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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 processing or the like, have drawn
J&EhﬁdaFlﬂil'EcU&kélﬁNEéQMh MEMS technologies that have been put into

practice 'éMﬁM;%? Cﬁﬁc'?@??rﬁ)& %’:ﬂnﬁ;éé 5?1%‘&}@@5%% RO Structure

sensors or exa tomobiles an purpose micro
sadﬁﬁg@mrﬁoaéra@eeuwﬁﬂm@&tgmwpressure sensors, 15 air flow

%W@R@Gﬁﬁdﬂk%%ﬁﬂﬂ%ﬁ@rﬁﬂ@h MEMS technologies have been

adopted in an Inkjet printer head, and thereby, an increase in the number
eleld ofithe flvesp@ning an ink and precise spewing of an ink have become

possiblerfualfadft BRASIRLS JaRELIB A RDIRCIERRR I AR A fo

plctures and an increase In the spee prlnflng micro
mamecterrgaworotlstrumgrméwm as®dEMVS (MMiscoidriettpe esjertmal By steaish

ce In addition, a variety of sensors and
?Ld%ﬁ ﬁ?rm?%h by utlllzmg MEMS technologies in the future,

and therbbgecﬂnsWapedtﬁl\mwhmhlmtdWMS)mm \mmmlfumatmssunu as

ohile a arat Ses. a tlo her raI aratus uters
B BT e AR S R Rle Ry
psmtgka]eezﬁcamdacmmsmsrmbdmquecesmngmetyeolﬁ MEM\%tmtzlmom:tgmware In

e T T e
N’éwsesynaf/Ebeemmxw nedds amolnwws/oﬂéenmwlﬁgyfﬁnnwmple rutomobiles

eau,Technology Research Division, nMarcr Eﬁw 2003) under the
AR R LT e LA At asors. eSS Sensors,

air flow sensors, and the like. In addition, such MEMS technologies have been
adopted in an inkjet printer head, 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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-1 Meanwhile, a system for appropriately inspecting MEMS devices are
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, 5 it 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
Publicati#ieaNehiis,@3¥SEM &1 aispeptiaie! sgeating MEddEedeivigemere

RRARG e S AT RO RABETATC BRENSOLHAL FNARPGR, B D MELBG 3l MEMS

against gne acceleration séSnsor f&))rmeg on a watfer, and thereby, for
devicesidaveldre pidieal dfetheopedylef aeuiteshaer beeis edirispypseating the
B e B B prior
firofmk fayoolm_wg@aibia&:tmmaw the ittt _anditﬂ@mﬁs@e rm_mwémami_n_g cost by
s o G S R U B IR S
wdrese thedsy lwessval irateel syt af nyifgroaftaidhesapmicatidiu sfraenicreseopin
B}(@ﬁ%%?&yhere a device is changed by blowing air to the device as shown
nthe a

ve-described gazette, it is extremely difficult to carry out
inspectidn Jajthnesgh 20 fDpeisRatdoy Ravlinaliog e GErRR4374f grasfipeetion

%‘g&eat Fa?ée?é?;ﬁ%g”% oalformiy. %ﬂ UE'OP aéei%%ﬁ%?f]stehr%é’r 'aCIeCh%Hg[e% by
compleX, eXpensive tester must be provided, even when such inspection
isl onvpig e atgdh s Uiy AddReYabdn FeiSANUEENT I Wadeprease tHdrasniion

B e e P T R R o
a st_ructulregeav'rag am@mwhpﬁﬂmawbﬂnmﬁtvﬂﬁwﬂgm peet;isimh anghin
B e o Lo ARG R L TBRLR SISHEI 2R ctnce
with a microscopic movement. Accordingly, it is necessary to carry out inspection
with high precision, in order to evaluate these property. Though the property of an
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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a device for inspecting a micro structure having a moveable part formed

on a substrate -2 which evaluates the property of at least one micro

structure, and which is provided with a sound wave generator for

outputting a test sound wave to a micro structure at the time 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
whiﬁmevm@ambﬁ@t@perﬁyf@f@blyash@nﬁmid@témuéenaodermh&h isfateyided with

%@H%v@% P@r&‘@ﬁ%r%ﬂgﬁiﬂfﬁ ¢! 'Eg&%%ﬂﬁﬂ Wa%ﬁfg &Y&fﬂ?etmﬁe time
een outputt e sound wav generator an er pI‘OVIded
wittegiin @vartmcmcwe el wdtihg Moy grtspeatiyabfathcio nsirocmm@dm FespANgscio

Q&ﬁi\%lwg%ﬂﬁtﬁ 1igg W&Hﬂg 'r?l?1 B s LB'?Lf é%trﬁt’g H’t'&!‘igﬁﬁt&%a'%]ﬂﬁ the

amount etector etectl e ‘amount at changes ont
beapsrof dféhmwemeﬂuomsnu&batﬂé cpratheabasnsmértbesdeienum easdla

determing E‘?EJ&’Jl‘gV&‘H{ﬁH Efﬁ?ﬂ‘b’c?ﬁ&h%é{{?d{i?\%ﬂiﬁ%{%gggrﬁ Beihe

basis of the comparison betwee € amount ange
detsetgdibiureharelzaraggeanioaray foecton dnelsifestaatount of change that

becomeﬁd%{% §85 t‘?h‘é"&‘n‘?f’d%?eﬁ?“ﬁ’édmbﬂ‘/ ALl AR I?ﬁo%%g?e 3 B4 icro

detector he amount or change'in the |mpedance anges on
e ttasid ofasonse ve testrsoninthe ave Vesdhas reenad dputitees b Ghstsaatul &yave

and the determipator evaluate roperty of eml ro.strugture
B R P S A R SR ey or e
damomwbwmerctlmmlsammmu@iewmremmm the amount of change in the

dotormir BF COTATE BaTHRCT el S LA G oHEt ST g e
ﬁmoiuaqufeﬂtanyeathamraagmds ticethasin ek threuimoaencamtod ftied anvyedblatpart of a
has b en detecte the chan amotl ctor wit

G o e B B B 2 N P tH S aBb i gtrcture on
fedetey ofittedcthrpahiotth between the amount of change that has been detected by
the change amount detector and the amount of change that becomes a predetermined
threshold.

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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In particular, the evaluator includes a positional displacement detector for
detecting the amount of displacement of the moveable part of a micro
structure that -3 displaces 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 amount
of displacement that has been detected by the 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

theptackiceiblogizasio DA thiidro vemestnbthertayvrabietpan ipfaite e atieisture, and
i t ingt r i .

L B R B B basiz ot o

detepaosnithethveasidotradeult ohgispitesarectidbdidwsrnesnalgiastrstdynihted

gHSﬁBRJH gﬁ%ﬁ?{ IfdR" 0L P! '%Lﬂﬁf&%&ﬁn@%m%:b%%%& ﬁhe

mount of displacement on the basis o e movable
peadeitammiettdhstshetlske using a laser. 15 In particular, the determinator

evaluat I, .micr rin e .
it corr LA RORE B DA IR SKHRLRIN AIRP He Rl kRS
dapectiaddsythhechesitbs rmal itis praceofidin oeesrtenivitiiize decwed i pgterfeymicro
hat corre S nt of di th e e
e A R ER ST TARR Rt by
orhmen @ the whet tnastat io whpatti tey et atdas bgeotteig dtest Bothrdromatienal

aving a sound pressure in accordance with input_from the outside, a_.
AT T IR AR S AR T HiirPmineo
thresbatfucture, and a sound wave corrector for correcting test sound

e s e e
deptacetectssh hiyetbastedé thenmatie tientsafuhd npoesisierpae\eflaomicro structure
Bglerggeg%ryéped test sound wave that becomes a reference.

In particular, the determinator evaluates the property of a micro structure by
comparing the frequency that corresponds to the maximum amount of displacement
that 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 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 -4 phases that is opposite to those of noise sound wave and

has the same frequency and sound pressure as the noise sound wave so
as to cancel the noise sound wave, on the basis of the noise sound wave
that has been detected by the detector before testing. In particular, the
anti-noise sound wave is outputted from the sound wave 5 outputting part
together with the test sound wave at the time of testing. In particular, the
éb%a&tbﬁtrmsitﬁ@db@é@tﬁtﬁﬂﬂ@@@nﬂomde@\@mhﬂ@ﬂ’eﬁ tieanerfegsivenay and

Fég}ﬁrtpgsqﬁ%‘?@%re%ﬁﬁ% W%g‘@’t% U] Ai¥n Eg %&R&‘%‘?@ on the

deter Ination result Yy means eterminator. Pre erably ami cro
sasisirthenoissponad veue bathambeeen datecicd bydtionletastos hetarairesiang.

angular ﬁ?g&ﬂfcd }f"?ﬁéC&Hﬁrn §88ﬁ$"\i@§/8rls i AINEANIHIAL R

sensor respectiv correspond to a multl- aXIa eratlon sensor and a
nujnuubnglmﬂgtomthater\wﬁbertes&a@emww mﬁbeﬂmg ef tagtiagstructure

according mﬁi.c SuPa{P?ﬁ S&IBPPebSe%&et}ﬁ ALt l%?ﬂ%%gﬂ%ﬁgg{ nd wave that

structure eva1ua e proper \'4 of a Ieas one micro S I‘UC ure
haviregradeievtealdiy tbnrdémamobf)tha st rsiay' e gadentochasdovotydisdhevith

§8Hﬁ‘ﬂan$}ﬁe%eﬂ%j}$f for 8P{Ré'§étgrﬁ?ﬁ%??und wave to a micro

fructure at the- t es INng and an eva Uator for evaluating the
propertyRré i natity pastnicrtust antutieec dogesizootistie aldtastionerefait achelertdimn
unit deteats the n]ovement of the moveable part of a micro structure in

Fggf)%rnasne B RSt oURT wave that has been outputted from the 20

sound wiveagénszattre advetenatitresensduatat ine hndedaraatelgisostasigectively
aC|ta qc detegtion. ectr de that is instal

d
A A B AR R R B e S Wapagror
e'ec”osmdﬁmﬁa‘oﬂm@mmmemm@wmmmm@emmm.on is

ctrode and the moveable part of the micro stru which_ chan

B PRIt o e ISV YA P i st One
anidr@Staucketernaviatpa foowsbleasinpftirmedepeatsubftiace nictavdlichcisipeovided
Wﬁhbg gosuné wave generator for outputting test sound wave to a micro structure at the
time of testing and an evaluator for evaluating the property 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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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 -5 of the

micro structure simultaneously and uses a resultant detection to evaluate

at least two properties of the micro structure simultaneously. In particular,

the evaluator detects movements in at least two directions of the movable
part of the micro structure simultaneously and uses a resultant detection

to 5 evaluate properties in at least two directions of the micro structure
Qhﬂaﬂtaﬁermryctuﬁqﬁnﬁ@m@eqwsheandwsaru@ul*@metam'emomwluate at least

t i truct
W’ gm r§ p‘;’tr‘?eer g?ggfyﬁiy §vsa ator e@%ﬁ%@%& I(\eNaostn:\l/Scr)or:or\l/J;blljeeparts'
respective mﬁdwﬁérﬂmwamme@memsandwegwa fastlieast teexdowstiaos of the
W&JH&%’ %ﬂi&@&(&&ﬁ%‘@ﬁrﬂﬁ@% { dWSOMARIE AT edtn to

respectl y, Of € micro structure ort ast two micro structure.
Prefexteyofetiiesainl etlsasiviyvun dirablio praefstitavdcgiffsreciupr spertyaneously.

respectiyel i AP e AR A SRR Y AL AR ARG the

parts res eaC Ivé movements S|mul aneously ana uses a resu
dettetttiternts sirteakbiven by ostaiciate mﬂpemtlemfﬁrﬂb@ahee&salumr detects the at

TRHE RIS ERTE s nelerers dm panes

u%@ C&'V%Mlt%t
y the"sound wave generator outpu &S he 24t Soun

deteetiandorenpisitie wawdtmnetn@iyg)mpeamstmfdrm)mdamamsmmemmpmts

fIRgusRe, Brsferabiv e spuad wave eneralon aulpuia yhjie noise as
€St soun Wave par ICU ar he SOUﬂ wave generator ou puts as the

test sou ﬁde‘iemm;a i thteatl8asdism mwpb@pmheddweqhuféemyltrangmrt&
sethodvf mspectln [0, struc C o th resent inven on
SRt DLy RS iy SRS B R e e
mﬂperwmnwven’reatﬂrsgm hwveaﬂpmﬂrﬂimmeetmmat eletmnatetdlsemmme{)usly
e A g SN U S R b i
properties, respectively, in movability.

Preferably the sound wave generator outputs as the test sound wave a
composite wave including at least two sound waves different in frequency.

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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25 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. -6 Preferably the step of supplying
supplies a white noise as the test sound wave. A program for inspecting a
micro structure according to the present invention allows a computer to
implement a method for inspecting a micro structure which includes the

step of supplying a test sound wave to at least one micro structure having

a 5 movuafseablyrifieteedbsuapivinetrarp | ibeastapte Naiseasiig dest sound wave.

movem%%%%%%’ﬁ%?&%t?%%ﬁ) QR Er%{(%ﬂfﬂingom@'ﬁgséﬂtthﬁ/ention

test sound wa step of evaluating the proper € MICIro
stovreomphiebasispiehent ateetivnd kosunspechagieueralsy wiseoivhich

i tSeSi s of le...
e B B e RS R R Faving o
shondeatepars fpembson asohstogiertiessiditiof datectingrinetorevarent efishe

%v%%f;tﬁ Qéa?PBP{HH‘%ﬁﬁ@%i%éb%itfnggﬁ%&stBﬁﬂ%‘?éétss%ﬂﬂgWS\)’e‘?'adH the step of

accor a% e with-a'me program for inspecting a micr
stralotuegetbe griahipey tio chthp reseaistrivantéoorn testssisrd thavietecBappéiadt.

to a micrQ str re and.the mov nt of th v rt of th icro
rocturd LAHEAE, AR HEORMERG RIS SR GARG RAEIAT BE
TMoyenmenwsableheartovhbite pait od Steuniore sicuntones drivltnestaysaffexaluating

vibrr’;\ti ns usinga sound wave, which is cam rcﬁﬁion .vvavei S(% that the
eva uags Imultaneously at least W8 pro%e{ ie q € icro structure,
property thereot can'be evaluated, an érefore; the micro structure can

be insp@ctéetrabiththesstaplef syptdying bepfuiepwinte annise dsehebgstctsund wave.
features asgecr%f and algpvanta&']es of thetZai)resenrt_ainV@rrltjosn witll beanrpC?o
more aparsrt AR HATL AU S A A & T BB P S BrELAG ¢
Bivetie avdoedingkenhe mesgunti@mtiath) tise sacoonazas sy plvladigs micro

g@lﬁ Frt%lf@ %%gg%gﬁg i Egn%@? INP%%'& %{fﬁ&?&f sctkr]uegpuarlgcls detected, and

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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micro structure according to a first embodiment of the present invention;
25 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; -7 Figs. 5A and 5B are
circuit configuration diagrams showing Wheatstone's bridges provided for
each axis; Figs. 6A to 6C are graphs for describing an output response
relative to an inclination angle of a three-axis acceleration sensor; 5 Fig. 7

is a graghgerifusncbiBpisirelatiopnriigorstianaiagriamg pRoing ERAEINe 'S
EHB%&%P&’%W%’O&’%?%; Figs. 8A to 8C are graphs for illustrating
at

requency properties o fee-axis acceleration sensor; Fig. 9 is a
flowchartigs. flAsw{ngra erenhotbfotesnsiidoging auimicr sesparseirelatige to an

ﬁ?&ﬂ{%%%ﬂ_#ﬁéibeo?%‘[rﬁ%é%ﬂﬁ%%lé’?a%%%%%8? invention; Fig. 101is
graph for illustrating the frequency response of a three-axis acceleration
sensor thig.réspagptofesdtissiratihgytheereteitanabip detesatpimeatavisn a

s Fig: 114 ﬁc[’nlag |guration diagram for illustrating a
ég(ée?ign%@é? %@éi%ﬁﬁég um|(|§%8§ rlktture according to a modification of
the first émghdiinte BCoirthgrapredient ilustration friguelyipeoflertieh aftadnree-axis

illustrati od for inspecting a micro structure according to the
én&sﬁuﬁéghgé‘ﬁsga%pe first embodiment of the present invention; Fig. 13 is a

schemattagcénfiguilatiahatisfigrahtustratilogs & atetgcal $9siespdcting @ mspedctingture
s e ot

micro stikigtul@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
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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according to the second embodiment of the present invention; Fig. 15is a
diagram for illustrating synthesis of noise sound wave which is 25 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 -8
according to a second modification of the second embodiment of the
present invention; Figs. 18A and 18B are conceptual diagrams for
seeritiagdalpseesitamagificehon ehie ese v EMBDgineH; afithe. aregertigvention;
19B are ceppual di | il ' :
st hao i e e b s WEREHREay Mikifting o
thrstleerg e AdEMBEYatah;illumination window of an electron beam

iluminat g .
configurah BT Sl et 8 e I g an
&EdviBesutitah diag ran fomilfl strasémipramastisgtereient part according to a

third ent of. nvention: Fi ; . '

strat e S U S a0 i & AITRREISh vandow of
electiromdseamil il ommatatdrahanis miwamt st aoiutlee measurement jig; 15 Fig.

2 e A e B RS AT S n

]

according'% e em esent in

gigthetedizgim for illustrating in detail a measurement jig and an

|IIum|natHn.\yg1.dow of an elefc on.be r?J”lq%pln[ator that is mounted
ji or 1liu

moasurdn I A PP I8 AT A e R gR e e
teeg thd rbyrab ddetemeoivine rprpseritd meadkas are made to make contact with
pads of Eltghrff i& ’éiﬁi%‘é:r‘-:a%'?f&t iﬁms%?a |Snogr"|n detail a measurement jig and an
illumination window 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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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 25 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 -9 meter which is a measurement part, and thereby,
property of the micro structure are evaluated; and Fig. 31 is a diagram for
Ingtaramnighi s aseeatsesantisytasathidatdhytheroptsepiiéhe ofiche siiosiineare
RaL l%t[éa?wa.ghacceIeratlon sensor is detected by a laser 5 displacement
meter IS a measurement part, and thereby, property of the
accelerdftign Jeissod iagsasv it atkedtrrigng3pcese Whaphardisseartienf inrdsult

AlARIREHNGF ﬂ%@ﬂ&%ﬁg‘i aééﬁeo ki atteterd &ﬁe éﬂ%%?u?’éﬁ@c‘f&&@%tﬁg'er

sensor simultaneou aw |te noise o quency range IS output as
dispsaceoand meiee Whichigsa BBAsarectn88BDaire anddherepil arepstiigafdtien

R BB s e folowsing, the embodiments of this
inventiorrre3déserfiveuhire peesainting th nestdteficetesting thepoirsgs ofthettiee axes
D THE meas %(?s%r%%%ﬁoﬁ% dR<BRE ﬁ][ﬂ%tn%gn ff g‘eﬁﬁ’i BHER 6faf uency

& a i AL

correspondlng {0 rawings, an escrlp s thereo
notge ettt BirsttéstrdoodohvemtaVith reference to Flg 1, a system 1 for

e S R A L A Mo
pusstnateeh®owhere a number of chips TP of micro structure havmg
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
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
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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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 25
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
afiuStUiicibfhoeeNBaBiNgdhecimy S uave thehhehdeansieiectad dy sigreahone

Iust ' ing. th .
LR AR 0 AR RN i s o
auiplittaa dotkenvisitaét 8inabissicth is phssibledgpiaee tictoplsieuRhin2de vicinity

EI@% {E%ﬁ&i&ﬁible to place microphone 3 in the vicinity of the test object.
Irst, the three-axis acceleration sensor of a micro structure which is the

test objé&disks e dbritsetkibetordetrtbnritingptind meperctiziruptethadich is the test

B e e O e R T o

sutemianeent0 as viewed from the top of a three-axis 10 acceleration sensor

pact ot 10U s o o S e EAp e 0l Rt Bhery ora
Elrihie?rinataes foumpdaoT arsasstraté Rothav fewed o rthe dbgdot o tee slaase

are Iac[ed in_the 8enter pqrtion .With refeiencet Fg% 3 th{'s three-axis
acceleration sensor device addition, meta eres oI [ransmit n&p an electrical
acceleration sensor Is of a 15 piezoresistive element type, and’a

pigzalresispiae: @ éonénnsvhitingan diettdtahsgjaat érims peoadepragided.
esane clissd cdion. T plezoresislle clememhXPS ape arg placed in
CCRIETaR0H e S TN B ade (i d'yn ine pgﬁa & &Yé‘g)rocggs, gr%a
the sEmsitpotyidos. not lowered, even in the case where the resistor element
that is a@sgﬁctiﬁn elemedgt isf Iémsd SO as to beI ) aIIh and therefore, this
accelereIH SEIFCBITE Bk dfis LRy acceieration Sesor s of
piezoresistive element type, and a piezoresistive element which is a detection element
is 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.

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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20 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 25
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.

inpesastr e o Hiblsaraeitiprethe langthigh e berniivis inctasatitynagdentiog this
Wichhigd go tl.l@ \ef thaigh the size of proof masses AR is - 11
e

Increase same time the length of the beams is increased, by
adoptingltrisefisind eadelniovedfrifpetbreacrkisacthtestiosisgnaos chiahism of

e e B R
wibeys 8% pieeif/ enassee kecativmafoe tasasioim Cioiay af dntti g coel dnatiopelsration is
Sl?f@c%%ddﬂb"?o g f?h&@@é‘ﬂ]eth% %?Jﬁ@@é fifed'd a@g% %&%%I&%\%%? Ffs which

ments whic been forme e sur eams
aeditimentfosnoedput tbe thefsemebthis bsetn® béntakdiiouttimtioatput of the sensor is

Srisaon s3I RUBHA IR eIow desalieg sWhERigIs0s A o

ere thee axes are in associate reference to o Fig.
Wh@istmmtmbrmigﬂvaemethrm ardindepeadent yratheciegese where

accelera\ﬂg seavet pithg diredlio |Of R e Priesetined iheams in the
in

. erence § rma roo maﬁses %Er]]
shown , a plezore stive'e emen as property where

asesterese avadalmrathemeefrmmm;em dbedmmvmarpftémjhkmsshedescabsed
(piezore Stlﬁe element gﬁect in a. manne fée:the res stance A
Yt

merensea I UL B 4 o LR S S LT 2 i (e feisance
mmameof&llnmwgwieassea W&fﬁlﬁﬁéﬁ@b@ewaapsedt(pmmyswtlve element
Cﬁméﬁessmn In the res tge dlment piezoresisti &ﬁ eleme q
SRR A e e G A LGB Warp cause
blesnetdlsifor ahetaatinsivative \dingetiotr@fstizdnvtiaxiads o tondygtcandd by
giezoreslstive lements for debec ion in the

ompression.  In the present embodiment, plezore5|st|ve elements for detection in the
direction of the X axis Rx1 to Rx4, piezoresistive elements for detection in the
direction of the Y axis Ry1 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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direction of the Z axis Rz1 to Rz4 are shown as examples. 20 Fig. 5Ais 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. 25 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,

Mer@xmpmwexcabbi@daﬁat&hwweazm thetdide ﬁSéMéliﬂEﬂi@r{Z, are linked so
BRTRRREM: Alona G ay lei hEr R YRS A SRR @%?%Eaﬁl sis

output voltage. -1§Here, tﬁ/ a%)ove-descr?bed metal ere§ and the like, as
shsaiadrfrey e radetinkétd pathi thenoufitgasatioscribed above is formed,

and an C]Htgdﬁiﬁ%,aﬂﬁsfﬁﬁgé%ﬁté@%&é ergﬁb%cégﬁsgr"{?nad%&‘?ﬁ%@&‘@&rp&%nt of

in the configuration. In addition, this three-axis acceleration sensor can
detelerabiorDanddhepefnemtiols poasibéddatisenthamid tere pxio e Citl s ghimssibsanas an

i ) lerati L | ¢
e R R AR TRy Shuter
veierseeserence to Figs. 6A to 6C, the output response to the inclination

angle of a three-axi leration ri Cli shown_in
o, oAU BT BB B SSRGS e IR el anote
dspibcteebsidgee lruapatssensheiXdasanmkd axes are respectively

measured by a digital vo e ter. A low volt ower supply,of +5 V
oA I RS B e s BT RO Rk ez s so
titdehe ofdtectiesbeirigecoakiats ofithatX he\amd Zeax ey dhemespattivelyoreasecdd by

are ko t\e; as thee espe tive me surement ulS i ts W = | Figs. % t%wer
Rl e P o o By e B
Gimmlt) fanthsesrsaoutpigts ivalescfioadwhich the offsets of the respective axial
outputs have been arithmetically decreased are plotted as the respective measurement
points shown in Figs. 6A to 6C.

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
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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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 three-axis acceleration sensor('s proof
mass AR) is vibrated for 25 example along the Z axis and the three-axis
acceleration sensor rotates around the X or Y axis (or other than the Z
alabynaistiolignieresiaetslon ioonmaeiisetr-ndsd\deiing Seirser yvilindckstiostatic

EQ%QP& ted; -axi I [ .
Ejgﬂdse asH n ﬁn%%@astﬁe% @e’rﬁs-%%@h@% Z%gﬁ% ggtﬂgrgg-ixé um,
200é|emtidiT-88Msor to measure angular speed is more specifically

describ gq)gm - 13 i igHGhI - v
"Microme\gtl:{#i{\rg —ax%%é%%n&ggﬁs%?r’ v%ﬁt ﬁé@gﬂg&g@) %}?\?eog%hé three-axis
Tapkeritiian Denevtivrdeevheaital Digest of the 18th Sensor Symposium,

2001, p%égﬂcﬂ%ﬁt n g8 @?Aeg?ﬁﬁ? ﬁWe lf[l @%ﬁ}ﬁﬁ)ﬁreﬁfs %?mfgﬁétsﬂs of sensors

properties (6] ree-axiIs acceleration se escCr
shngrihe) Xjgé aBA L 863, teepbatiyebn eyepirupeatissas it reqtpnty giroperties up to

nsors..al X n respectively, are indic lat
R S e A U AP
secepatinas & plz aldrey ¢hthXrexas catré@0 hatidns ath@02 dxisalaoh gt tB@SX1z along

isZ g;t(goo Hz along the Y axis and at 883 Hz along 10 the Z axis. With
refefence to Fig. 1 again, a method for inspecting a micro structure

according/ith tieéeesnctdifhign L aigdie, prestnidrive npeghinty elescaosststietare

for outputting sound wave which is compression wave, to a three-axis .
eI PR REAE B ER L ARUIRS F BT T cing
soovidment ofttiod inweainéesﬂxarhmﬁxl@mmittn@elEMrmﬁﬂmamimrh_mmsimmfis a
S SRR 8 5 R PR et SR8 o
structure on the basis of these sound wave, so as to evaluate the property thereof.

With reference to the flowchart of Fig. 9, a method for inspecting a micro
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 S0). 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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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 51). 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.

Boriglayisy ecEsprakalisooipling onprébeidetiies atlaisvdwebantgia desired
g}‘]&%lcf%%% %H@ﬁﬂpgsreggdrrglgye%fu fntb'asfﬁ)fnzi‘ Qgi@rcfb?t e gasis of the

Ity o |ps T Next, test sound wave t at IS outputte
imsmt ﬁp@akdﬁ@(ar’estéo(mep/a;@a)s o8ipaitieid Aty preeakieny tmnlnnoltg ie gsted TP
g%reﬁr\é%@an input of input data from the outside via input/output interface
ontrol unit 20 controls speaker controlling unit -14 30 and
instructshme akecrophorsihis usdti30 deteblaiest sosadimdveavkitiaidisglied to chip

HeBl ?&t%eﬁnlyﬁ] i ?éb%l?z?l‘jgg&%ﬂ SR Sﬂc?vﬁ?wg%‘a‘t%%’éen detected

speaker ext, est sound wave IS
bytmmredtfwaﬁwea:loewarteﬂdhlp volbsgyeessgndl THi¢btsgieaMplNiegtin signal

icraphone t [ lied to chip
%J %’g ﬁ] rzzll‘zl’ﬁgfélj 5@%&%@@@9 ﬁnﬁ%@tﬁ]ﬁt[t es s%%‘r? ﬁvﬁ\ﬁe lat has
been detdﬂ&d:ohymhmﬁpﬂﬁbmml&mseaodrdedaeteﬂﬁes&heottﬂ@gs@g@lmtts is
then I|f|ed insi ad] UStI nit and.the resultin
S e B e DB WA DR B tet sounl
mmdtmgeaslg!daimemntrdmmp(ﬂtqdﬁnom S|gnal adjusting unit 35, and
determines,whether or not redt t sound wa e.has reache

Jhi AL e sy

control ufit{&tEbSAYelR ?88 Gl Ad e s Bep s e C@g"e in step

Sestrecbtese&mmrgbwauehet RSt SHevheoettipeogerty valtieohehd shipto be
5, where the of the chip to be te ted | measured.

B ek SR S PR D LIBe ATRAEEN I LS UL et

pwasa&mmhpabasztae ledsistufah siigoaidhiadi i alahanistteshsnai tied véa probe

needles 4 (step S5).

Specifically speaking, the moveable part of a micro structure of the chip to be
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
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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needles 4 (step S5). Specifically speaking, the moveable part of a micro
structure of the chip to be 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
tvhee toutenten imrzbcmgmjedst@ﬂeaked tﬁ@hsmmdgvam e@leecctbnew the peegent

R%ﬁ IBNE i 5@?@%&5& B\ﬂﬂe“é‘ﬂo%‘?u Y SfHRlSBIfecting test

requency an e soun pressure SO S tO galn Slr test sound
m\mi waespamthssystethddnsarietivrgfteshsoondvlavaiao)imantcidarly provided

s 6%(435%% ¥§£8’¥b§t°sﬁ&ﬁh Mﬁ\%%ﬁﬁr‘?e X ﬁ?&%@g“(?cﬁrwg?vldeﬁ%éﬁ%?tgggkeﬁed

re though a system where test soun ected
émadvencecte Gpecificitbusresk Bl mdoaessin isUpetocsibieiSnat e Sar éssienplemented in

SRRRE et E’t%ffb‘?'?e&ﬁ MidE B B %?&‘E%H%lv?ﬁfeeiﬁggby#(jﬂvgg esired

correctlng test sound wave and a Sy or correctlng
tagt mnrmammlwlgtqrmndeneahenh@nusﬁmgem reaDtesﬁ”he[umi thavimne of testing of

Eﬁgghﬁﬁlt%c%%tﬁuﬁ uLfJg tg %a(%f c%ﬁtr? bﬁ@ ?) |9ﬂq"e %‘at to %ggaker 2
pecifically speaking, pr cessmg up VAl |m men
adtratince rbecbmleotherﬁtahvafuesinmgthamib)a ddveectoeb cpxmea;lblevm m)mibthe

ttn ed test soun e eak ntrolling unit
PR R et SRR R

en, at ime o MIero St ruc ure %peaker
controlIm@mrt(BQrobumoI@Ottietemnmdmwpaakeorznwmmmsa&memqndperty value,
trol value g é’d thereby

e o S TPLRE G, el s s
blmmrmoedrtd M|h2tﬁwhﬂtewamesam¢rettnetepr81ﬁomthepawa$(m¢ pr)pantythe

e R B R R R el oo
peesegj (srepah éxaanictb€ dewimititn it thtosl gvab atangee imuolenoe ntd 20, it
f tggterm%neT \(/evﬂe%pgr %F%%?%ué’eesﬁgg %lﬁ?put voltage is gained in response to the sound
pressure of test sound wave 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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15 step S9. As an example of determination 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 test sound wave 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 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
yadusrd imithasonsassised Adanisrpohist ieaNayvaie iegeovidtey Ssidtds failed

|
S B T Eh AR YpEREH o i
(t@@tmggterral neidto Berautsitie debﬁﬁilelf&bt@ﬂ’@p%ﬂa)l hmefamiwmmhmuw
CAR a CRIPef‘Ha*P% ﬁﬁdﬁ"‘iﬁaﬁ <SR Scrlmﬁgomﬁdgwg%ﬁfowable

returns e Initia step ove Inspection Is again
imrpgembedilwéeé Imﬁotlam@merwlﬁgretwntrd]hammm dewnsiiaess that thany

ERSLATE RERAFARe B Bl B R ST e AU SR Bause any

pavhbmlevegtdgmyzay eSpigyitidalitiespwalkfrogfiarcand Ctblaewroietermlcmdmgly it
l h

R S B A A R Al RS e e ana

tarshp cambefdivediipson thabasizeolothg salgrsionhrasidt. it is conS|dered that

many chj Bs. egﬂst VY]h.ICh are ch| s that ﬁa en(%tc;l)ass strict test cgndm (f

but do n|6‘t caduse gnymrgpg A te%@n(f ey are stp%uratloﬁer moditeation

amhqﬂerwtmm aAbaoydiimilye itdsianesiHétoos el pizcngsslyegle meimy iheis
s th ougw% ins eCt'c?rllea'i%th% ike, 2 gtet 4‘: %ﬁsgme of th bChng’aﬂQ of an
%% PSSt TSt 0" el > atghn %R%EEH? y
empmdmieage mcesﬁmm%aheswdmsm&e@ﬂ&amre&ampm:wtmmmdeamit is
{arrlthe resg ?nce vaﬁ}Je of a |ezotre5|g@ive element thati}1| rovided in g h
PREURIY ECRAEPLY 8r?§8ﬂ GHTAURIIAET 2GR %H?W‘?ﬁ%%%\éa i
asithat ofodlageavitoesimet o theduaveeretamohtheithoee@iig pacttalatphimited
sensor, it is
foa reS|stor element or a change in the voltage, the current, the frequency, the phase
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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also possible to provide a configuration where a change in the impedance
value, such 15 as that of a capacitor element or a reactance element,
without being particularly limited to a resistor element, or a change in the
voltage, the current, the frequency, the phase 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 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
senesenifranenoye egivitAiastidsoumbsoasat drenweaqpesgian B supplied as

sound prRssUG.ARddRS ﬁfga%@,(r{ﬁx f@%ﬂcﬁ&ﬂ%&ﬁgoﬁ VEaiGa e

indicates the 25 output voltage (mV ree-axis acceleration'sensor,
aexithernoabisavbsie thedisaxesumeofrggtisntigge-apiohabehergesbamalresult of
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output véitagelihglyh s cphessgdd assperaiuthefesosanidfiienungaiiiec the property
d f .4n Fig. f h
R R o 0, P, S5 PR toune
vaveidehangtt tivkifeegaleingyter spenty pré shie dluarstaxisaadat leratioes possible to

ReSOnAloNRINe X e Accardinaly. s AGesible 0 soeqiulbe Kesanan

régquency frrom the property € output voltag € gained when,
foecrreanypiéicthbd emmuearsp o bratesouinid speoifids fraquerey arlehenddgingd

the sou ressure constant, and it becomes, possible.to, 10 determine .
IR OB <A R R S TR BB e e B ociment
itds|pessiylatieyiirethofpguisty peipertes thisngpaeiieakisemaahe Zaixik timethe
desired resonanttfre en(‘%.eThouegn onl}/thhex is is illustrated in the

B?ggeel’ﬁl?gﬁlﬁ[joqﬂgngﬁfe ore, properties of the acceleration sensor along the three

respective axes can be evaluated simultaneously.

In the case where, for example, resonation occurs in a frequency other than
600 Hz that 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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it is possible to gain the frequency properties along the X axis and the Z

axis in the same manner, and therefore, the properties of the acceleration
sensor along the three 15 respective axes can be evaluated

simultaneously. In the case where, for example, resonation occurs in a
frequency other than 600 Hz that 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, 20 particularly
because this is a micro structure, while damage in the internal structure
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compression 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. Insuch 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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As described above, the property of a micro structure can be inspected
with high precision from the movement of the moveable part of the micro
structure in the configuration of an inspection method and an inspection
device according to the first 15 embodiment, which is a simple system for
controlling sound wave which is compression 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 20 disk. In such a case, a driver unit that reads the program that
Hescbethalioyed in a recording medium is provided in tester 5, and control
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of a mul el acceleration F8RndHS QA RHS it MRS RRcation
of the 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.  Tester 6 is different
from tester 5 in the point where microphone 3 and signal adjusting 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 S0), 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
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According to a modification of the first embodiment of the present
invention, a case is described where property of a micro structure are
evaluated in a system that is different from the one described in the first
embodiment. With reference to Fig. 11, inspection system 11 according to
the modification 15 of the 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. Tester 6 is different from tester 5 in the point
where microphone 3 and signal adjusting unit 35 are not present in tester

6. The other parts are the same, and the descriptions thereof are not

régiEicad sS0altiat nsfpaptatedtvia NoavEae ey a3 desciinethakpisy (step S20).
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desired property value in step S21, the procedure goes to the next step S22, and the
output value of the test sound 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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10 response to an instruction from control unit 20, speaker controlling unit
30 microscopically adjusts the frequency and/or sound pressure of the
test sound wave so that a desired property value can be gained, and
thus, controls the system so that test sound wave is outputted from
speaker 2 and a desired property is gained. In the case where it is
determined that the measured value coincides with a 15 desired property
value in step 521, the procedure goes to the next step S22, and the
output value of the test sound wave that is outputted from speaker 2 is
measured (step S22). Specifically speaking, control unit 20 acquires data
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the sami"dLon GG SePERmh gl R 8 L Bt ment o
trapoetient ity entibth ¢eslethlanlndes oriptiphetherand argnabadpistiageohraA3s
[i in icro structure according to the maodificati f .
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tohe hestext, aot dhebgsttoflibetéeste d daadyasdat oedaded] b ylenaasgihamember
Iéafveellr%]the sound pressure or -21 the like of predetermined test sound
Wwave that has been set in advance and outputted from speaker 2 so that
SquardkEmnbodedeptoperty value detected from a passed chip, that is, a
good product can.be\V(ia[iﬁe&? with the level of the sqund pressure or the

FngY A2

like of teY' L5RRT % HLURRSHUY S piREmenting an
nsbetésmivigid mobpeiesialue a@rtéseiBogeiac it ghatber ofde tolboeiment of the
tested _ln thet‘. co'nfiguration a_ccordi_ng to the modification_ of the first
BFﬁ%%‘é.'rWé‘?ﬂ 5 the present invention, tester 6, where microphone 3 and

signal adjigirgfgrantdto Bepdihed instetivatsysurndimetbadingad the second

grrn V(i)%?nqér?ta 0 %/g lpurgggntthl% err?t cﬁ{% 8?‘&%‘4? from inspection system 1 in the point
where tester 5 has been replaced with tester 5#.  Other parts are the same as in
inspection system 1 that is described in Fig. 1, and therefore, the detailed descriptions
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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to be tested, and the cost of the tester can further be reduced by
decreasing the number 10 of parts. Second Embodiment An inspection
method and an inspection device for implementing an inspection with
higher precision are described according to a second embodiment of the
present invention. 15 With reference to Fig. 13, an inspection system 1#
according to the second embodiment of the present invention is different
from inspection system 1 in the point where tester 5 has been replaced
with tester 5#. Other parts are the same as in inspection system 1 that is
described in Fig. 1, and therefore, the detailed descriptions thereof are
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ioshecieodnuhecobtrdimetti26f troespresenaimanitidhing ded dtbiedtrudisthpeaker 2#

{ngerte n(ﬁari&%:; 'o&#d ng%“? trh %’né%h%sﬁ?ﬁ%g@e (éﬂ'r%’%\é%' ﬁ%g{% '.%%ates from
according to the second embodimeéntis different from the inspection
natheduttathes (harthdy amd-ig.diputitegpmititnoisersostepe e 3ato il ® be tested

%VFF fr%rmgrsbeea rétr s%%dsf@j[w n%csl%lecpa?ég's Sex i%z,aan%pr?&'f{ecg(ylynd wave having
speaking, in the step next step? i, NOI ound®wave is detected using

thicsapiedne Géh (stapdS 8 saBpeoifica lycspaalkis thdseut nopdecsoe 3 wirieatsd in
S I T A B TR e B
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%) ﬁ%ks%ro%#rtloise sound wave “fnoise” that emanates from noise source NS, for example,
is outputted from speaker 2#, and thereby, noise sound wave “fnoise” is canceled so as
to barely exist when they are synthesized and reach chip TP having a micro structure.

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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to set anti-noise sound wave for canceling the noise sound wave that

emanates from noise source NS (step S 14), and to output the anti noise

sound wave to chip to be tested 10 TP from the speaker (step S15).

Specifically speaking, anti-noise sound wave having the same frequency

and the same sound pressure as those of noise sound wave and in

phases opposite to the phases of the noise sound wave are outputted. As

a result of this, as shown in Fig. 15, anti-noise sound wave "fantinoise" in

phases exactly opposite to those of noise sound wave "fnoise" that

emanates from noise source NS, for example, 15 is outputted from
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With reference to Fig. 16, an 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 5#a.  Specifically speaking, tester 5#a is different from tester 5#
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 5#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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Here, it is also possible for the present example to have a configuration
where a corrector and system are not specifically provided in advance in
the case where desired test sound wave reaches the micro structure of a
chip to be tested. Specifically 10 speaking, processes up to steps S2a to
S4 are carried out in advance before the start of testing, and a corrected
control value for outputting desired test sound wave is stored in speaker
controlling unit 30. Then, speaker controlling unit 30 controls an input to
speaker 2 with this recorded control value at the time of actual testing of a
micro structure, and thereby, it is possible to omit the above-described
preakerseanirodiep s §8 3% inptiust takgstReto PiBthgNtFNeskedifidativse

%@%9%5%@9@%%%5{%3@%%&3@6%2 Fig. 16, an inspection system

according to a first modification e second embodiment of the
present hvernagitisiditieranti foise Hospedotiave apstéast saunthnidvd@segbeerated
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. [ noise removal controlling unit 40# and a
éﬁ@ﬁﬁﬁﬁﬁﬁg&%ﬁw Lé%g?eOther parts are the same as in the
inspectidmnysteansainal ey elesdritstdanrdigeve aedelBraied ubiagspeaker 2 as

he detall SCriptions: r ed. ise removyal..

e A A R T R B o e
pexentipvebbdimant tiethbyp tbe @ntmheeotiparis sarubustisgrdaked wmat redlasgto

lrjenclh ggéﬁotsc% output the above-described anti-noise sound wave for

rémoving noise sound wave that has been detected by microphone 3#
from spdddwer oy réspensenfigaraiitstaccbodi fiopto this)éroboditm20t aspkaker

R PR R e e e
fragrecfionfropeakpedkep st mp&hofnmliantimsﬁmﬁadmmiﬁetmmdatest, it is
e e s A e
fersexipesldnanigddst, aottiatvem Iyritheugsitsbe nsbuvang sighahfiom a speaker.  As
a result of this, responses to a number of frequencies can be detected at one time, and
therefore, inspection of frequency 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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chip TP having a micro structure. Anti noise sound wave and test sound
wave are generated using speaker 2 as in the configuration according to
the first modification of the second embodiment of the present invention,
and thereby, the number of parts can further be reduced, so as to 10
reduce cost. Here, though in the configuration according to this
embodiment, speaker controlling unit 30 outputs test sound wave which is
sine wave having a single frequency from a speaker, the present
invention is not limited to this, but rather, it is possible to synthesize sine
wave signal having a number of different frequencies using, 15 for
erentileobietieno piotSHMaNAItcEatitp iinspectes bt detest nalstrei sesponse.
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hzeasuyeameat hitnaryreveachfoub) estiediaBauhite travistrmaydpl oitep witesdis frequency.

in unction.generator (generator of narh[iit]rar wavefarm)
A DR F S o L R P e g cpear
demkinaimdsbytihg ressoaanireqoik tioée snimviba bl eypar, Haoes, sespeotieatpiseror the

R B A R S TR PR R R A e
thesmai cesosiantiragueacyizcemsilyoB prcieth bigatedecting thacheastespenstime and
PR R A B
theveanitysohdhefreeseneytificquangy altie kvelesinetwduagiRrforoimore
ig]osrpe%% {?.’?xs"ﬁerc‘%st Q ?nriccz% %{PLE:%%S property, a result of subjecting the test sound
wave for the measurement time to Fourier transform is preferably used to normalize 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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5 of the micro structure efficiently and effectively. Fig. 32 is a graph
representing a result of detecting responses of the three axes
simultaneously as a white noise of a frequency range is output as a test
sound wave. The test sound wave by the white noise is output and the
three axes' output signals for a measurement time are each subjected to
Fourier transform and plotted versus frequency. 10 Fig. 32 shows a first
measurement result. As can be seen from Fig. 32, there appear peaks
representing resonant frequencies for the x, y and z axes, respectively.
For the x andy axes, resonant frequencies around 1220-1240 Hz are
INdRIAteR ja@rsGobede z axis, a resonant frequency around 1980 Hz is

indicat ' ' .
pang arc o e LY, ARG HR S FOMHC A ol B AREton
frethashihatin deseeage v bipul dedhe o g whelle ateiek F13ritobd 6@vereastigeed

WERPS%dgﬁéﬁig%gucture's property, a result of subjecting the test sound
wave for the measurement time to Fourier transform is preferably used to

normaliZepacifiiegllie spsakbrgpaitersteyf ab, oaiprisaigaaldve éndtidetaguesioy the
L e T )
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Eimatidimerttidcamrdgted fraacmmsk smditicatioce dfSheosbabmdredetermined

smbeientof hapiesen. ARdEnlion. A memhod or emeying oise.
at is,’for noise cancellation, in & system that is different ffom the system
tdeasunavisTy pariseStbatpstsldue nesdt ito duwnmoowet0. 1€ ontodsorib2elinstructs

A A R 0 S
pfdbmyreahzmtthafhhsumeﬁond&dmyoewawr&nmfemnczsto Ifﬁlg,usl?r,\ @‘eqoonse to
e A R S T L 30 S5 B o
sound wave for canceling noise sound wave that is emitted from noise source NS in the
speaker (step S31), and instructs chip to be tested TP to output anti-noise sound wave
from the 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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with steps S30 to 533. 5 Specifically speaking, after step S1, 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 moved by noise sound wave or
vibrations which are emitted from noise sound source NS, so that a
predetermined 10 property value is detected from the chip to be tested via
the probe needles. Measurement part 25 outputs this result to control unit
20. Control unit 20 instructs noise removal controlling unit 40 to remove
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Qe e oA s R R
adnhrcmhngunit@lmlrmtaﬂevdemaknneenmbﬂihgruortmﬁ)ttmeonmlstettm)mndme&sound

Uvas bee regnoved Séﬁi‘{) Slsiﬂ X J]Dp |f|caII akJ it |sI detéarrgln llin
ﬂ%‘%he B RBP PR R Br 688}&5}() tﬁ‘& chily 1 g digiting
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nelueaRat M@aﬁﬂdmybyrmeammamt [eat 285 idahikh prpbebedutediesothed Gsand
itis d terhmlned that nois und
controls the system so that e antl -noise sound wave is outputted 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 5#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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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 again, in the case
where itis determined in step S33 that the noise sound wave has not
been removed. That is, 10 anti-noise sound wave is reset. At this time,
control unit 20 instructs noise removal controlling unit 40 to allow speaker
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present invention also, in the same mannér as in the inspection
methibchtiooording to the second embodiment and the first modification,
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[ (B‘? i0M'is a method for testing by outputting test -28 sound wave after

the propEity 18¥uB afdiagrehifdoiliestesiag drabeseiecietviteh psciionary.

With reference to Fig. 18A, an MEMS switch (hereinafter simply referred to as switch)
is formed of a substrate 50, a cantilever 51, a control electrode 52, a cantilever joining
part 53 and a joining electrode 54. In the state where no control signal is inputted, 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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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 as an example of a micro structure,
there are various types of MEMS 10 technologies, as described above,
and the Fr&%riscustiagram ltHBusBRNGSigRal preesandedbeiendgs: is not
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fﬁeqﬂe nhy mnm'g hepeed.thi¥itigrefereresds 6i IIfe'gs_in ;Lﬂ:@a\adnhg% cndlEMSstate
g&g’gﬁﬁbe ‘_’é[t‘féatr?é‘%@{é%%re%ﬁ‘d%‘frv%iPJs%héHJ 13 SSRGS Y gained, so that
an inputted signal 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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Fig. 19A is a diagram for illustrating signal wires and electrodes. 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
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operates.

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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-30 Fig. 20 illustrates only one membrane structure where the membrane
is formed of a single material, in some cases, the membrane may be
formed of a number of materials 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
plastratiefpbacare Ghatias inkedptastsoHsiaviyiatmstiwarranrierwaee can be
fﬁgﬁé% 2 to Fig. 21A, the inkjet printer head is formed of a nozzle 60, a
piezoelectric actuator 61, a cover member 62, a support member 64 for
supportifig. FidAdeleplan wiewatba pressuce sersbe Ristioide HHh | ssaqsnssaiection
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E)?e(mir%g%eréssure to confirm operation entails causing a difference in pressure at
opposite surfaces of a wafer, and it is difficult to perform inspection with the pressure
sensor formed on the wafer.

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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piezoelectric actuator 61 deforms and electrostatic capacitance between
control -31 electrodes 63a and 63b varies. By detecting this variation the
printer head can be inspected. Fig. 33A is a plan view of a pressure

sensor and Fig. 33B is a cross section 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
drapessithbederdesrmad an gtre@@cmmwbphtmzoéwﬁh&frm@sm@égate with a
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prebgladd @mmdaseonmbmnk@gmglﬁw@ﬁscﬁa@mmt@mmecan be measured.
ﬁm f:qﬁg WLSHPOCI also allows the pressure sensor's operation to be

confi that the pressure sensor is formed on a substrate (for
exampleTaarykiemsEgesitivgnpredsuiest and séivond peattibmenszike dasesibgd as
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tO perio spe € pressure sensor rorme
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3 ﬁg%ancew %S(‘%’ﬁgca] NiRkigt R %%r head, as described above, in

accor esa e system as Rat escrlbed above. 20 In
accordam:e thitid tmebposent ofvbatioesénthie\antioe, @esmtfbedsenpeelﬁmﬂgn

PR e, SRS MEN B e emOnans studhie, el
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R e T S e v
arsbidngitratet &f e present invention is described.

Specifically speaking, measurement part 25# in accordance with the third
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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inspected simultaneously. Simultaneously inspecting a plurality of

movable parts or those different in property or a plurality of micro

structure allows an MEMS production -32 process to be performed in a
reduced period of time. Furthermore a substrate with a micro structure
thereon can be inspected, and if a defective product is found it can be
excluded from a subsequent packaging process and/or the like. Third
Embodiment 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
heigeostrnetn hsap e stauiiiu s that i ig i e Strisdde & make tesbpinabisyiteasurement
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e presentinvention is described. Specifically speaking,
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e BB P LRG0 852 IR o e0
pnovastatinad sl PDtbacesiesprinadl yaoundquiad PAok dthen, aswesgribedrabazer

of pads Wt% r%?eC}etrpc%steo rg f%lvev%%?? gY IE%UBIZF %I’tlol nesggcr:]ti%%hre{éthod for a micro
structure according to the third embodiment of the present invention is described.

Inspection (testing) of a micro structure is started as described above (step SO0).
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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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 -33 having a
membrane structure that is a micro structure is mounted on this
measurement jig 45 as an example. Here, a tester of the third
embodiment has a configuration where probe needles 4 have been
removed and measurement part 25 which is the tester described in Fig. 1
is replaced with measurement part 25#, and other parts, such as the 5
control unit and the speaker, have the same configuration, and therefore,

el tharsfer, aefsdgﬁ@ii@dgﬂeﬁ@r_ri@tjﬂassémmcrfgw@at@tjrewmteﬁeference to Fig.
23, meagyji H&éf%&%@ﬂ&tt%’?ﬁi%?@swmw ?&&fdiﬁgetslm%tmnd“eam
that has e 4

illuminator een mounted on measurement jig 45 are described
rIMOGIMaD i iie ryksent deven gy, i2 Dok reatetns F isspestinktheproperty of a

C I =yelfelii £ .
B A T L R MR e
vird dhe 8Uctn stdditive deketarbderBizeraent ektbermbpeabRD4rbae described in Fig.

%Zb‘itﬁ[;wc Xgﬁ?@f@%@fﬁ%@p‘%ﬂ?ﬁ{g tﬁggﬂgﬁeﬂaﬁﬁeﬁﬂféﬁ 's%&ilégfgmﬂg%é&s of a

, annspe Oor a micro structure
acguadingatoet tieathér thereotslimeastiofctiso pr e noivareaioor iheledcribstdicture.

Inspection. (festin icrg Sty re J: cri ahov.
(stop SO} A R e R e e B e LTRE R B Rcow so o
theralectton haamgl live indtoothstriscooentedtds theasbproeio!f jigsieatoonessribed in
51%% ted on measurement jig 45. Next, test sound wave which is

atputted from speaker 2 are set (step S2a), and then, test sound 20

wave is Withuttnlaacd itohiitaien illindoatiB0 Wiontiosp 86 kew i stepn@2im)rane
R e e RS A S
thg. ﬂﬂsivialqepmmt wﬁdneiﬂwnbmlﬁ@p&irhglbm %mgubetmemmrwmntgre that
o e 0 S pReL 2 S SRR SR MSATAESR AR5l oo
having the membrane structure that is shown in fig 25 is placed so as to face upward.
In addition, a spacer 48 and a sub electrode EDa are provided on top of electrode ED,
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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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,
-34 and therefore, the detailed descriptions thereof are not repeated. The
method for inspecting a micro structure according to the third

embodiment of the present invention is not a method for inspecting the
property of a micro structure on the basis of an electrical signal or the like
that is directly gained 5 from the micro structure due to the movement of

tiséngprangecdias arddebaweehanging the bradeieneninadespiantdrequency, by
P SR RAEA T 112 SO SNE LR IR DR (PR b i of
tbectisnlreen @iy 0P B eneausakdereat fRpmewed dlitntdneaioprestidowaae viich is

r Jumi : i nted on measurement jig 45 are
gg@ﬁ)%m’ﬂfg%e%{gmé%ﬁég% Fig. 25, illumination window 80
having théitheefdyence tetrigtdrétterdés asbloyd hofig [Besudisfacesiefation sensor
Hluminat i i i 93 . luminatio '
R e ool R RGO Bhpacitance
dredtbsainsuits faté authGB2relcotrutie ifilhiazdioreasindmenB0rib46vintiere, the
he m ru IS.S n in.fig 25,is pl o,face
L S e S D B B DRI ggrovec
andtoeafustentrogarERh ohtiak ebstardokd BDesndmabrefertosie pbmamith
electricallg (fo%p[lzg#}o.e%h other through a contact hole thaﬁ

.00
THRsa A ne R o T A e SR e W g g suen
tyalel ecrtydbyintednd, the bpe keirdue diba sand ¢hefigerativa andttoerfardsthe
gegg te GE%L l|n§ eghi(j;en offa mincrp gtreu?tﬂre can be performed, in the case

f ?b ,SI?{ R d5A R Wit i DaR1e System as that described in Fig.
24. In addimelethe tihsdebixiscquosiliekatioensathgumm DitimashaRaraldagribed

icro structuie can also be inapecteid in.a(ifordanFe \{vith the.Pame .
iﬂ);&ee-mqs acceleration sensor, and'are electrically coupled to capacitance detection
circuits CS1 and CS2, respectively. In addition, capacitance detection circuits CS1
and CS2 are connected to measurement unit 46# so as to output the detected
capacitance value. Measurement unit 46# measures the changing electrostatic
capacitance value.

Fig. 27B is a circuit configuration 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. 28A, 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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25 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 -35

using probe needles and without changing the predetermined resonant
frequency, by detecting and inspecting the electrostatic capacitance value
that changes on the basis of the displacement of the moveable part that
nadvessatieidispleced fresseml ia e wvhisk 1sansLitpun €dl ErémCrtie+ AC2, together

AV aREber sheakE RV efaence iacEign i, BPRAENIR: Heidlied by
a three-axis acceleration sensor IS mounted on a measurement par
Aisdauisreasinernédy padt @i tatttodestcalpaditdfcendittestiospentant©iQBoperty

1fan(?1 CSZ,eIectrf])de EDb and me surenfﬂent uanit fiP#- Hhere the t?ster of ..
a threg-axis acce raHon sensar.can be perfoimed. - Fiere the, method Tor inspecting
fhe present example nas a configuration where probe needles 4 are

semiox@stractdreneaireasen hersébeahetisotbatahahdessriwescnltbd flofigHart of

is.replaced with 10 asurement part 25#a.in the.same manner as
ot S (S S
speakerFip\adthehsarre casefigheediclectrodethEDifare o idbetaded to correspond to
desgi tions reof ar

t ted, T | des EDb J ided
BT3RS 0 LT AR o s L AP BRLA AR il g rorm
arspeteioiitatiycoodgriee withapasiapcystateasitnt deschibaiaiioSe andpiing one
R B e s G S Ay,
chpaniiarig. valgeitMeasypersiit woibetfotmierpocas iy phariging electrodes ED#a,
electrostatic capacitance value. Fig. 27B is a circuit configuration diagram
R L A G LA R O3 08 O IR RESEh VAot LB @555 SAGple, where
shotdtettitheaprgsapt RraritaeRoniatyEDBIRE elecHoRiaiit Fig. 20A.
capacitancesa%dl and Cd2 between prog%érgass AR and electrode EDDb are

respectiVEilf: dREYRIEMbY YL EIL < HaldOR A eSHALTReB HALAY I8 B same
fgemthetigtactinceeswhare step S1 that is described in Fig. 9 is removed 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 is, 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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outputted to measurement unit 46#. 25 With reference to Fig. 28A, 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 -36 values
are displaced from Cd1 to Cd1 + (err)C1 and from Cd2 to Cd2 + (err)C2,
together with the displacement of the moveable part. These amounts of
change are detected by measurement unit 46# and outputted to control
aﬁmmahw@tﬂwsormecﬂbth@mmw{ej p@ﬂ@iﬁreécm(@ra@wpefmmmhe

oV %Bﬁwﬂmﬁgn%@ gge rﬁﬁf&%t I}/ descrl (ﬁm li?lgrt% supply

structure in this case is the samé method as t t
fowcharveiwRigh Zsicemgreseieitavayelie askireditesioripainth totietesd tizaplacement

OHERRRG et 8r AR MRV e%%ﬂsﬁf‘(}ﬂ% SHRCROGHRY ‘Egié @%r?apé Jéﬁ’ﬁ%{ser

SO as to correspond to proo masses respectl scribe
db@i@emﬁnt igetdscaplisisenentsefmon orr&pemmntmsamre@a@mwml tiate the

%Y | AndnLARSEr ?Z)g ﬁ%&)’& rﬂ)@iﬁ%’éﬁ@%o??@é]t% t('je%%&?e%e?ﬁ%ﬁnt of

ng to proof mass ass rnatively, as
di&mlmammglsmdkslted afsoupd s$ithisp tacpedotr by inmasstida Dgtenovidingor the
ﬁgectrodes ED#a, which are larger than the bottom areas of proof masses
in the present example, where the detection areas are greater than
electrodwlﬁwemncarm VB0, ia Eaigp RISz mmmmmmm imthe

24 of t tPres.ent eC|f|Pa,Pon is the same 15 %rH s that i |n
€ fr

e P SRt i Aeseribadhin Fig g e vl ?'aser

drsﬂiaobmemltn’ﬁhathsz thés is asyatereniontepeat, atic ¢hpretpe riiyeqirapeityrof the
structu #e end| AR whether or not desired property data has been
Hﬁfé&eﬁj 836?5 % ith test sound wave which is supplied from

speakerlz thistbessalee, prapay,of lumaposmmaw@@adxﬁatedﬂaetron beam
P B B S5 R B At s o
_elenémehrnent or its modification, from which step Si is removed That is, it
e R aRlRoR TNy A By BT R ASe S oL HAS S or, i
addition to the |IIum|nat|on 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.
3L

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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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 25 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 -37 as to evaluate the property of the moveable
paXidhd Wicte\dMEERe from the movement thereof with the naked eye.
Alternatively, it is also possible to supply sound wave which is
compressjon wave to_a micro structyre and to dete lacement in gwe
movement of S HES 8BRS P ST THE PRI LR éﬂﬁé Yfg MR S PEPeR 8t
lasenstodisplacesmacttmrtte haa dmmabkerpmrnﬁxmeéon @rsebpiratel Oty S Sgnr
S0 as 10 ey gyl g JHBREPHLLIATIER SUGHIE R deleiminiag
whether or not the de ected amo placement is a desired amount
of tepEehibntilg oh&sHesoMhesRiberminator or the like. With reference to

Fig. 30, athaspismenciBarhwisye pﬂﬁpiﬁ@ﬁmﬁmémthauﬂeqsmawmﬁnt of

the movea}bl %z%rt of a |cro %rl{ ture is dete ns o a laser
. reﬁ 0Nnse 1 St s a cen oué% e Sou w%ve
dispiacement meter o ha ¥ measurem ere h

prepranaiasf ahé therrepestyadisnid muiere viahgameds Wthﬁeda@eﬂm@@slﬁwéﬁ@rty
of dlwnipatienavindow 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
acceleratipn Stesierica faddspedtibg theidiostinatierwindingtothimelcotianin

beam illug%ﬂg%? la}’rgl%%%mgmgésgéaggmnéﬂ rllst&g égaggmgﬁtrgfcm%tructure,

moveable part of the acceleratiori sensor by mean a laser
digsracenesainmearaZowhriie abfedsurement part, as shown in Fig.
20 31. The third embodiment also allows a plurality of movable parts or

those . . . . : : .
3. The device for inspecting a micro structure according to claim 1, wherein

said device for inspecting a micro structure further comprises 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.

4. The device for inspecting a micro structure according to claim 3, 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.
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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 25 scanning the test sound wave's frequency
in inspecting the micro structure's property. Although the present
invention has been described and illustrated in detall, 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. -38
WHAT IS CLAIMED IS: 1. 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 the time of testing, wherein 5
the movement dRelsYisefaiirspssngrRIBiernsEre e geqordng tqslattet Wherein
response tasgdichtagt sodiet WastoiRidaahesouatitpuliagddiamemigedance
sound wave generator, and ; roperty of sajd micro. structyre is .
et S e SRS e S R T e e
a migiracsira@ste according to claim 1, wherein a plurality of micro

structure, eggh @hamiichds dhgRad &ﬁ@y%&%@d%@ﬁwﬁctﬁ%ﬁ%&ﬁgﬁ%g
in an array form on the substrate. 3. The device for inspecting a micro

struthGAPRBRbEETES Bldivh T PGare i baen feteetidiig sug rhgrgcAmepnt
strudieetdrivtitr flecmpuses’ ehueieciluaioinipedaetabiinigth enoprdiedinited
the MOVAL I&-: part of said micro structure in response to said test sound
wave that has been outputted from said sound wave generator and for 5
evaluating the property of said micro structure on the basis of the

detection regultryh R SRYIEBPREINSPRGLIO Gt ERIL AoSbURTLIES LGOI Ik rein
to claim 3, Whgr in said eval atortilgcludes: arfha(?%e amount detector for
Sal

detecting af AMSTAT BFR YRR PLIRGEY fj said fhicro structure by comparing

the frequency that corresponds to the maximum amount of change that has been
detected by said change amount detector with a desired frequency that corresponds to

the amount of change that becomes a predetermined threshold.

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

8. The device for inspecting a micro structure according to claim 7, 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

-40-



10

accordance with the movement of the movable part of said micro
structure; and 5 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. -39 5. The device for
inspecting a micro structure according to claim 4, 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 5 said determinator evaluates the property of said
micro strugidrdetsytoatsarisigatiséhapropertodichahgecin sinecimplitiemeparing
thatashegnideipalashby RAHSHaR0G AMQHEY sSRIFSIRONIR B&AmPUNt

of change in the impedance that becomes a predetermined threshold. 6.
THEGEICE T A SISERRME S FrRArEA8HR DRiRe SRRt ARG K erairR A kel din

said determinator evaluates the property of said micro structure by

comparing. (e, ASHENY APLALSSRENAS R e AU AR\ Abrein

change that has been_ detec said change amount detector with a
desired fréjt@nsliendiselienps Heisosierstaamaust ehdiprjecemsnt on the

begRmesReRiedaiRITINER HseIOltlof The AevicariRiiRIBasiNgadaRIcIo

structure according to claim 3, wherein said evaluator includes: a position
displacement detector for detecting an amount of displacement of the
movable pért dftsalevividin Bivpsctingahutrdisiplates derarcons taslemnWithiibrein

5 movemegy kil RAYPBIRRAL 6 AP ARLR by comparing

determinator for evaluatin% the property aid micro structure on the

balSR TERUERBHIFhAETI RIS RSBTSRBTS I disRiiteme th fiahhgs been
begstechetapiasibycsaion pepitiemelisptaatsnaithdaiasied fagdhe amount of
displacemant ihal hecomesa BE%dgﬁ‘?{tE?&'if%Qoth“E%h?e'getgmﬁﬁg qeugs for
mspectﬁlg a micro structure a]%corglmg §'ctaim 7, wherein sal position
displacement detector detects an electrostatic capacitance that

11.  The device for inspecting a micro structure according to claim 1, wherein

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.

12. The device for inspecting a micro structure according to claim 11,
wherein
said sound wave generator further includes a noise remover for removing a

noise sound wave that reaches said micro structure from the outside.
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changes in accordance with the movement of the movable part of said
micro structure, and -40 5 said determinator evaluates the property of
said micro structure by comparing the electrostatic capacitance that has
been detected by said position displacement detector with the
electrostatic capacitance that becomes a predetermined threshold. 9. The
device for inspecting a micro structure according to claim 7, wherein said
position displacement detector detects an amount of displacement on the
basis of the movement of the movable part of said micro structure by
using a laser. 10. The device for inspecting a micro structure according to
claim 7, wherein said determinator evaluates the property of said micro
structure by comparing the frequency that corresponds to the maximum
amount of displacement that has been detected by said position
displacement detector with a desired frequency that 5 corresponds to the
amount of displacement that becomes a predetermined threshold. 11. The
device for ingpeqiipd&itei 6PiRipdeibe: AR HRHR Gl h M S1EH 1 $2Id
sounc{]ﬁ ave generator includes: a sound wave outputting part for
outpUtfiid’said test sound wave having a sound pressure in accordance
with an inpubidowisthenorsidetphta detatiornfo saateetingwhich Soimthavesv e
that dGaene S Qe IO Bl IO S NS A AR e on the

corrector for correcting the test sound wave that has been ousg?ftéte from
saidbesis R swAReiIPREME Ysaheblre Srsp drise ath bysBitherisreu disfarrdigating
of thendeshishUavk Wa enibathambea saircirehy-saithsetenian witkethrnd

sound nd pressure 10 level of the predetermined test sound wave that
becomes a reference. 12. The device for inspecting a micro structure
according to claim 11, wherein said sound wave generator further

includes a naiseRIARVEE f6F RPACHIG i8I SRR WANERALAGRGAES

said micro structure from the outside. -41
wherein

said anti-noise sound wave is outputted from said sound wave outputting part

together with said test sound wave at the time of said testing.

15. The device for inspecting a micro structure according to claim 11,
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.

16. The device for inspecting a micro structure according to claim 1, wherein
said micro structure corresponds to at least one of an acceleration sensor and

an angular rate sensor.

17. The device for inspecting a micro structure according to claim 16,
wherein
said acceleration sensor and angular rate sensor respectively correspond to a

multi-axial acceleration sensor and multi-axial angular rate sensor.
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13. The device for inspecting a micro structure according to claim 11,
wherein said noise remover outputs an anti-noise sound wave which is in
phases opposite to those of said noise sound wave so as to cancel said
noise sound wave on the 5 basis of said noise sound wave that has been
detected by said detector before testing and which have the same
frequency and sound pressure as those of said noise sound wave. 14.
The device for inspecting a micro structure according to claim 13, wherein
said anti-noise sound wave is outputted from said sound wave outputting
part together with said test sound wave at the time of said testing. 15.
The devicEforisFRtem P LirREr G A RIcIR SHUE BRI T RRIACIEM byidiessip
said evalyaiddautpssitkpettinpli ARiRy siinaardfiahi daiptissiaievdlpast for

re%&%’i i the detectlo orretfg'ﬁlo&fﬁe t%ﬁto’?oa‘ﬁﬁ%‘{!%’seuﬁé?grg?s B88hke t0 said
detécte goy SaICY gl etectoro Sala %oun wave genera or.Tée. Iﬁwe &ewce

fotasispeadivgva it hessheaeenpuiicddroinspid soktidwavekrnesitorsmdifticro

Stwiﬂiﬁn%QH@ﬁBBé‘@?&Psﬁ'&ﬂﬁﬁéb_@ﬂﬁcﬁfr@ﬂn%ﬁ&%%@g%es&‘&&(?foﬁ’ﬂ&uﬁ,nand
angular rate sensor. 17. The device for inspecting a micro structure

accordingt &MaHA08 nglpdein said acceleration sensor and angular rate
sensor respektitredyatio rgapitidd degechivml ilectirat e dee lerchien wetatied sk to

I3 B0 R RIS S8l A e device for inspecting a micro

structure according to claim 1, wherein 3aid device for inspecting a micro

structure AUAIAEHIEBAAPASELITlpating o plaettastate Bracise Rremew B

MEMBRIR R LA Saieh dO RSB CletRol LRIRRN AR bR IESlafPMEovave
that has bei}encggré%utted frorgl said Sﬂ%ﬁ]d wave enF(letLator and for 5
S €

structure that €S 1{1 accor aé;ce Wi (<) m?veme t moval %art of said
evaluating the property of sald miCro structure on asis of the

detacticitreetust, aadd
a determinator for evaluating the property of said micro structure on the basis
of a comparison between the electrostatic capacitance that has changed and has been
detected by said capacitance detector and the electrostatic capacitance that becomes a

predetermined threshold.

19. The device for inspecting a micro structure according to claim 1, wherein
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.

20. The device for inspecting a micro structure according to claim 19,
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.

21. The device for inspecting a micro structure according to claim 19,

wherein when said micro structure has at least two movable parts and/or said substrate
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said evaluator includes: an electrostatic capacitance detection electrode
that has been installed so as to face the moveable part of said micro
structure; a capacitance detector for detecting the electrostatic
capacitance between said 10 electrostatic capacitance detection
electrode and the movable part of said micro structure 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 electrostatic
capacitance that has changed and has been 15 detected by said
capacitance detector and the electrostatic capacitance that becomes a
predetermined threshold. 19. The device for inspecting a micro structure
according to claim 1, wherein at least two movements of said movable
part of said micro structure are simultaneously detected and a resultant
detelidH eatiden BE0 sitsterathrrsat.ri prdparina Beella Pasiegspective
struehdverséms Hanaoulsive ARy Ideeecey el tofeinipacitngtiviminiedtustaliate
5 aCQOSEQIIH]gaé(%O%Lq Imrg)'gert}lghgf(saellﬂi MovEM t\%gtx%éga Ielgai%st trvcvso ed Eg Cltl,oci;]fs sg ]Zl micro
said movable pngoP said micro structure are smuﬁaﬁeogs?y etected
and Hrresuttantaib e e nye frefitiate properties in at least two
directions of said micro structure simultaneously. 21. The device for
inspecting icro structure according to claim 19, wherein when said
micro structfffe T8 P DSPRSE0R 5 RIS CLr iR S SEA A8 R “1a3
has whéeeistvihen saida s core tableqnrts i adiffersttywoperoy adsgepantly, in
res%svmli&%\émmlﬁt% ﬂ%ﬁé’?‘?ﬁk‘%@é&%{ﬁzﬁt&%éﬁﬁxﬁs e LM;f?lﬂ{aneously

detection is used to evaluate 5 simu anequigapropertles of said at least
two fistsiadiang sriesyiaab defieiny ispeed dotirepbiansnyety prabatsraeiesaf said
5 two ppiesst SieIGIoVEL12 Barlh R gRURR IO hARGRaeeR PropEaiSt Wedhd&ively, in

acc%rl((j)ivngifﬁﬁclaim 21, wherein when said at least two movable parts have

different. property, respectively, in movability, said at least two movable
parts' respective movements are simultaneously

23. The device for inspecting a micro structure according to claim 1, wherein
said sound wave generator outputs as said test sound wave a composite wave including

at least two sound waves different in frequency.

24. The device for inspecting a micro structure according to claim 1,

whereinsaid sound wave generator outputs white noise as said test sound wave.

25. The device for inspecting a micro structure according to claim 1, wherein
said sound wave generator outputs as said test sound wave a white noise in a prescribed

frequency range.

26. 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;
detecting the movement of the movable part of said micro structure in
5 response to said test sound wave; and

evaluating the property of said micro structure on the basis of the detection
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detected and a resultant detection is used to simultaneously evaluate
properties of said 5 at least two movable parts, respectively, having
different properties, respectively, in movability. 23. The device for
inspecting a micro structure according to claim 1, wherein said sound
wave generator outputs as said test sound wave a composite wave
including at least two sound waves different in frequency. 24. The device
for inspecting a micro structure according to claim 1, whereinsaid sound
wave generator outputs white noise as said test sound wave. 25. The
devicis for inspecting a micro structure according to claim 1, wherein said
sdtitfwave generator outputs as said test sound wave a white noise in a
prescribed frequency range. 26. A method for inspecting a micro
structure o6 oM iSINeL RIS EREfinSH ALY G 4GSR B RIR 36 least
one micro structure that has a movable part formed on a substrate;
dEStBEEHY the movement of the movable part of said micro structure in 5
responsettie sachfastescing) devearsaimuiilchsoakipiiigalt enpropetiyenisdichid
m}g{r}ga%%u%tgro% Soarildtrql%poasﬁirﬁc%rter_lgn%etection -44 result. 27. The method
for iInspecting a micro structure according to claim 26, wherein: the step
of detectithg seretevalpating Aedualpp simulimeaneableasheynpioperies of said
meyvablerhau:ef said micro structure; and 5 the step of evaluating
evaluates simultaneously at least two properties of said micro structure.
28. The method for inspecting a micro structure according to claim 26,
wherein tb& stEir ofchqbiyingspeapipjesmacvehitacais ecas diagittedsisond
Wit RPARMIRiRSBAAHAG A Mice IR alave 2

computer to Implement a met od for Inspecting a micro structure,
comprising the steps of
29. 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;

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

evaluating the property of said micro structure on the basis of the detection

result.

30. The program according to claim 29, 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.

31. The program according to claim 29, wherein the step of supplying

supplies white noise as said test sound wave.
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supplying a test sound wave to at least one micro structure that has a
movable part formed on a substrate; 5 detecting the movement of the
movable part of said micro structure in response to said test sound wave;
and evaluating the property of said micro structure on the basis of the
detection result. 30. The program according to claim 29, 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 5 micro structure. 31. The
program according to claim 29, wherein the step of supplying supplies
white noise as said test sound wave. -45 32. 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: means for
outputting a test sound wave to said micro structure at the time of testing,
wherein 5 the movement of the movable part of said micro structure is
detected in32espodedcrfyaisredingoumisiwatyacthrgtwishisaelagstpionedy of at

fromesaidnRRNS sBRAHREN R IRR G R PEHIR b A HGHAA MG WS Re CoGRIYAL:

on the basis of the detection result. -46 o .
means for outputting a test sound wave to said micro structure at the 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 means, and the

property of said micro structure are evaluated on the basis of the detection result.

-46-





