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SPECI FI CATI ON  SOUND DETECTI NG MECHANI SM AND A
MANUFACTURI NG METHOD THEREOF 5 TECHNI CAL FI ELD
[ 0001] The present invention relates to a sound
detecti ng mechani sm and a manufacturing net hod

"~ thereof, in which the sound detecting 10 nmechani sm

conprises a pair of electrodes formng a capacitor on
a SPEMIFTEATTONwhi ch one of the el ectrodes is a back
el ectrode formng perforations therein correspondi ng
to acoustic holes and the other of the electrodes is

a dj [LeQ0 At [\,
conPe DB R p AR AN ISk P MR FAL R
ph HOTIEKRRRI®E. A typical construction of
condenser mcrophones is shown in Fig. 5. This
condenser m crophone conprises 20 a netal capsule 100
including a plurality of perforations "h"
coTEQ&ﬁNg@MgFI%LBcousti c holes formed therein, a
fi@%ﬁ f' ectrode 300 and a di aphragm 500 provi ded

in &t he capsul e to be opposed to each other wth a

100 ¢ ! sed . _
onn Ch SR ARG TR Bk SAGH AL aniem
op£id BgnahufdttutiapshétholOherastti & hach tHOSSME Betecting

converting el enent 700 made of J-FET or the |ike and
monetkanism cdmepsises o patieobalectrodes farmingta ceparfitor on a

condenser m crophone, _—a high voltage iis applied to a
di BiRstEate dn yaRicpione qféhﬁﬁge&ﬁo‘i/%ésﬁg&%@ elacigede feranizgd

oh sl RRERTh s Bo R At HTEY R ofp PERI G b

‘a a@@rg&@isapdgﬁﬁhgﬁ charge to remain on a surface
me

thereof (an electre nbrane 510 1

BACKGROUND ART
[0002]

Conventionally, condenser microphones are frequently used in
mobile phones, for example. A typical construction of condenser
microphones is shown in Fig. 5. This condenser microphone comprises
a metal capsule 100 including a plurality of perforations "h"
corresponding to acoustic holes formed therein, a ﬁked electrode 300 and
a diaphragm 500 provided inside the capsule to be opposed to each other
with a spacer 400 therebetween to maintain a predetermined gap, a
substrate 600 fixed and fitted to a rear opening of the capsule 100, and
an impedance converting element 700 made of J-FET or the like and

- mounted to the substrate 600.- With this type of condenser microphone,
a high voltage is applied to a dielectric material formed on the fixed
electrode 300 or the diaphragm 500 to be heated to generate electric
polarization and produce an electret membrane allowing a residual

~electric charge to remain on a surface thereof (an electret membrane 510
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is formed in a di aphragm body 520 rmade of netal or
conductive film which constitutes the di aphragm 500

in Fig. 5), thereby to provide a constiuction that
requires no bias voltage. Wen the diaphragm 500 is

vi brated by sound pressure signals of a sound, a

di stance between the 5 di aphragm 500 and the fixed

el achrmdd i8G0diaphehgmdestiyt 520 afade cfapesl loareAdudiiee film
variation of capacitance is outputted through the

i npydiciheanssibntes thendiapheagmt 5000m Fig) Gh3herehy teprovide a
conventi onal .sqund detect.i.n chani has the 10 )
£ oW e aRTER oS vebaRa B et RebRBRTIAO is
ComaLi ‘ futi .

e B PeoBiPp{EhFe titile BERSLIR 4 B Rnld BER A Rne
( 1@3phteom’ PR ithe fixedtdlécthalk36d feiHAtRd Bfvdre
present 1 nvention), both substrates bei ng superinposed
t heapagitange. althe yaviaticayeficapbo@pnenis ¢wtputtdhidmedghdhe
each o(%{ﬁer t hrough heat 15 treatnent. Then, the
suBRR§agnce copesrtRg plegnerd T3h pack face plate is
gr[@%ﬁgﬁto obtain a desired thickness. After an etching
mask 12) is forned on each of the substrates (108)
and (109Another ehRehtRhas sdufd dbfRanetn¥bhinidth H!(iii g%

etching liquid thereby to obtain the di aphragm
arfdlloweng eatstiactiom| dibis(sb@)l. ddtextting nirechiaatdm feasmprises a

plate (10 i.s 20 reticulated (corresponding to the
' pe?‘-\alé" Ziﬂs

fzate Shl0)gponstisutipg sediaphugem: anshy subairate S0 i ng
I r..(111) i,s etched,wt rof |l uori,c aci wi th .t he
3580k | S oy BB e Ao
t I B . 1 N
AR, kRGN RSB hrou
quat adhésivenldyer (109kand chemadheye@fo EattesthePabusmst hdat

Japanese Patent Publication, No. 2002-27595 par agr aph
[ dosRtment: o dgrery, 6bespbsiate (W0 wetinggs the. b OBUHE is

gggﬁlggkfwgt%h%dgs%%& Eﬁgc-lgnoesBsE Sf&ﬁt\ellg En %¥cl-1r1lfl1% JnlaglglliEWig\'ls
formed on each of the substrates (108) and (109), the substrates are
treated‘with an alkali etching liquid thereby to obtain the diaphragm
(101) and the back face plate (103). Next, the back face plate (103) is
reticulated (corresponding to the perforations of the present invention).
An insulating layer (111) is etched with hydrofluoric acid, wii:h the back
face plate (103) acting as an etching mask, thereby to form a void layer
(104) (see Patent Document 1, for example: the reference numbers are
quoted from the cited document.) |
Patent Document 1: Japanese Patent Publication No. 2002-27595
(paragraph [0030] through [0035], Fig. 1 and Fig. 3).

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0004]
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2 In order to increase output (inprove sensitivity) of
the conventional m crophone shown in Fig. 5, it is
required to increase the capacitance between the
fixed el ectrode 300 and the di aphragm 500. In order
to increase the capacitance, an area of
superinposition area of the 5 fixed el ectrode 300 and

t he di apAnagdebimhewdetolpuit tiahprsekensAitiey)nifttheel v,
it wll be effective to reduce the gap between the
f i saavengional nygeordoneshgwihin Hig $hibismesoiredHovemase the

? AReRaRE bolmest shE haod RletrEE A AR 5bo dithatre 200 In
ot% Aerepl Ié‘&%l sF the @4 éﬁﬁaﬂﬂecﬁﬁ%gg%f Qﬁﬁ?xﬁﬁipog{ﬁﬂ@ﬁeg%of the

han nstrucflon avi n e ‘'spacer

nOﬁﬁéﬂ ahkonedetIver @d tle dldéﬂﬁ‘hgﬁl 500 sh@ulﬂ%ﬁicﬂéhéelﬂe
di stance between the fixed el ectrode 300 and the

di Abﬁm@ﬁw@mom Wwibbepifectivs ta rmlueleetherw:p smaenshe fixed
i h 15

mﬁgs@a@@ég" Ethordiephérus WD E: PR LOpERRSp Inghe

po e :d;%tuﬁgﬁﬂﬁﬂrﬁgltlbﬁ oRtRE Sd%lé)c%({%n aﬁhﬁﬁé ﬁhgphragm

m cCr op ne usi ng suc

PO500TRoUTd ety £n eHRSEaReat BAEh BAErogRRE JeeHeS! T the
and thus is hardly capable of enduring the heat in

t i otber dandeid towconsteaetion haviey theusptaedr 80 aoped abevk, there

boar for . exanple. 20 The m crophone, therefore,
ﬁgllmé @ BhrEicing fhe ﬁ@&amﬁew theofiracbelestrodp 00

préﬂgﬁgeﬁloarhagmoé _.Iike. [0006] In view of the

above €sC in Patent Docunent 1, it is
copeegyable to enploy a construction including a back
el ectrode and a 25 diaphragmfornmed on a silicon
subst r at Aldwy the eleztfatlzohdahscarnmicophoneeoftén s0ilind a high
det ecti ng nechani sm havi ng suchgﬁéﬂnstructi on is

dwé&!élteﬂcaﬁaaw sybstaugeatiich a7 F spryEskylene Rropylene)
by rtjlﬁgc%ﬁnlgb ?hoSt 8 ﬁﬁ??e‘? %ee%ﬁgl%gn fec?x%g lf)o allr?zcaftgoorije The
m1crophone using such a high polymeric organic substance has poor
heat resistance, and thus is hardly capable of enduring the heat in time
of re-flow treatment when mounted on a printed board, for example.
The microphone, therefore, cannot be giveh re-flow treatment when
. mounted on the printed board or the like.
[0006]

In view of the above, as described in Patent Document 1, it is
conceivable to employ a construction including :—i back electrode and a
diaphragm formed on a silicon substrate by micro fabrication technique.
A sound detecting mechanism having such a construction is compactl
and yet is capable of enhancing sensitivity by reducing the distance
between the back electrode and the diaphragm. Further, the
mechanism can undergo re-flow treatment while requiring a bias supply.

However, according to the technique set forth in Patent Document 1, the
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mechani sm can undergo re-flow treatnment while

requiring a bias supply. 30 However, according to the
techni que set forth in Patent Docunment 1, the 3

di aphragmis forned by etching a nonocrystal silicon
substrate with an alkali etching |iquid, which nmakes

it difficult to control the thickness of the

di dpiptargam Asformied il dtchidg & snetidekyeal kiliconGhibairatéwith an
required thickness for the diaphragm 5 [0007] In
coptiadeetiching Batid whith rnakeshit t trf cartteoldibepihiclgrass of
here, ,it, is effective to utilj.ze an . wafer to, ..

e GHebBEED AR FETHE it y° CHIERL TocRTRi §6teRed fickness
di ' process of form ng the di aphragm by
et%ﬁ?ﬁggghgﬂg% .con substrate with the alkali etching

| i pgog] More 10 particularly, according to this

method, a built-in oxide filmof the SO wafer can be
utili zed Ingonsisleving cydrolicfithe thivkmgsswof the dimphirigii here, it

et chi . liquid, therehy to control the thickpess, of
th¥ %ﬁ%mﬁégmtglyes%m §§b[i‘ﬁ oF fte Imprp g Hag confrolabiligy of the

R e e

- f remhinethuiilicoh Rubirdfe Wit alkd®] dtckt Hligh t Mbhe

di aphragm_ which deteriorates the vibration
¢ heardearlyt accondierg tolthis diedhbd caybuils-ih oxidedfilan ofi the SOI

reduced thickness, If the thickness of the _diaphragm.

i swégqre?@ﬂlg& Riligedap 2 w50p davRTelor Ikbohingrwithith ~dkals etFhing
by;. Lpternal . stress,. it IS ui.red to i,ncrease
O, oY SR8 1R B Thickbiee o B R e dCSIE g the
Thiksckidi8 d?'a%pitrtﬁﬂanlag@f‘ BPEhd 1908 wafepduced thi ckness

but merely extends the process (nmerely increases _
prl6668ki ng | oads), which | eaves roomfor inprovenent.

[0009] 25 The object of the present invention is to
provi de Aongthelass, evenysith stch anmpshod aspnternalissrassng

e, e%%%ﬁ?g@é%%%e%uqit?i%hgxqgén film or the like distorts the
diaphragm, which deteriorates the vibration characteristic when the
diaphragm is formed.with a reduced thickness. If the thickness of the
diaphragm is'selected in order to reduce the distortion caused by the
internal stress, it is required to increase the thickness of the diaphragm
more than necessary. Thus, the diaphragm cannot have a reduced
thickness but merely extends the process (merely increases processing
loads), which leaves room for improvement.

[0009]

The object of the present invention is to provide a rational
construction for a sound detecting mechanism havihg a diaphragm
formed with a required thickness and yet restraining distortion of the

diaphragm to provide high sensitivity.

MEANS FOR SOLVING THE PROBLEM
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formed with a required thickness and yet restraining
distortion of the diaphragmto provide high

sensitivity. 30 MEANS FOR SOLVI NG THE PROBLEM 4

[0010] The first characteristic feature of a sound
detecti ng nmechani sm according to the present

invention lies in conprising a pair of electrodes

f of0010d a capacitor on a substrate in which one of the
electrodes is a 5 back electrode form ng perforations

t her ei n Jore Bxydharageristisdeatire of armiuasl datdctihg nuedhamism
of the,electrodes is [

f a di aphragm wherein a silic
ni BFORAS fafHepTEEER: HoEnHion He 10 GBI Hech Py Hlectrodes
CnErnR LE R b bl sub ER6C B SRS BREIBG A 2%

[ Fuack eRotradd &t perfshRidisthetint dRrepRYdin®tSacoustic
construction, the nenbrane acting as the diaphragmis
f oholked aod the eheepfithe slectrades of a diep sialgne omhersin mi slicon

film.Thus, .under. _the condition where_the substrate is .
r eRETe b%zpwéw%nttge @!&#o%%apw ALY ahehe swbatrgte with

th [ [s.0 e ane
b Sy R R e e e e
t hguisdFgss to restrain the phenonenon that all ows an
unnecessary stress to act on the diaphragmor the
phE¥diknon that distorts the diaphragm thereby to
vibrate the diaphragmfajthfully to 20 sound pressure
si gnal s. LFunetien ?‘nflq@ﬂ%ai)ve- noted characteristic
feature provides.t constructy on that. di spenses,with
el et RSO E sb Wi 8P Bt Aol RaicR PR ramB i
| NadtinBa®thé BiddiWeld RAFRRY MISA it i §4rf3Pe Bf the sili
pri ntlg%aboard. IJAS § result, the sgl}jn %‘et eléti%g the stlicon
menitaide Sihnhavhgs, hirgler $he sohiitidy whene ke pubsirdedisiensoved
very sinple 25 inprovenent in construction for formn

t ey etahing o prpeseddermpmbrangderming the diaphragm, even when

stress acts on the membrane from the substrate, the silicon nitride film

releases the stress to restrain the phenomenon that allows an
unnecessary stress to act on the diaphragm or the phenomenon that
distorts the diaphragm, thereby to vibrate the diaphragm faithfully to

~ sound pressure signals. Further, the above-noted characteristic
feature provides the construction that dispenses with an electret layer
.and 1s capable of enduring the heat in time of re-flow treatment when
mounted on a printed board. As a result, the sound detecting |

 mechanism having high sensitivity can be provided by a very simple
improvement in construction for forming the silicon nitride film between
the membrane constituting the diaphragm and the support substrate.
.In particular, according to this arrangement, the compact sound
detecting mechanism can be provided on the support substrate by
utilizing micro fabrication technique, which allows the mechanism to be

used easily in small devices such as mobile phones and to undergo the
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t he menbrane constituting the di aphragm and the
support substrate. In particular, according to this
arrangenent, the conpact sound detecting nmechani sm
can be provided on the support substrate by wutilizing
m cro fabrication -technique, which allows the

mechani smto be 30 used easily in small devices such
asreviibiv reptinees whed mhoubtslies® éhd beintdd beafd.ow
trgﬁggﬁnt when nmounted on the printed board. [0012]
Th ond characteristic feature of the sound

detectin nmechani sm accar di to t present i

ovent | orfe SEORA chAMCIFHALS dEPa cE ChEepaed fatesting

su v .
SUbeFpap s Sk B HIOpASIRP AVALRIOH 3L HBR the gybstrate
vefreludavi Bappdie subkta@8 hafidg 4 deoddcrRtaekHicBalPRMra28
active layer and a built-in oxide filmlayer is used
asaceting a& phe base thatepf tvehevedn abySOhwadet hawrgahersilicon

forys. t [ ragm 10 [QO1 [ Function and Effect]
ncEridertim BoRhbe Gtkaweimatiate Hyssanice PoRE Tnesasfly layer

I R SR, BRI bt B, B

subisphadgmact ing as the base, thereby to formthe 15
sound detecting nmechanismutilizing the active | ayer
aslOOA8] di aphragm  for exanple. Even when stress acts
on the dkﬁphragm t he Sii icon nitride filmrel eases
the stressungtiomapddiffect] the SO wafer having the

ead 1y BeBRRE R B BBR B b el hon akP e P gleatment
L OS] asTétentstt 6ltiedTARSG Bdctlibé ohORRUIOT Rafliiaity e

~detecting nechanismaccording to e present

i rmenbdérystdlisticdmsilsiatichetingsd thed Basd, thérudgstodorm the

2%@33&% %:tteechg?l\:{slxggut?lizr{gg%ﬁg )g?:}:i?rle 123'74,1! a(.:so{]he diaphragm,
for example. Even when stress acts on the diaphragm, the silicon
nitride film releases the stress. As a result, the SOI wafer having the
necessary membrane already formed therein is used to readily provide
the sound detecting mechanism, |
[0014]

The third characteristic feature of the sound detecting
mechanism according to the present invention lies in that the substrate
includes a support substrate having a monocrystal silicon substrate
acting as the base theréof, wherein an SOI wafer having the silicon
nitride film held between a built-in oxide film layer and the base is used
‘as the support substrate.

[0015]
[Function and Effect]

According to the above-noted construction, necessary treatment

such as etching or the like is executed on the SOI wafer having the
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acting as the base thereof, wherein an SO wafer
having the silicon 25 nitride filmheld between a
built-in oxide filmlayer and the base is used as the
support substrate. [0015] [Function and Effect]
According to the above-noted construction, necessary
treatnment 30 such as etching or the like is executed
onntdmecdtalsilieon kabitrgtd hetibs aoNBE basé Aheséby €@form the
substrate acting as the base, thereby to formthe
sotpindidetectinggnaehaniamswiilizing thengenthrame formed on an

Ii"%ﬁ”q%aggfw?a?eaﬁh&;&ﬁ 184} o998 fmead Bt innlira s fpogrample.
Feeﬁ%v}i sHLEPREAYH tﬂeh& @M%@”Pﬁé Egiaﬂﬁﬂl L8 Blm

ases the stress. er avil ng

t heeloggBstharstredse n‘@rs@eesaﬂf eSO Divapsk lﬁzi‘ﬁhglthelrﬁacéé?s%q'y
to readl |y provide the sound det ect i ng nechani sm
[ ooes)brme Floeadshforredatdereinsisiusefldatrendilpprovideshersdund
det ect 10 rrec:hanl sm according to the present
| n %tﬁf’h}% SENIFMy hat the substrate includes a

6 substrate having a nonocrystal silicon

Eﬁﬁrate wherein a silicon oxide filmis fornmed on

t he suppQie foubgt Eled@ctdridtic @altuﬁ%r Het gdu@ﬂ &étlel%m?
formed on the silicon oxide film and a silicon m
i smeghamesm accordthgto tHecpmisbntmvemition Hes fii that the substrate
[OOlgu [ Functi on argd Ef fect] According to t he above

eSS BHRRQLE SHDSTRES SaBing %ﬁl@myﬁtg silisengsubstsite,

d th I
1 Bredh A0S pRlde 60K paridfon thfBRRors GRpRlALF ofbe
sidjlieom nht%uﬁaoﬁlﬂl GaR2ded 6 TRE sARMNEH 8O Rl ahll S5i88 Film

“is used for the nonocrystal silicon substrate acting

asistfbetherfpomt d snkthiersdlieon afidechlessary treatnent is
ex[%c(:)%fd, t her eby

[Function and Effect]

According to the above-noted construction, the substrate having
the silicon oxide film, the silicon nitride film and the silicon film (either
of monocrystal silicon and polycrystal silicon is applicable) formed
thereon in this order is used for the monocrystal silicon substrate acting
as the support substrate, and necessary treatment is executed, thereby
to form the sound detecting mechanism utilizing the silicon film as the
diaphragm. Even when stress acts on the diaphragm, the silicon
nitride film releases the stress. As a result, treatment for forming the
films on the monocrystal silicon substrate and treatment for removing
the films of specified portions are executed thereby to provide the sound
detecting mechanism. |
[0018]

The fifth characteristic feature of the sound detecting

mechanism according to the present invention lies in that the substrate
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to formthe sound detecting nechanismutilizing the
silicon filmas the diaphragm Even when stress acts
on the diaphragm the silicon nitride filmrel eases
the stress. As a result, treatnment for formng the 25
films on the nonocrystal silicon substrate and
treatment for removing the films of specified
poirdlades @sappraciiibetkaih d %hQn@ﬂi ety stal shifonidtrate
detecting nechanism [0018] The fifth characteristic

f eaeting agithe hase shengo e?t'b@teﬂlm ¢ lammawﬂalay@mcans:letmgm@ a

el U i e Wttt

ARG DR AR ST

anthd tidclhédsc@hpisilidohenitiide filen isoéél@&eé BBt H Binge of
menbrane acting as the di aphragm and the support

subdumtkroughd).6jim, BndmwhetdinlenBhs thicknless satio,ceilicon oxide

[ I mis hin the range of 0.1m
h{i%a@ﬁ 1@10%%111% ﬁﬁef@ﬁgﬁs eferrpnas axPeBs=tat i o,
(sddgnomde film/(silicon nitride film=R, is
de't ernm ned as O<R<=4. [0019] [Function and Effect] 10

Accor di n{FrtRctide anal @edppt ed construction, conbined
stress of the lam nated | ayer consisting of the '

'silicon dctaelifg tonthndbovenstdd amstruttion, dembihed btsess of

controll ed by selecting the thickness of the silicon
?@elamlinﬁm layer ﬁ@nﬁlﬁg e dhe siligomeoxifle fidwrand the gdicon

oX
Bkt B Rednbr iR fiP kel BlihE T Re ?ﬁgka%a%_ﬂféﬁgqﬁlﬁsoaeme
C ORlih ahd%@%%da@ss %thsfﬂe%n%aﬂﬁé ﬁ@ﬂ?& tﬁél%b 73. Rl

experi nment al results tor proving t ontro

of stségsesasirgefrongtlenmiohecliseplsitigen subsﬂrhteSoﬁVahe dlaphragm to
Specifically, under the condition where the thickness
ofcontral sirassinchigm asthtediephrage. adignt ahawswe:penmental

e AR T N R N,

~ in this way. Specifically, under the condition where the thickness of
the diaphragm 1s determined as 2um and the thickness of the silicon
nitride film is varied to manufacture the condenser microphone,
amounts of bending of the diaphragm are reduced in the respective
cases, compared with the construction having no silicon nitride film, as
apparent from the drawing. The thickness of the silicon nitride film is
selected to fall within the range of 0.1pm- tb-O.Gum, and the film
“thickness ratio, (silicon oxide film)/(silicon nitride film)=R, is
determined as 0<R<=4, thereby to maintain the amounts of bending of
the diaphragm in a small value of 6um or less. As a result, the
amounts of bending of the diaphragm can be reduced by selecting the
thickness of the silicon oxide film and the thickness of the silicon nitride
film, thereby to provide the sound detecting mechanism that can be

used Without a hitch.
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20 anounts of bending of the diaphragmare reduced in
the respective cases, conpared with the construction
having no silicon nitride film as apparent fromthe
drawi ng. The thickness of the silicon nitride filmis
selected to fall within the range of 0.1mto 0.6m and
the filmthickness ratio, (silicon oxide :
fiJjooRO{silicon nitride filmM=R is 25 deternined as
O<R<=4, thereby to maintain the anmounts of bendi ng of

t he di apMhegixtincharantdristicafeatursf ofgiecoundsintedting

result, the ampunts of bendi ng of the. di aphragmcan
bemechamist ByroTmInEa the Riksent Hive orin thats silicon
TS e PRI A R Rl e R 4B PR TGRS, o

t hatbsgtebe 30 used without a hitch. 8 [0020] The
sixth characteristic feature of the sound detecting
mel®B&h]l sm according to the present invention lies in
that a silicaon substrate of (100) orientation is_used

as the nORERTHRE & the pbevmngted gonstrnckion, pospppsible to

Ac ' ve-noted constryetion, .if. 1S .

B R IRIBRERS P h finGR R4t B nthtigh hecpdiap to

Of tHeNBoRbr9BEA SR PaMHLE e IFT100NGiERIARY H1aLh allows for

silicon substrate of (100) orientation, which allows

f dine d@hing éaichfthito gnfachhfgpattermn A¢ ahesgltpatsheps.

As a result, a shape processing required by precise

neEREeSSHRE Eegitiped bErpeise maqhaning carhbe sealasadh

ﬁg@hgﬂ eristic feature of the sound detecting
smaccording to the present invention lies in

R ) ke B SR S e
mechanism according to the present invention lies in that impurity
diffusion treatment is executed on the diaphragm. |
[0023]

[Function and Effect]

According to the above-noted construction, impurity diffusion
treatment is executed on the diaphragm, which makes it possible to
produce compressed stress relative to the diaphragm and allow the
compressed stress to be exerted in a direction to cancel stress acting on
‘the diaphragm from the monocrystal silicon substrate. As a result, the
stress acting on the diaphragm can be further reduced to provide the
sound detecting mechanism of high sensitivity.

[0024]

The characteristic feature of a method of manufacturing a
sound detecting mechanism according to the present invention lies in
manufacturing the sound detecting mechanism comprising a pair of
electrodes forming a capacitor on a monocrystal silicon substrate in

which one of the electrodes is a back electrode forming perforations
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According to the above-noted construction, inpurity
diffusion treatnent is executed on the di aphragm

whi ch nakes it possible to 20 produce conpressed

stress relative to the diaphragm and all ow t he

conpressed stress to be exerted in a direction to

cancel stress acting on the diaphragmfromthe

notlegeits é@reﬁidﬂd@ﬁﬁ 6 ubsilidtas BoleAsind thedthér of f1® electrodes is
stress acting on the di aphragm can be further reduced _
t o2 giaphusgm,Hée methud @m&mmn@ﬁhmamoﬁfwnﬂnglmhcon oxide

<Bibint Whastab o Hegmanoeaarel % %c'gi%#ﬂ?@f o for iR
ac%_g?gfl D9 BN O ARE %ihgél?)ﬁ{&e 1% lﬂ) a poéjﬁprlystal silicon

acturing € soun

a fikhfaching £ thet dl@ﬁﬁ?&% roH b s’ih@éﬁ@%@ﬂﬂdﬁ fiRf, ﬁ)rmmﬁ
monocrystal silicon substrate in 30 which one of the

eI wbicen dable fElna abtiok asl eestcrtii@al ayer og therfolyaystl silidn
g cqQrrespqndi n to aco t| c hoI es and the ot her
iqaegéméeg &cm@ lstheophbna ithe sk electrode on

c r i con _ox

ortH HiBLAEGHE 4 %{fﬁﬁn%%ﬁéf%&%ﬁh iRt oo flm
f Qéc&lr[?aé‘th@bhé]@ Bl chYodeifl % aéélm@ghéﬂ@bfphb%ﬁheéfaciﬁm
film tTormng a polycrystal silicon'5 filmacting as

t hecbihaple; agmoving e aséd exemding fiote the bavk siteofihea
silicon oxide filmacting as a sacrificial |ayer on

t H@OBWVéFa}ﬁMOIst%&Fe 04 lgwergrartieg of theldiapheagn by

<1918 Skt H B R o n Al et gfnitiide flm
pcﬁﬁé@éﬂﬁ@fheslowe%%rﬁbhmf 861 ﬁ%@%?g HREABLAE HeRElGnd

in a desired shape by photolit t echni que,

I esemviviigg dhe aﬂmmmhé@ Gilmoadtirgad tise bagkficihlRyet. t he
ocrystal silicon substrate to a | ower portion of
OdPkphragm by etching, renoving the silicon oxide

filmand he silic ide film present in the
| ower Ibqjiloé’fa]?‘ﬁgxgq gl:Jhragm by hydrofl uoric acid,

sacrificl al
the silicon nitride film, the polycrystal silicon film.acting as the

~ and rerpeébﬂgager_ Latfbgg ngcj%@%oﬁéérﬁhﬁshj i &%ichSxide film,

diaphragm, the silicon oxide film acting as the sacrificial layer, and the
silicon oxide film acting as the back electrode, are formed on the top
surface oflthe monocrystal silicon substrate in this order, and then
etching is executed by photolithographic technique, thereby to
manufacture the sound detecting mechanism. As a result, it is possible
to form a small capacitor on the monocrystal silicon substrate to provide
the sound detecting mechanism merely by using the conventional |

existing technique for forming a semiconductor on the silicon substrate.

BEST MODE FOR CARRYING OUT THE INVENTION
[0026]

An embodiment of the present invention will be described
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[ Function and Effect] According to the above noted
construction, the silicon oxide film the silicon
nitride film the polycrystal silicon filmacting as
the diaphragm the silicon oxide filmacting as the
sacrificial layer, and the 20 silicon oxide film
acting as the back electrode, are forned on the top
suhérseafoér With rafeRsGicy 3bahe drhweogs, substrate in this
order, and then etching is executed by

phot ol i t Fegr hpht sectemtal iviere of alsiliedy camodensan ufiaxiphoae

the.sound detecting mechanism, As. a result, |t is
po@%‘i‘lﬁ Yerefgareﬁdaorﬁsga %qﬁw&s&w@wﬁﬂﬁ 9&@9@%&8&%*@%ﬂd

ol ERng a5 ot B B unnl Rt SR,

t ecdripALEs 4 @UphOFtHubEtiAite AThePREUL hREe S mbRBesistdIC8Ncon,
substrat e. BE%T MODE FOR CARRYI'NG OJ% THE “ﬁ@ENTIC»fon 2

[ odi2ahragf Biandnbbadéhrelettofle tthformezbamthé suppdritaubstdalte A

be described 10 hereinafter w.th reference to the )
drizgmnelycimsgal silican flmapade by LECXP $Eow BrespupmChemical

i . [ f.er. t - :
RS0 BhetHp 87 RERBi e Bl AU B o8 ot sticom i
defige (S75) %ﬁ%%ﬁ@é@%eﬁv@@ezpﬂ?é&i%hw%‘ﬁ@ a3 thENEack
m crophone 5 conprises a support Substrate A having a
baedectobderBriocact sisaipaset DeoThia midigiHunagiidvatite diaphekgm
el.ectrode C fornmed on the support substrate A from
pd? padythedrackialeetsede Cl to firngeon s srcapamitor owhimheissuged to
Chemi cal L1 techni que,..and a .
SapvF el aRE par VRSP LieRPEBIPER Do PAFiCey when the
a [ PEMERR ' t he back 10
elrlg%@?%%gg?tl%ﬁg)ct asﬁ;gg%%g?i}%{s%%% gi %égsr"ophone al | ows

t He0BYlaphragm B and the back el ectrode C to function
as a capacitor, which is used to electrically take

out vari 4he sHpPert Skssrdte fhiethis mivzoplparheasn siteof a

ts rséH&?i% %lg% ggén flEEiei g S\Qrgri%tlgggtqyagg léltggug(i %f)aﬂrrnein thickness.

- The diaphragm B has a size of a square with one side 2.0mm in length
and around 2um in thickness. The back electrode C has a plurality of
perforations Ca formed therein corresponding to aéoustic holes, each
havingl a square with one side around 10um in length. In Fig. 1, the
thickness of part of the films or layers is shown in an exaggerated way.,
[0028]

The microphone is formed by laminating a silicon oxide film 302,
a silicon nitride film 303, a polycrystal silicon film 304, a sacrificial layer
305 and a polycrystal silicon film 306 on a top surface of a monoerystal
silicon substrate 301. The top polycrystal silicon film 306 undergoes
etching to form the back electrode C and the plurality of perforations Ca.
Further, etching is executed on a portion extending from the back
surface of the monocrystal silicon substrate 301 through the polycrystal

silicon film 804 (one example of membranes constituting the diaphragm

11



15 The support substrate A in this m crophone has a
size of a square with one side 5.5nmmin |ength and
around 600gm i n thickness. The diaphragm B has a si ze
of a square with one side 2.0m in length and around
2min thickness. The back electrode C has a plurality
of perforations Ca forned therein corresponding to

acB)sé formh aharousHE BpSin3d] NTha dSayFSVE 1 BRfedibdethe
-around 10min length. In Fig. 1, the thickness of :
paptlyofystalksiticoméilmr 304hgxpused 0 the woriion afi tlex agmestat ed

. .J]0Qe81 T ' hone. i s, f d by | am '
o hening e iand et e acaiticial gt 4D Faderoqs Atobde t
e b 0 Htee . _
R0 AL A RLEAR e bl
5 S U[‘fl@‘é?&&ﬁ' B i8RV B the §%ul:1iiﬁ@i%l SRSt &n?&%i?g BEouter

top polycrystal silicon film 306 uridergoes etching to
f openip heral poktieheof tleddiaGhaagmt Beffpirithaldttlyingft Steps for

perforations . Further, etching bs executed on a

poRenyraduragdaigethashel manyfagturing the migropheae will be
AR Haskh o Pilsora) it s, pi KR b5 ghrough 309.

mefpppanes constituting the diaphragm 11 B) to forman
acoustic opening E. The diaphragmB is fornmed by the

10 pol ycrysBadp &)t Thorilidona30¢ fRmp@of M8{uheinetitk9assafre
the acoustic opening E, and further the sacrificial
| dpemed®n ennnsitgcaufaces of ilge monageystabsuabstoate 30%kef (00)

SeNERELA% SRR AP, e SN ocions
I S 4 Y 4 S50 8 s

melatdrac tThid tidckfegyrifte sdicomponitia ¢l 30B1s hAdkelimited to 0.8um.
m crophone will be described based on Figs. 2(a)

15t iMergyhartdulanky, i gelatidpgp thirtbidiness lof the pidices]nitbbde film
S s P S T 002,00
RGN RTASPS P ko, SRR o
f U6t @ Hi3m)= R, may be 0<R<=4. Fuxther, it is more preferable under
such a condition to determine the thickness of the silicon oxide film 302
20 as 2um or less.
[0030]

Step (b): The silicon nitride films 303 of 0.2um in thickness
which function as stress releasing layers are formed on film surfaces of
the silicon oxide films 302 formed in the step (a) (opposite surfaces of the

25 - substrate) by LP-CVD (Low Pressure Chemical Vapor Deposition)
| technique. The construction formed in this way represents the support
substrate A consisting of an SOI wafer. The thickness of the silicon
‘nitride film 303 is not limited to 0.2um, but may fall within the range of
0.1pm through 0.6um. |
30  [o031]
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as a stop layer for etching with an al kali etching

liquid as described later. The thickness of the

silicon oxide film302 is not limted to 0.8m 15 Mire
particularly, in relation to the thickness of the

silicon nitride film 303 to be fornmed in the next

step (b), it is preferable to provide a construction
such t haiStep {d)! The PoBcRestal klidod filnsd BOL AFe BhtR] on surfaces
film/(silicon nitride film= R my be 0<R<=4.

Fuef thersilican niriderf@lmy 802 ofibhe suppiet subsirhta Acionoietliiorthe

to det i ne the thickness of the silico i film

soensb) lpposite tases .tﬂ[3 @@b@i}r@r}é&r wgh the, ﬁ’g&&l‘& &fnow |
Nni b1 | ' . .p thickness I chfynction
P g R b DR o b VIR PR LHRT cces
of pollybersall difiesh BXhdD4 for il d3QZs et IRy Mnki6ns hERKE @)
(opposite surfaces of the 25 substrat e)Y by LP-CVD (Low
Prdigphragithigni bals alspposdieledsifoimrg moneciysitalslicdin élm,
constructjon fqorned in this way represents the support

substead of theplusuystal sibeomflmd04narel thatpartigftkaess

uBsiaa ¢f weomigreialsibrorRlmdtaneh thatpaxinf
o mhSeSetalGg et sk fy ke b8 ARbBsERER | 17 ougn

O-H@UBZFO [0031] 12 Step (c): The polycrystal silicon
filne 304 are fornmed on surfaces of the silicon
nitride Btepr&l)3TBe eiliddmeosdde it 3GHARdtREnAak ehowdcrificial

the step (b) (opposite faces of the substrate)
t Hepeyat e 19Fff¥msl{me(sr§owfonmeét enactograwface| of\smemf the

De it L echpj P f the 5 | .
oTRE =P siisbutiody fd The ulesr afe.dy BiR AV EHS famebin
di i . _ _

o1 RECEPID by PIOVD, B ROHRIARICE) VaobE TapRo RO S e
3dap3slich that part of the nonocrystal silicon film

may be used as the diaphragm B. [0032 10 Step (d):
The si | i Stap @i Next, ithenre@Erystad silinonrigires 306 of 4um in

'S %r.ifici al

ickness are formed on the surface of the silicon oxide film 305 formed
in the step (d) and on the opposite side thereof (on the surface of the
polycrystal silicon film 304) by P-CVD technique.
[0034]

| Step (f): Photoresist is applied to the surface of the upper
polycrystal silicon film 306 formed in the step (e), and a resist pattern
307 is formed by removing unwanted portions by photolithographic
technique. |
[0035] |
Step (g): Etching is executed by RIE (Reaction Ion Etching)

technique, using the resist pattern 307 formed in the step () as a mask,
to form a pattern of the back electrode C from the upper polycrystal
silicon film 306 (patterning). The plurality of perforations Ca are
simultzineously formed when the pattern of the back electrode C is

formed in this way. Also, the back side (lower side in the drawings)
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| ayer of 5Smin thickness is formed on a top surface of
one of the polycrystal silicon films 304 (the upper
one in the drawings) formed in the step (c) by P-CVD
(Plasma Chem cal Vapor Deposition) technique. [0033]
15 Step (e): Next, the polycrystal silicon filns 306
of 4min thickness are fornmed on the surface of the
Si pdlgerysexll dHcdn B3 FD6 HIBOL abd réM6vSd BP e&d&uﬁﬂg efthing
the opposite side thereof (on the surface of the
poiryﬂnymaafl silicon film 304) by P-CVD technique.

I%g% 20 Step (f): Photoresist is applied to the

k of the upper polycrystal silicon film 306

formed ig, ggwmg\%ﬁ Lﬁﬂdtﬁ?&gsﬁsrﬁ%%éﬁs Bk Yuldacd BE the back

formed by e

phﬁﬁﬂ@ ok FHAPH the Hﬁﬁﬁﬁi%yﬁ th)QQﬁﬁﬂlde ?i@m%(ﬁ?td ﬂ))rm a reS1st

Etching is executed by R Reaction lon Etching)

t eudthéxyuby remioning hnwaasedspomnnwbyl pRofblfthogehhia tédhmique.

stﬁg (f) as a mask, to forma pattern_of the back
en, &#@@ﬁlﬁ&%ﬁ%@%&%&%ﬁ% {om Et@hm sechmiIRe;

e
S DiPBIRE ShaHT Bhese e B iRk 0 vetho Heifbas Mentdh AL 303
el 8¢d fd8ilieoh Dxirld filkh 9 \Jvﬂlc‘hri's%n"‘ﬁl‘her%f&* of the AIACK03.

side (lower side in the draw ngs) ycrystal

si ThisqgroflibexsarB 0pening; Fitbcar 809 &rmhdmbytc&ﬁﬁg whiol realizes
etching in this way. [0036] Step (h): Next, .
pdelmesh s the slkedietching Bauikexamted in pfstemk) dascribesi later.

IO@S %Jovver side in the drawings) silicon nitride film
t?’ forma resist pattern by renoving unwant ed

portions {;% ghagaly h@?ﬂgﬁgﬂi{t d'éef?]_tﬁi‘hﬂ % fogtﬁgﬁ?%ré)the top side

etchlng I's "executed by eact’i on
t delnbigeewherssiiecbddieeleizbdé (PatformBdads the WBGK (g) hich acts

remove the silicon nitride film 303
as a protecting film.
[0038]

Step (j): Next, anisotropic etching is executed from the back side
using a water solution of TMAH (tetramethylammonium-hydroxide) as
an etching liquid to remove the silicon oxide film 303, thereby to form
the acoustic opening E. In this etching process, since the réte of
etching the silicon oxide film 302 (build-in oxide film) is sufficiently
lower than the rate of etching the monocrystal silicon substrate 301, the
silicon oxide film 302 functions as the stop layer for silicon etching.
[0039]

Step (k): Next, the nitride film 311 formed as the protective
layer, the sacrificial layer 305, the silicon oxide film 302 and the silicon
nitride film 303 exposed to the acoustic opening E are removed.
Furthér; the silicon nitride film 303 and the silicon oxide film 302

remaining on the back side of the monocrystal silicon substrate 301 are

removed by etching with HF (hydrogen fluoride). This results in the
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and the silicon oxide film 302 which is an inner |ayer

of the film303. 10 This produces an opening pattern

309 for silicon etching which realizes etching by the

al kali etching liquid executed in a step (j) described
later. [0037] Step (i): Next, a silicon nitride film
311 is forned on the top side (the side where the
badilphtfeh B dermed §¥ftﬁé el dristial gilfbafiloy BD4MleCbidGlrea F
15 as a protecting film [0038] Step (j): Next,
anfosmeddgitween dche niaplsragre Bused the back blechade Giatel the

usi ng

a ter solution of TMAH __ |
( t%ﬁcaﬁﬁ%mﬁﬁkﬁm epardRe gasrifisial lyest 3N nShgarently,
to . i kl.C i j : :
20 RERAT it i Ay th Weplpeltoson HAREY sfeell ol o
Si g 4 Bfkd-8hiLeRltro8b @14NhdriaBy b lcbAfple tR*dhdemidrbphi2
(build-in oxide film is sufficiently 1|ower than the
r aD@46f et ching the nonocrystal silicon substrate 301,
the silicon oxide film 302 functions as the stop

1 ayer foVaziouscondersst microphorssogremadedp acrgrdages with

t ni.tride film311 f.ormed as .the pr ctj.v | aye

¢ e AR tef s T ajei iy b GubBie Y B8 dithna el Fhin 2um
anghd PLryihk tEOBiliddhiditAfe FlhIBEH ﬁcﬁfi? 9898e sPrdslGeleasing
acousti ¢ opening E are renoved. Further; the silicon
nilayédt €hid thidoBesnd of 0dns istliwamioxtddilfn)| 3RO 0.4pm and
remai ni ng on the back side of the nobnocrystal silicon
subSemaresmgotivabe Her dwbows me5ulds of mepsHrig Hpounts of

08 P e P SR mens k208 B
T L P
s aegirhiigddwheayde s30&on SitbRieilenBDS is phovidee) WhidbSmeans
et the Simirmem Peegeouming b RDmOendiDg b Har higos sitride
CC%HB:{ %g t he m crophone. [0040]

[0041]

As described above, the sound detecting mechanism according
to the present invention employs the construction including the
diaphragm B and the back electrode C formed on the support substrate
A by utilizing micro fabrication technique. As a result, the entire
sound detecting mechanism may be made quite compact and readily
incorporated to small devices such as mobile phones. Moreover, it is
capable of enduring re-flow treatment at high temperature when it is
mounted on a printed board, which makes it easy to assemble the
apparatus.

[0042]

In particular, the stress releasing layer consisting of the silicon

nitride film is formed in a position adjacent the membrane forming the

diaphragm B, thereby to contain stress acting on the diaphragm B and
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Vari ous condenser m crophones are nmade in accordance
with the above process, maintaining the thickness of
the diaphragm B in 2m and varying the silicon nitride
film303 acting as the stress releasing 10 |ayer to

. the thicknesses of 0 (no silicon nitride film, 0.3m

0.4mand 0.6m respectively. Fig. 4 shows results of
NegSiiihAtG FERIF0S Fithe BeAThRGnOB, WitcHicaReanR thd¥ownd

| aser di splacenent gauge.” As shown, it can be

undetesting dné¢dianisine hiaé pdoduceanmibratonsS pcoseti epiresgmding

-are restrained when the_silicon nitride film303 is

pr syl PIgsEUre Heaals. 1 5 ukher, @geoxding ke Aherseynd detecting

restral ned frgm bendi by.the. silicon nitrid fil
sofiocieRh oL mERPh DRl e slrest rieaiedavph ormed
me I Wo s ¥ '
R AR A O S i
bawkenlthe ti eep Korfeoismanafactine ds fppedmple) siltielh @revediy the
utilizing mcro fabrication technique. As a result,

t hataapfaaringphredesicirent bergmingwemplinated. bk agdision, the

Qe EesCRR o RS gh T, rit Do B By bY fOFRing the stress

C afé@@is‘?n%?a dying carug’ ré@% ’EHee@gEﬁgss%f tb Q{tfaoplérggg% B to

t enper at when it I nount on a printe

whi el dekessdundedsiectingasschaiiemt e/ in g ppesairedelst Rilevel
In particular, the stress releasing |ayer consisting
ofoitseas¥Iitson nitride filmis formed in a position
a&@ﬁggﬂt the nmenbrane formng the 30 di aphragm B,

t to contain stress acting on the diaphragmB

and 15 mbwﬁﬁﬂogiﬁghtsgn of the diaphragm B, which
e

can real I'ze e soun cting nmechani smt hat

producesAphbf fbiDtlse AbSE-8&icyibed d1Bbodintktgthd fresempd
pressure signals. Further, according to the sound

dangenting may bhamipdemontadas filbwentcoimmen refonentcheumbers
St‘a{n_e giggag lb%?r?é ﬂgeci ?oyretrhei c%ni;%rn%%s in the following modified
embodiments that have the same functions as in the foregoing
embodiment).
[0044] _
(1) As the support substrate A, an SOI wafer is used that
includes the silicon nitride film held between an active layer and a
built-in oxide film. When employing this type of SOI wafer, it is
possible to provide a sound detecting anism using the active layer
as the diaphragm in which the siﬁ:de film releases stress even
when the stress acts on the diaphragm.
[0045]
(2) As the support substrate A, an SOI wafer is used that
includes the silicon nitride film held between an oxide film layer and the

base of the support substrate. When employing this type of SOI wafer,

it is possible to use the membrane formed on an external surface of the
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5 only by such a sinple inprovenent of the process as

addi ng one step when the m crophone is manufactured,

for exanple, which prevents the manufacturing process
from becom ng conplicated. In addition, the stress

acting on the diaphragm can be restrai ned by formng

the stress releasing |layer, which can reduce the

t hheHPES sxide AIRE a8 kRO BIAHPaBnd, Fod @xaﬂ’:!a?l’é, 98 viiieh AL RAicon
detecti ng nmechani sm having an extremely high level of

s engridieiilny relp88u3jtrédebalichi wHekthe dirmantasis dpshd diapdmagm.
thﬁ abfve-described enbodi nent, the present 15

in fon may be inplenented as foll ows (conmon

referenc er and si gns,.bei ng.,used for th .
conponentd 1o Brediine e igERE e haud e Rz
hafb?nfe'&%r?ﬁf@ﬂo&iﬂ@fﬁs@élssi.?é i) Buﬁitﬁafé’ﬁ@ﬂo‘iﬂlﬂthen the silicon
enbodi ment). [0044]° 20 13 As the support substrate

A nandS@1nma08 is faermkeeh thatkiliconwxidie Sl 80251 [Alcamatively,
nitride filmheld between an active |ayer and a

- puthe: sifigon pitaider filmn303many dedpomed gnt thesmppprryetal sdicon

f it A i bl t i d t ecti ;
heunishrask, 3 55 2l b S plion S:das Bl SePEiEs g iBrmed on
. L >0 el d L _
WhilE 506 Bier O S08: IA1Sd, 1F1d B AARMS £ 7B VRASBIAR of
t hetredspredsdsisy bhat electck ddbsIPthuatiedon sittidedilhha03 is
includes the silicon nitride film held between an

oxdedected withiayidie zangetddd. 1jpmgdrongh Reboppel that the film

g AT S

ex[b@w]al surface of the 16 built-in oxide filmas the

- di'aphragm for exanple, in which the silicon nitride

g : Iapmh: Z i}ﬁlﬁqﬁsth‘étfbﬁ@gﬁ)iﬁg’ emhbodemnehbethet y$&yBed] silébr Aln 304
is used as a material for the diaphragm B. The material of the
diaphragm B may be a membrane having conductivity such as a metal
film, or a laminated film consisting of a membrane having conductivity
such as a metal film and an electrical insulating membrane such as a
resin film. Specifically, it may be possible to use a high melting point
material including tungsten as the metal membrane,

[0048]

(5) As described above, the present invention is aimed at
reducing (réstraining) the stress acting on the diaphragm B by forming
the silicon nitride film 311, In addition to the construction forming the
silicon nitride film 311 in this way, the stress acting on the diaphragm B
may also be controlled by applying impurity diffusion to the diaphragm
B. In one specific example of such treatment, boron is introduced into a
vibrating diaphragm by ion implantation technique with the energy of
30 kV, a dose of 2E16ecm™2. - Heat treatment is executed at 1150°C in a

nitrogen atmosphere for eight hours as an activated heat treatment,
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[0046] (3) In the foregoing enbodinent, the silicon
oxide film302 is 5 fornmed on the nonocrystal silicon
substrate 301, and then the silicon nitride film 303

is formed on the silicon oxide film 302.
Alternatively, the silicon nitride film 303 may be
formed on the nonocrystal silicon substrate 301
f ' t‘kiiatreb:;?l Bl fdﬂ%@ Bhé Hfap‘hrhkgﬁPB 123918 thé B3 PsddYstRsss,

formed on the silicon nitride frim303. Also, it is
deThemibe, byaontliaatibew ohe filmf thidasdssaasiormiteash ne silicon
that, .the thickness of the_silicon nitride film303 is
se‘l”@é? mapfithe sHicoppiade filg, qqﬂn&%%mswpdﬁyahﬁ)r silicon

the f|

ess I at
¢ Y g Rkl FRRERE KR e BnpFRE AM G polhps
| e,
film s léﬁei%q’lfiﬁﬂﬁ;?gﬁy%éﬁa “r?gf o S i o Blihom B
B. isByathatietliyatontirolidteto thdapbrapexternalyfobe: actimgrbnahe
haV| ng conduct|V|ty such as a netal film or a
atiepbregmiBi m consi sti ng of a nmenbrane havi ng
c ﬁa IIVIty such as a netal filmand an .el ectri cal
g@ g i ng menbrane such as a resin film

SpeC' fi cod) g bi or?ar%cﬂqe RO TP he 1h@eg1«a%e@ﬁﬂwn@to§|eeﬂei ng

point 20 nmateria uding tungsten as t

MesdppaRe subdtBuBA cobjtifginle ke bbead dbtceingt eciiEisent The

invention is ained at reducing (restraining) the

stingegraged cirguisrfunhidonss tpeonwent Batiptions wf wgpacitrnce between
Ptri fil

ib“:b'@f(ﬁaeﬂr%%mf Pﬁfiﬁg ?q%@k?ig@?qﬂfecé'ﬁg?ﬁ %%%Pﬁéc pignalsivy

LD Bty P SPASASARP PRIy AR Rk

t He i gl ﬂﬂi@il‘maan ElecOn€ cEReR dr theepanpd Eb&drdSeicthe like for
treatment, boron is introduced into a vibrating :

dl_cz@plweetgng rgriationis mof capactame lted:&vtmnqhe diaphragme B and the
ener gy 0 _kV, a dose of 2E]l6cm 2. t r eat nent

i g"’é%é’é 65' £ inyaglectric sigvgls qrr%gzsﬁt igf7gy Bipgpize the
e's%bt of ¥ §o e ﬁﬁh%ﬁ{é M%t §0q1rnie %tecfnel%tnggghanlsl%?havmg the

arrangement of the present invention and simplify the construction.

INDUSTRIAL UTILITY
[0050]

According to the present invention, it is possible to provide a
sound detecting mechanism which forms a diaphragm with a required
thickness and yet restraining distortion of the diaphragm to provide
high sensitivity. This sound detecting mechanism may also be used as
a sensor responding to variations in aerial vibration and air pressure

other than as a microphone.

BRIEF DESCRIPTION OF THE DRAWINGS
[0051]
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thereby to formthe di aphragm B having the conpressed
stress. Therefore, by conbination of the film

t hi ckness ratio between the silicon oxide film and
the silicon nitride filmacting as the stop | ayer for
silicon etching by the alkali etching liquid with
inmpurity diffusion as well as 5 the thickness of the

back el e¢Figd®, A B&ctieRdividy boa@®nadbnidiemeiraphéram B
is synthetically controlled to reduce an external

. force aciFigy2bn Vihws cdhagrutaghy Bhofiizioepé 6)r itanufacturing
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al so posd? ble to forman integrated circuit on the 10
su@}fo‘fqn G5 PHEOPAROBENsti t uti ng the sound det ecting

echan s hEORLLTF bS48 outcnuring

di gRéIBePRcidpBioRack el ectrode Cinto electric
signals for output. Wth the construction having such

an i nt egf{Biged] ciA griphic réymresenistiowseenhg o rélationahip
electric circuit gn_the printed board or the |like for
15betsierar thiclneps of siliconsnibride sdmcand amoundofdendingof a
di phFlagm B and the back electrode Cinto electric
si(giﬁg £330r output. This can mnimze the size of the
device ufpid 3] NG\ LRicRaY b SF 8 ChhPntIBEIdhaehEGY | ng
the arrangenent of the present invention and sinplify
t heigrophbnelcti on. 20 | NDUSTRI AL UTILITY [0050]
According to the present invention, it is possible to
provide a sound detecting nechani smwhich forns a

- BRI oFi S e mRER GRS « 0 or ovi de 25

'hi[gb5g]snsi tivity. This sound detecting nechani sm nmay

al'so be used as a sensor responding to variations in
aerial vBbiati gRomstilystal siliceasdiitetraabher than as a

m crophone. BRI EF DESCRI PTI ON OF THE DRAW NGS 30
[ 0051] 1802 silicon oxide film

303 silicon nitride film

304 = membrane, or polycrystal silicon film

305 sacrificial layer

306 polycrystal silicon film

A support substrate
B diaphragm
C back electrode
Ca perforations
CLAIMS
[1] A sound detecting mechanism comprising a pair of electrodes

forming a capacitor on a substrate in which one of the electrodes is a
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[Fig. 11 A sectional view of a condenser m crophone.
[Fig. 21 Views consecutively show ng steps for
manufacturing the condenser m crophone. [Fig. 3]

Vi ews consecutively showi ng steps for manufacturing 5
t he condenser m crophone. [Fig. 4] A graphic
representation showing a relationship between

t hbgKoglstrotie Shim i ptifbrdtittsi theriandrAipdntir to acoustic

" bending of a diaphragm [Fig. 51 A sectional view of

a boles emdi theaithev ntithrselectroGesisca dpphnragnDEBERAGIErIZR in

OF .THE REFERENCE, S [ 0052], 301 mmnocrystal silicaqn
. suﬂ&traa?lgwowl@eée ﬁ@'isle@ﬁo é@nf#']b.erﬁlgeﬁd@qep&a ase of the

ni £.0 [ y I al yer J L fd
e R B BRI e Ry b
A shpROETbSivRed rate B di aphragm C back el ectrode Ca
perforations 25 CLAIM5S [i] A sound detecting

mechani sm conprising a pair of electrodes 30 form ng

a pacitor on a substrate in which one_of the
el @t r odéssqundydetgcing mesheyismrs ¢laimedén fdamarlat i ons

SRR S s B SR B 2 e B0 s Bine
a monocrystal silicon substrate acting as the base thereof, wherein an
SOI wafer having the silicon nitridé film held between an active layer
and a built-in oxide film layer is used as the support substrate whereby
the active layer forms the diaphragm. |

[3] A sound detecting mechanism as claimed in Claim 1
characterized in that the substrate includes a support substrate having
a monocrystal silicon substrate acting as the base thereof, wherein an
SOI wafer having the silicon nitride film held between a built-in oxide

film layer and the base is used as the support substrate.

[4] A sound detecting mechanism as claimed in Claim 1
characterized in that the substrate includes a support substrate having
a monocrystal silicon substrate, wherein a silicon oxide film is formed on
the support substrate, the silicon nitride film is formed on the silicon

oxide film, and a silicon film is further formed on the silicon nitride film.

[5] A sound detecting mechanism as claimed in Claim 1
characterized in that the substrate includes a support substrate having
a monocrystal silicon substrate acting as the base thereof, wherein a
laminated layer consisting of a silicon oxide film and the silicon nitride

film is formed between the membrane acting as the diaphragm and the
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that a silicon nitride filmis provided on the side

adj acent a base of the substrate with respect to a
menbrane acting as the diaphragmformed 5 on the
substrate. [2] A sound detecting mechani sm as cl ai ned
in CQaiml characterized in that the substrate

i ncl udes a support substrate having a nonocrystal

si bt SUbstra gl iRGbinth@thitRBeRAsheRERQA nitMIRIBlnd is
an 10 SO wafer having the silicon nitride filmheld

- besalednd avithiot theerdrageanf 0. iyma thrbugh 0.6ympandievHdrein a film

| ayer. i s used as..the support strate, reby .the
aciicknass rabior (silieon peida iy %3901{ aqtrsdvgs@gﬁaﬁ is

de | E i as clainmed in CCaiml 15
Ch%e&%%{n%dﬁ%ﬁ?#%@at the substrate includes a support
substrate having a nonocrystal silicon substrate

acting as the base thereof, wherein an SO wafer

halél ng t Aescainldi detnctihg mhetdh afnismm dwedldiched weanyane of Claims 2
built-in oxide filmlayer and the base is used as the
suhwergh mrﬁaﬁeél.zeéon[tﬁ]am silicaniswesteats of{1ABLeriantation is
as_claimgd in CIaiEnl..charagter'zed in that the

sub¥trat 4 merateste difp PPt rate having a
nmonocrystal silicon substrate, wherein a silicon oxide
filmis fornmed on the support substrate, the silicon
nifrli de Al dommidsddtectimg nesthiahésiaidsi doitned i Gaifh Im  and

a silicon filmis further forned on the silicon
nicheraeterizedhin that fmpupity diffusioattzeatmentnssixenitad e the
chﬁi nﬁd in Cdaim1l characterized in that the

sUBEPRER&™ ncl udes a support substrate having a
nonocrystal silicon substrate acting as the base

thereof; wherein a |amnated | ayer consisting of a

15 o i e o

ars@niresing (g paip pd electrdses farmingwa eapacitothen ahnohowmystal

¢ TR T BRI CHeEHh Chi RleGeA 1 ZbReH pectrode

R B e P PSR 9 bESU AR
other of the electrodes is a diaphragm, the method being characterized
by forming a silicon oxide film on a top surface of the monocrystal silicon
substrate, forming a silicon nitride film on the silicon oxide film,
forming a polycrystal silicon film acting as the diaphragm on the silicon
nitride film, forming a silicon oxide film acting as a sacrificial layer on
the polyerystal silicon film, forming a polycrystal silicon film acting as
the back electrode on the silicon oxide film, forming a pattern of the
polycrystal silicon film acting as the back electrode in a desired shape by
photolithographic technique, removing an area extending from the back
side of the monocrystal silicon substrate to a lower portion of the

diaphragm by etching, removing the silicon oxide film and the silicon

nitride film present in the lower portion of the diaphragm by

: hydi‘oﬂuoric acid, and removing the silicon oxide film acting as the
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determined-as O<R<=4.. 5 [6] A sound detecting

mechani smas clainmed in any one of Clains 2 through 5
characterized in that a silicon substrate of (100) '
orientation is used as the nonocrystal silicon
substrate. 10 [7] A sound detecting nmechani sm as
clainmed in daim1l characterized in that inpurity

di §{crifical kafeat ment is executed on the diaphragm [8]
A met hod of manufacturing a sound detecting nmechani sm
15 conprising a pair of electrodes formng a capacitor
on a nonocrystal silicon substrate in which one of
the electrodes is a back el ectrode formng
perforations therein corresponding to acoustic hol es
and the other of the electrodes is a diaphragm the
nmet hod bei ng characterized by formng a silicon oxide
filmon a top surface of the nonocrystal silicon 20
substrate, formng a silicon nitride filmon the
silicon oxide film formng a polycrystal silicon
filmacting as the diaphragmon the silicon nitride
film formng a silicon oxide filmacting as a’
‘sacrificial layer on the polycrystal silicon film
formng a polycrystal silicon filmacting-as the back
el ectrode on the silicon oxide film formng a pattern
of the 25 polycrystal silicon filmacting as the back
el ectrode in a desired shape by photolithographic
techni que, renoving an area extending fromthe back
side of the nonocrystal silicon substrate to-a | ower
portion of the diaphragmby etching, renoving the
silicon oxide filmand the silicon nitride film
present in the | ower portion of the diaphragm by 30
hydrofluoric acid, and renoving the silicon oxide film
acting as the 21 sacrificial layer. 22
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