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Technical Field

The present invention is directed toward a

- miniature silicon condenser microphone which can be

integrated with CMOS c1rcu1try
Background Prior Art

Miniature silicon condenser microphones:which
can be integrated with CMOS circuitry require a

number of trade-offs to achieve high sensitivity_

and low noise in the smallest volume. Typically a
condenser microphone consists of four elements; a
fixed, perforated backplate, a highly compliant,

"moveable diaphragm (which together form the two

plates of a variable a:Lr-gap capacitor), a voltage
bias source, and a buffer amplifier. _

The diaphragm must be highly compliant and
precisely positioned relative to the backplate,
while the backplate must remain stationary and



The present invention is directed toward a m ni ature si Ilcon

condenser m crophone which can be i nt egrated wt h-CVOS--

circuit ”‘8 . .- Background Prior Art 10 . M niature.
si'licon CORAEASES i cr ophones which can be | nPEFNOVBMSt h
CMOS circuitry require a : number of trade-of fs to achieve hi gh

sensitivity resent a ?ﬂl m%\f% ?’our 1@t %esggl kfggt f\iglwuge 1¥p| cally a
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pos tioned rel atiespedcr s.heFheskpl &1 Picon-based mlnla\ﬂﬂ!lrleECbhﬁehéék‘m at e mist
remmai n stati ona%_

8/ 37 88 ..
PCT/ US98/ 03144 Hlfhones to SPESe’ﬁ?"% R RSP FET PSAC DY 02 he 1 ow
of air surrcﬂmdam faramenc wihdd nrgaaimumfdeﬁbsethnar aceuristics

i n mcrophones hglawgl gRd N3z l?ré%ﬁ ”tgeﬁﬂé:.e.graiz?dthls configupa-Cireuit:

mat eri al s has been™chal | enging 1n respects: F| rst, .
si | i con-based m%oa:ur@mrstress 1n the AiePbpATRcBat8TdALe have

gs.fmld a di aphr ag@etalad:ty from elther dl&%ﬁd@ﬂ%@iﬁm (mfchaaﬁl mum
efl ecti on -occur.- the nthis
confi gura- , stress 3'st t(?ﬁls%r?r @'?ﬁ"'@\&? Ets‘tfgggg Eﬁg ggﬁkgﬁﬁmtgﬁirrmt erial
10 deposdtts ciigg @acwaacyi dpir s sbrpEBahsecomprelgive '

stress is tensikgiup CRugkibkenent Nea iR AYN) OF Typical stresBOSItioning
accur acy (if th% stress | S, conpressiyve
in :Lntegrated circuit thin films, if not

15 - relieved in the finished diaphragm, are many times
greater than the levels at which the diaphragm
becomes unusable due to over-stiffening or buck-'
'llng

_ _ A second problematic aspect of sub-mm-sized
20 diaphragms is that the compliance tends to decrease
very rapidly with decreasing size for a given
diaphragm-materiel and thickness. If the units of
B diaphregm compliance are taken as linear deflection

per unit pressure, the compliance scales as the

25 fourth power of the diaphragm size. In a specific
example, cutting the diaphragm diameter in half is

expected to cut the diaphragm compliance to
one-sixteenth of its former value if the diaphragm

material, thickness and configuration are kept the

30 same. _ .

The third challenge in m:.nlaturlzatlon of
fmlcrophones below 1 mm in size is that of malnta:l.n—
ing a low mechanical damp:Lng of the d:l.aphragm

- displacement. As the structure is ‘made smaller, =
5. the air gap must be made smaller '(sceling as the
inverse -of the square of the device's'ize) to keep
the capacitor value in a 'range which can drive the
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whi ch buckl es the di aphragn. T%.pJ_ca.L._s.t..r_ess____ levels in
integrated circuit thin films, if|meNSSHEET HAS BEEN {eli'eved ih the Tinished

di aphragnw@&wy tines - - ggm_at(}gu thanjthe | evetznmosndusgh t he
di aphragm : becones unusebte—due—to—over-stiffening or buck-
l'i.ng. A second problematic aspect of sub-mmsized 20

di aphragms is t hanpuheocﬁon]bbl boféerennplifidecedfectively. Unforyery

rapidly with dec e g \ i duced, RPhpaaHikeat eri al
and t hi ckness. ?8?% ted ts o{fﬂé a1¢ §‘£b sd r:guce m co Ilance%te'taken'

as |inear defl ec?iféﬁc‘is 'due “to viggoumi £1ipke
as the 25 betwbau! Hiam&&rmﬂfaﬂ&a:m]apl‘aﬁgnlﬁczeasel ura@:.d[lgcl fic ™

exanpl e, cutting the.di.aphragm di.anet er |_f pect ed
to Scut the di YBRVAGR XonplS aiReEr D b2 éﬁrdﬁowerx?eer? of its

former value if ahe djagphsimgn The net reswuditerim|thehi seebssigad

configuration ar : a al third
challenge in m nlagﬁ ?Ia?%gﬁg Fo increast @t%eglféyhgﬁgé bgl g\;sv 1Jl@r’rT(-'Jr1 in size

is that of maint anrferse of the sixthPewep PheditaMeyHCEhFeng T6-5t he
di ‘aphr agm dampingdi 8BFaeeBeNthe ABrdéderndy UGtesporse madel siml | er, 35.

760 5P Tt e TR SIS 307 bR tS bl chepry. gomenbBHE 0,01,
a range whi ch capreésisueet flluctuations in the microphone structurep-
i nput of the buf Rﬁ&c@ﬂ@&n@ﬁ%u%fetseﬁbkggl Yo the microphone output.
Various approaches have been developed to
avoid the problem of excessive stress in miniature
15 condenser microphone diaphragms. - The ap?rbaches
can be categorized'by'whether they focus on dia-
phragm material or diaphragm construction. On the
material side, Bergquist and Rudolf, Transducers

91, Proceedings of the International Conference on.
20 Solid-State Sensors and Actuators (IEEE, New Yoxk,

1991) PpP- 266-269 discloses single crystal silicon
as the diaphragm material to minimize dlfferentlal
stresses from developlng with respect to the dia-
phragm support, which is also made of single cry-

25 stal siliconﬂ .

Bernstein, U.S. Patent No. 5,146,435, dis-
‘closes an all-silicon structure consisting of a
'single crystal silicon diaphragm supported at its.
periphery by patterned silicon springs.

30 ' - On the'diaphfagm construction side, Loeppert,
U.Ss. Patent No. 5,490,220 disclbses a free-plate
dlaphragm conflguratlon wherein the dlaphragm is
‘disconnected from its frame and captured only by a
set of lateral restraints. According to Ldeppert,

35 . material stress is released completely in the
%iiiietliiilfeinlieﬂ]im

r&Pe T opPPREGe scal es T



Unfortunately as the air gap is reduced t he ' danplng effects
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Var i ous

exc®ssi ve stresst¥apsducer. Alternkbivelye thedtnsasdurerophynde -
etostrlﬁhﬁv@PFﬁ%ﬁl&e o‘iatt‘?ﬁ‘}rrdaz.ted by whet her

|ap ragm mat eri al or _di aphragm construction.

On the material side YRy fone of the ab°ve?§ﬁfq§khﬁ4 apPEE@Rsircers 91,
Proceedi ngs of téd® solves the inhépémtndilanadtreenfLeenes while

di aphr agns.
they facus on.di

Solid-State -
pp. 266- 269 di sc
me®rial to min
Wi th respect to:
single crystal
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|HﬂQR§QHfferen-' tial stresses-trontdevetoping
‘The presehéeiﬂ#ﬂﬂﬁiﬂﬂn§§pBQanﬁﬂy '§d¥ﬁg>nﬁde of

si,ljcon.
this and other problems.

Summzary of the Invention

It is an 615ject of the ‘present invention to
provide an alternative .diaphragm and backplate
construction in which the form of the diaphragm is
based on a cantilever and in which alternate con-

figurations for venting the backplate, appropriate

for sub-mm-size microphones are used. Such micro-
phones are useful for ﬁltrasonic, as well as audio,
transduct:.on of sound.

In the cantilever format, diaphragm mater:v.al

' stress is relieved in the final diaphragm structure

25

.30

to almost the same degree as in the free-plate

construct:.on, but without the need for the captur-.

ing restraints associated’ with the free-plate. 1In
add:.t:.on, the compliance of a cantJ.I_Lever structure
is over one hundred times greater than that of an

edge-clamped diaphragm of the same mat_erial,' span

and thickness, which eases the design of smaller
scale devices in spite of the aforémeritioned diffi-
cultles with compllance in dlaphragms below 1 mm in

s:.ze

35

Thls dlaphragm, as well as the'béckplate and
integrated CMOS circuitry for backplate voltage
bias and buffer amplifier can be fabricated on a

-4-



Hoshi no, U.S. Patent No 4 571 661 30 _ di scl oses a sem conduct or
“vrbratron detectlon device having a sem conductor

base novabl e | ever with one end fixe Q@se
‘and a free en t%at is allowed to vibrate. I—gci.@es%b& shr

fails to teach or suggest a 5 .. thin-filmcantilever structure
responsi-ve -. -s:l.ngle sil®cohl WEdy ansngbiedal acossd Gngitas swre . and

criencing. over 3 Lol kol ibRB8lJor yencipg pf pae” RS

- -eh-set oses- an -al- H:srl Bden gefpr ot eimize seichgnical damping ae@fend@ Si ngI e
eTystal g 500 P AN of tne Eamcmpc%maaarneh&s =B sphery by

___pat ter ned
5 thus glven 1n context in each case. The net result

is an approach which offers advantages in micro-
phone size and sensitivity which are readily appa-
rent to those skilled in the art.
_ ' Other features and advantages of the invention
10 will be apparent from the following specification
| taken in conjunction with the-following“drawings.
Brief Description of Drawings
Figure 1 is a perspective view of a first
_ embodiment of a silicon condenser microphone made
15 in accordance with the present invention;
' Figure la is a perspective view of a second

embodiment of a silicon condenser microphone made
in accordance with the present invention;
Figures 2-9 are sectional views illustrating

20 sequential steps in the manufacture of the micro-
phone of Figure 1;

Figures 6a, 6b, 7a, 8a, 9a and 9b are sec-

‘tional views illustrating sequential steps in the
manufacture of the mlcrophone of Figure la;

25 F;gure 10 is a perspective view of a third

embodiment of a silicon condenser microphone made
 in accordance with the present invention;
Figures 11-12 are sectional views illustrating

sequential steps 1n the manufacture of the micro-
30 . phone of Figure 10 '
. Pigure 13 is a perspective view of a fourth

embodiment of a silicon condenser microphone made
in accordance with the present invention;



On the di aphragm construction S|de 15 - _ Loeppert U S. Patent

No. 5,490, 220 di scl oses a free- pl at e dlaphragnlconflguratlon
wherein . . the diaphragmis disconnected fron1|ts frane

and capt WAy by a set of lateral | PCTUSISSAA .
According to Loeppert, material 20 stress is rel eased
conpletely in the = pjgure 13a is a plan view of the microphone -

3A-
R “without a diaphragm of Figure 13;

' Figures 13b and 13c¢ are sectlonal v1ews of. the . .. 7

_mlcrophone of Flgure 13a,
5 | : F;gure 13d 1a a plan v1ew of the mlcrophone of
Figure 13a, 1nclud1ng the diaphragm;
Figures 14-15 are sectional views 1llustrat1ng
‘sequential steps in the manufacture of the micro-
phone of Figure 13; ' |
10 o | Figure 16 is a ﬁlan view of the web structurs
| of a modification of the fourth embodiment of the
1nventlon, .
Figure 16a is a plan view of a modlflcatlon of

. . the fourth embodiment of the invention;
15 . Figures 16b and 1l6c are sectional views of the

microphone of Figure l6a;
Figure 17a is a plan view of an overpressure

stop structure for use with the microphone of the
fourth embodiment; and
20 - ' ~ Figure 17b is a sectional view of the over-

pressure stop structure of Flgure i7a.

Detailed Descgigtign _

. While this invention is susceptible of embodi-

25 _ - ments in many different forms, there is shown in
| _the drawings and will herein be described in de-
| tail, preferred embodiments of the invention with

| phé understanding that the present disclosure is to

_ be considered as an exsmélificatidn of the princi-
- 30 - ples of the invention and is_not intended to limit

' ' ‘ the broad aspects of the invention td'Ehefémﬁbai—'

f o

f ments illustrated.
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fini shed di aphragmregardl ess of material ms--- - - o e RL Cheg e e
bet ween t agmand its frane. PCT I nternat

Publ i cati on Q%%ﬁag5/34917 di scl oses a plezoelge?rﬁgmnh“_

cantil ever pressure transducer.. Al ternatively, the transducer

may be mﬁ%ﬁi@ﬂé\}é‘é' ¥48si8he%erCH SkLYEcoh b&aalalser

However, none of the above- desqubed approach- sol ves the

i nherent film st &S 1@hiFeshown in Flg“reﬁbnnpgﬁhﬂﬁgrﬁﬁ ne

per f or mence i na gAYl aGidUd "9 &sphragm 12 RERERIRA to a suppor ~The-—
present invention is provided to S thirs- and er problens e

Summary of the | RFENCEYFe or frame 11 at a P¥°¥§m%ﬁ BﬁlgéFegfe§B€ present.

[ nvegnt ion to 15 12a and Wniﬁhl d.% ﬁe@l bﬂr 'ﬂﬁé| \&hﬁ' aﬁﬁf@grrbagésbackpl ot e .

construction in whigh f.he for .of__the ap Jm | based on a
cantilever and iff glt‘:i' %‘t arL:'b q‘ In prﬁré'fa%ngh%r
venting the backptafépeaﬁppﬁpth@tdlaphragm 12 is fletesmbne: byzéhe

m crophones are y @kné%%haﬁbp&ﬁte%Qal propertiQ%OB?S-ﬁEePE§§ o gﬁpr

ul'trasonic, as me?ﬁ as_audi o, uction .o
In the cantlIeveﬁzféPﬁaFOthEbﬁﬁéﬁﬁﬁﬁﬁtéPﬂﬁFed in the diapgr FS@slﬁs

refpeved in the binprodieapingg OM Aléagasior 14 is disposed aaaaetanfthe' sane

degree as in the re pl a e ction_ but t the need
for the captur- qibea ﬁgl?ﬁgPFa &EB%EF&FeB ﬁVtFrPW #?ee plate.
I n . ﬁdahetil oaige hQZeorrMhara:emmiclmmade:EIMnont reat the

i s over one hundaggﬁ§&%§§%g§e@h%rt%hggahgabrggsage ogcuﬁs edge- claﬁped

di aphragm of the sa ckness, which
eases the design of sRefegring tO Figure ggalfin @€¢PEE3NFH Hﬁtbetbﬁ t he

eSS e Ctbblneion, ene micKldSP 18 'L CRIRLIANEELE ghaghr g
substrate 16, preferably a double side polished
silicon wafer, during CMOS processing of other .
components (not shown) on the substrate 16. During
CMOS processing, an active area 18a surrounded by
20 - field oxide 18 is formed by a standard LOCOS pro-
cess where the diaphragm 12 will ultimately be
located. As is well kndwn, the LOCOS process also
results in a nitride layer 18b on the back side of =
the substrate 16. The nitride layerelsb.is left on
- 25 ' the back side of the substrate 16 upon completion
of the LOCOS process. _
Referring to Figure 3, a low temperature oxzde _

layer 20 is deposited over the entire surface of
the wafer 16. In the CMOS process, the oxide layer
30 _ 20 is usually left on virtually the entire wafer
surface as a dielectric between poly silicon gates
"and aluminum interconnect (not shown). The alumi-
num interconnect is used to connect circuits formed..... . ...
elsewhere on the wafer 16. A portion of the oxide
35 _ layer 20 is then removed to expose the bare silicon
substrate 16. |



si ze. ‘Thi s di aphragm as. wel | as the backpl ate and 35 .

| nt-egr at ed - -ctreui try -for-backpl-ate-vol t age - o pras and
buf-fer lifier can be fabricated on a
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PCT/ US98/ 03144 single silicon wafer. Sever al

enbodi nents: are - S:Lm:.larl glﬁ/e@hgel T SR éor foéé{gg of the
capaci- tor air gap to M¥e mBchan cal da 11 nNg |den

on the cont ext onltnedpaﬁawmﬁMt 23ndig susuably left on thus

given-in contextyl BrBaeiycaye Fhei et shBsubl of the wafer 16' St &N
- approach whi'ch offers  advantages i'nm mc one size and

ro-
_sensjtivi ty whi cRFaFect Bl | 4% phgrperature ox:.de 20 r%‘?'ﬂ ?l'té)t:‘rﬁ)‘é% skill ed

inghe art. - of "aluminum 1nteﬁadmmeckeatwmesSnadnadnamwg;zect t he
i nvention 10 wll be %Marent from-the follow ng speC|f|cat|on
taken in conj uncthensitéRoph@itHion PRETF AR IRTS. layer 22 1s pat- pyjef

Dfescr:cptlon of Deayh8dSin such a way as to progiddee thd asuflenmRective view
of a.fiIrst

nment af- a SI | i co ondenser m ophone
SRS ection, in BB SHRFRLth e 2BPBE o R STHORS ofn | the
Figure la is a peafgectlibve butwontea agximdis locally removedbdrb ment of a

sijgcon CondenseéxﬂégéOEHQn%a%d%lllcon I__subst:r:atze | fig agrotganca. i th the

present invention, 9 are sectional views
i | lustrating 2@here the dizphyagm 42 be. t hEhgasdddcom adof the

m cro- tride pé&ﬁ&ﬁ%@ioﬁ”i&&érjaz thus forms a barrier to
protect the CMOS. area from an anisotropic etchant,
preferably potassium hydroxide (KOH}, in the final

15 ' micro-machining step, discussed below. The_back
layer of nitride 18b is also patterned to form an
etch mask for the final mlcromachlnlng step, dis-
cussed below.

The capacitor 14 includes a fixed plate 14a,

20 or backplate, and a movable plate 14b. Referring
to Figure 5, a metal layer, preferably chrome in’

the range of 0.1 - 0 2 microns thlck lS deposzted
and patterned to form the fixed: plate 14a.
Referring to Figure 6, a sacrificial layer 24,

25 preferably aluminum, approximately 4 microns thick,
| is deposited and patterned. This sacrificial layer .

24 will eventually be removed to form the gap
between the fixed plate 14a and movable plate 14b

-0f the capacitor 14. _ |
30 Referring to Figure 7, a silicon nitride
- diaphragm layer 26, typically 1 micron thick, is

depos1ted and patterned.

""Referring to Figure 8, a metal layer, prefer-

ably chrome approximately  0.02 micron th:.ck, is
35 - deposited and patterned on the ‘silicon nitride
diaphragm layer 26 to form the movable plate 14b.



Fi gures 6a, 6b,

7a, Sa, 9a and 9b are sec- ~ tional views

irlustfating -seguenti-al---st eps i-A-the -~ : manuf acture of the
m crophong ure la; 25. F|gure 10 is Bﬁﬁ
view of a th| rgiﬁ enbodi nent of a silicon co?nP ens § “4

m cr ophone nade

Flgures 11-12 ar
steps in the man
Figure 13 is a p

I n accordance with the present |nvention;

Q St b1l s Vic#WSp | bhuﬁﬁir&tdrfgl was utilized as©€d
gﬁicture of the mcro- phone of Fig

FBEEI RETHERT oFtzeasy ARl conductarlte Congigeq)

uenti al
ure 10;
i mrent of

a-si li con-condengatishsrophAnemndeer 1ayer would résudtcarfanegsw t h t he

- -present- tnventio
- PCT/ US98/ 03144
m cPophone

Fi gures 13b and
Fi gure 13a;

of

Figures 14-15 ar
steps in the man

.10

anauctance, bu*V@oui/ 3Z.§ gsxl.%" a'ual %ﬁS\S” gs\f‘gfst-

‘Althoughhawot asmraqoim@lﬂmf skbworealFayer of
E§Eaﬁiﬁnsﬁﬁﬁégﬂéﬁ ai (F%li&%éd by a layer ©

Ian vi ew of ﬁe m c
caFlBBr@eEgﬁltPﬁcFE§| QtFﬁﬁnﬁﬁaﬁﬁraﬁﬁFeCt alumlnum
BofidCphaBaklyewnbre! btisthat wager 16. . sequ

UfaCtgﬁe %1na&eﬁ§é¥6mach1n1ng step 1£h§ffu8£r§L88
in Figure 9. 'In _th:.s step, the entire wafer is

' etched with an  anisotropic etchant, preferably
potassium hydroxide (KOH). This step forms both a

capacitor gap 28 between the movable and fixed

 elements of the ‘microphone 10 as well as forms a

15

20

hole 30 below the diaphragm 12. _
The performance of the cantilevered microphone
10 illustrated in PFigure 1 tends to deviate from

thé_optimum in two réspects. First, because of the
aforementioned compliance properties of cantilevers
versus edge-clamped diaphragms, this cantilever
structure as shown in F"igure 1l is actually so

~ compliant that it overloads at the highest sound

25

30

pressures encountered in certain microphone appli-
cations. Second, the cantilevered diaphragm of
Figure 1 fabricated from integrated circuit thin

film materials as described above tend to curl due
to three sources of unrelieved stress: (1) stress
gradients through the thickness of the thin film
remaining from deposition; (2) differential stress-
es caused by the addition of thin chrome or other

‘metallization to the surface of the diaphragm; and

(3) unrelieved film stresses at the fixed edge 12a,

~where the diaphragm 12 is anchored.

35

Two types of constructions described below
have been developed to match the diaphragm compli-
ance - to the desired pressure range as well as to

-9-
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10 Figure 16 is a plan view of the web structure

of a nodification of the fourth enbodi nent of the i nventien;-
Figure 16a is_a plan view of a nodification of the fourth .

embodi nenVOIBATI8 i nvention; 15 Fi gures 16b PGTAUSP8E@3Ldc

sectional views of the . mcrophone of Figure 16a;

Figure 17a is a n_overpressur St structure
for use with the(%rlﬁﬁ{(;tr %one o? ‘i B s(:endeency f%fu ’t:ﬂe F?‘%@ﬁf“ and 20
Figure 17b is: als%-ctlonal Vi ew of t he over- pressure stop

-—structure of Figure Wagtructure has 2 DeB@thﬂgDﬁﬁtﬁﬁérP&" ONghich -

-While this invention is susceptible of enbodi- 2 Ceoments - in- nnny-- i

di fferent forns FRIRHSS 1L RERPE Fr° its St"’-ffl'les"'t'he Bythickgs FAdmwi | |

~herin be descriweardd nislerease the bendihgihomenef ebuedweubadenests of the

I nvention with . nder st andi n a present di,scl osure
iIs to _ inc &0 n%kll%egé 220 ‘8§%ﬁp%’%?§%f5%§¥ he °BS‘f1nC|
pl es of the i nvatscorsimply sincrease cthiediovces mand moments whichhe. broad

aspects of the iqeal i Shet Rul8 ngmAdia Bot. Sek | Lugtr at ed.
VO 98/ 37388 S crraan eney- BCrbS58) 33100

A cantil ever desﬁtﬁﬂlqwragequs@éﬂb@énhﬁﬁgﬁr work by increagiggghene 10 |.s
shiomn i n Fi gur e bendiigy NhemepbOBE the dlaphragniowiﬂnd:uﬂe&hangb.aghragm 12

anchored to a Syppo tthlckness of the film. _
' The first construction for increasing the
bending moment is to corrugate a diaphragm built

_ from a single film layer. An initial approach

15 ‘might consist of running corrugations from the root
of the cantilever to the tip. The film, however,
has an equai tendency to curl across the cantilever -

as along it, so that a structure having only

straight J.onQ‘itudinal corrugations could still curl

20 in the transverse direction. Thus a more sophisti-
cated corrugation pattern must be used which raises

the bending moment about all possible cross sec-

tions of the diaphragm. One such corrugation

pattern is shown in Figure 1la. Many other patterns

25 . are possible. As disclosed in Figure la, no matter

what section is taken, it will' cross'sevex'al corru-
gations. - _ _
The manufacture of the diaphragm of Figure la

1s similar to that of the diaphragm of Figure 1,
30 | but for the. steps illustrated in Figures Sa, 6b,
7a, 8a, 9a and 9b. | ' _ -
_ Refefring' to Figure éa., the sacrificial layer
24 has been addii:ionally patterned..to form co;rz..'ué'a--. .
tions 32. |

-10-



structure or frame 11 at a proximal or fixed edge 5 | 12a and

which i's free on the other three edges, : i-ncl udi ng a-di stal -
~edge 12Zb. In this way the , stiffness of the 2 is
- determ ne&’%ﬁ@ t hi ckness and material pr opgﬁﬁgé@g#ﬁ%

di aphragm : 12 and not by stresses induced in the di aphragm 12

0 by process) 39- cki,0 Sgill SP JizTot=Te)

the distal edge 12b o?g E‘g'lldll ap%?ggms'gvg?&é rs Gl?‘n Vekorit I thT | xed edge

~ 12a, wher e nmaxi n@hadef1&pét 0840f drhethe range of 1ldizaphiemong? die to
sound pressure o

urs b sl F| ,
accordance with % f%te‘d and pattﬁ\"/?ﬁtdl ﬁ'él mgé%%ghgn%%?gatnari

manuf act ured on dayer 24. This samaasaacnﬁflqyraﬂf ey 34 BeImlikss] de

pol igshed oSiddddn I cofl¥EbRg *@M)Sdﬁfn@ﬁgiéh”goﬁf taiher
conponent s (not sﬁownS: on the su trate 16. @ CMOS
processi ng, an a&aml&oé'agﬁgazguﬂ‘%um&‘%ﬂ%° the cormugatioms de 18 is
formed by a stangar,d LOCOS pro- cess where the di aphrag'm 12
will ultimtely.be . | ogat ed

process al so | Referring, % ?ﬁg&rﬁltﬁ 'de ay%gr']'{gg ltt‘%'%' ack side
of dil@ e Iadver 626, Th rilcfarlu 1| auﬁrdzﬁbtmckef tign 25
the back side of t% subératﬁE u 9P 96 of_the LOCOS
prdfess. deposite '?1%" Fl g bs BStﬁpI of FAMFARE 5% oxide

| ayer 20 is deposinatd m\ltersﬂﬁwee‘nm Figurdendg dfut for the presemecenafer 16.
In the CMOS process, .the oxide |layer 30 20 is usually left on
virtually the entAf Ehmfegrrugations 32. g rface as a diel ectric between
poly silicon gates Referring @&Bd Rigireunsant erleonmettal( ndIay:dim) The
al um - - num.interconnect is used to connect, circuits fornmed
el sewhere on t he PrEfaraldy shyeme gpRFoximatelyyQ 93 micron thicksr 20 s

tham removed to @QEpIddiRIgndipdCOrned on the sildbshr atierifle
o diaphragm layer 26 to form the movable plate 14b.
This step is similar to that illustrated in Figure

8, but for the présence of the corrugations 32.

Although not specifically shown, as with the

20 ' . first embodiment,. a layer of titanium tungsten
| - alloy followed by a layer of gold can be deposited
and patterned to protect aluminum bond pads else-

where on the wafer 16. ' _

_ The final micromachining step is illustrated

25 | in Figure Sa. In this step, the entire wafer 16 is
etched with an anisotropic etchant, preferably

potassium hydroxide (KOH). This step forms both
the capacitor gap 28 between the movable and fixed

: elements of the microphone 10 as well as forms the

30 © hole 30 below the diaphragm 12. This step is
' ‘similar to that illustrated in Figure 9, but for

the presence of the corrugat:.ons 32.. .
If deeper corrugations are requlred the
silicon is trench etched before depo_s:.t:.on and

-11-
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Simlarly, -in the-CMOS process, —a sitieon —— - -

--o-nitride -
passivation layer 22 is usually left on ~virtually the entire
surface oVAME7Wfer 16 to . protect ‘the | ow t BGFEPSIBPBMXi de-
20 and the | ayer 5 ~of alum numinterconnect. As shown in
Figure 4, " - _pattemi{xy‘%é"&ﬁ Ogﬁ&»&ﬂgﬁa?aié&}é%" 99 |y 2?0' S_pat-
terned in such a“way as provi de the usual pro- eéction in

CMOS circuit ar edBcaessfhshe satahecorrugation ampl\ét{é@_e 16, but once again
s Tocal by remved Lo low: frequertpose1tsies bpsensi oo pubsbLate 16 in

tride passivati oRBPEFer S SGHFIINGEOY, (FEyeRsp Oof the produch otect

t He5CMOS area fr offi aheabaskt vopumectomphiance, in acoustiqreissas)y

pot assi um hydrox!'5g$ 5&?42 e the fLagl Y ' - | ni ng step,
di scussed bel ow. (Q: acEOhgt&:Q rIe‘s_Q*:a.nf:gygg %}Pe rﬁ%‘?%‘gﬁ%g%&lggial SO
patterned to for#gakion path, in acougtimsedmsyr tThe fedalizatbemchi ni ng

step, dis- = path in £H$§CQERARW.is around the edgesTlEF Cgpacitor 14
I ncludes a fixed gl at,ie14 or backp] ate andggf. novabl e pl ate

a, .20 _ .
14b. Referring centilever digRhyaggh 88 SONetRIngy ERTOHEE: ¥ B8l y chrone
ini0 ' hbhe dangheotilidonOsidbsteaves thorkthe sveteposmatl
and patterned to_t [ al L - ferring to
Figure 6, a sacri® ?%lgg%‘gﬁgéeﬁﬁgﬁ,a %% Sgne heﬁ'reéf S5 ;Paé:f-]fj-rﬁ%m.
approxi mately 4 winepops theckrder of 2 to 3 cubligdpbsithkel agrupkicer ned.

This sacrificial rb8¥8tance of this pa2h Wbkt Byeghiied |vide, remomed to form
the gap. he fixed plate l1l4a and npvabl e JHélate 14b

bet weer,
of the capaci tor"fﬂf‘erE(E 1581118 2284 FEr PG 1P PRt L1850 1 i con

ni L6i de response down below 100 Hz.

Figure 9 is a s_éction of Figure 1la, _ta'.ken.
along the line 9b-9b thereof. As illustrated in
Figure 9b, the high acoustic resistance is obtained
. by forming an overlap 12c of the diaphragm 12
20 'extending paét the edge of the hole 30. This
overlap 12c defines an.ecjualization path 36 which
- has a length "1" on the order of 5 to 10 microns,
" and has a gap height "h" between the diaphragm 12
and the wafer 16 of 1 to 2 microms. - |
25 The various vertical dimensions "n_eeded for the
capacitor gap 28, the corrugatio_'ns 32 and the pres- |
sure equalization path 36 can all be realized using
the two independently patternéd:s’aérificiallayers.
As an example, and referring to Figure' 6b, a lfirst
30 o sacrificial layer 24 of 3 micron thickness can be
| patterned to create the he'ight-différences needed
for dié.phragm corrugations while the second sacri-
. ficial layer 34 of.1 rhicron_ thickness is used to
. set up the height "h" of the equalization path 36.
35 The second (1 micron) sacrificial layer 34 is also
left covering the entire'corrﬁgation relief pattern

-12-



di aphragm.l ayer 26, typically 1 mcron thick, is deposi ted and-
patterned. Referring-to-Figure-8; -a netal |ayer, -prefer-..

S ; : . ted and
abl'y chromeoaggrsggi mately 0.02 -micron thick, is 35 lo&E d
patterned on the silicon nitride di aphragm | aféﬂg'g%’%f‘% orm

t he novabl e pl at.e 14b. WD 98/ 37388 _ -

- PCT/ US98/ 03144 so that the heAghhi @maﬂ&d? oéoﬁnd %Lamﬁgnggmgg Ydlized as
a b e S conauctance, consi de-

rations. A thi n%ﬂér |aaye’r %m%\ﬁl go%éL?}%F %ﬁ‘ﬁ efcriticial ane'goﬁrct ance,
“but “woul-d" atso-r Sful-tCHRY s - 4t Frasgons-capacitor. gap -28 Al tﬁ} I:Idfugibluln-ot _
Specificalty shoyleta Kawvebedlent contre tid ani 1u .al |l oy

--?gl ] owe.d'.by.y.a.....l ..a\;g‘el’re of:%%ieg ﬁf.ie*lt _con._?OI_%gné%egﬂgg{!(;s%%% af:%% :ﬁgﬁ erned to
pr ofect al umi num Sorrugation hetght paderaci&Efrereapn e aldzat ith |
The final m cronpelthniteg gittap i dédidd At €BedOa third sackisRiguse 9 In
this step, the eRLiie V@fco rs&u%wn) .5 etched with an anisotropic

et chant , preferag'%é’r - - B8t ZESIFeAvdr oxi de (KOH). This step
forms both a - For akthpavindsnsmp 28cirepheses| hetheyablias agd flxeld _
erements of the Ebab2naedBn!@ASHRld ASdLIdRs BiPs voltage whIH 30 el oW

-t he,.di aphragm 12. , ' . T'he perfornance ered
m gpophgne ° will resupti|jnysgr aiE@eversible e collapse t @flethate from

the optimumin tdbaphspgtt oot ritls bLeRYseL&f t e position of a
af or enent i oned C8§B£h§Q§8 859%?@é£§;éﬁaé‘%ﬁi@§3§?§éro sound pres-
sure condition will be referred to as the unloaded
position of the diaphragm. While in typical appli-
- 15 ' cations, the bias voltage can be controlled, it is

often difficult to control the maximum sound pres-

'sure. If movement of 'the diaphr_agm from its un-

loaded position is limited, and the proper bias

voltage is maintained, then this irreversible col-

. 20 lapse can be prevented. '

In microphones of the present invention, the

 small height "h" of the pressure equalizatién path

---36 (see Figure 9b) also serves, under high sound

pressures, to limit diaphragm deflection to about 1

25 : ‘micron, so that the electrostatic forces at the
capacitor 14 can not take over and cause irrevers-

ible collapse of the diaphragm 12.

- The great majority of the area under the

~diaphragm 12 in the previously described structures

30  is directly over the hole 30 in the substrate 16.
' This means that.air displaced by movement of the
diaphragm 12 can move freely without appreciable

‘resistance. However, in the area of the capacitor

- 14, the air is trapped in the 3 to 4 micron ‘capaci-

35 . tor gap 28 between diaphragm and backplate and
forced to flow laterally until the air reaches an

-13-



20 versus edge-cl anped di aphragms, this cantilever

structure as shown in Fi gure 1 is actually so conp![ian'zj t hat
it overlo he hi ghest sound pressures encountered in
certain rr?g)s%%h?}%e appli - cations. Second, tmfﬂfﬁﬂ%m_l@ver._ed-
di aphragm of 25 Figure 1 fabricated fromintegrated circuit thin

“filmmaterials : I b tend. to ¢ to three .

sour ces of unre?é%ve%%trgss{lse q:(ol%h ?’é§§031gy of'Six and dhe a2 ddhr ough t he
thi ckness of thedimgmsionnef this flow pathnithirogohr ehedepasiditey (2) :
cdifferential stross; thsiderable d&h glpsgg et @f!?%#%“ of th| n chrone .

©or other netallization he surface m .and..
(3) unreli eved 53 %‘F‘F‘é’s’;ses’rai‘-stﬁémP?-RﬁdcéEgbO’EbaaffeCt thmé'ﬂ@‘l't he '

di éphragm 12 i s fawehesesl response and add nohiwe tt\ép%ﬁéﬁml @l i ons, |
-deirl bed bel ow el oped to match.,thé gylaphragm

bee
conpli- - &Rputance 2% ?ﬁt\ég‘atégtf‘?‘é%%rEgsﬁf’ﬁrfzﬁﬁﬁetg%swélsl tes to
-9- penfprrd/ss 1388 backplate, but since in this case the

- PCT/ US98/ 03144 £RMt SF a y nd .of the
di aphragm baCkplatelzls £o & 366128 SE;\EL%H c%ﬁre 5‘ " bendi ng

nonent " Wm.ch problem is solved|hyeintreduaing perforatirnspess. A
tHicker film S5holes, 38 vxauhénamﬁgea@&é y Dai @ iEpIRAlgm Pyb woul d al so

i ncrease the di ¢ undesj ul d &l so sinply
i ncrease the for%%%s}%glg qg%?nf“? ﬁhﬁ' tafe14b, s shgwm, do; Fdgugel ing
tendency. ' Bot fial.ypesnel «#¥-of holes has pééﬁl&éaoeétlgﬁé‘é{;b%d bel ow,

“work by increasing the
: response out to 50 kHz.

A second structure for increasing the bending
15 _ moment is to build the diaphragm 12 using a sand-
' wich of two quilted films separated by a thin 2-3
micron sacrificial spacer. The two films are
periodically attached together, as shown in Figu:e_
10, to form a quilted structure. The bending
20 moment is now increased. to virtually the same
.dégree across all sections, except for a slight
deviation for those cross sections which cut
through the rows of attachment poirits. This devia-
tion can be minimizéd by keeping the ratio of.
25 o attachment size to attachment spacing small.
The method of manufacture of this diaphragm is
. similar to that dlscloséd above with respect to the
embodlment of Figure la, but is more partlcularly

illustrated 1n Figures 11 and 12.

30 ' - - According to this method, after deposition and
' patterning of the first sacrificial layer 24,
having a thickness of 1 micron, a flrst silicon

nitride diaphragm layer 40, having a thickness of

0.5 micron is deposited and patterned. Thereupon a

35 - second sacrificial layer 34 '(ch_résponding to the

-14-



10 bendi ng nmonent of the d| aphragm wi t hout chang| ng

the thickness of the film The first construction for-

| ncr easi nyoldIRB7388 bendi ng moment is to corrugat e gegilpeaym

bui | t froma single filmlayer. An initial approach 15

'm ght consi st of running corrugations fromthe root -of the
cantilever -to thgayep 3Zheffthe) etisv@itfént of Figure la,handha¢dng
tendency to curl across the cantilever - - as along_it, So that a

structure havi ngorifiickness of 3 ‘migrenmi isngiepesitad cardugati-ons coul d

still curl 20 terned. i nSubgehii@RSY S%dbéééhaoﬂsllm alﬁ‘erw‘aesor)hl stl--

cated corrugation_patte st .be use rai s
bendi ng nonent agﬁg'ﬁ #Q'po ViRE F 058t gk{;es S£°0.5 ml‘flfctﬂ‘vs *§f the
di aphragm- Onedepobited: wgat |ptatterned The lmgerr26ialshewwild Figure

2. Many other pgLi6engo2gupport ¢ e 1axBediagl aggd LN F gure
%\ﬁ sec |on I g

la, no matte w | cros ever
corru- . itorgagéi-ons.’ ' The rranuf acture of the

di aphragm of Figure | ﬁn alternate and %Jl%ﬁ@ﬂz%rd 189 aphaagaf sEQﬁcgh?'Qhr agm of
- Figure 1, 30 11 lé or, t.he stﬁ&e iJlustrated jn Figures 6a, 6b,
7a, 8a, 9a and 9bs.illus rated in' Figype 13 ng Ti#i §oFeck etﬁ@““

sagpificial layepriges a cmufé'r hasapReRgRAdhLaNald ya&atéfé&eﬁnto form

corruga- . tions
PCT/ US98/ 03144 the center. “The adEnFPHBstfaFEHS ﬁ°Fﬁ“gﬁf"etb§t atsecond

sacrifi-’ eliminateal thayaiwsddfréd bhaer adgesOofofl-thei TigBSy IS
cantilever where lateral curling is most difficult |
to suppress. The only free edge left is the circu-
15 lar periphery.. . For a giiren diaphragm size and
diaphragm material and thickness, the compliance of
this structure, if the structure is kept flat to
within a dimension equal to the corrugation ampli-
tude, is intermediate between that of the edge-sup-
20 o ported diaphragm and the linear cantilever, being
five times the former and approximately one-twenti-
eth of the latter. The curling tendencies of this
structure are also intermediate. The compliance of
this structure can also be adjusted to the desired
25 value by incorporating corrugations of the appro-
priate amplitude. These corrugations can be radi-
‘al, circular (preferred) or tangential to an inner
-radius like a pinwheel. Circular'corrugations are
preferred because they can be put in without belng
30 L 1nterrupted by the anchor area.
' The process of constructing the embodlment of
fFigure_lB is similar to that of forming the embodi-

- ment of Figure la, but for the step of forming the
anchor 60. Figures 14 and 15 illustrate cross-

35 _ sections of this embodiment.
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deposited and patterned upon the first sacrificial | ayer 24.-

This second sacrificial layer 34 perm-ts-5-- - -one-t-0 separately
control the dinension of .the capaC| tor gap 28 and t he hei ght
of the coVPI&ATIns - 32 Ref ECT{YRY8AI4L| qur e
7a, the silicon nitride di aphragm | ayer 26, typically 1

-mcron thick, is.10 0 and tte_ step is
simlar to _ The ﬁ?eﬁh ul eé@st g“&’ &l’fr 5u?p°5&teg‘r Srlrf:ﬁle presence
of the corrugatilers Sephragm 12 falls at Ré'feercren@:t ooFi gheesupa, the

nmet al - Iayer Ca 1e-Pigfer ¥gC &@ﬁggggmc;@tag o cron. . ... .
- thick, -15- trate 38 gs+ted -an pgt'tyerned the s B' OLQtrlde

di aphragm | ayer %RQ?tf cﬁqﬁ%rneﬂhﬂa'ﬁh% EPEF@uPibng SubStrate SUThi s step is |

simglar to that ﬂa!délf‘a{dsl:t% igrdvi@E® to ‘connect theBanbubri @b the presence
of the .corrugati Qns Al't hough .not. specifically shown,

as with the 20 ound:nﬁ FROSEFBSR ment,  a layer of titanium tungsten
alloy followed by a |Theeprefegued- mabhbd ﬂepmm@d:em a depositednd

patterned to pr%&%uﬁaéi@rﬁ“%b%? s ¢li%%ide film 18c éﬁ‘i‘eFﬁuon the

waf er 16. m cronac. |n|ng step is i strated 25
in Figure 9a. IfFand ssidepoft ﬁéleerf’ﬁﬁ%rvxéﬁerw Chs in the linearetched

wisth an ani sotrta@rﬁthfesﬂanfdeaaw @@ ibeen removed) anﬁotﬁéspﬂﬁbh¥dr0X| de

(KCH). This ste he ca aC|tor. 28 between the
novabl e and flxé'p tien n:.tf:r:.%e A é‘rﬂE\rﬁ‘éc}bfa 2r'sp hB?l ggn\/\ell as

forms the 30 = sioned, peirdc3ties a\h_mhéldmphmgnure, orTbreb,ssep i's
simlar to that Jdidisl ranedstBeEraeee 1 Hof Oknd to attach EhE Presence

~of the corrugatign deeper corr ugat I ons are
required, the diaphragm 12 ¢ %hs Vebt Fenah &HEhERIRGHred depdSition and

15 ' described above in connection with the cantilever
design of Figure 1, an active area is formed during

CMOS processing where the diaiphragm- and substrate

hole will be. However, in this case the LPCVD

silicon nitride layer 18c, which is typically used

20 to define the active areas in a LOCOS process by
blocking the growth of field oxide, is left in

place over the area where the diaphra’gm 12 and the

‘substrate hole 30 will be. In a conventional LOCOS

process, this nitride layer is stripped away en-

25 tirely after it masks the field oxidation step.
' The silicon nitride typically is highly tensile,

which is of use in tensioning the final structure.

‘Within- thé active area, the CMOS low temperature

-oxide 20 is removed as before to expose silicon

30 " nitride 18c. Silicon nitride passivation 22 is
| | ~ deposited on the wafer 16 and patterned by- etching.
In the etch step however, the etch time is extended

so that the underlylng LOCOS nitride 18c is etched

" as well, acqu:.rlng the same pattern as the silicon

35 ' pitride passivation 22, thus forming the web 62, as
' " shown in Figure 13a. When the wafer 16 i_s' etched
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patternjng of the-sacrificial- Iayers -i-n--order-.to- l... f o ncrealsF ]'Epe
total cor anplitude. . The ow frequency rollo
poi nt - of W%ﬁ/%’fr%gs phone is determined by the%@é@mﬁ the -
product 5 of the back volume conpliance, in acoustic farads,

and the acousticihexiost aRCeHal ehie o#f $RULECRANR! the bul Lzation
path, in acoustlcjf ohns. . The eq&a |zat|o§ prott © u Fhsa‘llf:ﬁfls devi ce

is around the ed§E§ FCFF[E'Q on the front %rﬁhﬁ é(?é?ezdllépﬁlﬁgmﬁﬁﬁdly '
cont i nui ng througbrtnlseﬂﬁockets 66 -hghe-pbckBesskbi begisuhst gakeg For the

“very smalt - 9 are soLght ere t.h- back Vol -
! opepipgp, Bedl AU Wl O ASaPPHAN enfifa fLE

_unes .on._the order Fit terregi st ance
of ®his path nuselB¥ yoitdd i ghmmrtmerectangular boumulmtey 66b1igi l'lion

h t f EE:?HEE r 100 Hz.
I%lcgﬂffal Scabol gs a sggtglalgﬁag:‘ nI%égur teq ﬁ(or an gﬁfggéfog%m?pghgﬁlﬁé l'ine

9b-9b thereof. AERLP| hompdpsy iif the largest r@"@ﬁﬁ@@bwm-m tigh acoustic
resistance i s obtamsegibes the or:.g:LnE! EGEH BfeAing¥ €5haPwh2ER 0 st he

di aphragm 12 20 t st _ th d t he hole 30.  This
overlap 12c defi nesg%ﬁde‘dvﬂlg)f(’ %g’ﬁ gﬁ'lggt F3& gﬁ.anes of subas a

| eb@th "1" on thetvaterl6f 5in :he) prieenrts case, the extertaﬁﬂ thssa gap

hei ght "h" betwegaetpg1 deaBhr ﬁ%ﬁhl'guts the web 62 %Vﬁafﬁ%zé%‘%doi orl tﬁe

2 mcrons. 25 vari ous verti cal rren5| ons
capaci tor gap ZSar?ﬂeoéo%éﬁIbnéz3Q’e§ﬁﬂe§hérﬁee§tandlng- Theresure

equal i zati on pat&r8f howetgbkk, be tedh 29d i¢¥n*ibs 68, one beéx@&ez‘iv‘o

i ndependent |y paf eodf an exanpl e,

and referring to gure 6§%r ;fécc::]g%t%oys%&’ which ﬂ(,tﬁfﬁél AXEeREr 24 of 3
m ¥ on t hi cknessbetwedm the anchor fintaret neble t subseateet ha .hei Thé
di fferences needgflyidity of this structure is then derived both
from the ribs 68 as well as from the tension in the
films 18c, 22 from which the structure is made.
The patterning of the films 18c, 22 is done in such
20 a way as to include a sufficient total area of web
62 attached on the surrounding substrate to prévide
stiff support but also so as to include a suffi-
- cient number of openings-to minimize the resistance
of displaced air flow into the hole 30.. If the
.25 '~ silicon nitride passivation layer 22 is available
in a tensile state as deposited, the preferred
embodiment is to leave out the LOCOS nitride 18c
and use the silicon nitride passivation layer 22
alone, thus making the process flow more like that
30 - of a conventional CMOS process. - The hole 30 is
| formed by the simultaneous pocket etching from the
front of the wafer 16 5 and the back side etching
.through the openings in the_ LOCOS nitride 18b.
" In this center supported circular diaphragm
35 . : design, the compliance in the capacitive region is
~a result of the sum of the compliances of the
diaphragm 12 and the backplate web 62.

-17-



for diaphragm corrugations while the second sacri - © ficial

-~ ayer--34-of 1-m-cron thickness is used to : set up the height
"h" of the equal | zation path 36. 35 The second (1 _micron
sacrificie? 238 34 is also ‘left covering thECEAISIpRI144
corrugation relief pattern : Co-12-
WD 98/ 37388 : P 14
so that the height of I%her%%}frﬁgata}cglrllevi qreater gﬁﬁg§£g§ %heh nged,

but together th&ihrffi dam heyelimpgated by extendingatheresch a 4
~-Ai-cr-on- capaci tOftﬂzf&)c?@thé f£iGoMm mlcromachlnlng plret Qalc%de@&'ld%t control

~of-t-hese -t hree- d| rrens1 orru ion citor -gap, -
~equalization compnflarb%ﬁ hc%I]a?lt? Fglﬁﬁg %Eﬂm Eﬁ@g CFH&E& 9ap |
sa@ificial = web 62, and ajss dirphrsiymvl ican dguiveey. stiff. :
For al| condenser mm ofpRhgnes . cLheEe the Silicon conter sxifEngbion of

sound. | evel .and bi as Vol age
i rreversi bl e cold apseewdfan @aphragm is thatdllﬁphﬁag-m"éﬁ'ﬁ’ofﬂ-ﬁé; Badkpl at e.

- The position of fable foundatiod EBPV %ﬁ@ 'dla?lﬁ‘%{g% bi- a@hé?ﬁbﬁﬂ@f:zegodsound
as the, unl oade

- pres- . - sure conditi.on w be referr
position of t he ShldSiHaFHPRATY &8 ﬁm&k?pl“l?&]e &ﬁﬁll trom package,t i ons,
t 10 bi as - vol t agegyermrdedontreksed, than sthe tens:.oned tiirenfdiff i cult to

C.Ont rol the mx'%ﬁ%%ﬂﬁre A SO gé.alce %ﬂ%esupp;cr@\ignﬁg eOf the

di aphragm from i oSi t mte and the
proper bi as of bulk sildregge its mw@%&otmﬁelhﬁgeﬁr Eavar si bl e

col - 20 st e %ntaa BLSYRPASH attachment are neglig ghB1@i crophones

of the present inventio of the
pressurg equallfﬁw} ﬁéhq? éie tensioned thlnw%lam gport struc-

5 ture. _
The preferred method of substrate etching
(anisotropic etch) creates a square hole. The
periphery of the round diaphragm must either over-
lap substantial areas of the surrounding substrate
20 surface or leave the corners of the substrate hole
uncovered, depending on the relative sizes chosen
for diaphragm and substrate hole. In the former
- case, a substantial area of air is trapped between
diaphragm and substrate, requiring diaphragm perfo-
25 . rations, in the manner described above, to avoid
viscous damping due to flow of displaced air. 1In
the latter case, large leakage areas are created at
the corners of the substrate hole, which can be
eliminated if the tensioned film used in comnection
30 : with the aforementioned diaphragm support methods
(preferably silicon nitride passivation) is extend-
~ed to £ill in the corners of the hole. A region of
narrow-gap overlap between diaphragm and substrate
_ - is thus re-established as required to control
35 . leakage through the Ibarometric.: relief path. Free
‘edges of the added tensioned £ilm in the hole
corners tend to curl somewhat, which detracts from

- -18-



36 (see Figure 9b) also serves, under high sound ' pressures,

~to l'imt diaphragm deflection to about 1 25 m cron, so that the
el ect r ostwpiggabgces at the . . capacitor 14 can @{@ ver
and cause irrevers- i bl e col |l apse of the dia ﬁgm 14
The great mpjority of the area under the di aphragm 12 in the

previously descréorirel roftthesn@orow gap in the draxenetrivereibefhol e 30
in the substratgdfh; in the efewe%a MgaBsg ﬁhaé %b&: %&@i@ﬁ@ﬂafy

novenent of the phragm 12 can nove t hout '
- appr eci abl e strips 62a Qf; ﬁ@é‘ﬂﬂé‘\ﬁévgl’-lml ﬁthE‘%f\éée&W}Ph%hcapam tor. - -

14, ‘the air is tfbppeshithée hbrde taddest of Ottheeacrmuer%lln areas byor gap-28-

_betg/veen di aphra&a%ﬁj;d gagﬁ lmatteov?a{]éjd the center o rGE et%eivln.%w |ateral |y

until the air .-13-
‘WD 98/ 37388 . The capacitor is lncorporatecbdmmgsggmaimwe
opening. Due tg,d ﬁ’héc d Yo®ft %@é&use th

di nensi on of this %he aﬁét ?ou lﬂét e ca aC| tor © max:.mura ap,

consi der abl e darfSiEE "'d# h‘éfdPﬁﬁﬁF&Eﬁf@ﬁéHﬁﬁsé‘o‘:m‘ occurs thexg. occur.

Thi s danpi ng Camﬁ@tdna%fﬁz%‘gm eledtirdlie $s establishedilbpupaealIpsponse and
aslg?nmsetothe m GCr.0 The co n nethod to_

come this i % hé) capac:Ltor %’%?af o?‘at'%‘% h‘%"?ﬁﬁ(a at Ut hce in

o]
this case the struction ofbathel dsckpdater néelpendsolqnd Ehei csm;et he
danpi ng p I | y i oduali § or 10
hol es, 38 ext ecn}a?%%ntﬁ§gueﬁbt %l%&%&% ragmféf a&%eoedlﬁﬁé ncI udi ng
the novabl e pl at¥éiketh, °X§r§ﬁ5ﬁmt|hﬁ Fﬁ‘@f&% substrate surfaces sur- .

rounding the substrate hole, the backplate elec-

15 _ trode is established by metallizing the surface of
the passivation-coated substrate.

For a smaller diaphragm, as shown in Figure

13d, for which areas of tensiohed film must already

L £ill the corners of the substrate hole as described
20 _ above, the backplate is established by simply
extending these areas of tensioned f£ilm further,
forming a free-standing backplate f£ilm structure
which underlies the metallized peripheral area of
the diaphragm. These additional tensioned film
25 areas are then also metallized to form the
' backplate electrode 1l4a. The stress of the back-
plate metallization may be chosen to enhance the -
-net tension of the film structure; in any case the
net stress of the metallizéd backplate f£ilm must be
30 - tensile., -Once again the air trapped between dia-

- .phragm and backplate must be properly vented to
ravoid viscous damping. In this case the preferred
approach is to perforate the backplate film rather
than the diaphragm' since the backplate structure

35 has less of a tendency to curl when perforated.
The backplate perforations 72 may be shaped as

-19-



la. The use of holes has provided satisfactory

r esponse out

to 50 kHz. ... A second. structure.for_increasing the. bendlng
15 moment is to build the diaphragm 12 using a sand-

wi ch of tWOMEed filns separated by a thin 2-3-

PCT/US98103143n

sacrificial spacer. The two filnms are peri odical ly
attached togeth e 10 quilted
structure. %&théglﬁBQ@E b2 Bagsse TX81°a1 gaﬁ%ﬂ%?%%%ease%g¥% virtuall'y
the same Perforataeer é&eac? obslel BigmetesnoL &c@p@remte*sl i ght

deviation for ahHose henesgpas@.q{g oas -V fllcrétidters. -

.Pypicalthrough

tflon.can. be.

h f-attach Th
i mi i zed by kcBRPRYSERBST &5 PHC 8oL FOration AFe, A HCPBEEE

at Bachment ‘spackhgtsmakl micrometer spacing.

b8nting the rem%ﬁigf%e ]%;?Lagea}na@e EEQSEQkéQOXE W th

t hi s di aphragm
respect to the
particul arly

According to thisgaeBkhed, takt a5indeROSlldrmtaNGd s such a backppit&rni ng

ure
web-like chaxaqtany a{cee |¥F1¢¢J€ﬁﬁféisloﬂ aﬁalfg e@d

The thef foaseofofraslibact ure of =

of

th f t f | 1 n athlckness of 1
o o sacrt |cta REL Fe chqsen déuﬁpap%’%b%ﬁ B9 havi ng a

mcron, a first
-thOckness of

a 35

-14- _
PCT/ US98/ 03144

15

forces are (bslancedn irs tbeostiredtame pme tdtnesas Thereupon |
Eﬁﬁes\fioﬁ@t/? a8 Idia R ot ol 26EESROBY! HG: [0eddife -

redlstrlbuted when the backplate - structure is

released.

The electrical connection to the metallized
diaphragm l4a can be routed through thé center post
or preferably on a thin nitride . leader 70 to attach

" to the edge of the diaphragm. As shown in Figure

20

13, this results in a mlnlmum of additional para-

sitic capac1tance
A problem which arises when a given diaphragm
corrugation design and a backplate perforation

 pattern are combined is that some low areas of the
- corrugation pattern fall over backplate film mate-

25

30

rial. This generates redions in which the air gap
is on the order of one micrometer rather than the 4
micrometer dimension found .elsewhere. Since, as
stated above, viscous damping effects scale as the
inverse of the cube of the air gap, mechanical

damping accumulates over fifty times more rapidly

per unit area in these locatlons than in the rest

'_of the structure.

35

‘ Two methods for avoiding thls are 1ncluded
here. The flrst is to perforate the dlaphragm at
such locatlons, discussed above. If these loca-

tions are not too numerous the corrugation of the
diaphragm is not upset enough to alter the compli-.

-20-



| ayer 34 of .the embodinent of Figure la, and having a

t hi ckness of 3 m crons) s deposited-and-pat-—.. ....... ... _terned... .
Subsequentd.\, econd silicon nitride ' Iayer 26 haV|n

t hi ckness d&#%@“ﬁn’ cron, is 5 deposited and pat {REHURp8/03

| ayer 26 al one will serve to support the noving plate 14b of
the capac- = . ance orithe ldurl suppression of ®healdtapiatfgd

preferred di aphraglr’rglii#ugéyéfy is illustrated in Fi gure 13

Thi's structure co prises a circular diaphragmwhich. is
anchored i n . -- .. The skheopdnmgthomhefexvancigengf tiiiss damping that

el imnates: the tVEbﬁifﬁbéﬁﬁ@nedﬂ§s O tdoid N6@drrugat 10n/backpf§f@'|ever
where lateral curling js nost difficult to .suppress The

onl ¥ free edge | FXOFRIRFR FYGQgRtheyr. ~ Figures 1, 1fa; | hfRrsnd 1
[ di aph
gi-ven di aphragm shz&, afthy a design._ Th%agggai‘gghga&ﬁééaé %é(}'?eure %ness_

the conpliance of struct e str kept
flat to radialyj @ﬁrﬁnaera@%neﬁoﬁomsatﬂ@nﬁh@néoﬁ RARGIARAND! | -
tude, is inter nPd*a?dﬂaDebM@aﬂ Ieﬁ\éhtOfoft hec£08€- 84R- o0 the web eported
di aphragm and th @ﬁntl I ver e| n% fall ﬁg S the
fornmer and appro %y 2a fa BPﬂeﬁFeF Il?;& r. The

curld ng tendenci esraﬁstbfsthe dlaphragm csinmgaﬂtwnamm:lm iedte=ptedi ate.
The conpli ance Offor th]e e%uah%gt?or?tip UGhur gz can alfQ tf% (1%1 d to the
desired 25 y ‘1.ncor porating corrugations pro- -
priate anplitude. Wmél’éﬁ)r}{ﬁ}@ﬂq d'l*i‘sf' e&nthe gggqallzatlon path 36 als

circular (preferreshuedd} aigeiidadl the a8ntPAErdiaphragm anchor ahdis | i ke a
pi nwheel . G rcul ar, corr ﬁatleons are Bg‘re 69{ efgk;because t hey

can be put in wi tHERE b 3¢S very littlg, dipp HGfbr area.
ThelYrocess of cOrisits ui&s:rgptatﬂescerﬁdd;stm&teﬂ the third corru‘gagurcm 13 is

simlar to that QfofQrdm Ql%rfﬂl%r@g)gﬂbve, Whlc‘ﬁ re%:lée ur esl)%li{ anl a, but

for the step of formng t d 15
il lustrate cross-°Bgthe radial a%@c?h6n§16Fu§-ﬁFsm§'ﬁ’B8éﬁmentAS shown

in Figure 16a, the corrugations are placed tangen-

‘tial to an inner radius, which makes them mostiy_

20 radial in character at the edge of the diaphragm
but cdnverging to a circular corrugation near the

center. When this placement of diaphragm corruga-

tions is matched with strips of tensioned film a

web is formed which constitutes the backplate

25 . structure and masks the silicon hole etch to form
“the silicon ribs and an enlarged central diaphragm

support area described above. The silicon ribs

under the web provide stiffness to the structure.

The converged diaphragm corrugations anchor to this

30 - - central support area. '

The rectangular ‘and c1rcular cantilevers both

 have a natural motion stop in one_dlxectlon should
the structure experience over-pressure (specifical—'

"1y, the narrow-gap barometric relief path and small

. 35 intentional crossings of corrugation troughs and
backplate film). To provide stops in the other
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--The--ancher -60 for the center-supported circu- | ar di aphragm 12
falls at the center of the sub- strate hole 30. Thus sone
means of YPAPRFEEHmM support other than the sur PGHHRRG3144
substrate sur- 5 face must be provided to connect the anchor to

the dlrféﬁﬂl@!ﬁd'l%g.a&'dlésbéaéf ‘passivation nitride bB2eapeeferred

method is to patter €eposi i f a LOCOS

nitride film 18&% (?ﬁtte%e using CMOS mEta}r—éﬁta%ladéagi-%ﬁé’l\ﬂg'f gﬁ}'fg “(which in
-t he-l.i.near-.10.. One - end -Uaat iilse\ertattridncdathbeedgecral ethe addat-he passi-
~-vation nitride %?hl set] ae W %sn:l"te(?c bet §8" trapped Under a | oned, -

- perforated thin stru ure, he
sulSstrate hole Wemg @fatdzla@lhrtalm nitride outsidg; éﬁh?—b@rﬁ’ﬂ?!kt'o t he web

62 at the anchorf80.arég. 15 rigure 17€8E6WECEHIROVSrddE@AINGELHON Wi th
the cantil ever deSign of Figure 1, an active area is formed

during struct®Mes processing where the di aphragm and substrate

hole wi Il be. Howe\ﬁ,-er edtiriliig a?g tihes L?%\IgD is a conce sihicon

nitride layer 18c, whi I'S typl al used efine the
active areas m%k%“ﬂr%‘i%%’? -~ One mode °%I%E%Fﬂ§l‘?ﬂel§r§ﬁ/th of

L ueiﬁ OXi de,2 i's :@‘vt:.den a high enouggml@i?@s ozentabe e acalies echie

I 'aphragm 12 an substrat Q

conventional L gibragn to come F‘&cgggtaf: kr"i:Et ?9‘8 F‘Slfgiaf:? ?la’rl pped
away en- 25 the outepmr el:lgeaft'élnm tesma&ahﬁﬁ fai ¥ledyoxeneatshlet ep.

The silicon nitg a%eahﬁptﬁ@%layléssﬂﬂfléhéﬁ}?'éo?rvpllance to provifkch is of

uselntenS|on| final, structure thin the active area,
the CMOS | ow teﬂ?@rdatst%“@ltl"lty oxide 20 is renoved as before to

exgose silicon 30 It will bé rigledftood €hat celte nikvedeipasaayati on 22
s be embodied in other specific forms without depar- '
ting from the spirit or central characteristics
thereof. The present examples and embodiments,
therefére, are to be considered as illustrative and
20 not restrictive, and the invention is not to be

limited to the details given herein.
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deposited on the wafer 16 and patterned bﬁ et chi ng “In the

o e e . o e e

same pattern as the silicon 35 ‘ni‘tr"de®padsi vation 22, thus
formng the web 62 as . ~shown in Figure 13a. Wen the wafer 16
i s etched - - WD 98/37388CLAIMS

PCT/ US98/ 03144 _ 5@5% a ess, the bul k
silicon 1et ch ag?ll%a ﬁe{:f%g%tiﬁg * EO%BE%%B’.E‘LTG ultimately
forns 4 pockets 66. Ehéep@cmusﬁoﬁegﬁqbsétrattl% ﬂpmmg a- SuPPor‘épem ngs-
66a in the web 6§t§aétﬁbenaﬁapaaélh§tsh op8Ring; ally until a -

limiting rectangul ar bou d,ar 6 As expect ed.
for3an ani sotropic et®h Yeifm | cantllevtef‘ﬂ ss'b"a‘b?ﬁfaﬁ/ %dg%‘@q afgest

rectangl e whi ch digphragm extend:.ngcumarrabpsrthenoofgthal opexhngpeni ngs

and whi ch i_s_ the st:f%cixgi-ég%%t%l‘ﬂ%resgﬁf&lﬂglc c%t‘a.l.orpl %91? ?f the-.

sub- 10 case e extent hi s
| ateral etch undémeuai wertdsin 62wberehnt the apgeximal portion jgea of the

web 62 beconmes fgeeashafdeBdthe Bipiort structure, &E& theveystal4 thin

silicon ribs 68, one, between ﬁockets 66b, which
ribe 68 extend 1BOrtion extepdfe&Vathe anE%‘Fl%’G aﬁ?d lt & SEBRPPLEEe 16.
The strugtdrey ahdthis structure is then derived both

fromthe ribs 68 as |1 the. films
18c, 22 from which t\fll\g ruc%%re H&% ggﬁgg{‘tb{l ﬁlﬁ'lng f’h a?'ternl ng. of

the filnms 18c, zplagedené anfsueﬁ p@ate, wherein Gh¢ B @V%bl?nﬁlﬁﬁe a
sufficient total;argasgbs¥Bbon the da.stal p@gt%ﬁa@ﬂeﬂhémst:hﬁcéﬂféound' ng

sul%)g;][?fe to provll_lg the fixed platells C)orste urgnalt%Oe sguas to i ncl ude
structure adjacent the movable plate.
2. The transducef of claim 1 wherein said
semi-conductor substrate is silicon. _ _
3. The transducer of claim 1 wherein said
20 proximal portion of said cantilever structure is
along an edge of said opening. |
4. The transducer of claim 3 wherein saJ.d
cantilever structure is generally in the férm of. a .
'rectangle. _
25 _ S. The transducer of claim 1 wherein said
proximal portion of said cantilever structure is
generally in the center'_ of said cantilever struc-

ture.
6. The transducer of claim 5 wherein said
30 diaphragm is generally in the form of a ci_rcle.'
7. The transducer of claim 1 wherein said

,cantilever structure is formed of multiple layers
of thin-films. ' | o
8. The transducer of claim 7 wherein said
35 ' - multiple layers of thin-films are quilted. '

This Sheet Has Been Rep laced - =23-




ci ent number of openi ngs-to i ni m ze of
di splracedair-flow into-the-hol-e -30: I “ Iﬁﬂmilnm LIIll ~ si I icon nitride

passi vat i Q*g 22 is available | ensile state as
deposi ted%% é)r eferred : errbodl ment is to | cBTHUSHO3 L .
LOCCS nitride 18c and use the silicon nitride passivation

| -ayer 22 9.al oTke thansdaiery dhecpadmeds vheweimreaidke that

30 : |
f or med by the SI rru g%%%s poc % %l ng lnlny]g B%ES&QE équalfront of
- the wafer-16 andlﬁﬁelﬁact@%‘?Mee&t@ﬁ digg over a portdemough t$aidpeni ngs

“imrthe LOCOS it ghg oi:ﬁbst_ruceure for’ rest*ld"lﬂgh'ailcﬁm“erbé@mted

- ..cirgul ar. di aphra conpliance in the capaciti ve
regfon is gpposm% ?%‘%ﬁ?togftfﬂge&%ﬁﬂ%%i‘%he conpl i ances of the
di aphr agm 12 and t he backprhtetyvetedidcer of claim 1 1nclud1ng means

fOI‘V\Ql%é. %11%8 rave} of CF é%o ac awa

PCT/ Us98/ 0314 grea er corrpl i ance,
t he . : Sai*-ﬂbguBBOI-i‘anS%eu@ﬁlmnat ed by extend| ng the etch

time of the final m Cii’mac'bh@' Egansaﬁcéﬁcbf @J.'alﬂtf 10 wherein sal& he
coppl i ance can be obt ai ned fromthe back J;O at e, web_62, and the
di 3 L o

hragm 12 cantbavedr yiditing ~means mprlses mﬁﬁnﬁd\ﬁﬁ'ﬁ%ﬁ%"‘?ﬁ t he
SI licon center suppnrsai@rd:.stal portion @fcsamtlcﬁammagm IS that it is

avery latand g e SABLALAWNGS ORLT 2! Rclipinanm | The

center [l SO nore i S rom package 10
gener at ed stressé%aPhia@Hﬁlh@W%% |mﬂé‘élﬂ-°111hiltl\cllid¢ﬁ a vent. support

structure. Al so si ncelj he BREPQHansAUEIL of claim 1 wherein said
15 vent comprises a plurality of holes extend:.ng
through said distal portion.

; I‘hls Sheet Has Been

A i
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of bulk silicon, |ts reaction to unréTIEVEG film stresses at

Rl ARy T 1] et

The preferred nethod of substrate etchinmgc (ani sotropic etch)
creates a square hole. The perlphery of the round di aphragm
must ‘ei ther over- 14. A soligaptatipstaareducareaemprisiBIsurroundi ng
substrate 20 ' a 24Nfiaes ubsRIve e RoreBeS éhpﬁ&ﬁ*sﬁﬁﬁﬁéate hol e
uncovered, depending on_the relative sizes chosen

““dlaphragn1and suBBFgaFQ dhgR¥EiNg| AT RREFHPEES case, a

‘substanti-al "area of  aar mudti-dpged tiisedilm cantlrever stapbtage) and

..substrate, reqU|E?ggégéa%hé§§S%£§%$ xéghdln lﬁye rgb&gg ?E %ﬁg manner

desCri bed above ow of
di spl aced air. |@pening, the stxum;uratbavaageaIpwqxam%kmpgﬁtapaas are

created at and a disth® ﬁ@iﬂﬁéﬁ OfnbPeiSURRLT BEEx DRk E, p¥btEbncan be
elimnated if the tensioned_fTlmused I n connection .30 with the

af orement i oned dFﬁph"f‘%E?r‘F’é%ﬁSp&q hoBdPPOrt structureg., ang abP§ silicon:
- nitride passivat#&gstalspextebf- extends over a gibrididi [df i thé hsuperners of
he hole. A regi o] . narrow gap overlap between di aphragm
gosubstrate 8 Etructure, ﬁ re-established as required to control

| eakage ahrmngiahl@ H@@oneapaelt@ru diapifich. 2 Fpewable

edges of the adggﬂaksnﬁhansdfikéa1pmaéée Vhkfein the movablecﬁiaéés tend to
curl soneéwhat. Ich detracts fr WO 98/ 37388

' PCT/ US98/ 03144 is disposed °Eoﬁ¥*?o13161=a%hE°ﬁE+?’avxP€a‘bh? nSHRRCEYFSnet ri ¢
relief. : and R fikadt i gueef por i spesiegh anf eheadsipponal

styips 62a of thg.iensl oned;LiLmar enk LYgEH. Dl ghe.
15. The transducer of claim 14 wherein said
proximal portion of said cantilever structure is
along an edge of said opening. '
16. The tranSduéer of claim 15 wherein said
20 _ cantilever structure is generally in the form of a
~ rectangle. .
17. The transducer of claim 14 wherein said
proximal portion of said cantilever structure is
_ generally in the center of said cantilever struc-
25 ture. ‘ ' _ _
' 18. The transducer of claim 17 wherein said
diaphragm is generally in the form of a circle.
19. The transducer of claim 14 wherein said
cantilever structure is corrugated.

30 20.  The trahsducer of claim 14 wherein said

' diaphragm includes means defining a pressure equal-

- ization path extending over a portion of said
support structure for restricting airflow between
opposing sides of the diaphragm. .

'35 - ' 21. The transducer of claim 14 including

means for limiting travel of said dlaphragm away
from said support structure.

/ . -25- | | . T
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flatten the free edges of the corner filmareas by 5 pul I'i ng

rhenrtomard the center of the devicel The--capaci tor- i s--
oo i e e o e
t here. ' The di aphragm el ectrode i's established by netalliz- 10

ing the capacitor areg20f trne dh:aahaa&& oEhe 1R 21 wherein safdruction
of the backpl ate degeqdalon the siz hosen for the dlaphragnr

"For a large diaphtd imiting m“%HFch?R‘Pefr“r%ep% f“ﬁgngol‘?’ﬁlt Fate

surfaces sur- = over said distailli pgrtiben sobssaid edimplragie backplate elec- ... .

15 trode | ,gst AL shed 0, EL bkl thddn! N8 SHidALEs Oas

t he passrvatron coateﬁ Subs er
di aphragm as sh@kpphragngdietal portion inqlydes i Wﬁﬂ?ﬂr areas of

tensioned filmnust apieadyhe transducer EFIbﬂéﬁm(mmwwﬂétéﬁnt§&a§ubstrate
hol e as descrlbed 20 bove, e back | i shed by
si'mply | ex?%ﬁ@?ﬁ@eThéﬁeF&PE 15 tgﬁsﬁ%ﬁeﬁsfrﬁ T#%qgw :

form ng a free-sthndugh bat&@pfiasealiportsiomcture - whi ch
underlies the netallized peripheral area of t he di aphragm
‘These additional tensioned film 25 - areas are then also .
netallized to form the - backpl ate el ectrode 14a. The stress
of the back- plate netal lization may. be chosen to enhance the
net tension of the filmstructure; in any case the net stress
of the metallized backplate filmnust be 30 ' tensile. Once again
the air trapped between dia- - phragm and backpl ate nust be properly
vented to avoi d viscous danmping. In this case the preferred
approach is to perforate the backpl ate filmrather : t han t he
di aphragm si nce the backpl ate structure 35 has | ess of a tendency
to curl when perforated .. The backpl ate perforations 72 may be
shaped as -

. ,r\

. “This Sheet Has Been Re
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are's ioigedier ot 5/ croneer SN o = rosmmgint o
®
5

1.0 nmicro Typi cal ar'angt ess sl ot per oratlon are
14 m croneter sl.ot, 24 n1croneter spacing. In the case of slot
venting the renuini ngzbackpl atehodt &f alarefcastwning a solid stateweb- i ke
character; the inters a w dhg e linear
el enents of such®8® § gg% %%a%@%h%%r %%xln t? ffaﬁg’nust g £ﬁ%men such

t hat tensnonlngexﬁendlng theredrons amd-@mvﬁﬁiﬁblﬁlﬁﬁﬁ SepPaciteE-as it

was ha(riﬁét Paleigeneds; e t e ORl %\fa&sr@s pQ.‘ét%Dt Bgeone -
redi stributed when i backpl ate structure is . .. .released. . .. . ..
" TheSel ectri cal c@ﬁﬁ%@?lﬁﬁmPﬁlﬁhﬁgnetaltlzed 15 “di aphragm 14a can

be routed through thepeeﬁiaingoatseml -conductor subpteaEeably on a thin
nitride |leader 70 to gttalng EE% a§ﬁlve a,%%tgﬁrfgﬂﬁdgé ?&éggragnl As

shown in Figure s results In m ni mu i tional
par a- . oxldsuuponcapadlsuheérage. ' ~ A probl em whi ch
ari ses when a given dsapRLagihg a low temperseﬁfegas;iae dggegncead a

backpl ate perforation pattern are conbined is that sone | ow
ardfls of the - the surfacegf,GBat PBHSpERE®FNn fall over backplate film
mat e- - I'rahovihgsthenexddes 1ea@irono lerxprdme:hbahe aub-gap 25
I's on the order F ogﬁ m croneter rather. than the 4 n1croneter
di nensi on found EFS ér Si nce, -as st at ed above, viscous"

danpi ng effects scalepasvndéng a silicon nihvédecpassivatigBelayerhe air

gap, nechanical o, the substrd@8PsAgsaceynul ates over fifty tinmes nore
rapidly 30 er unit area in these Iocatlo S than in thggrest

of 1Phe structure. ocally  ¥®BOWEPHods W& a FFRP ¢ hi BLEF&9®ncl uded
here. The flrStprs&OaﬂQbﬁoﬁayértMa(HXﬁﬂyénﬁhéubare substratesilinh

ocati ons, dISCUEﬁed %ggvﬁhere tﬁgeafapkgggm will be;
| patterning a first metal layer on a portion of
said passivation layer to form said capacitor fixed
20 plate;
' pattérning a sacrificial layer.on said passiv-
ation layér, ' .
patternlng a silicon nitride dlaphragm layer
on said passivation layer; _ .
25 ~ patterning a second metal layer on said dia-
phragm layer to form the capacitor movable plate;
etching the substrate with an anisotropic
~ etchant to form a capacitor gap between the movable
and fixed capac1tor plates and a hole below the
30 . _ dlaphragm
' 26. The method of claim 25 wherein said
etchant is potassium hydroxide (KOH).
27. ‘The method of claim 25 wherein said semi-
. conductor substrate comprises -a double side pol- -
35 ished silicon wafer.
28. The method of claim 25 wherein said
active area is formed by a LQCOS_prodess.
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35 tions are not t oo nunerous the corrugat‘dn of t he

o0 00 so1 57550 (IVTRTRAR I

PCT/ Usos/M3 1837388 ance or the tur? supdressi onPGRUSAROYHMphr agm
~significantly. _ ~ The second nmethod for avoiding, this
-danpi ng 29Q9n&‘i—1'eszE't?1@>d' >fl @18VQ dsConErEahl eRLbABkRLate 5

crossings altogether. Figures 16, 16a. 16b, and. 16c show such

‘a design. Thi sPEFSEEECR §§e§e§u65ﬁe+%l?f‘1trlae 1ayer oy EBFaPaﬁkr angenent

- of--cor rugat-i: on5saﬁda afimehehenPpstrate: ~ - —radial -arrangenent of strips
--62a -of -t-he web- 62+ weztg St 2a.. fa nder neat h
~high 10 ar 8353 Of[‘h{.ehge&hgéﬂ ? ugatl%énlp%u?tg?% L?E%

fob the equal i zdeyesr p&t hisside ia@@memy:o form an etch maﬁbre t he

hei.ght "h" of the equali Z%boﬂe{?ﬁ&a 3P éfalm 25 wherein sh¢dUgedgrand near
the central di aphra m anchor, area where there is very little

di'aphr agm def | eB€tg4. layer is chromey; g desi gn also illustrates the third
corrugation 32 mbemathaanbf oasmhmbavezhewbmhsaéar gieBts a

m xture t he.radi al he . CLreu t As shown
in Figure 16a, {“ﬁgaéoﬁ?yggt ilgnsapgg‘g g‘%egyt gnien%rgg Qﬂgék " tial to an
i A@er radius, which ﬁékesThI&enmntbpkiy o6 clan.m 251 awhereinm saddacter at

the edge of thesgbg_.g_%_@g_gg_ layer ls alu{ﬁghuﬁonver ging to a circular
corrugation near the ter. Wiep this placenent of _di aphragm

corruga- 34 oFBe smﬁ'EPEF}edoﬁ t RLR1R; p'§3 of‘”l}ee‘?%}%n%%llﬂl I m a
web is formed weeehigdastlt Uaperthe dmnigqtiaiately 4 microns thick.

35. The method of c¢laim 25 wherein said
15 _ diaphragm layer is 1 micron thick.
' 36. The method of claim 25 wherein said
sécond metal layer is chrome.
' 37. The method of claim 36 wherein said
second metal layer is approxlmately 0.02 micron
20 - thick.

\\m\ i \

-28-



25 structure and masks the siTicon hore etch—to form

areasescgrnagove e et 1 con AN oncer o gt ov o
stiff nes(s;wtbt(}% ﬂgﬁst ructure. ¢The converged d @@#&&J
corrugations anchor to this 30 central support area

The rectangul ar and cgcul ar mé%h'bid' Qi@ﬁﬁa:ﬁ@ﬁé’bturlng a soliBagea@enat ural
not i on StOpIn on irect.i estructureﬁserlence

over -pr ossur ¢ (SHBAFROSF. Craitdtly navipg @ FTRNT.ouf GHETBAPB
'”refief“path'and diraphrdgm extendlnglmhaneﬁmmm argb s rRgroibler gagat i on

Ctroughs and T gapacdtor gggggxh&té? #4340 p1R% AV a0RoFhBRE bRatBE Ot her

.= 21-

PCT3 US98/ 03144 the method coprésingn, islands 73 of passi vat i on nltrlde-

22 are - cpeaiedingl agséi}@scaﬁaabtaﬂ 88barsaceti ci al | ayer.

One end 73a is attached to the edge_of the dia m whi | e
the other end 73b is tPaPpBE &ﬁﬂegcﬁﬁvg area Surr%%%?ﬁ%né“@f Zghragm
nitride outsi de okiflbeuponksaid substrate;ing area. Flgure 17 shows this
pressure stop | posﬁiﬁgcéuiSw temperature oxide &P té@ég' ty of
the gap is a concern |n rFrEeh m crophones. e of

optPation is to #he surface Oﬁrbbﬁdéuhsﬁ¥3ﬁeenough bi as vol tage to cause

the di. aphepedihg EREEokAdeoNadel Wd fé:éﬂaﬁsé)%é@é aggpat
the outer- edge. This establishes a very repeatable gap and
there is still eﬁBﬁﬁﬁ ‘€onpl i ance to provide . good sensitivity.

patterning a silicon nitride passivation layer
on the substrate surface; |
i5 ~ locally removing the silicon  nitride
' passivation layer to expose the bare=éubstrate in
the area where the diaphragm will be;
patterning a first metal layer on a portion of
said passivation layer to form said capacitor fixed
20 . plate; ' | :
patternlng a first sacrificial 1ayer on sald
pa551vat10n layer; _
-patterning a silicon nitride diaphragm layer
on said passivation layer;
25 o patterning a second metal layer ¢n.éaid dia-
phragm layer to form the'capacitor movable plate;
etchiné the substrate with an anisotropic
‘etchant to form a capacitor gap between the movable
_ and fixed capacitor plates and a hole below the
30 dlaphragm : '
39. The method of claim 38 wherein said
,etchant comprises potassium hydroxide (KOH).
40. The method of claim 38 wherein said semi-
conductor substrate comprises a double side pol-
35 ished silicon wafer.
41. The method of claim 38 wherein said
active area is formed by a LOCOS process. '
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15 : It will be understood that the |nvent|on may

the o g cent ral “naractort ot S UENIN ver oot 7ne’procni ™

exanpl es 3%8 RN nent s, " ‘thérefor®, "are to bePEBASPHBILH as
illustrative and 20 not fFestrictive, and the invention is not to
' b§2' S l'n]tﬂg tOTthmgghghlngkiggmhgie%ﬂereln the 1L0OCOS

process also results in a nitride layer on the back
side of the substrate. -

43. The method of claim 42 wherein the back .~~~ 77
5 layer of nitride is patterned to form an etch mask. =~~~ T

44. The method of claim 38 wherein said flrst
metal layer is chrome. o
45. ' The method. of claim 44 wherein said first
metal layer is approximately 0.1 micron thick.
0 46. The method of claim 38 wherein said first
sacrificial layer is aluminum.
47. The method of claim 46 wherein said first
sacrificial layer is approximately 4 miérons thick.
48. The method of claim 38 whereln said
15 o diaphragm layer is 1 micron thick.
49. The method of claim 38 wherein said
second metal layer is chrome.
50. The method of claim 49 wherein said
second metal layer is approximatély 0.02 micron
20 thick. - _
51. The method of claim 38 including pattern- .
ing a second sacr1f1c1al layer on said first sacri-
ficial layer. '
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CLAIMS . A SotTdstate condenser m crophone

conpri si ng: I, substrate (16)--
formng a 5 supportﬂ m:m mﬂ mm nd h e ni ng.
(30); WO9B37388 athin-frlmcantimml esers trucflyure §%§r70%9?4e

a diaphragm (12) responsive to fluid-

transmtted acoustic BESSU Qn@%ﬁ@ﬂldbﬁgmaﬁﬁfaaturlng 20 solld state portion

f th , the structure h | 12 d a distal end
(1oby© P M RS SN SO B o T Rl )M B, ©

support struct ur diaphradme dx'tsem:.mdtnerefrom, and a. var:.abl@tgamed_.l from......

and ext ends. over a .s.t uct uUre; - - -
and ' caaﬁ%ﬂ-f ﬂ&n tPJv:.ng(/a flg)ﬁéd B%Stga%%m tor (14) alV| nerg a
movdbl e pl ate’ (14de MREROEG | SQRPTHHART { 14b) | wher i n

the novable plate '5(¥ﬁﬁﬁidih§”ht§§m1 conductor substrate distal end of the
structure and the flxefd 20 - pl ate%pgse% ri% .
support structure ' orming an ac lvéﬁ:lj ALERt FHS :"ee erein-

sai d " oxide uporaalehsaibstratreophone produces an  out put
proportional to the poglfdan My ta[‘%%?‘@eﬁx@eerature oxide layer over
10 the surface of the substrate,

removing the oxide 1ayer to expose bare sub-
strate; ' _

providing a silicon nitride passivation layer
on the substrate surface;

15 . ' _ locally removing  the gilicon nitride
passivation layer to expose the bare substrate in
the area where the diaphragm will be;

patterning a first metal layer on a portion of
said passivation layer to form said capacitor fixed

20 _ plate; '

patterning a first: sacr1f1c1al 1ayer on said

passivation layer; .

patterning a first silicon nitride diaphragm
layer on said first sacrificial layer;

25 patterning a secend sacrificial layer on said
first silicon nitride diaphragm layer;

'patterning a second gilicon nitride diaphragm
layer on said second sacrificial layer;

_ patterning a second metal layer on said second

30 diaphragm 1layer to form -the capacitor movable

| plate, _

_ etching. the substrate and the first and second

sacrificial layers with an anisotropic etchant to

form a hole, a capacitor gap between the .movable

35 and fixed capacitor plates and a void between the
first and second diaphragms, respectively.
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plate Lelati¥e fo thﬁ &Lxed pl at e. 7—__“—727‘*~—¥-#—~__. 2. The-

m cr ophone of- ¢l ai-m er-ei n-sat-ad- ~sem- - conduct or R
et s g, G

i s along an edge of said opening.

The microphone of - C'%'am?’ r?de%hoa of claim sz whéﬁéﬂncéa&d ever
structure is generally in't a rectangl e.

5. The n1croph@ﬁ?bﬂn§ﬂ9%mﬂﬂlsﬁﬁb999?551um hYd§°X1de (Eb&; *sai d di-aphr agm
- i-s-generally-i-n-t-he- fsar.m qgheamethod of claim- 52 whersinclseid semi- -

6. -The-m crophone of  cl arm.1-wherein - - iasakgicantilever
structure is for tqﬁ“§gbst §%e comprlses a douqle %y%?sb %
t hisn-fil ns. ishe@ silicon wafer '7..  The nlcrophone of claim®6 mhereln

55. The method of claim 52 wherein said
active area is formed by a LOCOS process.
_-56. The method of claim 55 whereln the LOCOS
process also results in a nltrlde layer on the back
10 - side of the substrate.
57. The method of claim 56 whereln the back
layer of nitride is patterned to form an etch mask.
58. ' The method of claim 52 wherein said first
metal layer is chrome.
15 58. The method of claim 58 wherein said first
metal layer is approximately 0.1 micron thick.
60. The method of claim 52 wherein said flrst
and second sacrificial layers are aluminum.
61. The method of claim 60 wherein said
20 combined thickness of said fitst_and second sacri-
ficial layers is approximately 4 microns thick.
62. The method of claim 52 wherein said first
"and second diaphragm layers are each approximately -
0.5 mlcrons thick.
25 ' 63. The method of clalm 52 wherein said
second metal layer is chrome.. -
64. The method of claim 63 wherein said-
second metal layer 1s approx1mately 0.02 micromns
thick. '
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.sald nultlple | ayers t ed.

| of ~ quil -
8. "The nicr ophoneI g}‘ ngi gl m 1 Wnerm,ﬁll“”"l""l"dllu N 'equasal d di aphragm

i ncl udes ERGSzA o * th
ext endi ng over aﬁ\g port i on sai d %b@ﬁé g@ﬂggct ure
for : restricting alrfIOM/betmeen opp05|ng si des of
Fheldhaphragnl 65. A solid state tQans&h@eE‘@bﬂEbQ?Qn@f clalnL1

i ncl udi ng imting travel of sai aphragm
away from said supporF §iticen, §ug5trate support stFucture q gT

‘i cr ophoneof * cl-dinm 9- vd:lerelfmame def:m:.ng -an sa:rnkmng/el Iarmhtl ng

'fneans conpri'ses mneans nga Qv | distal
Cend - of... said 3.5 thin-film wgb %ttacq'fétcfngb 1QVeframd! dng 11

" TheSni cr ophone oPXtERdANgG AREPERnsaid opemng, sai d di aphragm
di stal end |ncludes azVeRhin-film cantllever' forming B2 alibﬁrEFQVODhone

of claim11l mhgr av n tral c dd ventlcgggais S rallty of
hol es: ing a central portion. an a perip porti
wherein the central poxtlon is attached to the web
_ and the peripheral portion extends over a portion
10 . of the support structure; and _

a variable gap capacitor having a movable
plate and a fixed plate, wherein the movable plate
is disposed on the peripheral portion of the struc-

_ ture and the fixed plate is disposed on the support '
_15 | structure adjacent the movable plate

66. 'The transducer of claim 65 wherein said
central pOrtion_of said cantilever structure  is
‘disposed in the center of said opening.

"67. - The transducer of claim 65 wherein said

20 cantilever structure is generally in the form of a
circle. | ' _

68. The transducer of claim 65 whefein'said

- cantilever structure includes corrugations.
69. The transducer of claim 68 whereln said’
25 - - corrugations form concentrlc circles.

70. The transducer of claim 65 wherein said
cantilever structure is. qullted '

71. The transducer of claim 68 wherein said
corrugations form generally radial lines.

30 ' .. 72. The transéucer of claim 68 wherein said
corrugations form generally tangential lines.

f*-~——;~‘~__\__\__'
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30 ext endi ng through said Ef—?:ﬂ_jﬁiT“““““—-

13. - The m crophone of claim1 wherei I

I d cantilever |
structure \5V89§853839at ed i"[ m‘"””’"#lmcrophonzuofsgcl ai m 13 '

wherein Sald corrugatlons fornfcohceﬁtrﬂc ‘cir &

1S. The mcrophone of claim 13 wherein sai'd corrugations form
general |y radial I|nes73 A method. of ma u}gctuIQﬁgnkcr T@“% f cIa|n113
wher ei n sai d ‘Corragati ons orm gener y t

| i nes. : condenser transducer having a support structure

' including a frame and a thin film web, ‘the frame - -
defining an opening aﬁd'séid thin-film web attached
to said frame and extending across said opening, a
diaphragm extending from said web, and a variable

gap capacitor having a fixed plate and a movable

(34

plate, the method comprising:
providing a semi-conductor substrate;
io ‘ forming an active area surrounded by field
' ‘oxide upon said substrate;-
~ depositing a low temperature oxide layer over
the surface of the substrate;
_ remov1ng the oxide layer to expose bare sub-
15 o strate; _
patterning a silicon nitride passivation layer
on the substrate surface to create said web; _
patterning a first metal layer on a portion of
_ said passivation layer to form said capacitor fixed
20 plate;
patterning a first sacrificial layer on said
pas31vat10n layer; '
patterning a second sacrificial layer on sald
first sacrificial layer;
25 patterning a silicon nitride dlaphragm layer
' on said second sacrificial layer;
patterning a second metal layer on said dia-
phragm layer to form the capacitor movable plate}
_ etching the substrate and the first and second
30 sacrificial layérs with an anisotropic etchant to
form a hole below the diaphragm and a cépacitor gap
;between the movable_ahd fixed capacitor plates.
74. The method of claim 73 wherein said
etchant comprises potassium hydroxide (KOH).
35 - 75. The method of claim 73 wherein said semi-
'conductor substrate comprises a double side pol-
1shed silicon wafer. '
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76. The method of claim 73 wherein said
active area is formed by a LOCOS process.

- 77. The method of claim 76 wherein the-LOCOSm@m
process also results in a nltrlde layer on the back'mw'm""“””"m
'"s1de of the substrate. :

78. The method of claim 77 wherein the back
layer of nitride is patterned to form an etch mask.
79. The method of claim 76 wherein the LOCOS
process also results in a nitride layer on the
front side of the substrate, said nitride layer in
conjunction with said pass:Lvatlon layer forming

said web. _
. 80. The method of claim 73 wherein said first

-metal layer is chrome.

- '81. The method of claim 80 wherein said first
metal layer is approximately 0.1 micron thlck

82. The method of claim 73 wherein each of
sald sacr1f1c1el layers is aluminum.

83;' The method of claim 73 wherein the com-
bined thickness of said sacrificial layers is ap-’

proximately 4 microns thick.

_ 84. The method of claim 73 whereiﬁ said
diaphragm layer is approximately 1 micron thick.
o '85;' The method of claim 73 wherein said
second metal layer is chrome.
86. The method of claim 85 wherein said
second metal layer is approximately 0.02 wmicron
thick. '
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