34DEC_2t LATERAL POLYSI LI CON BEAM PROCESS FI ELD OF THE | NVENTI ON The
.invention relates to the general field of MEMS structures with particul ar
reference to cantil ever beans. BACKGROUND OF THE | NVENTI ON MEMS (m cro
el ectro- mechani cal systems) sensors and actuators, such as accel @rioBECEHE,

pressure sensors, and gyroscopes are nmanufactured using either '"a bulk
m cr omachi ni ng process or a surface m cronmachi ning process. "Bul k"

m cromachi ni ng  refers ERALS or ani sotropi ¢ etching.
"Surface" m cronmachi nITAn-IE] re#%%’gﬁéﬁﬁ‘%wgqggﬁﬁéd fromthin filmlayers
deposited or grown on the surface of a substrate. Surface m cromachining

has advant ages over the previous bul k m cromachi ning process of fabricating
| C sensors and actuators because it pernmts smaller devices and may be

integrated with other circhlRd OF BAEINVENH@Hr ated circuit). One form of
bul k m cro- machining typically involves etching in a silicon substrate

deep trenches between 10 microns to 100 microns deep. The resulting
silvicon structures (called "beans") are partially released (i.e.,

det ached) f ridm imendiohi etates ubsthe agendrsl KElaVWsF RIEMS SHeeHFHS Ryigs p%ﬁfcupir dry
14 DEC 2005, etching. This deep trench technology is described, Tor

exanpl eefdrendd macRRilbveebeahs. " FUSi on

BACKGROUND OF THE INVENTION

MEMS (micro electro-mechanical systems) sensors and actuators, such as
accelerometers, pressure sensors, and gyroscopes are manufactured using either a bulk
micromachining process or a surface micromachining process. "Bulk” micromachining
refers to structures formed by deep anisotropic etching. "Surface" micromachining refers
to structures formed from thin film layers aeposited or grown on the surface of a substrate.
Surface micromachining has advantages over the previous bulk micromachining process |

of fabricating IC sensors and actuators because it permits smaller devices and may be
integrated with other circuits on an IC (ihtegrated circuit). One form of bﬁlk micro-
machining typically involves etching in a silicon substrate deep trenches between 10
microns to 100 microns deep. The resulting silicon structures (called "beams") are partiaily

released (i.e., detached) from the silicon substrate by known processes such a.s wet or dry



Bondi ng and Deep Reactive lon Etching: A New Technol ogy for
M crostructures," Transducers '95, Stockholm Sweden, 1995. The contents

of this article are incorporated herein by reference. A variety off yngthogs
that have been discussed in the literature have been devised for ‘
fabricating mcromachi ned structures such as accel eroneters. However, nost
such processes require nultiple masking steps, wafer-to-wafer bonding, or

t he use MR j i s .been fo however, that the use of such
mul ti pl eE@é el héén‘?]éa@(}ﬁ%ru{cﬁée&f“@% i'%]ﬁ% ”E?Sﬁ‘r}gh’?’%ybﬁ%é”éﬂ?@?ﬁ%nﬁf adr rigysion
whi ch r ia%'ddDgng %ncrteaSF dg\éi ce cost, making such processes

unsui t abl e SUbm & on= &Y MEc {0y &ehing:r fuNemwe Teshrelpgpior Miciestruciuses,” was
perf or ith the follow ng references of interest being found: US
5,930, 5 '{%"I&S?réﬁ%ﬁ?‘bﬁkg\ék%&\ff%ﬁi% 9PRc Eharicentemiz of thiscarticlese snaomporated

act uat og‘sg . gi scusses a nethod of fabricating MEMS sensors/actuators using
a proceSESMEY &SRSy trenches are etched and rel eased beanms formed by
usi ng oxi de spacer to protect beam sidewall. The key feature of this
patent is that it provides a novel nethod of formng trenches which are
filled wth isolation oxide so as to formsilicon islands on three sides

whi | e the foAnalietyiofmetisodsaharteiethden didtRiss8aFPHARLMALR RRNERn 8RS | V-
anot her patent 2 14 DEC 2005 .
for fabricating micromachined structures such as accelerometers. However, most such
processes require multiple masking steps, wafer-to-wafer bonding, or the use of wet
- chemistry. it has been found, however, that the use of such multiple masks and bonding

techniques can introduce alignment errars, which reduce yield and increase device cost,

making such processes unsuitable for submicron structures.

A routine search of the prior art was performed with the following references of

" interest being found:

US 5,930,595 (Isolation pracess for surface micromachined sensors and actuators)

~ discusses a method of fabricating MEMS sensors/actuators using a process wherein deep
trenches are etched and released beams formed by using oxide Spécer to protect beam
sidewall. The key featufe of this patent is that it provides a novel method of forming

- trenches which are filled with isolation exide so as to form silicon istands on three sides

- while the fourth side is connected to the sensor/actuator beams. Recently, another patent




.application has been fled in IME, namely, "A H gh Aspect Ratio Trench

. Isolation Process for Surface M cromachi ned Sensor and Actuators

( PATOO- 005/ MEMS001) " whi ch uses a novel process to forman isol atibh DEC 2008
island that can be used in fabrication of MEMS sensors/actuators. US
5,563, 343 descri bes a nethod of fabricating acceleroneters utilizing a

nodi fied version of the Single Crystal Reactive Etching. And Metal I i zation

( SCREAM i j | & 0 i cation Ser.

081013, 3 '%F’lﬁ? S eméé“s’ffg'g'g %’f‘e Vst‘g(t?ﬂ%th ?ﬁptﬁa{?aa@gjﬁrﬁn&ﬁtiwﬁhort ﬁ@cess
SCREAM ¢ mask, sjngle wafer etc rocess which
uses optI 'Eéllqr?%%%ﬂﬁ Pg%%w%oge'?% ﬂr@d‘t?fﬁat%tj Wrﬁm%ﬂogﬂ\’l&'ﬂsggéﬁ whigtegsend cal
devi ces., VE] t hat a silicon dioxide |ayer is deposited on a single

crystal Si'F1 EGR-° ”“t Rt dSQiRtier islagdrthatleran e weed fre fabriggitionetfcMEMS k

throughout th rocess. Photolithography is used to pattern a resist, and

t hen dry*® Bt%fﬁfﬁ?@aet?ch as magnetron ion etching, is used to transfer the

pattern of the accel eroneter structure into the oxide. Once the resist

material is renoved, the patterned oxide masks the silicon substrate to
allow a deep vertical silicon RIE (reactive ion etching) on exposed

surfaces to piSoE668 343 dastiees ahasthog opfa%ﬂ@éﬂr@aéc%bﬁérdrﬁéfeWG |I|z?|'1gg§ n‘ﬁ@t{%}

whi ch define the desired structure. Next, a conformal coating

oxi de i gedtpoDf Hesl Sikfle % tﬁPRbQ&tJehE RiE AV MtaiWathbl @%@Qﬁ@rﬁﬁé#ngn

the follow ng rel ease etc

i sotropivhicd fs a1§8%e@cﬁﬁ&d’l?mdu@eé%p?cané:noge}. N0 Oh/618 318 %RG Ken' 81668 Ke

stated in that app!ication, the SCREAM-I process is a single mask, single wafer, dry etch
process which uses optical lithography for fabricating submicron micro-electromechanical
devices. In that process, a silicon dioxide layer is deposited on a singie crystal silicon
wafer, this oxide layer serving as the single etch mask throughout the process.
Photolithography is used to pattern a restst, and then dry etching, such as magnetron ion
etching, is used to transfer the pattern of the accelerometer structure into the oxide. Once
the resist material is removed, the patterned oxide masks the silicon substrate to allow a
deep vertical silicon RIE-(reactive ion etching) on exposed surfaces to produce trenches

having predominately vertical side walls and which define the desired structure.

Next, a conformal coating of PECVD oxide is deposited for protecting the side walis
of the trenches during the following release etch. The trench bottom oxide is removed

within an isotropic RIE, and a second deep silicon trench etch deepens the trenches to



14 DEC 2005 expose the sidewal|l silicon underneath the deposited side wall
oxi de. The exposed silicon underneath the defined structure is etched
away, using an isotropic dry etch such as an SF6 etch to rel ease §Bepec 2005
structure and | eave cantilevered beans and fingers over the remaining
substrate. In the SCREAM| process, alumniumis deposited by sputtering to
coat the sidewall of the released beams and fingers to thereby formthe
capacitor plates for the acceleroneter. In US Patent: 6,035,714, a high
sensi t $XA0sg thezsidswall siiprrcinderreati treodapositbdsidemtagiroxideVinegxebbéd silicon
sense/ f eedback el ectrodes and a nmethod of its manufacture are provided. The
M cr o- andwheatbrtbe elefinsd mn%w&wt%@Waﬂfuﬁw@bﬂgio@roglddlr?@ltbry\@j&lrasaé}ﬂ has a
sili- con-wafer-thick proofnass, small and controllable danping, |arge
capaci SA6GHcN ab irgleked th@REueRIfe RAJABSYALARtIbVerad AR £H8Pahgas el eF a4y 1 Ol
| oop. The multiple stiffened el ectrodes have enbedded therein-adanping

hol gk b f | -ah i : ' d
Cont Tol g G Eh Gampi o Aot or PRESE S RRF A € BeRs by ARATREG,

the ty " r ' i - hi.n.,s ri%}ici | layer tp forma
narr ow&ua?\i éo?‘r“#?ﬁﬁ&?ﬁ%%%%%%%%?& QﬁqéarP é@thg?%%y { '8\}6% ;ga?%?taté P %t‘?s
capaci e nsitivity. The structure of the mcro- accelerometer is
s'y%mtﬁofgﬂ?ea%%%g(%a@e Sults in low cross-axis sensitivity. In US Patent:
5,660,680, a method of form ng polysilicon structures using silicon
trenches with partially trench-filled oxi de as nolds has been descri bed.

The oxi de | ayer ) o _ B )
IN'US Patent: 6,035,714, a high sensitivity, Z-axis capacitive micro-accelerometer

having stiff senseffeedback electrodes and a method of its manufacture are provided. The
micro-accelerometer is manufactured out of a single silicon wafer and has a sili-
con-wafer-thick proofmass, small and controliable damping, large capacitance variation
and can be operated in a force-rebalanced control loop. The multiple stiffened electrodes
have embedded therein-damping holes to facilitate both force—rebalan.ced operation of the
device and controlling of the damping factor. Using the whole silicon wafer to form the
thick large proofmass and using the thin sacrificial layer to form a narrow uniform capacitor
air gap over a large area provide large capacitance sensitivity. The structure of the micro- _

~ accelerometer is symmetric and thus results in low cross-axis sensitivity.

tin US Patent: 5,660,680, a method of forming polysilicon structures using silicon
trenches with partially trench-filled oxide as molds has been described. The oxide layer

acts as the sacrificial layer to release the polysilicon structures.



acts as the sacrificial layer to release the polysilicon structures. 4 14
DEC 2005 BOSCH Pol ysilicon (Epi-poly) process- This process nakes use of
thick epitaxial polysilicon (20-30 mcrons) grown on a silicon subgj TEE2005
This poly layer is then used in form ng beans of various depths for

form ng MEMS structures. This process uses an epi reactor and hence is
qui te expensive. For thick poly, residual stress is still a potenti al

i ssue. Additional references of interest were US 6,133,670 (Rodgers) shows
a poly beam (finger) in a MEMS device. In US 6,175,170 Bl, Kota et al.
show anot her poly finger MEMS device and process while, in US 6,171, 881
Bl, Fujii shows another NMEMS device. SUMMARY OF THE | NVENTION It has been
an object of the present invention to provide a cost-effective process for

manuf act ur i - / ors. t oml et el ectrical|
i sorat esut L%%ﬁs%@péﬁ%%w@b?? g?‘ﬂ) ?J E%&é%tabitﬁ;F zgt? @5‘?5%&‘ e&ptbsgy?fg#'ﬁ_ﬁ(?mta’ga'lz DEC
2005 AR iRIonAB0OR mftohd) rB MRS shiBYS BLA DAL BEY EePl PbiiSsdy B 00ess

forming beams of various depths‘for forming MEMS structures. This process uses an epi

reactor and hence is quite expensive. For thick poly, residual stress is still a potential

issue.
Additional references of interest were:

US 6,133,670 (Rodgers) shows a poly beam (finger) in a MEMS device. In US
6,175,170 B1, Kota et al. show another poly finger MEMS device and process while, in US

6,171,881 B1, Fujii shows another MEMS device.

SUMMARY OF THE INVENTION

It has been an object of the present invention to provide a cost-effective process for

- manufacturing IC sensars and/or actuators that completely electrically isolates the sensor

beams from the substrate that supports them.




.manufacturing |1 C sensors and/or actuators that have | ow parasitic

capaci tance. Yet another object of the present invention has been to

provi de a process for manufacturing |IC sensors and/or actuators thab IS
conpati ble with CMOS processes. These objects have been achi eved EC 2005
- providing a process which makes use of polysilicon beam as the structural
- material instead of single crystal silicon for the fabrication of MEMS

sensors/actu i n¢ention describes the process for fabricatin
suspended po%ﬁtﬁ?%-éﬁf‘egga%ismﬁyp'@&eﬁg 'W@@E’Opr Rat egneto RERYideR 1@ P§¢¢618§of%r
substr at | ds~to form pol ysilicon beans. The polysilicon beans are
subs equerﬁ?@a?@ﬁ@%i%&eﬂff’rsi %%?Q'éﬁ“d%lpﬁ/th@i aaye tjﬁ\"amﬁfyﬁsﬂé@a@iabitm.
surroundi ng the polysilicon beans. This results in free standing

pol ysilicon menbers, which formthe MEMS structures. In addition to the
general process, three approaches to naking electrical contact to the beans
are present d&! aBRINEE QESTRIfAME Qlegnt TIHECMIRANNBIESeBh S . proviblel 4 Iprsddsat @ how
trenches may be etched, lined with insulation and then filled wth

pol ysi | MW fagudnmiseegss BnGar dotuncksGhid s iRl With ENIBSkorbSedsaed to
etch a cavity around the filled trenches.

These objects have been achieved by providing a process which makes use of
polysilicon beam as the structural material instead of single crystal silicon for the
fabrication of MEMS sensorsfactuators. The invention describes the process for fabricating
suspended polysilicon beams by using deep trenches etched into silicon substrate as
molds to form polysilicon beams. The polysilicon beams are subsequently released by
isotropically etching away the silicon surrounding the polysilicon beams. This results in

free standing polysilicon members, which form the MEMS structures. in addition to the

general process, three approaches to making electrical contact to the beams are

presented.

BRIEF DESCRIPTION OF THE DRAWINGS

FiGs. 1-4 illustrate how trenches may be etched, lined with insulation and then filied

- with polysilicon.



FI'Gs. 7 and 8 are cross-sectional views of the cantil ever beans that are
formed after the pedestals are released fromthe cavity floor. FIG 9 is a
plan view of which FIG 8 is a cross-section. FIG 10 |IIustrate$'d%It§ECf @@t
-of three enbodinments that teach how el ectrical contact nay be

cantil ever beans FIGs. 11 and 12 show two steps in inplenenting the second
of three enbodi nents that teach how el ectrical contact may be nade to the

cantilever beans. FIG 13 illustrates the |ast of the three enbodi ments
that teach fiiow &l @ed 6 dubtraterhewcta magk bhe useddo etcht Aeasin brderdethebiiiris .
FIG. 14 and 15 illustrate the formation of the busbar island area. FIG"

16 is teenshas view of the three silicon beans contacted through a busbar
mask. .14 DEC 2005 FIGs.,17-19 illustrate steps in the formation of the
busbar island mask. FIG 20 illustrates beamrel ease within the busbar
island area. FIG'; 21 shows how space between the beans of FIG 21 gets

filled witiFigyi AendBESGRYBIL @eu%aTv%vPﬁgﬁﬁB%Emn'ég/ﬁ%@ﬁ@%&MPé% foqt NE

prior art described above nmake use of eep tren rocess defi ne

Lhe DOAGP Rk bIE ORI b P BAG EGu A COn pears whil e using oxi de

spacers to protect the sidewal rocess has the follow ng
limtations

FIG. 9 is a plan view of which FIG. 8 is a cross-section.

FIG. 10 illustrates the first of three embodiments that teach how electrical contact

“may be made to the cantilever beams.

FIGs. 11 and 12 show two steps in implementing the second of three embodiments

that teach how electrical contact may be made to the cantilever beams.

FIG. 13 illustrates the last of the three embodiments that teach how electrical

contact may be made to'the cantilever beams.
| _ _ :
| FIGs. 14 and 15'illustrate the formation of the busbar island area.

FIG. 16 is a plan view of the three silicon beams contacted through a busbar mask.



I't.is difficult to get a confornal spacer l|ayer for high aspect ratio
trenches (>20). This nakes it difficult to protect beam si dewal | s during
pre-rel ease and final rel ease etch. This nakes the beam sidewal | 1\%{5%[: 905
irregular due to "nouse bites' at these sites. In order to solve thi

probl em thicker spacer oxide is deposited. This in turn conpels designers
to wden the trench openings thus reducing the sensitivity of the
actuator/sensor. The release etch process after releasing the beans,
further eroblss. el hitastrateutepy indhe forenatiba dfGaMbEaRl fsladdirsskesul ts in | oss
of beam depth ‘across the wafer. The 8 14 DEC 2005 si dewal | ~spacer al so
hangs |ike a tail where the beams have been encroached. This oxide tails
act as a potential sources of contam nation due to their flinsy nature.

During OPSF S PONILERYoTBNaRBRBE SilOLe AISAPR GHISRES! ted betveen the

sensing fingers, causing devices to _ ly. In the case of
the SCREAM process, a netal layer is deposited over the beams to make the
sensor/actuat or beans conductive. However, is not possible to get

It _
dotar | ed aeoih BTN I ree beBEER S ERBm LI 21 U IR pident ea as

four enbodi nents thereof: !!-enbodi nent (general process)

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Most of the prior art described above make use of a deep trench etch process to
- define the beams and subsequently release the silicon beams while using oxide spacers

to protect the sidewalis. This process has the following limitations:

It is difficult to get a conformal spacer layer for high aspect ratio trenches (>20).
This makes it difficul_t to pfotect beam sidewalls during pre-release and final release etbh.
This makes the beam sidewall very irregular due to ‘mouse bites’ at these sites. In order )
to salve thisrproblem, thicker spacer oxide is deposited. This in turn compels designers té

widen the trench openings thus reducing the sensitivity of the actuator/sensor.

The release etch process after releasing the beams, further erodes the beam thus

reducing the beam depth. This results in loss of beam dépth across _the‘wafer., The



Referring to FIG 1 we show there a schematic cross-section of solid body
11 (preferably, but not necessarily, of silicon, with other possibilities
including other semiconductors and nmetals such as al um num copper-g,[,bg?b%%
etc. in which deep trenches such as 12 have been etched to a depth between
about 60 and 70 mcrons. As shown in FIG 2, the floors and sidewalls of
these trenches are then coated with a |layer of an insulating nmaterial 21

whi ch caqu f several ssible materials such as silicon 9 14 DEC
2005 ox %&Vés:'f srpu%g%'h&ﬁ? [S‘?ﬁ‘%se'?‘eeﬁp il whigre thesheamphavedbern eesrageipredThis eddeThe

trenche%ﬁlre ghen just filled (by overfilling and then planarizing) with
one or .nBl'e e & RACRIFH RRU PR Oferoatanaination tdweutgh theid flinasys natyire. During
conductive filling material such as polysilicon, alumnum copper , gold,

etc. colREr3PLTEY, malrevendrrieakenfl pnddues cedepesitéxt eatvaerf tes benkigg Finkihd,
with lowresistivity (achieved by doping wth phosphorus oxychloride)

pol ysi | ic@gRNEAeyices 1o behhosvedpindiasielyf i 1 1 i ng with polysilicon |ayer 32, as
shown in FIG 3. Layer 31 of polysilicon is deposited to a stress |evel
that is below about -1 x 108 dynes per sq. cmwhile the second |ayer of
polysilicon is deposited to a stress level that is belowthis. The first

deposi ted | ajethedbsd@f el $ CREAMBIOASE &7 ithd et igﬁéﬁé‘@s?{éd@qt};ﬁe{ugh%g?@@g o1?

ohmcm whil e the second | ayer pol ysilicon es1 st

about 1iai@ide é@t’lé&?ﬁb@g{o&?;egﬁ{s ARG A2 L & L pcci}isgi e f%uéeet c}opl?ormal

phosphorus unifornly acr
aluminum deposition inside deep trenches.

We now provide a detailed description of the process of the present invention,

presented as four embodiments thereof:

1% embodiment (general process)

Referring to FIG: 1 we show there a schematic cross-section of solid body 11
'(preferably, but not necessarily, of silicon, with other possibilities including other
semiconductors and metals such as aluminum, copper, gold, etc. in which deep trenches
such as 12 have been etched to a depth between about 60 and 70 microns. As shown in
FIG. 2, the floors and sidewalls of these trenches are then coated with a layer of an

| insulating material 21 which could be any of several possible materials such as silicon



‘the thickness of the polysilicon. It is also possible, in principle to fill
the trenches with a magnetic material for use in, for exanple, detecting

and nmeasuring nagnetic fields. In general, filling of the trenchggdwtépm5
conductive material may be inplenented using any of the known nethods or
doi ng so, including chem cal vapor deposition, physical vapor deposition,
and electroplating. The next step, as illustrated in FIG 4, is the
deposition of jnsulating |ayer 41 over 10 '14 DEC 2005 the entire surface.
A mask K98 SilitgR nitgHReetco Withhelienir @dde beind prgtarretl. This nask serves to
protect the filled trenches 31/32 as well as to define an opening, said
openi ng being disposed so that the filled trenches lie partly inside and
partly outside it. Then, through nmask 51, conductive body 11 is etched to

form a cavit yheltr¢seresrre.thé) jushfille@ b BdSHillFRVEHEIER dl%&iz‘ﬂ?d}t\{\tl?ﬁﬁé‘%?”
p e fl

about 75 and 80 microns so that it is greater than the depth’o 'l ed

t r enchesnore esydrs bﬂﬁaddl]cﬁd&%&t@ﬁﬂmﬂllt@lﬂu@ft oﬂ@%es%@lgg:oﬁﬁulct}r%tﬂliﬁ&&léte%]aé%tgtifllalh In

place, all exposed conductive material is’renp S eas
1oL ¢ SO Sy RLTRCRgen GRSl BEOER, s I R EeT b ve
Lﬁgﬁv 3: g\%,En 3\}(:![ ﬁir%i( %ﬂag'dft[)"e:%?fg” %\k”%srfsaﬁv%i ?alchzligvesdh %\{}ndci);r)lmg ! v%ithsbhgslp%orgs_ 's a
oxychloride) polysilicon layer 31 foliowed by overfilling with polysilicon layer 32, as shown
inFIG. 3. _Layer 31 of polysilicon is deposited to a stress level that is below about -1 x 108
dynes per sg. cm while the second iayef of polysilicon is depoéited to a stress level that
is below this. The first deposited layer of polysilicon had a resistivity between about 10
and 12 ohm-cm while the second layer of polysilicon had a resistivity between about 11

and 13 ohm-cm, after an annealing cycle to distribute the phosphorus .uniformly across

the thickness of the polysilicon.

It is also passible, in principle to fill the trenches with a magrietic material for use
in, for example, detecting and measuring magnetic flelds. In general, filling of the
trenches with cohductive material may be implemented using any of the known methods
for doing so, including chemical vapor deposition, physical vapor deposition, and

electroplating.

The next step, as illustrated in FIG. 4, is the deposition of insulating layer 41 over

10



~a cfoss-section nmade through 8-8. As can be seen in this exanple, four
cantil ever beans 31/32 extend away from conductive body 11 and are
suspended within cavity 61. They are physically enbedded in condu&ti e
body 11 but are electrically insulated fromit by insulating |ayef 4HEC 2005
Three different ways of then making electrical contact to the beamare the
basis for the next three enbodi nents: 2"d enbodi nent busbar island

formati : 005 Thi s enbodi mrent uses the general process of the
first e%%é&h’é%t“ﬁ%%ﬁ* PREk E# bi tﬁsﬁ%@eg&as e shHACR Pgbyer ('S Réfsemﬁ@wrwas FI G
14 which_is ta | an_view of the cross-section shown in FIG 18. Prior to
starti nd®he e&EH&%\'i%ﬁrm,?ﬂ/&%@s !l a3 19 defineosn opeding( said dpe@NglRing s
deposited on the upper surface to a thickness between about 2 and 3

ni cr ons dEReser&r that herfilled transhes limperthusisate arsd padiyraadide S ITreentrsubgh T at e
11 is then etched to formtrenches 98 to a depth between about 60 and 70

m cr ons Maskyet, ofndictive ddgxitdis S6héd1d fORD aledvity @) (det HEPANithedeRBAqS hen
et ched- back using RIE as shown in FIGs.18 and 19. Using an isotropic

r el easedewriwasils itc @nddyhbedPedss abbel PSSR S0omi@bAS kB hhd
beans 100 as shown in FIGs. 20 gnd 21. m Qhéﬁ?p"e&%%%ﬁh%h?ﬁ@

depth of the filled trenches, resulting in the formation of pedestals 62.

With mask 51 still in place, all exposed conductive material is removed, using a
release etch, which results in the formation of cantilever beams 71, as shown in FIG. 7
(seen following the removal of mask 51.). This is followed by the selective removal of ali
exposed insulating material as shown in FIG. 8. FIG. 9is a plan view, with FIG. 8 being
a cross-section made through 8-8. As can be seen in this example, four cantilever beams
31/32 extend away from conductive body 11 and are suspended within cavity 61. They

are physicaily embedded in conductive body 11 but are electrically insulated from it by

insulating layer 21.

Three different ways of then making electrical contact to the beam are the basis for

the next three embodiments:

2™ embodiment (busbar island formation)

11



Later, silicon oxide is deposited to fill the trenches as shown in FIGs. 15
and 16. Using contact mask 102 and netal mask 103, an electrical
connection is made between the interconnect nmetal and busbar. sil i4gpDECQENG
on polysilicon beam 31/32 as seen in FIGs. 10 and 16. Finally, nmask 51 is
opened to etch silicon that is surrounding the polysilicon beams to form
cavity 61 as shown in FIGs. 5 to 7. 12 14 DEC 2005 3'd enbodi ment (liner

oxi de isolation This enbodi nent uses the general process of the first

enbodi ment i rertiredimbat uewé Nige agtietalonabess OPHe ReftesrhbiEimRAW Wi Hean Vi ew
FIG 11, at the tine of formng the trenches that are to act as nolds for

t he caﬂn¢W¢@Qkkaﬁ@§me§§-addltlonal trench 117 is forned. Thls.trench
touches the other trenches (three in this exanple) and is at right angles
to them Wen cavity 61 is formed it is positioned so that trench 111 lies
out si de the opening 61 mhile trenches 31132 lie entirely i nside the

i i d rst enbodi ment_is used as
oot P.gcéfe"ﬁns% PLoPBHe B videtEhis BBEG afé ¢ pss sectereammin £1nde
S|I|co[51 te 11. Liner oxide 21 is shown in FIGs. 11 and 12. After
deposi't '9{3 trlea?%?erﬁilpmﬁ%s%ﬁ%mﬁ of gilipprooxige 9f (somfiet 18liindenppsitedopened

on the polysilicon 111.. Later,
on the upper surface to a thickness between about 2 and 3 microns and then pattemed

to form a busbar island mask. Silicon substrate 11 is then etched to form trenches 98 ta

a depth between about 60 and 70 microns.

Layer of silicon oxide 96 (5-7,000 A thick) is deposited and then etched-back using
RIE as shown in FIGs. "l18_andf. 19. Using an isotropic release etch silicon beam 99 is

released to form the suspended silicon beams 100 as shown in FIGs. 20 and 21.

Later, silicon oxide is deposited to fill the trenches as shown in FIGs. 15 and 16.
Using contact mask 102 and metal mask 103, an electrical connection is made between

the interconnect metal and busbar silicon 100 on polysilicon beam 31/32 as seen in FIGs.

10 and 186,

Finally, mask 51 is opened to etch silicon that is surrounding the polysilicon beams

to form cavity 61 as shown in FIGs. 5 to-7.
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all is deposited and patterned (103) as shown in FIG 10. Finally, mask
gﬁtis etchedp and silicog surroundi ng polysilicon beans 31/32 is etched to
form 61, as shown in FIGs. 7 and 8. 4th enbodinent oxide bar Iateﬂg]gﬁc 2005
i sol ation) This enbodi ment uses the general process of the first enfodrnent
but begins with the formation of a single trench to a depth between about
60 and 70 mcrons that is then 13 14 DEC 2005 just filled with silicon
oxide. This is showmn in FIG 13 as trench 131. In a sinmlar manner to the
third enbodi nent, one QFeﬁq&ﬁmﬁ@@ﬂqhgﬁoﬁéé%é@ﬂkﬂgt run at right angles to
the oxide filled trench are then f ornmed, as shown in FIG 13. These touch
the oxide filled trench and are used for the formati on of the polysilicon
beans as in all the previous embodi nents. Befgre t he Iatéer g;edfo;geﬁasa

metallic c es on tren me

- “fingers' ik %Q? Héﬁﬁtmggég %ﬂaékﬁﬂﬁﬁﬁ%ﬁ%éé%ﬁ"ﬂe@ﬁpgmﬂﬁﬁt§Uﬂf
or der P ectrical contact. The four enbodi nents descri bed above have
been f8 H‘%&?iﬁﬂﬁﬂﬁ‘ﬁﬁpﬁe following characteristics: Conpressive stress
for low stress polysilicon after deposition was about -1.28 x 108
dynes/cnR. After POCI 3 doping, the second polysilicon deposition, and a

final anneal, it
‘ Referring now to plan view FIG. 11, at the time of forming the trenches that are to

act as molds for the cantilever beams, an additional trench 111 is formed. This trench
touches the other trenches (three in this example) and is at right angles to them. When
cavity 61 is formed it is positioned so that trench 111 lies outside the opening 61 while
trenches 31/32 lie entirely inside the opening (see FIG. 12). The liner axide of the first
embodiment is used as electrical insulation between the polysilicon inside trench 111 and
sificon substrate 11. Liner oxide 21 is shown in FIGs. 11 and 12. After depositing oxide
layer 41, as shown in FIG. 4, a contact window is opened on the polysilican 111.. Later,
metall is deposited and patterned (103) as shown in FIG. 10. Finaily, mask 51 is etched

and silicon surrounding polysilicon beams 31/32 is etched to form ©1, as shown in FIGs.

7 and 8.

4™ embodiment (oxide bar lateral isolation)

This embodiment uses the general process of the first embodiment but begins with

the formation of a single trench to a depth between about 60 and 70 microns that is then
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dropped to about -2.69 x 10' dynes/cnR. The sheet resistance of the
.polysilicon after anneal was about 12.97 ohns/square. In summary, the,

- invention that we have described above offers the follow ng advanta®&s 205
over the prior art: (i) It is possible to achieve deep polysilicon beans
with low residual stress as the polysilicon beans are fornmed by
folding-the filmvertically. 14 i 4 DEC 2005 (ii) Very large thicknesses of
pol ysili.con. beans can be achi eved by depositing only between 1 to 3 mcron
t hi ck pé‘l’%'i”?g %n?f.‘ FHGOREoXige| s issthawn inF IGowi Soasstrerdh 13 odlinca siomilar imanner
contrast, thick polysilicon beans have been traditionally achieved by thick
deposi t '@ H¥ A gmboginen), ehe opoloysitiencoes anag thaimmtheigheaueedo & SGHST s
(see, for exanple, the Bosch process). (iii) Beamdepth is uniform across
t he waf éllediendivardaensformeday steahrf IRANGA131 ThERNOIEN the dida fild §8AGEEN
oxide-"tail issue arises in this process, as conpared to the SCREAM or

LI SA pr acesised forTthe @RI of tAY SlysARkohDdaME € %P{Hebé]rggﬁgfé J?ﬁ@ocd?ml‘éﬁ{%l_ be

integrated with a CMOS processes. "Wiile the invention een part arly
shown amérstes6d IaRe0ardibitnd £EMERAR ddhtact pad 132 that lies on trench 131 is formed.

Said pad has ‘fingers’ that extend outwards part way along each beam’s top surface in

ord_er to make electrical cantact.

The four embodiments described‘ above have been found to exhibit the foﬂowing
characteristics:

Compressive stress for low stress polysilicon after deposition was about -1.28 x 10?
dynes/cm?®. After POCI, doping, the second polysilicon deposition, and a final anneal, it
dropped to about -2.69 x 107 dynesfcm2.  The sheet resistance of the polysilicon after

anneai was about 12.97 ohms/square.

In summary, the-invention that we have described above offers the following

advantages over the prior art;

(i) Itis possible to achieve deep polysilicon beams with low residual stress as the

- polysilicon beams are formed by folding-the film vertically.
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~the'preferred enbodi nents thereof, it will be understood by those skilled
.in the art that various changes in formand details nmay be nmade without
departing fromthe spirit and scope of the invention. 15 14 DEC Z'PQ%EC ‘
CLAIM5S 1. A process for formng a cantilever beamthat is connected to g]rq%l
electrically isolated from a conductive body having an upper surface,
conprising: to a first depth bel ow said upper surface, etching a trench,
having a floor and sidewalls, and then coating said floor and sidewalls

wi th a ' fir st(i) ¥eryriargk thinknesses of polgsiliovatteshel can bsachibléd bY dbpssiting BRI
with a conductive material of choice and then formng a second |ayer of

i nsul at i mgfweahet ital3 micesn gacikl poyBRitos WrhaChhis ?8s 98! ifl SHCRE of b9
| ayer, form ng a mask that cove?s the filled trencht and thgt Bﬁtaf@h%@ ]gn

Obent ng, ottt ORABk AlyRBY bTRIRRA it PRSI AERA S PRI AL SRR 1Y

inside and partly outsSide the opening; throug

conduct i r |ty that extends to a, second depth bel ow said
upper sur aéc{g,qx??l% é@%ﬂ%n@éyﬁ%‘él gegHEed Sruqirgs (W’F'e?‘?ri PEMplgdhposch

t her eby F;rrggsforrri ng that portion of the filled trench that is inside the
cavity ifP 55')'

(iif) Beamn depth is uniform across the wafer as the beams are formed from a silicon

mold.

(iv} No spacer oxide-tail issue arises in this process, as compared to the SCREAM
or LISA processes. The present invention is CMQOS compatible and hence can be

-integrated with a CMOS processes.

While the invention has been particularly shown and described with reference to
the preferred embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made without departing from the spirit and

scope of the invention.
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pedestal; with the mask still in place, selectively renoving all exposed
conductive materi al thereby formng the cantilever beamthrough rel ease of
the pedestal fromthe cavity floor; renoving the mask and then sel eicf iDgel 05
removing all exposed insulating material; and formng an electrical contac
to the beam said contact being electrically isolated fromthe conductive
body. 1@.4fsDEC 2005 2. The process described in claim1 wherein the step
of filling the trench with a conductive material is selected fromthe
process 1grouft BERESE TP PraTing Mepardigver dpemm toatpissedrinectedotty sircablecapally
deposition, and electroplating. 3. The process described in claim1 wherein
sai d mat¥patgd fistn chobrdudtive et teethgf arouppdrhirigtougormemshgt i ng of .
pol ysilicon, alum num copper, and gold. 4. The process described in claim

1 wherein theo ienfist depirgbalewvesaialugpr seHaes etching tidh@hIhQHRg CPRSSSLLGY ©
silicon oxide and silicon nitride 5. The process described In crﬁoal m%

wher el nsidenaren el hied diifg ISt ISGTLAQUHAIA wille ALPEEEP of GRGRLASER) "
claim1 wherein said naterial of choice Is a nag
- material;
Just filling the trench with a conductive material of choice and then forming.a second
layer of insulating material over said upper surface;
on said second insulating layer, forming a mask that covers the filled trench and
that defines an opening, said opening being disposed so that the filled trench lies partly
inside and partly outside the opening;
through said mask, etching the conductive body to form a cavity that extends to a
second depth below said upper surface, the second depth being greater than the first
depth, thereby transfarming that portion of the filled trench that is inside the cavity into a
pedestal;
with the mask still in place, selectively removing all exposed conductive material
thereby forming the cantilever beam through release of the pedestal from the cavity floor;
removing the mask. and then selectively removing all exposed insulating material:

and

forming an electrical contact to the beam, said contact being electrically isolated

from the conductive body.
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7.. A process for formng an electrically isolated cantil ever beam
conprising providing a silicon body having an upper surface; depositing a
first layer of silicon oxide on said upper surface and patterningt sagt 2005
| ayer to forma busbar island having an edge; formng first trenches,
having a depth and | ocated wthin the busbar island, that 17 1 4 DEC 2005
extend away from said edge and that are connected along a si de opposing
said edge, with silicon remai ni ng between the first trenches; through

hi hes t f f t
Ci 7 con’ beanean DRen fsﬁ*"%é““gaﬁh“f.rs% b e LTRSS kPt (o
f £ t chi dt h, h
 oor SR UV GeienE 'gs%%"’e" Tt R T Loy gD g it of REBisabaFPerel and

edge tendin ara to said upper surface, outside said busbar

i sl angi%%gg bl g'?ﬁ% HO%%‘?QPSftlot'}o?”Qﬁ&?%i%B@Nﬁgl s a second | ayer of silicon
oxi de; under filling the second trench with a first |ayer of |ow stress
pol ysilicon and doping said first polysilicon to reduce its resistivity;
over - f| I1ing the second trench with a second | ayer of |ow stress

pol ysid-i coﬂ%@rﬂﬂm@%@tﬁiespﬂl@&thimi ctaing1 sdiiedeis seahdaoby si dHoienis|sayiedhemeby

there is no polysilicon outside the trench;
the group consisting of polysilicon, aluminum, copper, and gold.

4. The process described in claim 1 wherein the insulating material is selected from

the group consisting of silicon oxide and silicon nitride.

5. The process described in claim 1 wherein the conductive body is a semiconductor.
e. The process described in claim 1 wherein said material of choice is a magnetic
material.

7. A process for forming an electrically isolated cantilever beam, comprising-‘“

providing a silicon body having an upper surface;

depositing a first layer of silicon oxide on said upper surface and patterning said

layer to form a busbar island having an edge;

forming first trenches, having a depth and located within the busbar island, that
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formng a nmask that covers the filled trench and that defines an opening,
~sai d opening being disposed to extend fromthe edge of the busbar island to
fully enconpass the filled trench; through said mask, etching the 44 pge 200
conductive body to forma cavity that extends to a second dept h bel ow sal d5
upper surface, the second depth being greater than the first depth,

thereby transformng the filled trenches that are within the cavity into
pedestal s; etchi nfg a contact hole through the busbar island to expose said.
first sig¥ WRLIAYM Al adgerenddhat arg Canmwatemglopgiatswmommdingoéanwfézldgh wakes
contact to the silicon through said contact hole. 18 14 D E C 2005 The
process Soarrengihing betveean thevier teérichieke sil i con oxide that forns the
busbar island is deposited to a thi ckness between about 1-5 and 3 nicrons.

9. The procedsralghcstchied, rélessing thd smkehaidiwkbR tf’lé rfﬁ;‘.t ’Jr@ﬁ/&f SO£B f?% néash}é(scon
es

Is deposited to a stress level that is about -1. X

The procHReNIRSEs hmq“lérﬂ"ﬂ@rll@bﬁg%tr%ﬂ?%ﬁh@sm ﬁ&q{l}%égyer of poI ysilicon is

deposited to a stress |evel ow a X 101 dynes/cn2. | |
ayer o " oo PIERERPOtgbl A BB AT
pol ysi lél&&palg}/sggasggonc{ tre?nc%sdﬁ)'lglnatmg at the busbar island edge and extending, parallel
to said upper surface, outside said busbar island mask;
forming on said floor and sidewalls a second layer of silicon oxide;
under-filling the second trench with a first layer of low stress pblysilicon and doping
said first palysilicon to reduce its resistivity;
overfilling the second trench with a second layer of low stress polysilicon and then
planarizing said second polysilicon layer whereby there is no polysilicon outside the trench:
forming a mask that covers the filled trench and that defines an opeﬁing, said
opening being disposed to extend from the edge of the busbar island to fully encompass
the filled trench;
through said mask, etching the conductive body to form a cavity that extends to a
second depth below said upper surface, the second depth being greater than the first
depth, thereby transforming the filied trenches that are within the cavity into pedestals;
etching a contact hole through the busbar island to expose said first silicon beam

and then forming a wiring pattern part of-which makes contact to the silicon through said

contact hole.,
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~oxychloride. 12. The process described in claim7 wherein the first |ayer

of polysilicon has a resistivity between about 10 and 12 ohmcm 13. The
process described in claim?7 wherein the second |ayer of polysilicon ?%% e
resistivity between about | | and 13 ohmcm 14. The. process descri blb in
claim7 wherein said first depth is between about 60 and 70 mcrons. 19 14
DEC 2009 15. The process. described in claim7 wherein said second depth is
bet ween abou% 75 and 80 m crons. 16. A process for formng electrically

i sol at el canf "¢ BURESESIGSE1IDRS HbelaEN Hgwherginthedsihepraoxiilé ithairfotosl thenbusiay an
upper surface; to a first depth bel ow said upper surface, etching a first
trench BEngkis|depesitedisca thicknassetwesasbogut Bend Smidofs.r st trench, each
trench having a floor and sidewalls; through thermal oxidation, form ng on

all said floors and sidewalls a |ayer. of silicon oxide; under-filling the
trenches with a first layer of |ow stress polysilicon and doping said
9. The process described in claim 7 wherein the first tayer of polysilicon is deposited

to a stress level that is about -1.28 x 10° dynes/cm?.

10.  The process described in claim 7 wherein the second tayer of polysilicon is

deposited to a stress level that is below about -1.28 x 10° dynesfcm?.

11.  The process described in claim 7 wherein the step of doping the first layer of
polysilican further comprises adding phosphorus to the polysilicon by means of phosphorus

oxychloride.

12. The process described in claim 7 wherein the first layer of polysilicon has a

resistivity between about 10 and 12 ohm-cm.

13. The process described in claim 7 wherein the second layer of polysilicon has a
resistivity between about 11 and 13 ohm-cm.
14.  The process described in claim 7 wherein said first depth is between about 60 and

70 ricrons.
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first polysilicon to reduce its resistivity; over-filling the trenches with
a second |l ayer of |low stress polysiiicon and then planarizing said second
pol ysilicon | ayer whereby there is no polysilicon outside the trqpfgﬁié
depositing a second | ayer of silicon oxide over said upper surface RS
second oxide layer, formng a nask that covers the first filled trench

that defines a contact wi ndow over, and within, in the second filled
trench, and that defines an opening, said opening being disposed so that

the fiqsst Fipgt e il d i Lely [ nSi he ni whi |l e said second
fill ecl1 5t$r efr-lﬂgtﬁ Fﬁig%é'sgsenti f'%%@ﬁbﬁ? Fs”:' 33"@’%%“&&2@?% ;ndz%éop%l'%%@’@@% PRro{yh said
mask, | DGk, ,Eée silicon body to forma cavity that extends to a second
dept h bel ow sar d upper surface, the second depth being greater than the
first depth, thereby transformng the first filled trench into a pedestal;
with the mask still in place, selectively renoving all exposed silicon,
therehy formn the cantil ever beamthrough rel ease of the pedestal from
t he cé'&rtyp‘f Ipé‘g‘?e,‘ssafﬂﬂ oEmtg slpdtniealiaisr! cantilevee pesimsi mpmprisanger  of
nmetal and then patterning said netal layer to forma contact pad over said
contact window. 17. The process described in claim16 wherein the first
| ayer of polysiiicon is deposited

providing a silicon body having an upper surface;

to a first depth below said upper surface, etching a first trench as well as a second

trench that touches, : ~ said firs_t trench, each trench

having a floor and sidewalls;
| through thermal oxidation, forming on all said floors and sidewalls a layer of silicon

oxide;

under-filling the trenches with a first léyer of low siress polysilicon and doping said
first polysilicon to re_duce its resistivity;

aver-filling the trenches with a second layer of low stress polysilicon and then
planarizing said second polysilicon layer whereby thefe IS no polysilicon outside the
trenches;

depositing a second layer of silicqn oxide over said upper surface;

on said second oxide layer, forming a mask that covers the first filled trench, that
defines a contact window ovef, and within, in the secoﬁd filled trench, and that defines an
‘apening, said opening being disposed seo that the first filled trench lies entirely inside the

opening while said second filled trench lies entirely outside the opening; -
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to a stress level that is about -1.28 x 10& dynes/cnR2. 18. The process
~described in claim16 wherein the second | ayer of polysilicon is deposited
to a stress level that is bel ow about -1.28 x 108 dynes/cnR. 19. TQﬁ _
process described in claim16 wherein the step of doping the first a9€¢2@§
polysilicon further conprises addi ng phosphorus to the polysilicon by nmeans
of phosphorus .oxychl oride. 20. The process described in claim 16 wherein
the first.layer of polysilicon has a resistivity between about 10 and 12
ohmcm 21 [torpupAGagi dask, Btaniny the efison eedy tdferhn iarcaeitpina tktenietebretbgd
second | ayer of polysilicon has a resistivity between about 11 and 13

ohm cm d@2h BRiewpsaid eppedeardatdeflel sbcohadl dBplS paley giéhtérair%nf {Hesftirlsfjﬁ%t}%ei S
m

bet ween about 60 and 70 mcrons. 23. The process-described in clai

wher ei ﬂhéﬁétﬂvt%iﬁ?ﬂﬁ@ﬁﬂs§ﬁmy\@%' Htpeﬂégl%ﬁ‘d 80 microns. 24. A process
a e

for formng electrically isolated cantilever dns, conprising: providing a
si|icon bodyyiftapkReeisil AP BhcS WeldG6s ifid SRS O S BhT i RRS!
surface, etching %%r St t geﬁc’hgegng\??%{é%"@f'{@ %ﬁ%xgcgfe SIE)con,\%ereby forR‘flJng
the cantilever beam through release of the pedestal from the cavity floor; and
-removing the mask and then depositing a layer of metal and then patterning said

metal layer ta form a contact pad over said contact window.

17.  The process described in claim 16 wherein the first layer of polysilicon is deposited

to a stress level that is about -1.28 x 10° dynes/cm?.

18.  The process described in claim 16 wherein the second layer of polysilicon is

deposited to a stress level that is below about -1.28 x 10° dynes/cm?,
19.  The process described in claim 16 wherein the step of doping the first layer of
polysiticon further comprises adding phosphorus to the polyéilicon by means of phosphorus

oxychiloride.

20. The process described in claim 16 wherein the first layer of polysilicon has a

resistivity between about 10 and 12 ohm-cm.

21



trench wwth silicon oxide; to a second depth, bel ow said upper surface,
etching. a second trench that touches, said oxide filled trench, said
second ‘trench having a floor and sidewalls; through thermal oxidaf§pmBEC 2005
formng on all said floors and sidewalls a | ayer of silicon oxide;

under-filling the second trench with. a first |layer of |ow stress
polysilicon and doping said first polysilicon to reduce its resistivity;
22 14 DEC 2005 over-filling the second trench with a second | ayer of | ow

st res21pol Wil proeasaadsdrited inRIARATE #hBkis HdlsS&rQ Vs yer
whereby there is no polysilicon outside tlhe ?rencng&g}%gr{ﬁ%%&&nﬂt al%naet he

~oxi de resibieg Bt@BER abBLM Ngnd@15RIALLiC contact pad having fingers that
extend along the polysilicon filled trench thereby making el ectri cal

contact thereto; depositing a second |ayer of silicon oxide over said
upper surface; on said second oxide |layer, formng a mask that covers the
rench and that defines an

| ysidhi [ . d i.de fi.lled tr
openi rg. _saraPessas HESBERd i B8 5H8 St rstERelr v e PleLSCEREh |1 cq
out si %ntﬁgponospeni ng and the polysilicon filled trench lie

23.  The process described in claim 16 wherein said second depth is between about 75

and 80 microns.

- 24, A process for forming electrically isolated cantilever beams, comprising:

providing a silicon body having an upper surface;

to a first depth below said upper surface, etchingra first trench and just filling said

trench with silicon oxide;
1o a second depth_ below said upper surface, etching a sécond trench that touches,

said oxide filted trench, said second trench having

a floor and sidewalls;

through thermal oxidation, forming on all said floors and sidewalis a tayer of silicon

oxide;

under-filling the second trench with a first layer of low stress polysiticon and daping

said first polysilicon to reduce its resistivity;
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centirely inside the opening; through said mask, etching the conductive body
.to forma cavity that extends to a third depth bel ow said upper surface,
the third depth being greater than the second depth, t hereby transform ng
the second trench into a pedestal; with the mask still in place, T4 DEC 2005
selectively renoving all exposed conductive material, thereby formng the
cantil ever beam through release of the pedestal fromthe cavity floor; and
renovi ng the nmask. .25. The process described in claim24 wherein said

first depth pyersdlingtba sabmd tr&hawich aé@cﬁh@l@éﬁof%%%l%@%rz&d
process described in claim?24 wherein said second depth is between a out 60

and 70 wlaneorsg 2Fid SSw@nar eElesBodte &6/ar heskbreBy GhaieMs24: S
depth is between about 75 and 80 ﬁrons y S OWS%H&” BiSicbnkd

trenches;

on and within the axide filled tren‘ch farming a metallic contact pad having fingers
that extend along the polysilicon.filled trench thereby making electrical contact thereto:

depositing a second layer of silicon oxide over said upper surface;

on said second oxide layer, forming a mask that covers the polysilicon filled trench,
and the oxide filled trench and that defines an opening, said opening being disposed so
that the oxide filled trench lies outside the opening and the polysilicon filled trench lie
entirely inside the opening;

through said mask, etching thé cdnductive body to form a cavity that extends to a
third depth below said upper surface, the third depth being greater than the second depth,

| thereby transforming the second trench into a pedestal;

with the mask still in place, selectively removing all exposed conductive material,

thereby forming the cantilever beam through release of the pedestal from the cavity floor;

and

removing the mask.

25.  The process described in claim 24 wherein said first depth is between about 60 and

70 microns.
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14 DEC 2005

26.  The process described in claim 24 wherein said second depth is between about 60

and 70 microns.

27.  The process described in claim 24 wherein said third depth is between about 75 and

80 microns.
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