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FN SPECI FI CATI ON  SOUND DETECTI NG MECHANI SM 5

TECHNI CAL FI ELD [0001] The present invention rel ates

to a sound detecting nmechanism conprising a pair of

el ectrodes formng a capacitor on a substrate in

whi ch one of the electrodes is a back el ectrode

formng perforations 10 therein corresponding to

acSPHATFIONERONENd t he other of the electrodes is a

di aphragm More particularly, the invention relates to

a sound detecting nechanismused as a sensor or

m Gr j pressure signals. 15

BA%Q@%@E{A%CW%F@HMW |y, condenser

m crophones are frequently used in nobile phones, for

exanpl e. A typical construction of condenser

M PHGHANIEATL FIBhpw in Fig. 7. This condenser

m crophone conprises 20 a netal capsule 100 including
a Ml ity of perforations "h" corresponding to

acoustlc es fornmed therein, a fixed el ectrode 300

and a dik gﬁ}ﬂqla%ﬁgﬁwsomﬁfé% d‘éhitﬁﬁép deseyrd deprnting mechanism

OBk SRl BBIFE O Rt
f | wascR el bt RE d18ctRod&Rks WP BRLR %104 trb8S fﬁﬁﬁgﬁ’é g)fel'ﬂ)Qations

and 25 an i npedance converting el enent 700 na
J- tiierent cédrespoiridingd acomstid Adlek Giridhehesodbeir roitthe elltrodes is
Wth this type of condenser m crophone, a hig
voﬁt @a@@hw@g@ppl Mege t nalﬁlcuﬂ@rlgctthecmmlémnafre}aéaﬁef@ ansound
ctrode 3Q0 or the dla c% gOOt be
hedFlenE WERBALIE IR pr e SHBPGE Do GRD AR b dngesuring

ansﬁﬁf%f&%u@%ﬁow allow ng a residual 30 electric

charge to remal n a surface thereof (an electret
menbrane 510 1 is fornmed in a di aphragm body 520 nade

of nmetal or conductive film
BACKGROUND ART
[0002]

Conventionally, condenser microphones are frequently used in
mobile phones, for example. A typical construction of condenser
microphones is shown in Fig. 7. This condenser microphone comprises
a mefal capsule 100 including a plurality of perforations "h"
corresponding to acoustic holes formed therein, a fixed 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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whi ch constitutes the diaphragm 500 in Fig. 7),
thereby to provide a construction that requires no

~bias voltage. Wien the diaphragm 500 is vibrated by

sound pressure signals of a sound, a distance between
the 5 di aphragm 500 and the fixed electrode 300 is
changed to vary capacitance. The vari ation of

CapAEIARaESni £ 3@ Agmg&f%oﬁgrm%w@ of P8I aRCE&nductive film
men

converting ele 03] A technique for

m m}athxraonsnglﬁehetheodﬂgﬁ&agmquphﬁ@ s thﬂaﬁelisznowprowde a
from Patent Docunent | |isted below for exanple. Wt

t hfensteesion that m%ls@swéo bigsevoltame. Wherithe aphragm 500 is

e

1
o Hiagh SO0 ZRE, P, PARe SRESR "BobCle MUBAL to very

t heagaditaaree. Wafley vayiatiodhiofGapacithfcd iik eoutpubieek thidigh the
15 havi ng numerous perforations (30) corresponding to
acmned@nmoweaMg elpmenty70@ a back electrode is
m% on the sane silicon wafer (1) by the sane
Jiue for form ng the di aphragm The di aphragm and

te
the backy %ﬁ‘ q%{e:c?:lu Qﬁfﬂz gﬁe?ﬁu K gﬂleggé& trﬂm?@ﬁltfone is

ot her u3|ng t ering,

capaéwhi fent Papdhi @ocﬁiﬂeh%on listsd BR1AF, foﬁ.‘%;&@nﬂeke WRh this
constitute a unit acting as the mcrophone (the

retee:ham@@, 00 o et damre?ﬁemdﬁﬂ'y"staimlhm laefamset®eand (5), a

PR e e (Ehnadstactifaiel faé%%ﬁp@iq‘l’éo%p@acm%sﬂmon
”&f@ BoR o HIR rode! BF ol Blnt Bl RBATBRde taver

”H(Seﬁ) {ofornied 61 e %11&&5519%@1!1% %@émg ROTHRkOT A back plate
form ng a di aphragm on the bac of a nonocryst al

si havimg suiretroat peffbfdbions (&ﬁcmﬁeatmmﬁg) lto facoustig hales and

mask . for do boron for, form ng a back plate on the
f r 8FHENG @p 8%01%? ecmée ﬁ%ﬁ&@%@aﬂhgusa%ﬁl@gﬁﬁafsr 45 by the

d f d
borbheteSRriohle ol eufle he OB ARE ot il end the
{ oI BORAY 348 sulekinfififbel RRH" B:Bbind 18 duHT bthet BRing the

technique of eutectic soldering, capacitive coupling, silicon fusion or the

like to constitute a wunit acting as the microphone (the reference
numerals are derived from the reference document).
[0004]

Further, a technique for miniaturizing the condenser
microphone is also known from Patent Document 2 listed below, for
example. This technique comprisés a first step for forming a mask for
forming a recess a.nd doping boron for forming a diaphragm on the back
side of a monocrystal silicon substrate (101), a second step for forming a
mask for doping boron for forming a back plate on the front surface of
the monocrystal silicon substrate, a third step for doping a

predetermined amount of boron from the front surface and the back
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form ng acoustic holes by dry etching, form ng a gap
bet ween the back plate and the diaphragm by al kal i
etching and finally form ng an electrode, thereby to
conpl ete the m crophone. Wth this technique, 5 the

di aphragm (102) and the back plate (103) correspondi ng

to a back electrode are integrally formed with the
subgifhed f( ) mbhb@yERieERR6R subTRAR Sad 6 dBuUkEGtep for
fromthe reference docunent). [0005] A’simlar

t efdrniiggendosstit dwlémnbywdrfyr eichPeg, formidog anmp b8twddgn the back

R A SRR s B
A (8 .
L L

el ged aedshradnd (f029| éz'ﬁdilthfe%a‘i‘:fk PREDI(1GS) éélr%spondmg to a back
correspondi hg to acoustic holes are forned

doglentrode exre(ittegrallyefdrneate wifl) the substrang (M’ 1)1&ha reference
menbrane_ | ayer (5). forned in a position ogposed to the
doprmgralseare @rivadironyrherefpranse dogwmendsrifi ci al
laf’(ﬁ(}tﬁ# s used as a diaphragm Wth this technique,

S the techni que described in Patent Docunent 2,
hol | ows @ﬁ)siﬁilﬁrfﬁkﬁﬁﬂ;(dé‘ i N0 ahow | HANPLA gment 3
to formthe openings , and a void (6) or nme

belivgdrbdlbe, fapétgnpleca Wih this tédlitmiqgle N2 buillardidon) layr (1)
processes such as sk formi ng, doping, etchi nglaand
t han|ingelating laxsre(?s eyl Aubednlsticonelayer | Gearerlominpted. A

bolpriog: fisa M 1ot 198 Hedboriorn daHEh oIzis BGAE B back
P 8l BRI o BT RSPy & sous

PREBIcEMye ToiBEd %Q—ﬁﬂ%&i@in?‘ﬁdaWNETACMe m¥2ah8AGY boxiéistmg of

order to increase output (inprove sensitivity) of the
coaweembomad layer r(é)ofwmdgmmvposmmﬂ appoded ite the doping area (8)

required to increas
rougg a spacer ?ﬁﬁ Fsacm%cml layer) is used as a diaphragm. With

this technique, as with the technique described in Patent Document 2,
hollows (9) are formed in the body silicon layer (3) to form the openings
(10), and a void (6) is formed between the doping area (8) and the
“membrane (7) by processes such as mask forming, doping, etching and
the like (the reference numerals are derived from the reference
‘document).

[0006] .
| Patent Document 1: Patent Publication No. 7-50899
Patent Document 2: Patent Publication No. 2002-95093
Patent Document 3: U.S. Patent No. 6,140,689

' DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVNETION
[0007]
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- there

capaci tance between the fixed el ectrode 300 and the
di aphragm 500. In order to increase the capacitance,
an area of superinposition of the fixed 5 el ectrode

. 300 and the di aphragm 500 shoul d be increased.

Alternatively, it will be effective to reduce the gap
between the fixed ‘electrode 300 and the di aphragm

~ 500. Howguelordaf tdCiRASLsd rbdt?a%t R cﬁ:fe sen81t1v1ty) of the

superinposition of the fixed ectro 300 and
di ephreagionalficnophahd elaoivh anefigarig emmrecphréch eo increase the
m cr ophone per se. On the other_ 10 hand, _in

coﬁ@i%@tﬁcerbeﬁm%ghe ﬁéeéﬁ&cérodﬁo@%@pédha@%hr&mﬁgo In

b
¢ DoBteripdhtiang My fanftengtd aHieh o SPETaTOE5E ot e fixed
el %Efr%ﬂecogwnscﬁfd Mkk& ORNY Rht espoit idhiha®l @ HY Ifhereased. |

15 polyneric organi c substahce such as FEP (Fl uoro

Et Ajteenetielgpyt evidl) bereffeetivki toerdducer tier ghp hwtadenetle fixed
permanent electric poI arjzation. The m crophone using
suelnciaroae oG @indnbhe cliaphrasm %QﬂastHnW@Vhwasalpd@ncremam the

neten Al RhgARto-THey I(S‘i/t?’g[egl“%/pe i e

Pr 564 ?Ryu@&’ 35k 4 /h a‘_q)é@fﬂ?eln% ‘of %ﬁrz Wy H(grfboﬁgpg\% On the other

cannot e grven reri ow tr at ne

nObah&dinothd BehdFhdti®d haOR IRy shéer! 40()?n0£e@05)l%ve| Rhere is a
view of the above, as described 1 n Patent Docunent s 1,

2 hmdtatB)n in rédudpgdbedibiance hetwesn dhb fikedeblectnodd 800 and
&la d| ra on a silicon 25 substrate to reduce
%mg%a%en the fixed el ectrode and the
jagmthereby to increase output. Wth such a
constructl on, the sound detecting nechani sm can

under go Ml Qeétrent 8iHendb} | fricFRMionks ngf@nblaﬁhze a high
supply since an electret filmis not formed. [0010] 30

Hopelyerericacrgamic mybstarideesitokc s iRER (FlwmooEeylene Propylene)

Patent 4. Docunment 1, it is required to formthe
di ¥phhe ke dn pxcler bo| progaice a pgrmanent electric polarization. The

microphone using such a high polymeric organic substance has poor
heat resistance, and thus is hardly capable of enduring the heat in time
of reflow treatment when mounted on a printed board, for example,
The microphone, therefore, cannot be given reflow treatment when
mounted on the printed board of the like.
[0009]

In view of the above, as described in Patent Documents 1, 2 and
3, it is conceivable to form a back electrode and a diaphragm on a silicon
substrate to reduce the distance between the fixed electrode and the
diaphragm thereby to increase output. With such a construction, the
sound detecting mechanism can undergo reflow treatment while
requiring a bias supply since an electret film is not formed.
[0010]

However, according to the technique disclosed in Patent
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substrate, formthe back plate on the sanme silicon
substrate, and superinpose the di aphragm and the back
plate to be conbined by the technique of eutectic

sol dering, capacitive coupling, silicon fusion or the

5 like, which inevitably |owers yield. Mreover, the
accuracy of the gap distance between the di aphragm

an c eglr - Lgn b I IC 1
o o e demeant? ;fafg Py e et ihe silicon
Aceabslirate, t foriheheebhck platei @l theedaime BHicont substrate, and
Docunent 2, the 10 thickness of the back electrode is

defupenimpgse therdiaphoagm and ithe haekl platetp die combined by the
o BRERE M et SRS BRI S B v
el agbr QAfch ?1];19‘?%&@&%%?5 95@\}% WJP&BV@I‘ rtﬁ@gfcc&{'acgfl ())/f the gap

adj ust ment o I s“energy, I'sadvant ageou

| odBstantd detwaéeehefl didgbirapnt AddCthe PackOdkefrode tends to be
According to the technique disclosed in Patent

Dotawasetl, $hichhieaves irperorfor ilnprovareend ithraltabiliy. | ayer
ism as the back el ectrode, which can overcone the

di ntage of the limted thickness of the back

el ectrod ia P . t

or obl e ot fEEde she Bk EMquB EMIBH By FAREE BobylehiE 2. the
MotlgiekBEss b ehBabhclelefCrate id Yet@MARIRBGOHS Yl QKRS ion
integrally with a signal processing circurt such as a

J- Eaplandationein, timd lof thoeon ebipinguie dbg cthesexergy Saerated in
Doc_umeng_S, .since the oxide filmis used as the .
sabime ption implantagien. ad husy the dhicknesp ¢ithe) backselgerede is
a npateri.al ;for_etching the sagrificial la . 25 0t is..
BB ifeq Py BRI aBer A relhBon: Yckie Gy, rhich
bedisafdahth@Buskl BHetOeke BBgrANT Rsfid Sldite Prot ective
filmfor the construction having the circuit forned

i n[0f1i23on therewith. Also, with the technique

~disclosed in Patent Docunment 3, the thickness_accuracy

for the Wwerrdiagderthedechuiaeslisdgses, indatent Becument 3, the
' ack; 3

o O Sl b i R A5 D DA P SR, which
| gl t(RBldbnve the disadvantage of the limited thickness of the back
electrode as seen in Patent Document 2, and solve the problém of stress
control for the back electrode. Moreover, the back electrode is
adVantageously formed integrally with a signa1 processing circuit such
as a J-FET. However, with the te.chnique disclosed in Patent
Document 3, since the oxide film is used as the sacrificial layer and an
HF etching liguid is used as a material for etching the sacrificial layer,
it is necessary to select a material having HF resistance to be used in an
‘electrode pad and a circuit protective film for the construction having
the circuit formed in unison therewith. Also, with the technique
disclosed in Patent Document 3, the thickness accuracy for the back
electrode is ensured by using the SIO-layer silicon substrate as the back

electrode, which requires SOI to be used as the substrate and inevitably
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i ncreases cost. [00131 The object of the invention is
to provide a rational construction for a sound
det ecti ng nmechani sm capabl e of form ng a di aphragm and

a 5 back electrode on a substrate by a sinple process

and easily controlling the stress of the back
el ectrode, as well as formng the back el ectrode wth

hi ﬁﬁr@&&a‘érc% ¥ W thout using any expensive wafer such
SOL MEANS FOR SOLVI NG THE PROBLEM 10 [00141 The

ch[zﬁ(ﬂ@ﬂerlstl c feature of the present invention hes in
a . sound detecting mechanis mconprising a pair

eI ect r odddhef ehiactngf the Buisationos torprevidmsmagioaal ﬁonstructlon
ch | ecty od. | ect
i o efeiingoeeherrn cRAhE S uming £ haebe ond a
hobg eRcAitde i a YubEtra®l b ﬁhﬁﬁe RESs hiid Basily controlling
Rat i ap is

di aphragm characteri ze ragm

magie efreds WEitRL Hacﬂ{néléétradé ag ﬁﬂill?dsffoi'mng kthe Meickl electrode
film being forned by sputterl ng in a lowtenperature

pr widshigharuracy wpdhout depus any expensiye atdfaysuch as SOL.
technique, the lanm nated filmbeing forned of an
organi c films) and a conductive. filn(s), that the

substrate, and that
a spacer |s?¢% S‘gﬁb? ]ggﬁ Pm sacrificial |ayer

cofimig]i ng of an organic filmfor det er mi ni ng a

di stance between the di aphragm and the back

el ect r od&he] OhdfHktewisiic deaigireoof the messht dovemiion tlies in a
sacrifjcial layer is fornmed of . 25 the organic film

angPuIKy §eﬁﬁ¢tmggmﬂ<:bama% coaHIERE M Padr 9f Llergrodes forming a

f hi
SRR 55 oy Ao RinoRbrpRh i of obe.Bbelailps is a back
exgebirele %fﬂ%’% p%i‘f@ghﬂﬂs ttﬁ@relﬁ' ARPEGINIRRE tb h;?co'@t@ﬁ% holes
el ectrode is suitable for Integration of

ci andithe otharcef theecloctgadecisfa dinplaragss d:hfamactbhﬂed in that the
sacrificial layer, which 30 allows the process is
exdephaagey is| madecrfirematal &lm o atlemipased film, ghe metal film

being formed by sputtering in a low temperature process, vacuum vapor
deposition or plating technique, the laminated film being formed of an
organic film(s) and a conductive film(s), that the back electrode is
formed on the substrate, and that a spacer is formed from part of a
sacrificial layer consisting of an organic film for determining a distance
between the diaphragm and the back electrode.

[0015]

According to this construction, the sacrificial layer is formed of
the organic film and thus an organic film remover and a plasma
treatment are used as materials for etching the sacrificial layer.
Therefore, the process can be executed without damaging the
diaphragm and the back electrode, w]:u'ch is suitable for integration of a
circuit. Since the organic film is used for the sacrificial layer, which

allows the process is executed at low temperature, the thickness is




10

15

20

25

30

easily varied, and the controllability of the

thickness is inproved. As a result, the manufacturing
process can be sinplified to provide the sound

det ecti ng nechani sm capabl e of detecting sound

pressure signals with high sensitivity. Particularly,

t he sound detecting nmechani smhaving 5 this

copgiityhiied M%h@%&nﬁr@llﬁbﬁ cﬁ'ltﬁﬁtthfékﬂe@é’ ¢ impPshed. Asa
thus i's capable of enduring high temperature in tine

of resaflt, dhetmaatifaebtring @Rb6dssAancsasingplifted bepprvddehe sound
|nvent|on the di aphra may be made of an N filmor
Cu etqcﬁang alwnp capa glifﬂg @%@ﬁ@paas soand Presepre shads with

of t he nma eterm setti . .
501 EASHERaY o fHi S SE s pieinism having
s
i ?ﬁ?@aﬁ@@%ﬁﬁéﬁ%*% SRS HCHEL} Mer A Th5%s capable of
r ebagumeapihighitelnpdiapire dgmimant befléwitp@tmdnta short 15
perlod of tinme by a sinple process using a plating
1161 f or exanple. Also, the stress of the

dla hragmis gontrolled by setti processin
oot 19 RocrfigR b ahe Resahs SBvab g T Bb,rggmi 1Ry bgmade

R B S D TUR A, P B

si ﬁ:i@kisa meHH be, detéemisemibly St fd@é@m Nfndfions in
20 be falth‘fgﬁ}l y detected. [0018] Accgrlydl ng togt he

pr essmtingtheplatmg fypcess. ng t he sputtering or vacuum
va ar (jiepOSItI on t echni que the netal filmmy be nmade
of Si Ti, Ni, Mo, W Au and Cu, or forned

y l am n g p | [ ect e
foms | Tt @ b ol R pdaf o formea by
Coﬁfdtiﬂgliéhh%@'aafm&ﬁﬁéﬂy 1HIOd @lapWrh Bt @dr? be formed in a short
constructi on, di aphragm can be fornmed by
sppéetied iofigime bgaaummpla poocesspasingi o plating digueduforeekample.
metal materials. 30. More particularl t he s%)utterln

or Adage i Stapes OBébesqhtaﬁ)bﬁag@cnﬁncawoﬁed by setting processing

conditions in executing the plating process, which can prevent the stress
from remaining inside, to form the diaphragm which vibrates faithfully
to sound pressure signals. As a result, even small sound vibrations can
be faithfully detected.
[0018]

According to the present invention, by using the sputtering or
vacuum vapor deposition technigue, the metal film may be made of one

- of 81, Al, Ti, Ni, Mo, W, Au and Cu, or formed by laminating a plurality

of materials selected from Si, Al, Ti, Ni, Mo, W, Au and Cu, thereby to
constitute the diaphragm.
[0019]

With this construction, the diaphragm can be formed by
‘sputtering or vacuum vapor deposition usiﬁg required metal materials.

More particularly, the sputtering or vacuum vapor deposition technigue
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7 can formthe netal filmwithout taking chenical
properties into consideration such as ionization
tendency unlike in the case of the netal filmforned

‘by plating technique using a plating liquid. Thus, the

di aphragm can be forned by using either one materi al

or a plurality of 5 materials selected fromSi, A,

Ti i : n rQpel at R
Toord! ol el D 5aB0p AR e fRMbe nto

cochesiferdidiystich at ReniRatibe tedentyblidlikO NS tidd GaseodfUtie metal
of sound to be detected in order to formthe

di &iptor fgmed G92plating tachuiggienysing ahplagphesdigquid. Thus, the
i nyent.i on, the di agphragm may be . fornmed of a :
| afiaRhragm 638 dqesi%mg%%o y 3singseithey ape materyl ofp plurality of
or .G ' | ng: ofjemof reS{xst 3y .
S-Sl WPLak 5479, 1T VS BRI P opropriate

| anard ShoiRde B pBsiPIROMSE ibey ‘ﬁn?ain%Eélablatéﬁg?s_léorrésﬁ)onding to
Wth this construction, since the diaphragmis forned

- of théraunberi ofatibraticmnahd tvohgmefoftshendedd detectedsiageorder to

of the organic filmand the conductive |ayer nmade of
t héorepHag eanhragit-eri al , the di aphragm can be formed
by &%d izing the flexibility of the resin material and
thg Anduct ivity of the conductive nmaterial. Mre

parti cul S He | 0 S ; f@ﬁg
t he condgg({c?gﬁ%iﬁgtggrﬂi}lgl ngtta%glg %%ﬁg)g?r%geg)ﬂfﬁﬁhformﬁgy be

t héordheaap bf aghamimeich aphsiatinecdha Genskolayed madelof aof organic
the resin material having strength and flexibili tIy .
gr 84més) wsing auecohatngsists polyimide resin| and polymagasylene resin,

resin materials.can relatively egsi].y achi ev coati ng
. ERda DR daE o g e S oPRBa e AERIL, ot hi n
di gm 25 as a whol e can be forned. Consequently,
the thickness is easily reduced conpared with the

di aphr agrvighd ehiaf caredtAdictival, edihed $hendipphradgincly &rihests of the
sound pressure signals to be faithfully detected.
[ ob2rinatéupeatisigting of ke pase tayerimadeof she organigffanand the
i lccr)rﬂ(%ct{v%elayer made of the conductive material, the diaphragm can be
formed by utilizing the flexibility of the resin material and the
conductivity of the conductive material. More particularly, since it is
only necessary to make the conductive material act as an electrode in
forming the diaphragm,r the diaphragm can be formed mainly of the
‘resin material having strength and flexibility greater than the metal
 film. Particularly, these resin materials can relatively easily achieve
coating with the thickness being controlled, and thus, a thin diaphragm
as a whole can be formed. Consequently, the thickness is easily
reduced compared with the diaphragm made of metal materials only,
which allows sound pressure signals to be faithfully detected.
[0022] |

According to the present invention, the organic film of the

sacrificial layer may use one of a resist and polyimide resin for forming
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30 sacrificial layer may use one of a resist and
polyimde resin for formng a void area between the
back el ectrode and the di aphragm by etching the
sacrificial layer. [00231 Wth this construction, the

~organic filmis used as the sacrificial 5 layer and

forned on the silicon substrate to have a desirable :
th, ck 48! thepisd SRR ithh g hlAHR Y Stchi
fo%lm &g%te \Ehglée%jw{eég %ggeédﬂeyeeg?@ggeﬁ%é the1 %lljif;lp rag}}m camg
I ntidgadrdfidiabiayle@m nation and is etched to formthe

void area between the back el ectrode and the

di K9®B8hgm As a result, it becones possible to easily

SRR e AR A R M R R
Saf] e%!aq{dak rofedEh tilg%?ﬁéofgﬁgétghfbgt& Ba%@% BLGPNE thicikness
i nVention, e substrate nmay be nmade ~“of a nonocrysta

Si }d16BReBURSEIIR! € THNdadrifibial Cﬁﬁeﬁ uRsforaicdl dletwdéW)the back
15 orientation may be used as the nonocrystal silicon

sutlettrate .ard s diaghrhghirs the fetm wf lamination jand is etched to
ible t d th tchi lectively ir :
i fosen Hom void aFespriaten Hom bR Glacirodec it ihe haysem.  As
bst . 100 i.entati ich | . ' .
ot BHERBLY A PRPQes Soat B, B ity ok o st iRl O v8uired

r eRgtiche bdtfydeho I cREAWUE! 88d Ahe AePtra aBfhg th
ca%éhggl r eal i%d?ﬁfg)%meAccordi ng to the pregglntb?h g e

i nysorificinl leaera base for the sacrificial layer, a
mat eri al having resi stance to ani sotropic etching may
bel . 25 [0027] Wth this construction, by using

e T G SR St RSP ey g
o S IOk, G sz akhesspaat o100
r esulbhtatior el bedsal as s ntatvchestal silicon substrate.

[0025]

With this construction, it is possible to advance the etching
selectively in a direction of an orientation peculiar to the silicon
substrate of (100) orientation, which allows a precise etching faithful to
an etching pattern. As a result, the process for providing any required
shape can be realized.

-~ [0026]

According to the present invention, as a base for the sacrificial
layer, a material having resistance to anisotropic etching may be used.
[0027] |
| With this construction, by using the material having resistance
to anisotropic et’éhing, the process can be executed without damaging
the organic film forming the sacrificial layer and the back electrode

formed on the silicon substrate. As a result, a required process can be

executed while protecting the back electrode.
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30 executed while protecting the back el ectrode.

[ 0028] According to the present invention, the
sacrificial layer may have a thickness of 1 to 5m
[0029] 5 Here, the thickness of the sacrificial |ayer
corresponds to the distance between the di aphragm and
the back electrode. The sensitivity as the sound
def®pig]ng mechani smincreases as this distance
decreaSes. However, the back el ectrode and di aphragm
can cont @akcoidingear hhothreseht) iavektyomotisd epctificidbelayer may
process of etching the sacrificial |layer 10 as the

di baumedbidkngesnf L ite Simaphr agm and t he back el ectrode
isggﬁﬁﬂuced. Thus, it is effective to set the void

ar tween the diaphragm and the back el ectrode to

1 to Sm ipRlhenp rﬁ&fﬁes% ”aéfeEHdé ggcrslfg@tﬁ.ll 2??’?}%&&93}9&9& to the

per f ormance tan be nal ntail ne

t hikaees Witwidag kel idinfhPdgrhayerd the [KMekOlelectrode.  The
According to the present invention, the diaphragm ma

- besexfsitingy asfthe givatdedeteatiog mheochanishyinsreadess this distance

t eghni que, d an adhesio | ayer is disppsed between :
thée‘id’%?%?d ﬁ'i%%vegﬂ&ﬂgj)chsq}p%tg‘p P%F%@We‘iﬁrbﬁonta“ to
th u rate for. ' | 0L - [.0Q31 y 1.

e Bl DR IR AESO AR R o Al taver
| aygrthea@esthice | Bitweahi HHe | @é@hrh?ml BRACYRE Bl Rectrode is
adhesi on | ayer disposed between the plating |ayer

actéchgeds tThusi aphisagffeaiide t tre sehsthatvald aten dretwen the
[ 0032] Accordi tr%g to the present .invention, an openin
e

cottienbgasm med the backslegirat foAde Ty indhegresentjavention
AL 985 e gL SRl HSTRERE 17 otting e
thickness of the sacrificial layer.
[0030]

According to the present invention, the diaphragm may be
formed of a plated layer formed by plating technique, and an adhesion
layer is disposed between the plated layer and an insulating layer
formed on the substrate for enhancing adhesion.

[0031],

| With this .construction, the adhesion between the plated layer
and the insulating layer is improved by the adhesion layer disposed
between the plating layer acting as the diaphragm and the insulating
layer.

[0032] |

According to the present invention, an opening corresponding to
a sound entrance may be formed by anisotropic etching after the back
electrode is perforated to form the acoustic holes.

[0033]

With this construction, yield of the process is improved. The
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30 Wth this construction, yield of the process is

inproved. The 10 controllability of the thickness of

the back electrode is also inproved by the process of
the present invention. As a result, the back el ectrode
with a required thickness is fornmed and yield is also
i nproved. [0034] 5 According to the present

in n@%{;ﬁ;{e@h@ of LS GERERRsObf hgtfpggf KlecBlde! ifs%gig? gﬁérg’@ed by

co an 1 nspectron p n_J uxt apose

s ot peledess tdfNhe"BEdtRNL SRvEAEIDA! NASM rBeult] the Wack electrode
substrate. [0035] Wth this construction, the

t hivithne ssquifred hbickaeks i formeddmdmeld ialse 1oproved. ed
by insaﬁecti ng the inspection pattern juxtaposed to the
SO etecting mechani smpattern on the silicon

substrat %‘ccésdiﬁg {oeaye{ gwir%%é}ﬁ ﬁ@eﬁﬁ%ﬁzghgfﬁh&%t@c&f the back

el ectrodé ¢an accur y contro

ACEREFLAS thaythe chhASEBH by N ihdiactibAepARER2TLEAPMYI to a
15 conprise a signal fetching cifcuit fornmed-on the

s ugatrrchd eteatidg mechrmismppabten oy thé sdmoncorndictter

el nenis, a sound detecting section formed of the

di&ﬁﬁﬁ gm and the back el ectrode, and an electric

connecti Rg. nber for ftransm {ii Sj | s . from

sound detEitki TEF conohetibs s TERErE o BhE peff Bibdifode can
Ci & Wohtrotdl 89 3itlspU¥ti e t{HeS i 6:QReEIHHCHARBrn jR&taposed to the
el ectric connecting nenber is “provided between 't he

si gnald fdetedting medleinibmf pamednoon tthe silbohr substrate. As a
t he sound detecting section consisting of the

di rastiltaghe shigknhes phihe batkeelectaade coniberncgnraigdy controlled.

sig)ggli fromthe sound detecting section to be 25
pr 6led in the signal fetching circuit. As a result,

there i SA%QOIE%E% tQ 1R oiﬁ.i'éjs%n@nffnv?éﬁ% %héc'fﬁécé%g:géﬁl may

fromthe sou etecting section, can re
t heorhpiibea sifgnphfdtehingadirédd foaned i thessubitaiteaial haging a

the sound detecting nechani sm

- plurality of semiconductor elements, a sound detecting section formed of
the diaphragm and the back electrode, and an electric connecting
member for transmitting signals from the sound detecting section to the
signal fetching circuit. |
[0037]

- With this construction, the electric connecting member is :
provided between the signal fetching circuit formed on the substrate and
the sound detecting section consisting of the diaphragm and the back
electrode, which allows signals from the sound detecting section to be
processed in the signal fetching circuit. As a result, there is no need to

| provide any signal circuit apart from the sound detecting section, which
- ‘can reduce the number of parts required for devices incorporating the
sound detecting mechanism.
[0038]

According to the present invention, the electric connecting

11
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[0038] 30 According to the present invention, the

el ectric connecting 11 nenber may be forned of netal
wires or a metal filmformed on the substrate in a
sem conduct or manufacturing process. [00391 Wth this
construction, the signal fetching circuit and the
sound 5 detecting nmechanismare electrically

t h 1 %&‘l& i GENBRALE A ﬁfatélh%n%ago&d h%e%ﬁcﬁfﬂl%?ﬁga on the

e usrng netal wres connection of
megabsttatetnf ® eeﬂdc@ﬁubtt&_ ﬁuhafato@ﬁﬁmgrpﬁobess.
sem conduct or manufacturing process. As a result,
ni HIG89ri zati on of the mechani sm becones possi bl e-

conpar ed a constructl on havi wi.r.es connect by

10 sol derVwH%‘ ﬂe%sqn D AR e e me T pRpund

[O vantio e
gélf,%ltgﬁg E%B%er I A efe%?n?:%l hne@te %)g {bnn\ﬂeclzloﬁ of the

descri ter Wi erence

dr BYh digE. teEhﬁ1q1ile biSth: ﬁgeuse;gahae\taﬁwlfés, dr Byl doPBction of the
condenser m crophone (sinply referred to as a '
m oyedahfile themed waf they Julesteatplinfthergpnaicendactor manufacturing
det ecti ng rrechanl smof the present invention. The

i El?%‘ﬁ%ne Scélwp‘feisg minighBEzgEen| ofj the: grechanismahgcomes

a back echrode B

Tt hg?sesgﬁ% gOIallpgﬁ% ikh-2 nCOPﬁé‘F@PH\n%PVAn%E‘{VéﬁeSt ﬁﬁnhnected by

fildmenngsed to the back el ectrode B, and a
sacrificral |ayer arranged between the back el ectrode
B and di aphragm C to act as a spacer D. This

m crophone all ows the di aphragm C and the back

ol BB &

ToMOBE BOR CARR VNG OUTCEHACINYENTHINh i s used

[ﬂq‘g)‘ft“ cally take out variations 25 of capacitance
0( capaci tor when the diaphragm C is vibrated by

Sound pr %?%ﬁbéﬂl%@'ltso [&%4 ediif ﬁgﬁé{ﬁ&ﬁ Swill '8t td¥sSribed

m crophone has size 0O uare w
hereinafter with reference to the drawings.

Fig. 1 is a sectional view of a silicon condenser microphone
(simply referred to as a microphone hereinafter) exemplifying a sound
detecting mechanism of the present invention. The microphone
comprises a monocrystal silicon substrate A having a back electrode B
formed in an area thereof, a diaphragm C in the form of a metal thin
film opposed to the back electrode B, and a sacrificial layer arranged
"between the back electrode B and diaphragm C to act as a spacer D.
.This microphone allows the diaphragm C and the back electrode B to
function as a capacitor, which is used to electrically take out variations
of capacitance of the capacitor when the diaphragm C is vibrated by
sound pressure signals.

[0041]

The substrate A in this microphone has a size of a square with

one side 5.5mm in length and around 600um in thickness. The

diaphragm C has a size of a square with one side 2mm in length and

12
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(1 detheredy to forg arpusic oholefe

one side 5.5mmin | ength and around 600gm i n

t hi ckness. The 30 di aphragm C has a size of a square
with one side 2nmin length and 12 around 2min

t hi ckness. The back el ectrode B has 10min thickness
and has a plurality of perforations Ba fornmed therein
corresponding to acoustic holes, each having a square

\’S\Apégtl)@ﬂié %ﬁiﬂdﬁl ﬁﬁi%ﬂgssgozi‘t‘lge]nb%@f Efgclﬁ‘rodé B Ql%ézﬂﬂp% i’n A:Pickness

, a nonocry I'con substrate

(198d hay hglhadlinof ferdbeittshs Bafofhedfthardinofirresponding to
surface thereof (lower side in Fig. 1), thereby to

f oncowtzubbles, Racksh{wog agsmmrehwithe ohersite onouBd 20pm in
evg%{u I1ly) in the back el ectrode B. An acoustic

op gt8- E 10 corresponding to a sound entrance is
fogdﬁeﬁfroma back surface (upper side in Fig. 1) of

th m)rlocryst al silicon substrate 401 in a portion

correspongiebffida®lyt N8 aeQki&alOkBRonAls®Bstrate 401 of (100)
protective filma406 (second protective film, a

sacrichtatian id etyhed 40 partdf adromnswurfgentlereof (vwer sale in Fig.
netal film 408 are | am nated on t(he front gurface

afbi ragstthe  periprajpons Ba
subst r.at 01. ortion corre ding,to_ the.back .

o Steianlvh R BhEnbaeko SR B o arba aebySiGedening B
th r » i

i Regon g T PR e LABUERILS SRR sface (upper
t heidepac &igD1) ff therathrinerdtal sildddrn sabsirateayl®l ird@7 portion
remai ni ng at outer peripheral portions of the

di eqmesppnding Ao the peoesiie hples. nédved, ecprateeigve fm 406 (second
m crgphone w I be descrjbed b do igs. 2 q..3. :
[o8reIR0aPE it o Seckiael BrolyT vesdh ofafoorduld fihi and 2
SN , ' e hom

5 B TR i Wi rpbd o CURBED B Ulie 0
t oof HRE tiheRo@§stal NAEKIM GubBtrete al0l. [ 0 441tish efpridyponding to

Opi?l?; %gc]g%%ecitfo;eolggideticﬂectl I?:g f];i'nrasé v%gé? ﬁg; iFvgeévLéerg the back
electrode B and the diaphragm C. The diaphragm C is formed by the
metal film 408. Further, the spacer D is formed by the sacrificial layer
407 remaining at outer peripheral portions of the diaphragm C. A
process for manufacturing the microphone will be described based on
Figs. 2 and 3.

[0043]

Step (a): A first protective film 402 made of SiN is formed on the
.back surface (upper side in the drawings) of the monocrystal silicon
substrate 401 to function as a masking material.
[0044] |
o Step (b): An opening 403 is formed in the first protective film
402 made of SiN by phoij,olithographic technique. Although not shown

in the drawings, a resist pattern is formed on a surface of the first

protective film 402 in forming the opening 403. Etching is executed by

13
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402 made of Si N by phaotolithographic technique.

Al t hough not shown in the drawings, a resist pattern

is formed on a surface of the first 30 protective film
402 in form ng the opening 403. Etching is executed by

13 RIE (Reactive lon Etching) technique, using the

resist pattern as a nask, to renove the first

pr C fh il m 4 r : 0 h |

t FLE Uit of ek llf Ebhni o, 6T e 20ERE Jeflhis o

pabiRk) tol Pemet®ViRE Byspghtbtdtive F0E4302StBerdls) to form the
Next, an Au filmacting as an electrode material is

f oppeningrdithe Aftenexewtingrehibyproeasst thd ngwahited regisbpsttern
the filmto be formed in a | ow tenperature process.
Fu%%’f?é??veéio}?%%?]%‘ﬂlgpattern is fornmed on the surface of
thﬁ)(ﬂg filmby photolithographic technique. 10 Etching

i's exeguted using the resist pattern as a mask to form

an el ectgipg ocpaledf)%ah IO P tackingt RS oM elddtFBdeo mlR¥sial is
conductivity with the back electrode B. After ’
exformddngn tthiesfrpnt casface thye spatteningdwhédi sllowsatheefibm to be
is renmoved by ashing. Further, in this step,

: a :
pl farmed ynoa " lowc demperatispeBropess.( whuEthesy & resist pattern is

-Jik i d @f ,hole-Lik i J ~ ;
O B o el PRUERES o enBCh S Bl Ay R PR R, Bchhniave.
SUEftélﬁﬁﬁbié phahabl t hageaphd §8§%ﬁ %Htgﬁgxs 2B AheueR APtorm an

shown 1n the draw ngs, In e acoustic

hotlestrédd pad 4®5hwin pati ef the Auffilivres hava cohéuétivity with the
surface of the nonocrystal silicon substrate 401

b
phbadk ielensendepB. ¢ AleheixgetingHisnmroeesps tthe gnma@é?d resist
bstrate 401 i etched t roduce requi red dept
C oPateRh dsy wpated byt esags | FRABRY T inly Uir o8 SERaley of
r -t n t 2 QS| 1l I d B
PLRERR%ic ot MO SrHily Bhe PRIRENIS HBBRMAN, 6B holerlike)
wayom bl ffi€a tith & vdilth abe Usdougtichie@snd 05 a26 tfodfied feom the front

perforations Ba to communicate with the acoustic

opewrface Byaphetolithegrapdus ttiechojsmei nA\lEhowel arateshdsyn in the

?2%1%%?{ v l)JfﬂS tr(r:rmaggcheges ai:onusttycehgltegelog 261 rggiSs% rpia &%n is formed
on the front surface of the monocrystal silicon substrate 401 by
photolithographic technique. The monocrystal silicon substrate 401 is
etched to produce a required depth using the resist pattern as a mask.
After this process, the unwanted resist pattern is removed by ashing.
By forming the acoustic holes 405 in this Way, these plural acoustic
holes 405 act as the'pei'forations Ba to communicate with the acoustic
opening E after the acoustic opening E is formed by anisotropic etching
in the step (f) described later.
[0046]

Step (d): Next, a second protective film 406 is formed on the

front surface of the substrate A to function as a material having

resistance against the anisotropic etching using a water solution of

TMAH (tetramethylammonium hydroxide) as an etching liquid in

14
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Step (d): Next, a second protective film406 is forned
on the front surface of the substrate A to function
as a material having resistance against the

ani sotropic etching using a water solution of 30 TMAH
(tetranet hyl amfmoni um hydr oxi de) as an etching liquid
in 14 formng the acoustic opening E. The sacrificial

! a%?‘é}égg;}]lg Sélcﬂgstfi%/ Pﬁq&ém% EPNg4Q rs%?%irﬁtﬁieag qgielemgﬁlgoéither a

resi a po eresini1s

| a%hﬁl%‘i‘@ﬁs@(b}ib SRAIYLE 00 frediBe) S84 ANPoRIRLEAS rbdi@ fs fofimed by
406 (using the second protective film406 as a base)

t obéiagdaminhtedkom asswfack afdhs epondpidediye Slepd@efusing the
Next, in order to formthe di gphragm C.an the front
supgcard profretivsizim A0p m%basei.ta hage o PHiRknSSS Glgh {peHm.

on 2 ont surface of the sacrificial |ayer 407 by
sputtering to have a thickness of 2, u m Then, a

resi st pagbe(R):i NextOifBskdeR t8 B A% deipKfa@ni® 8h the front
film 408 by 10 photolithographic technique. Etching is

exsawtfhex] theshatpltfilen 468| stg. Niafilmy is fasmednes e, front surface of
renove thg _uangnt ed netal film.408. Furt her after
g

t hthe sperafisial lager AQlahyetpitiering toahaxe n ithigknasscrf 24 m.
by.ashi ng. . Next.. th ificial | 7

SoTBRR PPt AT Pl bt PS¢ srEAte ot Jop doladifin 408 by
TRl RAVRL s, ("Bustaf, o GORSIAEOATIG ros

t hpatterwnad Pnodgdttoviemdvd thed Qawaintpd saetdidilve@dst h&urther,
metal film 408 and the silicon substrate, 401 to .
r eadier thinproress.etheoinwaayted t1peist atéermpis aemored Vi gshing.

ScNErh (e penERvel 17 45 14 a8 eooRt SERIA-VEGRERGADD are
! bR, B8 LRSI SRR ) ik 1 B g

mag€hi Mask| to ia$loa) $ke RaGETbiad 1hper 20 dilie thetsatorfd bvtective
408 by utili zi n% a vacuum vapor deposition technique
g

or fiph a0t dispes¢th bgtmecen Pae mietal &iliny408 angpthe silicoy sawbstrate
R Rt P Loty LS 20 pShig 85, Bt T e
Ol fo?med). The sacrificial layer 407 and the _second protective film 406
present in other regions are removed.
[0048]

In this step (e), the metal film 408 is formed by sputtering by
using the Ni material. It is also possible to form the metal film 408 by
utilizing a vacuum vapor deposition technique or plating technique.
Particularly, in sputtering or vacuum vapor deposition, either one of 5i,
Al, Ti, Ni, Mo, W, Au and Cu may be used as a metal material, or a
laminated film consisting of more than one of these metal materials may
be used. '

[0049]
Further, in forming the metal film 408 in this step (), Cr or Ti

may be formed on the front surface of the sacrificial layer 407 as a
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| am nated filmconsisting of nore than one of these
metal materials may be used. [0049] Further, in

- formng the netal film408 in this step (e), C or Ti

30 may be formed on the front surface of the
sacrificial layer 407 as a 15 adhesion [ ayer by vacuum
vapor deposition technique, thereby to form the netal

A8 8B bk 5y Bpp bR DB, WeHiRLco oo
SaffR: WRYaPHlrh M0S¢h a FRaMenfess dbieid sdieRioS@r byt spiittering

possible to forma seed layer on the 5 front surface

of using dher Ni ahateriddyer 4B likeeilextlnpl samé way as in the
i nsul ati_ng | ayer usi.ng the sane netal material. as '
us@kpveidescahedgstephe AdeRs tasiRpssitlndo fgpnp $qqddaysg on the

o B R ut B R (L s Rl s Q7358 o Afelf SF i tindhayen

AN} Sigle” HY GarBbCAbtl hatGAPCHY %@e&%hrhsaam%, WebRlby to form the
solution of TMAH (tetranethyl ammoni um hydr oxi de)y as an

et shitaly filin 408 dplatddulaiysp dhea firait punfaeetdafvihef sdetd 2DRr by

as a mask, which has the opening 403 forned therein
inplﬁﬁ@l%t@@bﬂ{qﬂ‘%- thereby to formthe acoustic opening

E &ﬁ{rfsponding to the sound entrance. It is necessary

to ?Q, 15 in this step, a protective film having

resi stan b ag| i '

G ace, SUPor D o BRSPHAM, EIRnE T Shcklic Bsile e water
t heolusibar bal BVIAK | @elirathdthelssuhohi aine hide@daotasban etching
etched by the etching liquid in the front surface

(nbguishand)usingttbe fsteprotestive Atm 402 ot opisk, evbichnigas the

Dol PeslbeRsioLin toseo B, DePRE i de acbustic

8 £l i o L ORI, R SEEARHy o e
fiinmtA? sedysl Rapiotedtive dilee A ing Prepiftahty aiddihdd 48&otropic
 etching on the front surface, whereby a pre-treatment is executed so
“that the materials including the substrate A may not be etched by the
etching liquid in the front surface (not shown). After executing the
anisotropic etching process, such a protective film is no longer necessary
and thus removed by a remover of exclusive use.
[0051]

Step (g): Next, an RIE treatment is executed from the back
surface to remove the first protective film 402 and part of the second
protective film 406.

-[0052] _

Step (h): Next, the sacriﬁcial layer 407 is etched from the back
surface by a sacrificial layer remover and plasma treatment through the
perforations Ba corresponding to the plurality of acoustic holes 405,
which allows part of the sacrificial layer 407 to remain at the outer

peripheral portions of the back electrode B and the diaphragm C to act
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25 [00521 Step (h): Next, the sacrificial |ayer 407 is
etched fromthe back surface by a sacrificial |ayer
remover and plasma treatnent through the perforations

Ba corresponding to the plurality of acoustic.holes

405, which allows part of the sacrificial |ayer 407

to remain at the outer 30 peripheral portions of the

ba ( j ] c

opde o BREAD) Rafthie she TR I T B B forhibibotbon the
bepy@aennitfigoddaBK agleehs odrphrassh the tHeaMy agmeinplete the
thereby to conplete the mcrophone. [00531 5 The

m pricppbneeconpl eted in this way nay be fixed to a
pr'nte? board or the like for use as the construction
sh@¥3in Fig. 1. Wen it is fixed to the printed

the of cotabiospERAE S IAPA Y A e HIEY B SRRl 5 Brinted

CORSHGTE diVhel 19ke EdFCuSH APIHAIA Er@dtthrl SKdWARh Fib o1 MeWHh it is

‘the printed board. 10 [0054] Wth the m crophone

mefikédictourthd printéte ladzode-witing s esteddishethbyswape dfonding
formng the SINfilmin the process qf nanufacturi

t hleetwaesr ﬁphglﬁetrada mgm ,&hef@ptﬁcir@%mm%grpaagaﬁve to
i ' i gl | v.Or i
e b RmcC RH iRl gt U priBed foard o

Cifgpigisy G may be forned on the substrate Ato act as a
signal” fetching. circuit provided with sem conductor

el emrent s Withhthesmécréphtrde ndintfaeturedeanf thecabor-notedspmcess,
sound detecting section, apart fromthe mcrophone.

W thengtan obdeimingnthoSiefiln i the iprogessnefympsiufaetiring the
term nals of the .integrat circuit t he .el.ectroge
poFAFTORBORE 28R ot Sigpcsﬁgfa%% 2 Inieeipen - ool ean be
el el L.de _sﬁ:n%t tegﬁslge&ahn fﬂ#ﬁll&ﬂg.'ﬂ?usacés QﬁO\gfieint g‘ig. 6, an

el ec_ rc co_nnec I Ng evi ce. us, It I § possi
Pr Rtk geatad FiudpGoRey Heafiried e the sabsteatooA Wi doteld y signal

~converting sound pressure signals into electric

si fptehingf arcwtippovided veithi senmigont wetor elrmentsasudh pma J-FET
fo(r)rm% ebﬁ[ke functioning as a sound detecting section, apart from the
microphone. Wiring H consisting of metal film is formed between
terminals of the integrated circuit G, the electrode portion (not shown)
conductive to the back electrode B and the metal film 408 to act as an
electric connecting device. Thus, it is possible to provide a microphone
having the function of directly converting sound pressure signals into
electric signals for output. The wiring H has the metal film formed by
plating technique or vacuum vapor deposition technique using the metal
materials such as Au, Cu, Al or the like and etched to remove unwanted
parts therefrom. Instead of the wiring H consisting of metal film, the
electric cbnnecting member may be formed by bonding wires. The
microphone may be miniaturized when the integrated circuit G is

formed on the same substrate A in this way. Further, it is possible to

establish a step for executing heat treatment at high temperature as
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plating techni que or vacuum vapor deposition technique
using the netal 25 materials such as Au, Cu, Al or the.
i ke and etched to renove unwanted parts therefrom

"~ Instead of the wiring H consisting of netal film the
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el ectric connecting nenber may be formed by bondi ng
wires. The m crophone nmay be mniaturized when the
| AL RClorfHhE tHe RicrbBRIRY a9R IRCIRBPRaRURSEAAE Bnly in -
An%eﬁlﬁdssgoway Fu%t gr, lﬁrt Bllis pgssi bl eltog?é% establ i sh y

a Heefrdtdialéxe chid innghdfaeturing promss, whilbieghablishing a step for
tenperature as 17 required for formng the m crophane

‘anforovingi thegndegrated r@meuit oang the mirsophorg tmeptedomt low

t he manufacturi pr oc , Lle establ.i shing a ste

! ofem PG TR REGSn bRl BF tBa PaARR LT BFaEneAS 2
tr ¥-13 . : at i

et s pORpECUPAEAAGE 4 HIRRRE AN cat drpdtafent on
t ol inthgRited cheuitfd sieneemefthe heflhente 6f €rt hedtttroatment on
the integrated circuit to overconme the influence of

t hthehioetegtatedtcmenit. orf urther, strasg varstiois byuheat history on the
Fur,th:ir, stress ﬁari ations by heat history on the

di SIFROEE FRYY BE O O&he. [ 00551 10 According to

th esent invention, a selected depth realized by
et RPRS

the substrate A corresponds to the acoustic
hol es, angcbhBngashsigresdrdl ﬁﬁreﬂ%nah%eﬂédtg&@eﬁﬁh trb&lized by
perforati ons Ba by ani sotropic etching fromthe back
sustichizes thiei shbstrhtend tdoerdspokde| tec thedecolstio heles, and the
formed by a relatively sinple process. Further, the, .
di &?ﬂﬂ’sﬁ@nhdeﬁ‘i@@o?&'ﬁr%{%@& ek §e€f§ﬁﬁ1@mi a fhyt pgdsotropic
by sputterin acyum vapor_. depqgsit | Pl aki
LR Eom e (P Dat v iR s e Hagk b qidte B to be
h [ yclgn ' FpnbcBscat | , %he diaphragm C
TRy 8 FeRAAR, (Rinple Pl | PRFLRE, Ao, diophragm
pr esplifiggs thivknessvi dohtiulgls denaed i by tsputédisng, veicnum vapor
the void area F is forned between_the back el ectroge B

andepasétion ogidptingdarioigpecwineh gllows thechippheagm C easily to

1l e AT s B, BORAS Y B Bce,

ﬁ/{)rﬁggg\%@? ’ecoiBtti@i{égt SBAnd PREERW :{enals itk ShipRUsei¥itiPity. Also,
since the void area F is formed between the back electrode B and the
diaphragm C by etching the sacrificial layer 407, the thickness of the
sacrificial layer 407 is controlled to set the distance between the back
electrode B and the diaphragm C to a desired value. Moreover, it is
realized that part of the sacrificial layer 407 is allowed to remain after
having undergone etching to be used as the spacer D for maintaining
“the gap between the back electrode B and the diaphragm C.
Particularly, the integrated circuit is formed on the substrate A to act as
the sound detecting section, which can avoid the necessity of forming
any special circuit for sound detection outside the sound detecting

mechanism to reduce the number of parts of the entire apparatus when

it is incorporated in the apparatus.

18



10

15

20

25

30

realized that part of the sacrificial |ayer 407 is

allowed to remain after having undergone etching to

be used as the spacer D for maintaining 25 the gap

bet ween the back el ectrode B and the di aphragm C
Particularly, the integrated circuit is fornmed on the
substrate A to act as the sound detecting section,
whkﬁgegan avoi d the necessity of formng any special
circurt for sound detection outside the sound

det ecti ng\s fesdilividsabdve, rtheusmnidndetpetingr methpnishs aotording
the entire apparatus when_ 30 jt is incorporated in

t heo dhparasent ipeeEsn pmpdest the cenabegtiont weledipgdthe back

det.ect i C i sm accor di to t he present
rolERtmoas Bamibihe i tiske: Cotrrtnd PR oo tiate by aiilizing
el ec 0 i hr o ] .
CLBSSHBRh Hahiag" A0 St AR sy dorecring
Asmch8aitht . mbhHeb&Nhhie iy eortlph e taindg reA®ibh dncsipordied to
be made very conpact and readily incorporated to
snemhliddevives sudh as mwlbild eplpineses. Mobeexererit ist capable of

capabl e of _enduring ref]low treatnent at  high.
t wngrellqRdrer ent Ao BaltTBRETAbUp; Tt e Mpnted on

whi ch it .8 ax

{ovan o e MR PR RER R sk i PRER T eratlhs

ab 7Flescri bed enbodi ment, the present invention may

be i nplenmented as follows, for exanple (conmon

r ef er enc §Modifet Enstndlisiegis] bei ng used for the

conponents in the 15 fol] owi ng nodified, egbodi nents '
that havdpast &wie fhmcebersdeserihed; rmbedimend; nghe presen

I EBEoR, ey npay melimenied® e BHPYE; (Br( SeffuBl deppmon
foféﬂaf@igrbhﬁu 2%;% egr?d i 408 heMok 6 RAM §:C¥ha dopAdnts in the

after m ng t ecttode termnal 404, a seed | ayer
mafidlosfing heodified embédEnialts ahas halvatthegsame unationssas in the
formed by sputtering and then an NN filmor Cu film

- i sforegeing epabedimemt).re surface of the layer by a

Pl #osag

(1) It is possible to form an Ni film or Cu film by utilizing the
plating technique in forming the metal film 408. Moré particularly,
after forming the electrode terminal 404, a seed layer made of the same
material as arplating material is formed by sputtering and thén an Ni
film or Cu film is formed on an entire surface of the layer by a plating
liquid to act as the metal film 408. The metal film (plated layer) 408
formed in this way functions as the diaphragm C by removing the
unwanted parts thereof after executing anisotropic etching or the like.
Further, in platiﬁg the film, it is possible to form the metal film made of
Cr or Ti as a adhesion layer by vacuum vapor deposition technique or
the like thereby to enhance the adhesion between the metal film 408 |
forming the diaphragm C and the drganic film acting as the sacrificial

layer 407 (one example of insulating layer).
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liquid to act as the netal film 408. The netal film
(plated layer) 408 fornmed in this way functions as

t he di aphragm C by renoving the 25 unwanted parts

t hereof after executing anisotropic etching or the
like. Further, in plating the film it is possible to

formthe netal filmmade of Cr or Ti as a adhesion

IaK@“E) y vacuum vapor deposition technique or the

i ke thereby to enhance the adhesi on between the netal

fil m 408 Inf exeduting Ithe dpipingdredinsort imepartgabar ﬂiel stress
acting as the sacrificial . 30 | ayer 407 (one exanp

of confzol forithg dlag a)gm ton[lposrilyl earaiedcont bigad ding 1mpur1tles
P BBl B 0 COR B e BB ROL i i

| le i éﬁz%tl %)?11@1 @E&Eﬂa% nl 'éq!t‘éﬂti%ﬁghﬁp{bt EQJa'thHedP Hetween

I Ca ass |ngrap|c

r ephReRt af I;_Q{bsfqhoﬂﬁi a:bnmmh&pm St}RaStpMmQ hhduidet(phesphorus
amount of phosphorus contained in the Fl ating liquid
( phasiehbimiss) aohtitarhal Hiressdofl theemetal filme foymegd piyeplating.

metal filmfqrned, by ti.n ar eng. m

gr A§rEPRarent ey thi @p% b3 |PPéS‘hi‘£|%8|r§ F%éﬁ? é{m&bﬁgm C

I 'L t

ol a3t GilEatiedy proalt S0haFlARSS, BY HERBIaR loctroloss Ni
CopiAfg guﬂ(pwtiﬂl 4 PHolp BeEL 0 rtERELE 1 to tmevt% Al dly treating
the l'iquid tenperature of 91C. The di aphragm C with
t hthe filtmeainthe Htnibsterpersgusedf 03°CheTértdiepkragnsfamith the
value may vibrate faithfully to so nd pressure

s. gttﬁrga Stresal heigehsajn te dhe; @xme Y[Sé?e 1valpg pay gibrate

?ﬁil”?l?ﬁ*ﬂ‘{y fiR R S T

filmusing one of polyimde resin,
po ypar axyl ene resin (palylene resin; product nane)
and a phdRbr asishowhi ImFigs 6 tha dédphnagy Comeytetval a laminated
films 408 acting _as conductlve | ayers to, hold the
bag@nstay@taon nensdfengieén basy layerohel amadexf axy argamdc fim using

| 408 d f
oubae ofsp i Fogns polimangibhe, fin, a8 ¥ Broduct

SPULLER) 122 a PROtIBEKE BltCuddSinetcRing, and metal films 408 acting
as conductive layers to hold the base layer therebetween. In a concrete
| example, a metal film 408 made of Ni or the like is formed on an outer
‘surface of a sacrificial layer 407 by sputtering, and polyimide resin is
applied on the film. After baking treatment, another metal film 408
made pf Ni or the like is formed again by sputtering. Unwanted parts
of the laminated film consisting of the metal films and polyimide resin
are removed after executing anisotropic etching, and the sacrificial layer
407 is removed by an organic remover, thereby to obtain the diaphragm
C with the laminated construction having the base layer 420 and the
conductive layers (metal films 408). Having resistance against
‘anisotropic etching, the Ni film is capable of acting as a protective film

in anisotropic etching. Moreover, since the thickness of the laminated
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applied on the film After baking treatnent, another
metal film408 nmade of NN or the like is forned again
by sputtering. Unwanted parts of the lam nated film
consi sting of the netal filns and polyinmde resin 25
are renoved after executing anisotropic etching, and
the sacrificial layer 407 is renoved by an organic
re er d byet i,N [ '
fiihia) cogél'%ﬁﬁlgt ?‘SE C@l@?ﬁ@e réﬁﬁt %hﬁp’éﬁéﬂ@m it tzrgp{é%gnts the

| am nat ed con avi ng e base layer 4

t hghickasgy otithe diayBrsgre] ahefdinphr4d8)C Mayi bg formed with

resi stance against anisotropic etching, the Ni film

i s higlpalterasy. afuirtheradt s pessiblet fovese alnesiB0 orrpolyparaxyline
ani sat r opj,c .et chi ng. reoyer, sipce. the thigckness of

t h&esBAThekpssgay #%nglﬁgtg?% AEPHE" 1 esi n

ango(?1 Ni films represents the thickness of the

di aphragm C, the di aphragm C may be formed with high

accur acy.(gFurtaethickhedsSofPReShadiCeleltrdd B chRHeStortrolled by
pol yparaxyhne resin as the base [ayer 420 for form ng

t handiimgpectipm GaterhOfGitap68)d Tioe at Bbukdedsteofinghenechanism

back el ectrode B can be controlled by . an inspection
paPabiern| o5 tthe oubigoR FuDsERAd %ﬂtr@cpwlﬁ@@ﬁam pattern of an

t1 .the silli bst ,at . M i gul ar | .
P @ihep fiamsted eamiler THARH Yingibled, Of ks, Weh' otbendae is
di 3pBHAEd Yn bRCIRPEiGH SakEOWhdraby ShBMOYdIBR cBddRNis etched
i nSpection area, whereby the back electrode is etched
onbylyt ¢ a depihhssadier ehahhanlesirddsitickhdshilogk ks snityo-loading

the mcro-loading _effect of etching_ in the process of
f opfpetgol slehzeg i tthe nreress. ofSiieming thgracengadimlesst Such an

th tt dj f [ th all | of t

t nPERRES Rt ohéhp gttt ffkednfiny HEpthy lopie RmeRb At the
' ”t%ﬂ&kﬁ@sé BE tha paid E%Q%ro‘a'ef Lﬁiﬁﬂ:ﬁ Ny AEREAeNbh in which the
per orate the electrode as ti ne egapsgsm

anpatierny differreab i dept NS PRlFdratd id ¢1E0trb @O @8 timé@lapses in
The sound detecting nechani smaccording to the present

i nasrRotmpieratchbeg.used as a condenser m crophone, and

besi des as a

INDUSTRIAL UTILITY
[0062]

The sound detecting mechanism according to the present
invention may be used as a condenser microphone, and besides as a

sensor responsive to variations in aerial vibration and air pressure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0063]

[Fig. 11 A sectional view of a condenser microphone.

[Fig. 2] Views consécutively showing steps for manufacturing
the condenser microphone.

[Fig. 3] Views consecutively showing steps for manufacturing

the condenser microphone.
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sensor responsive to variations in aerial vibration
and air pressure. BRI EF DESCRI PTI ON OF THE DRAW NGS 25
[00631 [Fig. 11 A sectional view of a condenser

m crophone. [Fig. 21 Views consecutively show ng steps
for manufacturing the condenser m crophone. [Fig. 31

- Views consecutively showi ng steps for manufacturing

SOdlnﬁmgndenser .m crophone. 21 CLAIMS [1] A sound
det’écting nechani smconprising a pair of electrodes

form ng a capacitor on a substrate in which one of the

el ectrodes is a 5 back electrode form ng perforations

t hétlei n cArsowsdodelientingomechastsint comylrésing ral pafne ofteentrodes

TG ChH UG FRdeLrp I ok O o O alettrode i o
| am f] h fil [ . .
o PR TR A Yolifpe BERublibth dBsRo S TERneiling g apoustic

de peRdstd MY ofHedlofPHe bRRIIGHASs of BphPagd@m nated film
being fornmed of an organic filn(s) and a conductive

- film(s), dhsahctehezeldnkhat ¢he digichragnd v made@f af taetal film or a
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substrate, and that a spacer_is faornmed from part of a

- salaminated) filmy dhe coptals filmgbeisrg dormedy i eppiterinoin a low

oL e BB R A P P i, e
) iiuen, la o Siaier'f onlid M e, ot

pl &linfg), t echni que, and that stress of the diaphragmis
.20 controlled by setting processing conditions in

execut i nghahéhe back alpctyndede Jerme@pnAhe cubgtnide cand ng

mechani smeas clainmed jn Jaim1 characterjized. in ..

That by BHaF ACTRREF St REToPa ot AR layer consisting
of an organic film for determining a distance between the diaphragm

and the back electrode.

[2] A sound detecting mechanism as claimed in Claim 1
characterized in that the diaphragm is made of an Ni film or Cu film
formed by plating technique, and that stress of the diaphragm is
controlled by setting processing conditions in executing the plating

process.

[3] A sound detecting mechanism as claimed in Claim 1
characterized in that, by using the sputtering or vacuum vapor
deposition technique, the metal film is made of one of Si, Al, Ti, Ni, Mo,
W, Au and Cu, or formed by laminating a plurality of materials selected
from Si, Al, Ti, Ni, Mo, W, Au and Cu, thereby to constitute the
diaphragm. '

4] A sound detecting mechanism as claimed in Claim 1
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25 deposition technique, the netal filmis made of one
of Si, Al, Ti, N, Mo, W Au and Cu, or forned by
lam nating a plurality of materials selected fromSi,
A, Ti, Ni, Mo, W Au and Cu, thereby to constitute
the diaphragm 30 [4] A sound detecting nechani sm as
claimed in Caiml1l 23 to 6 characterized in that an

- OPRNG B acAteeiTPA N ithat ha (ﬂ)e‘h@ﬂﬁ @oﬁ@btéi&ﬁg thSa b@uin®dntrance

by ani sotropic etching after the back el ectrode is

perst orateddoy enisotrapit hizhang adter thedaek. elpdtrdderispenforated to
detecting nechanismas clainmned in any one of Cains 1
to%%%ﬁ%‘i‘@rt}cg@e?n that the thickness of the back
electrode is controlled by an inspection pattern

j uxtaposed to a sound detecting nechanism pattern on

thergili Q@Boﬁ&@ﬂbf&gi%ignﬂ%c]ﬁéﬁbm“a§ Qlé!iﬂleﬁ%%% G%e of Claims 1

mechani sm as cl ai ne aim1 characterize y

f uta Hercheoaptersedgia shagnahe f thicknegs @ifr che thdokr ndebtoode is
the substrate and having a plurality of _sem conductor
el erndelled bys daininsngetiaBt PalgeEe dUREAPTSERNER] aosoune detecting

di aphyagm and,t he back el.ectr nd an electric
coneRRRTe RaHbER POt SFGHF IR gnal s f rom ¢ he

sound 15 detecting section to the signal fetching
circuit. [13] A sound detecting nechanism as cl ai ned

i n[12] ai MmAL2sowhdir detestimedniethhhsimt e edlefhedc in  Claim 1

connecting nenber is fornmed of netal wres or a_ netal
f i ¢harnetarizedoby dwethentsommuisingra sigwlifetohing wicuitzPrmed on

mapuf act yrin cess. 2 . .
e su slﬂrategaxﬂ ﬁavi?lg a pllsura_hty of semiconductor elements, a sound
detecting section formed of the diaphragm and the back electrode, and
an electric connecting member for transmitting signals from the sound

detecting section to the signal fetching circuit.

[13] A sound detecting mechanism as claimed in Claim 12
characterized in that the electric connecting member is formed of metal
wires or a metal film formed on the substrate in a semiconductor

manufacturing process.
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