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METHOD FOR PRODUCI NG COVB DRI VE DEVI CES USI NG ETCH

BUFFERS Fi el d of the Invention The present invention
woeb@toes’sgeneral |y to the field of sem conduct BCT/US2004/042944

manuf acturi ng and m croel ectronechani cal systens

(MEMS). More specifically, the present invention

pert ai mgTh@ fFabroroatdme o@tehORISVEf DEVICRAUEIING HTEHNBUFFERS

di stortion in conb drive devices. Background of the

I nvention El ectrostatjic cogg drive devices are
utilized to provide C gpve on in
m cr oel ectromechani cal systenms (MEMS) devices. Such
dri Vdedeviseris iaventienpirelgiss, gtmgraldxatoplthe ifisld hef semiconductor
fabrication of MEMS-type accel eroneters, gyroscopes,
maufactifigg tahd BRAcHeYotdRvhatsal Wistets' QRERISHCt MRl @Pedifically, the
of ten necessary to effectively neasure and/ or detect
predit liRfbnABA %&ﬁﬁk &h atib9htiohMmethbY P 15 Aked E%‘n}ﬂﬁic distortion in
devi ce, a I'n body I's supported over an tinderlying
coniyﬁﬁ¥§§e¢%é93tfate usi ng a nunber of anchors. One or
nmore drive elenments electrically coupled to the nmain
body can be actuated to nmani pul ate the mai n body above
t he support substr§E€Qﬂﬁw@l%§bﬁiﬁﬁmaﬁnnanner. In
certain designs, for exanple, the drive elenments nmay
i ncElgeleostatisuerdaly dote denieesdirgiutidized te pravide mgeersent or motion in
configured to convert electrical energy into
micoeddraroaharied sgterts (MEMS)aleiioest Stdtcdied dsided Are &MFloyed, for
met hod of fabrication of electrostatic conb drive
exafiP¥d, Ciﬁstﬁle%ﬁﬁbtli% B A\ IER 1 Qcc%!érblﬁ@t.@rs\,/‘?ggg{slcg%ﬁ, and inertia

substrate. A highly boron-doped | ayer is

sen%?é%@glla?sg%\%#?ﬂgﬁﬁ Qc&ua?%étigng@ntr%%gs}éwalslot%;/e %i?%lgvl\%gaes{lre and/or

stra can n-bee
desired mcrostructures using a patterned mask | ayer
deteﬁﬁﬁmgogﬁﬁﬁ“tﬂe 1898 process, such as the

In a typical comb drive device, a main body is supported over an underlying
support substrate using a number of anchors. One or more drive elements electrically
coupled to the main body can be actuated to manipulate the main body above the support
substrate in a particular manner. In certain designs, for example, the drive elements may
include a number of interdigitated comb fingers configured to convert electrical energy
into mechanical energy using electrostatic actuation.

One method of fabrication of electrostatic comb drive devices generally begins
with a silicon wafer substrate. A highly boron-doped layer is realized through diffusion
or epitaxial growth over the wafer substrate, which can then be etched to form the desired
microstructures using a patterned mask layer and a suitable etch process, such as the
Bosch-type Deep Reactive Ion Etch (DRIE). The etched wafer is then bonded to an
underlying support substrate using a suitable bonding process such as anodic bonding.

The support substrate may include a number of mesas that support the main body and
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Bosch-type Deep Reactive lon Etch (DRIE). The etched
waf er is then bonded to an underlying support
weubwstoeatse usi ng a suitabl e bondi ng process sueOTAS2004/042944
anodi ¢ bondi ng. The support substrate may include a
driveLetbmente aboRs@s supsdrt SuRRMEtwRIRCAIBRNiRg RRA¥RROALINE. and metal
el ements above the support substrate While allow ng

patRSOIB I BEfo? Qenné%ﬂﬁ% R si nﬁ)‘éltrlgéﬁge%rgpgéf nc%rirlgltoree §1Qirodes can

connéecting to the si con ne

e es C al so_be ovi.ded on the support
sisEhEEPIRE o e SuliRel RS 0 0D GrE Rebtrement bk main
b causegrpg/y, for exanple, acceleration or rotation of

odyraused 1y for expmIpls, pecelation g ptetion wh thersensort Hée silicon substrate
renoved through one or nore non-sel ective and

wafgipiselhen vemevashthprugbeswes, merecivmselddGivie and sERRRAsIEH processes,
etching, leaving only the patterned, highly doped

sucls iab IKKOH SArEDOP Wased &olingRatias @alPihet HRicHREAD hbhi ili
be applied uniformy asgthe d%vigg n&%ﬁ? baé&gghﬁgoﬂéiSﬂmon

strubi@fd h, the shape or profile of the etched structure

shoul d be as uniform as possible. The uniformty of

th S cture is dependent, on.a punber of,
t adif MR HE b0 v S6 R et iy Sy e dvice moves back
d d%]gcgnt f eat ur eﬁ and the parameters of the DRIE
any 3? d8g shapeor mpflecolehe isfohgd sHetare showkl b¢ esveniferm as possible.
those | ocations where there are relatively small gaps
The paifpmeity afiflectehedfstacturesis depdielept @f & hembér sfhfactoeicluding, for
fingers tend to be non-uniformalong their |ength, due
examplet He gar petngey adjssbmeatasads anld e bR@nRA balihO YRITE  ocess
of the conb fingers. This non-uniformty may result i

& hQiRgestchin g CaRR G J1a NN ATl Vg Wi
B es pgft CtloggachQ%Pﬁg%?’eﬁé%%}E% %8 Unaesi r%eg]eg%)aergtr\?mﬁg&‘éeily small
| C%: . ] t rd,ve .power .. These additional .

oo SETEE] ol R IBL A O B0 FOGER AL 4 Bt

conb fingers, resulting in greater energy dissipation
alongﬁlaeuh ngih, due m@e AR smutFRStcaused bydha perigbavertapeof the comb

non-|inear profile of the conmb fingers may produce
ﬁngcaﬁraa}hést B UNIGPTIH ey result-ipfchphgesen capaditandeuad thercomb fingers

creates noise in the sensor output. As such, there is
move withetgspevt to each other, producing undesired electrical harmonics in the motor
drive power. These additional harmonics can reduce the desired motive force of the
comb fingers, resulting in greater energy dissipation and noise in the sensor output. In
some cases, the non-linear profile of the comb fingers may produce quadrature, or motion
out-of-plane, which further creates noise in the sensor output. As such, there is a need in
the art for improved fabrication methods for reducing harmonic distortion in comb drive

devices.

Summary of the Invention

The present invention relates to fabrication methods for reducing harmonic

distortion in comb drive devices. In an illustrative method of the present invention, an
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the art for inproved fabrication nethods for reducing

harnonic distortion in conb drive devices. Summary of
woheosloaysmt i on The present invention rel ates tBCT/US2004/042944

fabrication nethods for reducing harnonic distortion

ep1ta5haq3 aaPerdb s, VR A8UhHRS - hikMlyahorbh! |dBP&F 5(?+¥)e P}%f? o Bfher suitable

t he present i nvention, anepl taXI a er- o

ma%ﬂ?@%ﬂ %’g e}lyorkfgﬁﬁ)&l' Ql? -'ég)ro 9 | Ir‘?'g st{eﬁ% NS to form an

es
rial” can be gro

0 er sybstrate us d to faorman
ele‘éf"é&?%@f‘%&(ﬁ% 5ed %temunaaé layes detiping @dqugbsk of comb drive
| ayer defining a nunber of conb drive el enments and one
ele@ﬁntﬁ@n@ 088 OF irrfqr@ pagrifistad pichduffersscapdre foened ot it tdyer. Etch-
p++ | ayer. Etchbuffers can be enployed to nake the gap
buffres verele adplagedito el the eap erweet Afa0enn feiRS &nore uniform. These
etch-buffers can be used at or near those |ocations

etchVBEffers afBEChRd B P IHPse 160 EEnP W%ké Ero'dﬁmﬂgsalJ LR etched

In some cases, the etch-buffers can el ati
8 i o ti o bet

profiffls HedifibRl A st U AR AR LR BRTCRALNT Shall e, such as
cases, tEE’E%Ch buffers can be larger in size, such as

hmwt quefl befiy ey arsPILESETS of § PPIRD (VA SEECFrat Inciber cases, the
need to _be etched. The pattern can be etched into
etcfrh‘éffiﬁ can by rgeria sizar Bighas vden ftds alsdalebiyabigtosfilb &t aras ¢hat does
In some cases, the relatively small etch-buffers that
not aced ol o efchérbt Vitherpaiteiinacarie dtthrdeiht e pa+clagdr i thdugh to the
structure may be difficult to renove during fina
undegfiap sabsuiae. uti on. Therefore, and in accordance with
sonme enbodi nents of the present invention, the

r el gtduel ééséﬁ@l};}é refdtBr Jfﬁeﬁf"éttcfh %ﬁgetrsiﬁgtvﬁg 19 k%gvm%fgeardjacent

bondi ng, bu s 1s require
trat| e ,enbo nent ter fernin ++
ﬁn%els 4 ERim0AREY SR Iﬁl%ﬁt’?s@ép A 30 5fap| Gl final waer
{chant such as EDP, and the relatively snal
dissgjutigny,  libgredorgy @nd jp| Secartgrse iitha e erabediments hof thgh present

. for exanple, a conbination of
invention, the relatlvely small etch-buffers are removed before wafer bonding, but this is

not required. Thus, and in some illustrative embodiments, after patterning the p++ layer,
the wafer may be immersed in a suitable etchant, such as EDP, and the relatively small
etch-buffers are fully undercut and liberated through, for example, a combination of
etching, rinsing and cleaning. Because of their size, only the relatively small etch-buffers
are fully undercut, and all of the desired features, as well as any larger etch-buffers if
present, remain attached to the silicon substrate.

The top of the etched wafer substrate can be bonded to an underlying support
substrate, using a suitable bonding process such as anodic bonding. Once bonded to the
support substrate, a final backside etching process may be performed to remove the

remaining wafer substrate, using the boron-doped silicon layer as an etch stop. When the
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etching, rinsing and cl eani ng. Because of their size,

only the relatively small etch-buffers are fully
wandesrosutsp and all of the desired features, asP@EIUS2@8/042944

any larger etch-buffers if present, remain attached to

releftﬁz@lféxjnél? gﬁh%gﬁ}%%géo&%o{féﬁi’b 8ré Q@fe‘?tb%'ilﬁglgv\%ﬁ &Hhinal backside

substrate can to an underlying su

ubstrate n e b ndln roces
cteEiRarac et T e fec bR B P g combaen af nsing and
a final backside etching process may be perfornmed to
clegning,pay bp gsqdeigdie W@%g@ﬁt%h%ﬂf?ratﬂ@m ﬂpgurﬁﬁgﬂtmgestructure
boron-doped silicon | ayer as an etch stop. Wen
t heWdleatanydoyeds thed saceificts] stehflmframayrest to esbyedr eliminate the
bef ore wafer bonding, the final backside etching

reldtiveeRtgensdps Hetenahdh-bveelappiah Tbgiﬁﬁﬁ b6 thd ébrﬁ@ wive mérs The
a conbi nation of rinsing and cl eaning rray e used

etcilBliFers eg%vge then&d %P sgféf:ﬁ\?er égl&{%”bﬁ Ne ' ate ; fo, ensure a

structure. Wien enpl oyed sacr|f|C| etc

act-to reduce te Iat Iar
RS DS Bhe b B"Pﬁ@l PiitontaBe fhas et e i fusers. In
finge The etch-buffers can be forned at selective
ce E’g?l&\[%%dlﬁlﬁn%@rvﬁéﬁ@ﬂ) leg (b pacifisial teBriwdicss gany be ased,te grovide a
uniformetch rate along the |l ength and/or at the ends
unifefrmt grey leadwierf thegedes. of] adjaventt einmb énpodi Murirg etthing, this uniform
exanpl e, the sacrificial etch-buffers can be used to
gappmay ireduca differensod igaqiclb edtee et the osddtedond tiadieBSBNS! the comb
comb fingers. During etching, this uniformgap may

ﬁn%e?sd Uaes Fidvidseacssrd Gm%rﬁp pfAI€%o tﬂli@t:oﬁﬁ nﬁr%%?é? r A P0&ult, the
ng a nore

ength of the conb fingers, t us provi
f|n result, the
ol TR e b IR Sy e Sk i o o
ect .tqQ each ot her _tends to re i near, which
mofsljiegt SENClERK P gl e thniagcion i setrical hamonics into

€l ectrical harmonics into the drive system Brief
the%%?ﬁ'smon of the Drawings Figure 1 is a schematic
view of an illustrative prior art electrostatic conb
drive
Brief Description of the Drawings

Figure 1 is a schematic view of an illustrative prior art electrostatic comb drive
device including a number of comb drive elements having a non-uniform profile;

Figure 2 is a cross-sectional view showing the profile of one of the comb fingers
along line 2-2 in Figure 1;

Figure 3 is a schematic view of an electrostatic comb drive device in accordance
with an illustrative embodiment of the present invention;

Figure 4 is a transverse cross-sectional view of one of the comb fingers along line
4-4 in Figure 3;

Figure 5 is a longitudinal cross-sectional view of one of the comb fingers and

sacrificial etch-buffers along line 5-5 in Figure 3; and
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devi ce including a nunber of conb drive el enents

having a non-uniformoprofile; Figure 2 is a
wonroes®esmat i onal view showi ng the profil e of oreTawS200Mme42944

comb fingers along line 2-2 in Figure 1; Figure 3 is a .

SCRAITRI CoXI At 86 aheRlfE! FBRBithioROTe A IMEAAVL Chethod of

in aCcordance wth an i1llustrative enbodi nent

resent invention: Figure 4 is a transverse

fablipafig Aot i dVioa g e SF o SEETEA FRAGIES: ong
line 4-4 in Figure 3; Figure 5 is a |ongitudina
cross-sectional view of one of the conb fingers and
sacrificial etcHeedgddpescapemof thadnwnionn Fi gure 3;
andFi gures 6A-6H are schematic representations of an
i || Tisd folibivires drstiipibroshofiklbve read ivith rafeeamib talthied@awhi@gs G8 which
utilizing one or nore sacrificial etch-buffers.

likdPsibRbhte G BEBGEAtRIrh R helfard REmba¥e M 1iR8 fAdheor. oﬂl@‘gfa'@\gngs, which

description should be read with reference to th
' 14 L.C ' - i n.dj fif t. drawj ngs .

are b EHACRity ] sPerlptd SO WEBhdul o L RO pRp i e

not . necessari | o scal e, . depict se] ected enmbodi nents .
scohf G G RBROT nishOHER SETPISHOL CORUUGH MGt RS, and materials erc
.. invention. Although exanples of construction,
illugfratedh®r Hresvarighel clemeatsi tiose skilled in|the eyt i dedognize et many of the

vari ous elenents, those skilled in the art wll
exampbs pnovided livere sniable alferhdieyce dmmplagdemtitivedled have

suitable alternatives that may be utilized. Figure 1

| S Fighehe®d béherla@ aéw I ahl iliistiat iptRr REt Qéct@static comb drive
el ectrostatic conb drive device 10 i ncluding a nunber

d

g . uni . e

aerl FPTRLS SLOTCCRY 0 AR B LT RO proic

Corf, s 8646 T, 1L RiHPE e ociRb GFBE AP g RiF Svieind gecond
| ass support substrate 16. Wile a_ gl ass support

corrglu paYs greaibers 131t caeh formadsincghrppefing e@nRera@Ver ffeglass support

substrate 16. While a glass support substrate 16 is used, it is contemplated that the
support substrate 16 may be made from any suitable material or material system.

The first comb drive member 12 includes a number of comb fingers 18 that are
interdigitated with a number of comb fingers 20 coupled to the second comb drive
member 14. In the particular view depicted in Figure 1, only a portion of the first and
second drive members 12,14 are shown for sake of clarity. It should be understood,
however, that other components, in addition to those specifically discussed herein, may
be disposed on or above the support substrate 16.

During electrostatic actuation, the first comb drive member 12 is configured to
remain stationary above the support substrate 16. The second comb drive member 14, in
turn, is freely suspended above the support substrate 16, and is configured to move back

and forth relative to the first comb drive member 12. A suspended spring 22 may be

-5.
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support substrate 16 nay be made from any suitable
material or material system The first conb drive
woenis@e478@ | ncl udes a nunber of conb fingers 18CTh&AR004/042944
are interdigitated with a nunber of conb fingers 20
progigieg betvdep thdecent cordb deinb ntbhibee 17RAVEA adéhor LB, Whre the anchor
particular view depicted in Figure 1, only a portion

is fixbd tdvehefsupsdrt ameirae N thd ShyRn AR e shown
for sake %?d clarity. 1t sh{éiﬁlaeg be Elﬁgg%’{%‘ég%r%rg\%@ggg’fometo
th § ' ddi.tion to thos
egf)%%fig F%gldlrfj’e i scuggzgv qwegrt%i %.,l‘sensé tag%p%ﬁsgsptg%’@h&ﬁmor
abox_g tthe fgﬁport substrate 16. Durj na el ectrostatic
act uAFTisHRAl {evaliepe fourerinoh shayen) hawpe deatls cpanected to the first and
configured to remain stationa&y above the support
secQiifneiny fidve membgEs Keokdbpan bopnftiuradstondsliver a aret i the first and
turn, is freely suspended above the support substrate
second, ceamel fingers digf20g indedintzomotivie tHeaeetodtdl. T Pid PoltRbabING can be
to the first conb drive nenber 12. A suspended spring
confgursdyo b&PHIoY e a SthadeNEer ' nber.
o g R R ErE e thint® JRTREN to the

14 and an anchor 23, where the anc
22, provi des

con3BRgt SR ol SopTOEIOUIATHCSREIRE SBpBL e e

a restoring force to

. the drive volt.age ses through zero. An
Se""\ggtedglrvtﬁg?e dkfr\}%ﬁ{)a?gj@ﬁgt&ﬁe a{lﬁi Gerthsmowpyrtipalor mgniesadigtive to the
ted tog the first and second conb drive nenbers

. tcon%e
st pompiryvg megabeg dadf i gured to deliver a charge to the

first and second conb fingers 18,20, inducing nmotion
t héwsetgabrderther Bhen indligmgel, sadtr agnls Bigd?e SOk @k @&ggt%dinally
output a time-varying voltage signal to alternate the

fronclhabge phetion et bp dldepsRich 56 TESESE 1332&& mﬁéti?alﬂitviﬁ Tprior art

conjunction wth the suspended spring causes

electf@EAMAoMY HGvdTBIREGS de};‘i"ﬁt&f’ irpﬁl(‘gitl.ll(')é f,:]tge ??1%1 tfﬁ’(%g’f‘?{)%é(? gi@naligned

a particular manner relative _ _

i STR] e BaF 5 BT R e et Rt oS ot
Wherf) ?1{1%'%1[%?% ?Gltéeoé?f Y-jﬁpagﬁ gglgrtcl:.o r)%nzgvetrlgglgiﬁg frégiclnil 2% rc]l(iesposed between
the sides 30 of each laterally adjacent comb finger 18,20 forms a relatively small gap 32
that is sufficiently small (e.g. 1 to 2 microns wide) to induce a sufficient capacitance
between the comb fingers 18,20. A relatively large gap 34 (e.g. 7 to 9 microns wide), in
turn, separates the non-overlapping regions between each comb finger 18,20. During
actuation, movement of the second comb fingers 20 relative to the first comb fingers 18
causes the amount of overlap at the overlapping region 28 to change over time. The
relatively small gap 32 between each laterally adjacent comb finger 18,20 remains
constant, however, based on the longitudinal arrangement of the comb fingers 18,20.

Fabrication of the prior art electrostatic comb drive device is typically

accomplished using a silicon wafer substrate that is etched to form the desired drive
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el ectrostatic conb drive device depicted in Figure 1,

the conb fingers 18,20 are aligned in a parall el
woams@e47sand are configured to nove | ongitudi nBCTARS2004/042944

relative to each other when energized by the AC

ele Qﬁtts A% HU" Gfded\io QH@?{I @Jﬁﬁ“p[gal{lpg)% thzs *ﬁ%' 15638? %ﬂo% bonding,

et meen the sides 30 o acen

adhfglﬂp Io& ilﬁqusyitglﬂ%gsm? ng Bneﬂfd[ gﬁ}% sma!sgﬁg ;Hgt}ﬁgh @16 various comb

I nduce a sufficient capacitance between the conb
fingers, §%2Q arpstymallsc\fqrmeéwltbea Plasa gishdeq) cenfigered to un; Bgsch-type
m crons wide), in turn, separates the non-overl appi ng
gasrsagiching Thespiteantiealion mdmmss@m;s, 20. During
actuation, novenent of the second conb fingers 20
r el Bhd ¥@ich®y dhipe DRIF proodb té fareLESmB Arive eRAfentsiving a uniform
anount of overlap at the overlapping region 28 to

proﬁi&aﬁgﬁ g%ﬁ&é ttlhrﬁ?agj’ Sheng et § aY@ oY H0% cBR. b?‘hé{"‘%‘?&ﬂ rate is

each era acent co finger I enai
weve e .l on

oL W5 ORI o e s com

th grlor art _electrostatic conb drive device is
ﬁnaepspil V1 yAaudinsnd bndhe dedteddmes gn higws ndpe examet anginsreased

that is etched to_forn1the desired driveel enents, and
amqug of bderdleeiching typicallydecirg ialnpgshppides 36 ubthercatdd ﬂxfgebsyls,zo at
anodi ¢ bondi ng, adhesive, or other suitable bonding

thoseBiepiods wheee i Rap SPackk betwadddjf@nt bemY Enk O 8O greater than
fingers 18,20 are typically formed with a plasma etch

the sRQl1et 2aH BIUTE AddiBioh Ush ﬁ‘lcﬁ‘ﬂ%har%‘alﬁﬁ o¥ @ﬁ?r?%t(:ﬁlii}g 2?p %gpoccurs

Reacti ve Ion Etch process (DRIE). The efficac

I 0 I ve nts. h
s BRPRSRRok 0!8 R TR PSP RN 4 B 26 o
of thegfg ? cess. The etch rate is typically
havg goRURLQTp § ‘Hqﬁrw de a uniformprofile along the

smal | est gap 32 between conb fingers 18,20. As
i ndiigarecdi g transvedes: eross-sectionali viewrishawimglthefmpfile of one of the
exanpl e, an increased anount of |ateral etching
contbyfngead 20/alonglins2-2l infigurbe. sdheswiln Bfgutd® theondrtical etch profile
fingers 18,20 at those regions where the gap spacing
of tReENMES findéH ZCBAds 16 BRATIMARBRIS Wit LG ehter ShE@IRT AR occurring
along the sides 30 towards the bottom surface 36 of the comb finger 20 than at the top
L}
surface 38 thereof. As a result, the width W at the bottom surface 36 of the comb finger
20 tends to be smaller than the width W, at the top surface 38. This undercutting of the
comb finger 20 is due, in part, to the geometry and size of the trench. Higher DRIE etch
rates remove more silicon during each etch cycle, both vertically and laterally, since the
etch phase is somewhat isotropic. As a result, the profile of the comb fingers 18,20 tends
to be more non-uniform along its length, having a generally greater undercut profile at

those regions where there is no immediately adjacent structure to reduce the gap and thus

the rate of etching.
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the smallest gap 32. In addition, an increased anount

of lateral etching typically occurs across the end
weanisioeas0 26 of each conb fingers 18,20, causi RQTAUIS2004/042944

end portions 26 to have a non-uniformprofile. Figure

o o POREST HEEAF HAEL B BN 55 e o
in Fi .. AS .in Fi 2 i _
oo T Gt Bl S RR,

with a greater anmount of etching occurring along the
cona) fager3bs.2dnadiifstitgeapang 6harge cragategs BPIYHEOTEDHIRL causes the
finger 20 than at the top surface 38 thereof. As a
conrte §ingers 18k twi dholre Waclkatnd Hertlb stithoraspent ftacectB6thef. tAsethe comb
conb finger 20 tends to be smaller than the width W
fingdts 18)20 foRe Skthf rBgRc38 cadlbthet) ARG thie MBn nifbRR pESHATE along the
finger 20 is due, in part, to the geonetry and size of
' r I e anr AN :
lendh St hEe tolhb }e_ll%:lgﬁg 18! eﬁdE&e‘%rﬁ heh Fedr {H%}{g% gplcgga%ith (fey taausmg

uring eac cyc oth vertical era
i.n the etcgh ase IS sonmewhat .isotropicg. a :
eleqt il ot iBRE RBIRE Sgr B REFRANE infah Backor, @FvE ey Tis
. be nore non-uniformalong its length, havin% a
intrg@icdipn | oty hyymonics, Ingh dles diive posfer |Bainareass dhe agnaws of energy
where there is no i medi ately adj acent structure to
requiraduivecletizostriisally dctunigsthe heoviag enahbert atthegle®uadi frgquency, and
operation, a time-varying electrical signal is applied
incr@adealis complerybf thendiBieseldobords netdbigl i@ caitrd PRB&hiedt. In some
charge along the length of each laterally adjacent

circGRRANEdSN GRS nkBuri®brmHofild b1 Mie %ﬁiﬂnjgﬂ%eﬁ:@ 2896 Cglg Qg\(ﬁ)s%: cgﬁdrature,

a notive force that ‘causes the co Ingers 1

it h ct to each, other. As the
or ng%ﬁr?gl qu"?}r%])g'g ?‘121 g’l%?%&%n%g\)/ree n\?m{sg Elpfﬁléa Spect ot Usach ot her,
hog&ver, t he nogiuni formgrofi e al ong the | ength of
th

LomiDeriavyée Sisrse 027 AlsgERyaty FRIAR drive devicndfge acpordance
_capaci tance, causing electrical harnonic distortion to
witlpen {llwstrdfénscabadimenttod ghepressnt thvientigorpigukisiratedi £omb drive device

i ntroduction of harnmonics into the drive power may

40, ilhstretissty b imeantypatomb deiverdgyice, includes a first comb drive member 42
and a second comb drive member 44, each formed in an opposing manner on top of an
underlying support substrate 46. The first comb drive member 42 can include a number
of comb fingers 48 interdigitated with a number of comb fingers 50 which are coupled to
the second comb drive member 44. Although not shown in Figure 3, a suspended spring
may also be provided to produce a restoring force when the drive voltage passes through
zero, similar to that described above.

The comb fingers 48,50 can be configured to operate in a manner similar to the
comb fingers 18,20 described above. In certain embodiments, for example, a square

wave, sinusoidal wave, or any other suitable time-varying AC voltage signal can be

applied to the comb fingers 48,50, causing the comb fingers 48,50 to move back and forth
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required to electrostatically actuate the noving

menber at the desired frequency, and increase the
woanlexisty of the drive el ectroni cs necessaryPCD/US2004/042944

control novenment. In sone circunstances, the

w1tﬂ %‘s u&ih Qé : A HLEf il Lafired Hﬁnﬁ&‘%o(r elﬁﬁlelll%’n% ?ﬁ(ﬁ‘c substrate 46.

e qua ature or noti on out- O | ane

noi sor .Qut erri
Wh%ﬁ'e%ea&?wg a5 RS RHB e S ELOPGIEIARS, s o
accordance with an |Ilustrat|ve enbodj nent of the
undsrsieqdripat thg sprmp gwive angmbers ¢4.4¢ aad assapmpted ooy frsere48,50 can be
40, illustratively a linear-type conb drive devi ce,
conifigutedde snevef inrsomecahtr dhsired fashivbe rFot Z2xamglea theecommul drive device
conb drive nenber 44, each formed in an opposing

40 fRROMpete haptadf-tyde doRtbedring dgicuURRAld a aumgdrm&l éfilar to that
The first conb drive nenber 42 can i nclude a nunber of

des fih ngeqs Iﬁ‘l% laBbeqdi Ag}rgh@ag 5 tl{gl'xgbe? @W@SO%6’?3r which is

I ngers 50 mhlc are co second
h no shoqn in Figure 3, a suspended

mc%‘BPﬂrae&}}?ﬁei}nﬁlyﬁpﬁg‘C%%\ﬁ FEEYo produce a restoring

force mhen the driyve voltage passes through zero,

si ¢ &¢duee hapmenigistertioacral/ey neprantiemmities iy dhesprofile of the

48,50 can be configured to operate in a manner simlar
combpfingess ¢8,40, ¢amidrie 18yize 40 enay bbbumat osing dne erembmi sacrificial

enbodi nents, for exanple, a square wave, Sinusoida

etchwairffers.Or Inadhy  ehb@htis vidnaldbsicted B -Maiingi ROl {2 @Cnumber of
signal can be applied to the conb fingers 48,5

sacﬁﬁéiﬁl 88h-bifes 904k MEGH St 48l ol BCATRAE aﬁ]ﬁa‘éélg%%e comb fingers
forthwith respect to each other in a manner

48,?(? OX§ id {lg gg&%o n,gf%a?igrvcga&]agpl?ekgw %\yﬁlslter al f 4€1§H‘e)§ 6'A-6ﬁ these etch-

near evice 1S S

trated i u |t shoul d be understopod t hat
buf] eﬁ% G a&%@ QiR s tionprgcess 6 APEBtE dBppelatively larger

fingers 48,50 can be conflgured to nove in sonme other
gapgidswese ddiasiiopiruaties dhed sl auseheoretmiordilisseinthei prefilkpof the

may conprise a rotary-type conb drive device having a
comtbofifigeyu4 & 50.0 Assndicdted by dadhked lineke slor sabaficiahetB-buffers 52 are later

I nternational Application Number PCTYUSO1/26775, which
remb¥$ed in a etch-buffer removal process, leaving intact a structure similar to that
discussed above with respect to Figure 1.

In the illustrative embodiment, the sacrificial etch-buffers 52 may have a
substantially rectangular shape defining first and second opposing sides 54, and first and
second opposing ends 56. The specific dimensions of the sacrificial etch-buffers 52
employed can vary depending on the dimensions and relative spacing of the comb drive
fingers 48,50, and the distance between the comb fingers 48,50 and other adjacent
structures such as the leading ends 62,64 of each comb drive member 42,44. The

sacrificial etch-buffers 52 may be placed within the non-overlapping regions of the comb

fingers 48,50, and can be dimensioned such that the first and second opposing sides 54 of
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i ncorporated herein by reference in its entirety. To

reduce harnonic distortion caused by non-uniformties
wonodshessoof i | e of the conb fingers 48,50, conBCUmIS®4/042944

device 40 may be formed using one or nore sacrificial
theahetfidiall dieH-Bufftns2 b SOBRARIIYCHAHIRN 8 RIdFEst wih FAOMESS 58 of

3, for exanple, a nunber of sacrificial etch-buffers

cacRZatahBy 88QWht _bmB S Bet 4y 6o | ocati ons adjacent to the
conbafYng@rs 4§?507@%s %s di scussed in greater detai

bel i th _respect Fi gures 6A-6H, these etchbuffers  _
55 R ARG oh Jomnedl bBertatt bnbpfosass 5 ot e taerifieia
| ni.m the relatively |arger gaps between adjacent
ClCILPARIP (3Pes P tiBaee. toatisiohribn ot f6s MlonBetbe isiies (8 of the comb
profile of the conb fingers 48,50. As indicated by
fing¢zss A% 80 Wheesno fingesavariapiexistd. - Eo phehdé fensrehRifora profile along
| ater renoved in a etch-buffer renoval process,
the | lemgth ngf thet e@hb afilsderI ABIS0E 1% Mirdtahart@vdd ahp HeS GHFSEE made to
above with respect to Figure 1. In the illustrative
appRIHa ick i = ave a .
P M L, PRB 3D o i Rop B G ts R AR Fogions
Si sj des, 54 nd first and secqgnd
of (EERA0 BRESHS, “hical P fimen hlon SR mBlco et nartowed gap
sacrificiagl. etch-buffers 52 enpl oyed can vary
66 %&@HB ian‘@%ghm{ mPror sty drig 2amiprons, sinpilas te Haecwirih of gap 66. It
the conb drive fingers 48,50, and the distance between
shoyld de spderstopdgeavesvas i tmirsbndrerwesidjapd®ns net wecedsariBimited to
such as the |l eading ends 62,64 of each conb drive
suchndimizasiod2, 44. The sacrificial etch-buffers 52 may be
pl aced within the non-overl apping regions of the conb

f i muersacrffbid Gtclamete 882 bk ﬂ&d@@ﬁimg@?ﬁd’&)hfohﬂitseé& narrowed

first and second opposing sides 54 e sacrificra
elCldz u i all aragie and adj acent
sap VOPeHL bEioa BESudt e LR Bupd EOR A R0 R B eE BR of the
fd nge 8,.p0. [rst narrowed gap_66 formed between
socriiel ShohRIFR R 5 L he cond pivao et BRl 70 pan berere Bunmapsmate the
52 can he utilized to match the etch rate along the
gap $pfhat egsts beprrenceyerlapping regions of the comb fingers 48,50. In certain

embodiments, for example, the second narrowed gap 70 can have a width of
approximately 1 to 2 microns, similar to the width at gap 66. As with the first narrowed
gap 66, the second narrowed gap 70 reduces the differential rate of etching that can occur
across the ends 60 of the comb fingers 48,50.

Figure 4 is a transverse cross-sectional view of one of the comb fingers 50 along
line 4-4 in Figure 3. As shown in Figure 4, the profile of the comb finger 50 is
substantially symmetric, with an equal amount of etching occurring at the bottom surface
72 of the comb finger 50 as at the top surface 74. By employing sacrificial etch-buffers
52 adjacent to the sides 56 of the comb fingers 48,50, the effects of undercutting may be

reduced and/or eliminated. As a result, the sides 56 of the etched comb fingers 48,50 tend
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fingers 48,50 where no finger overlap exists. To

provide a nore uniformprofile along the length of the
woanis/obs1sger s 48,50, the first narrowed gap 66POBSR®4/042944

made to approximate the fixed-wi dth gap 66 that

to URSHBR b P BEOMRRRII SR PHIGRE B SRR Y Blosd I cntir
. exanpl th i rst..narrowed gap 66 can have a w dth of

1h“§8ﬁ?6§$ﬁﬁ¥@ﬁyﬁﬂg¥502 mcrons, simlar to the width at
gap_66. |t shoul d_be understood, however, that the
fi rigguisat isohdenggaginglocross-srstional vaes showinpg therprafile o one of the
such di mension. The sacrificial etch-buffers 52 can

comli duvbdingenve¥s pud eabrifizidfl cteh-buffes dddaloag dinweds gafFigire 3. As
| ocat ed between the ends 58 of the conb fingers 48,50

shoaRdntHigure 5 sheShchificibhercdaffed ST cal bepeditibmildN18tetalB2adiacent and
The second narrowed gap 70 can be nade to approxinafe

- A . \ :
in lfnﬁewﬁ@fﬁle Qi) ﬁhg&xﬂosgsrgi. f%:ial AR sy %?gﬁ%@ﬁhﬁ?@o p%mber 42.

e conb fingers 48, n certain e

t
OnHRER Bt ere G BhlTR & 6HEPe o f Bporl s Gt the end
66.. As with the first d 66, th
60 G LBt A0gHETIR: Fistireed! THEOHr Eab IRt disgusacet sbove, A

. of etching that can occur across the ends 60 of the
simgai dimengioned #rdsouromiedugap 74 disposed betwserethedeading end 60 of the
cross-sectional view of one of the conb fingers 50

firstedomtgdiivev@erhbér 4nartd @6 0PpSsiteAmA WM Sachifigidl Btch-bulfRe 52 may
profile of the conb finger 50 is substantially

alsozl%’ Wide@ to Whdith B3 KGHle 3R Mhe ﬁafaﬁ@%%!dy %ogggdf‘;tgé g?mb drive

he bottom surface 72 of the conb~finger

0 ace 74. By enploying sacrificial
mel{éﬁﬁ?bﬁf‘%‘glﬁe@' 52 adjacent to the sides 56 of the conb

fingers .48,50,.the effects _of uyndercutting nmay _be

" el CEReE FEPBHinariprategand Ad (idcsgioped 2HEs 4-d6gomesd by the

of the etched conb fingers 48,50 tendto be
sacrifipialt etplh-buflery 53 ceni heamadn tor inprexamatenthengaph 6@ disposed between

~uniformw dth Wacross the entire thickness of the

adjacentisides 3§ @f tHeOcomb fingers 48,50. In one illustrative embodiment, for example
the second and third narrowed gaps 70,76 may have a width of approximately 1 to 2
microns, similar to the width provided at gap 66. By providing a constant gap width at
these locations, the etch rate at the ends 60 of the comb fingers 48,50 and at the leading
ends 62,64 of the comb drive members 42,44 can be further controlled.

While the illustrative embodiment shown in Figures 3-5 depicts etch-buffers
having a substantially rectangular shape along their length, it should be appreciated that
the etch-buffers can assume other desired shapes depending on the particular type of
comb drive device employed. In a rotary-type comb drive device utilizing curved comb

fingers, for example, the sacrificial etch-buffers can be made to assume a curved shape

along one or more of its sides to provide a uniform gap along the length of the comb

-11 -



10

15

20

25

Figure 5 is a |ongitudinal cross-sectional view
showi ng the profile of one of the conb drive fingers
woeQo@ndssacrificial etch-buffers 52 al ong |i nePETAISRIV4/042944
Figure 3. As shown in Figure 5, the sacrificial
fingere h-AU ft fotlie? et dbiRerI® BeirD R shtrRlAl choh-Bgth
and in-line with the conb finger 50 and | ea@ighrf]eggg%bgfsed to

mah t [ i - end 56 of the
Oh PRt o aC RN, SR WBHEhord s o RuBRpE; Aliadenf strcture
j: ram 60 .0of. the conb finger 50,

res‘ﬁ%ﬁ%@%&%ﬁ?&%@%&ﬂ%?Omﬁn%eiﬁ 70 di scussed above. A
simlarly dinmensi oned thjrd narrowed gap 76 di sposed

bet WREA1YH T theaefmhly deive dsyicef4d isesimilesto dwtislistnssed above with
menber 42 and the opposite end 56 of the sacrificial

respselc i Higf aforesaid pragr att stechestpiiovomddirtve dfien10.heA eirkélvarying
rate along the | eading ends 60,62 of the conb drive

electrirab eigndPcani e gigsict a6l thd Horhl Hingb 438 iR MHoSte ! :
second and third narrowed gapsg70,76 fornegkigefﬁ@”HGChmge

dlongARE 1ot O calh flerdtly pfoch o B MAnly s B Bl 45,50
e illustrative_enbodi nent

' rs, 4 .dn o ,
towitch bINIEL Fhe ool o b ViieHdp BsGIe Qo fipgers 48,50
b na?%}?%ﬁ‘e wdth of approximately 1 to 2 m crons,

acky CRUVE dO \RNE ERCIBSTON Aidefirad nepames6ln @ytapr ewbatlimgnts, for
a const ant ?ap wi dth at these |ocations, the etch rate

exargple; pe cxtgtns] € véltaghcoubgired itmgetpat 48qiie ande dolthftesignal can
| eadi ng ends 62,64 of the conb drive nenbers 42,44 can

be ubbzéduotrheiprocatetthotdrall find¥s Ue, s0hRck hhd BritAll¥Se t
enbodi ment shown in Figures 3-5 depicts etéﬂ>gd%?ghgﬂmn In

othehamba@n@n@y@&hawmaﬁwawehﬁgtb%gy& ar shape along their
length, it should be appréciated that the etch-buffers

Capiﬁ‘%ugg_@ﬁhg{e aieig{r@gig d?eirf)? %%@.&5 :%gi A ng}afg]_?,ﬁ grethod of
9

particul ar type o ( _ vice
oK R S e a6 ChL oo s

be de to assune a curved shape
drawings show one comb finger 112, one etch-buffer 108, and one comb anchor 110 for
clarity. It is implied that the cross-sections in 6A-6H represent a comb drive similar to
Figure 3. Beginning with Figure 6A, a wafer 78 having a first surface 80 and a second
surface 82 is provided as a sacrificial substrate, which is later removed through an etching
process. The wafer 78 can be formed from any number of suitable materials capable of
being etched using semiconductor fabrication techniques such as micromasking. While
silicon is typically the most common wafer material used, it will be appreciated by those
of skill in the art that other suitable materials such as gallium, arsenide, germanium, glass,
or the like can also be used, if desired.

As shown in a second step in Figure 6B, a layer 84 of boron-doped silicon can be

grown or formed on the first surface 80 of the wafer 78. In some embodiments, for
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along one or nore of its sides to provide a uniform
gap along the length of the conbfingers. As with other
wenbsdicmsnt s herein, the sacrificial etch-buffecsusamd/o42944
be used to match the etch rate at those regions where
exatripde, éouiildlinpoof 1heespitatiel Laya;dm@@me%_tdhugﬁité&s reesih ~crystal
in less undercutting of the comb fingers. t gyatlon 3
ili S 0ri b ' | Lhat 1 di scysse .
Dot BT AE il bBrcs TOURE obParh Blehtds TRURET i,
I §..C | ve deyice.10. tinme-varyin
nd AT L o BT s I forliCi iy f?ula(sr borb delF@g[ﬁi use, the
48,50, . i nduci ng. the opposite charge along the |eng
dop%ﬁ% (g'é'c hoqogy E?Iétgll‘“?‘?‘é’dﬁ%smn elbf%mﬁg fpéaxialHayer $dwes bt lueed as an
comb fingers 48,50 toward each other. The el ectrical
ctchs§iem it lagernfabricarianistas to fasdidhtelramevalhe the Wafdri 789 &asing only the
48,50 back and forth relative to one another in a
relatheddy rtkid epitani2i laykn 84 a6 tainn tenbatirenhd iR RXRIR! & the comb
an external AC voltage configured to output a square
drivéideeicyol t age signal can be utilized to reciprocate the
conb fingers 48,50 back and forth relaglre to each .

t lents, a sj.nus al wave may be
s o oopt Qe B AR 80 chacelo Rl i an Remohe ot epitaxial
ag,illustrative.nethod of fabricating a conb drl_ve_ _ .
layely g@i"?& CRUIHGUYRE SPSiffosteesses oyiilin dheywaker 8. bllidseristrinsic tensile

These draw ngs show one conb finger 112, one _
stresges ppeAvse thel wafer 8 do bow eoey enmoighrto Mdkefpaocestiag iof Yhe wafer
It is inplied that the cross-sections in 6A-6H
impraeligads Entmiainciaerivabht beeigd chubal by Me Fer@khCof3he BRGK 'leg)@r 84 on
with Figure 6A, a wafer 78 having a first surface 8
onlyaind sidesEtbe tvafdt7BAGR] Bdn! iHuSFANk %ﬁﬂ)oﬂﬁnéﬁsaf"gercb{l& %ﬁ)iﬁl ial layer
substrate, which is |ater renove gh;oug an e ?rb aé(f
b Qr rom any _numnber o
56 B B AR un SR Eo R 08 B e oL B7 o e gt gounterbatance
) tor fabrication technigques such as o
the sECE ARHRHEL tht PRl 51 P00 Trs et biavs: HheAmwbown in Figure
om’mrl wafer. material used, it will be appreciated by
6B, gﬂ”?o@éu Hre kafen 78 subshatentst sanfwiched Hstweni oploking layers 84,86 of
materials such as gallium arsenide, germanium gl ass,
boron-doped silicon, forming a bottom side 90 and a top side 88 of the wafer 78.

Figure 6C illustrates another fabrication step involving the use of a photomask cap
layer 92 on the top side 88 of the first epitaxial layer 84. The cap layer 92 can be
patterned using a suitable process such as photolithography to form the desired elements
of the comb drive device, as well as other desired components. A number of channels
94,96 exposing the top side 88 of the first epitaxial layer 84 to the surrounding
environment allow an etchant to flow downwardly through the first epitaxial layer 84 and
onto the first surface 80 of the wafer 78.

In the particular view depicted in Figure 6C, the cap layer 92 includes a first mask

region 98 that can be used to define one of the sacrificial etch-buffers depicted, for
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or the Iike can also be used, if desired. As shown in

a second step in Figure 6B, a | ayer 84 of boron-doped
wei2bismesrsecan be grown or fornmed on the first sBCTAS2008042944

of the wafer 78. In sonme enbodi nents, forexanple,

bui.| dj | ' ' 4 jnclud
exafiiy Jo PP o ater AR oD B b S F BpF oo seognd and
OB, S5 1 BEP ET SBRR ok B e,

formthe epitaxial |layer 84, if desired. In use, the
deferapsmihe strectyre dorelnp! e semb dugersdSi Hallystied orFigereded

epi taxi al layer 84 can be used as an etch stop in

| at BigufeabDi itlattraies dteegsp tod dtehing tHeafisst repitaxial laytr Bhend wafer

wafer 78, leaving only the relatively thin epitaxial

subs@8178 84 défhd 1AE RbinB&irM@Tel kst CATILEH-bY$er§ b BRMomPdrive device.
the conb drive device. In sone cases, the relatively

o ti 0 ey fi _ _

Usigp A buBE ERRDR orfehsp u AR o bl A LB (QRIE). which refes
tresses wi.t.hin the wafer. 78. These intrinsi ensile

on Her @8 SOBPESHOR S L TRRURBIPE APESTG et B ELRTEhOtghe number
to make processing of the wafer inpractical. To

of trenshes 104, 108fcan bsdarmeyl heanshdha{irst ppitayiadeyer 8f anfein some cases,
epitaxial |ayer 84 on only one side of the wafer 78,

intcathe top sanfacel J0ush thatwafer EBrhDdiingtite, etchisg prrdsse fhiet exxdtalce of the
| ayer 86 can be grown or forned on the second surface

firsB#nablk rédiéh VBfa8bvd thet BrsE Opifxed] DayeR BACrERtS tHeC%BRYal of material
inparted to the wafer 78 by the first epitaxial |ayer

« . 1 H . . f . , ]
et ARV B S AT pion, o
o, 8] R b CER B0 BT S5 0 e

anot her fabrication step_involving the use of a
layeindh: JRERIRE Capimbgredt apmb, fingere 1 dpand emiganeljors 40, spaged apart
epi taxial |layer 84. The cap |layer 92 can be patterned
fromgheefchrbuifert ybihe tisndwsd9440€h as photol it hography to
formthe desired el enments of the conb drive device, as
wel Be@ascothb etchagiss bypicallgmpamersdSor e pdpide spaeingcivtnesl &ljacent

fingers 48,50, as the etchant travels through the channels 94,96 (Figure 6C) to form the
trenches 104,106, the existence of the etch-buffer 108 matches the width of the trench,
and helps ensure that the consumption of reactant species used in the DRIE process is
substantially uniform. As a result, the vertical etch profile of the trenches 104,106 is
substantially linear, with an equal amount of etching occurring at the top of the trench
104,106 as at the bottom. Once the trenches 104,106 have been formed, the cap layer 92
is stripped off in a manner leaving the etched first epitaxial layer 84 and wafer 78 intact
for further processing.

In some cases, the relativély small etch-buffers that are placed between adjacent

fingers of the comb drive structure may be difficult to remove during final wafer
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94,96 exposing the top side 88 of the first epitaxial
| ayer 84 to the surroundi ng environnment allow an
wenaisaai7sv o f 1 ow downwardly through the first eprtaxioais2944
| ayer 84 and onto the first surface 80 of the wafer
: : ' |2 B gur
dlSSZOE%U#ﬂQyZP%%%%ﬂgféﬂdﬁ'ﬁhéﬁfﬁ%?%*h% el Sl 8L By sfh-butrers
.be us def i f the sacr|f|C|aI etc
prictap A e o LAV Lot ey ehg B eooae eyl o ﬁﬁ%ﬁeaﬂed device,
i on 98 can be spaced apart froma second and third
Wh?Fﬁgkebf a5 GHicntipandm sgme geses.ayjripalie impassiblthioctenioys. KEhis issue
used, for exanple, in defining the structure of each
gemfalltyhhaesmb affectgergsr 48hSMfferd betansd dabyiane Focgbigeto3easily become
Figure 6D illustrates the step of etching the first

trappet baxddakd.| ByppeddicRbifdRliah couRw ubbiantld yidd 486 TMiRrefore, and
the conmb drive elenments and etch-buffers of the conb

in &Eér\ﬂ%&e\%’ﬂ? SomdShD&i eﬁfé'otf ?l%dfrg‘én‘f \E}L\)‘%ﬂ% I%?&tl%g %1 comb

Deep Reactive Ion Etc |ng |es on

ition i here a
L R R g R RN rf@%“e@gn be
formed through the flrst epitaxial layer 84 and, in
sonpighies el ﬂlilﬁf%e& He PEﬁEPf@E steacel sonefing fe welpkyely gmall etch-
During the etching process, the existence of the first
buffess k0§ &sgsindhe e@nlBuvepottion foif (st desmietpator & whiky bonddg. A selective
prevents the renoval of material imediately bel ow the
ctcldp hudlieds 8RR, adigstropig @hylehetiarbititakedl 8@hadtNPSE mdoas (EDP-S)
fashi on, the second and third nmask regi ons 100, 10

avaR G5 §m the T 8RBYA o, aﬁ?t & D?ﬁvéi’ée | PMeh iR ERP cilﬁaﬁg used at the

, form ng a nunber conb ngers 112, and
d buff.er b
e i AT { R py s 20
d h dj
i Psb T S5y SR e%%ﬁ%e‘h? Raill o Bih omune a shatlow

channel s 94 96 (Figure 6C) to formthe trenches

cavitpA 14 gBdertheetelx buffaisdds ond dasiog dkenb isf beefreel OFlontwhps During
the width of the trench, and hel ps ensure that the

thisquoessiiitei ammboﬁngematlhmayatsedie&&mlﬂﬁdlyi undédeat, B because they are
process is

attached to larger features (42,44 of Figure 3), they remain intact. While EDP is used in

the illustrative embodiment, it should be understood that any suitable selective etching
procedure may be used to undercut and liberate the relatively small etch-buffers.

In most cases, not all of the relatively small etch-buffers 108 will completely
disengage from their position on the silicon wafer during the EDP etch process. Thus, at
least in these cases, further removal-enhancing steps may be desirable. Rinsing, such as
overflow 'rinsing with de-ionized water (DI H20), which is used to remove EDP residue,
will remove some of the liberated etch-buffers 108. But complete removal may require a

more aggressive cleaning process in most cases.
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substantially uniform As a result, the vertical etch
profile of the trenches 104,106 is substantially

woOiBsa64780M t h an equal anount of etchi ng occur PCIS2104/042944
the top of the trench 104,106 as at the bottom Once

t hept £RNEIDSEtAE 4erhOFal REYLADERM fOFT] ﬁ:’gﬁt, N6 18Y4 acoustical
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be renoved before wafer bonding, but this is not
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renoving the relatively small etchbuffers 108 fromthe
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stmé\ﬁféﬁﬁp&sﬁélﬁ Shb%lga% ?1% ééif?‘}?—glflﬁéarggl@? L&s%%)n%f%%?o%éc tg 5 g process,

t enper at ur e range
-peri.od . 8. ;20 mnutes) to conpletely undercut the
whiE R BiesaoRuctl oV aieteY Sl SR orien g e phbout 400 itz
%ﬁgﬁiy 114 under the etch-buffers 108, and causing
to 12nMH% ipelar focethercleaning teghpiguespueh ayulitasanio clsering, mbgasonic
conb fingers 112 may al so be conpletely undercut, but
cleapwgagliss anithy panapatof achsticalealitatper If eadtrase® t2sohit @éaning,
Figure 3), they remain intact. Wiile EDP is used in
however, megasonic cleaning produces significantly smaller bubbles, resulting in a lower
release of energy at implosion, causing little or no damage to a surface subjected to this
process. In some embodiments, a solution of Summaclean SC-15 containing a number of
surfactant additives can be added to the bath 126 to aid in the removal of, and limit
redeposition of the etch-buffers 108 within the structure. While megasonic cleaning is
generally preferred for its ability to gently clean the structure, it should be understood that
other suitable cleaning processes could be utilized, if desired.
Figure 6G illustrates the step of bonding the etched wafer 78 of Figure 6D to an

underlying support substrate 122. In some illustrative embodiments, the underlying

support substrate 122 can be formed from a suitable dielectric material that can be used to
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the illustrative enbodinment, it should be understood

that any suitable selective etching procedure may be
wozer/obersander cut and |iberate the relatively BauiUS2004/042944

etch-buffers. In nost cases, not all of the relatively

ele&ﬁ@él%y elotfte .bt'ﬂtaf@z[rﬁu% 0% .cJ.nlentQ OSIP g}ﬁbd 'dﬁ@ E:B];r N certain

p03|t|on on t |con ma uri ng
|nt furt

r ocess. ast se
embOﬁw Fnasrenly Do oSy baots Shsfas f%znwgge formed of
suc overflow rinsing with de-ionized water (Dl
Smfﬁb]@)glasmaéwa suGhas P r@ﬁ%ﬁmm@s’ﬂ'@@e will renove
some of the |iberated etch-buffers 108. But conplete
r enOeabr maye metpliic eleetrorss d 28 gnd essdwctive ltmaes ot ghiovad SKsposed
in nost cases.In one illustrative renoval step

abostepit6p edrfade Hl Qof Bicbindeflyihg SuptRl SubsBRteARQUshiBelsed to provide
cl eaning process may be used to help |iberated the

ele(,%tlé"ﬂ c%%éc%'bﬁs 190%nd (fﬁ%utsrh%néﬂé f ddr Ud%llfl éi%Veld%vice. The

[ustrative enbodi nment or ne
e.stru ubmers w thin a bat
me’%@lﬁtea?cfﬁoﬁas 122 i R o g e it bl foad oge siitted in
ustical source_ 124 a piezoelectric
the Pﬁiaﬁ% 8%%? )en%ae%qnéq & PeBle th?gma@ﬁmlecéwdew%%my e formed
waves can be activated within the bath 126 to
by sppBersng emgvaporatingmetdilic patitles . sttitamition, pktinim peld etdonto the
drive device. As shown in Figure 6F, for exanple, the
top awdacstlil @ akingresugyble Bpitiegitlg ok evapoRaidnr éﬂ@@dﬂ@é’é Sindlibtdl@Rbgraphy
be used to agitate the fluid surrounding the

and%g&lrbrmf{{)ﬁq&h;igﬁes causing the etch-buffers 108 to
| oat away |nto t he surroundlng fluid. A D water

ri e, cl eani step, |if
degﬁfee@“gflﬂfn SUBIT sals Ta i et SRBUERRE of Riogt s 116
4 can b nfi gur ed tfo ieanthe structure and/ or )
ext g RS IEPTe KEE b oHIEA | By o THOBessi He winhedasne by ciching
cl eani ng process, which utilizes relatively |ow energy
awayghpertionefshe somawéase I Stafethe anderlying atwnert a06irkeiz 22pleaving
1.2 MHz. Simlar to other cleaning techni ques such as
intacl theasaterial ol thanhesgs 1iegalberhativellgahe mgestellil € ad et Pd@med by
princi pal of acoustical cavitation. In contrast to

buildingh@S@RtefalCh&@thé bp surface 118. In either embodiment, the mesas 116 can

be configured to support the comb drive members above the top surface 118 in a manner
that permits freedom of movement.

Once the electrodes, conductive traces, supports and other desired elements have
been formed on the underlying support substrate 122, the etched wafer 78 depicted
generally in Figure 6F is then flipped or inverted such that the topside 88 of the etched
wafer 78 is positioned on top of the mesas 116 so as to overhang the top surface 118 of
the underlying support substrate 122. The etched wafer 78 and underlying support
substrate 122 are then bonded together using a suitable bonding process such as anodic

bonding, wherein the two substrates are heated at an elevated temperature (e.g. 200-500
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however, negasoni c cl eani ng produces significantly

smal | er bubbles, resulting in a | ower rel ease of
wenersggs@av | npl osi on, causing little or no danBge/uSe00a/042944

surface subjected to this process. In sone

CEBRp el BB TRy S 6 s

bat h 6,.to.aid in the remgval, of, and, lim¢t

OtRE SR b Proefista fach D HERL b ik Apqshidhy sthgmay also be used
structure. Wil e nmegasgoni ¢ cleaning i s general

to b;?l“@fﬂé‘?wnf"@beqstt%geé}?ﬁr’l if flgsired. gent | S cl egn t he d

structure, it should be understood that other suitable
cl ebiginegblribeststasshe Guhldstems thet ¢dnzles psddf tod@bsiicagel the comb drive
Figure 6Gillustrates the step of bonding the etched

deviaef eAs Afuatfatdd GuUFeBOCHD the setdEe dpytakia] %@P@Btand the remaining
substrate 122. hi sone illustrative enbodi nents, the

porHOe b WG cRMP RS AUBR! fe%cﬁ'eaz?eaﬂ%gniggaé:{ Slgégggavfil&%r&-doped

suitable dielectric material that c
. i cal.ly isalate the vario (of0) nents of the
ik SR B SPlaeld o5 upfied 114 Ab B eRmnergpoort substrate 122,
exanpl e, the underl|lying support. substrate 122 may be
The; V&f&f thiWaafB‘I d3 gqaag'%e Aetosnlisheds by Husieg pygaagipgtion of non-
Corning Type No. 7740. One or nore netallic el ectrodes
selegive piodessemehgb tap wafergainding(ard O Huowey) etdiispomddekbiiwepracesses
top surface 118 of the underlying support substrate

whitR 2vill atot kaetacls el signifiuantly detack @ethipklgl boeenaesdd §ilisord.dn certain
the various sensing elenents of the conb drive device.

embUdEmERE, abt E)@an'ﬁ%l&(%hé QdBad dfidaxiB o RE aﬁ@éﬂ)?ﬁoi{"tﬁé Ql%stratel 7nS can be

t echni ques we known to those skille e art.

I [ - e, .tthe.metallic

e 8 0005 A T B T e b
e or at i talli.c particles (e.g. titaniu )

to ¥ BCHE A GarE Drteift Bt ThE rropibis Hkite varmthes; begselectively
suitabl e sputtering or evaporation processes, and

remayst dwingh 8B r Apsairopid ethylenestiamingtbasdd etabentnisuelesis PBB 300-F
underlying support substrate 122 may further include

avaitabde fomniheel mesas Chhfpaey,t afildanvgrs, plasathysdtis ot b Beitdbdd time to
surface 118. The nesas 116 can be formed by etching

remove any remaining material. It should be understood, however, that any number of

suitable doping-selective etching procedures could be used to remove the remaining

wafer material.

In some cases not all of the remaining etch-buffers (such as larger etch-buffers)
will completely disengage from their position on the bonded wafer during the etch
process and further removal-enhancing steps may be desirable. Rinsing, such as overflow
rinsing with de-ionized water (DI H20), which is used to remove EDP residue will

remove some of any liberated etch-buffers. But complete removal may require a more

aggressive cleaning process in some cases.
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away a portion of the top surface 118 of the

underlying support substrate 122, |eaving intact the
worb@rocadso at t he nesas 116. Al ternatively, thePOQER&E3004/042944

116 can be forned by building up materi al fron1the top

Su r]fn _iﬁ&s@rat S&E%\ha? ste @E}ﬁﬂﬁﬂg %at t hegeﬁeﬁg re %F %I' example,

be con |gure € co 'S "above

theto sur.face 118 er. that rmts freedo
SHSOERBHHLE Bhogsh o s ofd Pote Moy hpotech dsguters from
ports and other desired el enents have been forned
the éﬁrrpmsina&] slEnqtyien gThe ppedad enms drive detipg strugtureeeahbel submersed
waf er 78 depicted generally in Figure 6E is then
witlithjagyaéd1 26 cantaiemgecsugtalelh fluithguch e dt-dqsrete(T83 watert A& acoustical
etched wafer 78 is positioned on top of the nesas 116

soufi® BB} {£g.0¥ PideRciitetrh@dusdsy fcasdld b8 Rbdd scoustical
under | yi ng support substrat e; 1%1%% The et che vv(z:a? erlca 8pressure

wa@@ Aoy BQ GEtval 0w RHRRAL B%@ultﬁgttf) %E&lsillgﬁ Slgat} ﬁﬁ% r{lag81'i]sdﬁlqlctures of

oget er using a suit

0 ein.t strate eheate
the 3PRE, FUPCORHER ANShiul ip debegee 2"86 ewae%; alé‘?w&“t‘ﬁfé?ﬁ energy
) m cal |l y bonded together by applying a charge to the
emlftﬁsg tioph ey gansdnera 124 sandhs wseldadigifgtepthe fhiid surreuningithe etch-

heat bondi ng, adhesives, etc. may al so be used to bond
bufferse ctaw@ngrﬂqwtbetp]s-buffglstthditqat iafvagl astior thd .suffogmudirg Ghlid. A DI water
illustrates the final steps that can be used to

rinsk ahd dpeadyeletigy f0I6k, BE ickanile wiepeif dbsirddl | ustrated in
Figure 6H the second epitaxial |ayer 86 and the

r engiceiing sRoldiRess, ocfle ta&ﬁlsﬁ AREgcvahe 3&3 Be %51%; glﬁg(? eglean the

| eavi ng I ntact the heavi or on- dope m cro
! rface 11 t he er
YL TR 905588 RSB s MG g, i
be accoml i hed by u onbi nati_on of non )
presdieatt ey in (o cea il onnadn KEer g Har rSimgir to other cleaning
KOH- based etchlng, and sel ective processes which w |
technitueg spelt ks ailtrasopici ¢learanrg, | megasonic lcleaninghiadies yonbtheoprincipal of
doped silicon. In certain enbodi nents, for exanple,
acoushiealsewitatibre pilh @awniadst [taydrasamnid dlﬁwﬁngofhomeeﬁ uixsplakki € cleaning
78 can be
produces significantly smaller bubbles, resulting in a lower release of energy at
implosion, causing little or no damage to a surface subjected to this process. In some
embodiments, a solution of Summaclean SC-15 containing a number of surfactant
additives can be added to the bath 126 to aid in the removal of, and limit redeposition of
the etch-buffers similar to 108 within the structure. While megasonic cleaning is
generally preferred for its ability to gently clean the structure, it should be understood that
other suitable cleaning processes could be utilized, if desired.
When the relatively small etch-buffers are not removed before wafer bonding, the

final backside etching process will liberate the relatively small etch-buffers, along with

any larger etch-buffers if present. As described above, a combination of rinsing and
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removed using an industry standard grindi ng process,

| eavi ng enough of the substrate 78 to not hit the
woatiseeamsad epitaxial |ayer. The remai ning sili eONUS2004/042944

then be sel ectively renoved using an ani sotropic,

cleé?h lrngig%dl 1?5%%8 ;h%g;sﬁegno%ctﬁ t&yggff&% f}P %Eal’?’e pesﬁltmg structure, if

ransene
d i;achusetts for a suitable tlne to renove any
®SHE%ai ning material. It shoul d be understood, however,

that any nunber of suitabl e doping- selectlve et chi ng
pr odeving duiscise¢ribed dhe sevgral smbediments plethe present ingentiphe those of
material. In sonme cases not all of the remaining

skilétin hheo aift fveillsreadile ppreciater thet ohiec knibudinemss) may|He made and used
conpl etely di sengage fromtheir position on the bonded

whieB 8l withid 0@ dcBfe F ee ﬁﬁlﬂ%eﬁfacﬂélﬁhérla‘trot hﬁﬁmerous advantages of the
renoval - enhanci ng steps may be desirable. Rinsing,

inv%éfég &% Wﬁr%}ﬁ)ryf ‘éh?s\’\(i({clctj\ gpgae\yg' l;é%n %Eipf 9@1’ 15 e \f\@%ﬁmé laescrié)tion. It

resi ue Wi
f an ra et ch- buffers But c
wilf Birgodis Ry Bt g thsois B A graruEtl: SN N Fitivee Shanges
in some cases.ln one illustrative renoval step simlar

may §etrppgle inedstailsepartiqulprly in enagfers ploshaps.asigsl end amangement of parts
acoustical cleaning process can be used to help renove

withde ek¢dedimgttiealscepe bf thefifreansiohr om t he surroundi ng
structure. The bonded conb drive device structure can
be subnmersed within a bath 126 containing a suitable
fluid such as de-ionized (D) water. An acoustica
source 124 (e.g. a piezoelectric transducer) capable
of produci ng acoustical pressure waves can be
activated wthin the bath 126 to acoustically clean
the various structures of the conb drive device. As
shown in Figure 6F, for exanple, the acoustical energy
emtted fromthe transducer 124 can be used to agitate
the fluid surrounding the etchbuffers, causing the
etch-buffers to float away into the surrounding fluid.
A DI water rinse and dry cycle may foll ow the cleaning
step, if desired.
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In certain enbodi nents, the acoustical source 124 can
be configured to clean the structure using a nmegasonic

WO he@ric#mgo pr ocess, which utilizes relatively | B@T/US2004/042944
energy, sonic pressure waves in the range of about 400
k Hz Qi e hMQ§E:Sinilar to other cleaning techniques
such™as ul'trasoni c cl eani ng, negasonic cleaning relies

on fhe principal.of acoustical vitation, In contrast .

00 L' r Blofied ArisZn e RoniBued WetBubit st /e Sstortion

produces significantly smaller bubbles, resulting in a
during\eperationeeesedrisiigener gy at i npl osion, causing little

or no damage to a surface subjected to this process.

| n = first cemb aliivewmdnsher andoding iadirstofluSlitpnetd omain fidgerd Bach having

contai ning a nunber of surfactant additives can be

a bAAEPefidnQait BRI HHibn, ka8 atrnded of ﬁdémﬁhﬁ{gblﬁh%tﬁf andnd

limt redeposition of the etch-buffers simlar to 108

Wi tﬁk%ofﬂﬁ' %oﬁ%%f%é@&pb%kﬁd&%?ﬁ%h& g‘l:dr | %l aﬁngers each

general Ty preferr or its ability to gently clean

the structyre, it shoul.d be understood that, other .
havis p 4% POISEn AR G C SR BREDBE O 10 Ssfiiingra length, said

desired. Wien the relatively small etch-buffers are ]
secofist plpeatity elcasell Brecrhging spassd iapyt fomeand interdigisaind wilk said first

etching process wilh liberate the relatively snall
plumtighefnoiftefisgersgl ong wi th any | arger etch-buffers if

present. As described above, a conbination of rinsing

andgh&ami ag Ry ahe setoad plealis! niteiByes badSitrve a uniform profile

etch-buffers fromthe resulting structure, if desired.
aloﬂﬁ%@ﬁ‘%ﬁ Is described the several enbodinents of the

esent 1 nvention, those of skill in the art wl|l

readi |y appreciate that other enbodi nrents may be nade

and used which fall within the scope of the clains

att ached_hereto. Numerous_advant ages.of .the invention .

covered DY sHnR de¥e dees oheloien pewHemsit said firsh ang seqpmd plurality

foregoing description. It will be understood that this
of c@n@cﬁc' ngsty @ch clide ameenyt pogspduying auriforinlgroiler at i ve.

Changes may be made in details, particularly in

matters of shape, size and arrangenent of parts

3. The comb drive device of claim 1, wherein said first and second comb
drive members are formed by an etching process utilizing one or more sacrificial etch-

buffers.

4, The comb drive device of claim 3, wherein said one or more sacrificial

etch-buffers are placed at non-overlapping regions of the comb fingers.

5. The comb drive device of claim 4, wherein each sacrificial etch-buffer

forms a first narrowed gap along the length of each adjacent comb finger.
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wi t hout exceedi ng the scope of the invention.Wat is
clainmed is: 1. A conb drive device configured to
wonrodwe€7sh ess harnoni ¢ di stortion during oper aPCoMS2004/042944
conprising: a first conb drive nmenber including a
first plaralit fC [ f Vi .
por i on, Thh ol Gty #5icd SERRLR FEHANA S e Rifowed gop is
definjng a | ength;. and second conb drive ne r )
subﬁq%‘qlzﬂb/l Ty tos"‘bg@n‘asliﬂsﬁ‘il E?tlv&ieﬁn Sy CIlapRE S 91141@&1‘ §a&ggﬁerally adjacent
havi ng a base portion, an end portion, and a nunber of
conght fegerdefining a | ength, said second plurality of conb
fingers being spaced apart fromand interdigitated
with said first plurality of conb fingers; wherein
said first and second plurality conb fingers each have

a !J‘V‘.i forﬁ@E&ﬁB hﬁv@h@ﬂge bD&lfn B?%Eﬂ%in g&ch%-&ﬁf@ further forms
drive device of claim1l, wherein said first and seconé

' C [ : ' n end portion
a S%é@ﬂi ﬁ%ﬁ%‘%% néqpoa? %ep{ﬂgﬁ% ?tégh (gta&% g&gﬂg %Egr?i ve device of

claim1, wherein said first and second conb drive

menbers are formed by an etching process utilizing one

or nore sacrificial etchbuffers. 4. The conb drive

devd-ce ofheicami drivemdeyiee rofselpign dnefighermgemprising an underlying

sacrificial etch-buffers are placed at non-overl appi ng
suppet sabssratefadhpted cofrbelf ismgperisthe first hé seont coihb\deive enentiers.

of claim4, wherein each sacrificial etch-buffer forns

a first narrowed gap along the I ength of each adjacent

conb finger.6. The conb drive device of claimb,

hes o ) bt DBAEOUR 0D, Loy i bl s

| at er.al | di acent conb finger. 7. The conb drive
elec&ré’ﬁa@%‘:%%b%? P8 wherein each etch-buffer further

forms

10. The comb drive device of claim 1, wherein said comb drive device is a

linear-type comb drive device.

11. The comb drive device of claim 1, wherein said comb drive device is a

rotary-type comb drive device.

12. A comb drive device configured to produce less harmonic distortion
during operation, comprising:

a first comb drive member including a first plurality of comb fingers each having
a base portion, an end portion, and a number of sides defining a length;

a second comb drive member including a second plurality of comb fingers each

having a base portion, an end portion, and a number of sides defining a length, said
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a second narrowed gap at the end portion of each conb
finger. 8. The conb drive device of claim1l1, further

woanpricsismg an underlyi ng support substrate adaprad2da/042944
freely support the first and second conb drive

[ vic f cl . reji,n .
secg (Ygﬁ%%h% OfiF o gfglg\glr;lg(l:) g{n’ S E<'§1(%%ealpect r%%fl%ﬁnée%@#é@g Y 1b’esald first
10 The cqnb drive device of claim1, wherein
nggﬁﬂo ¢Amd fpers Wevice is a | i near-type conb drive
device. 11. The conb drive device of claim1, wherein
sai encommoty sagdfigiel plele-bnffers selectivsly pjased ebnn-dvérlapping regions
device. 12. A conb drive device configured to produce
betveasadjatenbodmb dingéror t i on duri ng operation, conprising:
a first conb drive nenber including a first plurality
of conb fingers each having a base portion, an end
portion, and a nunber of sides defining a Iength a

secpnd C?H@ e YRy & of (ﬁ&lmug dqghe?elf’ltes%]glﬁ?rs arplilir 80ndy plurality

of conb |ngers eac avin se

% rrber of si sdeflnlngalenth
e EhCT HEAHS 4 POV R 8 g Tilpaced

apart fromand interdigitated with said first

plurality of conb fingers; and one or nore sacrificial
etch-buffers selectively placed at non-overl appi ng

regléons The weab daideaieeict of @iddmf 12)getiesein 53id difeeorc@s®e sacrificial
drive device of claim12, wherein said first and

etclEBGO8d R paddd anoﬁ)fov&ml glregl%f@ ome*aoin@%géﬁ an end

portion having a uniform pro 14. The conb drive
device of claim 12, wherein said one or nore
sacrificial etch-buffers are placed at non-overl appi ng

r egiso ns ﬁle cor%b Cdcr)lve Jelvﬂ:g eorfsdlaim 14, wherein each sacrificial etch-buffer

forms a first narrowed gap along the length of each adjacent comb finger.

16.  The comb drive device of claim 15, wherein said first narrowed gap is
substantially equal to a gap disposed between overlapping sides of each laterally adjacent

comb finger.

17. The comb drive device of claim 15, wherein each etch-buffer further forms

a second narrowed gap at the end portion of each comb finger.

18.  The comb drive device of claim 12, further comprising an underlying

support substrate adapted to freely support the first and second comb drive members.
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15. The conb drive device of claim 14, wherein each
sacrificial etch-buffer fornms a first narrowed gap

wahkaasgestse | ength of each adj acent conb finger PCLAS200M©42944
conb drive device of claim15, wherein said first

nar {@wedTR@BohE dsivDab/eE b?kffaﬁn qgﬁ%g{eg} %i(? ?grggjld}}@g ﬁig\gice is an

bet ween overl appi ng sides ot eac

1 £ r,.17._ .The conb drive device of claim 15,
elect erg%ﬁgggé%“éf%ﬁgguffer further forns a second

narrowed gap at the end portion of each conb finger.

18. The conb drive device of claim12, further

congising an underlyi ng support substrate adapted to

fredly shippermb drwe fleyise ofinbiire €l@o mchepsimbaidrdow® drive device is a

nmenbers. 19. The conb drive device of claim 12, wherein
linegiatype comb dafivie\devidevi ce i s an el ectrostatic conb drive

device. 20. The conb drive device of claim 12, wherein

said conb drive device is a linear-type conb drive

device. 21. The conb drive device of claim12, wherein

said co drjve Vi i S rotary-type conb drijve o

deviico. 8 CIRE T Ea B Bait a2 Hiehtwig cambsve device is a
rOtadqvice g%i jzin% one or nore sacrificial etch-buffers,

DoHBF 8 Vide¥feps of: providing a substrate; and

etching a pattern into the substrate to formone or

nore interdigitated conb fingers having overl appi ng

and non-overl appi ng regions, the pattern also

i n@2udi iy metkodrofnabsicatingha ishiie [dsive Ndédice! 8882in® e or more

non-overl appi ng region. 23. A nethod of fabricaling a

sacrifieid) etbhi BBl o1 Bristhi HeZtdpg opne or nore sacrifici al
etch-buffers, conprising the steps of:

providing a substrate; and

etching a pattern into the substrate to form one or more interdigitated comb
fingers having overlapping and non-overlapping regions, the pattern also including one or
more etch-buffers in at least one non-overlapping region.

23. A method of fabricating a comb drive device utilizing one or more
sacrificial etch-buffers, comprising the steps of:

providing a wafer substrate having a first surface and a second surface;

applying a first epitaxial layer onto the first surface of the wafer substrate;

etching a pattern into the first epitaxial layer and at least a portion of the wafer
substrate to form one or more comb drive structures with one or more sacrificial etch-
buffers therebetween;

liberating one or more of the sacrificial etch-buffers from the comb drive structure
with a selective etch;

bonding the etched wafer substrate to an underlying support substrate; and
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providing a wafer substrate having a first surface and
a second surface; applying a first epitaxial |ayer
wonvw/oekmsof i rst surface of the wafer substrat epPCeUSkIOMG42944

a pattern into the first epitaxial |layer and at | east

a 'gg%, bstrate to formone or nore

co%g%gilvégé?ﬁﬁgﬁﬁﬁggﬁﬁffh one or nore sacrificial

etchbuffers therebetween; |iberating one or nore of

the sacrificial etch-buffers fromthe conb drive

structure with el ectjve etch; bondLng the etched ..

onPdr - suibsrnsied o S MBhETheaPpER e SabbERgsare liberated

andet ching away the wafer substrate. 24. The nethod of
usinglaniBRP@chattier ei n the sacrificial etch-buffers are

| i berated using an EDP etchant. 25. The nethod of

claim 24, wherein said step of |iberating the one or

nore sacrificial etch-buffers also includes an

acoyst i c@e HLiBaA IR Y1h O Shered® saildeep 1Bt iRGatefe Bleain®or more
24, wherein said step of |iberating the one or nore

chifhci . f [ gasoni c
sacr G o e s MR ey te ST ot e BB 00 By e
conprising the step of applying a second epitaxi al
| ayer onto the second surface of the wafer substrate
prior to said step of etching a pattern into the first
epi2baxi dihel mgtbpd of ¢lazm e ydrerein sydtstemololbarping e sme or more
substrate. 28. The nethod of claim 24, wherein said
sacrificty) ech-tdfids nlgo infvhudes a hegawaiceclesausproats. t 0 an
underlying support substrate is perfornmed by an anodic
bondi ng process. 29. The nethod of claim 24, further
conprising the step of form ng one or nore nesas on a

topgsurt 94! g SHRRGAC FILRS 1#84 § sccond
ong7br .rrlgl%:m%ggsg?gféapt ed to free y ls%ppor%pht?fth%p Y
epitg)galma}ggrl o\{1 0 ﬁ}ers%gtgn rs%%fa%ep of &1%%93/ er substrate prior to said step of etching

a pattern into the first epitaxial layer and at least a portion of the wafer substrate.

28.  The method of claim 24, wherein said step of bonding the etched wafer

substrate to an underlying support substrate is performed by an anodic bonding process.
29.  The method of claim 24, further comprising the step of forming one or
more mesas on a top surface of the underlying support substrate, said one or more mesas

adapted to freely support the etched comb drive structures thereabove.

30.  The method of claim 24, wherein said step of etching a pattern into the

first epitaxial layer and at least a portion of the wafer substrate includes the step of
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30. The nethod of claim 24, wherein said step of

etching a pattern into the first epitaxial |ayer and
wabtodswastsoa portion of the wafer substrate incbauas2iohes2944

step ofapplying a cap layer onto the a top side of the

fii: it axi Sai : LNi :
o 58 BRI DRSS oISl BYAEPRILDL0 o v oting
sacrificial etch-buffer. 31. The nmethod qf, cl.ai m 24,
» pifich o R BB BB it TR PTi R Sl | ayer
and at least a portion of the wafer substrate includes
a deep reactive ion etch (DRIE) process. 32. The
nmet hod of claim 24, wherein said step of etching the
fir3t. epThaxichod af elimid, sthetedassidastgpoof eohingfthe Hast epitaxial
waf er substrate is performed using photolithography.

layénd B Gabed h&floR bf SledldferPdibstdie irRiules a@BePlead iR B&h (DRIE)
or nore sacrificial etchbuffers is configured to

pro LQvide a uniformgap w dth between adjacent conb
rive structures. 34. A nethod of fabricating a conb
drive device utilizing one or nore sacrificial
etch-buffers, conprising the steps of: providing a
waf er substrate having a first surface and a second o
sur$ace; Thpprofhadgofaclpim 26, whicrci paifl stepyel ctehing thedirst epitaxial
first surface of the wafer substrate; applying a cap
lay¢reapdrat teasta pidreor bf the vexdertsakstedte Ispeeformabudging phptblaiegraphy.
defining a pattern of a mcrostructure including at
| east one sacrificial etch-buffer; etching the first
epitaxial layer and at |east a portion of the wafer
substrate to formthe mcrostructure with one or nore
sacrificial etch-buffers; renoving the cap | ayer from
the first epitaxial layer;liberating one or nore of
the sacrificial etch-buffers fromthe mcrostructure
with a selective etch process; bonding the etched .
waf & sublg mathediod chim Adwhergingich 9p pad ng ghmorqsastificial etch-

and
buffers is configured to provide a uniform gap width between adjacent comb -drive

structures.

34. A method of fabricating a comb drive device utilizing one or more
sacrificial etch-buffers, comprising the steps of:

providing a wafer substrate having a first surface and a second surface;

applying a first epitaxial layer onto the first surface of the wafer substrate;

applying a cap layer onto the first epitaxial layer, said cap layer defining a pattern
of a microstructure including at least one sacrificial etch-buffer;

etching the first epitaxial layer and at least a portion of the wafer substrate to form
the microstructure with one or more sacrificial etch-buffers;

removing the cap layer from the first epitaxial layer;
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etching away the wafer substrate. 35. The nethod of

claim 34, wherein said step of |iberating one or nore
wofhodshessacrificial etch-buffers al so i ncl udesPamus2004/042944

acoustical cleaning process. 36. The nethod of claim

, erei t f €. qr

sac PR o Bl frof fng sacr st M £87L 8 b iRucture witn
| eani ng process. 37. The nethod of claim 34 furt her
aSéSHHFF§%d§OVﬁ§ step of applying a second epitaxia

| ayer onto the second surface of the wafer substrate

pr i bending Bgictrhed amiasuettear tagnamgearl yiag supperiosubpieate; andt

epi taxial layer and at |east a portion of the wafer

substchiag @wag8he Whier setstreid. of cl ai m 34, wherein said

step of bonding the etched wafer substrate to an

underlying support substrate is perfornmed by an anodic

bondi ng process. 39. The nethod of claim34, further

CONpE i Si g H& o%la?%n JOGHERSh Q0E s 3p of Bh&rallli B O milre of the

top Surface o e underfying suppo

SaCHﬁe&aggtsﬂﬁeffa@ FioR BB e BBaesSt o i m ag.

wherein said mcrostructure includes one or nore conb
drive structures, and wherein at | east one of said one

or nore sacrificial etchbuffers is configured to

pr o¥b.de EhemeklordnoGadpimnd4dt Whéretnveaah stapljodidibetatiagrite one or more
drive structures. 41. A nethod of fabricating a conb

sacflFit4Petd@ b ERrstilldo ihelufeh On %]a@émméfe@nﬁl Prodesg i al
etch-buffers, conprising the steps o provi di ng a

waf er substrate havi ng a first surface and a second
surface; applying a first epitaxial Iayer onto the

pat Tr - T Breiing Gt o BnpSioe TS HeRp T 7 P seeond

_E‘grtl on of the wafer substrate to form one or
epiggiab layer oriodhe srernd surfagetol thmwalsy syRstratesriarite s#iflgfep of ciching

etchbuffers
a pattern into the first epitaxial layer and at least a portion of the wafer substrate.

38.  The method of claim 34, wherein said step of bonding the etched wafer

substrate to an underlying support substrate is performed by an anodic bonding process.
39.  The method of claim 34, further comprising the step of forming one or
more mesas on a top surface of the underlying support substrate, said one or more mesas

adapted to freely support the etched microstructure thereabove.

40. The method of claim 34, wherein said microstructure includes one or more

comb drive structures, and wherein at least one of said one or more sacrificial etch-
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t her ebet ween; |iberating one or nore of the

sacrificial etch-buffers fromthe conb drive structure
woi20is/0a478el ecti ve etch process; acoustically reqoauiSz@4/042944

the liberated etch-buffers; bonding the etched wafer

ubstr at n underl sup Qrt.su rate; ..etchin .
bufi st Phufaira o BORF & bRt RN M Ghr ifirihgomb arive
. one or nore of the liberated etch-buffers, if any. 42.
strugiugest hod of fabricating a conb drive device utilizing

one or nore sacrificial etch-buffers, conprising the

steps of: providing a wafer substrate having a first
surface and a second surface; applying a first

epi4laxi ah hayed entabrichend iar 8émb udfivec devite thRizRf 6fie or more
substrate; applying a second epitaxial |ayer onto the

sacIGGANGCIE B A% eti]o%pfrfs{}% tﬁ@gt@ sspbstrate; etching a

pattern into t rst epl axi al Iayer and at |east a

port | of th str

Corso Pt e i Phe MRk kS SfrpSpl €580 plPicE

et chbuffers t her ehet ween; I | ger atl one. or npre of the

s meADPGBE R 5t EPHACRBYET BOHER STt PUMaer theowhiC by kate;
structure with a selective etch process; bonding the

et ciiddngvafpatiesuingt thet f@rst epitaxialdeier lapd g lsagbpppttion of the wafer
substrate; and etching away the wafer substrate. 43. A

substeitd ol ferin babot ealré Bgmd dbRsuAtiuve Walione ditrhbreZdabibficial etch-
one or nore sacrificial etch-buffers, conprising the

buffetERsreBitwerhoVi di ng a waf er substrate havi ng a first
surface and a second surface; applying a first

epi ﬁl:{%)l%tﬁlg on%%? Tndel BP thersgcﬁﬁ&ﬁtet&luﬁlif?erg fr%I'n the com V\’gfd%Jrve structure

sub

with a selective etch process;
acoustically removing the liberated etch-buffers;
bonding the etched wafer substrate to an underlying support substrate;
etching away the wafer substrate; and

acoustically removing one or more of the liberated etch-buffers, if any.

42. A method of fabrisating a comb drive device utilizing one or more
sacrificial etch-buffers, comprising the steps of:

providing a wafer substrate having a first surface and a second surface;

applying a first epitaxial layer onto the first surface of the wafer substrate;

applying a second epitaxial layer onto the second surface of the wafer substrate;

etching a pattern into the first epitaxial layer and at least a portion of the wafer
substrate to form one or more comb drive structures with one or more sacrificial etch-

buffers therebetween;
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etching a pattern into the first epitaxial |ayer and

at least a portion of the wafer substrate to form one
wonroosweerseconb drive structures with one or nor8CT/US2004/042944

sacrificial etchbuffers therebetween; bonding the

ghggggrg‘i\i\@ géﬁ;] §1U gi%fr,‘%? gh élrfts%cél %ﬁglyl cqasgla}bfg{r)g %{ogl the comb drive

therebé]fl i berating said one or nore of the sacrificial
stryctyrp vt & selective Bl PERESHaf er subst r at e.

bonding the etched wafer substrate to an underlying support substrate; and

etching away the wafer substrate.

43. A method of fabricating a comb drive device utilizing one or more
sacrificial etch-buffers, comprising the steps of:

providing a wafer substrate having a first surface and a second surface;

applying a first epitaxial layer onto the first surface of the wafer substrate;

etching a pattern into the first epitaxial layer and at least a portion of the wafer
substrate to form one or more comb drive structures with one or more sacrificial etch-
buffers therebetween;

bonding the etched wafer substrate to an underlying support substrate; and

etching away the wafer substrate, thereby liberating said one or more of the

sacrificial etch-buffers from the wafer substrate.
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