DESCRI PTI ON CONDENSER M CROPHONE TECHNI CAL FI ELD The
present invention relates to condenser m crophones (or
w@apaodt4er nmi crophones) havi ng di aphragns adapP@riJR2007/053978
m cr o- el ectronmechani cal systens (MEMS). The present
invention also relates to manufacturing nethods of
condenser m crophones and manufact uri ng net hods of
di aphragns i ncluded in condenser mcrophones. This
application clains pri opﬁsggﬁ'rﬁ(aﬁanese Pat ent
Application No. 2006-96703 (filed March 31, 2006),
Japanese Patent Application No. 2006-59041 (filed
March 6, 2006), and Japanese Patent Application No.
2006- 48183 (fil ed CRNDIERYSERMICROBHONEhe contents of
whi ch are incorporated herein by reference.
BACKGROUNDART Conventionally, various types of
condenser m crophones (or capacitor m crophones) have
been devel oped and pr dBECEBRIAAL WHYLDf manuf act uri ng
processes of sem conductor devices. A typical exanple
of a Honglesse inwhiiswomhaastol sonbeshes micropiadies fgrapidiiosh
vi brates due to sound waves, and a plate, which is
mide6pHoine) aving i St €orh Oad dpeedcio apidr slettydre chaficg] $6tekisC
such as air. An electrostatic capacitance (or
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capacitance into electric signals. Japanese Patent
mitPHopas.i on Publication No. 2001-5 18246 teaches a
m ni aturesilicon condenser m crophone in which a
di ap ' ‘] o > [ Thi.s .
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condens crophone as structure In ensil e
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February 24, 2006), the contents of which are incorporated herein by reference.

BACKGROUND ART

Conventipnally, various types of condenser microphones (or capacitor
microphones) have been developed and produced by way of manufacturing processes
of semiconductor devices. A typical example of a condenser microphone includes a
diaphragm, which vibrates due to sound waves, and a plate, which is positioned
opposite to the diaphragm via a dielectric such as air.  An electrostatic capacitance (or
capacity) formed by the diaphragm and the plate varies due to vibration of the
diaphragm. The condenser microphone converts variations of electrostatic
capacitance into electric signals.

Japanese Patent Application Publication No. 2001-518246 teaches a miniature



anpl i tude of the diaphragm due to sound pressure
applied thereto can be increased, whereas the strength
wo@toorie74dt aphragm i s decreased, so that a st opper/Jp2007/053978
necessary to prevent an excessive anplitude in the
di aphragm Thi s makes the maufacturing process
conpl i cated. Japanese Unexam ned Patent Application
Publication No. 2002-95093 teaches a condenser .
silicqny eplsAter imicigphene inyehigh e diApBragm isdixerd dp agantilever manner.
di aphragmis entirely fixed in position, wherein the .
Thaig epaddnser wicrephonp dagih siprntargin Rdiehignsitsmness, iwhiehjogoyrs during
positioned opposite to a plate having conductivity.
thg Hernpagianpifahe Hiaplraging doesinot esnahaldnceghiscalysatsgaoas yn that the
smal | anplitude so that substantially no variation
ampliturds of theodigituagny duetresosind préssureapplcdithetete caplpainictegsed,
of the peripheral portion of the di aphragm becones
wheregethai stlehgthtdfehd ditpliragra padédryased, soltkatamialgrs &necessary to
‘m crophone. This degrades the sensitivity of the
prevafiensstedsiver mplond: inBhediaphrabs. f iThigwakds théanufacturing
peri pheral portion of the diaphragm tensile stress,
plobésitohfyiRbfed. during the formation of the diaphragm
Is not released so that the anplitude of the di aphragm
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portion of the diaphragm, tensile stress, which remains during the formation of the

diaphragm, is not released so that the amplitude of the diaphragm due to sound
pressure applied thereto is reduced. |

Japanese Unexamined Patent Application Publication No. 2001-231099
teaches an example of an electroacoustic transducer, i.e., a condenser microphone in
which four corners of a diaphragm are fixed in position, wherein the diaphragm having
conductivity is positioned opposite to a plate having conductivity. The peripheral
portion of the diaphragm causes very small amplitude so that substantially no variation
in capacity occurs, wherein the ratio of the capacity of the peripheral portion of the

diaphragm becomes large within the total capacity of the condenser microphone.



Specifically, the aforenentioned publication teaches a

condenser m crophone having a bent portion between the

w@emwree74pDrti on and peri pheral portion of a di BEhIRXQO/053978

Herein, residual stress applied to the diaphragmis

rel eased by way of the defornftion of the bent portion

so that the anplitude of the di aphragmincreases so as
ion |s

BT SR - R comors o
WLSHBRHED Bl DAl R RBEIe Bt P

small as it approaches the bottom of the step portion
t§2%t8use the step portion is difficult to be deposited

and ig, thus reduced in densjty. That is, the strength
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the step portion increases. In other words, it is very
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the height difference of the bent portion while
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manuf acturing process. It is another object of the
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DISCLOSURE OF INVENTION

It is an object of the present invention to provide a condenser micfophone
having a high sensitivity, which can be easily produced by way of a simple
semiconductor manufacturing process.

It is another object of the present invention to provide a condenser
microphone and its manufacturing method, which realizes a high sensitivity by use of
a diaphragm whose bent portion has a high strength.

In a first aspect of the present invention, a condenser microphone includes a

substrate having a cavity, a first spacer formed by means of a first film deposited on



and a plate formed by neans of a fourth filmhaving a
conductivity deposited on the third film The
wale@pleagm i s positioned inside of the openi ngpEmaP2067/053978
slightly distanced fromthe first and second spacers.
The plate is formed in a rec#angul ar shape, which is
defined by a first pair of opposite sides and a second
pair .of opposite sides, and is pasitiaoned . ) )
the spbstats. iaa%’?/nqt TPApLLy aimhed by mepnsiota tia}ré shmdgving mdpeilating
Lge irst pair of opposite sides are fixed to the
abiiygpost the {53 spareT.dBPRAINgawhichiruagiheeychdhe fitse spacer
are positioned within the range of the di aphragmin
tha segang; spaeer 5065 19 eymmunipate theofavittpmdiapkragmeofmediiptimeans
by neans of the fourth filmand are attached on the
olseresand paderinga cendedsivigy dpredd hatwaemndthy it filtveand the third film,
openi ng. Furthernore, a pair of third spacers is
splatecioomed bynnicars 61 a furthfimseyingl spaineti wityadaposited on the
posi tioned inside of the opening, wherein the third
thggdder. s Thei dialesgue énpdsiteonpd disidd ofithe ppetin@asd Bfsliphtey
supports and the prescribed portions of the diaphragm
distehedd fremtthe filwe asesoad prrcersof ThepRaé isfoshélen Hfectaligular
plate. In the above, the diaphragmis slightly
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t he opening; the upper ends of the third spacers are
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whi ch project inwardly of the opening; and the | ower
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slightly rotate so as to cause the deformati on of the
Plaf§pport s.

In the above, the diaphragm is slightly distanced from the first and second

spacers defining the opening; the upper ends of the third spacers are attached to the
projecting portions of the supports, which project inwardly of the opening; and the
lower ends of the third spacers are attached to the prescribed portions of the diaphragm
relative to the second pair of opposite sides of the plate. By appropriately adjusting
the thickness of the third film forming the third spacers, it is possible to adjust the
distances (or heights) between the prescribed portions of the diaphragm and the

projecting portions of the supports. ~As the thickness of the third film becomes large,



Due to the deformation of the supports caused by the
rotation of the third spacers in response to the
WO paoopmEl2 st ress of the second film it is posBChIRR001053978
rel ease the internal stress of the diaphragm The
condenser m crophone is designed such that two sides
of the diaphragmare only fixed in position; hence, it
is possible to increase the anplitude of the diaphragm
thd irdenoel sireas df {hesseanddilayp pthiddrentagrsetfisr the foommtion efdhe second
with the conventionally-known condenser m crophone in
filnh formirigthe pléaphpdpan adregtlyrinfloences the ldwepéndagifithesthird spacers in
entirely fixed in position. The anplitude occurring on
tetrheoDibhie. t WD respoiest tothet thapudicapliedgnthedowengnds b€ thelthird
spacers is smaller than the anplitude occurring on the
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is positioned in proximty to the other two sides of
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not substantially change within the total capacity
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In contrast, the condenser m crophone is
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the plate and t econd filmform ng the di aphragm
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prgximtt ©oethe pHgr twe sidagokibe dispheaeny, themgtio jof pdived cmacﬂy that
addi tion, the condenser m crophone is designed such

dqemaot viveiastinl Shange Satbis o] sapaciey e herecn Ree plate and
di aphragm and the first filmhas an insulating

thadidphragm Teromssiigins dn coiteastgho oendenser eicraphenaig dssigned such
pair of plate joint portions, which are

that only the first pair of opposite sides of the plate are fixed to the second spacer;

hence, the second pair of opposite sides of the plate are positioned inside of the range
defined by the other two sides of the diaphragm joining the third spacers. This
reduces the ratio of the fixed capacity within the total capacity formed between the
plate and the diaphragm. That is, it is possible to increase the sensitivity of the
condenser microphone. Both of the plate and the supports are formed by means of
the fourth film; and the third film forming the third spacers is inserted between the
fourth film forming the plate and the second film forming the diaphragm. That is, the

condenser microphone is produced with a simple structure, which can be easily



formed by neans of the fourth filmand are integrally

interconnected with the first pair of opposite sides
wo@boorioe74pt at e, a pair of guard el ectrodes, whiBOT/aR2007/053978

formed by nmeans of the second filmand which are

slightly distanced fromthe @i aphragm and are inserted

between the plate joint portions and the substrate, a

first circuit element for placing the guard el ectrodes
realigediiyevay] eff pettgrning forrung ﬂ%ﬁﬂt}altﬁg@s shemeofpot enti al , and

a second circuit elenment for placing the substrate and

t he dnagdtitisgnibgtconddnseiamidrapone ihdessgned spat that thalcavity is

Si nce the diaphragm substantially covers the cavity of
subbtentiallystovated, wisiothedliaghvaesm pmdphe itse filth has g idshiating ability.

openi ng (which runs through the first and second
Tispandesser microplamte futthedinalplieegpair vhplhee joine posionghihivh are

propagate into the cavity via the external portion of
fotrhed By alehnagithe Thath fibu ahd erefinRpadigtihtercopaédicivith thd Brst pair

sound waves to propagate into the cavity via the
_ ofppBEitaid RUTthOplat alphR AigaRldrcdaditolas whidtedre b Meddby means of

hi gh acoustic resistance. In conparison with the
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us noticea Improving the sensitivity. Since
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t he trate . Since .t phate is.placed
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el ectrodes, . whi are forned . between th te .and the
wi gtorteas e S Snit RS Browite Bpd g pecond
. forned between. the plate and th uard el ectrodes. .
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def i ned . by pair . of |ongsides and a pair of short
exdsTBRiPoTatp bk %mér%%g flvaaéssthﬁrprpnaega&pasﬁﬁha?éwa%sound

positioned in parallel with the first pair of opposite
wayes & Propagate PP deecavaly iz R exteanal pertipacoidhe digphragm has a

di aphragm are positioned in parallel wth the second
refpsivelydriglopemstie eesistanes. on eompagisenr withthe eonyentonnl cordenser

diaphragmto vibrate and to be vertically bent
micsephone in which sohed wasies directly propagate into the cavity, it is possible to
increase the energy of sound applied to the diaphragm, thus noticeably impfoving the
sensitivity. Since the condenser microphone is designed such that the substrate and
the diaphragm are placed at substantially the same potential, it is possible to cancel the
capacity formed between the diaphragm and the substrate. ~Since the plate is placed
at substantially the same potential with the guard electrodes, which are formed

between the plate and the substrate, it is possible to cancel the capacity formed

between the plate and the guard electrodes.

Furthermore, the diaphragm has a rectangular shape defined by a pair of long



sides. That is, it is possible to increase the
anpl i tude of the diaphragmin conparison wth another
wo e@hingi4cgy in which the di aphragm vi brat es anpiCT/gP2007/053978
vertically bent together with the short sides thereof.
In a second aspect of the prgsent invention, a
di aphragm i s manufactured by way of the steps of:
.ngé\tternl ng a first filmso as to forma center portion
sidss angha peir o Bhery sides. srherdin the long sidas of thadiaphragrbase-nesigioned
portion of the first filmby way of deposition; and
in patailel with theafinstpaitiof opesisnsidesofsbe phite, ind theshortisides ol ghe
third filmis extended outwardly of the first filmso
digghragm fuerpositionedin paali¢lonittothetsheondiraprofagpedigsidey of the plate.
mul til ayered structure including the first, second,
Thanallaws thd didphragm twhabmitsardte Heerttiqatly bemntogasthenayth dedong
outwardly of the center portion of the diaphragm In
siddde Thanie, it ish@sdibletio paédsethd amplitudeolf thy déaphedginy inddomparison
the center portion of the diaphragm w t hout bending
- with@ndthéraéchnSR/go A whadhotht ldidptirdgint Mibratydeidds Redicslly béml
grain boundary is not forned in the bent portion of

tobdiBerdvidPtHea86M sifae iikey¥ di fference (or height) of the
ent portion having a nmultilayered structure including
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way that an air g)ap is formed between the fixe
el ectlpdraboys. thsdenRarten i fepnedendernally @Pﬁsmyr peitionof the

possible to forma high-strength di aPhr agm whose bent
diaphragm without bending the first, second, and third films, wherein a crystal grain

boundary is not formed in the bent portion of the diaphragm.  The step difference
(or height) of the bent portion having a multilayered structure including the.ﬁrst,
second, and third films, can be easily controlled by controlling the thickness of the
second film, for example. That is, it is possible to form the bent portion having a
desired step difference externally of the center portion of the diaphragm while
maintaining the satisfactory strength of the diaphragm.

The aforementioned manufacturing method is adapted to a condenser
microphone including a plate having a fixed electrode, a diaphragm causing vibration

due to sound waves applied thereto, in which a center portion has a moving electrode,



portion has a desired step difference. The bent
portion, which is positioned between the center
w@eorwiogra7and t he peripheral portion of the di aptir/aRpev7/053978
fixed to the supports, is defornmed due to residua
stress of the center portiongof the diaphragm hence,
it is possible to release the residual stress of the
center portion of the diaphragm and it is possible to
an{l ndentpatioh s farmped endiextofided; dutwiardhroiche centerpproon.tand a
center portion of the diaphragm which is greatl
platefityrofesdpphres wiiick supndrivhe péataapd the dentparéomof thhmga,lphiragm in
is possible to produce a highly sensitive condenser
such & eyhhaeanhingapds forhiedbestecnrttie fixetl elpétraigrandithe moving
addition, the plate can be forned using the third
eldcklode. | Acddrtingakes powitie af foihe Higlabtermtid diapRragantwhose bent
portion of the diaphragm are produced by way of the
pott@srRdsi 0desEd §tbg diffdrétefl | e bRYRtior, twhich RBRSItidhed between
sinmplify the manufacturing nethod of the condenser
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i nvention, a condenser m crophone includes a plate
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.the conventional | y- known di aphragm whose peri phery is
dl@ﬂ‘l"?%i y fixed in position. This increases the

.variabl e capacity of thegcondenser mct one;. hence
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condenser m crophone, _In_the above, ‘iﬂge i aphr E(gs X
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are fixed to the supports, and another pair of
ofghp tid Blosdgsca itds possible to simplify the manufacturing method of the

condenser microphone.

In a third aspect of the present invention, a condensgr microphone includes a
plate having a fixed electrode, a plurality of supports for supporting the plafe, and a
diaphragm having a moving electrode, which is positioned opposite to the plate with
an air gap therebetween, wherein both ends of the diaphragm are supported by the
supports, and wherein the diaphragm is partially deformed due to vibration caused by
sound waves transmitted thereto. That is, the free ends of the diaphragm are
displaced due to sound waves with a relatively large amplitude, which is larger than
the amplitude of vibration occurring in the conventionaliy-known diaphragm whose

periphery is entirely fixed in position. This increases the variable capacity of the



positioned free fromthe supports so that the
di aphragmis bridged across the supports. In addition,
wo b@7adaEphr agm has a pair of springs, which arBCWaR20G7/053978
and expanded in a bridging direction fromthe center
portion of the diaphragmto $he pair of opposite ends
fixed to the supports so as to absorb residual stress
of the center portion, by way of deformation thereof.
copgnspemigsprhoneh Rencg bﬁn@ﬁ?lh% tg AmpEOVSTthe SrROSHIVAR I Shpneangdenser
defined by short sides and | ong sides, wherein the
micenpfosedes lie in a bridging direction fromthe center
portion of the diaphragmto the pair of opposite ends
f i xedntthe abtnvestspidapheagnt hasceirictangwlar shiape i which a pair of
t hree-di nensi onal |l y crosses the di aphragminwardly of
opphsiteaids aod fingbogh¢ suppods, dnidaadtheopainef epymsite £8ds &e
that a pair of opposite sides of the plate is
popitivntd duee droab thesupratsdioghitrthg diaphhgpnis bridgeacrbssake supports.
fromthe supports. This avoids the occurrence of
 Ineldértiohpthiealiaphra@pasd A paic of feingsewhichard wxed iddxpaided in a
t he di aphragm and the plate. This greatly reduces the
britpeipadigedi on FRE tHeYoentdh b6Mionof fiRd digplaagado diwepdiPoSeppasite ends
waves applied to the condenser m crophone; hence, it

fideR) tBUBS PpBrtl Qo b MUELIBAISA REESS ofithe certgd®tion by way of
condenser "m crophone. Furthernoire, the width of the
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diaphragm and the plate. This greatly reduces the unchanged capacity, which is not
changed due to sound waves applied to the condenser microphone; hence, it is possible
to improve the sensitivity of the condenser microphone. |

Furthermore, the width of the diaphragm between the other pair of the
opposite ends is reduced as it departs from the pair of the opposite ends of the
diaphragm. Since another pair of opposite ends of the diaphragm is positioned free
from the supports, the residual stress thereof is effectively reduced, whereby it is

possible to prevent the other pair of opposite ends of the diaphragm from being

slightly lowered in position.



IA;, FIG 1Cis a plan view show ng the sensing portion

of the condenser m crophone in which second and third
wapaceraTare excluded fromthe illustration of PEN@20018)53978

FIG 2A is a cross-sectional view taken along line Y-Y

in FIG |IA FIG 2B is a crdds-sectional view taken

along line X-Xin FIG |IA FIG 3Ais a plan view for

expl aining a first st of a manufactur.li % net hod of

t he condensePHEEEHORE HENDOFIEIE DRAWINGS. sect i onal
view taken along line Y-Yin FIG 3A; FIG 3Cis a
cr os§ ISt iinn alanviehshakias 2 aprsieg PotHenRf % cppdguses, migpephone
FIG 4A is a plan view for explaining a second step of
in peeordanea et 4 firi gmbedintut of the ipeeseniig@ertam; i cr ophone;
FIG 4B is a cross-sectional view taken along line Y-Y
i n FIREG HAis #plan vgy slyoveing theswensiag odial ofithe vortdehesn
along line X-Xin FIG 4A; FIG 5A is a plan view for
miergphanaimyghichtaplaie ast epppotts tieexvhnlet fodm thenfjustedtivadf #F1G.
the condenser m crophone; FIG 5B is a cross-sectional
1Asi ew taken along line Y-Yin FIG 5A; FIG 5Cis a
- cross-sectional viewtaken along line X-X in FIG B5A;
FI G F6. 16 isia plaarvists showiag tiexgehsingipogicn dfaks téhdehep of
t he manuf acturing nmethod of the condenser m crophone;

miktdphofiBin WhithGeOs st 8 Ghird Bstlceidiaedet @A 2R Mgk HluSiatibn of
in FIG 6A; FIG 6Cis a cross-sectional viewtaken

Flgl p®g line X-Xin FIG 6A; FIG 7Ais a cross-sectional
wewtaken along line BI-Bl in FIG 8, FIG 7Bis a

Cr OSFIGLTA 98 Rlos¥ ks ohAKEEY @Al&ﬂ%ldﬂg‘]ﬁlepi’ YA FIG, s 8
FIG 8 is a plan view show ng a condenser ni crophone
i n aqger d8RCE cWstBedional view taken along line X-X in FIG. 1A;
FIG. 3A is a plan view for explaining a first step of a manufacturing method
of the éondenser microphone;
FIG. 3B is a cross-sectional view taken along line Y-Y in FIG. 3A;
FIG. 3C is a cross-sectional view taken along line X-X in FIG. 3A;
FIG. 4A is a plan view for explaining a second step of the manufacturing
method of the condenser microphone;
FIG. 4B is a cross-sectional view taken along line Y-Y in FIG. 4A,; |
FIG. 4C is a cross-sectional view taken along line X-X in FIG. 4A;
FIG. 5A is a plan view for explaining a third step of the manufacturing method
of the condenser microphone;
FIG. 5B is a cross-sectional view taken along line Y-Y in FIG. 5A,;
FIG. 5C is a cross-sectional view taken along line X-X in FIG. 5A;
FIG. 6A is a plan view for explaining a fourth step of the manufacturing

method of the condenser microphone;



second enbodi nent of the present invention; FIG 9 is
an enl arged cross-sectional view diagranrnatically
W@ h@mopry7t he structure regarding a bent porti oPCDIP2807/053978
di aphragm i ncl uded i n the condenser m crophone; FIG
1CA is a plan view for explailning.a first step of a
manuf acturing nmet hod of the condenser m crophone; FIG

1B is a plan view for explaining a second step of the
nmanufE&t @g iihe crassertional wipw taken rnerﬁf&mﬁlsﬁéé; FIG
1CC is a plan view for explaining a third step of the
manufld6t 65 iy crasssertionnl iew t@@n@gﬁ@émﬁi@i upﬁgin 8A;FI G,
10D is a plan view for explaining a fourth step of the
manufiE6t BAiing crossisedionhl vigw tden inenB tBdpindile; 8;F1 G
1CE is a plan view for explaining a fifth step of the
manufRIGt UBiisng crassi3ediont! tibw takenddomgdined brAdpindii6; 8;FI G
10F is a plan view for explaining a sixth step of the
manufEIGt 81id mglanetiée dhobing heondendenaerophote dp hcovedankd Gith a
106G is a plan view for explaining a seventh step of

 sethirl smpbodimehtisf the prtfagveatiohhe condenser ni crophone;
FIG HAis a cross-sectional view taken along line

B4- BATGN9 H 4n edi@red WRis§-RedtidnbliSashy [dtdgr@xilagitallydhotvirgs the

first step of the manufacturing nethod of the
stRREERSBFThE h BRRGRRIon b dikbiBal®: iﬁclﬁ&&ﬁﬁtﬁe ebhd¥AHr
e

vi ew for explaini'ng the second step of
m bacturing method of the condenser mcrophone; FIG
H Cls a cross-sectional view for explaining the third

step @i, 158 iR PHhAGIW RS pIREREY 124 stdpSofGARIRNEGlring method

m cr ophone;
of the condenser microphone;

FIG. 10B is a plan view for explaining a second step of the manufacturing
'methdd of the condenser microphone;

FIG. 10C is a plan view for explaining a third step of the manufacturing
method of the condenser microphone;

FIG. 10D is a plan view for explaining a fourth step of the manufacturing
method of the conden_ser microphone;

FIG. 10E is a plan view for explaining a fifth step of the manufactﬁring
method of the condenser microphone;

FIG. 10F is a plan view for explaining a sixth step of the manufacturing
method of the condenser microphone;

FIG. 10G is a plan view for explaining a seventh step of the manufacturing
method of the condenser microphone;

FIG. 11A is a cross-sectional view taken along line B4-B4 in FIG. 10A, which

is used for explaining the first step of the manufacturing method of the condenser



FIG 11D is a cross-sectional view for explaining the

fourth step of the manufacturing nethod of the
w@omndeomer m crophone; FIG 1IE is a cross-secPCDm007/053978

view for explaining the fifth step of the

manuf act uri ng net hod of the jgondenser m crophone; FIG

HF is a cross-sectional view for explaining the sixth

step of the manufacturing method of the condenser
miktaphopdione; FIG H Gis a cross-sectional view for

expl ai ning the seventh step of the manufacturing

met hadGof1B e @oscentetal viesv fiplkapRinifgd fhe séébhd steppof the

cross-sectional view taken along line C4-C4 in FIG

maffactiiiCiiethsd US 6@ dodHespnadropiighet he first step of
the nmanufacturing method of the condenser microphone;

FI G F@B|1Gisa Gb&Ssecistd] vadtor\ekSMidiRg tHtRird! bﬂ&b R thehe
second step of the manufacturing method of th

mSRIHRRSEY mBineh 9P BRN@ndGiGr miGEphdhed Cr 0SS- secti onal

view for” explaining the third step of the

manueel v i, FBLNaisheI WGy SRNASIRERE MbRRR OB or BIS

12D i's a cross-sectional view fo exp aining t

m%@#%%ﬁké@&?ﬁh%g&ﬂ% %F%Fhl%rﬂjg [ srggt E?gsgf ségfl onal
vi ewfflgrlleé(ﬁlaacrg ns% ﬁg aIRI fv& H)r lgln%g {hlgqifth tep of t
549 LTiemel e g

manuf act uri ng ITE e con nser-m~cro
| th th
mapd i R T B PR @S@ﬁ%ﬁ%&ﬁ B¢ ﬁea'cg'nggnse? o
FIG 12G. L f
oxpl dhe B Fﬁecr%%vs&ﬁ?ﬁ'@ww §F SBtinn e sithFicngT e
met hod. of the cg denser m crophone; FIG 13A is a plan

m%‘i‘@% Q ENSCHIEGIS e in accordance wth

a variation of t he second, enhodi nent, of the present
| nverﬁlﬁo}ﬂlG is a cross-sectional view for explaining the seventh step of the

manufacturing method of the condenser microphone;

FIG. 12A is a cross-sectional view taken along line C4-C4 in FIG. 10A, which
is used for explaining the first step of the manufacturing method of the condenser
microphone;

FIG. 12B is a cross-sectional view for explaining the second step of the
manufacturing method of the condenser microphone;

FIG. 12C is a cross-sectional view for explaining the third step of the
manufacturing method of the condenser microphone;

FIG. 12D is a cross-sectional view for explaining the fourth step of the
manufacturing method of the condenser microphone;

FIG. 12E is a cross-sectional view for explaining the fifth step of the
manufacturing method of the condenser microphone;

FIG. 12F is a cross-sectional view for explaining the sixth step of the



FIG 13B is a cross-sectional view taken along |ine
B7-B7 in FIG 13A; FIG 14A is a plan view for
wezpradning a first step of a manufacturing nepdiDaP2067/053978
t he condenser mcrophone; FIG 14B is a plan view for
expl ai ning a second step of jghe manufacturing net hod
of the condenser m crophone; FIG 14Cis a plan view
for explaining a third step of the manufacturing
mamefdvtting methed obthdenndensai miaspiplome; FI G 14D is a plan
view for explaining a fourth step of the manufacturing
met h&GoR2G e wossdentienal vicy fpleapkinify (e stvdhth step of Khen
view for explaining a fifth step of the manufacturing
mdmRifivodingf méthed obthdanadenset miappione; FI G 14F is a plan
view for explaining a sixth step of the manufacturing
met h@Gof3 A ke glandrpsdiowihg 4 opidenssr thikfaphdhédin &cardance with
cross-sectional view taken along line B8-B8 in FIG
a veiAtiodNBT Gl skondsthddaheddtltiad prekegt il@nfion;st st ep of
t he manuf acturing nmethod of the condenser m crophone;

FI G FBBIIBist &baSSrassdlivaiiitakeh BWnE tine BIPBRIAFIG 13
second step of the manufacturing nmethod of the

condgngef4 ANs QRDRSy o 'et‘ﬁﬂlaﬁéx% b Bir s ?ﬁg'ﬁﬁﬁl‘ﬂ&lﬁﬁ{g method

view for explaining the Ird step of

Ofﬁ%&q@gﬁ%;hﬁ&ogﬂ&od of the condenser m crophone; FI G

a cross-secfional view for explaining the

four tIﬁG.S{A?@ isog %IIBJE 9ie@?fbﬁfe&ﬁfa¥ﬁ¥? g&%ﬁ@ QQE A tﬁéﬁanufa?uring

condenser mcr one; Cross-sectiona

' | ainin fifth s f th
m%ﬁ%?é@%ﬁ%ﬁe@%%%%g%ﬁ@%i Ihet coﬁfﬂgﬁsgr En gr ophone; FIG

o B C KRS RS extlafithd £ RPH R iRl
method of the condenser microphone;

| FIG. 14D is a plan view for explaining a fourth step of the manufacturing
method of the condenser microphone;

FIG. 14E is a plan view for explaining a fifth step of the manufacturing
method of the condenser microphone;

FIG. 14F is a plan view for explaining a sixth step of the manufacturing
method of the condenser microphone;

FIG. 15A is a cross-sectional view taken along line B8-B8 in FIG. 14A, which
is used for explaining the first step of the manufacturing method of the condenser
microphone;

FIG. 15B is a cross-sectional view for explaining the second step of the
manufacturing method of the condenser microphone;

FIG. 15C is a cross-sectional view for explaining the third step of the

manufacturing method of the condenser microphone;



manuf acturi ng nethod of the condenser m crophone; FIG
16A is a cross-sectional view taken along |ine C38-C8
WO R00FGE47A4A whi ch is used for explaining the PCT/$R2007/053978
step of the manufacturing nethod of the condenser
m crophone; FIG 16B is a crngss-sectional view for
expl aining the second step of the manufacturing nethod
of the condenser mcrophone; FIG 16Cis a
cr 0s §16etiD treadross-sntidmal viowp fatiexplagning thetthiutl step of thef
t he manuf acturing nmethod of the condenser m crophone;
mdauGctirtiip insthad of tesosdaiseomadrophiang; f or expl ai ni ng t he
fourth step of the manufacturing nethod of the
cond@n&et SHriscr @pdsaseetional Gewl filr ekplaming theSifthexttp offtht
view for explaining the fifth step of the
mdRftt@ti ghinethd d € tHadndénsehaiqropldeeser m crophone; FI G
16F is a cross-sectional view for explaining the sixth

st ep MG, t§eispdbdsattidral gickefor efpiniid e Gbill ep OF the
m crophone; FIG 17A is a cross-sectional view taken

mﬁlt&aﬂﬁuﬁﬁé‘&eﬁiod -oAhd ddnlitfzer Adophdde; 17B is a

cross-sectional view taken al ong line BI-Bl in FIG

18A, ﬁbﬁﬂ%&%sﬁs&b@ﬁhl%&%ﬁ@ﬁ‘éﬁdﬁ% 1ﬁle<z§mé§ra§ﬂe 1f4A which

m crophone |n accor ance wth a third enbodi nment

N
s 1 B SRBR SR S i R 106 e
cra ect| onal view showi ng that |ong-side ends of a

S EpRr gm ncl uded in the condenser m crophone are

;r;xgﬂﬁ i el oSt s
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manufacturing method of the condenser microphone;
FIG. 16D is a cross-sectional view for explaining the fourth step of the
manufacturing method of the condenser microphone;
FIG. 16E is a cross-sectional view for explaining the fifth step of the
manufacturing method of the condenser microphone;
FIG. 16F is a cross-septional view for explaining the sixth step of fhe
manufacturing method of the condenser microphone;
FIG. 17A is a cross-sectional view taken along line A1-Al in FIG. 18A;
FIG. 17B is a cross-sectional view taken along line B1-B1 in FIG. 18A;
FIG. 18A is a plan view showing a condenser microphone in accordance with
a third embodiment of the present invention;
FIG. 18B is a cross-sectional view taken along line B2-B2 in FIG. 17B;

FIG. 19A is a cross-sectional view showing that long-side ends of a diaphragm



FIG 2 1 is a perspective view diagrammatically

showi ng the di aphragm the center portion of which is
W@ 0079747 conpari son wWith | ong-side ends therkClH/JPBITRS3I78

22 is a cross-sectional view for explaining a design

nmet hod for the determ nationsof the short-side width

of a back plate included in the condenser m crophone

based on the SINratio; FIG 23 is a graph show ng the
incledat inche hopddne¢rvmiernphhee sle@utved; de wi dt h of the back

plate and the sensitivity of the condenser m crophone;

FI G H&. 19B & ghagtonsdl audtiogal viewnt sltent dl anpslinaB DE3vwa &G, 19A;

the short-side width of the back plate and the S/ N

rat i Iof 20A6s £ erndepstiondlvisw pheniag thitGhoRsieichdaopihan

view for explaining a first step of a manufacturing
difpthad 1 luddiEinGhe et tler Micophti e ciived; 25B is a plan

vi ew for explaining a second step of the manufacturing

net hqdbob hea EERAMNIE REcti¥nal ARRAAEN dibsz 1idR4B% id RIGAZ0A;
view for explaining a third step of the manufacturing

et hggaohy wgp&egiﬁvé lewhiaLARRERARANT Siawid thd Sagublthe
Vi ewforfexpl aining a fourth step of” the manufac urI ng
. andg JeleTelal=) : an
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thgfbaékhgla{:eoarhcclletﬂg ggnsitivity of the condenser microphone;

FIG. 24 is a graph showing the relationship between the short-side width of
the back plate and the S/N ratio of the condenser microphone;

FIG. 25A is a plan view for explaining a first step of a manufacturing method
of the condenser microphone;

FIG. 25B is a plan view for explaining a second step of the manufacturing
method of the condenser microphone;

FIG. 25C is a plan view for explaining a third step of the manufacturing
method of the condenser microphone;

FIG. 25D is a plan view for explaining a fourth step of the manufacturing
method of the condenser microphone;

FIG..25E is a plan view for explaining a fifth step of the manufacturing
method of the condenser microphone;

FIG. 25F is a plan view for explaining a sixth step of the manufacturing



m crophone; FIG 26B is a cross-sectional view for

expl aining the second step of the manufacturing nethod
wo@toorierscondenser mcrophone; FIG 26Cis a  PCT/JP2007/053978

cross-sectional view for explaining the third step of

t he manuf acturing nmethod of tehe condenser m crophone;

FIG 26D is a cross-sectional view for explaining the

fourth step of the manufacturing nethod of the
methediefithecondansepinémephdBE G, 26E is a cross-secti onal

view for explaining the fifth step of the ‘

manufE6t 205G iga planhaeiv 66t exhrinog d eersnth faucthepirofahe FI G

26F is a cross-sectional view for explaining the sixth
matdpctafing method offtiae tandensgr me¢roplboref t he condenser

m crophone; FIG 26Gis a cross-sectional view for

expl &HIa PEA ihecroes-esttionsltvepy tdkeh htongdinefBH:BArin FHG. 25A, which

nmet hod of the condenser microphone; FIG 27A is a
is GEEISRr 88slhindpathe fir&widpadfahe Aladifycluring n{¥hdPof the Ebkdenser

25A, which is used for explaining the first step of
micesphapeuf act uri ng net hod of the condenser m crophone;

FI 27B is a cross-sectional view for expl ai ni ng the

secondGshem 4 cid3I§ sERRUAIREEW To S piRhing thedechbhstep of the
condenser m crophone; FIG 27C is a cross-sectional

mé{ﬁlﬁ?%tt\ﬁﬁ%ﬁféﬁioﬂ' g cddienderinfithoph&R; Of the

manuf acturing net hod of the cohdender nicrophone; FI G

27D IHGRBEIRFoREE AR Mé\s%xf%@@ﬁg?&ég@ﬂgﬁgﬁ%m

fourth step of the nmanufacturing _
e e

oDt S8 TR0t e U PGS AR T
mgxtluefgctgginé pneethod of the condenser microphone;

FIG. 26E is a cross-sectional view for explaining the fifth step of the
manufacturing method of the condenser microphone;

FIG. 26F is a cross-sectional view for explaining the sixth step of the
manufacturing method of the condenser microphone;

FIG 26Gisa cross-sec’;ional view for explaining the seventh step of the
manufacturing method of the condenser microphone;

FIG.27Ais a cross-se;ctional view taken along line C9-C9 in FIG. 25A, which
is used for explaining the first step of the manufacturing method of the condenser
microphone;

FIG. 27B is a cross-sectional view for explaining the second step of the
manufacturing method of the condenser microphone;

FIG. 27C is a cross-sectional view for explaining the third step of the

manufacturing method of the condenser microphone;



manuf acturi ng nethod of the condenser m crophone; FIG

27Gis a cross-sectional view for explaining the
waewen9a7st ep of the manufacturing nethod of tPer/JpP2007/053978

condenser m crophone; FIG 28A is a cross-sectional

vi ew showi ng the constituti gy of a condenser

m cr ophone in accordance with a variation of the third

enbodi nent; FIG 28B is a horizontal sectional view

t akerFIG 2y id 4 cresBitiBhalview 63 @pladdng thendurth Sep2d thes

a cross-sectional view of the condenser m crophone, .
mavuifadturing mshdd fod thecogmidanser ndcraptoneor probl em wi th

regard to the di aphragm BEST MODE FOR CARRYI NG OQUT

THE IFYWENE {9 dibss-gpcased tvidvn ferekplaining thie fiféh step of iheed

in further detail by way of exanples with reference to
mAEaRGE RSy d R tiy edMdegsr microphdret Enmbodi ment A fir st

enbodi ment is directed to a condenser m crophone,

i . €. FI8. 371 {sG0o&ARAGLAA VidW rRRPlAREng tMaisbhh isep of the
produced by way of a sem conductor manufacturing

mﬁ{tﬁ&&é&lag M@ﬁfo@id?_tﬁ@éﬁ}thérMi%?m&E ed to a di aphragm

via a plate and is thus converted into electric

S 9Ny ofth R o LARs-SLéRondt Vied {)@ﬁipiﬁg ﬂ%“é%%ﬁthl%féﬁﬁﬂe

portion of a condenser m cropho pecifically,
ot i i tPaRs i BBl VoSG et o)
X (R R SRRt SeRen g ipd PRkl (AGRBRATS copfbscr
mfiriatgph ot et Beb et TB8RbL AR ke PBod O nenser
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of FIG IA FIG 1Cis a plan view of the condenser

arg crophone 1 in which a third filmform ng a second

. spacer. 6 _and third spacers 9 i s ex¢luded fromthe, ., .
i 11 usilGa29 éve gosspestiopgd view of the condenser microphone, which is used

~ for explaining a minor problem with regard to the diaphragm.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be described in ﬁlrther detail by way of examples
with reference to the accompanying drawings.
1. First Embodiment

A first embodiment is directed to a condenser microphone, i.., a silicon
capacitor microphone, which is produced by way of a semiconductor manufacturing
process, wherein sound is transmitted to a diaphragm via a plate and is thus converted
into electric signals. FIG. 1A, FIG. 2A, and FIG. 2B show a sensing portion of a
condenser microphone 1; specifically, FIG. 1 is a plan view, FIG. 2Ais a

cross-sectional view taken along line Y-Y (showing a Y-axis direction), and FIG. 2B is



(a) Multilayered structure of sensing portion The
sensing portion of the condenser m crophone 1 has a

woreioriopager ed structure (or a | am nated structPCBEYP2007/053978
including a substrate 17, a first film a second film
athird film and a fourth fi§ m The substrate is
conposed of nonocrystal silicon. A cavity 16 is forned
in the substrate 17 in._order to reduce_the pressure

a b sectignal v tafren aloagdingpfaghewingian P&aer@@ﬁl%)- FIG. 2B
opposite to the progressing direction of sound waves. i

shotwe the eismity b deteeting prstipaof thg condansé hierephepeded FEE. 1B is
silicon dioxide, which is deposited on the substrate

a plan view of the cepdenser mi@ropkione f in svhiaky aypldteld/andeamfosiribfiilnhe
first film supports the second fil m above the

fosmhgt supp@t<l 0 ae ekblatedfromi the ghptragor of Fiétl 18et Wd6en1€ fea plan
di aphragm 12 and the substrate 17. The second film

vigdvi offthé Gondepses hii@dphonet hin which & third fijm ifernéing aseeoaidi specer 6
thin filmconposed of polysilicon doped wth

arld it ishARss FBlicRcRged Rogpiheillsstiafidn ol RKG. dBaphr agm 12,
which 1s formed by neans of the second film forns a

NRY RN aRIr&C ithaf@e ofBémsing/pdifieh es due to sound waves
applied thereto. Guard electrodes 21, which are forned

by megnssefking PErRRACHRHe Eédd¥hs@ nBcpR&RAT s halilhpdrby
at the sane potential with plate joint portions 4,

stﬁ%igfgg i((\tmed dllagﬁl‘?dttﬁcgﬁﬂcm@)jinlcﬁfdﬁ{g a sUbStriBi1 da fiid !ﬁ‘higln?a second film,

rst"filmvia the second fil

aﬁim@g{qaﬁg#ﬁ‘.ﬁﬁ{ﬂt film the third filmis an

I'nsu m conmposed of silicon dioxide. The

£ SCOngh g ARSEL b APSRArIR o B SRAFSBD. ABLER B fppca i
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- di aph 12 the plate.3 i t to 4 ,
o fhPeimett oy P Pedueni d5or ek kness of
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spacer 6 _and is conmunicated with .cavity. 16.
dep%sited on the substrate 17. A first spacer lb, wﬂf?:ﬁ is f%rmeg by means of the

first film, supports the second film above the substrate 17 so that an air gap is formed
between the diaphragm 12 and the substrate 17.

The second film, Whi(;h is deposited on the first film, is a conducti§e thin film
composed of polysilicon doped with impurities such as phosphorus (P). The
diaphragm 12, which is formed by means of the second film, forms a movable
electrode, which vibrates due to sound waves applied thereto. Guard electrodes 21,
which are formed by means of the second film, are placed substantially at the same
potential with plate joint portions 4, which will be described later.

The third film is deposited on the first film via the second film. Similar to

the first film, the third film is an insulating thin film composed of silicon dioxide.



The fourth filmis deposited on the third film
Simlar to the second film the fourth filmis a
wa@omdugidirve thin fil mconposed of polysilicon POpaeR007/053978
with inpurities such as phosphorus (P). The plate 3,
which is fornmed by neans of t%he fourth film fornms a
fixed electrode, which is positioned opposite to the
di aphragm 12. Supports. 10, which are formed by nmeans .
Thsrsepord sRaget hand Yhathizd epacersPe tvhigh a5p fysneddysperns obthe third
the opening 13, wherein the tip edges of the supports
filng spprgrethe foula fidm o thaian dirtgap ivfemied fetvaen thmdipphragm 12
second spacer 6. (b) Mechanical structure of sensing
andar plaeB. THEheddistpiwedpiwded the dphegtmahjandithe fpldterd whset ¢o 4 um
two sides are fixed by nmeans of the supports 10 and
ortsoewhivhrstibstpaitelyscoresprohda te thealiekaehs iofi theakird ifibm, forekaleple.
of the opening 13 so as to entirely cover the upper
por t i An opénihp &3 éafortyd IbrunSheaich itlafitsy spactel ®aral the second
provided two third spacers 9 that join the supports 10
spabdt 4 hiel dicophiadmtdPwhb tlascavityheang down t he di aphragm
12, as follows: The third spacers 9 are fornmed by

nMeansTkY fir@SHf 0 Qepdraed on @he thire i, r BifhilbiMotBe S&doh@ #ilm, the
in proximty to short sides of the diaphragm 12. That

folufth f1REis A QMRAUHHE HRE FBmAonifd8ed f polyfiRaiLIched wifl impuiRies
di aphragm 12 such that they are positioned’in

sueh %ﬁ bgiﬁ%lpm T(iny«!o BOFIhteS, ABFcHRR Thiinh QN ImORRAIT thEfdufth film,

eac he tip ends of the supports 10 correspond

fohﬂs B4 reﬂ&ﬁ%?@,%ﬁléh %fpotsﬁﬁ)n ?P%}SJ&KE d fﬂe%&lﬂﬁ%%nt? q ?g n Supports

e upper surfaces of the t spacers 9.7 T

t
l(f, %i&? Rr%rfolsrﬂ&{ %?S}%ﬁ‘ég ofthE f&ﬂhﬁ?gﬁ @gé;f;(‘) Sed al @ﬁﬂt?)ﬁfé@ §ides of the

ower surfaces supports atter

f ' . the. il '
o PAih, b i SRR e el p ) FlproRcf bl fly sqwand the
. tensi Jrg di rt ction,renni Es in the diaphr agm 12. When
ORI B‘RF’ag‘FnSi?n%P%"Sﬁ racted due to tensile stress,

gg%%g i.s .exerted on the | ower surfaces of the third
B argjcal Sfreture ofSepsing BHY00f t he supports 10

b 'n' Shediphieael? Rt HOLT pRaTLSostes are Sixdd By means of
the supports 10 and the third spacers 9 and are lowered in position inside of the
opening 13 so as to entirely cover the upper portion of the cavity 16. Specifically,
there are provided two third spacers 9 that join the supports 10 and the diaﬁhragm 12
so as to hang down the diaphragm 12, as follows:

The third spacers 9 are formed by means of prescribed parts of the third film
deposited in proximity to short sides of the diaphragm 12. That is, the lower surfaces
of the third spacers 9 join the diaphragm 12 such that they are positioned in proximity
to two short sides positioned opposite to each other. The tip ends of the supports 10
correspond to prescribed parts of the fourth film deposited on the upper surfaces of the

third spacers 9. That is, the upper surfaces of the third spacers 9 join the lower



and the third spacers 9 are easily rotated or bent
about the joined portions at which the wall of the
W@ ewang743pacer 6 (defining the opening 13) joi PGT/gIP807/053978
supports 10. Suppose that the supports 10, the third
spacers 9, and the di aphragm@2 forma single
structure. Such a single structure is bent at both of
e upper surfaces and | ower surfaces of the third
Su%g 9 SEPRMt§a0ed i n the thickness direction of t he
di aphr gm 12, Herein, forces applied.to the | owe
sur f alsbatisr the formationjofihs seqonddilm, avhich foras thﬁchmmgm 12, an
stress of the diaphragm 12 are exerted in directions
intenes Hitergalgrase dpnlied és 2 tapsile Rirggtonfremginshie theolippyagm 12.
portions, at which the wall of the second spacer 6
When the digphlhémo}(i’ela iconjratByl Jusitasenste seesspofaree EExetted eththe
| oner surfaces of the third spacer 9. That is, the
lotver swfacep pf tledhird spavers| owsinsthé sipesdobf thheuppdrtsd 0 project
spacers 9 nake the third spacers 9 rotate about the
froraithejbipal portings ofthe wévoad spaver G b caftilevie nsamern) the supports 10
spacer 6 joins the supports 10, thus bending the
arglUpe it d spdersAears banily rbtatdd! do.bertabduld thel joined Pattiont bE®hich the
of the diaphragm 12 may be partially rel eased when the

whlDbf thedea6a1 Spader @Gdaﬁﬁmg@hé 6}%:111{ B3)SORR @Hd $u ﬁ@rt@[(? Suppose
bent. In FIG 2A5 dotted |ines show an |n|t|al state

thQﬁL@ KEppdits 1014HeY that sﬁacew affl tHe@aphraPRI1296 nk 4 siri¥le structure.

rel eased. Whén a relativel'y high internal stress
Sl,g:ﬁa Gihed strilcfird ﬁ%hﬂ £ b (ﬁoché g%] er'sBPBE Sl Towdi&urfaces of the

phragm 12, in other words, en a relatively hig
h
LS OLI GRSl AR ket Ak ORDAYBAZ: 11 e,
fo?ées%ﬁpﬁ%(& i ﬁ’;@llo\;}é}r a@egﬁgltl?edthira% géegs |dﬂe {mﬁa t@l?)ﬁfg‘tress of

I'nvention, since t e condenser Crop one
RO 1390 EFLERTLOR 05 1A ORLe! SRS LD o
iSRS TR B BBl St Pl e 9
e T
G0 B "lpw'@? SRS A 'ﬂére @%5 it e B Qo
abacl)rufthrglc;){]r}egl p%?t(ljorrsr Steth}Tt%te v:/aSL’II of tge secon((ji spacer 6 joins the supports
10, thus bending the supports 10. As shown in FIG. 2A, the internal stress of the
diaphragm 12 may be partially released when the third spacers 9 rotate so that the
supports 10 are bent. InFIG. 2A, dotted lines show an initial state before the internal
stress of the diaphragm 12 is released. When a relatively high internal stress (exerted
in a tensile direction) remains in the diaphragm 12, in other words, when a relatively
high tensile stress is applied to the diaphragm 12, the diaphragm 12 is difficult to be

deflected irrespective of an external force applied thereto. In the present invention,

since the condenser microphone 1 has the structure for releasing the internal stress of



with the foregoing condenser m crophone in which the

peri pheral portion of the diaphragmis entirely fixed
WO p00pogidr: on, the present enbodi ment offers a PCTNE007/053978

anplitude in the deflection of the diaphragm12. In

addi tion, the supports 10 ariti t he di aphragm 12 have

di fferent hei ghts nmeasured fromthe substrate 17. In

her words, the supports 10, the third spacers_ 9, and

th% ﬂ@pbxagmw}?aéhe diaphigemy 12 ig 5@%@&@@%@ dug to sremal forcanppiied

at both of the upper surfaces and | ower surfaces of
thengto. t Hihatliss Brconderserminiophoag 1iaf thépreserit erpbediment has a high

direction of the diaphragm 12. This increases the
sepsifivity betauss of the intiregshd amplitude dlithetdiapgwegrd 13rdus susand

applied thereto. Incidentally, the present enbodi nent
pressarebe nodified in such a way that only the |ong sides

of the diaphragm 12 are fixed in.position,

al t erfetpresny embbdintintislvhagmetiZechmsthat ey thresshettajtes ofithe

shown in FIG 1A the diaphragm 12 and the plate 3 are
dibpliralged 2 evefixédbutstie bing skjeaasy mBintdinedfirenl | That ispsanpged

directions. Specifically, the diaphragm 12 traverses

with eheOBRIFoltE cohdbikefnflérbflidneGn whddtathk @eripRerbNROrli OGS the

sides thereof, while the plate 3 traverses the opening

didphrhgin @ S8 fi:000 iRPoAAGH | the!pREert @nitdaith&R Gt IeH gRér
{iiﬁg %}Faphragﬁn’t 12. T%g Iong s?des of the plate 3 arge

axﬁ#lﬁﬁ&’e inant Bensaeand M&ﬁﬁa@n'l@ She Qdcﬁh&‘@%h& E&iﬁpoﬁ@ €0 and the
ate joint portions 4 extended fromthe |ong Sides of

i tihe
ok, S AN SRR g
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AR50 SRR %ceapgahg Sy

BB BIEG Funal Pl Gﬁ?@%ﬂ 32 WibneiEr it 5
xBTS St ERA SRR 42 S s B HE ARRLbeB . (gidentaly
thg PresAR P g8 tE @éﬁ%’%@gﬁ B BN B IBRE pils ofthe
dlgllahsrggargcliez a?g tﬁ\)/(vgg Pn ltoct]s?tlo%l glt’uaernzrlj,twae?}gl the (%aphragm 12 has a square shape.

As shown in FIG. 1A, the diaphragm 12 and the plate 3 are bridged over the
second spacer 6 in mutually crossing directions. Specifically, the diaphaém 12
traverses the opening 13 in a direction parallel to the long sides thereof, while the plate
3 traverses the opening 13 in a direction perpendicular to the long sides of the
diaphragm 12. The long sides of the plate 3 are fixed to the second spacer 6 in such a
way that the plate joint portions 4 extended from the long sides of the plate 3 join the
prescribed portions of the second spacer 6.

The diaphragm 12 and the plate 3 are bridged over the second spacer 6

because of the following reason.



di aphragm 12 so that the maxi mumrange of detection of
sound pressure decreases correspondingly. In this
w@oiin9747t is preferable that the short sides PET/IFO07/053978
plate 3 be bridged over the second spacer 6, thus
making it difficult for theoplate 3 to be deflected.
In the diaphragm 12, the center portion causes a
relatively high anplitude, while the anplitude becones
smal [ebrdeptsindsasdihe hinphithdemf thodisphrigmt 12 dne tp lseurfd regsure,
portions of the di aphragm 12 serve as parasitic =~
it ie pRefelabrthst. thBiapkagai Ibd fieed auidicnt dbng ke lohg sielegthewof.
the width of the plate 3), which lies along the |ong
Whért@s phite 8 Redddieepidrdgno tRchvhatidataacionudzcentrghetween the plate
deflection), it is possible to reduce the parasitic
3 HRARAE HBRGEm 17) tiddkplh@inen oNtheeagheaeh 1D écasmabiinglally
as the oppositely overlapping area in plan view

ch? e}&eﬁlﬁ thOFraRInAE rah RN didpBacEind s faBEbghREROIEightly

[ Such a relationship provides an optinum val ue

deglfea%g i§4%'P5@§eit9 AW duf 108 DPBfel dibtOndeRpnée the Blatd Bandtiat
. pending on the optimum value of the wdth of the
dlfﬂr}]@%q%ré ?% .s% %?at a %&1%&?%1\%% 0? Ecg:e(g}cﬁltcﬁf sPuf@Prel&urt U¥&Ehses

on, alternativ ate 3 has a square
cop el 5 8IS pitiF WL RUPICRR e I SR OER Al be
briARR By 3o B et Bphin afingdEFFARE RPHic S IR defictea
Inght SRRAEG 105 eSTAI B BISSGARTRG T ALEC MR AHEILIR the
s pepi PR O oo DRGNP AL 1B Tsed o of

smal| percentage of the ener of _sound. (whi ch
the AspREEReS FRYGeS PREAD P FmRGHASCey BY P e Tehethof @y plate 3
.is transmitted into the cavity 16 via thef ext er nal
(ontheawidgs ofithe phatesph Méeh e alengeths [ongddgs ot therdiappem 12
Because, the cavity 16 is conpletely covered with the
(vdhiichptre sybieated fndeflestion), ittipposstla tp 15 BGslla PRERSItIC capacitance.
direction, and very small gaps are nerely fornmed | )
Inbeltiitioena nbise évebberames highsasshe appasitelyrayetlppging atgmin plan view
and the substrate 17 partially overlap each other in
between the plate 3 and the diaphragm 12 becomes small. ~Such a relationship

provides an optimum value of an S/N ratio with respect to the width of the plate 3.
Depending on the optimum value of the width of the plate 3, the short sideé of the
plate 3 can be fixed in position, alternatively, the plate 3 has a square shape.
Incidentally, numerous holes 5 are formed in the plate 3, and numerous holes 8 are
formed in the supports 10.

(c) Operation of sensing portion

Sound received by the microphone 1 is transmitted through the holes 5 and 8

so as to propagate into the opening 13. Energy of sound propagating into the opening

13 via the holes 5 and 8 is substantially consumed by causing vibration on the



pl an view. Herein, the overl apped areas between the
di aphragm 12 and the substrate 17 serve as resistances
wag@st47sound. The cavity 16 is sealed in a pRCRaRPE0OTHNS3I7S
process; hence, when the di aphragm 12 vi brates,
air-pressure vibration occurgginside of the cavity 16.
The air-pressure vibration may suppress the vibration
of the diaphragm 12. Hence, as the volune of the
dieplwiagiy 126 Hhavisps vérgsgeall geneensdge -of thessnergy ofi sonad (winiclhf
the cavity 16 is greatly suppressed. (d) Constitution
propagheésdata the opetihg OB viasths holes 5iandB) 63 traBmitiétbinto the cavity 16
di aphragm 12 is connected to a bias voltage source.
vieRRsbfibmal dras f3hs Baphragm Fl Gee owain Bl 2B, Bbdaube, itle
formed by the second fil mhaving conductivity,
cAVYNGE SoBpRady doverdl whthithe &i@gmglmbm ihReeve 6 RGofhd M
to the diaphragm 12. Al ead 1105 connected to aterm nai

p%gggaéf_& difeetid, afd velyisaga %Afw REEmbfelF M8 beEvdeR thdékternal

The term nal "1104 the bias voltage source is

A a@bié’c RN ﬁ{%tcﬁ&h]}ﬁé)grﬁ 1268 el A seR819 Phy dvEAS cach other in

ubstrate 17; "hence, both of the diaphragm 12 an

pl%g?ge%\{. ia; e;r%i%;hﬂfe%v@hg[%% AbasHLBFAhe aifag%{rr?lggxe{%iﬁ{ﬁ:tgﬁ substrate

erefore, no capacity Is

h [ b . h [
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formed, by the f.ourth,filmand i s _nat . iti.en .

oppo 3?13% Xﬁvétyﬁt? S gralpdiny Iﬁ%c%ﬁgl -t aoct%%wsé %gﬁéaef g?ljelg :&}ﬁ diaphragm 12

ortion 4 as well .as a pad 1 ale 7.-are. :
viRgirs A ita oo FRisyih.atdfs Bif ke 71 Spreeore
forped between the fourth fil nd t substrate 17.
vrhaaélqlxm%wa%ér@&lfv@&@& 0f fhe it 12 7 BeRet o5 fhestyme of
ends, of the opening,k 13, are conpected_together via a
thegayitp A6 beRaunds ge, 18 aHrresseje VIRGIOR ONG SEVEY & 1ogreatly
.the guard electrodes 2 1 and the plate 3 are connected
SWRPQ%S{S%r such that they are placed at substantially

the same potential. Specifically, an input term nal of

ate) Sipestivtionaf detegtingfosiion 101 (see FIG 2B), which

real i zes inpedance conversion, is connected to
As shown in FIG. 2B, the diaphragm 12 is connected to a bias voltage source.

Specifically, as shown in FIG. 1C, a lead 18, which is formed by the second film
having conductivity, connects a pad 2 (which is formed by the second film) to the
diaphragm 12. Alead 1105 connected to a terminal 1104 of the bias voltége source is
connected to the pad 2. The terminal 1104 of the bias voltage source is also
connected to a lead 1106 connected to the substrate 17; hence, both of the diaphragm
12 and the substrate 17 are placed at substantially the same potential. Therefore, no
capacity is formed between the diaphragm 12 and the substrate 17.

As shown in FIG. 1A, the short side of the plate 3, which is formed by the
fourth film and is not positioned opposite to the diaphragm 12, and the plate joint

portion 4 as well as a pad 14 and a lead 7 are positioned opposite to the guard



the plate 3 via a | ead 1100, the pad 14, the |ead 7,
and the plate j oint portion 4. An output term nal of
wo b@7oparati onal anplifier 1101 is connected tPCHIJRAW/053978
11 of the guard electrode 2 1 via a |ead 1102. An
anplification factor of the-gperational anplifier 1101
is set to "1". This places the guard electrodes 2 1
and the plate 3 at substantially the same potential.
clébhedé 21 swhiehacirmi® bémven theafouith filinanidribe sbistrate\l 7i s The two
i nserted between the guard electrodes 2 1 and the
gustbgbétasdes 27, whith ard foried Gn dothagads of thehpeni@g 31 e connected
guard el ectrodes 2 1 and the substrate 17. This

to%e’tﬂéﬁh& ¥ 142AL8N BB P aRRRN @)he ANm6ahiin FeG. 2B7Hhd fied
101 and the bias voltage source; hence, it does not

el&iRatanf had the p@&t& 8Gle EdiReSieM S dekidr Eictthat they &@piRRa Rk

mcr ophone 1. (e) Operation of detecting portion The
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vari ations of the plate 3. As described above, the
the same ReEANAY cr ophone 1 can produce el éctric signals in

response _to very small variations f the eI trost ti
capachﬁeaﬁ@éSHaG?%had’é‘%&@bWS’tﬂﬁBn%lF‘ d‘i’ﬁeiti ﬁtéf’e?ﬂ g‘e guard

plate 3. According to the condenser nlcro hone
elefarqdas Rband gre subsirate b7 dhagfosmingt paacityb ?tWée%l Fhé?pﬂﬂagb m
12 are converted into variations of electrostatic
elecipales 2hnoé thesubetratad @ t hhis cepari@rinistrenat betyyeersthe opprational
vari ations, based on which electric signals are
amplofiercld 61 med gtei hiss vaitagasowrre;dreacafit duws ndt bstentially affect the

sensitivity of the condenser microphone 1.

(e) Operation of detecting portion

The plate 3 is connected to the operational amplifier 1101 having felatively

high internal resistance; hence, even when the electrostatic capacitance formed
between the diaphragm 12 and the plate 3 is varied due to the vibration of the
diaphragm 12, a very small amount of electric charge existing in the plate 3 moves
toward the operational amplifier 1101. That is, it can be presumed that substantially
no change occurs in electric charges existing in the plate 3 and the diaphragm 12.
Thus, it is possible to extract variations of the electrostatic capacitance formed

between the diaphragm 12 and the plate 3 as potential variations of the plate 3.



(f) Manufacturing nethod Next, a manufacturing nethod
of the condenser m crophone 1 wll be described in
waleddiop74mt t h reference to FIGS. 3A-3C, FI GS. 4BRcHIP2007/053978
FIGS. 5A-5C, and FIGS. 6A-6C, wherein FIGS. 3A 4A, 5A
and 6A are plan views; FIGS.283B5 4B, 5B, and 6B are
cross-sectional views in a Y-axis direction; and FlIGS.
3C 4C 5Chand 6C are cross-sectional views in an X-axis
di r ecAs descrihed abatienthetcondensénrmicrephope dfcan peoduce electric signals
manuf acturi ng nethod shown in FIGS. 3A to 3C5 a first
infredponSe tb eay smgll aariatings lofi thengdectwistatic wapaitanderfgrmed bétween
first spacer 19) and a second film52 having
the diegphictgny il 2 ynéitte platpBsi tedowming tochs voridraser aficwphadeet,
50 (serving as the substrate 17); then, the second
vdriationSaf ssind pb¢seaicagplial tpaht diaphiagnsi? as coavdredinthariations
di aphragm 12 and the guard el ectrodes 21.
of&sidstatialchacitahdd, Gdichtire e ohSertRIAt pehtb vidions, based
entire surface of the nonocrystal silicon wafer 50 by

onAHichfel ®tas BBnSIe 6rd $roducéa RElat (e RORIHatiORs douRd pRlfure.
CVvD) thus formng the first filmb5 1 whose thickness

() MBRRLAuRE Methed ™M for exanpl e. Next,
phosphor us- doped polysilicon is deposited on the first

seconi T PR inE SR S eindosel SO P AL R
o250 951 BEETLBbr R P MO A e e
FISE R SEIBROPC A ISIELOPERI 5 W BiG 6. 00 s,

o B SRR T2y Panbuea 55 ity 200 FIGR <o Agp g and 6C
et chin sucP as reactjive i.on etching (RIE), thus
MF&F?FF??E"W‘@ iexpAr 3@%’3’33 4R guard el ectrodes 21.

. In accordance with a second step of the uf act yrij.ng
ot hORCRITaE Ip & TGP SRS RBUTAR e TRETRO] THOSE HAIERg3A to
an insulating ability and a fourth film 54 having
3.cnbitst filmSdyhaxme @éﬁ%}%@ttr@oa%w(ﬁrévglg@éﬁ%? fist spager 19) and a
then, the fourth film54 is subpjected to patterni ng .
sacpnds filrs SRihayingrenguadivity aradepostied e hssuefaceref a water 50 (serving
SecificaII%/, silicon ) )
as the substrate 17); then, the second film 52 is subjected to patterning so as to form
the diaphragm 12 and the guard electrodes 21.  Specifically, silicon dioxide is
deposited on the entire surface of the monocrystal silicon wafer 50 by way of plasma
chemical vapor deposition (or plasma CVD), thus forming the first film 51 whose
thickness is approximately 2 pm, for example. Next, phosphorus-doped polysilicon
is deposited on the first film 51 by way of decompression CVD, thus forming the
second film 52 whose thickness is approximately 1 ym. Next, a photoresist film is
applied onto the entire surface of the second film 52; then, photolithography (realizing

exposure and development using a prescribed resist mask) is performed so as to form a

resist pattern.  Thereafter, the prescribed part of the second film 52 is selectively



di oxide is deposited on the entire surface of the
second filmb52 by way of plasma CVD, thus formng the

w0 boor@of47t m 53 whose thi ckness i s approxi mat el BCHIPR097/053978
for exanple. Next, phosphorus-doped polysilicon is
deposited on the third fil m¥%3 by way of deconpression
CVD, thus formng the fourth film54 whose thickness
is approximately 1 mm Next, a photoresist filmis

re@Pidd Bowhy of heisembpic etchingfsacleaoieattie iboetching (RIE), Sdys
t hen, photolithography (realizing exposure and

foﬁﬁmg ligpdaplirapsi 10arid the geardichedod@siist mask) is
performed so as to forma resist pattern. Thereafter,
the Bf fe6fdaBES WAL se@bnd H6p HOME Ibhnbitdctarfg théthod shown in FIGS.
sel ectively renoved by way of anisotropic etching such

468 R B thihY8m’ 9 e AhRsPbh Eamlifthdt R uSH ENAr 345halihg

In accordance with a third step of the manufacturing

co?ﬁﬁ#ﬁ@yéﬁ?é@rbdggéf biSthe sei 7n 53:NRert W forthGilhsSs4 RisUBjdcted

Specifically, a photoresist filmis

. y . . the o
o R D B L SRl 106 Bl slicon
.devel o nt US| . ' r.esi st '
ifHE SRREG e L B8 Y SREEL BERe R rUBES Yy Wiy of plama CVD,
th rescri.pbe ar f the wafer 50 is selectively
b fogtE 5 T B St PR Cr PRy el Ll Besample.
DEER-RI E, thus form.ng the cavi .
NEae P B e B AeB el a8 By of
filmb53 ar el ectively. r ved. sq.,as to f.grmthe
quPV‘?fG%‘Bng(S’ tg\,us %?{&“%%ﬂ’&ffg‘?%g@é 34 éN,snOé?] g‘@ﬂ@s%ﬁeni ng
13. Specifically, a photoresist filmis applied to the
apprvimaioly piibe SNBF, ¢ RBOWRISHIR jAPEY e e Katiesuage of the
film54; then, as _shown in FIGS. 6Ato .
fogith piet 5 themeBhaiplithograghy (tepligng srReSHecand dgvelopment using a -
. devel opnment using a resist mask) is perforned so as to
presnribed resést imask pistnesformeso Fe fpen paesiyi pettemny Jhereglerythe
t hrough hol e 58 corresponding to the opening 13. In
presreibed ped gif theofoartbdilr 54 i eeleetively repaved by V&, oftanisotropic
plate 3 (which is forned by the fourth film54) and
ettiiag pudh &R IB) ghypobtimgshoplateearsiihp supmrts0.0. whi ch
project toward the opening 13 fromthe second spacer
6, axia subdjdasteditha thixdesp oEtheThemfadteig mpthodweewn in FIGS.
et chi ng using buffered hydrofluoric acid
5A to 5C, the cavity 16 is formed in the wafer 50. Specifically, a photoresist film is

entirely applied to the backside of the wafer 50; then, photolithography (realizing
exposure and development using a prescribed resist mask) is performed so as to form a
resist pattern.  Thereafter, the prescribed part of the wafer 50 is selectively removed
by way of anisotropic etching such as DEEP-RIE, thus forming the cavity 16.

Next, the prescribed parts of the first film 51 and the third film 53 are
selectively removed so as to form the first spacer 19, the second spacer 6, and the
opening 13. Specifically, a photoresist film is applied to the entire surfaces of the

third film 53 and the fourth film 54; then, as shown in FIGS. 6A to 6C,



(or Buffered HF) is perfornmed so as to selectively
renove the prescribed parts of the first film5 1 and
wo b@7iopisrd fil m 53 (which are silicon oxide fiP@BE)P20607053978
exanple. At this tinme, the first film51 and the third
film53 are partially renoved in an isotropic manner
fromthe holes 5 and 8 of the fourth film54 and from
gaps 60 of the fourth film 54, which correspond to,
phgtishdgetphe dreatiniagsuppsre and devglnpmenbuging g sesst mask) is
addition, the first film51 and the third film53 are
perfarthédasd as to domv edesist patteinsist r djie cesiss paternfsSdrasattbrough hole
cavity 16 formed in the wafer 50. By appropriately
58csiegindihgratheopening th rlaghe throwghtivde h®pEtheFesistdagerm 55,
and the gaps 60 of the fourth film®60, it is possible
thé platesd (vitkibly isfforried b tliehfoutth Sidace) andthewhojetting portionsreftthe
by the third film53 and which remain in the opening
supporesS1 (5 k@eh projekt fovard MeCopblingd frdrothe seomhshal&k 6, are
ereafter, dicing and packaging are performed so as
subRcQTP bRiRuiNe THeRIW6HbRB wet cfchidg @@i&gm%fedmﬂ&mnacid
I. It is conventionally known that, en bent portions
(o?B‘aff&%H_'rﬁﬁ i Perlfbien 2l oUkstty sBledthely bt e T raRHLRAPaftB O the
Its peripheral portions, all of which vibrate
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eased due to t ormati ons of the bent portions.
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exanple, it is possible to
which remain in the opening 13 as shown in FIGS. 1A to 1C and FIGS. 2A and 2B.

Thereafter, dicing and packaging are performed so as to complete the production of the
condenser microphone 1.

It is conventionally known that, when bent portions are formed in the
structure including a diaphragm and its peripheral portions, all of which vibrate
together, the internal stress of the diaphragm is released due to the deformations of the
bent portions. According to the conventional method for forming the bent portions in
the structure, small irregularities are formed on the surface, on which films of the
structure are deposited, in advance, so that the bent portions are formed along small

irregularities. In the conventional method, however, photolithography is degraded in



formthe third spacers 9 whose sides vertically extend
fromthe diaphragm 12; alternatively, it is possible
wo o00709737L he third spacers 9 having smal|l w dt PGT/ap200m053978
the long sides of the diaphragm 12. That is, the
present enbodi nent allows ti8 sharply bent portions to
be fornmed in the structure that vibrates together with
t he di aphragm 12. For this reason, the present )
acewrbeyd iane fie stemcaveragekagearadedpseell hd hiswnekesdt verydifficult to
of the diaphragm 12 conpared with the conventi onal
cokirolhe petémand gim tiigknessy et s, it isverp AHewlt toctoadhamphy bent
is characterized in that the structure including the
postiggports 10, the third spacers 9, and the di aphragm 12
Is integrally formed; hence, it is unnecessary to
f ur t Harcohteast atlel omnafactuneg methepd 6 Hihe porsaitragnbddement allows the
di aphragm havi ng a basi c structure. The present
thR@epslicRENhavisy Oediredahasesas bk yrbitrarily dointed Wyheay of appropriate
af orenenti oned exanples and is appropriately nodified
_ dedighigofithe résfse paitedh 55 ReE the e afilans3. Fdor exanplegit id fuassible to
diaphragmis not necessarily designed in a rectangul ar

foP3REihitdPaskirdP WREH ARV EcABdxidRidr G ¢ie ailaf:mragmel 2:

center poirtion thereof has a relatively small wdth
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The present embodiment is not necessarily limited to the aforementioned

examples and is appropriately modified within the scope of the invention. For
example, the diaphragm is not necessarily designed in a rectangular shape; .the
diaphragm can be modified such that the center portion thereof has a relatively small
width compared with the width of the fixed end thereof; alternatively, the center
portion thereof has a relatively large width compared with the width of the fixed end
thereof.
2. Second Embodiment

Next, a condenser microphone of a second embodiment of the present

invention will be described in detail with reference to FIGS. 7A, 7B, and 8, wherein



(a) Constitution of sensing portion As shown in FIGS.
7A and 7B, the condenser m crophone 101 includes a
wale@pleagm 110, a back plate 130, and support SPABDR2007/053978
Bot h ends of the diaphragm 110 are supported by the
supports 140. The di aphragm20l0 has a nultil ayered
structure (see FIG 7B), wherein a center portion 112
of the diaphragm 110 is _constituted of the gre,scri bed
Flgof s » nlagrview showine i cpadenspiincraphanstl Ol st Afif Red to
an insulating film and wherein_a bent Eorti on 114 .
crossraeetionsl (vigw takey along dine BdeRi ét FH3 % pohFIQ 7B is a cross-sectional
constituted of the prescribed portion of the .
viewtalent alowg Fing Al -2o1inttHE 8. sThe sendlenser miierophend Hiliisg silicon
film 231, and the prescribed portion of a conductive
capaditor 22Rrdrhate,ivghiplois nhanudattared dy Waysefl satmicogdbstbramandfacturing
as well as the insulating filns 231 and 232 and a
procgssuc Thy eofidenser2dizrophibiee tinnhohidesy @ sénising dord eaFi@GS. 7A
the center portion 112 of the diaphragm 110 functions
. andSTB) didvi dgecing poktiudhe(sedhe tirohitiylshowania BIG.iA29). f i | ns
221, 222, and 114 is a sem conductor film conposed of
E@j QEhstibtddn 6f Seh&if@pédibnpol ysi | i con), for exanpl e.
ach of the insulating filnms 231 and 232 is an oxi de
film £98RasEth PIGSSA%ind 70, tiexXehdksser hiiclophéieN@1a8¥udes a
the conductive films 221 and 222 each correspond to a
dibbiragmf 110 vhdieplhRa8bAdGppbkd 4231 and 232 each
correspond to a second filn and the conductive film
242 ¢ t0, ' jl LT i<M13ah,
%?ﬁgﬁ%@?ﬁﬁe éﬁ?@raf_%ﬁ ng %ﬂgtsﬁiapcﬁ?&r’byoﬁle 50%oisM3b,:  The

secon ecessarily Torned as a
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has at | east qne st rtion; and the_linsuylatin
of a conductive film 222 that 1espnor‘g ixed to an 1ansu1at1ng ﬁim 3‘f1, as Weql as the

insulating films 231 and 232 and a conductive film 242. The conductive film 221
forming the center portion 112 of the diaphragm 110 functions as a moving electrode.
Each of the conductive films 221, 222, and 114 is a semiconductor film composed of
polycrystal silicon (or polysilicon), for example. Each of the insulating films 231 and
232 is an oxide film composed of SiO,, for example.

In terminology, the conductive films 221 and 222 each correspond to a first
film; the insulating films 231 and 232 each correspond to a second film; and the
conductive film 242 corresponds to a third film. Each of the first, second, and third

films is not necessarily formed as a single-layered film; hence, it can be formed as a



filmis not necessarily shaped in correspondence wth
the conductive film The back plate 130 (or plate 130)

WO g00coomErl t uted of the prescribed portion of aPCT/JP2007/053978
conductive film 241 that is not fixed to an insulating
firm233 (see FIG 7A) 3wherexs both ends of the back
plate 130 are fixed to the insulating film 233. The
conductive film 241 is a sem conductor film conposed

multilgysradsiiing.c ocideatallsiherperder mRation Ehbef e dﬂpbragm 110 can be
conductive film 241 are supported by the supports 140

fozped hrasuchhevenihduie conductiye gimzxsﬁ"onn wethe chrtecarne ef an
portion 112 of the diaphragm 110 t hree-di nensionally.

infdatilesiinh be ds ttheves astdmotiag kleptrade 1HG. 7B shows thab eaxdh of the
opposite to only the center portion 112 of the

bett pgitioag) il4 iOformbd b usesofghesttp podionfbanetibyl the ihsulaogniilm
waves applied thereto, thus reducing the capacity

231 hexdehe step @ortidgrefoamedbly the iasul@ing flhopim et dapRaiot ¥ restriction.
which is fornmed between the diaphragm 110 and the back

. Thekt &, @adi36f 1hB et pdifionss] 140kas atiBsdt dAb sblportidia B8€ thednulating
to sound waves applied thereto. As shown in FIG 1, a

filRd 1477 nbdesOirilh @h&sed 18 doREsPoh BB Giththé bendRblke BlmAL €

130. Sound waves ‘originated froma sound source (not
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i nsul atjn |Im2 11 so that IS deflned hy the
2 pftBe fl@p%m. m T Wi gipaily $u sisplcsd dye faeqund yAves apglied
the condenser mcrophone 101 . In FIG 8, an el ectrode

thewto, dbwredueing pee erpagity (hgieinefior, apfgrred &0 ace magrpplypne capacity),
which is formed between the diaphragm 110 and the back plate 130 and which is not

substantially changed due to spund waves applied thereto. As shown in FIG. 7, a
plurality of holes 132 are formed in the back plate 130. Sound waves originated from
a sound source (not shown) are transmitted to the diaphragm 110 via the holes 132.
The back plate 130 having conductivity serves as a fixed electrode.

The supports 140 are partially attached to the insulating film 233 of the
conductive film 241 and are partially attached to the insulating films 211 and 233 of
the conductive film 222, wherein they include the insulating film 233, the conductive

film 223, and the insulating film 211 as well as a substrate 200. Each of the



portion together. The electrode 160 is forned in the
sane | ayer as the conductive film222. As shown in
wWGo-R@7/090B5 t he el ectrode 160 is connected to tPer/JpP2007/053978
conductive film221 via a |l ead 225, which |ies between
the el ectrode 160 and the cogtluctive film 222, and a
| ead 224, which |lies between the conducive filns 222
cand 221 . An el ectrode 161 connects together the back
insplating fibos Zhbandh 33 Histaacxidegilpoeampnsed PhEiQ4; gt gopductivg film
is connected to the conductive film241 via a |ead
2238, a seiiconductes fibmtosemoesedef milystliconsand e sabstrath200 is a
conductive film241. As shown in FIG 10B, an
mehectystabiglid@psubstratenfoe exaupleo AhepeningUdliiy forfriel to AR3hrough
via a | ead 226, which lies between the el ectrode 162
therstbitree 200 dut thieviesulating 432 1 1 THoahatdhduleifine@ b ithevuppsts 140.
is electrically insulated from other conductive filns
Thadpéring 04 rédnel ek Batitieofyhb sbridehser Ii0rophdné NE1.
conductive film 241 form ng the back plate 130. By

appl yINBIG. 8ea1y elet@@d 168 oahedtSthe @4Phr£xdh 110 ahdtheRetcRiihig
vol tage of the detecting portion, to the el ectrode

pdfiidn thdethdr. PTRS ERLR0AD1 458 foRRAGH MG By dsThechddstive
a guard electrode. Details will be descri z)ed | at er.
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at the diaphragm 110 1s positione setot
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sound waves are directly transnmtte o
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The conductive film 223 is electrically insulated from other conductive films and is
formed between the substrate 100 and the conductive film 241 forming the back plate
130. By applying the voltage;, which is identical to the output voltage of fhe detecting
portion, to the electrode 162, it is possible to use the conductive film 223 as a guard
electrode. Details will be described later.

The condenser microphone 101 can be redesigned such that the diaphragm

110 is positioned close to the sound source rather than the back plate 130 so that sound
waves are directly transmitted to the diaphragm 110. In this case, the holes 132 of

the back plate 130 serve as passages by which an air gap 150 formed between the

diaphragm 110 and the back plate 130 communicates the back cavity.



Specifically, a | ead 2004, which is also connected to
the bias voltage circuit 2000, is connected between

wo b@7mbdact rode 160 and the substrate 200. A | eRdT/I067/053978
which is connected to one end of the resistor 2002, is
connected to the electrode B21. A | ead 2008, which is
connected to the other end of the resistor 2002, is
connected to the ground (i.e., a packaging board of
(eConstiaionsy dgiccpRONen101) . The resi st or 2002 has a
relatively high resistance; specifically, '
pr ef eheshiowntinFGt Td, the diapheagnpbighis ﬁameecqugtaadmﬁevolwﬁﬁ'plrcmt
The | ead 2006, which connects the back plate 130 and

200Apandetbe ack plaR0B30tis getrveted to 8 proampbifie2G1d andds alspgtounded
termnal of the pre-anplifier 2010 as well. It is

viph edsistad2092t hBas¢dhen theeroltagd arfplied b2den hlm/éaplhlggmi Iipuand the
i npedance. As descri bed above, the voltage, which is

grogiel) thecddtedting tpoeticnudfithe comlehsggeniofophbee Bt poducsy electric
portion, is applied to the electrode 162, so that the

si mﬁ%pﬁmyafﬂm -adplisier ¥@19. as the guard el ectrode. The
guar electro reduces the parasitic capacitance
occu rsrzdeemcaﬁy weledt D4R, bt ik alse cdRfkctdictotthebia® Relsdel ciRuit

film241 formng the back plate 130. In order to use

20008isCORRE Bewhid e 28318 8e | B aritie dulsdied Zaude, A 138 1006,
pre anplifier 2010 (see FIG 7A) serves as a

WH]% nEQbd Y6de Gid SFuHhd rlithr062,9y E&H{ec{eﬁrtg‘tﬁ@électrode 161.

reof Is connected to the el ectrode 162. By placing
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di aphragm 110 causes var| |05§ of the djstance
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varying the electrostatic capacitance (0
As described above, the voltage, which is identical to the output voltage of the

detecting portion, is applied to the electrode 162, so that the conductive film 223
serves as the guard electrode. The guard electrode reduces the parasitic cépacitance
occurring between the substrate 200 and the conductive film 241 forming the back
plate 130. In order to use the conductive film 223 as the guard electrode, the
pre-amplifier 2010 (see FIG. 7A) serves as a voltage-follower circuit and the output
terminal thereof is connected to the electrode 162. By placing both of the conductive
film 241 (forming the back plate 130) and the conductive film 223 at the same
potential, it is possible to eliminate parasitic capacitance between the conductive films

241 and 223; hence, it is possible to reduce parasitic capacitance between the



capacity) between the di aphragm 110 and the back plate
130. Since the back plate 130 is connected to the
w0 e@7m9Tar2 2002 having a rel atively high resi ste€Ta2007/053978
el ectric charges accunulated in the m crophone
capacity do not substantiall3s flow through the
resistor 2002 irrespective of variations of the
el ectrostatic caﬁacitance, whi ch may be caused by the
copiipetivei fdm A1 anddheipuhshpe®0110. That is, it is
presumed that electric charges accunulated in the
e )@ pphidereofoeopdensey migsoplanesubst ant i al | y change. Thus,
it is possible to translate variations of
el ectWhen saund veaveaaret teansmititett to thadiaphiagmsi 16fvia the holes 132 of
vol t age between the back plate 130 and the ground. As
theleack plaed 38hthe eliaphhene dheleibsates dacctospmaheatdddlapphed thereto.
produce el ectric signals in response to very snall
Theavibaition v tief digdreairh A$0 ahiises eafaivnk af te. disihade Heswednthe
condenser m crophone 101 converts variations of sound
. diQ}?Iﬁ&%ﬁﬂlleO&ﬁ@ kHechck laté j@301ltﬁlﬁﬁﬂfaa%ﬂg el gt BtaR chpdditanse (or
of electrostatic capacitance, ich are then converted
calpAtify) WRivwéthitRNGiaphra¥ Rl 11300d thaBR% AkeWBDCh el ectric
Signals are produced in response to variations of

SouNdg;RELRs Hask plalers 'gl%oﬁ’?é&edr%e rﬂ}é &Eﬁto} bBoRhSving a relatively

def or ned gﬁe to residu stress of the center portion
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o SR SR ot e BE 4 150 Vi o
t th, th [ ibility that the diaph
capgtaRdy T VARSI PE YOS DRIFED i pacl et 130 afhe ground.
order to cope with the aforenentiqned drawback, the .
bent f&Aescsiked ahovegthecqrdensamicaephons d 04 can BiodHCs ¢lprteg

in the nmultilayered structure conposed of thin )
signals in response to very small variations of electrostatic capacitance. That is, the

condenser microphone 101 converts variations of sound pressure applied to the
diaphragm 110 into variations of electrostatic capacitance, which are then c‘;onverted
into variations of voltage, based on which electric signals are produced in response to
variations of sound pressure.

When the bent portions 114 are deformed due to residual stress of the center
portion 112 of the diaphragm 110, the residual stress of the center portion 112 is
released. When a relatively large deformation occurs on the bent portions 114 due to
sound waves, it is possible to increase the amplitude of vibration of the center portion

112 due to sound waves applied to the diaphragm 110.



films. This makes it possible to formthe bent

portions 114 in the periphery of the center portion
waid7o974rhe di aphragm 110 wit hout causi ng unwaPCE@P2007/053978

bends of thin filnms form ng the bent portions 114.

This prevents the bent porti®hs 114 of the di aphragm

110 from being reduced in density. The step difference

of the bent portion 114 (see an arrow 190 in FIG 9)

can bWhenpithe 5@1@@%;11@ oihretsh dpetp sdvad waves Hleessiress istagased by

second film(i.e., the insulating filns 131 and 132).
thedeformatipe oﬁﬂietdlaphy@rlre 416 andiistooneentfatedhag theehent portionshl 4.

114 of the diaphragm 110, it is possible to reliably
Fdrcghimredseonbwhen ﬂmrwhmmﬁdﬂs Hahvare geduced i stedgthf there is a

difference while securing the satisfactory strength of
pdshibiléty aldtriagdiagiagm(1d) shdynbe destroyedigt thebémgortfons 114.

condenser m crophone Next, a manufacturing nethod of

t he chnsldas@rcopt Wﬁt@pﬁ@ﬁlﬁrézﬁénthbdi dhevbdels ahé bad poftions 114 of

detail with reference to FIGS. 10Ato 1OG FIGS. HAto

ol GParebdéh fdmbd @ thehankildy esRMichir€Hsn sed of thin
deno by reference synbols (Al) to (A7), (Bl
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(Bl') to (B7) designate cross-sectional views
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des at€ cross-sectional views taken
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substrate. In a second step (see (A2), i.e., FIG
gm Hd. conductive film220 is

(d) Manufacturing method of condenser microphone

Next, a manufacturing method of the condenser microphone 101 will be
described in detail with reference to FIGS. 10A to 10G, FIGS. 11Ato 11G, é.nd FIGS.
12A to 12G, wherein seven steps are denoted by reference symbols (A1) to (A7), (B1)
to (B7), and (C1) to (C7), and wherein reference symbols (B1) to (B7) designate
cross-sectional views taken along line B4-B4 in FIG. 10A, and reference symbols (C1)
to (C7) designate cross-sectional views taken along line C4-C4 in FIG. 10A.

In a first step (see (C1), i.e., FIG. 12A), an insulating film 210 is formed on a
substrate 200, which is a semiconductor substrate such as a monocrystal silicon

substrate, for example. Specifically, an insulating material is deposited on the surface



subjected to pattering so as to formconductive filns
221 to 223, |eads 224, and el ectrodes 160 and 162.
wEa@h/09f47t he conductive filnms 221 and 222 has BCT/JP2007/053978
rectangul ar shape, wherein the conductive film 221
formng the center portion 3%2 of the diaphragm 110 is
positioned in the | ongitudinal direction of the
di aphragm 110 and is positioned between the two
of tlermhibstrate 200 iblyveay2g 2 hémical vapor depdsitian (VD) sonas to fdrm the
The conductive film223 is formed to match a u
insudeivhg il ( o the2dBbstf{ato020ed i n anot her step, which
will be described later) in terms of the shape and
posi Nextl.a dpdaciiveclid 320 i Hernpal drethe imglaigtiim 210 by way of
conductive film220 is perfornmed as follows: First, a
CVBsi The tohdactiy fidhAi200 id Hpolysiviest Gt PRk Exanplef Thie process can
conductive film220 is exposed, is forned on the
be@RIEHEE bi WSink ahBAZBilRYn \BYInQhlatdr} idgiraghy. That is, a
resist 1s applied to the conductive film 220 so as to

For mph Bees &Rl sidp fsbd (A2)THENFIG 1083 khb 8yiditife REL390 isded
shape is arranged so that the resist filmis subjected

suBi%ct%Z{ & g%&i@:l%nég g? ?(%rﬁpé‘ﬂﬂahq:ti\t SBTOYAY, 1k | a2b2I4§/ and

want ed por e resist film This re
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: steg@ﬁsee (A3), . i.e., FIG 10%%5 an jnsulating film
whigh wih 58 desgsitisd fen ip g phthe Stiickness of

the conductive film 220 is formed, on_the insulatin

fi | mSpecifiepllyehe pattenyng of thegondyctivs fHapd30-s peermed as

follow ng step in which the insulating filnms 210 and
foll@@s:ar e sel ectively renoved fromthe conductive films

First, a resist film, by which the unwanted portion of the conductive film 220
is exposed, is formed on the conductive film 220 by way of lithography. Thatis, a
resist is applied to the conductive film 220 so as to form the resist film. Then, a mask
having a prescribed shape is arranged so that the resist film is subjected to exposure
and development, thus removing the unwanted portion of the resist film. This
reliably forms the resist film, by which the unwanted portion of the conductive film
220 is exposed, on the conductive film 220. Next, the exposed portion of the
conductive film 220, which is exposed from the resist film, is subjected to etching, i.e.,
reactive ion etching (RIE), thus forming the conductive films 221 to 223, the leads 224

and 225, and the electrodes 160 and 162. Thereafter, the resist film is completely



221 to 223 and conductive filns 241 and 242 (see FIG
8), the insulating filns are forned using the
w@e@sopised material whose selection ratio i s PCTNE007/053978
than the selection ratio of the material of the
conductive filnms. For exanplsg, when the conductive
films are conposed of polysilicon, the insulating
films are conposed of Si2. In order to retain the
reinnsed byt vsegffai tesist feetingisolgtiom eoroposdé 0f d-methyl-Gpdywoledone
101) by partially renoving the insulating films in the
NaMep for selectively renoving the insulating filns
fromthe conductive filnms, it is preferable that both
of thg aitiisdibep i(seg (A3), k., 310, 20T, 23 thshiating B30 wiost he
same material. Wen the insulating filnms 210 and 230

thidkfes§ ‘ilﬂﬁf%? thadfthé HECIGRESoMMAE BbhdRictivé HiBn 920%s Rirmbd 66 the
rate can-be set to them This provides an easy way fo
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I nsul atlng films. Next, a conductive film240 1s

thé ﬁfs ﬁhﬁ%‘?l@ Az h% ht%%el‘ebﬁ\'?@lyz @n@éd% @ﬁe &M@uctmeﬁlms

con I's a polysilicon fil

22?);%2 @g% %\acliJ cﬁ'mﬁ?é" F‘ irﬂi Z%Fﬁ’mf f%s&ﬁg’l)(} 8 tﬁe 1nsﬁfa§n% ilphs are

Ive ect ed atternrng so
fo ec{ 93115%%1@6{3%%%{1%§@ gu%neg l?‘(l; tsvlh\?kéé %Ql%:ﬁ&n Eﬁgﬁ}s 'Egciglﬁep ﬁua%ﬁﬁgselection
ortio 14 of. t aph m11
raﬁ ith% sl p e 0%11980{" o 5 oS A TR PRadgie fims
has re r sh he | t d
arfy F?IBE?SPG S gpBiion & %@mgtfﬁlag reReed BT S Dpgrder to
al i d r ct' n of nductijve fil
e ha g s IS RS CORRGT rei%%@@éeﬂﬁ&%h By e
film221 V|a t |n$ulat|n film230. Each )
re@@mgéé psulfipgdilms n festep ksl %ﬁhygﬁmgﬁgﬁg e WPEP& films
t hey extend from near-end portlons 221la o
frerg rﬁ%m%qndv@qu filmsp i pierable shat bathsefithe, ﬁ@alaa&fs éi%@ﬁ@l@ and 230
the conductive films 222, to near-end portions 222a of
ba ¢renposedioithe game irmafglaxizzw}wnithwnamlétnpgaglmrﬁ dHeand 230 are
adj acent to the conductive film221 . In a fifth step
conzweed ¢fthe same mat¢tial the eENe etghingpatricay be gex to them. This

corresponding to the
provides an easy way for controlling the amount of etching with respect to the

insulating films.

Next, a conductive film 240 is formed on the insulating film 230 bsr way of
CVD. The conductive film 240 is a polysilicon film, for example.

In a fourth step (see (B4), i.e., FIG. 11D), the conductive film 240 is subjected
to patterning so as to form the conductive film 241 forming the back plate 130 and the
conductive films 242 forming the bent portions 114 of the diaphragm 110 as well as
the electrode 161 and the lead 243. The conductive film 241 has a rectangular shape,
the longitudinal direction of which crosses at a right angle with the alignment direction

of the conductive films 221 and 222 and also three-dimensionally crosses the



openi ng 142 defined by the supports 140 is fornmed in
the substrate 200, as follows: First, a resist film
WO 0078%30si ng a prescribed portion of the subsPCEHIR007/053978
200, which is used to formthe opening 202, is forned

by way of |ithography. Next, 37he exposed portion of

the substrate 200, which is exposed fromthe resist

fi IS r ved by way of Deep RIE, which is
Cﬁ‘é‘;r“f’nh%é&n §2§ i3/ the spplatingfim Zr£h| &ackh gf thel con@ddivetfims 242
hfornig% Eﬂf openi ng 202 of the substrate 200. '
thdresipgeiar shape, wherem they pxtend frommpaeend pertions PAE of the
égfuLating filnms 210 and 230 are partially renoved so
copductivg Blmn2d hrvkigh apopasitowed efijacéne te thedendedtive films 222, to

m crophone 101 (see (7) and (C7), i.e., FIG H G and
neargnd perjons Sgee pf theaiohgyctividiling 202 athioly afd pditRd la8jacent to
partially renmoved as follows: First, in a sixth step

thesondychigp fiblpER)l, and (CB), i.e., FIG 10OF, FIG HF,
and FIG 12F), a resist film 250 for covering
pr es chii dofifth pept(seen@,5) e, G ¢ORY, Bn 8feriRe 262 BRLESSnd;
is formed on the insulating film 23%. 1Jl?\%xt, thegp n&ﬂgtothe

opeméng b dedink lbyntRBSpperts @ND SRRy ¥ahe Shbslial L RGh
Uen the i msulating T e 250 ik Bte Sihdite g & itows:

OF Si QFirstf oresskARIfex exipbsi'hg aRpRER B Ppdroh ®F the substrate 200
hydrof l uoric acid as an etchi ng solution. e et chi ng~

whioh & #1524 tb Sorniitiel dpkAn@D0b s Qo ﬂé@%@%ﬁﬁ@é&%@ﬁe %ﬁ, the

of the conductive filns 242, air

ot e 4T 240l 4o 00T ST e

and the opening strate

bﬂ%&é@f Eiaé}gRt]i“, Qy1hiBE ¥ Ige&fo@&efl 'd!%%ﬁz %}rlxlxpaa? ggeoifxgjg'gﬁlfgoﬁlm 210, thus

exanpl e, 'when the etching so
' J: ' ' ' { t he | duct i
B0 T A TRRIREY e erEhi romovea
FI GS. . nAth i aphr 110 and the
pack "o e Pab PR R0 4T 2%0 R ReRG Ao e a forgem
i Lch i h ist film 250
ek bbb B P 2B S06 ™ G ithon Ao €6 (D) fih HIENELG and
14.Q. hi I, h hi | uti i
WELPASE: Skt AT ekt o
condl#ci ve film 221 and the conductive filnms 222 as
wel | TASLima Sﬁ{snlp step 3¢ (A6)t(BE), and (C6), i.e., FIG. 10F, FIG. 11F, and

FIG. 12F), a resist film 250 for covering prescribed portions, which remain as the
supports 140, is formed on the insulating film 230. Next, ;che insulating ﬁlm 230 is
removed by way of wet etching. When the insulating films 210 and 230 are
composed of SiO,, for example, it is possible to use hydrofluoric acid as an etching
solution.

The etching solution is infiltrated into the holes 132, holes 244 of the
conductive films 242, ajr gaps formed between the conductive films 241 and 242 and
the resist film 250, and the opening 202 of the substrate 200, thus dissolving the

insulating films 210 and 230. For example, when the etching solution dissolves the



conductive filnms 242 so as to dissolve the insulating
film230, wherein the prescribed portions of the
wo p@alogit4arng fil m 230 exi sting between the condPCt/irR2007/053978
film221 and the conductive filns 242 and the ot her
portions of the insulating fdg m 230 existing between
the conductive filnms 242 and the conductive filnms 222
still remain so as to formthe second film i.e., the
indultitgefiinn2R 0 exdisthbetwedinkhe 38ndusyive fiihs 221 ynd 24ipsq asgo form an
the insulating film230, it is possible to form
aiV@p! 1F0S(sQOFIGNITA 0id TH)betwedahs diaphtagroplica thback plate 130,
form ng the sensing portion. The second enbodi nent can
pr&Lribed bbﬂfonﬁ'ﬁﬂthfeliﬁﬂlldtﬁlgﬁlﬁﬂﬂ()_%tvs)hi@i‘ ardRy ered @b ehe rasist film
variation of the second enbodi nent will be descri bed
250hnd th@bdbstriig B0 NstilPreRRi SN 8Lk i HRARPEs DR).
according to the variation of the second enbodi nent
(see Gl tirﬁé%@ﬁ@hi%% B)[utidn Reir@dtby idt@ﬁﬁi?a?@kxifs@né B&ween
condenser m crophone~101 in terns of the detecting

th® 85&&&;%@@%@' and e tOhdRMAE ﬁlrﬂ?é%f %sﬁéga@ Bs {1 HERAS 4% dehthe

=T espec sensing portion an manuf act uri ng
t hod of t LI ; : :

cof SO Bl s ELEREL v ThETRRIRRE 430 Shercin the prescribed

the c tituti.on.of e.s KN Lot | . :
octiascrias milekBR o0 AR LR U B dBenf i 221 and the

variatian th econd enbodi ment of ..th resent ..
copfpiis i Fancand B 08 noTPRRS (R ipstlaihl AR 25 stipe petween

cross-sectlonal  vi taken al qng Line.B7-B7 in F
03 sancighar D %7 s An Lo COIE RS ST FETPHB 56 6 e Rgythe

m crogphone 101 are desi te the same referenc
Seﬁ%deﬁgl‘sl;e-sﬁbﬁ gsulafipg gii‘i‘lgﬁie@%d%?c r %ﬁtl?a&@lytrﬁ@rog ue tg? e
_omtted as _necessary. The sensing porti Irth of the
ingelpdemEbn 23D df isgessibletto Jormy 8%@90&1%5&% SHHISAST and
. a back plate 330, which differ fromthe di aphragm 110
mmephome 194 ctbup farmeng the sepsingBodi®Rdenser i cr ophone

101. The di aphragm 310 has a cent eriépor_t ion 312 and a

pl ur aFhe second pahedipent camise Ruther wadidled dix o ¥adety o weays) Rence,

of the center portion 312 and which are quported by
a Vimgation of the second embodiment will be described in detail. Herein, a condenser
microphone 102 according to the variation of the second embodiment (see FIGS. 13A
and 13B) is basically identical to the condenser microphone 101 in terms of the
detecting portion; hence, the following description is made with respect to the sensing
portion and the manufacturing method of the condenser microphone 102.

(e) Constitution of sensing portion

FIGS. 13A and 13B show the constitution of the sensing portion of the

condenser microphone 102 in accordance with the variation of the second embodiment
of the present invention. FIG. 13A is a plan view, and FIG. 13B is a cross-sectional

view taken along line B7-B7 in FIG. 13A, wherein parts identical to those of the

condenser microphone 101 are designated by the same reference numerals; hence, the



supports 140. The center portion 312 of the diaphragm
310 has a disk-1ike shape, and the bent portions 314
wae@7exidended in radial directions of the centRCT/JP2007/053978
portion 312 toward the supports 140. Simlar to the
bent portions 114 included i39 the condenser m crophone
101, the bent portions 314 are partially attached to
the conductive film 221 and the insulating film 231
deggiledlescrintions Ahargofiset omiticd @ @gcessaryhe TBR sRSHIZINPRLiqY hfhe
222 and the insulating film211, wherein they are each
copderiserymierdpheneal %nelug%s;ﬁechemuggm@dp @nd ajhaek Héﬁh@(}; Fenich
insulating filnms 231 and 232 and the conductive film
difféofro®pbe diapberghy 110 4nel the hakkeplated 30idf theohdpager microphone
di sk-1i ke shape; the conductive film 222 has a ring
1dhape surroundi ng the conductive film 221; and the
insulating films 231 and 232 have col umar shapes.
Speci Thedibplraginttd Oitias a lcaditengorfioh 682 28d a phealjty 9if bemtryedtions
on the near-end portions of the conductive film 221;
 31EN v dieesitersdibdtviardly bf theRe@Zpation 303 iahd oméch 28 siigpdrted by the
i nner near-end portions of the conductive filns 222.
supPert® 4K P eendePoftion| BRSO ffhodaphgheild Hak atdeskliBk: éhape, and
wo- di nensi onal shape. That is, the center portion of

tht Bentirtofd B Lard 3RehdS 18 radiaKditd GBS HBME cedBpdrién 312 toward

near-end portions thereof extend in a radial direction

thEQ t1@ supports 140. The film configuration of the
ba@@&gﬁate 330 is substantially identical to that of

the bagkphghi ﬁeﬁp %4\% Mattnﬂﬁﬁaw{ | 16 BRI xﬂich]og)élogef; 101,

condenser m cropno e manufacturing net

oS ARISRESTs PLSSARISNS. AR Sl BRSEHE e
ok B g B VAL 6 SR 2
NCINTRC IR TR B N AR
e B R 550 S BN s e S5Blgeaty
thie Ilogclluectiv%:dfﬁm 221 has a disk-like shape; the conductive film 222 has a ring shape
surrounding the conductive film 221; énd the insulating films 231 and 232 have
columnar shapes. Specifically, the insulating films 231 are positioned on the
near-end portions of the condqctive film 221; and the insulating films 232 ére
positioned on the inner near-end portions of the conductive films 222.

The back plate 330 differs from the back plate 130 in two-dimensional shape.
That is, the center portion of the back plate 330 has a disk-like shape, and the near-end
portions thereof extend in a radial direction toward the supports 140. The film
configuration of the back plate 330 is substantially identical to that of the back plate
130.

(f) Manufacturing method of condenser microphone



In a first step (see (A) 5i.e., FIG 16A)5 simlar

to the manufacturing nethod of the condenser
worr@roghcne 101, the insulating film 210 is for@EWP2067/053978

t he substrate 200, then, the conductive film220 is

formed on the insulating filgm 210. In a second step

(see (A2), i.e., FIG 14B5the conductive film220 is

subjected to patterning so as to formthe conductive

f i | mNex® thannp@riuringendthedief the sondensarasicrephgne 62 will be

el ectrode 160. The conductive film 221 has a disk-1ike
desdrited ;in tlbil ouitidredtriene tHiHIGS 2PPA ta R FIGB gl ShtpESF, and FIGS.

surroundi ng the conductive film221; the | ead 224
16axtbdbfiswherein sikatepoactuizhbted by irtfered2d symbolh€Ad prodiasy)j (Bd) to

film222; and the |ead 225 extends fromthe conductive
(Bb),|afd 222) to0(Qd)carktl whdreiadefeddde symbals (BlY 1 (Bi6g fedigete

(C3), i.e., FIG 16C), simlar to the manufacturing

croRLBOGoR viehe taRA0ASCHindBSBEIRTIE. N, dnldaefehsi¢k 8¥hBdls (C1)
film230 is forned on the insulating film 210 and the

to geaﬁ&@@n\é% drbbs N 28 Bnal WS takernCABEGAd €8-(8 InPIAD4A S

ormed on the insulating film230. In a fourth step

(see hA%irst dtefP(see (CH, 1. &4PIGY Bﬁt),%ﬁﬁﬂx%i tHE ndanbifBe g nfethod

subjected to patterning so as to formthe conductive

ofthd gaﬁ%%&sefr %gﬁd@goﬁé@o@ ﬂféﬂnm@ﬁrggeé@gzm& ﬁnﬁwaﬁkﬂet%ggfate

conductive 242 formng t nt portions 314

SN ISINENE DR TR
e 80 A DS A0 Sl

he~¢on rve fi

oA 0 RN R AT B2 s 8,
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..condenser m crophone 101, .the eni

R AR §haPB PG G e A Lo edsaal 224 extends
supports 140 i.s formed in the su?stratelgzt%(s). In a

fremthecapduptiyesflm 2akjo the canductiyestiim 22Y; a legd 425 extrads
manuf act uri ng _nmet hod of the condenser m crophone 101,

fremdhe epnduativnflo 2o thegleghadod®.are partially renoved

so as to formvarious portions )
In a third step (see (C3), i.e., FIG. 16C), similar to the manufacturing method

of the condenser microphone 101, the insulating film 230 is formed on the insulating
film 210 and the conductive ﬁlm 220, then, a conductive film 240 is forme(i on the
insulating film 230.

In a fourth step (see (A4), i.e., FIG. 14D), the conductive film 240 is subjected
to patterning so as to form the conductive film 241 forming the back plate 330 and a
plurality of conductive films 242 forming the bent portions 314 of the diaphragm 310.
The center portion of the conductive film 241 has a disk-like shape havfng near-end
~ portions, which are extended from the center portion in a radial manner. The

conductive films 242 extend from near-end portions 221a of the conductive film 221 to



of the condenser m crophone 202. As descri bed
heretofore, the present enbodi nent can be applied to
wapy7ypes of di aphragns havi ng bent portions BOTJIR20§7/053978
types of condenser m crophones whose di aphragns have
bent portions. O course, thke present invention is not
necessarily applied to sensors for detecting sound
pressure and can be applied to any types of pressure
innge neasrendipavtions 281280k thecponductive f}imé%ét embodi nent is
described in such a way that after the formation of
t he fn a§ifthfstémises (43), 1.e.hBIG dABYsimia to ithevpmagufactaridg method
222) and the third film(i.e., the conductive film
of PeXondérser mfiapphmemet 103 nthe opaising 402 ngrréspondingte the opening 142
partially renoved so as to formthe second film(i.e.,
defiiel bynthelsappores 140l isdorddd iatice BKAyate BOO. t hi ssikth stey (see (A6),
restriction. In short, it is possible to freely form

i.el, MG 14F5t simflec@ntle nﬁiﬂdfdcfﬁrin@ rhdtheGof the @ondsiseradicdsphens 101,
3. Third Enbodi nent FI GS. 17A, 17B, 18A, and 18B show

thd HSuaRRS Hiirhd!d 1 PAdE3 Paré PRARNS Qém BV e DRRAD EorkDdarics portions
accordance with a third enbodi mrent of the present

of IV ERHERRy mBpEdAE J2G 17A is a cross-sectional view
take along line Bl-Bl in FIG 18A; FIG 17Bis a

Cros t I
oy PAGERgHorAe 1 oo SRl 4y B e o oes

of %ﬁ g) qu{%vﬁé t hg‘rgﬁégﬁndl;? ggisrﬂf{ Bhdifet Hx‘fcrophones whose

nt|o ones 1 and

dlérﬁlﬂl?all,go%?sgﬁavg %e oq{lgffg] 0 iy % ' ﬁ1e lﬁlf 1919%1’&0&}101@ ‘flb{ Rcessarily

I'S pro

apnf%&t%%ﬁ%%ég ﬁ%ﬁeﬁﬁ%%‘%é“rd;p’%%gﬁr °aﬁlg 3 o AGRALEE Fges of
17A and 175%1 det esctl ng portion (see the
PrEfSHEeFETYS Vd% 17A) (a) Constitution of

' :22: :'Igag pggs{reil‘% %ﬂb@%ﬂ{%ﬂ& @ﬁé ol suc}xé'/_}wgyn&la% zi‘%ér t{‘xeh ?ormation of
the first film (i.e., the conductive films 221 and 222) and the third film (i.e., the
conductive film 242), the aforementioned insulating films are partially removed so as
to form the second film (i.e., the insulating films 231 and 232); but this is not a
restriction. In short, it is possible to freely form the first, second, and third films in a
desired order. |
3. Third Embodiment

FIGS. 17A, 17B, 18A, and 18B show the constitution of a condenser
microphone 401 in accordance with a third embodiment of the present invention,
wherein FIG. 17A is a cross-sectional view take along line B1-B1 in FIG. 18A; FIG
17B is a cross-sectional view taken along line A1-Al in FIG. 18A; and FIG. 18Bis a
cross-sectional view taken along line B2-B2 in FIG. 17B.

Similar to the aforementioned condenser microphones 1 and 101, the



m crophone 401 includes a di aphragm 410, a back pl ate
430, and supports 440. The di aphragm 410 is forned by
w@2@resar: bed portion of a conductive fil m 522PChar2007/053978
ends of which cone in contact with an insulating film
510. The conductive film5232is a sem conductor film
conposed of polycrystal silicon (or poly silicon), for
exanpl e. The conductive film functions as a novjng
comslepstmpigeonone ) is aTiices eapRRiLesMiaTphABR Nt s QEQLHTEH by ey
shape, both ends of which are supported by the
of thepponi¢andudior mapefariuring prgcess. onhesiogdensaumigaphens40d he
di aphragm 410 lying in the |long-side direction are
indlidesd sensibg porsiop (sretiIGH407 A snd 1 #BIEnd 7 Btegiirig portion (see the
short-side ends 410b of the diaphragm 410 lying in the
cireliofytshewdén 8iG.dGA)on are not fixed to and free from
the supports 440 (see FIG 17A). -An opening 442 is
{'CRdtiebee seristtg uipor t s 440 and is defined by wall
surfaces 442a (see FIG 17B), which are positioned
oppoU s Potvd ig BUGS Ot reind BT the bakingadrticnuiof the esndbhRey
(see FIG 17A), which are positioned opposite to each

mieldpBbn@A6 WRivabs AafpRAEH 410)abadpRELAB0, bad blipove k0.
surfaces 442a.respectively. The | ong-side ends 410a of

the dihapk : .
e ?@%&@%ﬁgﬁl@o 8 Brhbd B¢l a hfestiiBedWrtios UF 4 asRfuch4alm

ort-side ends 410b are not fixed to and

52?”r E&Rfehgﬁf ‘?@"%l’%‘?% géﬁﬁ&%ﬂf@pmsﬂiﬁﬁﬁg fifm 510€ The conductive

aphragm 4 across the supports 440 in

h it udi i i ‘ .. itbsilicon). fo
B e o B P P oy SFicBR K potsilicon),for

brate w

exra{%lg e:.llr \élgxlr%ycglﬁ}gﬁcl%gle 1 |4, b6 sdug rﬁ&élé@é’l@gtr VRSvell)€ The -

Ot necessarily rgned in a

.rectan r shape; hence, it.c [ ]
ciggasta S B S BEOGienEF "By b Rl O AR Rlhpblle B e
. FIGS. 19A and 19B, the |ong-side ends 410a of the
sugpeibh#dym 410 can be curved with a certain curvature.

A o502 kB AR e one s
ettt e 48 L2567, i M paguor e
ditagheragrlrjleﬁ?)rgfigg Llllf %e sﬁglyt\—/\sl?alé direction are not fixed to and free from the
supports 440 (see FIG. 17A).  An opening 442 is formed between the supports 440
and is defined by wall surfaces 442a (see FIG. 17B), which are positioned c;pposite to
each other, and other wall surfaces 442b (see FIG. 17A), which are positioned opposite
10 each other and which are positioned adjacent to the wall surfaces 442a respectively.
The long-side ends 410a of the diaphragm 410 are fixed to the wall surfaces 442a
while the short-side ends 410b are not fixed to and free from the wall surfaces 442b.
That is, the diaphragm 410 is bridged across the supports 440 in the longitudinal

direction thereof. This makes it possible for the diaphragm 410 to vibrate with

relatively large amplitude due to sound waves.



t he di aphragm 410 can be arbitrarily bridged across
the supports 440 in a prescribed bridging direction,
wokiociordey nmat ch the short-side direction or |PODIRI06H53978
direction of the diaphragm 410. The di aphragm 410 has
springs 412, which are wavedi3and extended in the
| ong-side direction fromthe center portion of the
di aphragm 410 to the | ong-side ends 410a. The springs
412 abeotipphragm 488 iseiineeesparsly desigporkinceieeiapgyar thape hence,
of the diaphragm 410 by way of defornmation thereof.
it Gmelesi dastgriellyn a sguare pheipa @3 othep shapes.st Fertexhagled aeshosvn IndIGS.
tensile stress applied to the center portion of the
19 ampht Wy rthetlodg-site dande 1 0a ef the diaphragmi4 Huiean ke ¢ureed with a
conpressive stress applied to the center portion of
cetthim alireqihreaqrlttdativelypassoivmga FIGS. 20w atd 208y thee dhartrside ends
any shapes as |long as they are capabl e of absorbi ng
410befiesdidpldag®t4102an 0k ctived cetl £cerpaix turontued. tlheddition, the
di aphragm 410 by way of the defornmation thereof. For
shenaisof thddaphiphin g3 0442 be dridgal aayedhé Supports 440.  Anyway,
t wo- di nensi onal directions along the di apﬁr agm 410.

thd h&gailagb%hg Pl et ve3Bbinsrilyobi®Betdustdg tidRipp6@s440 Peprescribed

por f a conductive film540. The conductive film

briftind &iréetiDBMVARAGMS Bhtch ihdRHEPIRAS 8ide FonRR oL il E @Rection of
for 'exanple. The conductive fil m540 functions as a

thé b g{gode as well. The back plate 430 has a
rectandgul ar shape, both ends of which are supported by

the Sﬂgé)&ﬁ lﬁa%llﬁigfilp-ﬁg§ S}%ggé ﬁb%ﬁgﬁ%p%waved and extended %ﬁ t)}’le

tPree- :rre Si y cr stheflap ragm 410 1 nwar

10@%@?“6?@@%&%? BpRE aeRer o REfle e 4 SRR i encs
442b, .qf .t h ' 42 El A) | il

+Ho, 27 Y2 308 BF R AR BT B suStpgfighorti 1 ©
ATy S LEEE e e B Sek B R 88 e

h -sid ds.430b of t.he back pl 430 .
stigfted i HgmeiinaRppiet 19 Bhsetiappiitna of s Yapbrasm 410, or

“fixed" Iong-si de ends 410a of the g%f h[lagm 410. .ThiPth
they arsceatrapied dHe Futhg SAMBHRSSHYE SEPSSERP {3} @ &7nder ppgtion ot the

between the di aphragm .
diaphragm 410. The springs 412 can be formed in any shapes as long as they are

capable of absorbing the residual stress of the center portion of the diaphragm 410 by
way of the deformation thereof. For example, the springs 412 can be wavled in
two-dimensional directions along the diaphragm 410.

The back plate 430 is formed using the prescribed portion of a conductive
film 540. The conductive film 540 is a semiconductor film composed of polysilicon,
for example. The conductive film 540 functions as a fixed electrode as well. The
back plate 430 has a rectangular shape, both ends of which are supported by the
supports 440. The back plate 430 three-dimensionally crosses the diaphragm 410

inwardly of the long-side ends 410a.



410 and the back plate 430; hence, it is possible to
i ncrease the sensitivity of the condenser m crophone
wamw7/097ime back plate 430 has a plurality of hpCEIP2EG2053978
Sound waves radi ated froma sound source (not shown)
propagate through the hol es 4432 of the back plate 430
and are then transmtted to the diaphragm 410. The
back plate 430 is not necessarily formed_ in the
r ect ayrgeitisally Hengsside aprset30p of ghgbagk phate 3§ ageifixedapthesyall
in 22éﬂtypes of sgg&ss. IncidentalLé; the back plate
sunfgeescdbied the eneningddsredf ot 1 843 white Soppide enda480b af the
desi red manner. For exanple, the back plate 430 can be
babk pliged3 hareqwsitiched wihspiee om4be wvialltsm‘g@h dr2a of the opening 442
direction thereof; alternatively, the periphery of the
(sdzalclG. pVR).e BB is; dre dhortesidd grels y30b o€ thettmck hbates4idpare wéstanced
440. The supports 440 are constituted of the
fregxh @ad mobpekitharediopposite to e ‘tfinedti bdrigvadé eddn4308 of theetilaghpagm
the insulating film 530 and the prescribed portion of
418, camietive the imohargkdf anx@mht bOcdpaeity esislimt batgeén theddddhragm
as well as the insulating film530, a conductive film

4192¢hd thOBadkSibeal30Menck,| iMsPbRsibRNE ifcrsabl She @nsitiSAP of the
Both of the insulating filns 510 and 530 are oxide

cohtibi®r &REB Mfi. SIO; the conductive filmb524.is a
sem conductor film conposed of polysilicon; and the

SUDSTTRY BacR WPaté 43 EndOLAGH 8f hlkd kEON SRS HARESradTdI&d from
openi ng 44271 s defined by the supports 440 so as to
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HRe- o taet el Bschaeh Hle T2 Rt oy PRURRLSOSIRE LB 400
Y I RN T e
sutp?)gﬁg g&gi’lncﬁ]ie \égor];;-isljdg]dlsrggticxli t%er%olf;eailt%rnsaﬁxl/ély,\l\t,ﬂg %Qrip Xetr5§ of the back
plate 430 can be entirely fixed to the supports 440.

The supports 440 are constituted of the prescribed portion of the conductive
film 540 fixed to the insulating film 530 and the prescribed portion of a coﬁductive
film 522 fixed to the insulating film 510 as well as the insulating film 530, a
conductive film 524, the insulating film 510, and a substrate 500. Both of the
insulating films 510 and 530 are oxide films composed of SiO,; the conductive film
524 is a semiconductor film composed of polysilicon; and the substrate 500 is a
monocrystal silicon substrate. The opening 442 is defined by the supports 440 so as

to run through the substrate 500 and the insulating film 510. A back cavity of the

condenser microphone 401 is formed by means of the opening 442 and the diaphragm



el ectrode 461 to the conductive film540. As shown in
FIG 25D (A4), an electrode 462 is connected to the
weomwdiogi4rrve film 524 via a | ead 526, which extROTIPA0053978
the el ectrode 462 to the conductive film524. The
conductive filmb524 is elect4Scally insulated from
ot her conductive filnms and is fornmed between the back
pl ate 430 and the substrate 500. By applying the
410el t age, which is identical to the output voltage of
the detectin ortion, to the electrode 462, the
conduin pipeireda 4A05shevwiin FlG.okSA eonngcty the diaphregmidd@end the
details of which will be described later. The
detestivg pediontpgetherh o dde 4Ettrodmddikis cotessiteghtodhe porsluctivefilm 522
way that, rather than the back plate 430, the
viglp dqadri@gnwhich dx¢ends $iotn teetbctubds ¢6Q o the sondisitisofitmS22. An
(not shown), wherein sound waves .are directly
eltatmds AH1 cenhdcts thhdadi plpterdd@nmd 1: ddtectingi porid@s e, THehedectrode
hol es 432 of the back plate 430 function as passages
461ds conreotedito aid cuhdbeiwefim $4tevinadkadcsdi, tuhichekt@ds doin the
gap 450 formed between the di aphragm 410 and t he back
el@taide 46 B tHelbonfenBieifilnt 3400 of detecting portion As
shown in FIG 17A, the diaphragm 410 is connected to a

bi as NDIHAGEINT TGS (RGN Gn e&a&oa@%m%nﬁé@é@mé%ﬁ@cérﬁiucuve
grounded via a resi stor 3002. The back plate 430 is

AIGPSEGH 8ded 0556, RIBCIREREA D fm 8 1H-ARd8akb to ‘Eﬂaeconductlve film
det'ecti ng portion of the condenser m crophone

5040 o%g génﬂc%i‘%, rﬂl éﬂﬁémleéﬁﬁ egiq? ﬁé%glt;ﬁreggn ddLg;tlve films

appl i edbet ween t |ap ragm 41 y way

anfifis § J}ﬁleﬁé%%v%gﬂﬁhé Bgcrk SﬁQéQso 2R §u%?1{rét§ 88@ l ﬁ? Qpﬁ%‘é the

connecte vol tage circul

R
cSrAEaREhESot LR B SEhafiefth  Mirafui s orvnin
TR ?nfﬁrzsh;n:;lbﬁ packag ng substrate
h as rﬁ'lxeactc;n\égrll er m gropll;(?nsél 47)5 oA %e redesigned in such a way that, rather
than the back plate 430, the diaphragm 410 is positioned close to a sound source (not
shown), wherein sound waves are directly transmitted to the diaphragm 410. In this
case, the holes 432 of the back' plate 430 function as passages for commuMéating
between the back cavity and an air gap 450 formed between the diaphragm 410 and the
back plate 430.
(b) Constitution of detecting portion
As shown in FIG. 17A, the diaphragm 410 is connected to a bias voltage
circuit 3000, and the back plate 430 is grounded via a resistor 3002. The back plate

430 is connected to a pre-amplifier 3010 as well. The detecting portion of the

condenser microphone 401 produces electric signals based on the voltage applied



which is preferably set to giga-order ohm The |ead
3006 connecting between the back plate 430 and the
wo e@7®91ar2 3002 i s connected to an i nput term nBCT/af2001E53978
pre-amplifier 3010. It is preferable that the
pre-anplifier 3010 have hi ghMé nput i npedance. By
applying the voltage, which is identical to the output
vol tage-of the detecting portion, to the el ectrode
between the diapbraget 1 Qand the gremg byevapeefl the pee-guplifier 3010.
el ectrode, which is used to reduce the parasitic .
capadipegifically i lsad 3@P4eompecied taibe bidssolagecismit H08 it he
conductive film540 form ng the back plate 430. For
cosrentp] o, thehisatrodred gbaditbe isvisstiaid 70052 4ead 006 sonmmected to one end
guard el ectrode, the pre-anplifier 3010 (see FIG 17A)
offtbe resistor 3602 épenhettedvethe elactude 46 Waad eilead 300 8cohpetted to the
term nal of the pre-anplifier 3010 is connected to the
othéremtirod e ré6idtor BYOD isaswnnectdiorthe brdund, oo alpsokiayiagfsubsiate of
524 and the conductive.film540 formng the back plate
thé 36ndehsdr heicRphBnd 90 BNt TIad resisfor B60PBE&SEhti®elyhigh odishALE
the parasitic capacitance existing between the

whieh tkisbfey£bly bt 16 ghxdordBrolad 0, Thdead BE0BIEoIHcHiklEbetween the
parasitic capacitance existing between the conductive

back pBS 450 ARTHhE hesiSUPSAAL Go¥eted 16 hn RK &lrir@ihl OF the

condenser m crophone Wen sound waves “propagat e

pr%-:&grﬁ)ggi,h,r 8o hat Fsﬁpréf%?ab‘?é thtah@leﬁ%’grn?ﬁﬁ&e?; 18had8 ﬂig}rligput

mtted to the di aphragm e di aphragm
in}t/pfegmges due to sound waves applied thereto. Due to
he vibration of the diaphragm 410, the distance

et vasPuoRIch Phake, 5 a0ichih 0L AR 440 T,
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bstantjal.ly flow.through the resistor 3002. That is
wﬁc%'ln he con(iuctivg film 524 serves gs a guard eﬁctrode, the pre-amplif?er 3010 (see

FIG. 17A) forms a voltage-follower circuit, wherein the output terminal of the
pre-amplifier 3010 is connected to the electrode 462. By placing both of the
conductive film 524 and the conductive film 540 forming the back plate 436 at the
same potential, it is possible to eliminate the parasitic capacitance existing between the
conductive films 524 and 540, thus reducing the parasitic capacitance existing between
the conductive film 540 and the substrate 500.
(c) Operation of condenser microphone

When sound waves propagate through the holes 432 of the back plate 430 and

are transmitted to the diaphragm 410, the diaphragm 410 vibrates due to sound waves

applied thereto. Due to the vibration of the diaphragm 410, the distance between the



presuned that electric charges accunulated in the
m cr ophone capacity do not substantially change.
wab@redare, it is possible to transl ate vari at PON$P2067/053978
el ectrostatic capacitance into variations of voltage
bet ween the back plate 430 a4 the ground. As a
result, the condenser m crophone 401 produces electric
signal s based on very snall variations of
bagk pbate 439 and hecliarheagnadt@ is vainigd, Josthatrthe eleetioriatice¢apacitance
m crophone 401 converts variations of sound pressure
betppdn thd diaphtagen 41 it thgrbadid platerid iv amtied.i ons of
el ectrostati c capacitance, which are then converted
i nt o Asdésatibahsbayk, thelwalgplatebMeisl comeeteidab thcresistor 3002
condenser m crophone 401 produces electric signals in
havagpehsieclythiyiardsitaneashedice, v tvhph @gsdléctrostatiG.ecagacltance varies
di agrammatically shows the di aphragm 410, which
dud tortiad Eibralied of thesdidpletay@mva®, épgtic @Bargbedceutulabédiethe
both ends of the di aphragm 410 are supported by the

 mEEFHNnE Sapktily dohiRt ShiedtialydhQhtcugh Wid dedistor 300Y.ATRAGS, it is

deforned so as to vibrate due to sound waves applied
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oSt Rt P, "B 8 (Rt g W eiP R e based
- the. diaphragm 410, al ong t he short - |de end? 410b, it

on whishdhs sandepserimicraphone ¢(lepiodpcesefegiric sigpals ingresponse to
condenser m crophone. As the distance between the

vasistiannef soupd REFSY8e di aphr agm 410 becones | arge, the

di spl acement of the short-side ends 410b becones
FIG. 21 diagrammatically shows the diaphragm 410, which vibrates due to

sound waves applied thereto. Since both ends of the diaphragm 410 are supported by
the supports 440, the diaphragm 410 is partially waved and deformed so as to vibrate
due to sound waves applied thereto. The deformation of the diaphragm 410 indicates
very large amplitude of displacement by which the center portion of the diaphragm
410 is greatly curved in comparison with the long-side ends 410a, that is, the
amplitude of the center portion lying in the longitudinal direction becomes maximum.
Due to the aforementioned vibration of the diaphragm 410, the short-side ends 410b
are displaced with the same amplitude while the long-side ends 410a are fixed in

position.



small in conparison with the displacenment of the
center portion of the diaphragm 410. In conpari son
wowao/oeg2 convent i onal di aphragm whose peri pheP@T/iR2007/053978
entirely fixed in position, the condenser m crophone
401 can realize relatively |48 ge displacenent with
respect to the short-side ends 410b of the di aphragm
410 due to sound waves. Even when the displacenent of
t he sHurdisglperaneshabthe diaphivegre AL, in Adi¢hethe dongnsidtiends 410a are
di spl acenent of the center portion of the diaphragm
ondyl fixed in positpusisilasger than thealispdacement gffths eorventional wiaphragm
respect to the condenser m crophone 401 conpared with
widse pedphentis emaklyyfitedampositinoe nBee tnsuchadhgn dispBicament of the
t he condenser m crophone 401 is designed such that the
dilystakerpl4dValet3Ghe sharbiidpendd 4 idbett iopgsibld ® iharehdeahe sensitivity
“fixed" |ong-side ends 410a of the diaphragm 410, it
ofithe pOrEdenidraniceopheak)CeAd e divigdvengarkcaabaopdnndeiovarithe
t he di aphragm 410 and the back plate 430; hence, it is

difstrsEila othecomes Bagethe iispiaRticht f thy sidri-bide eBQUIRIBSKIcomes
m crophone 401. Wen the short-side width of the back

s BfnCeofdfrissn vl UESSishlRchaR bf iAdentdh foRRBIOIRAAYBpKEBm 410.

t hree-dinensionally crosses the di aphragm 410 i nwardl'y
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positioned opposite to the diaphra O decr éases
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ecr éases. the condenser mrTcr
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described . in detail with reference to FIGS. 22, 23,

copygniponallyrkmowp condengermirrephalet | onal vi ew f or

expl aining the relationship between the
P Since 816 condenser microphong 401 is designed such that the back plate 430

is not positioned opposite to the “fixed” long-side ends 410a of the diaphragm 410, it

is possible to reduce the unchanged capacity between the diaphragm 410 and the back
plate 430; hence, it is possible_ to increase the sensitivity of the condenser ﬁﬂcrophone
401.

When the short-side width of the back plate 430 is reduced in order that the
back plate 430 three-dimensionally crosses the diaphragm 410 inwardly of the
long-side ends 410a, the area of the back plate 430 positioned opposite to the
diaphragm 410 decreases so that the electrostatic capacitance correspondingly
decreases. As a result, the condenser microphone 401 greatly receives noise, so that

the S/N ratio (i.e., the signal-to-noise ratio) of the condenser microphone 401



| ong-side width of the diaphragm 410, the short-side

wi dth of the back plate 430, and the S/INratio of the
w@omndeomer m crophone 401 . Suppose that the |PODIRI06H053978

direction of the diaphragm 410 is denoted as an

X-axi s, the thickness direct4n of the di aphragm 410

is denoted as a Y-axis, and the short-side direction

of the diaphragm 410 is denoted as a Z-axis, whereby a
decrraess. diFior Hup E9apn. dbia peefeiabledhat theishoyt-side width,of dhe back plate

Y-axis, and Z-axis with respect to the di aphragm 410.
43trhe desgroriped basad en theneNoiatip bf theraondensesmécrapkanevi® 1490

in FIG 22) is approxinmated in accordance with an

equatiNew, 41 yxanpde ef detemiipatiammfahe ghort-pide ahidihof dmbatk@late

inits short-side direction lies on the X-axis, and
430chasedbn theeS/demntie of tfe dohderdenmplinragimné B0 1 iwillibeslescribed in detail

| ong-side direction and the center of the back plate
widlBfeference ®© EBMif. 22523 endiRdection lie on the Z-axis. In

addition, the short-side width of the back plate 430

I s deEiPn2ates clys-2actiohdlevidvo fig-xipthéning tHerelfiohdldp between the

di aphragm 410 i s designated by 2b, and the short-side
lonk-@ide width bfthdid 2@ Al Ghe shoetesdowaitedf the back plafed30, and

=dx4 +ex2+f ... (1) where -b<x<b, -c<z<c. Since the

the SNY reddlef BB dondekdar Wfcrdghenéiaph r%\%ﬁoé@-&aﬁﬁl@ 1bngsside @ftction

not di spl aced, equations (2) and are establ1 shed,

oIR8 8B pRAL FdistdRRotEE EQEIY'K‘-&)%Q R tHidk@e sl BRIIBY BT ﬂl%Qiiz.ipfchragm

represented by an equation (4), and a sensitivity s 0O

41018 dERREE ?% )Q 'Y-z_%_iﬁ& A8 ARG oAYTdd dirdchiBh ﬁg BRI RS IRNRR10 is

equat 1 on e sensitivity s of t

SAASRSL LG QREOe s B g0 s S oy
Y—%§is,2£ﬁ§h i-—axis wftﬂ' )res\ﬁ@& & tHeQﬁ&&ﬁQagrﬁ %T6.~CThe deformation of the
‘diaphrégm 410 (see a curve 490 in FIG. 22) is approximated in accordance with an
equation (1). Herein, the center of the diaphragm 410 in its short-side direction lies
on the X-axis, and both of the center of the diaphragm 410 in its long-side direction
and the center of the back plate 430 in its shért-side direction lie on the Z-axis. In
addition, the short-side width of the back plate 430 is designated by 2a, the long-side
width of the diaphragm 410 is designated by 2b, and the short-side width of the
diaphragm 410 is designated by 2c.

y(x)=dx* +ex’ + f .. (D

where —b<x<b, -c<z<c.

Since the long-side ends 410a of the diaphragm 410 are fixed and not
displaced, equations (2) and (3) are established, based on which the deformation of the
diaphragm 410 is represented by an equation (4), and a sensitivity s of the condenser

microphone 401 is represented by an equation (5). The sensitivity s of the condenser



I [ y(x)dx XC2 (a) JLx J b 1la, 2 SO JL x J -L
b (5 dlac 53 FIG 23 is a graph show ng the
w0 edoandmamshi p bet ween the short-side wi dth of P&EIRACKIS3978
plate 430 and the sensitivity of the condenser
m crophone 401 . Herein, a cjgve 491 shows vari ations
of the sensitivity s when the | ong-side width 2b of
the diaphragm 410 is set to 1.0 nm and the short-side
migirephieng 40bis norenabizek bpsetaf asivispsd.varied from0 mmto
1.0 mm The curve 491 clearly shows that the .
sensi ¥iZ3WEP s incre@des as the short-side width 2a of
the back plate 430 decreases. However, when the
short-;' wi dth 2a of the back plate 430 decreases,
the efettfredt atic..c@paci tance between the di aphragm
410 an he back plate 430 correspondi ngly decreases;
hence, noise n, which is inversely proportional to the
squar g(xeai (0t 2Re* ebBet rosd)at i ¢ capaci t ance,
i ncreases in accordance with an equation (6). " As a
r esulherkt-bkg<prekerabl e that the short-side w dth of
the back plate 430 be determ ned in accordance with
the S/'N rati ouof tﬂge condenser m crophone 401 (see an
equation (7 ;TJ’PF:) X €24a% s2Bladr aph showing the
rel atf@’ﬁﬁﬁ% bebyeen t"h_g“"sﬁo;t-'@)de vvl\é%)h of the back
plate 430 and the S/Nratio of the condenser
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diaphragm 410 is set to 1.0 mm, and the short-side width 2a of the back plate 430 is
‘Varied'from 0 mm to 1.0 mm. The curve 491 clearly shows that the sensitivity s
increases as the short-side width 2a of the back plate 430 decreases.

However, when the short-side width 2a of the back plate 430 decreases, the
electrostatic capacitance between the diaphragm 410 and the back plate 430
correspondingly decreases; hence, noise n, which is inversely proportional to the
square root of the electrostatic capacitance, increases in accordance with an equation
©).

n(a)= 1 ... (6)

\2a

As a result, it is preferable that the short-side width of the back plate 430 be

determined in accordance with the S/N ratio of the condenser microphone 401 (see an

equation (7)).

SN(a):ISqEZ;:\/E["S' _2 3"’ +b4a°'5] (D



401 has a maximal value in relation to the short-side

wi dth 2a of the back plate 430. The val ue of the
wa@barismirzde w dt h 402a of the back plate 430, mii/aPe007/053978

produces the maxi mal value of the S/INratio.of the

condenser nicrophone 401, cabl be cal cul ated by

determ ning "a" based on the equation (7) in which the

tho. oHSF 244f BERRP ARV IR DHARGHB R P b e SHe vt of
AR PR 7 RS SR e coentis ugroaBRgeAL A curve 492

m crophgne 40 ones xi mal . That || when t he .

Shoas‘ﬁgf-aglﬁwwf&%% g?ﬁ I ¥ @%&%W@g 2b ot theyligplyragm 410 is
Is preferable that the back plate 430 be positioned

seb Bpb9ineE, e WesHosisie widdes Gfthe barknplels A30rs vataed frora O mm to
center of the diaphragm 410 in its |ong-side

1.8immct Tbh Puﬁfﬁd*%h&%@ﬂaom thae theNigatip of thsowindensaeniicrophone
opposite to both-side areas of 0.2 mMmw dth fromthe

40 loheg-ashepa mah velug imrelaiont th éhadshaphyideywidh Ga oAtedradk pinte 430.

~ the aforenentioned design nethod, the short-side width

Thavalte ofithe shott-spleavid iR acd thdback gl e 1B O.ewhioh pesiiuoes the
the SINratio of the condenser m crophone 401. (c)

mivkima selue of the $rdt tatd ofiehet contlreenmivrbplotner4on gcareeattubdied by
t he condenser m crophone 401 wi'll be described in

deleddhing\Wat basedfozrthe equdtion iV )Gh. widbifthe 13k diffetentiaPBAbmes
26G and FIGS. 27A to 27G wherein FIGS. 26A to 26G

ze#b.e Cross-sectional views taken along |line B9-B9 in
FIG 25A;, and FIGS. 27Ato 27G are cross-secti onal

vi ewsA§ akkaltalvaeg tld ert Pt RidiN4 0361 tBSBadkiblate430 %4 0.6 times
step (see (d), i.e., FIG 27A)5 an insulating film

srRallfor iganftRE 033- Qe FidiH B oF BlettiMPagnill 6 hE $/R ratig of the

seni conduct or substrate such as a monocrystal silicon
coHABSSF ﬂ'fi&ogl%ﬁf‘ecéld ! E‘e%#ﬂ:ﬁés m%?in‘leﬂ.s u*l"ﬂ%c' i Gy tg%% -dide width 2b
the su wa

deposited on the surface o strate y

oigtid g‘%‘éﬁlartagﬂ‘gglod 1% Hﬂn,tipﬁ pir&@xléb?et thBGh bhdR 1?12[&: £ bterb%sitioned
opposite to both-side areas of 0.3 mm width from the center of the diaphragm 410 in
its long-side direction, and the back plate 430 be not positioned opposite to both-side
areas of 0.2 mm width from the long-side ends 410a of the diaphragm 410.
According to the aforementioned design method, the short-side width 2a of the back
plate 430 can be determined b;clsed on the S/N ratio of the condenser microphone 401.
(c) Manufacturing method

Next, the manufacturing method of the condenser microphone 401 will be
described in detail with reference to FIGS. 25A to 25G, FIGS. 26A to 26G, and FIGS.
27A to 27G, wherein FIGS. 26A to 26G are cross-sectional views taken along line

B9-B9 in FIG. 25A; and FIGS. 27A to 27G are cross-sectional views taken along line

C9-C9 in FIG. 25A.



In a second step (see (A2) and (C2), i.e., FIGS. 25B
and 27B), |inear recesses 511 are forned on the

wo p@alogit4rng fil m 510. Specifically, a resist fPCTHIF2007/053978
exposi ng prescribed portions of the insulating film
510, which are used for the Pdrmation of the linear
recesses 511, is fornmed on the insulating film510 by

L ..
B BaE Do e & S Ran it oYt v as o g bon

Xposure,_an vel o nt, thus_ repoving th
s HECo o SHEG TR F SO oD elss & COPPFHAL oFife Surthec of the
ossibJe to for e resjist film which_exposes the
s E@T@A 0@&3{ Wt ?ﬂé@ Hrusprning dhy msylaking fild 59 on thembstrate
for the formation of the linear recesses 511, on the
Phsul ating fil m510. Next, the exposed portion of the
insulating film510, which is exposed fromthe resist
fi | m In&seegpg siep éspet(d2p pah(Gd), sechIGS 28BRNd27E, linear recesses
formng the linear recesses 511 in the insulating film
56l are fotnagdearf therinsuldtimgrfdei 0. f iSpecificaltyy apbwstdilyn for exposing
renmoved. In a third step (see (C3), i.e., FIG 27C), a
peserhedtpovidorfsi df thSdGuliating Ghned0.omhich erd ussd fat the forfriakion of the
510 by way of CVD. The conductive film520 is a
lipedr ysiesses G 1 fis fowmekdam thx ansplaging lfiimed 100Gy wiy of ethofiapky. That
(A4), i.e., FIG 25D), the conductive film520 is
iss b lpgsist ieappliod pathednsilatihg filS1 (K @ 48 10 Joe UG leRnfibhdiresist
522 and 524, |eads 525 and 526, and el ectrodes 460 and
fifth2. BPpRE bf b &Rkk Havihpe peaotbed inape,fthé PosEBIrh $s subjected to
subjected to patterning in such a way that a resi st

expdstitel 6 RYEISPMBS:, HIG r4DEGE HRAINhePEAy Portfin of the resist film.
theconductive film520 is forned on thé conductive
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portion of the conductive film 520, which is expose
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ereafter’ e resi'st ve

from the resist film, is subjected to etching such as RIE, thus forming the linear
recesses 511 in the insulating ﬁlm 510. Thereafter, the resist film is completely
removed.

In a third step (see (C3), i.e., FIG. 27C), a conductive film 520 is formed on
the insulating film 510 by way of CVD. The conductive film 520 is a polysilicon
film, for example.

In a fourth step (see (A4), i.e., FIG. 25D), the conductive film 520 is subjected
to patterning, thus forming conductive films 522 and 524, leads 525 and 526, and
electrodes 460 and 462.  Specifically, the conductive film 520 is subjected to

patterning in such a way that a resist film for exposing the unnecessary portion of the



The conductive film 522 has a rectangul ar shape, in
whi ch the prescribed portions of the conductive film
WG 2 7ognrespondi ng to the |inear recesses 511 BCEJIP2007/053978
waved. The waved portions of the conductive film 522
correspond to the springs 4123o0f the diaphragm 410.
The conducive filmb524 is fornmed in correspondence
h the shape and position of the conductive film 540
%Pl&%ﬁlm R4 l%ﬁeenefg%d@tqonéucﬂmﬁlggm by yaw pf lihagtaphy, then,
opp03|te to the conductive filmb540 in the follow ng
thetegposedportien efifbe sondugtive film 3g8, whizh ¢f exposeddiraptheipsist film,
. 410 are formed by way of the formation of the
iscsyhtegtedity etchingrsuslpas BHE tthies formingzthe nonduictive flifis 5F2d/amigs24,
the linear recesses 511; but this is not a
thedeadsiSeiand 226 val theselecthades @60 ity 4621 1 Tleacntlee, thoresitfiby is
way of any types of nmethods. For exanple, the springs
campletednrepeviedr ned by way of the formation of the
conductive film522 on the insulating film510 having
| i neaThpeajdactiveofiien 521 hay aeciavighlyr sHape, is RHiE0he pekcHBE
be formed by lamnating thin films. In a fifth Step
pdrtiens 63hp conditive Filrfp 522 Cotresfdndindgnd Whatihdd® rddebdds @@p are waved.
whose thickness is |arger than the thickness of the

Thowdued horlohd dithdebhdustifOFIR G20 R0t {41
510 by 1\b/vayoof CVD. In ér delr to s‘é| Eek?{)lfl@%@rgﬁg% 412’.8fthe

dmgl‘irﬁ,l;ﬁmmg fiink OBk caich $B0isfhemd ﬁ%o | %?é)ﬂpéﬁc\é%lftﬂ Jnhgsshape

and 524 in the follow ng step, the at

arld ﬂ:dﬁtm’?ﬂ& tﬁ@%lﬁ%@tl@er fint QH® ﬁ?&Qellotgl ﬁthg c err?‘ﬁ{ hpg ﬁ%xﬂ 4 is

mat eri al whose selection ratio

szﬁﬁ)ﬂéﬁto‘faf)béﬁe tQE}ht&)‘ﬁdﬁ RAYEH ¥ {n thgfolg%% og‘p %524 For

exanpl e e con uctlve ‘ed of
IOOI Y Sl ar e
4 BB TR R ot
h [ sa
Pk RIS Wb L
condenser nm.crop even
reb ] 9@. % B PR B5kbnar Raie o attien dhe g be ?qrgled by
e that. both fthelnulatlngfll 510 a
W%é&*t THISRUMOR | K" SR lolbe SPapes 1y SRRPERITRCA Ty way of
SSi bIe e e stﬂrre etching rate for them This
@Latiop o %glgfs%fhéct{‘fs 85744 on s apsatingdilmndi@rhavisse linear
etchl ng with respect tg
projections. Alternatively, the springs 412 can be formed by laminating thin films.
Ina ﬁfth step (see (C5), i.e., FIG. 27E), the insulating film 530 whose
thickness is larger than the thickness of the conductive film 520 is formed on the
insulating film 510 by way of CVD. In order to selectively remove the insulating
films 510 and 530 from the conductive films 522 and 524 in the following step, the
insulating films 510 and 530 are composed of a prescribed material whose selection
ratio is higher than that of the material of the conductive films 522 and 524. For

example, when the conductive films are composed of polysilicon, the insulating films

are composed of Si0,. In the selective removal step of the insulating films from the



the insulating filnms. Next, the conductive filnms 540,
the lead 541, and the el ectrode 462 form ng the back
wW@barmoAa3D are formed on the insulating fil m 5BOT/§R0€7/053978
(A5), i.e., FIG 25E). AUof the conductive film 540,
the |l ead 541, and the el ectr6de 462 are polysilicon
films. Specifically, the conductive filmis fornmed on
the i.nsylating film530 by way of CVD;, then, the
consiigtivg filpas. it if Recessasy, i leaveal cergrip aprtonmifike weulating flms
preci sely formthe conductive film540, the | ead 541,
forrmdng He cepdenseyaicrapne Ut even wherethednsnlasingvidnisiakepatally
has a rectangul ar shape, which three-dinensionally
regpqysd ebencheit ssanelfzeable/bat bathhof 2 mpulatineefinmsiil0atnidrsg 0 be
film530. In a sixth step (see (C6), i.e., FIG 27F),
compaengd of the BOE rwaerids pymdiahgt ispaskibleap aei the satd@ etching rate for
defined by the supports 440 is forned in the substrate
thg00. Wpemakeiabbssiblata @sily coftrdlthé anoentpdsichihg Wh respect to
prescri bed portion of the substrate 500 correspondi ng
theongubtingpf@imisng 500 i s formed by way of |ithography;
then, the exposed portion of the substrate 500, which
i s exNestethef doadudtive HmMESH0Ahe 1&AGA1] Snd BBRNSHMY48B % rming
of Deep RIE, by which the etching is perforned to
the ®aeltplafed3 n& @l A the MshlkPing e B8 & (aH &, I'8# 85E).
filmis conpletely renoved. In a seventh stép (see

AllGfthe toructive m B4 he fhe 5111",%&1%%, Elg?tfréde%ZaaE@B%lysﬂicon

partially renoved so as to precisely formvario

tiall S0 as o prec rm Var
O ST IR Rt T SDRAE 08 AR () S0 bway

o PR tHEﬂ?Eherc%Hﬁﬁ&iVE Bl gﬁbdééﬁ?é %r @%ﬂﬁl{li goﬁ i?sotrotp%ecz%sdia?y form the

Is formed on the insulatin
AP 20 L 2 A, SRS 0 o SO0 1
Sl A0 50 S0 SRR e SR
P LSl 0 oM ng s vtion b i trated

Eg?St }:PS’FZ‘%?‘WS@?F&IMPLQ I*Sﬁ}o 5¥I?), teu?%pcianqggu |58 1t icgr?es];)j)llldqgg to the
opening 442 defined by the supports 440 is formed in the substrate 500. Specifically,
a resist film for exposing the prescribed portion of the substrate 500 corresponding to
the opening 500 is formed by way of lithography; then, the exposed portioﬁ of the
substrate 500, which is exposed from the substrate 500, is removed by way of Deep
RIE, by which the etching is performed to reach the insulating film 510; thereafter, the
resist film is completely removed.

In a seventh step (see (C7), i.e., FIG. 27G), the insulating films are partially

removed so as to precisely form various parts of the condenser microphone 401.

Specifically, a resist film 550 for covering the prescribed portion, which must remain

in order to form the supports 440, is formed on the insulating film 530; then, the



prescribed portion of the insulating film 530 existing
bet ween the conductive filnms 522 and 540 is dissol ved,

wo b@7admTgap 450 is fornmed between the di aphr apoT/4P2007/053978
and the back plate 430, thus |leaving insulating fil ns,
covered with the resist film®50 and the substrate 500
so as to formthe supports 440. As descri bed above,

i e, o0 Bl s aeD ot clieton e
nm crophone 401, b V\ﬁ ch_jt is_possible to produce the.
| 57158 144 Biplging ¥ EPBPASA! A6 1 iypessible to

t hird egbodinent can pe further nodified in a variety

Us¢ aiglrlingsoligiassla as RydrpBporiherid02 according to a
variation qof the third enbodinment will be described

with rdesidieeselution istnfilpgrdinig theBolenAd? anhthelogening 501 of
Is a horizontal sectional view taken along |ine B12-BI

the sybstrptg 5093 as x dispnlve the inndatisigapinsg  §br exaipdphwlagrthe
610, the constitution of the condenser m crophone 402
prescybed pertion i ithe insidatingAlm 630 existinmbeweenthi eondictitvBdilms 522
condenser m crophone 401. As shown in FIG 28B, the

agdl A0 indins B 14!, HesaingapetIOein dortneed teivagsn te tliapaehghy410 and the

| ong-si de ends 610a and short-side ends 61Ch5wherein
bableplatrdp (s itldss leaviisg Mddlating Slrhs, xodered withshé talt fivhis50 and the
the short-side ends 610b are inwardly curved and are

splsttate H0(esb dstolfernh tRauppel 4408 SADRRELSedbdve, HBE Risllating
the short-side width of the di aphragm 610 defi ned

fibes S @ and 580 aleaditisliydenRNes s® P drécisad Biatlvatouk barts of the
departs fromthe | ong-side ends 610a fixed to the

cBh@pRérl Bictdhond 161 HyaphicR Ik Hokiklaso pRILAIRe @él?sul?é%rgt}n of

are substantially identical to the springs 412 o

i @ldeR@niddphéied 4dedi n the condenser m crophone 401.

In the condenser m crophone 401, the residual stress

. appli gghetRird %b@ﬁﬁfeﬁg%m&&g8@ﬁgg ?‘ﬁg%@%@?wag%g’

which is close to t ort-si
RSS20 BT Rt Bl by o
d%%t;gﬁieg e 1%?6)rencle% FRRE A anc{ %,CW negeenq 56 ig]ffso ho?pz%ntal
sectional view taken along line B12-B12 in FIG. 28A. Except for the shaping of a
diaphragm 610, the constitution of the condenser microphone 402 is substantially
identical to the constitution of the condenser microphone 401.

As shown in FIG. 2813, the diaphragm 610 has a rectangular shape defined by
long-side ends 610a and short-side ends 610b, wherein the long-side ends 610a are
fixed in position, while the short-side ends 610b are inwardly curved and are
positioned to be free from the supports 440. Herein, the short-side width of the
diaphragm 610 defined between the short-side ends 610b is reduced as it departs from

the long-side ends 610a fixed to the supports 440. The diaphragm 610 has springs

612, which are substantially identical to the springs 412 of the diaphragm 410 included



characterized in the shape of the diaphragm 610 in
whi ch the short-side ends 610b are inwardly curved so
w@gooro9prevent the near-end portion (close to P&EJIP2007/053978
short-si de ends 610b) from bei ng unexpectedly | owered
in position. Lastly, the presént invention is not
necessarily limted to the aforenenti oned enbodi nents
.and variations, which are illustrative and not
. g?t‘iqné?l?s\‘?émlﬂéh}é‘é%e“toﬁe condenser ni crophones can be
further nodified within the scope of the invention as
def i nd® thecongdensgppisiaplepnel 49 nthe resiblaEmesalapplied to the near-end
APPLI CABI LI TY The present invention is applicable to
resinact{dbe digpbragphblfe svhinkdp clode tothe sbout-siflevended 1 0b positioned
conmuni cati on devi ces, and information devices, such
frgg froum Shermippersyiil, éx reduced soghatiit muy pbeliglelyQoMeda ik podition in
condenser microphone conprising: a substrate having a
ag avivarg; dizection Gee §FACS)., Inhioniraststhe@onéchsbymiceslone 02 is
first filmdeposited on the substrate; a second
chgacterizednini thé shape fof threatiaphrage 10 i fvhicht thé kbrf-kidBends 610b are
having an insulating ability deposited on the first
impardhr curesd @pasto peeventihe Mesidifl fdiion Wodets tid dhdkt-side ends
spacer and the second spacer so as to communi cate the
6CEW)i froth bind deRpRGHly ke inSpdRRfnt | oned i nside of the
opening and is slightly distanced fromthe first
spaceragf iR eSAERREnSRARHot A é@ﬁgf Hindited ft@fh?%‘f‘o@%lentioned
means of a second film having a conductivity ftorme
ciR8bIRRMtS DR Yariafibngd Whidrand illeratitd %rﬁilfxdtlr i ﬁ%l?ce the
which is formed in a rectangul ar shape, ef1 hed y a

crdedl er%cfoﬂ%n&qgﬂ%e%ﬁérqﬁécgﬁ?% n?tpﬁ-ﬁ?xlg :g?ﬁ)p%%fr th&fnyention as

opposite sides, by neans o aving a
defined in the appended claims.

INDUSTRIAL APPLICABILITY
The present invention is applicable to condenser microphones adapted to
audio devices, communication devices, and information devices, such as personal

computers and cellular phones.



conductivity deposited on the third filmand which is
positioned substantially in parallel with the
wale@plyagm wherein the first pair of the oppoBCT/@2007/053978
sides are fixed to the second spacer, and the second
pair of the opposite sides abpé positioned within an
area of the diaphragmin a plan view, a pair of
bri dges, which are forrred%ﬁggns of the fourth film
and which are attached on cond spacer so as to
project inwardly of the opening; and a pair of third
spacers, which are distanced fromthe first spacer and
t he second spacer and are positioned inside of the
Lopeni figon BIHCIPPRONE GPRGTiSIBECer s j oi n bet ween
projecting portions of the bridges and prescri bed
porti pHubshate having afpAidgm rel ative to the second pair
of the opposite sides.2. A condenser m crophone
accor difingf spaceg) wlhigh is fowhed by meameofomfiist fil deposited on the
substantially covered with the diaphragm and the
sybistrate; fi | m has an insulating ability. 3. A condenser
m crophone according to claim2 further conprising: a
pai r afequindtspageni wihiclpBrivimetshy wlebnofa thirfldilaechving an
means of the fourth filmand are integrally
insnlating abitiey tegbsited bn thedfirkt spaterpai r of the opposite
sides of the plate; a pair of guard el ectrodes, which
are f o opshiby, Wlﬁdﬂﬁln@ihrbﬁ% HeqiRthphédrina Mtk WbESALE: so as to
slightly distanced fromthe di aphragm and are inserted
chitinvBRatelthe cigt e j oi nt portions and the substrate; a
first circuit elenent for placing the guard el ectrodes

and t hgiphitiodn, dthich S pogitiBALd Akidy o@tl?@é]?cnﬁ%taglﬁtié alghtgnd

a second circuit elenent for placing the substrate and

dish8c&l ABHRY %Q%ﬁ&‘ép%@ﬂ‘& lsaddn¥ sBa&ARd &ﬁ‘:&&f‘i& @111ned43yt ff?%ans of

condenser nicrophone according to clal erein
o A, el s RS Al 0yl
ol PRS0 DSl PRI AL PR 2
opposite sides and a second pair of opposite sides, by means of a fourth film having a
conductivity deposited on the third film and which is positioned substantially in
parallel with the diaphragm, wherein the first pair of the opposite sides are fixed to the
second spacer, and the second pair of the opposite sides are positioned Witﬁin an area
of the diaphragm in a plan view;
a pair of bridges, which are formed by means of the fourth film and which are
attached on the second spacer so as to project inwardly of the opening; and
a pair of third spacers, which are distanced from the first spacer and the
second spacer and are positioned inside of the opening, wherein the third spacers join

between projecting portions of the bridges and prescribed portions of the diaphragm

relative to the second pair of the opposite sides.



of the opposite sides of the plate, and the pair of

the short sides of the diaphragmare positioned in
w@arodlohalrz with the second pair of the oppositePCI/aE00F53978

the plate. 5. A manufacturing nmethod of a di aphragm

conprising the steps of: pattrning a first filmso as

to forma center portion of the diaphragm formng a

second filmon a near-end portion of the first film by

way of deposition; andpatterning a third filmon the

second filmso that the third filmis extended

Zout mm?‘iﬂdg}lsqf faicrphaye gocprdingstoplaipy].rwhereia theeavity is

ortion of the diaphragm having a multil ayered

subsiRnttally covaref aithige dinphragms end therfirst filn dacamiostlating ability.

and the third film wherein the bent portion is

extended outwardly of the center portion of the

di aphragm_ 6. Amanufacturing nethod of a condenser

3mi cr oghedenses migiophone gcendnghtavdlaip 2 fifrihee dompssing:ode,

a di aphragm causi ng vi bration due to sound waves

appl i edatrivdimdate jointportioms) whicheme formedrityi meard3as tie fourth film

novi ng el ectrode, and a bent portion is formed and

and tesnidtegraliyt intercinnecttd whith thefitse paip of tliedpposifeisides of the plate;

plurality of supports which support the plate and the

bent patricdiguafd dlarodies pvHietgireifornsedhy MmeidYoftthétecBAd film and
air gap is forned between the fixed el ectrode and the

which @y sibledy disthaced Rl thotidpRa Ll dnAGrdRisBASH Bltwb&fthe plate
condenser m crophone conprising the steps of:

joiat petiohdghdatht istisdtratd; | m so as to formthe center
portion of the diaphragm form ng a second filmon a

near - g fstR@fchit @erint "f&%)_lidiﬁgﬂhe‘;g.uhm AYctiRis Qlflchtehe g)late at .

deposition; and patterning a third filmon t econd

stbstdRtialy bRameldagentidl; kdd f1 | mis extended outwardly
t0\/vard.¥he first filmso as to forma bent portion of

ol i g PR ARt dE e P B G S o
sﬁ&k%@ad#%%@t}fé{&iﬁ&t he bent portion is extended

out war e center portion of the diaphragm 7.
The manufacturing nmethod of a condenser m crophone
according to claim6,

4, A condenser microphone according to claim 1, wherein the diaphragm has a
rectangular shape defined by a pair of long sides and a pair of short sides, and wherein
the pair of the long sides of the diaphragm are positioned in parallel with the first pair
of the opposite sides of the pléte, and the pair of the short sides of the diaphragm are

positioned in parallel with the second pair of the opposite sides of the plate.

5. A manufacturing method of a diaphragm, comprising the steps of:
patterning a first film so as to form a center portion of the diaphragm;
forming a second film on a near-end portion of the first film by way of

deposition; and



wherein the plate is forned using the third film 8. A
di aphragm conprising: a center portion; anda bent
w@erwiogr7havi ng a nul til ayered structure incl uBkCT@P2a07/053978
first filmformng the center portion, a second film
formed on a near-end portion3f the first film and a
third film which is fornmed on the second film and
he first fil wherei n

whi ch is extended outwardly of . f

e befoeT i Srat e abemg imaiyt be tkirbhbeimatended

cﬁ%&ti n. tg dic ndenser m crophone conprising: a plate
?fﬂg’%f F {1 a5 de &ormpa Berd pRFticaridhe diaphragm having a

vibratign due to sound waves applied thereto, wherein
myltilayered shagirginslusingthe irst fdms thersepend filgn, anddhe thipd film,

el ectrode and a bent portion, which is forned in a

Vherein the eans gorianis exfieadddrmitwatidiyofithe icenter porkiom bbtheidiaphragm.
the center portion, a second filmfornmed on a near-end
portion of the first film and a third filmformed on

the second filmand extended outwardly of the first

%i | m Aswanifacturing niveindd gfor ¢andenses méorb phatetinclutigradilyte having
of the center portion; and a plurality of supports for
asiypdetdcinode tahdiapliragm candng hibrdiatdupas sbwtl Whvdshgplied thereto,
di aphragm such that an air gap is fornmed between the

ifi iwhéxh edeedripoitorting 4 MeviAp ¢icogodd, a6d b @Rt pokfon A formed and
condenser m crophone conprising: a plate l?1avi ng a

ekiexéetl @itaatdlpaethedcehted hattiohyarRf a gmm&y bEsipdorts which support the
supporting the plate; and a di aphragm having a novi ng

pRit€eid @E Dent$irfibn bf tHRQBATH NS th Qféﬁ%%é}ﬁthtaﬁalg a{l}lg gﬁ}iolgtf?]ﬁréed

with an air gap therebetween, wherein “bot

beivaRR IR0 & QeSHIIROH SKL ﬁ%v%g %1&&8%& (rigﬁi mgﬂﬂ'a%@rgxﬁge}gﬁthod of

the diaphragmis partially fornme ue to vi

S S et hereto- 11 4
patterning a first film so as to form the center portion of the diaphragm;
forming a second film on a near-end portion of the first film by way of

deposition; and
patterning a third film on the second film so that the third film is extended

outwardly toward the first film so as to form a bent portion of the diaphragm having a

multilayered structure including the first film, the second film, and the third film,

wherein the bent portion is extended outwardly of the center portion of the diaphragm.

7. The manufacturing method of a condenser microphone according to claim 6,

wherein the plate is formed using the third film.

8. A diaphragm comprising:

a center portion; and



a plate having a fixed electrode; a plurality of
supports for supporting the plate; and a di aphragm
whawizfg7432 movi ng el ectrode, which is positi oneRCT/JP2007/053978
opposite to the plate with an air gap therebetween,
wherein both ends of the diapiragm are supported by
the supports so that the diaphragmis bridged across
ue to

the s orts,. Wherei n the.di aphragm vj br at es .
sound ATbb Sl A8 et i R e et f A forming

i aphragm.has a re ngul ar, shape in_which a pair of
i por o2 et hRE Bt on Teapsit bion ed et S, and o
air.. of Qsi.te ends_are positioned free fromthe
t@ﬁ% by %’g Cﬁzs OAmeg Raehe &cond &l gnd meiichcis srisnded ewwardly of the
f\%ﬁa.ﬁﬂl , Wherein the diaphragmhas a pair of springs,

i 1k, Jrierein Hsdbenh godiondm eiandad eutwandligefitge dentecpairtion.
froma center portion of the diaphragmto the pair of
opposite ends fixed to the supports so as to absorb
residual stress of the center portion by way of
Yef or Fagangansen sriewiphongcontprisimgienser ni cr ophone

- according to claim 11, wherein the di aphragm has a
r ect angudta having pdixgdfdlevtaddiry short sides and | ong
sides, and wherein the long sides lie in a bridging
di r ectaidpaphiragymcausientibratipardue om seindtviees applivdatiBicto) wherein
the pair of opposite ends fixed to the supports. 14. A
thodidpiragn ks arcenfeo pertidadariigRinbdng eRcifode2and \BER pBrtion,
t he di aphragm has a rectangul ar shape defined by Short

vellicless fargkd @nomaitlaferearhomie IAd 8 fir® TImSofRS o thEcenter
in the bridging direction. 15. A condenser m crophone

pae, 8ise@ntidilsl Rimbd dn @medilendREiGA Bf B First film, and a third film
pl at et hree-di nensi onal ly crosses the di apfwr agm

oYl oH the 9conbl FilRAdHd SherABP gﬁé’v&a?dlg R $he fgggﬂgﬁl‘)stoﬁg& the bent

supports, so that a pair of opposite si

pehidngs 2k en AQBhIthAREY of Vc%mfebg?@gﬁp%égm and are

positioned free fromthe supp A condenser
. . , ! 5 .
w dt oo RSB P s e e Blaud g B TR Brfongr e
d%ﬂ&%h{ ﬁlcﬁ%iaﬁ an it Ea%% ?grm%% ﬂe%wéje%qgé h?’(ec{ élgcrzrt]rcg(ﬂeeand the moving

electrode.

10. A condenser microﬁhone comprising:

a plate having a ﬁxed' electrode;

a plurality of supports for supporting the plate; and

a diaphragm having a moving electrode, which is positioned opposite to the
plate with an air gap therebetween, wherein both ends of the diaphragm are supported
by the supports, and wherein the diaphragm is partially deformed due to vibration

caused by sound waves transmitted thereto.



pair of the opposite ends of the di aphragm
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11. A condenser microphone comprising:

a plate having a fixed electrode;

a plurality of supports for supporting the plate; and

a diaphragm having a moving electrode, which is positioned opposite to the
plate with an air gap therebetween, wherein both ends of the diaphragm are supported
by the supports so that the diaphragm is bridged across the supports, wherein the

| diaphragm vibrates due to sound waves transmitted thereto, and wherein the

diaphragm has a rectangular shape in which a pair of opposite ends are fixed to the

supports, and other pair of opposite ends are positioned free from the supports.

12. A condenser microphone according to claim 11, wherein the diaphragm has a
pair of springs, which are waved and expanded in a bridging direction from a center
portion of the diaphragm to the pair of opposite ends fixed to the supports so as to

absorb residual stress of the center portion by way of deformation thereof,

13. A condenser microphone according to claim 11, wherein the diaphragm has a
rectangular shape defined by short sides and long sides, and wherein the long sides lie
in a bridging direction from a center portion of the diaphragm to the pair of opposite

ends fixed to the supports.
14. A condenser microphone according to claim 12, wherein the diaphragm hasa
rectangular shape defined by short sides and long sides, and wherein the long sides lie

in the bridging direction.

15. A condenser microphone according to claim 11 or 12, wherein the plate
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three-dimensionally crosses the diaphragm inwardly of the pair of opposite ends fixed
to the supports, so that a pair of opposite sides of the plate are positioned above the

diaphragm and are positioned free from the supports.

16. A condenser microphone according to claim 11 or 12, wherein a width of the
diaphragm between the other pair of the opposite ends is reduced as it departs from the

pair of the opposite ends of the diaphragm.



