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m croel ectronmechani cal systenms (MEMS). More specifically, the present
invention pertains to fabrication nmethods for reducing harnonic distortion
in conb drive devi eeszonlforBapdogciumndone Dehe& DEWIERS (VSENCEE®RE PORRERE I ¢ conb
drive devices are utilized to provide novenent or notion in (

m croel ectronmechani cal systens ( vi ces. Such drive devices are

enpl oyed, for exanple, in the fa veRU M5-type accel eroneters,
gyroscopes, and inertia sensing devices where rapid actuagion_is of ten
necessary to ef f 88¢; PESGtraeHad JRdlsr genssallipttac throlislen chntFmieudrernt i on.
In a typical conb, drive device, a nmain body is supgorted over_an underlying
support submenufecsuning aed anipgalseronsichamed grystemen MBS o Adorgr speeifiedlbyndbg s
electrically coupled to the main body can be actuated to manipul ate the
mai n body afreseat tinensoppentding wubbticaioa mathadpdort iedudizg hamoomar distostiqeid ai n
designs, for exanple, the drive elenents may 20 include a nunber of

i nterdi git adogh &orddehicagers configured to convert electrical energy into
mechani cal energy using electrostatic actuation. One nethod of fabrication

of el ecfyostatic conb drive deviLpsogrNef@lhweRgdi ns wth a silicon wafer

substrate. A highly boron-dope ayer 1s realrzed through diffusion or

epi taxi al growt . f T F : tanq,@ o form
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example, in the fabrication of MEMS-type accelerometers, gyroscopes, and inertia
sensing devices where rapid actuation is ofien necessary to effectively measure and/or
15 detect motion and acceleration.
rIn # typical comb drive device, a main body is supported over an underlying
support substrate using a number of anchors. One or more drive eleménts 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
20  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

25  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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under | yi ng support substrate using a suitable bonding process such as anodic
bondi ng. The support substrate may include a nunber of nesas that support
the main boc%g%g&o %78}{\0 2005/ 064780 PCT/ US20041042944 drigqeysbasgais above
t he support %12 whi l e al | owi ng novenent thereon, and netal patterns
nore el ectrodes

appropriate . for connecting.to th ilicon, . er.s. e _or
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of the main_ body caused k'%g for.extag}'?l & accel Erati on or rotlati(gp of the

sensor. TheP¥lerRSHRrPmaE: fof parnsctine: 1 Ahg Shieqpmembers, O° OF mate RleEHRses Catrpr e
non-sel ective and sel ective etch processes, such as KOH and EDP, based
etching, | e@ls kg rEeNided pre theasuPROTh SHDSIRiEGK Beatiisatp/dawn meNement jaf ¢the main For
the force of the conb drive to be applied uniformy as the device noves back
and forth, bddy @hseddyoforpranplecacotlenahen en otatign of thesensop Theosilichnbmsbsteateini f or m
as possible. 10 The uniformty of the etched structure is dependent on a
nunber & fweafiedisSthen etmoiedghrobigh orx anpiloss nihsclgdpe bad velentivadichomdtesfesat ur es,
and the paraneters of the DRIE process used. Since etching tends to be

sl over at t§epes KOBtnd EDIBLE ctdheiee lavm r(ﬁl_'l}at}ie\/pﬁkth‘m&%ﬂiighl GRped biatyeen

adj acent features, the profile of the co fingers tend to ge non- uni f orm
along theirglenath, due to the varying gap sizes caused by the partial
overlap of the conb 15 fingers. This non-uniformty may result in changes in
capaci tance as t opb finge it c th rqduci ng
undesi red el ect rrin)%g ¢ %gcrer?)ofr%?ecgsoﬁbn egto\rggtaggﬁe%%}éml %\?\e%% &Vﬁcgégvgag?qﬁ onal
har noni cs ca educe the desit.ed tive force of t conmb.fingers,.

resul ting iar‘i‘gg‘{’@gttgf’ Sé??éroﬁf”ﬂtfﬂgé}f ﬁﬁ?*&l??daﬁa‘c?f{ﬁ g’é’“ﬂﬁ’et ‘Wemgfé’ﬁ@(fg Po&tiWEL . 1n
one cases, the_non-lipear profile of &he conb fingers nmay produce
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sensor output. As such, there is a need in the art for inproved fabrication
met hods f orexpaglee thegeapabeiyasre adipesnb feahwes, jand dempargmetges of the DRIE process

used. Since etching tends to be slower at those locations where there are relatively small
gaps between adjacent features, the profile of the comb fingers tend to be non-uniform
along their length, due to the varying gap sizes caused by the partial overlap of the comb
15 fingers. This non-uniformity may result in changes in capacitance as the comb fingers
move with respect 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
20  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

25  distortion in comb drive devices. In an illustrative method of the present invention, an



devices. Sunmary of the Invention The present invention relates to
fabrication nmethods for reducing harnmonic 25 distortion in conb drive

devices. In an illustrative nmethod of the present inventi -
2005/ 064780 POVS8881042944 epitaxial |ayer of, for ex‘g‘g%?%?"“(?f‘éﬁ%(\?

boron-doped (p++) silicon or other suitable material can be grown or forned
on the surf &pdaxedl Byswaphrfos rempls: dishbe foros-dopedn(ai) ailiedt Pbthar witeblab
drive device. A patterned nmask | ayer defining a nunber of conmb drive

el enent s andnateril gan hergrowmor iffrined ain the chefimef dfer svafmarsubsirafeonsed do dorm e p++

| ayer. Etch 5 buffers can be enpl oyed to nmake the gap between adj acent
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| ocations where producing a uniformetched profile is desirable. In sone
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posi ti oned between adjacent fingers of a conb drive structure. |n other
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desirable to fi I n area”that does not need to be etched. The pattern
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adj acent fingers .of. cqonb drive structure may be difficult.to renpve
Gur g 1 naPTVLE 3 ASSTEgPLES I Ao sesr e SHoMer S e TeIARYADY GRPILE et 108 dive
enmbodi nent s of the_q%:?gsent 15 invention, the relatively small etch-buffers
are removedVHet BeRicnet detwrsAdfisgent fineers Bf 8 cpmb daye sirugiimer 8 other gases,dhR i n

sone illustrative enbodi nents, after patterning the p++ |ayer, the wafer
may be i meetskeduifers gasbe laggsrén e lvught as wheohit igalspesiragitotfibinrastaghitvdoey snal |
gtch-buffers are fully undercut and |iberated through, for exanple, a
conbi nai® onnatfneedtachd mighed: i i pgttan darcbe etobatlyintBihe pdd daysl apd diroughi teahe onl y
the relatively small etch-buffers

underlying substrate.

In some cases, the relatively small etch-buffers that are placed between adjacent
fingers of a comb drive structure may be difficult to remove during final wafer
dissolution. Therefore, and in accordance with some embodiments of the present

15  invention, the relatively 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, éuch as EDP, and the relatively small

( ' etch-bﬁffers are f;lly;ndercut anélb iﬂ:crated thiough,. for example, a.cc.xmbination of
eiching, rinsing and cleaning., Because of their size, only the relatively small etch-buffers
20  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 eiched Wafe_r substrate can be bondeddt—o 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 perfonmed to remove the

25  remaining wafer substrate, using the boron-doped silicon layer as an etch stop. When the



20 are fully undercut, and all of the desired features, as well as any

| arger etch-buffers if present, remain attached to the silicon substrate.
The top of the etched wafer substrate can be bonded to an under| %i ng support
substrate, u¥O§O¥e&Pt abl e bondi ng process such as anodiEHHHANE ¥ nce
bonded to the support substrate, a final backside etching process may be
performed t celatemiy smalh etchuffersera nogremmived belotes watkr donding,nige tfinel bavkeside doped
silicon |ayer as an etch stop. Wen the -3 WO 2005/064780 PCT/ US2004/ 042944
rel atively swhing pedoesswillfifberase the etchoduffers mbsahdxefar @ covabiaatidwrfdinsigg ahdie
final backside etching process will liberate the etch-buffers. In sone
cases, a cogkiiad A bohsddith BLlpGernsiad thettelpbifigs oy therdibitidg kudhgtp renove the
etch-buffers fromthe resulting structure. \Wen enpl oyed, the sacrificial
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bet ween non-over |l appi r‘regi ons of the co drive fingers. The etch-buffers
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fingers. In_ certain enbodi nents, for. exanple the crificial etch-buffer
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fingers. During etch} ng, this uniform 10 gap may reduce differences in etch
rates that FEHYVEYUHIORD SHY Telecalong e fength Mzor@éﬁlﬁ ends 1o dhesconpth fjagess- ol di ng a
more uniformprofile to the comb fingers. As a result, the capacitive force
i nduced as edtteincembrdimegerfor ppaneploi the secaifigiat etch-bullarsteaptisarsed enprovids de
nore-linear, which may substantially reduce the introduction of electrical
har noni cs i miformtgdap tethece thy stdesiof ddjadani eximtDEsgars. pDiucing @fchirgs tHix aniforgs
Rigure 1 is a schematic view of an illustrative prior art electrostatic conb
drive 10 gap may reduce differences in etch rates that can occur along the length of the comb

fingers, thus providing a more uniform profile to the comb fingers. As a result, the
capacitive force induced as the comb fingers move with respect to each other tends to be
-more-linear, which may substantially reduce the introduction of electrica‘l harmonics into
the drive system.

15
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

20  along line 2-2 in Figure I;

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;
25 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



devi ce including a nunber of conb drive el enents having a non-uniform
profile; t' Figure 2 is a cross-sectional view showing the profile of one of
the conb finger O.along line 2-2 in Figure 1; Figure 3_i tic

vi ew of an e%&f"%@ﬁ"é@i c conb drive device in accordance PWP%MZ{'E@W
illustrative enbodi nent of the present invention; Figure 4 is a transverse
cross-sectional VigHesoPAHE &F sdhemalimiserresegiationsalodng lillyrative 4ngthodricdur e 3;
25 Figure 5 is a longitudinal cross-sectional view of one of the conb

fi ngers and fatsmeting 4 eingll dretectevisafifibzing eteoorgndre necrificli etoh-bifferse 3; and -4 WO
2005/ 064780 PCT/ US2004/ 042944 Figures 6A-6H are schematic representations
of an illustrative nethod of fabricating a conb drive device utilizing one

or nore sacrificial etch-buf Detsled Drbaiptied oDe diveptioron of the Invention 5

The foll ow ng description should be read with reference to the drawings, in

whi ch lkke el emgpt lioWirth dds&iinh sHOANOERA ¥ rerrdes RAthk Arawik®, fndwliben. The
drawi ngs, which are not hecessarily to scale, depict sel ected enbodi nents

and are not H%ﬁtg Aot t:he: | [ .axanpl es
of c_onstrucgl?(%treljE |rreutrllg|1ﬂ(;ér]{§ﬂ,t dér?ﬁﬁﬁsa?(g?lragbgegr@%k?Ir}%{susha eed(ﬁ%%ﬂl%#%te)mglgri ous
el ements, those skilled .in the ar i 11, recogni ze t.hat f..the, 10
exanpl es pr Wi"&éﬁe‘:ﬁ?\%‘g’st isfﬂ%ﬁigplﬁf ?cgiphgte?ﬁ’ggg‘f ang &5 ﬁ%‘?‘fe%?jrmﬁi Gre 1
is a schematic view of an IeM ustg{}ativ prior art electrostatic conb drive
devi ce 10 i FROPEAT G YA GFATIRIFS Qf SORTIRTERR STREDFIORE) 28d StFIGRIAOr m
profile. Conb drive device 10, illustratively a linear conb drive device,

i ncl udes fi HBstraipdifos thestasionselaments.jthese siiferbindha art vill e pnizethatmanyroidbe
opposi ng manner over a glass support 15 substrate 16. Wiile a glass support
dubst ral@ 1examplespeeyidddhave suitshiceltpmatiend that ataythieartilized.

Figure 1 is a schematic view of an illustrative prior art electrostatic comb drive
device 10 including a number of comb drive elements having a non-uniform profile.
Cémb drive device 10, illustratively a linear comb drive device, includes first and second
comb dn:ve members 12,14 each formed iﬁ an opposing manner over a glass support

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

The first comb drive member 12 includes a number of ﬁoﬁlb ﬁngefé 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 |

_20 second drive members 12,7_147are” _g_l}?@ for sake of clarity. It should be understood,
-hov\./é\-rerj 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

25  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



support substrate 16 nmay be made from any suitable material or material
system The first conb drive nenber 12 includes a nunber of conb fingers 18
that are interdigitated with a nunber of conb fingers 2 t he
second conb VP pYFV4Anber 14. In the particular view dep?gf@gﬂlbﬁ&é“gure 1,
only a portion of the first apnd 20 second drjve nenbers _ 12,14 are shown for
sake of cl drpyiged tl’@ctwgﬂr’i’cfi]? tF°B fEYRgmber g aud ap anghon 23 o¢hete thegmslnient s,
in addition to those specifically discussed herein, may be disposed on or
above the gtfpetio Bupwperhsubstye 1&?#%@5@?@@@ PRIIBaA2I REOHEes AtieptaTing fames 1 r st
conb drive nmenber 12 is configured to remain stationary above the support
substrat e 1be setowsl wagohivecuibed  # phenthetsiive vdltage passesthrangh zeios freel y
suspended above the support substrate 16, and is configured to nove back and
forth relative t/m dxdrendl AGtolagerbowted (et shiewhhavii) leAissusmpeteddd ikt @d22 my
be -5 WD 2005/064780 PCT/ US2004/ 042944 provi ded between the second conb
drive nmenbeecohd oMl dive MG 2314 Wheeeconigurdi € adlivet & chirg@tb e firtangupport
substrate 16. The suspended spring 22 provides a restoring force to the

second co n‘gec%'F Bt fs 180 0iRRhcindentidn BeBithBOE PRS 968 2%81‘69 Qaﬁ §EO. AN

external AC voltage 'source’(not shomn)qhaV|ng |'eads connec to the first
and 5 sec ' . K d. ro, deliver.a charge
Fo the i Sofiatt todlptfe B ng Sokite 505 16 e MY HBud-2cFred BP cen.
The vol tage sputce ¢ e .confiqured.to output a tine-varying voltage
signal o SPRBHERS (20 KR dn sarvaian vt Bheuhenied rgers casesgheuni cn
in conjunction with the suspended spring 22, causes the second drive nenber
14 to osci Pfeapd dExe member FotorasoilatePagk apd futhdp aparicaler mannerrelstiygtathe 10
{irst conb drive nmenber 12. As can be further seen in Figure 1, each conb

i nger 148, figst exmb drive membeni2di nal |y from a base portion 24 to an end

portion 26 thereof. In the illustrative prior art
As can be further seen in Figure 1, each comb finger 18,20 extends longitudinally

from a base portion 24 to an end portion 26 thereof. In the illustrative prior art
electrostatic comb drive device depicted in Figure-1, the comb fingers 18,20 are aligned
in a parallel manner, and are configured to move longitudinally relative to each other
15  when energized by the AC voltage source. An overlapping region 28 disposed 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 ﬁnée}slg,Za_Arela{lvély large ga}i 34 (eg7 to 9 fnicrons wide), in

turn, separates the non-overlapping regions between each comb finger 18,20. During

20  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

25 accomplished using a silicon wafer substrate that is etched to form the desired drive



el ectrostatic conb drive device-depicted-in Figure- |, the conb
fingers--1-8,20 are aligned in a parallel manner, and are configured to
nove | ongi t udi nal Ia/ relative to each other 15 when energized by the AC

vol t age sour ®& 20806488y | appi ng regi on 28 di sposed bet vveenPCT"H%%%"i"’d%%" 30 of
each laterally adjacent -conb finger 18,20 forns a relatively small gap 32
that is suf klevientst layd sheml bonded dp the ungledying snppust wibdizdte t16 byndenséc homsdidd,i ci ent
capaci tance between the conb fingers 18,20. Arelatively large gap 34 (e.qg.
7 to 9 m cr aditsivede) gthérzuitdble bondsmgpacthdd SThdgaps 00,39 veparatimgithgvaregs ongb

bet ween each conb finger 18,20. During 20 actuation, novenent of the second
conb finger $ingéhs 18R Lieepicallyt foemtd with 2 phiia kichged SodSgureditssas aBogclarpent  of
overlap at the overlapping region 28 to change over tine. The relatively

smal | gap 32,081 N80 1985Rdask R 18h BXhgrdR&QORIEPTD finger 18,20 remains

constant, however, based on the |ongitudi nal arrangenent of the conb fingers
18, 20. Fabricati '%Igr | G- I . i |

typi cal I€ 25 acgg?r% llcs(ﬂ'gﬁ%l ng g@gc?%sﬁggéﬁmg%rﬁgg%éﬁ??g§% ?ﬁggxiug&é ched to
formthe desired.drive, -6 WD 2005/ 064780 PCT/ U 4104294 el emrents, and
then bondedPPETE HedRRRLE Jp ARG RS: S0k S Of 4b% DFAE b3oubd: o gRrg 1
adhesi ve, or other sujtable bonding nethqd. The gaps. 32,34 separating the
vari ous contyPiceilygetimizes toproxids apHprn profils engtie wnallest spp 3% hefWee spnily o
configured to run_a Bosch-type gas-swi tching Deep Reactive |lon Etch process
(DRI E). 5 THeseess f8.86cAsomdichied b the detrdelinestin Rigirenle derexamplee a@llmﬁg
having a uniform profile is dependent in part on the etch rate of the DRIE
process. Thamamt bf tagre dtehing typiceBy bycursplléng the dideso3 pefrhe demb fingérs d8,30pt of i | e
4l ong the smallest gap 32 between conb fingers 18,20. As indicated by the

dot t ed 10 nethoserefiogsiwherk,thd gap spxeinp betweamadjaeneass fingaro 18120 of greaérathal
etching typically occurs along the sides 30 of the conb fingers 18,20 at 10
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greater than
across the end portions 26 of each comb fingers 18,20, causing the end portions 26 to
have a non-uniform profile.
Figure 2 is a transverse cross-sectional view showing the profile of one of the
15 comb fingers 20 along line 2-2 in Figure 1. As shown in Figure 2, the vertical etch profile
of the comb finger 20 tends to be asymmetric, with a greater amount of etching occurring
along the sides 30 towards the bottom surface 36 of the comb finger 20 than at the top

— 4 [

(: 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
20  comb finger 20 is due, in part, to the geometry and size of the trench. Higher DRIE etch
rates remove more silicon during each eich cycle, both vertically and laterally, since the
etc};-ﬁhase 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

25  the rate of etching.



the small est gap 32. In addition, an increased anount of |ateral etching
typically occurs across the end portions 26 of each conb fingers 18, 20,
causing the end gortions 26 to have a non-uniformprofile, Figure 2 is a
transverse cME¥¥H00nal vi ew showing the profile of On%cgpszgwgm%g conb
fingers 20 along line 2-2 in Figure 1. As shown in Figure 2, the vertical
etch profile of Duniegoupeintionngemetarying ddectricab @igasly isnagiplied ,across ltheacgmeat er
anount of etching occurring along the sides 30 towards the bottom surface
36 of the cdimpertil8Pd; iicingaam @fpositeechaoge alsng flackng8 dfhacleddterally adjacasul t
the width WL at the bottom surface 36 of the conb finger 20 tends to be
smal | er t hagohbgingbd1§1202 Tals file vighgSdhafgd CRnadtes BihstivbedeCibt éaigesahe t Ne 20
conb finger 20 is due, in part, to the geometry and size of the trench.
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vertically and laferally, since the etch phase 1s sonewhat isotropic. As a
result, the ' ' rs. 18, e . -yni form
ong |15 1 BAERH!SA0 ot VnGEEay PRSchel Bub ki oy Wl FIEE AL AL,

regi ons where the i s no.imedjately adjacent structure to .reduce the gap
ind Chus 23RSt Be <GP GRER My2l TR bbSTaRT AETECH eI AIeE
During operatiaon, a tine-varying electrical signal is applied across . the
comb fi nger sledtgeal pharmepice istpTign s sintradycrd igle Meo AQLarhdniYe REVH: of Ieich

| ateral |y adjacent conb finger 18,20, This tinme-varying charge generates a
not i ve for citofitionefshamoniss istonibe fdrivgepodver an@0 incoeasp ke pmemntapideresgy h wi t h
respect to each other. As the conb 5 fingers 18,20 nove with respect to each
ot her, howescgnired toeclactnostaticélty mohmatothe moring myemlee at [t dedired firdghency.o eyl
fiingers 18,20 induces a non-linear change in capacitance, causing

el ectrip@l iaressenhe cahplerity bdihe tovdeledtriinios diacsshry it contldbmdvéraent d I se@ngpover .
This introduction of harnonics into the drive power nay increase the anpunt

of energy circumstances, the non-uniform profile of the comb fingers 18,20 can cause quadrature,
or motion out-of-plane, creating more noise in the sensor output.

- ---Referring now to Figure 3; an electrostatic comb drive device 40 in accordance

with an illustrative embodiment of the present invention is illustrated. Comb drive device

15 40, illustratively a linear-type comb drive device, includes a first comb drive member 42

~—and a second comb drive mrember 44; each formed in"an oppositig 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

"~ 20 may also beprovided 1o produce a restoring force whien 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

25  applied to the comb fingers 48,50, causing the comb fingers 48,50 to move back and forth



required to electrostatically actuate the noving nenber at the desired
frequency, and { 10 increase the conplexity of the drive electronics

necessary tow&gbto%éqﬁovenent. In some circunstances, thﬁcﬂﬂén&;ob'ﬂjdﬁﬁm
of 'notion

profile of the Co I'ngers 18,20 can cause quadrature,

out - of - pl ane,, creating nore noise in the sensor output. Referring nowto
-Figure 3, arithiesrect 9sagh piberiaislegirgd sansy phoye tlry yed pag sepperisubsijaterdtan
illustrative enbodinent of the present invention is illustrated. Conb drive
devi ce 15 Abhild & lineartyei opaibydrive| deniisa is ppp@calbriugiratadandiigire 8, itisholldtes a
first conb drive nenber 42 and a second conb drive nenber 44, each forned in
an opposi ng understeod that the pob deime memibers|42j4dgng agspoipted suinbtiingem 4850 cibe f i r st
conb drive menber 42 can include a nunber of conb fingers 48 interdigitated

wi th a nunbesnffurebitmédengame AhaMdedied dhshicno Udredaple, theeof®airive devigb drive
menber 44. Al though not shown in Figure 3, a suspended spring 20 may al so be

provi dedst 0 4prRAustnRisé 85b@Fy-Rfe LARE A8V Ravig ¥ BonthitA0R SRS &9 tHabir OUgh

zero, simlar to that descri'béd above. The conb fingers 48,50 can be
configured ep} 3 Shd.at AW | - 20 .

descri bed aggs\?g.g&[ ?lmcgtr:? a?lﬁt&gﬁg(g{&lrr% tlggﬁ?%?qexaﬁp?g?héédslg%g?g’ %@e,ls

si nusoi dal wave, .or,.an ther sui.table.tinme-varying AC vol tage signal can be
25 applied fn(go't'ﬂ%a?%d(}f%é{?h@eg?r n%@%@?@ﬁ%’si ng the conb fingers 48,50 to nove
back and forth -8 2005/ 064780 PCT/ US2004/ 042944 with respegct to each
other in a desir&f r%ﬁﬁgﬁ%ﬁglsf%om%‘é?qo&’ RgR-3Y ‘E)‘B‘Pfless%@f’rpé?ée@é.the Wi | e
a linear-type conb drive device is specifically illustrated in Figure 3, it
shoul d be ~ eeralfiggds 435 RatomthériveoffyicriOvaanbofamsd ysing ong 98 mese sashificiall conb
fingers 48,50 can be configured to nove in some other desired fashion. For

exanpl el0t hetcebnfferdr i ncthel soheamratis view rdgpictedniprFigeres3.rior gxymply.pe npwhtr of | ve
device having a configuration simlar to that
 sacrificial etch-buffers 52 are shown at selective locations adjacent to the comb fingers
48,50. As is discussed in greater detail below with respect to Figures 6A-6H, these etch-
‘buffers 52 can be used during the fabrication process to minimize the relatively larger
gaps between adjacent structures that can cause non-uniformities in the profile of the -
15 comb fingers 48,50. As indicated by dashed lines, the sacrificial etch-buffers 52 are later
~ removed 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 sacnficial etch-buffers 52 may have a
substantially rectangular shape defining first and second opposing sides 54, and first and
20 “second opposing ends 56. The specific dimensions of the sacrificial etch-buffers 52
employed can vary depending on the dimenstons 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

25  fingers 48,50, and can be dimensioned such that the first and second opposing sides 54 of



described in PCT International Application Number PCT/US01/26775, which is
i ncorporated herein by reference inits entirety. To reduce harnonic

distortion c on-uniformties in the profile of thguGaiRidhnoers
48, 50, conb ‘ggisz\ﬁ/%mgke@\?’?ce 40 may be fornmed using one or nore sacrificial 10

etch-bufferg. In.th emat i.g Vi I i i gur . exanple. a
nunber of sgjc? rslafrilfﬁﬁlagle%(g’?%ﬁ 3? &Y gl%g%ﬁgirlglgag%l% mg‘% g‘é}g‘%@gﬁn&/’gﬁ? Sl)cég{r?%) Hg

adj acent to t co . ngers 8,5 is discussed in greater detail bel ow
with respec'i""":‘?‘gatﬁr 36?‘1!%‘36 %Q%Wﬁfé’i‘g?ég@@tsch- buf fers 52 can be used during the
fabrication process to mnimze the reJPati vel y Iaé er .. gaps between adjacent
structures that Sdistcaamoded £8P f%i lognsd ptween o fe ch(ﬁ?dieFé“cﬁftb‘héaqlﬁc@bnb
fingers 48,50. As indicated by dashed Iines, the sacrificial etch-buffers 52
are |later ¢lehbulers S2rean-becutdized b6 tentchr Beichl ratepplong e, sifesall nfjthiertamdt a
structure simlar to that discussed above with respect to Figure 1. ( In
the il ustrfitgered b oderrant fingeheveadagr éxistci 6 petvide b ofofensifas prafilendueg a
substantially rectangul ar shape defining first and second opposi ng si des 54,

and first afhg lerd@h SECHS oD Bspde 4Bls thed Girst TherowedCidpl 66 dhiEBSi ARk @ the
sacrificial etch-buffers 52 enpl oyed can vary dependi ng on the di.nensions

and el at VpefRanh tlxda\HABOR A hifthonhliNoSias Udwath meRdedBipindireione o

bet ween the "Conb fingers 48,50 and ot her jaclzent structures such as the
et cn- but 1 or 2 05 o8 EneERg S0 otk EpBRARES O et oo BATHRLTER e comd
opposi ng. o1 deendi B W68 APt ERR 705 PRt B It e M B AG:
i L A S
bet ween onesu(glg di?x?e%?iog.i des 54 of the sacrificial

The sacrificial etéh—buffers 52 can also be dimensioned ‘to form a second narrowed
gap 70.located between the ends. 58-of-the comb fingers 48,50 and the ends 56 of the
sacrificial etch-buffers 52. The second narrowed gap 70 can be made to approximate the

15 gap 66 that exists between overlapping 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.

20 - — - -~ 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

25  reduced and/or eliminated. As a result, the sides 56 of the etched comb fingers 48,50 tend

-10 -



etch-buffers 52 can be utilized to match the etch rate along the sides 58 of
the conb 5 fingers 48,50 where no finger overlap exists. To provide a nore

uni f orm prof I the length of the conb frgers 48, 5Qcr{R8udfijos44
nar r oned gaﬂkéémﬁgy % made to approximte the fixed-mﬁgzh gap 66 that

normal |y exists between the over] apping .regions _of the conb fingers 48, 50.
In certain @rpﬁoﬁf’ﬁé‘i‘ﬂag‘}’ VFB’F“(—:’%;&?HBW@&"‘%’ %@thfa} mgte FBwEdthgWAcrss thegmtiFave a
width of approximately 1 to 2 mcrons, simlar to the width at gap 66. It 10
shoul d be e ebihe chohdipgsrS% hat the first narrowed gap 66 is not
necessarily limted to such dinension. The sacrificial etch-buffers 52 can
al so be di nensi drigeretSoisfaolongitudgmt oreds-sestiomhecw gwpimdihequefilediivat wéde t he
ends 58--of the conb fingers 48,50 and- the ends 56 of the sacrificial

et ch- buf f erconi? drivd Engee G0 chnd asacrifiviad getpbufere 82 abngnifmeke StSoimaPignrex3.neise t he
15 gap 66 that exists between overlapping regions of the conb fingers 48, 50.

In certain shewhaH IFIgRd S, the QscrigRsANBIcE-buffbhsy %Msﬁf@héd)w@&a]gr 8fRcehiPafian have
a wdth of approximately 1 to 2 mcrons, simlar to the width at gap 66. As

with the fissieRGH &%gmbmeﬁﬁ% afmeaaﬁgceﬂé DY HEA S&HRb gg.ve ghhe

differential rate of etching that can odcur across the ends 60 of the conb

(7 15, e G LIRS o B SRR o 11

comb fingers ong "Irn : _ n kFrgure
Brmount “of | Sce 1 Qe PRt ormies B Lo rTited 8o O enEed hE  Ager o
e o e et B YR R e B el copt ) o
pe 25 reduced and/or elinmnated. As a result, the sides 56 of the etched
conb filAgerfBstagmidrivegeembey 42 gt hoomposie 280 Seef thosaoifinig siabbpifer §2 gy
substantially vertical in orientation, with a nore uniformw dth Wacross
t he enti r e also be provided to match the etch rate along the leading ends 60,62 of the comb drive
member 42, if desired. |
- - In certain embodiments, the second and third narrowed gaps 70,76 -formed by the
sacrificial etch-buffer 52 can be made to approximate the gap 66 disposed between
15  adjacent sides 58 of the comb fingers 48,50. In one illustrative embodiment, for example
“the-second and third narrowed ‘gaps 70,76 may have ‘2 width of approximately 1 to 2
microns, sirnilar to the width provided at gap 66. By providing a constant gap width at
these Jocations, 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.
“20 T " Wrhile the illustrativé” 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

25 along one or more of its sides to provide a uniform gap along the length of the comb
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t hi ckness of the conb finger 50. Figure 5 is a longitudinal cross-sectional
view show ng the profile of one of the conb drive fingers 50 and
sacrificial etch-buffers 52 along line 5-5 in Figure 3. in
Figure 5, tMNO YN al etch-buffer 52 can be positi onggrl gﬂ”i@ﬁ?ﬁ

adj acent and in-line with tgﬁ]ﬁpnb fin%g 50 and.l.eading._.end 62 of the first
conb dri ve HP8fBerAswith othfs egbgdimgnss herga. by Sperplicial glohdnifers, ean; e ussd tean pe
spaced apart a distance fromthe end 60 of the conb finger 50, forming the
second nar MRk thgagicly ttel Al hgsssesgionp gXhsre Meresisig srmedigielyeadiacenfedruetyre. d
narrowed gap 76 di sposed between the | eading end -60 of the { 10 first conb
drive nenmbessuliihgamibss edeoppogiof ewathbSegess- t he sacrificial etch-buffer 52
may also be provided to match the etch rate along the | eadi ng ends 60, 62 of
the conmb drive Opentien ofZhe tdmildsive devicd AO desinalan te tiv diisesnsebd absveewitkcond
and third narrowed gaps 70,76 fornmed by the sacrificial etch-buffer 52 can

be madest orapedtQyiti®atorédR piaR £H16cRbBReseoRt) WerNdevi& 80l] I eirde-wrig 58 of
the conb fingers 48,50. In one illustrative enbodi nent, for exanple the

second and gfchirkgh G eémeﬂee 9 'taﬁje@ninaﬂng@y@s,?o,%mcthg%e%Bgasﬁéicmfgel y I to

2 mcrons, simlar tot th provided at gap 66. By providing a“constant

P ngor . 45 1508 SRGRTh BE Bk Mgt M hebplhipctinal AE BT ol Bredt 8T ° 1) 44

can be further.controlled. 20 = Wile the il.lustrative:enbadinent wn in
Fgur es. 3. LoV PR D e Senaleen b e B SRR SPa FBRE S0 shape
along theiy length, it should be pp_reg%at ed that _the etch-buffers_can
assume ot hBickpad; forh redptaysde oge g adtesretompnter & pefain grpodiments,ofieh dri ve
Eevice enployed. In a rotary-type conb drive device utilizing curved conb
i nger 80 f sramplampl exiernd AG yelfder icenfigured tohowpiifasagarearavisey olfagfesignrl 888 une a
curved shape 25 along one or nore of its sides to provide a uniform gap
al ong t he bentiided d¢ recipeoaaterthe comb fingers 48,50 back and forth relative to each other. In
other embodiments, a sinusoidal wave may be used. \
.. . Figures 6A-6H are schematic representations of an illusirative method of
fabricating a comb drive device using one or more sacrificial etch-buffers. These
15  drawings show one comb finger 112, one etch-buffer 108, and one comb ancher 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
20  being etehed -using-semiconductor-fabrication techuiques 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 gallum, 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

25 grown or formed on the first surface 80 of the wafer 78. In some embodiments, for
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WO 2005/ 064780 PCT/ US20041042944 fingers. As with other enbodi nents herein,
the sacrificial etch-buffers can be used to match the etch rate at those
regions where there is no i medi ately adj acent structure i in |ess
under cut ti ngV@#UBHE8bnb fingers. Operation of the conb rclr{}%%lgt\;{zg‘g 40 is
simlar to that, K discussed above wth tespect to the aforesai rior art
el ect r ost at ™R B $P$§?&%?pdt§x%¥ayﬂ ?‘} H@f@ﬁfﬁ?ﬁaﬂa"éﬁ”@&w\”ﬁép’ gostel can be
applied to the conb fingers, 48,50, jnducing_the opposite charge . along the

| engt h of edgon layes that|ig heayjly deprd wihoronn dether depantgsydsas wdiugy thalkivmger s
48,50 toward each other. The electrical signal can be varied to oscillate
the conb fiangedumingmsmay slselbeared fofam theepttivgd layer Sdeifadrsireder I nseatitesi r ed
manner. | n certain enbodiments, for 10 exanple, an external AC voltage

confi gur ed dopamdife.guivoran)smputsined wathe gvoint egfermed)eztaxmblayerid aanibeuzebastan

reci procate the conb fingers 48,50 back and forth relative to each other. In

ot her ensbodidiedtéisin ates ifibizatichodtepsay Eaciityte Femues df el Wafee?S, 3évild alg the
schematic representations of an illustrative nethod of fabricating a conb

drive. devi Gglatily thif 2Bitedial YR 8346 fhirh Gherbarfius RoR| drve Slerdd@SSY thé Rofilbawi ngs
show one conb finger 112, one etch-buffer 108, and one conb anchor 110 for

clarity. 'tddvédém’%:i ed that the cross-sections in 6A-6H represent a conb
drive simlar to igure 3. Beginning with Figure 6A a wafer 78 having a

[Lst surtace 00, B B oM oal [R50 SarkRofl S RIS o, 7o
AR S SR A A e R
ile siliconis typically the nopst conmon wafer nmaterial used, it wll be
!\gpr ecilft edUrEyes FBs@UsOhesKalE 78 19 dateonFtp eaekeh & make stacesine it #aftl s such
as gallium arsenide, germanium glass, or the |like can also be used, if
desired. Admpmeisli ko mlmwfmwlnmcw%baethsm\ﬁh|o§§1@repgavﬂ@lflam|86ﬁndoped
stiteon Ca?)nl?/eone side of the wafer 78, and in an illustrative embodiment, a second epitaxial layer
86 can be grown or formed on the second surface 82-of the wafer 78 to counterbalance
the stresses imparted to the wafer 78 by the first epitaxial layer 84. As shown in Figure
15 6B, the resulting wafer 78 substrate is sandwiched between opposing layers 84,86 of
.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
20  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

25 region 98 that can be used to define one of the sacrificial etch-buffers depicted, for
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25 grown or fornmed on the first surface 80 of the wafer 78. In sone

enbodi nents, for -12 i WO 2005/064780 PCT/ US2004/ 042944 exanple, building
of the epitaxi 84 includes an epitaxially grown sj = I
silicon | aye)revq‘%oé]%&iﬁzgoheavi |y doped with boron. O her dopgg?/égzsfﬁ%%ﬁ%‘g
indium thallium and al um num may al so be used to formthe epitaxial |ayer
84, if desi rexdmpleninySgure 3hd hedbpamskediegioni§roen be spaved apastifipm aseeongramdn or
formed epitaxial |ayer 84 can be used as an 5 etch stop in |later fabrication
steps to fadhird tnaske reginpaD,102 afftbe wap daye7 32, wdivhi can onised; Her exapipdd,iimel y
thin epitaxial layer 84 to formthe various conb drive elenments of the conb
drive devi celefihing Sienstructasead catthef thetahb fiegeys 48, fhillueraahinigiroB. of dopant
within the first epitaxial layer 84 can cause intrinsic tensile stresses

within the wafer Fifye FDeBRstrdlés inBSitep bEBGRiE thel Girdi ldpRBEMSIAOG L ahkP Yvatdpe
wafer 78 to bow or cup enough to nmake processing of 'the wafer inpractical.

To 1 ni e ke RAWBECALSGH ivi DEmBHO Mo BlbhiEs 8P ard BUEio84 O

only one si the water 78, and 1n an 1llustrative e I ment, a second
epi taxial | r n rown. Or.,.f d th n C -gf the
waf er 78 toq)c{v’%l&n %?%@?éﬂr‘f@%g e léggggg R %%%P%%?P nts%gﬁﬁgayv\g@’r‘%%gﬁ%e? he
first epitaxi | ayer 84.. As shown in.Figure.15 6B, the sul ting fer 78
Substrare. | &0 e OmeaHet iR SppuRiT e 94 welie: RERgvish:

silicon, form ng-a bottonside 90 and a top side 88-of the wafer 78. Figure
6C i | | ust r apE&enshet Hi 100090 be formsd throrgh tha fisst epitgoa feyer 84 apg st ¢as8ask cap
| ayer 92 on the top side 88 of the first epitaxial |ayer 84. The c%p | ayer
92 can be |rde thetepquifacerfd of thewakp78 Phuoise s oehing prwcessothe lexistenes elghy to

fformthe desired el enments 20 of the-conb-drive-device as well as other
desi r ed 1@ omfiost emetsk reghom Brisbovethe dinstrapéiosal Byier 98 mxyamss ihg rétheval of mwtatiml 88 of
the first epitaxial layer 84 to the surrounding
immediately below the cap layer 92, forming an etch-buffer 108, In similar fashion, the
second and third mask regions 100,102 prevent the removal of material below the cap
layer 92, forming a number -of comb fingers 112, and comb anchors 110, spaced apart
from the etch-buffer by the trenches 104,106.
15 Because the etchant is typically optimized for the gap or spacing between adjacent
"~ fingers 48,50, as the €tchant travels-through the ¢hannels 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

~ 20 " 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 epstaxial layer 84 and wafer 78 intact

for further processing.

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

25  fingers of the comb drive structure may be difficult to remove during final wafer
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environment allow an etchant to flow dowwardly through the fast epitaxial

| ayer 84 and onto the first surface 80 of the wafer 78. In the particul ar
Vi ew depicte Le 6C the cap layer 92 includes a f

regi on 98 tthdgbé)gﬁ) %used to define one of the sacrifici g{:ﬁlfch %z?fers
depi cted, for 13 V\D 2005/ 064780 PCT/ US2004/ 042944 exanpl e, in Figure

The first nedseltipagilsatspynduged,wiban ragoupa the relaively sealbomb steh hufﬁmrSd mask
region 100,102 of the cap |layer 92, which can be used, for exanple, in

defi ni ng t hepror fuwalgr boréhngeﬁewe@)that hey evnheoping gack im@eB0ithe Trighedtdevice.n
Figure 3. Figure 6D illustrates the step of etching the first epitaxial

| ayer 84 andviwad ey afe difiiaiy and 7 ®niocaded, ivirtialll émpossiblalto xemort.e Mhist issund
etch-buffers of the conb drive device. Using a suitable etching process
such as DeepeRally dve fadnfieticlaigag etcbBLs bsbiigh thied! dreSoo Big tbeasiabecome
conposition in the surroundi ng atnosphere and applied RF power, a nunber of

trenches 510453041 &abida. TTedppetlettNbOMEd cal\@ubd 4 ﬁbs@ﬁmn Yididlost. AneFefd?é AaRd, i n

sone cases, 1I1nto the top surface 80 of the wafer 78. "During the et chi ng
process, the, EloRERELGiR Sorh OB S br R Plesk RIS BRG] & 5%0

epi taxial | ayer prevents the renova mat er | a i rme ow t he
cap | ayer 41 N | Lar f the second
and third r’rﬁ%cl}% bﬁlgmge{soﬁﬁlﬁﬂgm%gﬁé&%r\g}&# %ﬁgélf]%ﬁzbl SISPO%B&El al bel ow the cap
| ayer 92, formn conb fingers 112, C spaced
apart fromthe gi%‘FF ggb’ﬁl@waﬁ'g; PRIPRH CFiER; © 6@“%‘83 tﬁ%’%@ PP% ¥ chant

is typically optimzed for the gap or ci.ng between adjacent f| n ers 48;
50, as the ﬁpﬁﬁaﬁ% fromhe §°W%%YF@PPW%°§E%%‘F@@A lgwalerpepding. cyelecdive or m
he trenches 104,106, the existence of the etch-buffer 108 rratches t he

dth ofl0t hetcharingch amhe ARiFQiESPien Sihdenefigminerased stehanit P 366-S GOR-SMt
species used in the DRIE process is substantially uniform As a result, the
vertical et evrijgblsffréme thé Traneener Gombay, b0Dah0@s, Blassachusetts can be used at the

lower end of the temperature range (i.e. at about 100°C) for a suitable period (e.g. 20

minutes)-to completely undercut the relatively small etch-buffers, forming-a shallow

cavity 114 under the etch-buffers 108, and causing them to be free to float away. During

15  this process the comb fingers 112 may also be completely undercut, but because they are

~—attached to larger features (42,44 of Figure 3), théy rethain intact. -‘While EDP is used in

the illustrative embodiment, it should be understood that any suitable selective etching
prodédu.re 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

- 20 "~ disengagée from théir 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 ﬁnsing 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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20 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 manne e

et ched first WpIWUUHHE® | ayer 84 and wafer 78 intact for #Cu‘}rlﬁ%ééﬂg%%ges& ng.
In sonme cases, the relatively small etch-buffers that are placed between

adj acent 25 fi nfepre BlusEHye saneyalisien deripted di fiura el fpresxampls, &b jagoustical enpv e
during final wafer -14 WD 2005/064780 PCT/US2004/ 042944 dissolution. Tests
conduct ed wiclerwing praspssunasgbe ted reehalp Hiberpipd shrgteh-buffriss B9&iombe aroungingor to
waf er bondi ng showed that they can become stuck in areas of the finished
devi ce, whelrectitaen #edlluitfafive ethbodiment, the fome madedrivevdericaatrigiewpodsi bl e
to remove. This issue generally does not affect |arger etch-buffers because
they are tosuim@sddowREifid Yyatlb €26 senthiningap padbler filid dgedas de-mpized (Brchathuf f er s
can cause a substantial yield |loss. Therefore, and in accordance with sone

embodi meat s Agfachh@icRBaRa 424 E?g 'ﬁtph&ﬁeleétﬂe Haﬁédﬁ&ér}’@dpﬁbl@ ror?bfodﬁélﬂ? acoustical
etch-buffers may be renoved ore wafer bonding, but this is not required.

Figure 6E 'Pllek'%% ‘3§s£ ebePE? 'wﬁhﬁﬁhé)faathel% tb’lﬁ s@evfﬂzl%{ 1! YarR! |

etch- buffe rom-t eco r|ve portion of I'ce prior to wafer
bondi ng. A sel ecti tcha u S th -ani sat C
et hyl enedi art g‘“ﬁ ietgeg?]g aﬁlﬁye dgpglaow \351 {c’é%‘a&m otH? ??‘loé‘%nsene

Conmpany, of Danvers chuse ts use r end of fhe

t enper at ur e“ELR,EYHed ﬁ’né edFaitucs elésegﬁ g ¢4 teethﬁéﬁﬁ\{\%ﬁ“r(‘ﬁmﬂmgége
mnutes) - to conpletely undercut the relatively snmall etch-buffers, formng
- a shal | owetclrRuftery 198, £apsiegthe etgh-builers- 10gte Spdt aI‘@S mtauthf LHeundine fiIWdmA o be
gree to float away. During 15 this process the conb fingers 112 may al so be
onpl et i y Dhweter tinse dpdtdrvexsiarmsey folley the eleaning dethélfesioed. ar ger feat ures
(42,44 of Figure 3), they remain intact. Wile EDP is used in the
illustrative errbhd:ierteimtemﬁoﬁimmutlm doeusiiaicsontoe 384 tchmbe agnfigeridi talpleensied ect i ve

stening structure and/or help liberate the etch-buffers 108 using a megasonic cleaning process,

-which utilizes relatively-low- energy-sonic-pressure waves in the range of about 400 kHz

to 1.2 MHz. Similar to other cleaning techniques such as ultrasonic cleaning, megasonic

15 cleaning relies on the principal of acoustical cavitation. In contrast to ultrasonic cleaning,

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 Summaciean SC-15 containing a number of

surfactant additives can be added to the bath 126 to aid in the removal of, and limit

20 - 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

25  support substrate 122 can be formed from a suitable dielectric material that can be used to
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procedure may be used to undercut and |iberate the relatively small
etch-buffers. In nost cases, not all of the relatively small etch-buffers
108 will co 0 disengage fromtheir position on Jhey&hid waf er
during the E%beﬁe)@é%‘grgocess. Thus, at |east in these cases, %523(#4{0%5;)34
renoval - enhanci ng steps nmpy be desirable, Rinsing, such as . overflow rinsing
Wi th e i onPECHOR doieN hEpBH U RPROIERs, B At GORBE BEBCF oo HGE T ||
renove sonme of the l|iberated etch-buffers 108. But  conplete renpval may
require a fpbedimgusetyi ampledhs Vgpherge 84 POR %%tfﬂt?cgg%smay bs fppmed of
2005/ 064780 PCT/US2004/042944 In ope illustrative renmoval step depicted in
Fi gure 6F, $uiablexglaspmaterizhsugh aaiBytes alCoptiemhypegNe7dééss may be used to hel p
| i berated the etch-buffers 108 fromthe surrounding structure. In the
illustrative enbOnt nemre mbllfccdevbddesold add icordidive taces {netchows) diggosbd
subnersed within a bath 126 containing a suitable fluid such as de-ionized
(D) watsr. afovéa tag GuFideCldly cfahy ailedifihg (s@pfbrt Subbire 022 sl bé asddrtoEeeer )
capabl e of producing acoustical pressure waves can be activated within the

bath 126 t 0c8GR:k tchfftcli¥nCleda Jah@us"?énkiﬁ%‘?len?éﬁgéjﬁﬁ e &t dbieqsaEd #pd ve

device. As shown in Figure 6F, for exanp acoustical energy emtted

fromthe tr C i Iy U hng:t he
et ch- but f er B0, Sessbds EPmal ol Witk bRk Gef il AL BEAIPD il
surrounding,fluyid. A .10 Dl .water,.rinse.and dry.cycl Y, 50l | qw t he
cl eani ng s?@ﬁin g“ %gﬁgoqlwe%t&ri?ﬁ?@r@%%% fhg ,Efetcﬁggegclgggﬁyg%ﬁ fto%?ﬂ' ce 124
can be configured.to clean the s]iiruct.u%e and/ or. hel E'l i berﬂ!t e the
et ch- buf f eryy SPHBETRG 91§ VaPGrRLRIBRRILC PRIUSISS (8- Jitaiwaplatinum, gold etc.) onto the
hich-utilizes-relatively-I|ow energy,— sonic pressure waves in the range of
about 40 Kpp surfage 11Supng a switahle spptisrmgor REaPordtion Rrasgsses anthPerielithagraphya s
ul trasoni c cl eani ng, nmegasonic 15 cleaning relies on the principal of
acoust i cal andeichar I8reff tephmigiesy ast to ul trasonic cl eaning, however,
megasoni c- cl eani ng produces significantlysmaller bubbles, resulting in a
| ower The underlying support substrate 122 may further include one or more mesas 116

extending upwardly from the top surface 118 The mesas 116 can be formed by etching
away a portion of the top surface 118 of the underlying support substrate 122, leaving
15 intéct the material at the mesas 116. Alternatively, the mesas 116 can be formed by
- building up materfal from the top surface 118. In cither 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 héve
20 “been--formed- on-thie -andeérlying support substrate 122, the-etched wafer 78 depicted
generally in Figure 6E 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

25  bonding, wherein the two substrates are heated at an elevated temperature (e.g. 200-500
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rel ease of energy at inplosion, causing little or no danage to a surface
subjected to this process. In sone enbodi nents, a solution of Sunmacl ean

SC-15 containing a nunber of surfactant additives can be he bath
126 to aid i WQ%QS A%#9val of, and linmit 20 redeposition Oy@'ﬂﬂgz%g{/ 4F"Fhﬁuffers
108- within the structure. whi | e negasonic cleaning is generally preferred
for its abi|°C)ynd dhepe phdnyicalyebondeth dogethen by wapplying asthergedtoltbe dwdenemlbassl t hat
ot her suitable cleaning processes could be utilized, if desired. Figure 6G
i I 'ustrat es Qthe saitalfle bbnding pionepséshmacke b herd bumding, aaBesﬁfes,thcg unay 88 boused
underlying support substrate 122. In sone illustrative enbodi ments, the

under | yi ng t2borgLtA 6 d methbers tadethed, 22degiagd,. be fornmed from a suitable
dielectric material that can be used to -16 WD 2005/ 064780

PCTI US2004/ 04294 4oyed @Htlnh&ﬁtelsm ﬁ@a{l%teﬁs e c¥abl 95&1 HIIRVARNNE cBfnbldRecOND
drive devi ce In certain nbodi ments, for exanple, the underlying support -

subst et 132,y deyiapges plieiheblecalas RS L E R
1

Support. 2823? Lbe B REREE vt VS Brb R, é’aﬁlgw%&%wf‘?fﬁﬁ%a‘ﬂmﬁf”one%#%o the

vari ous sensi, nﬁijﬂ-‘l enents .of the conb I’IVﬁB\M%VI ce. net al | j c el ectrodes

122 may be PUFRERCHEFS Ry erenphe Jiriop frrgceld ﬂaeouqdﬁg}g@g SYRROFtY %tf?% art .

In certain enbodi nents, for exanple, the nmetallic electrodes 122 nmay be
formed by dBereaeyahpidhe éﬁﬁo?%@%@en%ﬁ%mﬂis@%é%’t‘i%ﬂgeﬁ qgnbipation 1of fiomm
plati num gold etc.) onto the 10 top surface 118 using a suitable sputtering
or evapor at selertiye prossssesssuch asl wpfeo gonding ol Qpgasedeiching.cind selettive prasksses
fechni ques. The underlying support substrate 122 may further include one or
nore nedés whih vedit mrdittack opwignidicyntlyr ateck e highlyshoréradepetilSlicohhén nertedis 116
can be fornmed by etching away a portion of the top surface 118 of the
under | yi ng empgidnents,Ubs éxanipte, d2secdimioepitngal layer and most of the substrate 78 can be
removed using an industry standard grinding process, leaving enocugh of the substrate 78
-to not-hit the patterned epitaxial layer.—~The -remaining silicon can then be selectively
removed using an anisotropic, ethylenediamine-based etchant such as PSE 300-F
15  available from the Transene Company, of Danvers, Massachusetts for a suitable time to
~remove ‘any-remaining material:-~ Tt 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)
20 ~will-complétely” 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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15 intact the material at the mesas 116. Alternatively, the nesas 116 can be
formed by building up nmaterial fromthe top surface 118. In either

enbodi ment ; - LR\ iEseR 116 can  be configured to support thercouudidye
menbers above the top surface 118 in a manner that permts freedom of

novenent. Once the el ectrodes, conductive traces,. supports ot'her desired
el ements have 2 Q%éﬁﬁs-t‘fam‘i’r’tﬂlod’ﬁp%%ﬂwa%ﬁol‘gﬁ‘tﬁjﬁpgfﬂﬂ%#? ig‘E%%g&?ra?"ém??z, t he
-etched wafer 78 depicted generally in Fi giure 6E i's then flipped or

i nverted suéhagopatical gleanipgpiogess S8 B used do belp ramovethe Eperpigd ietohbyliessifioned on
top of the mesas 116 so as to overhang the top surface 118 of the

under | yi ng $epporanding siryciure. I@@.bo}iﬁ@,ﬂ? eeohddvoatece F8uciwg wandersuhmarged uppor t
substrate 122 are then bonded together using a suitable bonding process such
as anodi ¢ 2%ithinredhatiy] 26dvataisiing & ln@tdblkofhgd bsdfhraatledomizes (DI ptvelr. aAn acvustical at ed
tenperature (e.g. 200-500 17 WD 2005/064780 PCT/ US2004/ 042944 C) and then

chemicalfy bangeth4 (et b%ﬁezb&leﬁﬁ@'ttﬁnﬁﬁlcﬁgmﬁi@@ of prédiRirig\ecolEtithl pessurdX her

sui t abl e bondi ng processes such as heat bondi ng, adhesives, etc. nay al so be

used to boRgydshen buactREI ik ARBRE126 fofacHRSLIR Iedd BEV B sirhdriidh bat es

the final steps that can be used to fabricate the conb drive 5 device. As

|11 ustrat el ol BEVicd. NAsS RN RIELRXR fof A BhpBOnRNLobliRal BB N0

portions of the etched wafer are rentved, 'l eavi ng y
bor on-doped_ i er.ost [Uct ur es hanging the to urface 118 .0f the
under | yi ng gﬁlﬁtﬁ‘gﬁmg Bﬁsttr&}’nﬁ uecegggi C%‘rﬁ% u?eedn@v%q’tagf ti? lwﬁ‘f%orum;@gc%en S5l
acconpl i she usin conbj nation_of non-, sel ective progesse uch as
waf er gri ndg"r@%r"aﬁ@@% g’ﬁseé‘g’t')fé‘fr}?qﬁ? Ffb,ﬂoﬁr?dvaé'ép@c?’ﬁﬁénﬁ?réf@%g@' 1 WHR wi | |
pot attack or significantly attack the hi gh}[{y boron doped silicon. In
cert ai n10 enBirgiapd dpycyclegnayaielam|the cleminesipo@edidt axi al | ayer and nost of

the substrate 78 can be renoved using an industry standard gri ndi n?h
process, | eavi ngneataipkmbpdimeatss thssacpeitieal ggurce 124 can be configured to clean the

structure using a megasonic cleaning process, which utilizes relatively low energy, sonic
‘pressure waves-in the range of about 400 kHz to 1.2-MHz. Similar to other cleaning
techniques such as ultrasonic cleaning, megasonic cleaning relies on the principal of
15  acoustical cavitation. In contrast to ultrasonic cleaning, 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 Swmmaclean 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
20 “the etch-buffers simila™ 16 108 -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

25  any larger etch-buffers if present. As described above, a combination of rinsing and
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to not-hit the patterned epitaxial |ayer.--The-renaining silicon can then be
sel ectively renoved using an ani sotropic, ethylenedi am ne-based et chant

such as PSE 3Qfsbsdsarsgvai | abl e fromthe Transene Conpany, p@fudasiyasois
Massachusetts for a suitabte time to -renove -any -remaining materials It

shoul d be under st ood, however; that any nu r .of . suitabl e dopi ng-sel ective
et ching pr oéggﬁ%‘%émé’d?ﬂ W\Qgéo Gelpdemgvs a%ﬁ‘?/%tgﬁ‘ﬁéff?rér%nhﬁ?gms‘aﬁ?ge? erifal . In
sonme cases not all of the.-remaining etch-buffers (such as |arger

et ch-buf fer §sited0 -wi | |' conpl etely disengage fromtheir position on the
bonded wafer during the etch process and further renoval -enhanci ng steps
may be desirabl eHaRng husglesosived thessevaral-ambwdimentnef the préiseri injentiomithesd ofiat er
(DI H20), which is used to renove EDP residue will renove sonme of any

| i ber at ed etkili-ihuhé ert swiliBebdityosprerize tebotal embydimeqisimey he nmrde andggedssi ve
cl eaning process in sone cases. -18 WO 2005/064780 PCT/ US2004/ 042944 |n one
i1l ustrasi vehichnfaN alithiit @ ssbpd dfathe CRirhhattacH@Dh&t0d Nuindrogidabthgesl Frthe

exanpl e, an acousti cal- cl eaning process can be used to help renpove the

|1 ber at ed. etrndul d9kiSa by 2t dobBiinai haURShNG: RHHUS YA Breghlify BAAGARAC D

drive device structure can be subnmersed w thin a bath 6 containing a
suitable fl yi -1 anj o) [ 5 SO 24
(e.g. a pi e%gf)ggﬁ %r%%c?%ﬁ’égﬁ%éﬁ oélg%g%ﬁ@&%?ygfé%gﬂg’i@gg%hgﬁeéaﬁﬁ%%gésure
waves can be activated wi thin th at h 6 to.acoustically clean t.he various
Struct ures B e midedf e Ardifrdh hidless {5 e bR apsenrf oE B e
the acoustica energ%{. (é}r?‘tted fromthe transducer 124 can be used to

agi tate t heVfPOH GXEHIRe HTFooRy AfiRe BYEWOyf fers, causing the etch-buffers to
float away into the surrounding fluid. A DI water 10 rinse and dry cycle

may follow the cleaning step, if desired. In certain enbodi ments, the
acoustical source 124 can be configured to clean the
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structure using a nmegasonic cleaning process, which utilizes relatively |ow
energy, sonic pressure waves in the range of about 400 kHz to 1.2 -IVHz.
Simlar to other cleaning techniques such as ultrasonic cleaning, negasonic
cleaning relies on the principal of 15 acoustical cavitation. In contrast to
ultrasonic ﬁ}eanin , .however, negasonic cleaning produces

significant ?ﬁ ﬁQP%EFJ%ubbles, resulting in a | ower rel ease of energy at

i npl osion, causing little or . no, damage.to a surface subjected to this

process. In sorre{l' errbéa‘foﬂﬁ’n?ré",e %F"%Icg‘ffi-‘%ﬁdotf’ ﬂ%iﬁsﬁgﬁﬁr@@% SRt QPrl‘ﬂgng a
nunber of surfactant .additives can be added to the bath 126 to aid in the
removal of , BEAHCi AP ®%eposi tion of 20 --the etch-buffers simlar-to -108

within the structure. Wile negasoni ¢ cleaning,.js ener al | eferred for
s ability to gBHET o o mepmeepriudpgs B plemalivf romp Bndtin ar Db ythsh

ot her suitabl e clean'ng.processe %§UJq§ﬁ§'Uti# zed, if desired. When the
rel atively BYEPT 2Rendpopipns dyle nymben ol sidpsqefining a re waf er bonding, the
final backside etching process will |iberate t rel ative smal | .

ot Che b fors - al bIGON Ko S5e M beguP Gt tobLrpeRy eGP SuBlE cachaving
descri bed above, a conbinati.on of rinsing .and _-19 005/ 06478 .

PCTI US2004184%8 Rartiog| a8 £ n@“ﬂwﬂié%l&a Ogﬂgﬁéiﬁﬁm% gthye 17 Sé"‘g‘f’é’ﬁ‘!ﬂ\?f Pler s
fromthe resulting structure, if desired..L Having thus described the several
enbodi ment sCWP %‘SE’F’Q%WG‘FWQ#PF‘&H,ﬁ “’c‘?{g‘gﬁa‘?ﬁrw‘r‘}g‘k"i“{]ﬁ?’s‘i urahy ogq«ogn ngprs:
readi |y appreciate, that aqther enbodi nents nay, be de and. use whi ch fal
within the scope®dh G?Hée %fséiaﬁqs SeEORd, CPIRY ﬁl‘?@?‘e%%’? s Bu'?“éfﬁﬁéfﬁ?@e%“ ° t he

invention covered by this docupent haye been set faorth in the foregoing
descri pt i onSHngfjom a 98 PeHER PLPHERT ger 1o ibaitel BB ot and | many

respects, only illustratiyve. anges ny pe e in details, particularly

in mtters of s hab%?ms*wfe%grﬂ&?éwaﬁ@&ﬁagﬁt Ofg?m'g;gregfrs Gk Hoseo @%@@Edﬁaﬁﬁset he

scope of the invention, . , )
cross-sectional side profile along a portion of the comb finger that is adapted to overlap with a

laterally adjacent comb finger during operation of the comb drive device.

2. The comb drive device of claim 1, wherein said first and second plurality

of comb fingers each include an end portion having a uniform profile.

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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C -20 Wiat is clainmed is: 1. A conb drive device configured to produce |ess
harnoni ¢ distortion during operation, conprising: a first conb drive nenber
including a first Elurality of conb fingers each having a_bhase ortion, an
end portion, Y4 {8er of sides defining a length; a SESUHHWQ@HWMﬁrive
menber including a second plurality of conb fingers each having a base
portion, an end gorti Ghe camtl driveuddyare «ff claindés wilefeimbaid fastl earmpinled gapi i@
second plurality of conb .fingers being spaced apart fromand interdigitated
with said fisisstanihlly adual 36 Dapcdispasdd egeden;ovedalpings siddiaffchdtslaterdlly agpeaid comb
finger sides defining a vertical sidewall surface extending froma top
portion of th@pemek. finger to a bottomportion thereof; and wherein said
first and second plurality of conb fingers each have a uniformtraverse
cross-sectional side profile along a portion of the conb finger that is
adapted to overlap with a laterally adjacent conb finger during operation
of the conb drive devige. 2. .The.co k ice i erein said
first and secondgplura ??Vn 8?*%%%%%FF%%£¥§’g@%ﬁﬁ%ﬁﬁﬁﬁ éﬂﬁﬁk%ﬁﬁﬁg%ﬁF?%n
having a uniformprofile. 3. The,conb drive device of claim1l, wherein said
first and s@E%ﬁﬂdg@ﬁﬁ”“ﬁ&?V%ﬂWﬁHﬁ@?@”ﬁPémPEFW@%fc ®fan et chi ng process '
utilizing one or nore sacrificial etch- buffers. 4. The conb drive device of
claim 3, wherein said one or nore sacrificial etch-buffers are placed at
non-over | appi ng regions of the conb fingers. 5. The conb drive device of

cl ai m 4, wher ei n8.eachTkmecomnb|drival devicshetholainerl, fugherscemprising amamdenldng gap

al ong the length of each adjacent conb finger. -21

, support substrate adapted to freely support the first and second comb drive members.

(

9. The comb drive device of claitm 1, wherein said comb drive device is an

clectrostatic comb drive _device.

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 harmomc 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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WO 2005/ 064780 PCT/ US2004/ 042944 6. The conb drive device of claimb5,
wherein said first narrowed gap is substantially equal to a gap di sposed

bet ween over| appi ng sides of each laterally adjacent co i r..7, The
conb drive d& 7385" " aim 5, wherein each etch-buffer f?(f{{g%f%ﬂr“r?éu a

second narrowed gap at the end portion of each conb finger. 8. The conb
drive devi ceewhdphaklity bf chub fihgars bongspasedapartriromn ered Intardigitated iyl s4id Seddst r at e
adapted to freely support.the first and second conb drive nenbers. 9. The
conb drive ganilig oftomb fingers; anshherein said conb drive device is an

el ectrostatic conb drive device. 10. The conb drive device of claim1,

wherein said comanélet #RrdQwiS&all ﬁchabuff&d’l@@d’cti{i%g%laﬁ_@tﬂbt KUl RrigsphE Rgiohd . The
conb drive device of claim1l, wherein said co drive device i's a

rotary-typebaggpngggaﬁhg@mgﬁ 2. A conb drive device configured to produce
| ess harnonic S thion du??%g operation, conprising: a first conb drive

menber including a first plurality of conb fingers each having a base
portion, an end portion, and a nunber of sides defining a |l ength; a second

conb drive nenber,includin .second plurality of. camh. fingers h .. havi ng
a base portion, L% enhﬁﬁb‘ﬁ)‘?”?‘? Ye‘%ﬁ}’f‘?’ﬁ?ﬂﬁ%g’%}?“@‘(ﬁ@ ?Pﬂ?ﬁ@n‘ggﬁ’ h,
said -22 WD.2005/064780 PCT/ US2004/ 042944 . secaond plurality of conb fingers
bei ng space®8f sgyah ingerseaAch Meluds e £ad BeTHon Beying ¢ puitamretilest “plurality of
conb fingers; and one or nore sacrificial etch-buffers selectively placed at
non- over | appi ng regions

14.  The comb drive device of clatm 12, wherein said one or more sacrificial

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

15. The comb drive device of claim 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 4 gap disposed between overlapping sides of each laterally adjacent

comb finger.

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

.23 .



R R

bet ween adj acent conb fingers. 13. The conb drive device of claim 12,
wherein said first and second plurality of conb fingers each i.nclude an end
portion having a uniformprofile. 14. The conb drive deV| C 12,

wher ei n saiWoems/06478hpre sacrificial etch-buffers are E‘Ea&’é’@“%m

non- overl appi ng regions of the conb fingers. 15. The conb drive device of
claim 14, wherel? edlle @atrdrivieciesice of chirh U2 whereharidecombf drivetdemize foxed
gap-along the | ength of each adjacent conb finger. 16. The conb drive device
of claim 151%&&3&&@%5@1'1%&@{@1 narrowed gap is substantially equal to a
gap di sposed between overFapping sides of each laterally adjacent conb
finger. 17. The .conb drive device of claim 15, wherein each etch-buffer
further forns a second narrowed gap at the end portion of each conb finger.

118, The conb drjye dal iy 0fivelthill b clab" o Shef BT Sl aile WSS 14 N9

support substra e adapted to freely support and. secon drive

nmenbers. % 200'53/ Q64 80 PCT/ 1352004/ 042944 19. The conb dri ve devi ce

of claim 1]?1 @b drive device is an electrostatic conb drive

device. 20. The corrb dr| ve device of claim12, wherein said conb drive

device is a linear-type conb drive device. 21. The conb drive device of

claim 12, wherein said conb drive device is a Totary-type conmb drive

device. -24 - 21. The comb drive device of claim 12, wherein said comb drive dewce 1S a
rotary-type comb drive device.
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