WO 2006/046927 PCT/SG2004/000385 A BACKPLATELESS SILICON
MICROPHONE FIELD OF THE INVENTION The invention relates to a
sensing element of a silicon condenser microphone and a method for
WhRaltig 4 Bame, and in particular, to a silicon microphone BffiliSGre04/000385
without a dedicated backplate that has perforated plates attached directly
to a movable . diaphragm. BACKGROUND OF THE INVENTION The
silicon based condenser microphone also known as an acoustic
transducer hasA%g I%.f"la. A?%ﬁ’f#%té gﬂé&\f@lwgﬁaﬁ%@r more than
20 years. Because of its "poténtial advantages in miniaturization,
performance, reliability, environmental endurance, low cost, and mass
production capability, thesiliseprmigoprorss wigely recognized as the
next generation product to replace the conventional electret condenser
microphone (ECM) that has been widely used in communication,
Theltivesian esiaurer-Lieeishncleirating aisiicandeiense miktbehone and a
silicon based approaches, the capacitive condenser type of microphone
methes fadveaking the saost significquatiicuiaedens siteos. Mhecplicoe structure without
condenser microphone is typically comprised of two basic elements which
a deglicatesdpmityy!sieriwitrmscoefirrston pifies| stidehied dinesthetmsmpenablient
is .basically.a variable capacitor constructed with a movable compliant
diapigehtagm, a rigid and fixed perforated backplate, and a dielectric spacer
- to form an air gap between the diaphragm and backplate. The
pre-amplifier IC device is basically configured with a voltage bias source

(including a bias resiﬁ@ﬁ"&ﬁ@g %fé%é‘r\'b’é%[mﬂmer 1 WO

2006/046927 PCT/SGZOO4/000385

The silicon based condenser microphone also known as an acousfic transducer has
been in a research and development stage for more than 20 years. Because of its
potential advantages in miniaturization, performance, reliability, environmental
endurance, low cost, and mass production capability, the silicon microphone is widely
recognized as the next generation product to replace the conventional electret
condenser microphone (ECM) fhat has been Wide!y used in communication, muitimedia,
consumer electronics, hearing aids, and so on. Of all the silicon based épproaches, the
capacitive condenser type of miorpphone has advanced the most significantly in recent
years. The silicon condenser microph;)ne is typically comprised of two basic elements
which are a sensing element and a pre-amplifier IC device. The sensing element is
basically a variable capacitor constructed with a movable compliant diaphragm, a rigid
and fixed perforated backplate, and a diele_act'ric spacer té form an air gap between the
diaphragm and backplate. The _pre-anﬁptiﬁer IC device is basically conﬁgure& with a

voltage bias source (including a bias resistor)and a source follower preamplifier.



Although there have been numerous embodiments of the variable

capacitor on silicon substrates, each prior art example includes a

dedicated backplate in the construction of the microphone sensing
WlereoTHble 1 lists typical examples which employ variouBCHididifAle(38s

the fabrication of a microphone sensing element. Table 1. List of Prior Art

for Silicon Condenser Microphones Author/ Year Diaphragm Backplate

Dielectric Ref. Inventor Spacer Hohm 1986 Nitride with metal Silicon

lican EAWtisteMthsil
Aithoﬁ%ﬁon Wlt A\{)Il%ﬁlﬁ%z?ﬁ%tnde 3%%&@ﬁ%§5§%§@§%nﬁn rich neen

subsﬂf&@”e@@@?f Shighdhiis dehdesanrigidditiisaBienastdin th83Bnstruction of
Silicon tical) Nickel t ical Oxide/Nitride 5 Berg vist 1994 Silicon 1st wafer

the ndispRchW ataTsiesaaméxida Solou 1496 /RiysticamBdxnmich employ various
Nitride+Oxide 7 Loeppert 1996 Polysilicon Composite Silicon Silicon

mateNirde tha\ibdeskiteialflamflotppiticon sérsiirgssanes? Polyimide with
metal Polyimide W|th Polylmlde +9 metal OX|de Rombach 2000

PolysiliahlPblykil : X ; ; BAEIEHoN Silicon
Oxide 11 Loeb 2001 Comoosne (ox de- Slllcon ()xmlp + 12 olv+metal of
Awthdlitride Year Diaphragm Backplate . Dieélectric Ref.
Inventor Spacer
Hohm 1986 | Niiride with metal Silicon Nitride 1
Bergqvist | 1990 Silicon Glass Oxide 2
Kuhnel 1991 Nitride with Al Silicon with Al Oxide/Nitride | 3
Scheeper | 1992 | PECVD Silicon rich Silicon PECVD Sirich | 4
| Nitride (Au as metal) Nitride

Bermsiom | 1993 | Silicon (typical) |  Nickel (typical) | Oxide/Nitride

5

Berggvist | 1994 Silicon (1% wafer) | Silicon (2™ wafer) | Thermal Oxide | 6
Zou 1996 Polysilicon Silicon Nitride+Oxide | 7
Loeppert | 1996 Polysilicon Composite Silicon | Silicon Nitride | 8

Nitride-Metal (or
' Polysilicon) _
Pedersen | 1997 ‘| Polyimide with metal | Polyimide with Polyimide + 9
metal Oxide " |
Rombach | 2000 Polysilicon Polysilicon Nitride+Oxide | 10
Braner 2001 Polysilicon Silicon Oxide 11
Loeb 2001 Composite (oxide- Silicon Oxide + i2
: poly+metal-polymer . Nitride

The references in Table 1 are the following: (‘i') D. Hohm and G. Hess, “A
Subminiature Condenser Microphone with Silicoﬁ Nitride Membrane and Silicon
Backplate”, J. Acoust. Soc. Am., Vol. 85, pp. 476 - 4380 (1 989‘); (2) J. Bergqvist et al., "A
New Condenser Microphone in Silicon”, Sensors and Actuators, A21-23 (1990), pp.
123 -125; (3) W. Kuhnel et al., “A Silicon Condenser Microphone with Structured
Backplate and Silicon Nitride Membrane”, Sensors and Actuators A, Vol. 30, pp. 251 -
258 (1991); (4) P. Scheeper et al., “Fabrication of Silicon Condenser Microphones

Using Single Wafer Technology”, J. Microelectromech. Systems, Vol. 1, No. 3, pp. 147
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te In the microphone sensing element normally
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Micromachinihg”, J. Micromech. Microeng., Vol. 11, pp. 319 — 322 (2001); (12) PCT
Patent Application No. WO 01/20948 A2,

The inclusion of a dedicated backplate in the microphone sensing element normally
leads to manufacturing complications due to its special definitions in material and
processing method. The required masking levels as well as the processing issues
Arelating to overlay and spacing between the diaphragm anc} backplate normally result in
a complex and hi'gh cost fabrication. |

Therefore, an improved structure for a éi!@con microphbne is needed that 'enabies the
fabrication précess o be simpl‘:ﬁed ata redu_Ced'cost. in particular, a novel design for

the variable capacitor component is desirable so that fewer masking levels are needed

to produce a microphone sensing element with improved performance.



leads to manufacturing complications due to its special definitions in
material and processing method. The required masking levels as well as
the processing issues relating to overlay and spacing between the
viaphiragnezand backplate normally result in a complex and highisest4/060385
fabrication. Therefore, an improved structure for a silicon microphone is
needed that enables the fabrication process to be simplified at a reduced
cost. In particular, a novel design for the variable capacitor component is

desirable so that fewe%ﬁ?n@]ﬁ}{vt\%&eéﬁl%ﬁ@ ﬁ\@ggﬁqlmroduce a

microphone sensing ele improve ormance. 3 WO
2006/046927 PCT/SG2004/000385 SUMMARY OF THE INVENTION
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ement that ude a dedicated backplate component.

that BLRSiQhiegtive 8TdbsiRiRRepAMRYRREQRIRISRIRYIde a simplified method

for fabricating a microphone sensing element. These objectives are
FORIHAR O NTEROAHE AR hpessse NpiagtRIgRaB bItcIR isnmptiiecoasithod for
embodiment features a movable diaphragm that is supported at its edges
fabrieatieRy aaridayphesbaricsihgnslagrstiat are anchored to a conductive |
substrate through rigid pads. Each pad is disposed on a dielectric layer
Thbigh dlittives sipacehtevadfinithan micrgphdretweesinpeiasmtagmchrid its most
substrate. Attached to the sides of the diaphragm are perforated plates
basinambdbmanicisainee srmtoavuably stiaghiagmidptrispoppatsdaatdts edges or
mechanical springs. One or more of the pads have an overlying first

cornerscaymeaiiapictl seringafepb PrecRard R eanALRg $HEslwte through rigid

connected by wiring to external circuitry. A second electrode of the sger%% 0 air
ea

padsndzanhI R LIRSS RPACHEKRFIFE ByREUIcR acts as a spacer fo

gap between the diaphragm and substrate. Attached fo the sides of the diaphragm are
perforated plates made from the same material layer as the diaphragm, pads, and
mechanical springs. One or more bf the pads have an overlying first electrode which is
an island of a conductive metal material.that is co'nneéted by Wiljing to external éircuitry.
A second elecfrode of the same méteriat composition is formed on the conductive
substrate and is wired to complete a variable éapacitor circuit. In one embodiment (SOI
‘vérsion), the diaphragm, perforated plates, pads, and mechanical springs are coplanar
and are made from the.same silicon Iraye'r and t'he dielectric spacer is an oxide layer.
Both the diaphragm and perforated plates may be rectangular in shape. The perforated
plates are positioned between adjacent mechanical springs. Perforatio.ns preferably
comprise multiple rows and columns of holes. An air gap exists in the dieleqtric spacer
[éyer between the substrate and the perforated plates and a back hole is formed in the
substrate below the diaph;agm S0 fhat a sound signal has a free. path fo the diaphragm

and thereby induces vibrations in the diaphragm. The diaphragm, mechanical springs,



substrate and is wired to complete a variable capacitor circuit. In one
embodiment (SOI version), the diaphragm, perforated plates, pads, and
mechanical springs are coplanar and are made from the same silicon
Wayeethtdtie dielectric spacer is an oxide layer. Both the dpHREGRILIGE38S
perforated plates may be rectangular in shape. The perforated plates are
positioned between adjacent mechanical springs. Perforations preferably
comprise multiple rows and columns of holes. An air gap exists in the

and 8'&?#8?%%%5‘59@?% AR Lﬂ?%ﬁ%Wﬁ’ @&é@ﬁé%ﬂﬂ thereslaratadd) M esconcerted
and a back ho

e is formed-in the substrate below the diaphragm so that a

motiS WFRos AbIasshraRiPAbvefpianiitaams apgdheirby thdiersbetween the

vibrations in the diaphragm. The diaphragm, mechanical springs, 4 WO

first AAPCLMHLAREGHHRESAPAH RRP3BS cntl pesiviatedplatesunesitagp.and

down (perpendicular to the substrate) in a concerted motion during a .
\irasindleishodivementrasiits isilizoaméiaime chachebtaveeihyherthosilicate
first and second electrodes which can be converted into an output voltage.
(TEQS piseceacheratzadinfiicial lelyerethexdinidoroxideeofanialispEnataeangl and
orthosilicate (TEOS) is used as a sacrificial layer, the diaphra_(lqm, ) )
perforaiedapiiasspionalsMasesirame Seifdrabedisrideelelalayrie heHigrAraom with
polysilicon (poly 2) layer. The diaphragm with attached perforated plate
attaghag aa:feragrfbﬁhat@rnmﬁafe*ﬁﬁ@ﬁtgqﬁaﬂbrsmféﬁﬁ%mw{ﬁ3"%%W&lﬁ é% Be
the diaphragm that is aligned over a.back hole in ,the substratg. Th
bottol AR Sh DA ARTER AL A SEIRREhE RAT RS B sumipgirate. The
. perforated plate affixed to each side, Each.of the four ical spri
iDL B SR T 51000 e ROl H e Tt plate
. center and a corner of t iaphr, alo Ml rej
Sl T B R e R

direANSNEIREC: FBHANALY phe RARPANTAIRPEONE AHR RUAKIRE RS the diaphragm
and has two ends wﬁerein one end is attached to the diaphragm and the other end ié
connected to a poly 2 anchor pad. Optionally, the rﬁechanicai springs are attéched to
the sides of the diaphragm and thc_a pérforated plates are affixed to the corners and
portions of the adjoining diaphragm sides. The anchor pad or pad also serves as ah
electrical conhec’zion point. To redu‘ce péras‘itic capatﬁitance between the poi_y 2 anchor
nad and the conductive subétrate, the poly 2 anc_:hor p'ad may not be cop%énar with the
diaphragm and may be rafsed away from the substrate by édding one or more dielectric
oxide layers between the substrate and anchor pad. Another polysilicon {(poly 1) pad
may be interposed bé’tween the poly 2 anchor pad and the substrate to serve as an etch
stop layer for oxide trench etching. A poly 2 filled trench in the shape of a wall
continuously surrounds the inner edges of the interposed poly 1 pad. Vertical sections

of the poly 2 anchor pad form a continuous ring around the edge of the poly 1 anchor



the sides of the diaphragm and the perforated plates are affixed to the

corners and portions of the adjoining diaphragm sides. The anchor pad or

pad also serves as an electrical connection point. To reduce parasitic
VEQ3BIAG8 between the poly 2 anchor pad and the conductVeEsstosiraiesss

the poly 2 anchor pad may not be coplanar with the diaphragm and may

be raised away from the substrate by adding one or more dielectric oxide

layers between the substrate and anchor pad. Another polysilicon (poly 1)

pad HAS HRAYREIRAgRE b RaRvEE B BERalN ARNEBA PAAGRS BRI SHRNIRIRY

to serve as an etch stop layerfor oxide trench etching. A poly 2 filled

etchdEBRAINNS ePs Qfracusd. qoidipwauIbyEheHnssHiied imeresigrRdly 1 pad

the interposed poly | pad. Vertical sections of the poly 2 anchor pad form

and LB QISR RIOWIt Hisoergeltfigetripabybantiy SPAIREDARRIEGRe like
PCT/SG2004/000385 pad and thereby protect the oxide layer beneath

that tae pedysl endbiay tiael dsate belzgpettheitqwssditodoeie dse airggass Thierther
oxide layer between the interposed poly 1 pad and substrate is protected

redunitipanasthie cdimetanceayepintatity of siksdnistiatosst deeniteenpheedified with
resist or delay the oxide release etching used to form the air gap. To .

oxideumagbedonredinabrieapidivensicarpiukaifpier wesr\satarYerrecypriaid by
trenches filled with oxide may be formed in the conductive silicon

the rogphapiealsrIiage AELEIAHEER5BAS- the mechanical springs and their

D3P DRSS L REERG 2 st B BB Dt and four
mocBR e MERCP L CED T e STAR aEepands corte s Y fanghor pacs)
e e e

are 58@%&?%%&%@5%%% polysilicon layer which is a first distance from the

subsftrate. Thé diaphragm may.have bottom reinforcements as in the second
embodiment. However, each mechanical spring is anchored to a horizontal section of a
base element that is supported by a vertical Sec;tioﬁ comprised of sidewalls that have a
top, bottom, and width. The base element is preferably made of silicoﬁ rich silicon
nitride (SRN) that fills four trenches to form four sidewalls arranged in a square or
.rectangular ring. The horizontal section of the SRN base is formed on a pad which in
one embod‘im'ent isan extension of a mechanical spring. Thus, the diaphragm and its
attached perforated plates are suspended over an éir gap and a back hole i the
substrate. A first elecirode mayl be non-planar and formed on the top of a horizontal
section and adjacent pad. A second electrode is formed on the substréte.

A fourth embodiment is shown that is a méd_ification to the first embodiment in which

a corner or edge support for the mechanical springs is replaced by a "center support”



embodiment. However, each mechanical spring is anchored to a

horizontal section of a base element that is supported by a vertical

section comprised of sidewalls that have a top, bottom, and width. The
haeeMEnt is preferably made of silicon rich silicon nitrid®(SFRIQQeHER385

fills four trenches to form four sidewalls arranged in a square. or

rectangular ring. The horizontal section of the SRN base is formed on a

pad which in one embodiment is an extension of a mechanical spring.

confiflksiche fiarhsaen sneciss | Eﬂﬁh@ﬂf@ﬁbﬂﬂﬁﬁ&eﬁs@aﬁ@ﬁt@ﬁiguﬁﬁﬁaﬁ’&cﬁm is

over an air gap and a back hole in the substrate. A first electrode may be
formBarop e adriosbetbartitbastanepiol theritientabgecting anshadin et
pad. A second electrode is formed on the substrate. A fourth embodiment
mechashahsptitgddrmbmdifisptiondod s ditstlomsotishettdiradeic T He cdeeends of
or edge support for the mechanical springs is replaced by a "center
the rsappanicd WOnEecER2evRTciEdTrSe2edamobiasdiephtigaratidach mechanical
_dielectric spacer layer that functions as a center rigid anchor pad is
spring maals e fﬁ%%%%l{i@bé‘rﬁnﬁim&fl?@ﬁ%‘ﬂ@mﬂl@%lF%bﬁ’ﬁ’%\‘@?rﬁé@ﬁﬁs‘%ﬂﬁa@_f@’o
four mechanical springs that overlap on one end below a first electrode.

PerpoRAI ARSI hiTRSERA A pFRGS ArdEdHiRRREBE T ARE Bidyeeppendicular
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ore Qe ANE PO R SRR g vee

four $%%{?§§(s: @ﬁg&%ﬁ%ﬂ%&s@%ﬂ BFALE 15 BEGBRANCAA SR Ih %ﬁ @gﬁmﬁ&éﬂ ned by

ur sections wherein one section Is elow

the (AR EIRBBIRGIGHBE art SlafiBRAERY ShihdadriarResiRgd Rs-dBifies the
thickness of the dielectric spacer layer defines the thickness of the air gap
thickPelasmHb e igap eameanthse FFHagm and substrate.

The present invention is also a simple method ﬁf fabricating a microphone sensing
element that requires fewer masks ‘;haﬂ mosf of the convéntionai silicon condenser
microphones having a dedicated backplate. _An_ exemplary proéess sequence involves
forming a dielectric space;; layer on a conductive substrate such as doped silicon. The
d.ielectric spacer layer may be comprised of silicon oxide. A membrane film that may
be doped silicon or polysiiicon is then formed on theldielectrié spacer layer. Next, a
hardmask comprised of one or more layers that will subsequently be used for fabricating
a back hole is formed on the back side of the substrate. A first photo mask is employed
to generate one or more vias in the membrane film that extend through the dielectric
sbaeer layer to contact the substrate. After’ a conductive .iayer which may be a

composite of two or more metals is'deposited on the front side, a second photo mask is

used to remove the conductive layer except for one or more islands on the membrane



The present invention is also a simple method of fabricating a microphone
sensing element that requires fewer masks than most of the conventional
silicon condenser microphones having a dedicated backplate. An
veamplamdrocess sequence involves forming a dielectric SEATUSGEIoNA00385
on a conductive substrate such as doped silicon. The dielectric spacer
layer may be comprised of silicon oxide. A membrane film that may be
doped silicon or polysilicon is then formed on the dielectric spacer layer.
layeNAxt AcredBlaskcosrnisedPisniri on B layers 1had wilisehsauendhat are
be used for fabricating a back hole is formed on the back side of the
secaubsisatedidir Apbivier plasio ismeskitofret torgimerdie efchorere esiths of
the membrane film that extend through the dielectric spacer layer to
the roenbtanhdayeb o aefimdtthespetiodaietivedége end fichirmagdringsdoatpledite the
of two or more metals is deposited on the front side, a second photo mask

edges afdbe rerermiee HatednuachaeingGPEREEpaRst PriSorforutisiiiels orpsk is

the membrane 7 WO 2006/046927 PCT/8G2004/000385 layer that are
usedifereirkciiogeeRiRg BniigirId sk oPihG@rssion thet alisurtOiatahant or a

second Iectrodﬁeg)s. Anotherg;loto mask is then Fm loyed to etch holes in
Kielrdnd

deep BlioRShIN A HRERIERE SR IR PHRiRAAS BeRdatE AR BT TS
oot TSR I B e R e e

g5, an mask'is” use a
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equent sf[ep to form strate

that@Ii.@paﬂs@mgﬁ%r@é%%@%&ﬂ%ﬂ%@rwgiﬁ%@aﬁém (SHBGNTRE back hote.

portion of the dielectric spacer layer between the diaphragm and a@k

TSR IR AIIERSP NS BRCARHAGEIRERAMSS R tRpRARAENRE
~ the air gap and the underlying back hole. The simplest fabrication method
involeioBMchIe- HRsie SIHEsT STULIAmTeRe StHEsWKilled in the art will appreciate that
other fabrication methods including wafer-to-wafer bonding methods and polysilicon

surface micromachining can be used to form the other embodiments or embodiments

similar to those described herein.
BRIEF DESCRIFTION OF THE DRAW[NGS

FiG. 1is a';[op view depicﬁng a. diaphragm with adjoining perforated plates and
rsprings that terminate in pads according fo one embodiment of the present invention.
FIG. 2 is a cross-sectional view showing the variable capacitor design for a
microphone sensing element according to one embodiment of the present invention.
FIGS. 3 -8 are cross-sectional views which illustrate a process flow i‘nvoiving four
photo m_ask steps that form a microphone sensing element according to a first

embodiment of the present invention.



involves silicon-on-insulator (SOI) wafers. Those skilled in the art will
appreciate that other fabrication methods including wafer-to-wafer

bonding methods and polysilicon surface micromachining can be used to
Wor A& Ser embodiments or embodiments similar to tho$& HEG@pIEre38s
herein. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a top view
depicting a diaphragm with adjoining perforated plates and springs that
terminate in pads according to one embodiment of the present invention.

FidGo Zig arekasseaeietignalaienushenigamthtorapablecanatiigretasigt facording
a microphone sensing element according to one embodiment of the
to a psesantgMentiorntdEiBe DreBantinvestiasectional views which illustrate a
process flow involving four photo mask steps that form a microphone
Fendihis eldopevicacobadinigrephditstsens REMesne ol ik B esersHeRatiand
8 WO 2006/046927 PCT/SG2004/000385 FIG. 9 is a cross-sectional view

reinfiflwsimeity acencdbphtnthsaespaceesheriagtbrding to a second
embodiment of the present invention. FIG. 10 is a top view of a
Fiterbiforre aRiAsaes dnenvist witk eoElPR& dIBIBITRBCRS HOREHA Rgent
according to the second embodiment. FIG. 11 is an enlarged top view of a

dep*ﬁ'ﬁﬂqiﬁh% h?eOmicr'ophone sensing element depicted in FIG. 10. FIG. 12 is

i o G RS G LS SOt G Rt an
reineg%%%%srmni%%ﬁagnﬁﬁé E%i%g}%ilg%%égﬁ%@nter support according to

FiG. 13 is a top view of a microphone sensing element with a center support
according to a fourth embodiment of the pres_erit invantién.

FIG. 14 is a cross-sectional view of the microbhoné sensing element in FIG. 13.

FIG. 15 is a cross-sectional view shpwing'a microphone sensing element according
to a third embodiment of the present invention.

FIG. 16 is an obli'que view a.lnd'FEG. 17 is a cross-sectional view of a base element

according to the third embodimant.

FIG.18is a top view of the microphone sensing element depicted in FIG. 15.
DETAILED DESCRIPTION OF THE INVENTION

The p'resent invention is a sensing élament for a cépaciﬁve ¢ondenser type of
microphone that can read?ly be made with existing semiconductor materials and silicon
micromachining processes. The figures are not necessarily drawn to scale and the
relative sizes of Varic‘ms‘ elements in the structufes may be different than in an actual

device. The present invention is based on the discovery that a high performance



FIG. 14 is a cross-sectional view of the microphone sensing element in
FIG. 13. FIG. 15 is a cross-sectional view showing a microphone sensing
element according to a third embodiment of the present invention. FIG.
WG igemeftiliqgue view and FIG. 17 is a cross-sectional view &3/Bag4/600385
element according to the third embodiment. FIG. 18 is a top view of the
microphone sensing element depicted in FIG. 15. DETAILED
DESCRIPTION OF THE INVENTION The present invention is a sensing
micrelsiioratsiaisinepglaciisrg caydensensnetet mitropharediedtedrbeelgibte
be made with existing semiconductor materials and silicon
compuosThashinsrgpirone ssekimhedinaias agd hachievessailly alcanduetiveasbstrate
and the relative sizes of various elements in the structures may be
havirigfereaeihaiefosmed dharaie dee WitiesrEuahehbiatee alidxpgddep sRarble
~discovery that a high performance 9 WO 2006/046927 .
diappragre eboruibeeass iR ropid HIBRBRIRY BRS¢ RRe Hetin MRy cal

.without a dedicated backplate ,compopent. A microphpne wgorkin ,
spring aURSHE 10 ORI MiPLL SR AR R LU SRR LAY e ndhe
ubf%r ed therein and with perforated plates affixed to a movable diaphragm
SUDEA% the substrate. The diaphragm may be connected to mechanical
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strate.’Referring to

acc@lﬁg%‘%ﬂé SRLIACISIRMAN i@ CeMieiBg. o G SpRbIY 8BHSMPelement 10 is

ted. The microphone sensing element 10 is constructed ona

conSkOSHAENLA StishassstiranoniishmeRieablhaeiavsbesisiy i resistivity.
Optionally, the substrate 11 may be glass with a conductive layer formed
OptibesperndRabstrate 11 may be glass with a conductive layer formed thereon. The
microphone sensing element 10 is based on a membrane film that is fabricated into
diaphragm, mechanical springs, perforated plates, and pads. In the exemplary
embodiment, there is an essential[y,squére, planar-diaphragm 13a made of silicon,
polysilicon that may be doped, Au, Ni, Cu, or other metal materials. Alternatively, the
diaphragm may have a reétanguiar or circu!ar.shape. The diaphragm 13a is supported
a{ each of its fouf comers by mechanical springs 13b which are rﬁade of the same
maferial and have the e;ame thickness as the diéphragm. The mechanical springs 13b
hava a length a, a width b, and are formed along a plane that passes through the
diaphragm center e and a cormer. Each mechanical spring 13b may have a rectangular,
“U", or “L” shape that terminates in an anchor pad hereaﬁer referred to as a pad 13¢c
tﬁat is comprised of the same material and has the same thickness as the diaphragm

13a. Foran illustrative purpose, the pads 13¢ are shown as essentially square with a

width and length ¢ that is typically greater than the width b of the mechanical springs.
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microphone sensing element 10 is based on a membrane film that is
fabricated into diaphragm, mechanical springs, perforated plates, and
pads. In the exemplary embodiment, there is an essentially, square,

wiaras/diagtragm 13a made of silicon, polysilicon that may berdapeck/disss
Ni, Cu, or other metal materials. Alternatively, the diaphragm may have a
rectangular or circular shape. The diaphragm 13a is supported at each of
its four comers by mechanical springs 13b which are made of the same

How®adertakarnshibaa: thrpanme Havkress asgitd sy enhdhe machaniatdes. in

springs 13b have a length a, a width b, and are formed along a plane that
one pasiseditizot) ghathendpiviaghspendet 3ban dannooted. tE actidearfrmparhi 3c.
spring 13b may have a rectangular, "U", or "L" shape that terminates in
TBreaactot Jadrharedieertie theisebstalpad BoudmaidictroividdaplasfitBdnat
same material and has the same thickness as the diaphragm 13a. For an
sengisasARIvEIEHIEahthpstiarirearelSARTH Asdeind ipteskid amRrpyspended

width and length c that is typically greater than the width b of the
ove A ARA PEHA DIk BRI BO ST SIE Mg Aatndgianal may pass to

S B G B0 S LS Ao LAY s comoos
y ted .Si .
o oS ERSEBL AL B8 A5 RO LS e,

merﬁﬂfpﬂ%@ la bargéﬁgre% %r%o%iﬁgévg’rﬁf %ﬁ?ﬁ&vﬁgﬁﬁ Séu nd sigsflgﬁgngéyeg%g

_ Optichanguer Auibrationibine HaRHRILIE SNeRsPeeleIAHRIRBHIHAXRY in the

12 is’comprised of silicon oxide. This embodiment encompasses an SOI

art ARPMRAZBShetpRenembianer Sy i ceypiRyiBrRAem silicon and the

dielectric layer 12 is silicon oxide. Optionally, the dielectric layer 12 may

Aeothadarforthat isleciits thatprislentdebititivels that a perforated plate 13d
which is rectan‘gular in shape is adjoined to each side of the diaphragm 13a. The
perforated plate 13d has a lengthwise dimension equal fo or less than the iength of the
diaphragm side to wﬁich itis attadhed, a width that is less than its ie.ngthwise
dimension,‘an'd has the same composition and thicknesé‘as the diaphragm 13a.
Perforations consist of holes 19‘ that m‘ay be arfaﬁged‘ in muitiple columns ahd rows.
The holes are needed to allow air ventilation and thus reduce the air damping in the
narrow air gap (not shown) during vibrations.

There is a contact or first eiéctrode 13a. comprised of metal layers like Cr/Au above
each pad 13¢ fhat serves as a connecting point to external wiring. Additionally, there .
are one or more second electrodes 18b with the same compaosition as a ﬁrst glectrode

located on the front side of the substrate 1. A firét electrode and second electrode are

connected by wiring (not shown) to form a variable capacitor circuit. Again, for an



art and may be a composite with a plurality of layers therein. Another
important feature of the present invention is that a perforated plate 13d
which is rectangular in shape is adjoined to each side of the diaphragm
WBalsésaerforated plate 13d has a lengthwise dimension BgU&IGH&Y006385
less than the length of the diaphragm side to which it is attached, a width
that is less than its lengthwise dimension, and has the same composition
and thickness as the diaphragm 13a. Perforations consist of holes 19 that
illustigdly »ounastdbefirmtianieeonns sieaitadesntdar A 8inoresshmuneatgisduaye in
. allow air ventilation and thus reduce the air damping in the narrow air gap
shapRAERSER  eRFRABFaREhST W%?@%”ércﬁ?ﬂ%ﬁd\‘%‘&%mé 168dirst
comprised of metal Ia{ers like. Cr/A ahove each <1§3C that serves as a

elecligdReldmi sont _rei mg' Awmaaﬁawm & 3 B2 L3nigraliow for

I des 18b with firs
SO G4 ?sa?%téé’ P i TR e 18 TR S4E00 6 S 8. 180

ctr r |
may L SHGR é@?ﬁ&é%%i‘?é?é%%*”{%é%%@g@% bR R S semsse
matdiiglrative purpose, the first and second electrodes 18a, 18b are shown as
square in- shape although rounded corners or rectangular shapes may be

Boniete s RIgcEdRRB A EARIERIA [808ihanaoniIAdhAM t1es. 2 that is

width ¢ of a pad 13c to allow for some overlay error in processing.
obtdPridoneHyHbedisé-andtizecandelasttRidesd fae 280 2RYAHE ai$inDle&ariable

composite layer comprised of Al, Ti, Ta, Ni, Cu, or other metal materials.
capddilficittainBdinsbomis hatikeerilfist atectiode dds srse cionakivitee @A 8b.

. 2thatis obtained from the cross-section along the dashed line 23 - 23
The(Ficabadhbola@gondth sloping sidewalls that is g!igned below the diaphragm 13a
in the substrate 11 and an air gap 28 in the spacer (dielectric layer 12) that separates
the perforated plates 13d and mechanical springs 13b from the substrate. Optionally,
the back hole 26 may have vertical sidewalls. Through the back ﬁoie 26, a sound signal
25 impinging on the bottom of the diéphragm 13a induces a.vibration 27 in the
diaphragm, attached berforated plates 13a, and mechanica! springs 1 3b,whéch move in
a concerted motion perpendicular to the substrate. In addition to the microphone
Vsensing element 10, it is understood that a silicon con_densar microphona is comprised
of a voltage bias sburce (including a bias résistor) and a source follower preamplifier but
these compohénts are not shown il‘.l order to sjmplify the drawing and direct attention to
the key features of the present invention. The vibration 27 induced by a sound signal

25 will cause a change in capacitance in the variable capacitor circuit 24 that is |

converted into a low impedance voltage output by the source follower preampliﬁer.
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capacitor circuit 24 is shown between first electrode 18a and second
electrode 18b. There is a back hole 26 with sloping sidewalls that is
aligned below the diaphragm 13a in the substrate 11 and an air gap 28 in

vibeapaaes:(dielectric layer 12) that separates the perforateggiaiesed.gehosss
and mechanical springs 13b from the substrate. Optionally, the back hole
26 may have vertical sidewalls. Through the back hole 26, a sound signal
25 impinging on the bottom of the diaphragm 13a induces a ,vibration 27

Ancthe iaphragimeiaghesrerigraisd alainsa iprenidrechaniod sibgRone

13b which move in a concerted motion perpendicular to the substrate. In

accadditian tRdhrdsistopbensosansingvelenaas® it iRuntiessieadithBIG. 9 is from
silicon condenser microphone is comprised of a voltage bias source

a crégskeitngradiing teeistashad diree stuasdfblidrasdire tradbfeributirtiid&e 10. Note
components are not shown in order to simplify the drawing and direct -

thatdttedishad lihe 42 jsfoatliraaoitieadecisdntensesitiihofmbe Wirddalyep in the
induced by a-sound signal 25 will cause a change in capacitance in the

drawlalﬂaﬁ?@fﬁiﬁaélfér’:dﬁfclﬁt Qmmgoa@rﬁ%w@w.ﬁ?@ra%wwﬁ na substrate

voltage output by the source follower preamplifier.. 12 WO,2006/046927
1 that 19 DESIRERY O EEER g@é%hﬁ@éﬁ%}f&b%&%@&%&ﬁgﬁ@'ﬁmﬁthﬁ\ang a (100)

Cryé)ﬁg(\l}/({/%a:teles 5 %? %%%28\5‘?&%%% %gﬁpé)r%%? th8 ﬁi‘gﬁg&s@?nu%ﬂé@é@ is
co W£§?§§ﬁe line 4% as |gHatrgt g retﬁgpegllngl fﬁfq Jeqthe%)tgr Jhatthe

IS no near n OI’ I"[O mtersect e key features in

capgé?}sae%&oh%gsdﬁ%ﬁrmg ?Poﬁ!%d% & @%@%@e@ﬂﬁ\%@ SEVRNAL by

strate 31 that is pre rably a silicon wafer polished on

meéﬁ% fand iges and hadng @ (L0R)XrEReHa) apenialintath dxide fayer 33
01-0.0Z ohm-cm reS|st|V|ty Optionally, the substrate is comprised of
tha@%@d«&ha@@(ﬂﬁ@@%\é&é@&emm Egsedacamtharpevasifiag first polysilicon
(poly 1) layér 34 form a stack in the éhape of an island that covers the trenches 32 and
a portion of the substrate 31 around the frenches aiso known as isolation Itrehches.
From a top viélw '(F!G. 10), the silicon nitride layer 36 aé well as the underlying oxide
layer and poly 1/oxide stack (not shown) supports each of the pads 41d that anchor
mechanical springs 41c and a diaphragm 41b with attached perforated plates 41e.
| Returning to FIG. 8, there ié a the%mél oxide layer 35 disposed .on fhe-front side of
substrate 31 and on the poly 1/oxide stack above the trenches 32. Above the thermal
oxidé layer 35 is a low pressure chemical vapor deposition (LPCVD) silicon nitride layer
36. The siﬁcon nitride layer 36 serves to protect the undériyEng therfnal oxide layer 35
and thé oxide i_ayer 33. On the back side of substrate-31 is a simitar stack cbm{orised of

LPCVD silicon nitride layer 36b on thermal oxide layer 35b. An oxide layer 37 that may

be comprised of low temperature oxide (LTO), LPCVD tetr‘ae{hyi orthosilicate (TEOS),

13



capacitance, regions on the front side of the substrate 31 that are overlaid
by mechanical springs 41c and pads 41d have trenches 32 filled with an
oxide layer 33 that also overlays the substrate. The oxide layer 33 and an
wovalyigdfirst polysilicon (poly 1) layer 34 form a stack in thesisapenoheniss
island that covers the trenches 32 and a portion of the substrate 31
around the trenches also known as isolation trenches. From a top view
(FIG. 10), the silicon nitride layer 36 as well as the underlying oxide layer

plasackARbhAX(EE S Vo (Britiehonphsipsili srciads SRS 4lspdked on
. anchor mechanical springs 41c and a diaphragm 41b with attached
portipesfofabed aD 4TieoRuitidtigyer BEG: 9, there is a thermal oxide layer
35 disposed on the front side of substrate 31 and on the poly 1/oxide
\etricakirntionscofrgriigid sepionpdvettidayripiafese mads ebrelysitiven are
pressure chemical vapor deposition (LPCVD) silicon nitride layer_ 36, The

formetida i widigleriyiesBe oS kFprREsether ‘am@gég?emgrggdgug%pimde
e T B e
L R A R T
wert AR BRIOHOMRTE ARSI RN B B o o

os"sp oollicate g Isposed on portions of the LPCVD silicon

4ri]ngaltge8 %%?@i%ﬁ%%% formed i%g{vr?gfggfcstﬁg ﬁ%‘?ﬁ%ﬁ% %ﬁgﬁgﬁ?m

a1d Bl REde ﬁéﬁﬁitﬁi{iﬁé’BiBBHF&iM%%@ﬁQPQ@?ai@é@raWa?ﬁﬂ)m the
y

contact the substrate 31 or the poly 1 layer 34 in certain regions outside
subdhatBerpheRred herding iagniaghy) by resimnpadipRetitayeesinah in this

sections are polysilicon filled trenches 38a, 38b, 40.
case is oxide layer 33 on certain regions of the substrate 31. -Furtbermore, the poly 1
layer 34 is intefpoée‘d batween the oxide layer 33 and thermal oxide layef 35 .to serve as
an etch stop to protect the oxide layer 33 when etching the trench 38b through the
thermal oxide layer 35 and oxide iayer 37. As a result, the filled frenc!j 38b
continuously surrounds the edge of the poly 1 layer 34. ‘Note that portions of tﬁe, oxide
layer 37, ‘sificqn nitride layer 36, and thermal oxidé layer 35 below the bad 4‘fd and
horizontal section 41a are completely enclosé'd Within the filled trench 38a and within
filled trench 38b and thereby the enclosed oxide layers 35, 37 are protected from an
etch that is applied to form the air gap 48 iﬁ a release step. Additionally, the pxide layer
33 below the p.czfy"I iayer 34 is protected by the siiicc;n nitride layer 36 that can resist or
delay the oxide etching in the release step.

From a top pefspective in FIG. 10, trench 38a may have a square or rectanguiar

shape that forms a continuous ring around the second electrode 45 and encloses a
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To reduce parasitic capacitance between the pad 41d and substrate 31,

the pad 41d may not be coplanar with the diaphragm 41b and may be

raised away from the substrate (compared with the diaphragm) by

Wostigrigea2dielectric layer which in this case is oxide layer 38 HRESHHMO3ES

regions of the substrate 31. 'Furthermore, the poly 1 layer 34 is

interposed between the oxide layer 33 and thermal oxide layer 35 to serve

as an etch stop to protect the oxide layer 33 when etching the trench 38b
portibncfghetitieldrdrio apegiiestagk b8 writiosiiotaleleBtods. aliksulisehfrench 38b

filled trench 38b continuously surrounds the edge of the poly 1 layer 34.
(notgbavihdasoRisniease pieresided st apesiiiad S Hieedapdirsbelgstiode 44. A

thermal oxide layer 35 below the}pad 41 d and horizontal section 41a are

first edpARAEIS L AR HiapAieORiIlE BRIIN S L ertP R RhRAHhE G AR ADove a
s it AN He ol SV AN DB R R pocons
elec ?ﬁ?%'?%ﬁ%é}{ﬁﬁg%g%tgﬁ r%'lxé%lﬁggﬁ%%' Jérg@%‘?%f?g ggosr’*glﬁ'i:glgctrodes

_ canresisto ay the oxi INg In the release
R T TR

Au, RESHOEE Ap ANd eneleses A0 ¥BINO2Q0RISRL % RGR LB HAMEN0SEment has

portion of the dielectric spacer stack below the second electrode.

a sdukRWisE) SFRENVASBN (Betsheythbakaplaurreaal eeiasgalar siaapariial springs

surrounds a first electrode 44. A first electrode 44 may be disposed on
A1bihenb pérfortabdasitioss of eachilmbidhchadBweamd porticerigfribdsiimntal layer are

nitride layer 36 over the polyl/oxide stack. One or more second electrodes
comibised &fmeetondipelysiizontgicle &jdeyalankifetraritiesdgshpabiedivoddayer 41a.

may be a single layer or composite layer comprised of conductive
Fillath4nenichis38icls asadlrfo support a horizontal section of the rigid polysilicon layer
otherwise known as pad 4-1 d. in other words, there is a horizontal section 41a of the
rigid polysilicon layer disposed on the vertical sections 41a. Moreover, each pad 41d is
connected by vertical sections 41d to an underlying poly1 layer 34.

fn an enlarged view of one pad area shown in FIG. 11, the filled trench 38b is

covered by pad 41d and is shown as dashed lines. The filled trench 38b surrounds a

portion of the dielectric spa'cer stack below the first electrode 44. It is understood that
there is a filled trench 38b also referred to as vertical sections 41d below each pad 41d.

Returning to FIG. g, the horizontal section_@'l.a is coplanar with the diaphragm 41b
and perforated plates 41e and has the same thickness as the diaphragm, perforated
plates, mechaniéai springs 41c, and pads 41d. There is a back hole 46 formed in the

substrate 31 thatis surfounded by the back side hardmask stack comprised of silicon

nitride layer 36b and oxide layer 35b. Although the back hole is shown with sloping
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Au, Al, Ti, Ta, Ni or Cu. Trench 40 forms a continuous wall that in one

embodiment has a square ring shape which surrounds the diaphragm 41

a, pads 41d, mechanical springs 41b, and perforated plates 41e. Filled

WELHIB82And an overlying horizontal layer are comprisedR§TZS 630U {§0385

polysilicon (poly 2) layer and form the rigid polysilicon layer 41a. Filled

trench 38b is used to support a horizontal section of the rigid polysilicon

layer otherwise known as pad 41d. In other words, there is a horizontal
sidesedtian 4leafithd siligidrpahysiicopid pchit e dOih etehingitite beckibale may

41a. Moreover, each pad 41d is connected by vertical sections 41d to an
alsothaverkrigpodanalisazs mrapimiriisenidareieastyadereichingwPRIE)- In

FIG. 11, the filled trench 38b is covered by pad 41d and is shown as
eitheraned iscapamiagiRNedr 885 SanauRghthabismaliadtan g lgnath of 2

_spacer stack below the first electrode 44. It is understood that there is a

diapfyaar&iden 38b also referred tows vertical sections 41 d below each pad

SR o olea Bt Siloetha e paRaL Wi e

e
e orateg P a?es lean e same thickness as

susiagdligRnia @é}f}%{%ﬂféﬁd RagH %E%@'%@tﬁ@éﬂ%é herforstapprttU e and

ere’is a back ormed In substrate 31 that Is surrounded by

’ » e H d . oy oy - y m- I
s B ee g et s s taghcs

sprinGOARAG hBGEISIFBRAMRPASEE sy vpls asrorasiiiled silicoroject
anisotropic etching like KOH etching, the back hole may also have

dowrViiedlsigewalisarat aqulRisibeamany 30antvpridaratthiempiReE)when the
either case, the opening in the front side has a width that is smaller than

diaghex{endthbat ahitidpboad h eideTHick) sttt agenndl trsmsersitetigdies
41e, and mechanical springs 41c are

diaphragm thickness is greater than about 3 microns. Note that the openings 43
separate the horizontal sections 41f of the poiy 2 layer from the perforated plates 41e
and pads 41d. There is a trench 48 with a ring shape in the horizontal sectién 41f of the
poly 2 layef tHat r*tso!ates the hofizontal section 41a below the second electrode 45.
- The perspective in FIG. 10 shows one embodiment of how the perforated plates
41e, pads 41d, and mechanicél springs 41‘c ére positioned arouncj the' diaphragm 41b '
.in a so called “borner support” configufation. A mechanical spring 41¢ may b.e attached
at one end to a corner of the diaphragm 41b and extends outward along a plane that
passes through the center of the diaphragm. The mechanical spring 41c may aiso have
a reinforoe;nent 39 (éutline shown by dashed lines below the diaphragm) and fnay have
a length and width that are similar thoée pf the mechanical spring 13b des'cri‘bed in the

first embodiment. Furthermore, the reinforcements 39 may also be applied to the

bottom surfaées of the perforated plates 41e and mechanical springs 41¢ because a
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suspended over an air gap 48. The air gap 48 is between the perforated
plates 41e and silicon nitride layer 36. The diaphragm 41b, perforated
plates 41e, and mechanical springs 41c may have reinforcements 39
VElogePst2Bottom sides that project downward toward sSubStdE@P04/000385

Reinforcements 39 are preferably employed when the diaphragm 41 b is
thin (about 1 micron thick) and are not necessary when the diaphragm
thickness is greater than about 3 microns. Note that the openings 43

thin pepaititeriiayeoiizbotdliserdtiomstAitk pistheo paiynpliantr Tiver dhdqpesioetsd3s
plates 41 e and pads 41 d. There is a trench 49 with a ring shape in the

mayhminprisg aceupihatissiomeerio withike diapisepneshapenanidénfarmed on the
section 41 a below the second electrode 45. The perspective in FIG. 10

bottemowsase A dirfbieeMiRniie peskratbs iRescaing phile deak et 46 is

o A A BB g

ttached at t f the diaph 41b and
e BIRG  BRECIE DALY troL R he AR B e D e 13¢
cterrBOK S b | .
e A S T G an e

lengMERLNALE SSRGS B dhepapsicahersingdrab dase g iuthe

irst embodiment. Furthermore, the reinforcements 39 may also be applied

iPdhe £§Eemtﬁarmgémamﬁaﬁgédam§ 4o Breghanigdberforated
springs 41c because a 16 WO 2006/046927 PCT/SG2004/000385 thin

plat@Aysilicaajtayes tahauhlsmictantibigigpis: eprcampiadthdba rectangular shape
reinforcements 39 may comprise a ring that is concentric with the

withcigphgpigmsshdipesasidist fratriedqualtieobietierthanrfae denigtheof m plasyagm side

near its edge. The top opening of the back hole 46 is indicated by dashed
andlmesdsintieitissiessdhath Bsdiengtivgee 4timensienl Aerioratinas fholes) 42 are
preferably arranged in multiple rows and columns and may have a square, rectangular,
or circular shape as mentioned in the first embodiment. Sufrounding the three .
unattached sides of the perforated plates 41e and pads 41d are the openings 43 which
expose the siiicoﬁ nitride layer 36 a_bove the substrate 31 and separate the perforated
plates and pa&s fro;ﬁ the horizontal sections 4.’5{' Reinforcements 39 help to strengthen
the diaphragm 41b and in dne embodiment are arranged like spokes radiating from the
center of the diaphragm. Although eight reinforcements are depicied, those skilled in
the art will appreciate that other reinforcement designs involving various patterns are
equally feasibie.

Tlhe second erﬁbodiment has an advantage over the first embodiment in that the

reinforcemént ring 39 around the top opening of the back hole 46 prevents acoustic

leakage through the air gap 48 (as shown in FIG. 9) and helps to avoid stiction.
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mechanical spring 41c attached may have a similar shape and size to that

of pad 13c described earlier. A first electrode 44 which has a length and

width smaller than the length and width of pad 41d may be disposed on

vomeoos/meny of the four pads. In one aspect, the diaphragm B ydGeso4/606385

essentially a square shape. A perforated plate 41e is adjoined to each

side of the diaphragm 41b and has a rectangular shape with a lengthwise

dimension that is equal to or less than the length of a diaphragm side and
Furthanmatbhes zd rasiis T HpacitEnien gt loard etk énsidnaftdiforatiemgs(hbles) thare are

are preferably arranged in multiple rows and columns and may have a
isolatipraire neiradguitied oritire disietidp dassriteitosideblratedomiew the pads and the

embodiment. Surrounding the three unattached sides of the perforated

mechrmcakaRrigga. paasand e filkdoph i8R 3NRhRICIeRpd dearkielatimspacer
nitride Iag)ger 36 above the substrate 31 and s #arate the perforated plates

stack Relon D AR A b RRYIGSRIIBRLCR PR PHLE VRS 88 vd|ghd thus

sto g i M AP e R S S i e

bet&g'nf%cegg%fgtaﬁa%egm t[ﬁ%?ga%ggetgeg?a@@&r{ﬁ@'“n%@ﬂ%ﬁ'%f%@%toly
er reinforcement eS|gns INvVo V|ng various patterns are equa

1foﬁﬂ%%@%kg%%@&%gﬁ%%@ﬁ@ﬁ&%an advantage over the first

embodiment in that the reinforcement ring 39 around the top opening of

Ah@iRRekBRl@ABHISIE MicASSIMSHS siopling iz asraihgan ¢ (fesent
shown in FIG. 9) and helps to avoid stiction. 17 WO 20061046927

inveRGoH NGO GISS. Hrtheanaiss pRiasiiEiGApHECitafomia camstofiectih along
at least three ways. First, there are isolation trenches 32 filled with a
the dilhettitiniayer im ttietophitraitdeipitted the-[adsSaniatecthatttieadéshied line 70 is
springs. Second, the filled trench 38b that encloses the dielectric spacer
not linear in order to intersect all of the key features in the drawing. Referring to FIG.
15, a microphohe sensing element.50 is based ona substrate 51 that is preferably a low
resistiv_‘ity silicon wafer polished on front and back sides. There is a thermal oxide
layer 52 disposed on a portion of the front side of substrate 51 and above the thermal
oxide layer is an LPCVD silicon nitride layer 53. On an adjacent portion of substrate 51
is a second electrode 63. The second electrode is comprised of a Crf/Au composite
layer or is a single layer or composite iayer'compfised of Al, Ti, Ta, Ni, Cu, or other
metal materials.
The back side of substrate 51 has a stack of layers in which a thermal oxide layer
- 52b is disposed on the substrate and a silicon nitride layer 53b is formed on the thermal
oxide layer. A back hole 68 is formed in the substrate 51 wherein the opening in the

front side is smaller than the opening in the back side when the back hole is formed by

KOH etching. Alternatively, the back hole 68 may have vertical sidewalls as explained
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stack below the pads 41 d provides protection for the oxide layers 35, 37
and thus allows a smaller pad width than in the previous embodiment.
Third, the distance between the pads and substrate is increased because
WP thesitsdifion of the poly 1/oxide stack above the oxide fil RO AERN0ASS
third embodiment of a microphone sensing element according to the
present invention is shown in FIGS. 15 - 18. The view in FIG. 15 is from
across-section along the dashed line 70 in the top view depicted in FIG.

previdishoite thraseroa sihelphiiteerd. is ifobaakole fiexienitaedicadl of the

key features in the drawing. Referring to FIG. 15, a microphone sensin

(pereriishiasdad i substinie iU RIS ARRMELRAR RV SHisRmRtyide layer

53 gD 4P ARG AR ARLRHRIGT ForOle Mo DL EL IS IBS T g dBgldne

T T e UG TN S

S a secon ectrode e secon

gleciadey | HEREIBASHE (RESHRAAARIRAIRARY G a
Upp%?n&g%gﬁ%éig%%?%?n%hga@ac%%, I, E?Rﬁlg C(u, or othermﬁgtal materials.a P
viewThe back side of substrate 51 has a. stack of layers in which a thermal

oxide layer 52b is disposed on the substrate and a silicon nitride layer

B3frisdaanerkanhesthoma sridedaaiadiipslhelatatasd vunrsindbsons

substrate 51 wherein the opening in the front side is smaller than the
61208¢BiRespbRyBBCisTeienation thatiackivlsclovounetd fnd BEMH Stehingizontal

Alternatively, the back hole 68 may have vertical sidewalls as explained
secildh\6x 20064046027 A& THEL 2004400088k seraxhdesheinatieseseidns 61b

embodiment. The back hole 68 extends vertically (perpendicular to the

proidbstrags) supperh ferdhedaskis layehstbonte spiebenitiis idigppsed on the pad
58c¢ and préferab[y has a square shape which is centered above thé vertical sections.
Vertical sections 61k are comprised of a ring shaped trench 60 that has four walls and
is filled with thé SRN layer that encloses a dielectric spacer stack (not shown)
cbmprised of a lower thermél oxide layer 52, a middle LPCVD silicon nitlride layer 53,
and an upper PSG layer 56. Ina pre.ferred' ef‘nbodiment, the trench 60 for each SRN
base has four sections that intersect in a': square shape although a-recfangular or .
‘circu!ar shape is also acceptable.

Referring to FIG. 16, an obliqu'e view of the SRN base and surrounding elements in
FIG. 15 haé the first electrode 62 intenticnaily‘ removed to show the relative size of the
horizontal section 61a of the SRN base on the pad 58c. Note that the pad 58¢ is
actually an eﬁeﬁsion of the mec.;hanicai spring 5.8h and may have a larger width than
the mechanical spring. The horizontal section 61a has a width r while the width s of a

vertical section 61b of the SRN base is generally smaller than r.
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53b on the back side and also extends essentially vertical from the front

side of the substrate through the thermal oxide layer 52 and silicon nitride

layer 53 to form an upper edge 69 that preferably has a square shape
WHSIHIHAAY when seen from a top view. An important featUR€ TS H4HI0385

SRN base having horizontal and vertical sections 61 a, 61 b, respectively,

is formed on, within, and below each pad 58c. The horizontal section 61a

serves as an electrical connection base while the vertical sections 61 b
Pedtaidegteigidcs Igptrefbotisgraigs 8¢ the fismabnisl kestiee®1enoved to reveal

disposed on the pad 58c and preferably has a square shape which is _

the gidararalts 45B0EN1RS ) Bladavib G RNIaYpe it havitin A< ddth wanddhpHisdertric

of a ring shaped trench 60 that has four walls and is filled with the SRN

Spag) SAREPENERBUR SIET LSS hbEF SERR AL ERBI) ShipReGr e
iR hermalxde laues 3 a midle LPEVR:Sice e laver 3, 8K nae

a preferre ment, the trench foreac

a boRaN tﬁ’%@oﬂ?ﬁcﬁ%ﬁé%&‘ﬁ%‘ﬁ%{@%ﬁiB‘i‘?&?ﬁﬁ E‘l@v@@%ﬂ%ﬂ&t B the

rectangular or circular shape Is also acceptable. erring to FIG. 16, an

therARIBIGERN & $aeRRMiRBRERRGSIATOUSSI NI RIS BEHoIHE ahbU8Mang and
the first electrode 62 intentionally removed to show the relative size of the
extidMIZANE seatiaER0 bR SR HrEePB e PrROSShANNEI hiatiiaseBdy a
58c is actually an extension of the mechanical spring 58b and may have
dist@rigeger width than the mechanical spring. The horizontal section 61a has
a width r while the width s of a vertical section 61 b of the SRN base is
" iyé&Enendiyssocal ldrathamotall Of Vo @ 3606 /0kE32% 1 PPCIDIBGRG04401088FH 1a and

Referring to FIG. 17, the front section of the trench 60 has been removed
verticateastipns 61b are formed a similar distance from the edge 69 on substrate 51

and support the four pads 58¢ (FIG. 18). Thehorizdﬁtal sections 61a are not visible in
FIG. 18 as they are completely covered by the first electrodes 62. Thus, the four
mechanical springs 58b which are attached to the'four rads 58¢ ‘and the diaphragm 58a
which is connected to the four mechénidal.sbrings are suSpended above the baék hole
(not shown). . | 7 |

Returning to FIG. 15, there is an air gap '?’l‘ia having a thickness ts between the pad
58¢ and the silicon nitride layer 53. Above the horizontal section 61a is a first electrode
62 with a similar thic.kness and composition as the second electrode 63. The first |
electrode 62 preféra-bly has a square shape when viéwed from the top and covers the
horizontal section and a portion of the pad 58c¢ but does not extend to thé edge of the
pad. The first electrode 62 may be non-planar wiih an inner portion.(upper levél) resting
on the horizontal section 61a while an outer bortiqn formed on the pad 58c is at a lower

level. There is a middle portion.of the first electrode disposed 62 along the side of the
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the side walls (trench 60) filled with SRN layer 61 b having a width v and
the dielectric spacer stack between the side walls. A back section of
trench 60 lies behind the dielectric spacer stack and SRN base 61 b and
WO AMOMEIBIE in this view. Trench 60 has a bottom that cont&EHHe0e4/060385
substrate 51 and has a lower portion that is formed in the thermal oxide
layer 52 and silicon nitride layer 53. The pad 58c forms an overhang and
. extends away from the SRN base 61b and opposite the mechanical spring
horiziBtidh pectiistBhadhaticinuecisrte alorementinardinper SRAObiRFaROfigNs. A
horizontal sections 61a and vertical sections 61 b are formed a similar

perfoistancialioABthwitfe'es &hadipiingaside ff g fisphirg o dBpdtsensiated
o A TR & SRS BB s 6o pao
sec AT S e SR B P S i oviner
v S e e e e o BB ok e BRfBrably
POl B e oo clectrode 63,

Tihg dirshyelprtcie G mumiarablyhanasavaTashans oy iendigmesfossa that

the top and covers the horizontal section and a portion of the pad 58c but

projdeegonnhaxe nsiarthmedariohthe epathdline Riststtacirode. B2infaycdments may
. non-planar with an inner portion (upper level) resting on the horizontal ‘

not BeaiiateSdayihilenasmedenpentiahdosinebeodiabbrpgchS8cisrpriaddwéa

level. There is a middle portion of the first electrode disposed 62 along the
polysitiecnf iter2GVNg 20061046627 RTTISGRIO0ANSCDIBEAtET. Although three
reinforcements are depicted, a plurality of reinforcements 67 may be employed in a
variety of designs including a spoke like pattern with an outef_ring as illustrated
previously for reinforcements 39 iﬁ the second embodiment. The reinforcements 67 are
an integral part of the diaphragm 58a and have the same composition as the
diaphragm.

From a iop view in FIG. 18, an exemplary embodiment dép%cts the orientation of the
mechanical springs 58b relative to the‘perforated blates 58d and diaphragm 58a. A
mechanical sbﬁhg 58b extends outward from each corner of the diaphragm along a
plane that passes through a comner and the center point 72 o_f the diaphfagm. Each
mechanical spring 58b may have a rectangular shape with a lengthwise dimension -
along a plane that passes through a corner and center of the diapﬁragh. Optidna!iy,

the mechanical springs may have a “U” or “L” shape and may be attached to the center

of each side of the diaphragm according to the “edge configuration” as appreciated by
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horizontal section 61a that connects the aforementioned inner and outer
portions. A perforated plate 58d with holes 64 adjoining a side of the
diaphragm 58c is separated from the silicon nitride layer 53 by the air gap
WL RoOgHigi¥Tas the thickness t3. The pad 58c, mechanical sPFiRg@8Ht000385
perforated plate 58d and the diaphragm 58a are coplanar, have the same
thickness, and are comprised of the same material which is preferably
polysilicon although other semiconductor materials may be used. There
thogaayibedreinfar ecethéntadhanichesbotigrhSiudamecofsiie dipptERmpEsdamate to a
that project downward toward the back hole 66 and the substrate 51.
firstREinfode $dnt3 heayositen e ousRey oh serendbelanireded Adretavmary but at
diaphragm is comprised of a polysilicon layer having a thickness of about

least P RAEODH @*@ﬁk@ﬁimﬁw@@%@éh?e*ﬁv#aﬁtréﬁﬁ&‘térht%?a\éﬁimf&fzfé first

cledRRRING < SRBRENS {HTIER! LTS PO RGP TR e B 1,
for reinforcements 39 in the second e‘nb_odimenﬁ. Th re(ianfwc%n%ﬁnttsé 67erforated

ORI BRY A DU ot HE o S A Bl b R P O e i At

a aridhave ame compos

plai i SHABNARD LA AIP BN EEl s AP1cdd AreR R ARt R ragm

epICts the“orienta e mechanical springs ative Yo the

siadShPrIed RIpiEshS0 AN siaRRLAAmN %83 AntirsBainghsriing 580

extends outward from each corner of the diaphragm along a plane that

PRESRF/IMMaUEtRErMRIGASI sbaisRAIRE BRARtHE SR e sianivagRaEashanchor

mechanical spring 58b may have a rectangular shape with a lengthwise

for ipAANEFORADH G Menedbebpassestiiareugleintames ansresnidooh thely 1/oxide
diaphragm. Optionally, the mechanical springs may have a"U" or "L"

stasthapepted imthe e attat katbtuiime e rfiartaearh Sideité dpeticips agerequired
according to the "edge configuration” as-appreciated by 21 :
for reducing substrate parasitic capacitance. However, the drawback is that formation
of the SRN base_ is achieved with additional material deposition'and etch ;Srocesses.
Ali three embodimenté anticipate a configuration wherein mechanical springs are
attached to the center of each side of the diaphragm énd a perforated plate is attached
to adjacent sides ofé diaphragm around a corner. In the exefnplary embodiment
depicted in F!G. 12 which is a modification of the seﬁond embodément, the méchanical ‘
rsprings 41c are attached to the center of each side of the diaphrggm 41b and a
perforated plate 41e is attached to adjacent SidQS of the 'diaphralgm around a corner.
This so called “edge support” conﬁgu'raﬁon‘i.s ider_ltica'l fo -the pn_-:aviously described |
“corner support” a[:ip'roach except that the mechanical' springs and perforafed plate
elements attached to the diaphragm are shifted along the edge (side) of the dia-phragm

by a distance eqi,lal o one half of the lengthwise dimension of a diaphragm side.

Obviously, the pads connected to the ends of the mechanical springs and any
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WO 2006/046927 PCT/SG2004/000385 those skilled in the art. A
mechanical spring 58b connects to a pad 58c proximate to a first
electrode 62. The position and number of second electrodes 63 may vary
Voo tzaie/mastione second electrode is located on the substratecIsmtoeose3ss
vicinity of a first electrode 62. Perforations (holes) 64 are preferably
arranged in multiple rows and columns and may have a square,
~ rectangular, or circular shape. Note that a perforated plate has a

reinfSRa@hvise shrienbisthabeut ecrabliaiey pesforaanl thrilesatiiahachanical sprlngs
diaphragm side and has a width that may be less than its lengthwise

woullimBositift atmativgiytage of the third embodiment is that the SRN base
serves as an anchor for a pad and overlying first electrode and thereby
/slictiribtesitodinmsed 66 aampolprhonklsertik elaedaacerdisedertbe present
embodiment. Furthermore, no filled trenches are required for reducin

investipatisdepistadift TpRckAncds ABMSeasaklr AvBRRIEISHRRAE FRilgy ration

of the SRN base is achieved with additional material depgsition and etch
that g G BB PO AL e R FER TR R IR SV Ebr RGBS AR A 1t il

PP IR A5 L B R B ot 5§@§ﬁ RIS AR B GRtiEA 1o encompass
R e T
the ﬁ] ﬁ@ggﬁﬁl séﬁgl?%sef‘érﬁé\ﬂaﬁtgﬁe?ﬁiete&%sgﬂlﬂ & ERAF9Es A HRents

m 41b and a perforated plate 41e is attached to adjacent sides

thergiiheadigpkiagsy araurdigycomer. This so called ! ‘edge support*

configuration is identical to the prewously described "corner support"

R@f@@ﬁ@h@ﬂ@?ﬂ@@i Herorechippiss) $pdngadiomeetoeaied platar sides of the
elements attached to the diaphragm are shifted along the edge (side) of

diapheagiafi3agsintiiadistencemmprabtpae hakairthedgngthously. However, in
dimension of a diaphragm side, Obviously, the pads connected to the
the erempitjempotiarecs| e imgshanicahgprings 13b are positioned within the
diaphragm. A first pair of mechaniéaﬁ springs 13b, isﬁ formed along a plane X—X"‘ that
bisects the sides of the diaphragm 13a énd’ passes through the center of the.diabhragm.
The first pair of me-chanica! springsr 13b may have a rectangular shape with a
lengthwise direction along the plane X-X' and are supported at one end by the dielectric
spacer layer 12 and are connected to the edge of the d:aphragm on the other end A
second pair of mechanical springs 13!3 is formed along a plane Y-Y’ thatis
perpendicular to the plane X-X' and passes thlrough the center of the diaphragm and
bisects the other two sides of the diaphragm. The second pair of mechanical springs
have the same shabe as the first pair of mechanical springs but with a !engthwiéa

direction along thé plane Y-Y’ and are formed above the dielectric spacer layer on one

end and on thé other end are connected to the edge of the diaphragm 13a. Note that
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22 WO 2006/046927 PCTISG2004/000385 reinforcements on the bottom
surfaces of the perforated plates and mechanical springs would also shift
accordingly. A fourth embodiment of a microphone sensing element
VieededrePtd the present invention is depicted in FIGS. 13 -PIZ/afd0k/000385
based on a "center support” configuration that is a modification of the first
embodiment. However, those skilled in the art will appreciate that the
. second and third embodiments could also be modified to encompass a
the fogemeckappstspgiyisitiens: soanaiavitveachaties sodrimtbrinsodianbregm

relates to. the microphone sensing element 10 and the composition of the

and egilaRsia afegies ﬁ?@?@ﬁhﬁéﬁl [SrneprElRYEE {2 RERSTRI f TERNEYar slot

s e S S A s
. th I bodi t. th ical spri 13b itioned

e R A DB

_al _X"that bi ' ' ‘

oo 0 VS S S G

cola BRI JABRERY 'i'i‘?é!%\?eF%&I%‘BQ#&%?*ﬂ?&ﬁx%ﬂhﬁid&;%ihhwg%ét%?dion

along the plane X-X' and are supported at one end by the dielectric

TREafElaYRrshadad e aamesehiea sdgswf theytianh s o temposite

other end. A second pair of mechanical springs 13b Is formed along a
layerdaRtis¥dbBb i pemerdisideridydns plirmtiidenidymasses diterdleldetric

center of the diaphragm and bisects the other two sides of the diaphragm.
layer§he&- agbendqair thbrdetbetriicapapeinizyehd@entby bamesstiapdatisgtiase shape
pair of mechanical springs but with a lengthwise direction along the plane
and Na¥ samtfitrsformed above the dielectric spacer layer on one
Another important feature of the fourth embodiment is that the back hole 26 is
comprised of four sections. There is one section of back hole formed in each quadrant
of the substrate defined by the planes X-X" and Y-Y’. From a top down view, one back
hole section is below the lower right quadrant of the diaphragm 13a while the othler
three sections of back hole 26 are located beibw the upper right, upper left, and lower
left quadrants of the diaphragm, respectively. A first electrode 18a ié disposed on the
;)vertap region of the four mechanical springs above the dielectric spacer layer 12 while
a second elect‘rode 18b is.forméd on the subs_trét‘er 11 outside the periphery of the
diaphragm 13a and perforated plates 13d. |
Referring tc; FiG. 14, a cross-sectional view is shown that is taken along the plane
23-23 in FIG. 13. The plane 23-23 is not linear in order to intersect all of the key

features in the microphone sensing element 10. The dielectric spacer layer 12 is

forrmied on a portion of substrate 11 as in the first embodiment. When a sound signal 25

24



end and on the other end are connected to the edge of the diaphragm
13a. Note that 23 WO 2006/046927 PCT/SG2004/000385 the four
mechanical springs 13b are coplanar with each other and with the
WiiB9Pradet2 ’and overlap in a region above the dielectric spaBEi|ag&04/206385
There is a rectangular slot 29 formed along each side of a mechanical
spring so that the sides of the mechanical springs are separated from the .
diaphragm. The two rectangular slots 29 in each diaphragm quadrant
impirdispasethatdizphmggictm tbangbtier backcbalestédanyilsration @k igdised
adjacent to the overlap region of the mechanical springs 13b. The
wherdinltharibapeamayeechemas! SRARKHAIS 1526 9 Plafric! df move up

composite layer comprised of one or more oxide |ayers, silicon nitride

and qigyidn & SRAEPHRALERTONay NRIEAIAHRIMAR? TR RDERRTPEAREP YA center

o R S N T A RS o

. [ ff igns. There | : [ k '
i SR A PR B B e
o SPGB e eSO ey

miniQGRSHRE 108 0 S USRS E Aok o UBRE [daKa i HopveYe lEHaEMAEL0! hether

diaphragm, respectively. A first electrode 18a is disposed on the overlap

wordS G AL favsimestancriss RgsaBasothedirlectisispacer layer 12
while a second electrode 18b is formed on the substrate 11 outside the

TRRs ighiydahthe idistheaginahBageshpirédistcerplationtBt bRedsvingaddes
FIG. 14, a cross-sectional view is shown that is taken along the plane
addifi@n2BadvaiBadss Thibatl fmee? passisneoringdianstdbene ihlerscRatasite

capaf?i?alr(@e/. Furthermore, the center suppoﬁ ailqws éymmetric relaxing of any intrinsic
stress and the fabrication process employed for the sécond and third embodiments may
be used as well for the foﬁrth embodiment.

Al four embodiments of the microphone sensing element have a similar advantage
over prior art in that ;ché resulting silicon microphone'has no dedicated backplate and
thus can be produced at a lower cost than heretofore achieved. Fuﬂherrﬁore, a
7microphone sensing element according to the present invention can exhibit good
performance that is similar to results obtaineq from prior,art microphdne sensing
elements with a dedicated backplate feature. |

The present invention is also a method of forming a previously described silicon
microphone sensing eiemént. In one process‘ sequence iISusfrated in FIGS. 3 ~ 8,3

method of formiﬁg the first embodiment as represented in FIG. 1is provided that

requires only four photomasks. The cross-sections in FIGS. 3 — 8 were obtained along
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features in the microphone sensing element 10. The dielectric spacer
layer 12 is formed on a portion of substrate 11 as in the first embodiment.
When a sound signal 25 24 WO 2006/046927 PCT/SG2004/000385
- W BMeR4BN the diaphragm 13a through the back holes 26, BQif R {g# R385

is induced wherein the diaphragm, mechanical springs 13b, and
perforated plates 13d move up and down in a concerted motion. Note that
only one rigid anchor pad below the center of the diaphragm is necessary

a noin-hisaappt edvhhAdtiotnghsetechpesitiig glativesiotin swisiratetithes the dashed
sidewalls, sloped sidewalls may be used, instead. The rectangular slots

line 28 -sR3ifid e at-a certain distance away from the back holes 26 and

should have a_minimum width so as to prevent acoustic leakage from.the
RRSFRSLIA T3 n SR EREBIR, HOCEE RHAPOch SRy FEL B (o Alifophone

son e S e R S B A R A e
oxida B re&“&%edoé‘[ﬁ%ﬁ*}%l%‘?r{édg%%@éﬁﬁ@iﬁat&@?@&%ﬂ% 585@?%@% 08 is polished
XIORERET sup%or allows symmetric relaxing of any intrinsic stress and the

on HER A ﬂcﬂwﬁﬁasosm&%? f@ﬁmﬁeﬁssmdsﬁaem{a@mw%m@gd of

e used as well for the fourth embodiment. All four embodiments of t

silicONTRRBONR REAFING FlOMART WY A B BiRgh OVBbREMEER ithen

that the resulting silicon microphone has no dedicated backplate and thus

formfaN etRsloratrRt S ipuegestibar hasetstineidatieyad Wl dppmesiate that the
microphone sensing element according to the present invention can

merRishibi good spertbdiirutddisatiesiayia 12 residalsbthméziochdinotialy a well
microphone sensing elements with a dedicated backplate feature. The
knopreseitihemntion fsaisssa Methdbieproag)heddie|digesiripspacer layer 12

is siisi’l;“c;:r?gxide and the membrane film 13 is doped silicon, substrate 11 and the silicon
layer 13 are provided with a resistivity of < 0.02 ohm-cm.

Next, a Ha‘rdmask comprised of one or more layers that will subsequentiy be used
for fabricating a back hole is formed on thé back Siae of the substrate. In one
embodiment, ’;he back side hard mask is comprisled of a thermal oxide layer 15 grown
by a well known LPCVD method on the substrate 11 and a silicon nitridé layer 16
deposited by an LPCVD method on the thérmal oxide layer. Note _that the thermal
oxidefsilicon nitride hard mask is simﬁltaneously groWn on the membrane film 13 but is
subsequently removed by well known wet chemical or dry etching methods.

A first photo mask is employed to generate one or more vias 17 in the membrane
film 13 that extend through the dielectric s_pat;er layer-‘!z to contact the substrate. For

example, in én SOl approach a lreacti\}e ion etch or plasma etch may be used to transfer

the openings in a photoresist layer through a silicon membtane film 13 f_ollowed bya
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microphone sensing element. In one process sequence illustrated in
FIGS. 3 - 8, a method of forming the first embodiment as represented in
FIG. 1 is provided that requires only four photomasks. The cross-sections
Wi FIE84@278 were obtained along 25 WO 2006/046927  PCT/SG2004/000385
PCT/SG2004/000385 a non-linear cut which is in the same position
relative to the substrate 11 as the dashed line 23 - 23 in FIG. 1. Referring
to FIG. 3, an exemplary process sequence for fabricating the microphone
wet Isafifsiod eléteaith (BGo)esdomvinthe diosaitdipleaividspace? layer (oxide) 12
conventional oxidation or deposition methods on a substrate 11 such as
and deipad Sicoastal 1o puiskbatrateboth of its front and back sides. The
~ dielectric slgacer layer may be comprised of silicon oxide. A membrane

RefAriBariariay e @eaeacgm%w 18 1iiREBISSs AR dhe mbkrpedEn 13 and in
oo A S T AP A BT St
di k f b
Iavevh&i%y%%a e ey AL RES T, B, BRL SRRt et
matdhist Qegﬁ%ﬂ %ﬂbaz}%’h % thasilicarn AYETHS @adRINdes er 18

Wi a reS|st|V|ty ext, a hardmask comprised of one or

to déﬂﬂéea'ﬁ}’ﬁréi%ﬁ@ %'Q%?%%fmlérhsrﬂﬁ@%a‘ﬁﬂfﬁaﬂaaélBgc:.%@@@@@t}@d@ 18bina

formed on the back side of the substrate. In one embodiment, the back

via Fiderhard Maskis samrrseraGatharmal frsidsdayerss gsomay by foweld on
known LPCVD method on the substrate 11 and a silicon nitride layer 16 °

eacligRasirRGth¥AmEE @\dmethoe apthaliheonstaxidedeptodéstd 8babtived on
thermal oxide/silicon nitride hard mask is simultaneously grown on the

the subsla@nkifilm 13 but is subsequently removed by well known wet
chemical or dry etching methods.

Referring to FIG..5, the membrane film 13 is selectively etched with a third
photomask to form holes 19 in sections of the membrane film that will become
perforated plates 13d. Although only one perforated plate 13d is shown, there are
typicaily four perforated plates formed per diaphragm. Additional openings 20 are
produced by the same membrane film etch step and are used to separate a microphone
sensing element 10 from an adjacent silicon layer émd to define the pads 13¢,
mechanical sbrings 13b, perforéted ptatés 13d and a diaphragm 13a as previously -
described.

Referring to FIG. 6, an opening 21 is formed on the back side of the-substrate 11 by
employing a fourth photomask to selectively remove portions of the silicon nitride layer

16 and thermal oxide layer 15 by an etch procéss known to those skilled in the art. The

opening 21 is aligned below the diaphragm 13a. From a bottom view (not shown), the
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A first photo mask is employed to generate one or more vias 17 in the
membrane film 13 that extend through the dielectric spacer layer 12 to
contact the substrate. For example, in an SOI approach a reactive ion
Veichhwropéasina etch may be used to transfer the openings IRGETSIGRIOLGOIBES
layer through a silicon membrane film 13 followed by a 26 WO
2006/046927 PCT/SG2004/000385 wet buffered oxide etch (BOE) to
remove the exposed dielectric spacer layer (oxide) 12 and extend the
openiies 27isdrtibesshspratef Rederiagviidhl @ill4defiveralbatigd tlgdn ggisubstrate in
formed on the membrane film 13 and in the via 17 by using conventional
the follewingsst®he conductive layer 18 may be a single layer or a composite
layer comprised of Cr, Au, Al, Ti, Ta, Ni, Cu, or other metal materials. A

Refringnetbifadk t&%ﬁﬂ%@gv@@ﬂﬂslé@éqhﬁeq&,%%wtﬁ@%%%iawmm@mg a
to define a first electrode | Ba on the me ne film 13 fand a.sec i
ORI 1 s e e BiPssEaacha i)"é%fs fdpe silicon
8a b f d d.E
bR 120 ST L8 SR e L e SO B 22 on
I
the tt)%g Ig}%gs'éngr égllgs rﬁéfct[?ogngsgog eﬁ'&%%ﬁnqg%ﬁgmlm t atAVr\}lltlmportant
feat&%cae%t ey watﬁ%mﬁ&eéé&%wm%a BN ARERREQTBIESHRAALS ddhithe width

shown, there are typically four perforated plates formed per diaphragm.

of tHANHIPRALAPERINOM 20: AerAEACad IR R SE(E: RIS RaRpliENRIGch or

step and are used to separate a microphone sensing element 10 from an
decpHACEDRYCprotayey mag i deidadifernad 28k hoteeRanitalsgidapsidewalls.

13b, perforated plates 13d and a diaphragm 13a as previously described.

 Referring to FIG. 8, the back sidg hard mask cp_mprised of silicon nitride layer 16
and therrﬁai oxide Iéyer 15 is removed by a known méthod. Coﬁventionai processing
then follows in which the substrate is diced to physically se-parate microphone sensing
elements from each other. There is a final release step in which a pértion of the
dieiectﬁc spacer layér 12 is removed. In the SOI embodimen't, an oxide layer 12 is
rernoved by a {imed -e’tch involving a buffered HF solution, for example. The oxide layer
12 is removed with proper control so that the regions below the pads 13c¢ can be kept |
and thereby serve to anchor the padé to the substrate. The diaphragm 13a is attached
to the pad 13¢ by a mechanical spring 13b. The .dia;.)hra:gm‘ma, mechanicéi springs
13b, pads 13c, and perforated piatés 13d are coplanér and all are comprised of a
similar thickness of the mémbrane film.. Althoﬁgh a rectangular shaped mechanical
épring 13b is shown'(FiG, 1), other configurations such as a g s'hAape or“L" shape are

acceptable as appreciated by those skilled in the art.
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Referring to FIG. 6, an opening 21 is formed on the back side of the
substrate 11 by employing a fourth photomask to selectively remove
portions of the silicon nitride layer 16 and thermal oxide layer 15 by an
veicHEvoEeas known to those skilled in the art. The opening RIS Gligweeh3ss
below the diaphragm 13a. From a bottom view (not shown), the 27 WO
2006/046927 PCT/SG2004/000385 opening 21 is in the shape of a
square which will define a back hole in the substrate in- the following step.
iReferdagstedd Ghal ithedsithsttateht Imicetphodarstinsistaeidardrpridessilicon
involving a KOH solution to form a back hole 22. Due to the silicon crystal
miceiphctusdsiaiiesiioprisestibt aateitage Hissisg eidevmiouie jeltraider samplifier,
which the width of the back hole 22 on the back side is larger than the )
andwitithgdbtheriest theidinsh and serrrsidiediPrgsdpsrmriaia e Y tRaiar@pacitor
width of the back hole on the front side must be smaller than the width of

circyite HeRVEGHNEsE FRPRNSHRIRAN SRAHBITITERT (RS SHOWH S iRRes and
e R B e e PSSR LR A T HRF sor
TS R D SR MR IR i e
oL RS S N e A R e ionton

Eesso&ggng’l@e}(égﬂ?a%%‘é% I AEctR b ﬁg&ﬁ%@-fﬁmepﬁgbﬁfﬁ bréliReRbqRfted.

oxide layer 12'is removed by a timed etch involving a buffered HF

PRl LR TRVRKABIP IeasThEAdRtiaMary Iehisve may e vyt Saamer esailce to, the

so that the regions below the pads 13c can be kept and thereby serve to
preRARIDEHsoERASHE thersdssiraie bEhediaptuadivyiBade akitiedad the e that

pad 13c by a mechanical spring 13b. The diaphragm 13a, mechanical
varispgng@nges in form and details may be made without departing from the spirit and

scope of this invention.
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13b, pads 13c, and perforated plates 13d are coplanar and all are

comprised of a similar thickness of the membrane film. Although a

rectangular shaped mechanical spring 13b is shown (FIG. 1), other

Vo nfigpureiiahs such as a "U" shape or "L" shape are acceptBEleS&g004/0¢0385
~ appreciated by those skilled in the art. 28 WO 2006/046927

PCT/SG2004/000385 It is understood that in addition to the microphone

sensing element 10, a silicon microphone is also comprised of a voltage
We dd@msisource, a source follower preamplifier, and wiring to connect the first

and second electrodes to complete a variable capacitor circuit. However,

Tthésmedbadresiaraming: aRuEe PR IIBECRS BeBIRNant WA dericatedct

attention to the key components of the present invention. The resulting
backh(AePAmRrSSRbEREEIS Wnpler fabrication sequence than prior art

methods which include edicated backplate construction. Fyrthermor

théahBERY ’B@tﬂgﬁggggﬁ ?Wéﬂ%@r(}'i-gnFg’sseeiger?5|vaec%osbargc Liié%rleﬁn & Stack

manufacfuring since t I ired. L IS {i

e LT S T R LT O ¥R G ormec

Jreised smbadimeats thereal kil hsssadersinadhydhpss skiled in

the art that various changes in form and details may be made without

degartineh e MarsmyirNhsSERRRAPhTYE  RvaBRmE A1 SABLMENTugh
PCT/SG2004/000385 We claim: 1. A method of forming a microphone

tRENSHASH alememicvitheut mgedicaietabhskiddiortaidparfeht; sobybriseng:
(a) providing a substrate having a front side and a back side wherein a
sta@l forming a plurality of first electrodes at certain locations on said upper
membrane film and a second electrode in one or more.of Said vias;

(d) etching said upper m'embralne film to -for_m openings that define a diaphragm
and a perforatedb\ate that adjoins each side or corner of the diaphragm, a
mechanical spring having two ends that is connected on one end to tﬁe diaphragm
and on the other end to a pad, and a pad that énchofs each rﬁec,hanical spriég fo the

- lower dieiec;tr_ic spacer layer; | | |

(e) efching an opening in said hardmask and a back ho!é in the substrate that are
aligned below said diahhragm; and

(f) removing a portion of said lower dielectric spacer layer in a‘re!ease step to
form an air gap 5eh~een the di'aph'ragm‘and the back hole.

2. The method of claim 1 wherein said substraté is comprised of silicon with a low

resistivity and said membrane film is comprised of doped silicon or doped polysiiicon

having a low resistivity.
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comprised of a lower dielectric spacer layer and an upper membrane film
is formed on said front side and a hardmask is disposed on said back
side; (b) forming a plurality of vias in said upper membrane film that
wexasnelteedtigh the lower dielectric spacer layer to contact $Sid/$eioETHe3ss
of the substrate; (c) forming a plurality of first electrodes at certain
locations on said upper membrane film and a second electrode in one or
more of said vias; (d) etching said upper membrane film to form openings
ahatreefedadisitiag winereipttolwet dilecthiasadisniayacks sidepised of
corner of the diaphragm, a mechanical spring having two ends that is
phogphmsilizete aasad RBE oathermgrdgm aitirentivksthesilipated 55 laver, or
and a pad that anchors each mechanical spring to the lower dielectric
a lowgaemarmere @fidtehing an opening in said hardmask and a back hole in

oo oh G A S At A ARk o BTt A e
i bet i nd the, hole. 2..Th h i
e e s e A AT A
i TOST : e oo TSt
com e B G BT 152004100030 5,
5 hermetho o sleimi Whirshaithedaypsdisle sk sRager @ siSre comprised of

comprised of phosphosilicate glass (PSG), a thermal oxide, a tetraethyl
a ARTthesHiRIstd BRT) drveb AindRvvicppemitedapdteomhpHeedngtAndipira, Ni,

claim | wherein said hardmask is comprised of a thermal oxide
Cu, or other metal materials. S _ '

8. The method of claim 1 wherein said diaph‘ragm‘is essentially square and each

side has a first !enétﬁ; and a perforated p|ate-has a lengthwise dimension‘ equal to 6r
.Ie'.ss than the first length and a width that is less than said iengthwise,dimensfon.

7. The method of claim 1 wherein the holes in the perforated plate have a square,
rectangular, or circular shape and-are formed during the etching of said upper
membrane fiim.

8; The method of claim 1 wherein a mechanical spring has a rectangular shape, a
“u" shaﬁe, or an “L" shape from a top view. -

9. The method of claim 1 wherein a mechanical spring Has a first width and a pad
has an essent-ilall'y square shapé and a width dimension that is equal to-or greater than
said first width.

10. The method of claim 6 wherein etching the back hole in the substrate is

performed with a KOH etch and said back hole has sloped sidewalls in which an
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layer, a low pressure CVD (LPCVD) silicon nitride layer, or is a composite
layer comprised of both of the aforementioned layers. 5. The method of
claim 1 wherein said first and second electrodes are comprised of a
Au/Cr composite layer, or are a single or composite layer comprised of Al,

Ti, Ta, Ni, Cu, or other metal materials, 6. Th thod laim 1 wherej )
OB QB GTo ULSBAR A SE 1S AR A i TS g cpering

.a perforated plate has g lengthwise dimensign | to or _less than the

1% Flgﬁﬁfﬁlgﬁé‘%? it ﬁ%\"?é%é@afh% seé}%%e%?g%%@viég%% ns?(l)lar% 7. The

method of ¢laim | wherein the holes in t erforated plate hav

rectanb]ulélﬁ,‘gpﬁpéﬁga?fiﬁ%ﬁ%éaw AT c?rcerhn%l& E?llf?:}?\agglfﬂ‘éa igtéﬁ’r?gf% s;@({?ﬂh a decp
per mbrane film, 8. The method of claim. | wheyei [

RO P R I A A v

1vie .c? Tp;c{paehhgd of .%Igim | wherein a mechanical spring has a first
Aid's pa

§ R En essentially square shape and a width dimension

that is g L@%{gom%%%r %afééﬂﬁq _@@#@Jfﬁs WAty 10606 Spathed QbAAIM & on a pad.

wherein ‘etching the ole in the substrate is performed with a KOH

etch a id ha 0 ' ' i i
P

ning. in.the frant si . idth: I i
SRR SR B0 AP 80 ot s b

laphragm si
IS _perfor Wi elchan | hole has vertical
léi%%\%/o gae%(i g{%}v%l%%t%%{o %@%@ﬁ%han the 95%%%?%? said diaphragm

alls an
side. 14. The method of claim 1 wherein said membrane film is planar and the diaphragm,
mechanical springs, and pads are coplanar and have an equivalent thickness.

15. A microphone sensing element without a dedicated backplate component,
comprising:

() a substrate having front and back sides with a back hole formed therein;

(b) a dielectric spacer layer formed on the front side of the substrate;

(¢) a diaphragm that is aligned above said back hole;

(d) a plurality of perforated plates with a plurality of holes therein which adjoins to the
diaphragm, wherein said perforated plates are suspended over said substrate and separated
from said substrate by an air gap;

(¢) a plurality of mechanical springs attached to said diaphragm wherein each of said
plurality of mechanical springs has two ends in which one end is attached to the diaphragm
and a second end is connected to a pad;

(f) each said pad is formed on the dielectric spacer layer, wherein each said pad serves

to anchor each of said plurality of mechanical springs; and
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12. The method of claim | wherein a certain location of a first electrode is
on a pad. 13. The method of claim 1 wherein a first photomask is used for
step (b), a second photomask is used for step (c), a third photomask is
used for step (d), and a fourth photomask is employed for etching an

opening in the hardmask in step (e). 10 14. The method of claim | i )
said rehBIeEXihiBISHINE PSP the aRgsh S G Ejéfh%’hﬁ‘c%?fggﬁ?#gg&gs and said

and pads are coplanar and have an eguivalent thickng(fe{ss. 15. A

SHRIFOISHOEN SEHbHARDISATB AP HO A Bt R B S RBIS P B g perpendicular

Y ‘ compone
comprising: (a) a substrate havmg front and back sides with a back hole

omecefe ESTH A el Sathr lave formed on he front ide o

sl ol oA i A O o P i St

Lo e i G A G RTE B Sy e on e
Dlualty of mechpnica spings Saphed i SRS RRRAAMADEIRIL AR cd o orm o

attached to the diaphragm and a second end is connected to a pad; (f)
V@E@ﬁigéﬁfﬁ%@fﬂ&gﬁ%d on the dielectric spacer layer, wherein each said

pad Seggzeegg)}é) ﬁég@%o%%cs%gh? ag llé%%'@'c(f meshanisal SRiAgRsANd2de and said

(9) wh itive sensing element is tormed by said perforated

B SRS A e aen A ARRIAAM AR, SBILRATAAIRC: compositc layer

. Wn, perpendicular ‘to t bstrate, in response to
a sound squkall. 6

%ﬂ%ﬁ&% [y risil-gh ﬁi, : ur,ocprho(%gg’r %?qufqga?éggfgm of claim 15 further

18. The microphone sensing element of claim 15 wherein the diaphragm, mechanical
springs, pads, and perforated plates are coplanar and comprised of silicon, polysilicon, Au, Cu,
Ni, or other metal materials.

19. The microphone sensing element of claim 15 wherein said back hole has an
opening in the front side of said substrate that has a first width which is less than the length of
said diaphragm side and wherein the back hole has an opening in the back side of the
substrate with a second width that is equal to or greater than the first width.

20. The microphone sensing element of claim 15 wherein each of said mechanical
springs has a rectangular, "U", or "L" shape and a lengthwise direction along a plane that
passes through the center and a corner of the diaphragm.

21. The microphone sensing element of claim 15 wherein one or more of said
mechanical springs is attached to a side of one of said pads.

22, The microphone sensing element of claim 15 wherein the diaphragm has a square

or rectangular shape.
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5 electrode formed on one or more pads, and one or more second
electrodes formed on the substrate wherein the first electrode and one of
said second electrodes are connected to form a variable capacitor circuit.
17. The microphone sensing element of claim 16 wherein said first
electrode and said second electrode are comprised of a Au/Cr. ¢ mtp,osite | .
layer,2r drbeanyitigiRhonesRAPOSiEaCIaga Oiélé%b?igéﬁrﬁ%ﬂ?@ﬁi%c, ff spacer ayer 1s
Cu, or other metal materials. 18. The microphone sensi %agement gEGl
comaimists eiliehaAmAeONidp AR CRBRIATE QX ESrihds (pady ing 8 Fo0 laver.

perforated plates are coplanar and comprjsed of sgs‘c@n, ol silicgq An
%"&E% strate 1s

Cu, Nt ol SERAHRABPIRARITES SN i Bbh NG EleMment of omprised

claim 15 wherein said back hole has an 15 o eni%g in the front side of .. ¢ rmed
oé sighet denestsiliraray AR HEh 98 AE tAHHhE TEAGHT of said
diaphragm side and wherein the back hole has an opening in the back
tHGEROBS the substrate with a second width that is equal to or greater than

the first width. 20. The microphane sensing element of glai hc%r&' i
each %sdﬁ%@%ﬁﬂ@aﬁ%ﬁﬁ%ggeﬁ’ggtawrig&élgla u ac}l,qttﬁﬁ; %Er&r;@%i\%lépe allsr;ktljsmg
a lengthwise direction alon lane that .20. passes thy oS herein:
and a cor@ﬁomér%%%wﬁg&;ﬁ%ﬁ?&é}%ar%%csr}os (\5\??‘61:31 ggbrgéliggog%sfment of o

claim 15 wherein one. or more of said mechanical springs.i {0 a
side of orl@\# Qh?@ﬁélﬁs?pﬁ%‘?rﬁdéﬁ%%ﬁ 85’6?15%%8}‘%’%%6?@%0 cI%%m’lS

wherein e dpINEQI 123 50a1P. SLIECLanOURLSANE B2E, T sides wits o

microphor‘n@ 8 efein the dielectric spacer

layer is comprised of a thermal gxide, a low tem erlgﬁgl%,oxide, a TEOS

iﬁi&%‘f‘: & %&OM%‘E %ﬁ%lﬁé%ﬁﬁgg%vgéﬁgiﬁacelemént of claim 15

wherein HES)%u}?:%ttg%tguisarcgeq}ggggg plate with a first thickness and a plurality of holes
therein which adjoins each side or corner of the diaphragm, said perforated plate has

lengthwise and widthwise dimensions and is suspended above an air gap formed in the

dielectric spacer layer;
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of either doped silicon having a low resistivity or glass having a conductive
layer formed 5 thereon. 25. A microphone sensing element without a
dedicated backplate, comprising: (@) a substrate having front and back

WSS H back hole formed therein; (b) a dielectric spacditacRMYHBHES
on the front side of the substrate; (c) a diaphragm having a first thickness,
a center, four corners, four sides with a 10 length, and a bottom surface
that is aligned above the back hole; (d) a rectangular perforated plate with
a fied timelahesicahariiplLARS GBI 3CthepEne I SiHa b RAIGE @R RIAE Br
corner of the diaghragm, said perfora_ted'E!ate has lengthwise and

WRRTRIVRRCHIEASRIHS A SRS Heschtish RINE S gt YirRed T fig ends in

dielectri layer; 0 34 WO 2006/046927. PCT/SG2004/0003
R e A oA g TR AR AR £ GRS SR R e

ARSI SR S B P Rt 18 B HaDg bl e ltbetrate

e endis a laphragm at a first distance
bo e § te. ] ¢ ‘ iS; pad.at a second
Wi e gggglt{ge&ss?%}g%e SRk R e Rtin DA

ubstrate "wherein the second distance is greater than

thedish AP LG ea 4D ArRAZGARIRESREPb A SE R A EeRIaYeT Fonnected to

semiconductor layer connected to each mechanical spring which is
SRR dRid NegtinalaeRtianspefdiebgamicartticidstayensafidizd

has a first thickness, four sides, a length and first width and said vertical
sepFidenaurvelaydepshidnhdecana fustthickness, four sides, a length and first
width and said vertical sections have a depth and second width.

26. The microphone sensing element of cléifn 25 wherein the diaphragm, perforafed
plates, meéhanicai springs, and the semiconductor iayef are comprised of a doped
polysilicon 1ayer.‘

27. The microphone sensing efementl of ciairh 25 further comprised of a dielectric
stack comprised of a thermal oxide layer on the back side and a LPCVD silicon nitride
layer formed on thermal .oxide layer, and whe're,in the dielectric spacer-stack formed on
the front side ié comprised of a lower thermal oxid-e layer, a middie LPCVD si‘licon
nitride layer, and an upper oxide layer. |

28. The microphone sensing éiement of claim 25 wherein the substrate is comprised
of doped silicon haQing a low resistivity or -is glass having a conductive layer formed
thereon. | |

29. The microphone sénsing element of cliaim 25 further comprised Qf a first

electrode formed on one or more pads at said second distance from the substrate and a
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26. The microphone sensing element of claim 25 Wh_erein the diaphragm,
perforated plates, mechanical springs, and the ser_mconductor Iay_er are
comprised of a doped polysilicon layer. 27. The microphone sensing
element of claim 25 further comprised of a dielectric stack comprised of a

| X the back side. and a LPCVD silicon nitride layer
o R e B B e Ohi e e tbiabon aver ormed

f : ide is comprised of a lower thermal oxide layer, a
rg{ltg%?gsl?gé%a[ﬁ)%mfcgﬁ ﬂr’ﬁtﬁlégesﬁ?g‘ér, and an upper oxide layer. 28. The

' | ent of claim 25 wherein the substrate is
Compriond Ay RS g BHSILHaUhy 5 LHES Rhalpnodo and

%@M@}@ﬂ@@rﬁg@g@e%ﬁ%@; 2%. Th% micrgghacr)ge sensin%lg ement of

claim 25 further comprised of a first. electrotle formsd SRBHE Cr composite

n@y’&,&ﬁ%@%%%@@@%ﬁ%%@ﬁé%}eé go%'g%%é%tgfa A"ld ﬁ ?hﬁ’fa%jsﬂfc%‘ﬂ?ﬂ metal

electrode disposed on one or more horiz sections o :
laygsfared said first distance from the substrate. 30. The microphone
sensing element of claim 29 wherein a first electrode and a second

electrode.haye ARSSIRAAILSAIVEROARS #AFL R4 Gqropiised of a ALVCT, o front
Or ALY,

composite 5 layer, or are a single or composite layer comprise

TalcNpGhoR RINEFiReialmaer L@Jn%nﬁéﬂlrﬁﬁ%ﬁ‘ L%%%Qf%&%%%ﬁ%% 56' 20 a back

of claim 27 wherein said back hole has a front side opening Irs

wiigktkd phaineXie s JHoMe szﬁdﬁa%ﬂﬁssﬁ%%ﬁﬁ%cﬁ%%o%?% [éfgséi%%d second width

opening with a second width that extends throu sgld lelectric's
saigysacong width (1 i e gl $aaek larger than the first width.

32. The microphone sensing element of claim 25 wherein a mechanical spring has a
rectangular, "U", or "L" shape and a lengthwise direction along a plane that passes through
the center of the diaphragm.

33. The microphone sensing element of claim 29 wherein said vertical sections of the
semiconductor layer are comprised of filled ring shaped trenches wherein a first trench
surrounds the dielectric spacer stack below the first electrode and is formed on a stack
comprised of an upper polysilicon layer and a lower thermal oxide layer in a first region and a
second trench surrounds the dielectric spacer stack below a second electrode and contacts the
substrate,

34. The microphone sensing element of claim 33 wherein the polysilicon/thermal
oxide stack in the first region is formed on a portion of the substrate that has oxide filled
trenches that together with the polysilicon/thermal oxide stack serve to reduce the parasitic

capacitance between the pads and the substrate.
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32. The microphone sensing element of claim 25 wherein a mechanical
spring has a rectangular, "U", or "L" shape and a lengthwise direction
along a plane that passes through the center of the diaphragm. 33. The
WhiGRSPHAZ sensing element of claim 29 wherein said verticef EEEROHOBF38S
the 15 semiconductor layer are comprised of filled ring shaped trenches
wherein a first trench surrounds the dielectric spacer stack below the first
electrode and is formed on a stack comprised of an upper polysilicon
3tayEhamdadpivandsemsalpzide e iclanid§ degiver @atharisedarfd trench
surrounds the dielectric spacer stack below a second electrode and
reinfooreenssttheifixaddudte Dottem sudassrbpioriapkirgmyveRshare soamFised of
. 33 wherein the polysilicon/thermal oxide stack in the first region is formed
the saing pratRIiRbRsHE B dirRir#89at has oxide filled trenches that together
with the polysilicon/thermal oxide stack serve, to géiééce the parasitic , .

36 aALRIRIARENS FERNTH S (PR MAROULR, SricR G6fASIING:
PCT/SG2004/000385 35. Th ' h i | laj .
follAL? SORIREBY 1S PO ATB R eT 1 o B, el Ryerein

ce Xe € bottom surface of the

g?B(BEraagf?é‘levégf%zsﬁé%&%ﬂi?%‘?rﬂé&%ﬁ maleuabAs i disirate;

iaphragm. icrophone sensing element without a dedicated

b oo ' . o e
b:@%ﬁg‘%ﬁ %&HW 2Rk PHOSIERLE BRURNG el hask pigesia¥imaving a

ed therein; (b) a dielectric spacer stack formed on the front

| SifRPTHNS suBsEAS UG G dirthsagnethisdiestibiskrrsseia;center, four

corners, four sides having a length, and a bottom surface that is aligned

abpypatheckaiubnpatfbrateecsrtgulah pefifetattckntate avithaficsality of holes
thickness and a plurality of holes _

therein which adjoins each side or corner of the diaphragm, said perforated plate
has lengthwise and widthwise dimensions and is suspended above an air gap
formed in the dielectric spacer stack;

(e)a mechaﬁfcai'spring attached to each corner of said diaphragm wharein each
mechanical spring has a first fhickhess, length, first width, and two ends in wﬁich
one end is attached to the diaphragm and a second end is connecied 1o a pad that

~ serves as an electrical connection péint; |

(f) a pad haVihg a firsf thickness, four sides, a length and first width that ié
connected to each meéhanicai spring and .is supported by a rigid base element; and

(g} a basé element in the form of a continuous wall comprised of four filled
trenches wherein each filed trench has Iengthwise and widthwise dimensions, a
thickness, and a top and bottom wherein the bottom contacts the substrate and the

top connects to a pad, said base element surrounds the dielectric spacer stack

below each pad.
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therein which adjoins each side or corner of the diaphragm, said

perforated plate has lengthwise and widthwise dimensions and is

suspended above an air gap formed in the dielectric spacer stack; (e) a
mechanical spring attached to each corner of said diaphragm wherein

each mechanical spring has a first thickness, length, first w'dtgt1 and two forated
ends ﬁ\7wﬂ“ﬂ@¢lﬂﬁﬁf@}ém¢§§tﬁé%&€@‘@%ﬂﬁé’fo‘f%ﬁﬁgﬁ*(}éﬁﬁﬁl%téﬁ AR Eegppporiorate
connected to a pad that serves as an electrical connectign ﬁgoipt; @ q.gad
phrasdnyechirsiehi GRAGES, T60Paifasc S8 AR FFEMBIPENLR §otYsthcon.
connected to each mechanical spring and is supported by a rigid bas s
elemeHt; diy Ty ATREE eBpHRRAEITRR erﬁ]laBT‘aE %SIH’E%E%?%VQ%&W G polysilicon
comprised of four filled trenches wherein each Jﬂi{lgle%trench has lengthwise
reindousRTHWIS EamsE R SRS DA RIS Hnd 8B MR Bottom wherein the

bottom contacts the substrate and the top.connects to a said base .
elemed? st THEO BRI SRASING S[SHBE & %lﬁerz W eeé‘(e:%%%%? té%.e ts comprised
The microphone sensing element of claim 36 wherein the diaphragm,

Pelrprdiedicpmbss g aRENESFESMgs, and pads are coplanar and are
comprised of polysilicon. 38. The microphgonge sensi I i :
furtherCorhBRLRATBP sﬁﬁ%’?}ﬂg%ﬁ{%“? ogcfea{m Q%I?&Tjeerrgﬁe e Helectric

rcements formed on the bottom
surface of the diaphragm, 5 39. The microphone ing e QfielaiMitride layer
e e e U

R R AT SO g
T T T
layer on the LPCVD silicon nitride layer.

41. The microphone sensing element of claim 36 further comprised of a first
electrode formed on one or more base elements and one or more second electrodes disposed
on the substrate wherein a first electrode is partially overlaid on an adjoining region of a pad.

42. The microphone sensing element of claim 41 wherein a first electrode and a
second electrode are comprised of a Aw/Cr composite layer, or are a single or composite layer
comprised of Al, Ti, Ta, Ni, Cu, or other metal materials.

43. The microphone sensing element of claim 36 wherein said base element is
comprised of a silicon rich silicon nitride (SRN) layer.

44. The microphone sensing element of claim 40 wherein said back hole has a front
side opening with a first width that extends through the thermal oxide layer and LPCVD

silicon nitride layer on the front side and a back side opening with a second width that
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10 thermal oxide layer, an LPCVD silicon nitride layer on the thermal

oxide layer, and a PSG layer on the LPCVD silicon nitride layer. 41. The

microphone sensing element of claim 36 further comprised of a first
WIggfgteFrmed on one or more base elements and one oPfBREGEEEHAESES

electrodes disposed on the substrate wherein a first electrode is partially

overlaid on an adjoining region of a pad. 15 42. The microphone sensing

element of claim 41 wherein a first electrode and a second electrode are

extefEEPISagrOfR Al¥IStiionsresiteday secondreidthimipententhpositeetyaito the
comprised of Al, Ti, Ta, Ni, Cu, or other metal materials. 43. The
first midito phdreaskeisingielbisdasotunithaBagibrefrasiapbeagneRidsent is
comprised of a silicon rich silicon nitride (SRN) layer. 20 44. The .
4micFbphoiscophosiagensingiementief 43ivhé W@M@@Rﬂ%@w&é gpring has a
front side opening with a first width that extends through the therm
rectanaiéarayer «id 't FboRP A Srienetwing dirsrtnR ?&ﬂ?éd&%‘?&%ﬁb&éﬁws

side opening with a second wjidth 38 WO 2006/046927
thm!‘@ﬁ%%ﬁﬁ?(ﬁﬁ&%@%%éﬁmﬂﬁFgéﬁtﬁrﬁgg‘dlelectnc stack, said second

%;j ReaR S e g e G At f"Si At SR SR

agm Si e mlcrop one’'sensing elemen

;Im 32) gy{é%ége[%vﬂrs{gg Ire fyﬁgl dwtﬂ%cmﬁfe 'Hrm%rd therein, said

e an ction a ng a plane that passes through the

t?f&ﬁﬁro?e'ﬂa% COHPRLAfitREe ARBIYAYRE 48 cAoMis RRRRIEIS VRN G AP0 ivided

without a dedicated backplate, comprising: (a) a substrate having front

Bsh-basksidoMithia-Rack Aalecfpenrmifiaiintsaiskibatiehaledtaziewubstrate;

sections wherein one section is formed in each quadrant divided by first
andiseganappliaRes haimye pespencinetey, 9 eateotdyariduodhmers, four sides

substrate;

with a length, and a bottom surface that is formed above the back hole in each of

said quadrants and over an air gap formed between said bottom surface and the
- substrate |

(c)a die{ectnc spacer layer havmg a thzckness and wadth formed on the front side
of the substrate and below the center of sa|d diaphragm;

(d) a rectangular perforated elate with a first thickness and a plurality of holes
therein which adjein's each side of the diaphragm, said pei‘forated plate is |
suspended abeve an air gap that overlies the substrate;

(e) a first pair of mechanical springs with two sides and two ends having a
lengthwise dimension formed along the first plane, said mechanical springs are
coplanar with the diaphragm and se;ﬁarafed from the diaphragm by a s!ot"a!'ong each

side and wherein one end is formed on the dielectric spacer layer and a second end

is attached to the edge of the diaphragm; and
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(b) a diaphragm having a first thickness, a center, edge, four corners, four

sides with a length, and a bottom surface that is formed above the back

hole in each of said quadrants and over an air gap formed between said
Vbawa4tdTace and the substrate; (c) a dielectric spacer |ayFiisdps/a06385

thickness and width formed on the front side of the substrate and below

the center of said diaphragm; (d) a rectangular perforated plate with a first

thickness and a plurality of holes therein which adjoins each side of the

digyr sgoarspithpefonativiniatbsisrisgs patidiebaiides amidivggpdsdiaving a

overlies the substrate; (e) a first pair of mechanical springs with two sides
leaathmisecditsemaidng ermedqloni thairesesid ke adid ohrchrnmat FRERES are

said mechanical springs are coplanar with the diaphragm and separated
chpianaTesitiagheadiapbraarsiandispiepeaied fsre Hisadianivasroky aripialong each

formed on the dielectric spacer layer and a second end i attach%d to the

SRR WS HpAREFAOAR LTI IBEET BRAFREES Aitd G o o

AR 1o G GBS T CoeB M & L cect
hanical spri lar ' oG
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S&%&Qggﬁeﬂﬁgtg%%ﬁg@@r a second end is attached to the edge of

phragm a erein said ends on the dielectric spacer layer form

420 PNETARSHBRNUL s Eadmahtie Hesmprnieraahnsisabsiritads esmprised
the dielectric spacer Iayer.A47.- The microphone sensing element of claim
of dGWBRKRIA IR/ PIgPs IersieauITinaglass having a conductive layer formed
thereon, and the diaphragm, mechanical springé, and perforated plates are comprised
of doped silicon, doped polysilicon, or other semiconductor materials.

48. The microphone sensing element of claim 46 further comprised of a first
electrode formed on the overlap region of the mechanical springs above the dfeiectric
spacér layer and a second electrode formed on the substrate outside the perforated
pi.ates or di'aphragm.' |

49. The micirophone sensing element of c!aim‘46 wherein the mechanical springs
are not formedl over the back h6!e sections.

50. The microphone sensing element of claim 46 wherein the air gab has a
thickness that is defined by the thickness of the dielectric spacer layer.

51. The microphone sensing element of claim 46 wherein the ﬁrst énd second

electrodes are comprised of a Au/Cr composite layer or are a single layer or composite

layer comprised of Al, Ti, Ta, Ni, Cu, or other metal materials.
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of doped silicon having a low resistivity or glass having a conductive layer
formed thereon, and the diaphragm, mechanical springs, and perforated
plates are comprised of doped silicon, doped polysilicon, or other
Ve miisgrderstor materials. 48. The microphone sensing elemegit/efoladmoe3ss
46 further comprised of a first electrode formed on the overlap region of
the mechanical springs above the dielectric spacer layer and a second
electrode formed on the substrate outside the perforated plates or
sdiaphegiitrdshdrie seigiophtaecensicheestenhofalathe4balduneinpheer layer
mechanical springs are not formed over the back hole sections. 50. The
is a giigephorETsREtadasiententipisediol addeh sibianinitadegap otherdielectric
thickness that is defined by the thickness of the dielectric spacer layer. 51.
mat@tsnicrophone sensing element of claim 46 wherein the first and second
electrodes are comprised of a Au/Cr composite layer or are a single layer
5 cOMRpBitePrhgRg sentiaElpBeat oficein df whetrinsrid fdiapfiragm s
- materials. 40 WO 2006/046927 PCT/SG2004/000385 52. The microphone.
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or composite layer comprised of pxide,. silicon nitride,.or ielegtric .
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laphragm i entially square or rectangular and a perforated plate has

lenggh\épﬁsget#wi%j ailgcﬁ?l%nsion equal to or less than the length of said diaphragm

and a width that is less than said lengthwise dimension. 41
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