by changing measurement part 25 to the
above-described measurement part 25# or 25#a.

Here, it is also possible to supply sound wave which is compression wave so
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of said micro structure responding to said test sound wave output from said
sound wave generator for outputting, with said probe needle in contact with
said output pad. 2. The device for inspecting a micro structure according to
claim 1, wherein a plurality of micro structure, each of which is the same as
said micro structure, are arranged in an array form on the substrate. 3. The
device for inspecting a micro structure according to claim 1, wherein said
evaluator includes: a change amount detector for detecting an amount of
change that changes in accordance with the movement of the movable part

of satdhsicryaerthetrercatic htbereensiviedrforie\RlGEriHE tHEepis ity Bpsaent

micrgestclitieiiieagis afd-raparisauhetraniths ammyrtaichange
that has been detected by said change amount detector and the amount of

chafge-thaCBRBER Y 8 Y6 dR feriiiet thiEERBb oAb URliAcemER s Mcting
a Migke SHatlol ehaaenidinlg parchaitme Inivoetaitusaidichange amblussrdetector

detects an amount of ¢ ange in the impedance that changes in accoidan e
. S lacement me%er at ISp CCII]B]I‘lt Senspr ?l‘ a P&Olelt Sensor, so as to_evaluate the
with movement of the 'movable part of said micrg ‘structure, and sali

detqmmingiorehaluates thetproperytofsaidamiorhstruckirédyecompaningnthe
amoynt of chapae, '@?]E'ﬂ%dE‘rﬁg&%‘fﬁf&cﬁ]ﬁwfﬁ%ﬂ?%ﬁ%Q&tse‘&é%ddgé{r aid.shange

amount detector with the amount of change in the impedance that becomes
a préletermined threshold. -39 5. The device for inspecting a micro structure

according (GlaimrdeRESGIY. S8id ARIEIINRINCE VRlURESHRERIR T RO

said micro structure by comparing the frequency that corresponds to the
maxXRAYFHEOURE STsablg @R &f AAEBe siiudBietrdaitnicd U BRANGE AlfRStint

detegiprandthea destiadfipauenacibat 6RHGSPOBAS dRrdbe arpuptey charge

that becomes a predetermined threshold. 6. The device for inspecting a micro
struBl8 SELIPERER &I%HAd, wherein said micro structure corresponds to
at least oneloftancaccealergtiopeae s il anitadom avigddar $atie seakotron. bEhe

o S R SR I P A S 7 o
detected.

In addition, it is also possible to test the property of an acceleration sensor, in
addition to the illumination window of an electron beam illuminator, by detecting
displacement in the movement of the moveable part of the acceleration sensor by means
of a laser displacement meter LZ, which is a measurement part, as shown in Fig. 31.

The third embodiment also allows a plurality of movable parts or those
different in property or a plurality of micro structure to be simultaneously inspected.
Furthermore, a test sound wave in the form of white noise or that of a prescribed
frequency range can be applied to a micro structure to eliminate the necessity of
scanning the test sound wave's frequency in inspecting the micro structure's property.

Although the present invention has been described and illustrated in detail, it is
clearly understood that the same is by way of illustration and example only and is not to

be taken by way of limitation, the spirit and scope of the present invention being limited

only by the terms of the appended claims.
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multi-axial acceleration sensor and multi-axial angular rate sensor. 8. A
device for inspecting a micro structure which evaluates a property of at least
one micro structure that has a movable part formed on a substrate,
comprising: a sound wave generator for outputting a test sound wave to said
micro structure at a time of testing and 5 an evaluator for detecting the
movement of the movable part of said micro structure in response to said
test sound wave that has been outputted from said sound wave generator
and for evaluating the property of said micro structure on the basis of the
deteMibh T &S GEANERIBsaid evaluator includes: 10 a position displacement
detector for detecting an amount of displacement of the movable part of said
micro structure shédvilis placespéatmgeoridanceruvitirdvehithevelnaat Opibyerty of at
moviaieopakhRt aithdiey hStHAS s AP gaaetaimeinatar feisevrluaiing the:
property of i fRIGER SHAHEIIS: A5t tREHRASIS 1 @6 R LRAMPRLROR baliveer the
amayntRf dishlasRmertdhat has been detected by said 15 position
displacemept,(iealon R ACYH- AISB I AFBMARL ANBERRIES A micro

predetermined threshold. 9. Theg vice for inspecting a micro structure
structure, to extras ashgenal.out ut Irom Said 1mic OFI‘UC Ic CO(I}I ured on said
accor |r{gt6 claim 8, wherein Said position displacement detector detects an

electtostatic %%pacitance that changes in accordance with the movement of

the movabl@'pa BHEAIG TS 8g (heY SR s e SteraARiT gt LA the
propEHHYF SAIRALHS @tF@&Eﬁ% W%Wﬁi’&ﬁh@ h—%@?ﬁ_’é WPfted s said sound
capairaseaethtar Rad foeeyr et BiPRaiy pouitton e platatehiPnyatsstsof
withdtecBiactrosttiprebpecsidneadiandessdes thp recetaantinbthehmeshididpart
10. dheidevice foninspactimpdnpiorestasterend ccordingpto Tlaimsad] ywinedeinve
saidgposttionfaisplpocementideieictprobe tecificin asneuntvoh displacpment.on

the basis of the movement of the movable part of said micro structure by
usi_ng a laser. Tind &&i@@%ﬁ@nﬁ%&ﬂﬁ@@%ﬁ%&tﬁi&ﬁ@e%&&&ﬁ% ﬁﬁ@@fﬁ?mgﬁﬁerein
claim 8, Whﬁﬁﬁl&l@k‘}f HRIRSNINARE QVRIAtes Ihe ProPakhe Qf %Wrﬂiﬁ%%tructure,
strugfg@r%ggm%%gy the frepmengythat corresponds to the maximum

amount of displacemerit that has been detected by said position

isplacem r. Wi ired fr ncy th : . .
displace egt d%%%c(}nge ggr%n(gggct%% a glq(l:'}g s%llcttu?é according to claim 1, wherein

said evaluator includes:

a change amount detector for detecting an amount of change that changes in
accordance with the movement of the movable part of said micro structure; and

a determinator for evaluating the property of said micro structure on the basis
of a comparison between the amount of change that has been detected by said change
amount detector and the amount of change that becomes a predetermined threshold.

4. The device for inspecting a micro structure according to claim 3, wherein

said change amount detector detects an amount of change in the impedance
that changes in accordance with the movement of the movable part of said micro
structure, and

said determinator evaluates the property of said micro structure by comparing
the amount of change in the impedance that has been detected by said change amount
detector with the amount of change in the impedance that becomes a predetermined
threshold.
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corresponds to the amount of displacement that becomes a predetermined
threshold. 12. A device for inspecting a micro structure which evaluates a
property of at least one micro structure that has a movable part formed on a
substrate, comprising: a sound wave generator for outputting a test sound
wave to said micro structure at a time of testing, wherein the movement of
the movable part of said micro structure is detected in response to said test
sound wave that has been outputted from said sound wave generator, and
the property of said micro structure is evaluated on the basis of the detection
result, and gal dgglw ve.generator mcluderu'c% sound Ve ot L%tl%é%art

or1 eCting a miCro s OG cin
for outputtlngé% test SOUﬂ }/\I/)ave aving a soun ressu In accordance

with an inpuf frorH R BYRE e, WGt %%P&P%%%?é%‘ﬁ‘ ISP UBUHE Wakrte
reache&eAe s ity EIS RS 19iche et a A Al shimes R e Rstor for
corrégtinigdhg teidtcbonghmave! thstchasviteedesuedUttadcirombeaigrsepaads to
waveouiputiing gardeyhaoepariagathe dactndng@l @ssstieldevel of the test
sound wave that has been detected by said detector with the sound pressure

level of the predglefouned SRl zeHRg Mﬁ%?otﬁﬁiajﬂf'e%&?&lﬁgrﬁf‘é'f;ﬁl?lc? whitrein

The device for msgec ing a mlcro stru %J 5} ?rdlng to claim 12, wherein
1O structur 1ﬁeslpon cast one f an acce I‘atIOI’l SENSor and
said sound Wave generator art ncludes & hoiss refover for removing a

-4 APISUBLIF WA that reaches said micro structure from the outside. 14.
The device for inspecting a micro structure according to claim 12, wherein
said noise remdverdeutyuisr ars@tiagoiseigounmdavas ecweindthgi Soinl phasesherein
opposite to {hiase efesaid QISR S Mane 50s38st0 fapatheaid iSO
wave an-the. ResiR QfisAid neish aung yavedbathagReqadetected by said

detector before testing and which have the same frequency and sound

pressure as those of sajd noise sound wave.
A device for inspecting a micro structure which evaluates a property of at

least one micro structure that has a movable part formed on a substrate, comprising:

a sound wave generator for outputting a test sound wave to said micro
structure at a time of testing and

an evaluator for detecting the movement of the movable part of said micro
structure in response to said test sound wave that has been outputted from said sound
wave generator and for evaluating the property of said micro structure on the basis of
the detection result, wherein

said evaluator includes:

a position displacement detector for detecting an amount of displacement of
the movable part of said micro structure that displaces in accordance with the
movement of the movable part of said micro structure; and

a determinator for evaluating the property of said micro structure on the basis
of a comparison between the amount of displacement that has been detected by said
position displacement detector and the amount of displacement that becomes a
predetermined threshold.

9. The device for inspecting a micro structure according to claim 8, wherein
said position displacement detector detects an electrostatic capacitance that changes in
accordance with the movement of the movable part of said micro structure, and

said determinator evaluates the property of said micro structure by comparing
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15. The device for inspecting a micro structure according to claim 14,
wherein said anti-noise sound wave is output from said sound wave
outputting part together with said test sound wave at the time of said testing.
16. The device for inspecting a micro structure according to claim 12,
wherein said evaluator outputs the result determined by said determinator
upon receiving the detection result of the test sound wave that has been
detected by said detector of said sound wave generator. 17. A device for
inspecting a micro structure which evaluates property of at least one micro

struglute atAa L&% @8 VARIS RRY IR cF‘cFHb§§{&‘te GHO0MR ‘g’éi‘a%en"f‘eﬁtound

1
wav %enerat Uttln atest Sou fh wave tO sSa |Cr0 ct
é%%“ PR

time"Of tEZtRY; fSP%% PR TR THBVEINE

part of said micro structure In response to said test sound wave that has

been outputted fidmdsaick Soumspasiane ageiveratorcaned foroediafu@tinigthd wherein
property of satbpayicien shiipticsean dbediasisiefistheadeteatianlkgtdémsinareihe
saidygyiabatrrinckidas amelpelrastaliccaraditanes driaction elgctredgdhat

has been installed so as to face the movable part of said micro structure; a

capamtance1 Peter%tor for d?tectln? the electrostatlc ca aC|t nc
€

en
said electros tic capaC| Kance 48 cP%nml1 (fro e?tlollrne d!*vab(i alm% W}%erem

said micro SHIEHE IR CHAAGELHISRIGRIEN O wﬁmﬁéom&févﬁ%m Garing
-42 o lramienssthaf eoaies peieto o e ang e pndilee o iy AfinBeen
the peapexdppisdiposiicroditplicitmendetieobasis oflesicaniparisory between
the eleeliasialic crpaciancss thedlirmeahangeeaneshasdieembgieched yd.
said capacitance detector and the electrostatic capacitance that becomes a

predetermlrl%d tQ\r hold, 18. A device for in Rlegtln E |g€ tructure w ich
ath

eV1c for inspecting a micro S ua € of at
at eagt oné miIcro structure t as a movgﬁ%

evaluates a ert
fom][eéea;té)ﬁl I%\ﬁ § (‘eture that has a movable part formed on a substrate, comprlslng
a sound wave generator for outputting a test sound wave to said micro
structure at a time of testing, wherein
the movement of the movable part of said micro structure is detected in
response to said test sound wave that has been outputted from said sound wave
generator, and the property of said micro structure is evaluated on the basis of the
detection result, and
said sound wave generator includes:
a sound wave outputting part for outputting said test sound wave
having a sound pressure in accordance with an input from the outside;
a detector for detecting test sound wave that reaches the proximity of
said micro structure; and
a sound wave corrector for correcting the test sound wave that has
been outputted from said sound wave outputting part by comparing the sound
pressure level of the test sound wave that has been detected by said detector
with the sound pressure level of the predetermined test sound wave that

becomes a reference.
13.  The device for inspecting a micro structure according to claim 12,

wherein
said sound wave generator further includes a noise remover for removing a

-41 -



comprising: a sound wave generator for outputting a test sound wave to said
micro structure at a time of testing, wherein the movement of the movable
part of said micro structure is detected in response to said test sound wave
that has been outputted from said sound wave generator, and the property of
said micro structure is evaluated on the basis of the detection result, and at
least two movements of said movable part of said micro structure are
simultaneously detected and a resultant detection is used to evaluate at
least two properties of said micro structure simultaneously. 19. The device
for inspesting,a mietp.Siygiure aesarding. o sleim AS, whrsin movements in
at least two directions of said movable part of said micro structure are
simultaneously detected and a resultant detection is used to evaluate
properties it‘at IEASURNEiPE SDRSBE SRS SHigAtHU HRA el EB A Sly.
20. Vherdavice for inspecting a micro structure according to claim 18,
wherein whenidsaitdnepiovetroetpre asnédtierstbwadmavalkiie ekt snahdies said

su b%Hﬁ&ﬁt&@%lﬂ%l@&%aﬁWﬁoﬁﬂéC{&lﬁEf WGl Sotheteomcepidi@higasidina Mmavaklene
partg, (RINSEHVE P UEMENIS AL SR yiangaushy dgtesian dnd adesl ianh,
deteth'llonh'S uged Eg evaluate smulta(peouali; Igrolpertleg of si';ud.ﬁlt least tW%

a wiic ave e same Jre: nc nd.soun ssure as those 0 1d N € soun
movable pa}rlts, respective y,(butesa%'é1 MiCro structure or Said at jeast two micro
strultti¥e. 21. The device for inspecting a micro structure according to claim
20, wherein when said at least two movable parts have different properties,
respectivelylan wevdsilityfosamdpatleast ivimosovetbte pansiingspetiivel 4,
MmoveRagits are simultaneously detected and a resultant detection is used to

simultaneoysly syaliate RRRartiesObsaid @ileash WenmYabIR BafiRe part

res gct%el)(i].l'@vm(gtdlfferelat roperties res(RectlveI in -43 movability. 22.
ether’with saigtest sound wave at the time, aid tésting.

A device Tor inspecting a micro structure which eva lates property of at least

one micro structure that has a movable part formed on a substrate,
comprising:!@ sountvfrécg EidPARSFHBE BRI S HEIcSBIRE W/ id [Said
micrehggucture at a time of testing, wherein the movement of the movable
part of said daiiCeo Stesctorepimddtaetatt determined by said determinator upon

receiving the detection result of the test sound wave that has been detected by said
detector of said sound wave generator.

17. A device for inspecting a micro structure which evaluates property of
at least one micro structure that has a movable part formed on a substrate comprising:
a sound wave generator for outputting a test sound wave to said micro
structure at a time of testing, and
an evaluator for detecting the movement of the movable part of said micro
structure in response to said test sound wave that has been outputted from said sound
wave generator and for evaluating the property of said micro structure on the basis of
the detection result, wherein
said evaluator includes:
an electrostatic capacitance detection electrode that has been installed
so as to face the movable part of said micro structure;
a capacitance detector for detecting the electrostatic capacitance
between said electrostatic capacitance detection electrode and the movable part
of said micro structure that changes in accordance with the movement of the

-42 -



in response to said test sound wave that has been outputted from said sound
wave generator, and the property of said micro structure is evaluated on the
basis of the detection result, and said sound wave generator outputs as said
test sound wave a composite wave including at least two sound waves
different in frequency. 23. The device for inspecting a micro structure
according to claim 22, wherein said sound wave generator outputs white
noise as said test sound wave. 24. The device for inspecting a micro
structure according to claim 22, wherein said sound wave generator outputs
as said test soun Yeﬁz\l/lv@te noise '{ﬁr% g)nrgscrlbed frequency range. 25. A

method for m%‘ffg)c% amlcrongtcrlj)cstlﬂlrlg comprisin the of su ing a
toct Sound wiavo o AR M AR RS RS e arcon

formed on d'SUBstrle? eURPREMRPENearicIF e proBcrepMEaRsathy bgsut
pad providethatgsdighdiesdestrdetented kry exdaeparisigratoatputard thesaid
micro strucitleetesnfigusgddinnsaitiasbasirate] pleteetingrihietimsueinent of the
movable part of said micro structure in response to said test sound wave;
and evaluatjgg a PRI oSSl Gt SHHGMGIAR dARAUL Al ARSHRgME
said 1prolbe needlec%usd neé%nal ttx)zfjt‘ elgaont e?f’n E&eﬂqg cPo %ovable part of
said’mil micro SR responglng to g&id' SEARd WAVE 28 *The Thethod for
inspEBNg P $hicro structure according to claim 25, wherein: the step of
detecting deteRadsiAYAtEaISHIRIY AORABIIIC MEHAHTENIE 5T ©aitid ipro
movaiigpart oftisatdhistiostwietane; and the step of evaluating evaluates
simultaneously at |g@shiwvenarsilie snol SRt ARi6rQSUr iGtus 8 rdduhe detected
method for jRspectinga @@[%tsé&ﬁ%\?e%g{ﬂ%%égn%ﬂlm@ét nheginthigd

step of SUpQ\l{ {/% & ep Qlcl)?sal?‘d\% Iterc%?'x% oq’s a1 mltergtsfcfugtrl}re\{\éaé\\lfglua?ed on the

rogram for In Nng a micro structure w allows a computer to
prog as? Eﬁ gdetectlon result, and at least two movements of said movable part

of said micro structure are simultaneously detected and a resultant detection is
used to evaluate at least two properties of said micro structure simultaneously.

19. The device for inspecting a micro structure according to claim 18,
wherein movements in at least two directions of said movable part of said micro
structure are simultaneously detected and a resultant detection is used to evaluate
properties in at least two directions of said micro structure simultaneously.

20. The device for inspecting a micro structure according to claim 18,
wherein when said micro structure has at least two movable parts and/or said substrate
has at least two micro structure thereon, said at least two movable parts’ respective
movements are simultaneously detected and a resultant detection is used to evaluate
simultaneously properties of said at least two movable parts, respectively, of said micro
structure or said at least two micro structure.

21. The device for inspecting a micro structure according to claim 20,
wherein when said at least two movable parts have different properties, respectively, in
movability, said at least two movable parts’ respective movements are simultaneously
detected and a resultant detection is used to simultaneously evaluate properties of said
at least two movable parts, respectively, having different properties, respectively, in
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implement a method for inspecting a micro structure, comprising the steps of:
supplying a test sound wave to at least one micro structure that has a
movable part formed on a substrate; connecting electrically a probe needle
to an output pad provided at said micro structure, to extract a signal output
from said micro structure configured on said substrate; detecting a
movement of the movable part of said micro structure in response to said
test sound wave; and evaluating a property of said micro structure from a
result of detecting via said probe needle said signal based on the movement
of the movable part of said micro structure responding to said test sound

mo 1 . . . . .
wave. 29, Iﬁl{e program according to claim 28, wherein: the step of detecting
detects simultaneously at least two movements of said movable part of said

micro structtre; and PR Sl ToN ERPAHI M ENSUARTAEES S HATaMEBITY RicRsaRof
two Prispe rtiesnof saitiuetior thetiestareo B0l Tt ppoyed wnacebrdirg, kyoiprimng:
28, whereintheisdepaof serpplydngorstipplieiayhiter naise wsvsaikieshsaond
wavgrudare at a time of testing, wherein
the movement of the movable part of said micro structure is detected
in response to said test sound wave that has been outputted from said sound
wave generator, and the property of said micro structure is evaluated on the
basis of the detection result, and said sound wave generator outputs as said test
sound wave a composite wave including at least two sound waves different in
frequency.

23. The device for inspecting a micro structure according to claim 22,
wherein said sound wave generator outputs white noise as said test sound wave.

24. The device for inspecting a micro structure according to claim 22,
wherein said sound wave generator outputs as said test sound wave a white noise in a
prescribed frequency range.

25. A method for inspecting a micro structure, comprising the steps of:

supplying a test sound wave to at least one micro structure that has a movable
part formed on a substrate;

connecting electrically a probe needle to an output pad provided at said micro
structure, to extract a signal output from said micro structure configured on said
substrate;

detecting the movement of the movable part of said micro structure in response
to said test sound wave; and

evaluating a property of said micro structure from a result of detecting via said
probe needle said signal based on the movement of the movable part of said micro
structure responding to said test sound wave.

26. The method for inspecting a micro structure according to claim 25,

wherein:
the step of detecting detects simultaneously at least two movements of said
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movable part of said micro structure; and
the step of evaluating evaluates simultaneously at least two properties of said
micro structure.

27. The method for inspecting a micro structure according to claim 25,
wherein the step of supplying supplies a white noise as said test sound wave.

28. A program for inspecting a micro structure which allows a computer to
implement a method for inspecting a micro structure, comprising the steps of:

supplying a test sound wave to at least one micro structure that has a movable
part formed on a substrate;

connecting electrically a probe needle to an output pad provided at said micro
structure, to extract a signal output from said micro structure configured on said
substrate;

detecting a movement of the movable part of said micro structure in response
to said test sound wave; and

evaluating a property of said micro structure from a result of detecting via said
probe needle said signal based on the movement of the movable part of said micro
structure responding to said test sound wave.

29. The program according to claim 28, wherein:

the step of detecting detects simultaneously at least two movements of said
movable part of said micro structure; and

the step of evaluating evaluates simultaneously at least two properties of said
micro structure.

30. The program according to claim 28, wherein the step of supplying
supplies white noise as said test sound wave.
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