WD 03/ 027643 PCT/ US02/ 02505 ARMOR COATED MOMS DEVI CES BACKGROUND OF THE

| NVENTI ON The present invention relates to a nethod of increasing the 5

r obust neswoafs/onieas oconponents formed of silicon. In parti edrarse2/nises pr esent
invention relates to coating the mcroconponents with a ductile netal to

i ncrease their robustness. Many m cro-el ectro-nmechani cal systens (MEMS)
devi ces and other mi cr oconpbR¥HPB GPATHELD MEEMSIDEVICESn or other brittle
materials. Though 10 extrenely brittle, silicon has becone the industry
standard for several reasons. First off, because of nodern etching

techni ques, it is possible tRAERGRYENY OPTEH BE/PNE[@GONPONent s by et ching
themfromsilicon. As a result, nuch of the equipment and processing in

many ni croconponents faci Iihei rrgseat énvepoef igateetd fonethod Iofrmgnwstdg giel i con.

15 In addltlon ndust r i.nfl ue d by and fo t he

sem conduct or mélﬂussfness O%Wécrg%orﬁ”yoé‘ﬁ‘&‘ﬁ &orgred; Qﬁdﬁé"t"fl Ip partigy atﬁsmeé%m in
meking its conpopentisa ralAgsas c@atn@gsu{et nnd? '{}%ﬁﬁ%%t\?ﬁh tae&%'le]%%%l Q"
working wth silicon. Furthernore, if devi ce has ectrical
connections or iigcregse tiger iohustggsat ed i nt o ot her electrical conponents, it is

referable that the MEMS 20 device be made of silicon. Though si licon is a
lrOeI atively strong nateri all\/%m}ytmi“éo -HedE-prerianiost systanes (M) H‘é‘ﬁ%ﬂslaﬁ@ a MEMVB

device made of gjld ﬁﬁ&oc&xﬂ%n’gﬁt'y@xqul\{ﬁ&i%fsﬁ\fc% ?lt&mél%ﬁ\ tleynaﬁg i }%‘é ont act

with such traditional tools as tweezers s, and
pi n contactl). Awmytré¢rmelg bribé, mihbmclmbl&&hﬁeﬂhevncmetry Staﬂ@r@m}tséx%zﬂde"@)bfnﬁne of
these tools, stress concentrations at the |ocation of contact my be
created. These Ildié‘a?ﬁcoli"f“sca%eeo hiapders gehpyg lepindaues, &g ppisitde tcfoamkiany, or

even breaking ClpHe%lste(?nlt:\tb%ox'ng&qe%?sst%ﬂetah{lg ﬁ%mcﬂ‘&% srﬁcro%t IAosnasresult much of

the equipment and processing in many microcomponents facilities are
configured for working with silicon.

15 [naddition, the MEMS industry is influenced by and follows the
semiconductor industry. The semiconductor industry has used silicon in
making its components, and as a result, has perfected techniques for working
with silicon. Furthermore, if the MEMS device has electrical connections or is
to be integrated into other electrical components, it is preferable that the MEMS

20 device be made of si]icon.

Though silicon is a relatively strong material, it is also very
brittle. When handling a MEMS device made of silicon, the MEMS device
will typically come into contact with such traditional tools as tweezers, robot
pick and place tools, and pin contacts. Any time the silicon MEMS device is

25 contacted by one of these tools, stress concentrations at the location of contact
may be created. These locations are very susceptible to chipping, cracking, or
even breaking due to the increased stress concentrations.

When a silicon component is chipped during handling, the small
amounts of silicon which chip off may contaminate nearby electrical

30 components. Should the silicon device crack during handling, there is an
increased likelihood that the entire device will break. This is because MEMS

devices are often formed of a single silicon crystal. Once the single crystal is



When a silicon conponent is chipped during handling, the small amounts of
silicon which chip off may contam nate nearby el ectrical 30 conponents.
Shoul d t hewosisloemwan devi ce crack during handling, there is pam/iSoenesased

| i keli hood that the entire device will break. This is because MEMS devices
are often fornmed of a single silicon crystal. Once the single crystal is WO
03/ 027643 PCT/ US02/ 02505 2 cracked, the crack nay easily develop into a
maj or break. Contam nation can also result fromcracks and breaks.

Further, shoul deitableedsiheiccari nisMasitheddvetp intoackgjochicpl. Gontbmemkipntive devi ce
nmay no Ionger be useful. Therefore, there is a need in the art to form

silicon 5 nicr @é%?ﬁéhélﬁﬁ%c@ﬂ%ﬁ MeEsakey | uder; shodlddhe AlGRMEYA? deies r

robust ness can At eakage and | ess
cont am nati on ng@é&ﬂg{]g?tﬁr@g&gﬁl %pl ndflaﬁﬁ(glgk?%gb,%%e#a[)r eaki ng. BRI EF SUMVARY

OF THE | NVENTI ON The pr es@&nhérefons/etieteonsi 8 aeedi lih ciha ait ctoodonposidodis or NMVENVS
10 device which is coated with a ductile metal at a contact interface. The
silicon mér OCBWG%W@CB‘&S anttEEM e vlewises aurhg waptlat &r%péwtwmrhg are

much nore rob ulsye in Fre%%esd sﬁ/é%éﬁl eolslPesggtlé %E af%‘ gsé co%?wtnlh hﬁ?onyca{“lé) ue Po The

arnored coating o arnor ed

coating or totahi g,lhg’()d]@(qm 0t blr@gkmgot aI arm)red coating conprises coating
the entire 15 deV| ce with the netal, while partial arnored coating involves
coating the MEMS device \ABMEFréWMétR%ﬁ]FyTIdééNN&ﬂTI@&U ons, such as the

| ocations which wll be ntact«%d rmtst oftel by .a t ool |n% g\gg m BRI EF
DESCRI PTI ON OF THE DRAW NG& BfeENt {VERHQD B G5t KR AN i oS A B e ! E}{ﬁge of a

MEMS devicgg 20qWiERnRENEEdated FifiPMUEdIge RERS BN confiBRdiRRe. The silicon
microcomponents or MEMS devices having this armored coating are much
more robust, less prone to breakage, and less likely to chip. The armored
coating of the MEMS device may comprise either partial armored coating or
total armored coating. Total armored coating comprises coating the entire

15 device with the metal, while partial armored coating involves coating the
MEMS device with metal at only desired locations, such as the locations which
will be contacted most often by a tooling mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a top plan view of one example of a MEMS device

20 which benefits from the present invention.

Figs. 2A-2B are simplified cross-sectional views of the process
flow involved in total armored coating of a wafer or component.

Figs. 3A-3F are simplified cross-sectional views of the process
flow involved in partial armored coating of a wafer or component.

DETAILED DESCRIPTION

9]
w

Figure. 1 is a top plan view of a silicon MEMS device useful in
testing sliders. Shown in Figure 1 is a MEMS device 10 comprising an outer
frame 12, several inner springs 14, two circular pin holes 16, and atab 18. The
MEMS device 10 functions as a clamp for holding a slider 20 during testing.

30 The slider 20 can be temporarily clamped in the MEMS device 10 so that the



Figs. 2A-2B are sinplified cross-sectional views of the process flow
involved in total arnored coating of a wafer or conponent. Figs. 3A-3F are
simplifi ewoaseswm4secti onal views of the process flow i nvelcrasor/msparti al
arnored coating of a wafer or conponent. 25 DETAILED DESCRI PTION Figure 1
is atop plan view of a silicon MEMS device useful in testing sliders.
Shown in Figure 1 is a MEMS device 10 Eonprising an outer frame 12,
several inner springs 14, two circular pin holes 16, and a tab 18. The
MEMS devi ce 10 §lidecld ambedk van aboaerpdikareshal, diaignpeds hidiben @aved fmg t est i ng.
30 The slider 20 can be tenpaorarily clanped in the MEMS device 10 so that
the WD 03/ 02764%epEMSsts»)62805 slider 20 can be flown above a disc,

tested unclanped, and thefk BETRYE (oM MBRVENR ARV e #ndlhenpi n hol s

16 on the MEMS device 10 a n an o} t vice 10 on a suspension or
fixture (not shewicd M BhgusigpdnsionThefittale (b8t siovpr ovFges: B). | Blwatabor8 at whi ch
pressure can be applied to the MEMS device 10. \Wen pressure is exerted on
tab 18, theJSsprpieyilesa losation ah Wik pessueancheapplicd idhe MigStds¥ice|lPder 20 to

be inserted or moved fr ice . i ider 20 in
t he MENVS devicevﬁ nﬂn%muggg}%%ﬁggﬁ¥§>gggkgﬁg@gzl%gé% ufﬁgpéﬂ@eéz#ﬂgr to a

fixture for teshiqaiowthenlidersioi ek ihserigd vednioved fof tht MEMBalkevicedi ng, the
slider is typically no | onger useable. Using a clanping device, such as
the MEMS device 10, allows each slider to be tested, yet remain usefu

once removed fromthe cf o Retfithd w e VIR A b paerecs
P o Enc 1 Sl L SRS LTS doy) omomhegpyterlso 10 oro
i ndi vi dual devi e@stut®foatesting tmadiders typically no longer useable. Using a clamping
device, such as the MEMS device 10, allows each slider to be tested, yet remain
useful once removed from the clamp. As a result, the MEMS device 10 is
repeatedly opened and closed to allow for insertion and removal of the sliders
15 before and after testing of each slider.
MEMS devices such as device 10 are typically formed of silicon
using wafer level processing. Once the individual devices 10 are removed from
the wafer, the MEMS device 10 must be handled. It is typical for the MEMS
device 10 to be contacted by tweezers or similar tooling devices at its outer edge
20 12, such as when installing the MEMS device 10 on a suspvension. When so
handled, it is not uncommon for the silicon to chip or crack at the locations
where the tweezers contacts the MEMS device 10 outer surface 12.
In addition, the MEMS device 10 is designed so that when
installed on a suspens.ion, pins on the suspension extend through the pin holes
25 16 on the device 10. Each time the MEMS device 10 is opened and closed, the
pin holes 16 experience certain stresses. As such, it is also common for the
silicon to chip or break near the pin hole 16. Similarly, in opening and closing

the clamp 10 to allow a slider to be inserted into the MEMS device 10, pressure

is exerted on the tab 18 to deform the springs 14. As a result, the tab 18 is



the wafer, the MEMS device 10 nust be handled. It is typical for the MEMVS
device 10 to be contacted by tweezers or simlar tooling devices at its

out er edgwoaB/02&43such as when installing the MEMS devi ce PLA/w@s02/82505
suspensi on. Wen so handled, it is not uncommon for the silicon to chip or
crack at the |ocations where the tweezers contacts the MEMS device 10
outer surface 12. In addition, the MEMS device 10 is desi gned so that when
installed on a suspension, pins on the suspension extend through the pin
holes 25 16 onandikerdevition arothe BAEMS devecet WeicVEMBI b vERaatetiocantcbpehed and
cl osed, the pin I] . (9 pt; ence czrtaln stresses. As such, it is also
common for the “TiCON“TROCH %Iwé?e P¥Cak near the pin hole 16. Simlarly,

in opening and closing tRAgyclmhe MEMES ablio @iSElifRl drderR&ed Nggiit ed into
the MEMS device 10, pressure is exerted on the tab 18 to deformt he

springs 14. As ampesebf siliechenayatonigningte Vi DEL0RTGHBhOEIINSTR/i0506r 4

th | t t he. i h c and
At ch may o p B SR ARG B Te S CRhS et SEEO M HaDF e SO EBE bt pped
or cracked, smal} F@IRHALS, &Bck%'nk!h@ML‘MB)ﬁerQN@EHn%F[&o{)ﬂﬁo flotdetiohel d in

t he MENMS deV| ce 10 or 5 may contami nate the disc or other electrical
conponent s near sttipgurdieflinge oVENMS bakfuToharnmne, therdgksng and heecdlepdS devi ce

10 can develop in e serious .structural : ven breaks. To
overcone t he chl’iﬁ’ﬁ??% (i BrepTne AR&gon b’r”B%’F%ﬁ?at‘t“ﬁéWp’lvﬁé\égtde}”ﬁ?/é%t‘”fl A i nvol ves
coating the ME ] t) . al, to
prevent and reg@ggﬁ% ]ﬁ%bl} ﬁgsglwgn?i g}eégﬂggkévgli%%iﬁdslﬁgF]ngt}%g a@%glt%ﬁ frgm%te‘serves to
absorb t he 18t r e$hisafrmoeqpleadeidg conteaad abrahb the awest sf tdpeatsd rcesmct e bei ng

transferred through the ductile nmaterial to the siljcon crystals so that
the silicon eitP&EVeHtp & iifces rowrl@a%ﬂar@\ﬁer@ﬁ|tlpr§ughrﬂ@r<blca}€eﬂ@lmaldptth%ns for

providing an ar BRES c&&%tslsg%a?ﬂw%lhcon either fractures, breaks, or chips.

There are two options for providing an armored coating on a
MEMS device; total armored coating, and partial armored coating. The first
15 option is to coat the entire surface of a MEMS device with the ductile metal.
The second option involves only partially coating selected areas of the device.
Providing the MEMS device with an armored coating can be performed at either

an individual component level, or more preferably, at the wafer level.
Figures 2A-2B are simplified cross-sectional views of a wafer
20 illustrating the process flow for providing a microcomponents with total
armored coating. Shown in Figure 2A is a wafer substrate 30. In the first step
of providing the wafer 30 with armored coating, a conformal coating of a seed
layer 32 is deposited on the wafer substrate 30. Any suitable seed layer material

may be used, such as Tantalum. [n depositing the seed layer 32, it is desirable

N
L

for the seed layer 32 to be very thin. Typically, the seed layer 32 is sputtered
on and is about a few thousand Angstroms thick. The seed layer provides a
surface onto which a ductile metal can be deposited.

Figure 2B shows the step of depositing a soft metal 34 on the
waler 30 over the seed layer 32. Any suitable metal, such as copper, aluminum,

30 or nickel cobalt may be used. Most preferably, suitable metals are ductile and



MEMS device; total arnored coating, and partial arnored coating. The first
15 option is to coat the entire surface of a MEMS device with the ductile
metal . Thwolsmoted3 opti on i nvol ves only partially coating ®erasvzosaseas of
the device. Providing the MEVMS device with an arnored coating can be
performed at either an individual conmponent |evel, or nore preferably, at
the wafer level. Figures 2A-2B are si n’pﬁ ified cross-sectional views of a
wafer 20 illustrating the process flow for providing a mcroconponents
with total ar mwdéaredﬁélttpﬁ@worsh@wthsmp Ql?rséedzlAY‘Frsnat IGAareer coatiag la¥ee 30. In
the first step qlspcreglecpg)nlge tll'?l%h%&?r a d Y '1# %e% r[? l%dm?(?gﬁ I cpgevegl 'R)Onf or mal
2 4o Wa subs

coating of a seed ate 30. Any

sui tabl e seed |QMQ:EonﬁQI‘in@lUwae@}’th@ﬂuék&@@ 0f$lthh1n@Sch@1ﬂE@hhﬁﬁy DeNini@I0S | tl ng
the seed layer 32, it is desirable 25 for the seed layer 32 to be very

thin. Typically,byttheasewt of siyass tl@zoatsmsﬁumsaﬂébe fegiresrad thesMENBUdevacef ew

t housand Angstrons thick. The se vides urf whi ch a
ductile metal cafl “B&BIsERCFRgNeT gf‘ ﬁif?ﬁe/?égg @\Agy‘ffﬁli(ﬁ ‘ﬁa%&ﬂ@i‘h ng a
soft netal 34 onfiQaryakidn @91@\41334 échﬁpx*'?s%@gudtﬁé’ﬁﬁte%gls mwg k%h@l@éme netal
such as copper, aI um num 30 or nickel cobalt may be used

preferably, suitabmprssiat stresghdlayt ]meayl&HWDlO@/ @@Iﬁﬂﬁ@@%tﬂ@@gl 02505 5
adhere well to silicon. In contr?%t to eed ar nor coatl ng

layer 34 is desired to beB{EHa “&qilé‘? m% 9‘%@6119,3“{%}? “iﬁalrﬁ“@rob%'s
even 20 mcrons otmﬁhg%%k orl TAWGMES: gotlﬂf‘r11§§Hn‘55@ﬁ§§05‘%fb15tla%el%'s”tQBe 19915\1 1298 34 may

be limted by the anount of stress the coating 34 puts on the features of
the MEMS devi ce B wingahemival vapor dgosiion€dV B).i Insédition lif is phssibletedputtayer 34
is deposited too thickly particularly when the |ayer 34 conprises ductile
materials havi ng"aMgH! F%W‘i’é’i:Pé ongrthe Waist s&< @9?1&3%1@ Mo SOPHWY WiEmay f ai |

or may rip off 0%1 etl&?romtlﬁé pl%)QBSSA@lyc&lltlilll& ﬂ%l \gafg%tdwgh {E@ﬁup@leﬂﬁﬁglatl 4,depOS| t

the netal arnore
it may be possible to coat one surface of the wafer 30, flip the wafer 30 over,

and coat the other side of the wafer 30.

15 The type of metal chosen as well as the method of depositing it
on the wafer 30 may depend on the geometric factors of the features on the
wafer 30. In particular, for a MEMS device having intricate or fine geometric
features, CVD may provide the best deposition method. A CVD process is
particularly suited for in instances where the coating 34 must evenly coated very

20 small areas, deep recesses, and other features found in connection with intricate
geometries. For devices having more coarse features, electroplating or
sputtering may be suitable.

The type of metal chosen may also depend on the desired wear
characteristics for the device. For instance, surfaces that will receive heavy and

25 repeated contact may benefit from an armored coating 34 comprising a stronger
metal such as nickel. In contrast, using a softer metal, such as copper, may be
less suitable because when subjected to such repeated contact, the copper may
smear or leave residue.

Figures 3A-3F are simplified cross-sectional views illustrating

30 the process flow for providing a wafer with partial armored coating. In some



coating 34 on the wafer 30. For instance, it is possible to deposit the
netal |ayer 10 34 using chem cal vapor deposition (CVD). In addition, it
i S possi bWwe wo2mpaitter the netal coating 34 onto the waf ePrCISOLD250D
deposit the netal coating 34 using an electroplating process. In coating
the wafer 30 with the ductile material 34, it may be possible to coat one
surface of the wafer 30, flip the waf er® 30 over, and coat the other side
of the wafer 30. 15 The type of netal chosen as well as the nethod of
depositing it dﬂst@IWésw)aﬁwcr?,@nmef&@ﬁ%%rﬂCMé @@deémweﬂéﬁlﬂémorof t he

features on the Coyl\@lgerdéomla?]gprsﬁjhcc % ms 0 deeyﬁgﬁgg mgmmdlg

intricate or fine eat pOSItIOI’]

net hod. A CVD prieg@ssndnss. DﬁﬁﬂidhCzhﬂsﬁ{ﬁ“ltﬁénS@hf?leﬂpfl@ﬂ%ll mm]me@tcam@slnv\@%e t he
coating 34 must evenly coated very 20 small areas, deep recesses, and other

features found iappderhnection wit h | ntricate geonetries. For devi ces havi ng
nore coarse features, ele .Topl, te sui.tapl e. The
type of net aﬁf chosen nay §9°d @anéﬁ d%é‘ﬁ“e‘g %Ppﬁlgﬁ"éﬂfgc@éﬂ stics
for the device. JfFaEtn mt@éaﬁ@d uﬁunﬁea&%r&h@&atwg be BARUVeriReasy sephr 25
repeated contact may benefit froman arnored coating 34 conprising a

stronger netal spplyigsampadietbimdrmd coatingatet the mfﬂg4(hl$$jrf01\»\mrlllnliagaxle 3Buch as
copper, may be ess t abl e because when s ct egelf| h r epeat ed
contact, the codJﬁ%‘ﬂ’er?Eylm‘%“r?é%?r"‘PBW“} ViR b B bagar D on iLastes of e
sinplified cros N#e aYdEMBvilit] 4SS b&khg t for
provi di ng a waf Z&Ar]ﬁgm Lgdhlﬁparetql arl ar r}orled coaltll néo;égdn @%ﬁg{s\%&g@'oz%ﬁ

PCT/ US02/ 02BD5 3&,ansdddnaped( itdeposiied bacionpaineti. Tre shNBy ddbdicoeerslbeth not
require a full arnor coating due to either space re wrerrents or ot her

el ect r o- nechani daf P 19‘%‘&&‘??%%@1 as)the aiga AV & B paprceMedonl y a parti al

arnored coating may be Once again, any suitable seed layer material may be used, such

as Tantalum. Also, it is preferable for the seed layer 46 be deposited in a very
thin layer, so that it is about a few thousand Angstroms thick.

15 In the next step, as illustrated in Figure 3D, the photoresist layer
44 isremoved, such as by using a wet chemical strip or other suitable means for
removing photoresist. Once the photoresist layer 44 is removed, the seed layer
46 remains on the wafer 40 at only the area of interest 42.

Once the seed layer 46 is deposited on the wafer 40 at only the

20 area of interest 42, further processing may be performed on the wafer 40. For
instance, the wafer 40 may undergo additional processes of patterning and
etching to form any other required features of the microcomponents. As shown
in Figure 3E, one example of a patterning or etching process that may be

performed on the wafer 40 is the formation of a beam 48 using deep trench

o
L

reactive ion etching. Because the seed layer 46 is so thin, the seed layer 46 does
not interfere with any such remaining patterning operations.

In a final step illustrated in Figure 3F, a ductile material 50 is
applied to the wafer 40. Because the seed layer 46 remains only at the area of

interest 42, the ductile material 50 is deposited only at the area of interest 42 as



applied. 5 Figure 3A shows a wafer 40 and an area 42 of the wafer 40 to
which it is desired that the arnored coating be applied. The first step of
appl yi ng wopanticas arnored coating to the wafer 40 i s showeTiusoEzos e 3B.
Figure 3B illustrates applying photoresist 44 to he wafer 40 on all areas
of the wafer 40 but the area 40 which is to be arnor coated. Next, as
shown in Figure 10 3C, a seed |layer 46 7%s deposited on the wafer 40. The
seed | ayer 46 covers both the photoresist 44 as well as the area 40 to be
arnor coated. Ow®dl aywd resulamyafenftlab p@agiabarmosggoating et theprepay interesised,
such as Tantalwgl Also, it is preferable for the seed | ayer 46 be
deposited in a véry thin layer, so that it is about a few t housand
Angstroms thick. 15 In therjpagt diktRBed AStelhd b8k LRh§And BeFitGUne palentt he
photoresi st |layer 44 is renoved, such as by using a wet chem cal strip or
ot her suitabl e mewmgohds surtebtevibngsplat anesiigbconipaent ke MAbtSodesicst | ayer

44 is renoved, the seed |ayer .46 remains on the wafer 40 at only the area
of Interest w2, TebERe EUE i FertRanE ofLyeerietd ofectnatmdtbdeas ot ony
the 20 area of jjhae&akatte be hFSARE ORNAGEREANGITRYeREPEiQEMed On the

waf er 40. For instance, the wafer 40 may undergo additional processes of

patterning and etching t Alflonpgh dayresdinhaventeohias egtntdeatibedsitiofefdriece

m croconponents. As shown in Figure 3E,  one exanple of a patterning or
etching process ' RE{eripdFMPdimenis Yrises %Hlf’gﬁé‘hﬁé‘fté‘ﬁuwog@z‘% hat aRgast i on of
a beam 48 using q§gg L BNG R AP Jid WEhd 2t &bl 1S, seed | ayer
46 is so thin, th séeé%lay%r %%ﬁ%%gs ﬁ%%?gﬂﬁﬁgﬁ%gggt&?ﬁﬁH§ﬁ9%§ﬁ§ﬁﬁe
remai ni ng peltenhd mgeippar ations. In a final step illustrated in Figure ')F,
a ductile material 50 is applied to the wafer 40. Because the seed | ayer
46 remains only at the area of interest 42, the ductile material 50 is
deposited only at the area of interest 42 as WO 03/027643 PCT/ US02/ 02505



7 well. As aresult, wafer 40 has a partial arnored coating at the area of
interest 42. Though disclosed in terns of a clanping device, the present

i nvent i onwiossgeicsabl e for use on any m croconponent or NEWBTHESMR/0E05 5
Furthernore, though disclosed in ternms of a wafer |evel process, the nethod

can |ikew se suitably be perforned on individual conponents or devices.
Al t hough the present invention has beem described with reference to
preferred enbodi nents, workers skilled in the art will recognize that

changes may be GRABMBN form and detail without departing fromthe spirit
and scope of 10 the inve%i on. X}? 03/ 027643 PCT/ US02/ 02 0? .8 CLAIMs: 1.
A i croel ect r omechani cal PSS PEFEEICEY CAPPIEBhIorge of SyiR98Nn ekt

conprising: a feahefefRohfsin@mponent which is subjected to a nmechanical
stress; and neans for increasing robustness of the feature. 2. The
conponent of claim 1 wher e featweamsthe oompoemeahichds subjdetslt thassechbinitfle
feature conprises coating the feature with a ductile material. 3. The
conponent of claim2 wherein tHEeH¥udd e naterial conprises a metal. 4.

The conponent of claiml vmgdrngiﬁﬂ NEans, I%ugth&%ﬁgﬁlieg&tgrge r obust ness of
the feature conprises coating the conpdhent w a ductrle nmaterial. 5.
The conponent of claim4 wherein the ductile materi al

2. The component of claim 1 wherein means for increasing

robustness of the feature comprises coating the feature with a ductile material.

3. The component of claim 2 wherein the ductile material

comprises a metal.

4. The component of claim 1 wherein means for increasing the
robustness of the feature comprises coating the component with a ductile

material.

5. The component of claim 4 wherein the ductile material

comprises a metal.

0. A microcomponent formed of silicon, the microcomponent
comprising:
a feature on the microcomponent which is subjected to a
mechanical stress; and
a ductile material coating the feature to increase robustness of

the microcomponent,

7. The microcomponent of claim 6 wherein the ductile material

comprises a metal.



conprises a netal. 6. A mcroconponent forned of silicon, the _

m croconponent conprising: a feature on the mcroconponent which is

subj ect edwomsm27eaechani cal stress; and a ductile material pcaatSongsohe
feature to increase robustness of the mcroconponent. 7. The

m croconponent of claim®6 wherein the ductile material conprises a netal.
WD 03/ 027643 PCT/ US02/ 02505 9 8. The n?croconponent of claim7 and further
conprising a seed layer to facilitate the ability of the netal to coat the
feature. 9. The #icr OCOWpOﬁWﬁ]iGDCBCOmp@hmtT)f‘(AhEnéialﬂdtfﬂﬂﬁldﬁ’?blalblmﬁgg@\e,med

t hi ckness of about 10 .m.cr m cr oconponent of claim erein
the ductile matefYHI© fRedgps eﬁbe ?m\étyfoéé}iwgablpéﬂéﬁf%f@caﬁéeS| licon from

chi pping or breaking near the feature which is subjected to a mechanical
stress. 11. The m croconponent of claim6 and further conprising a ductile
mat erial coatingd.substantiBild yni¢rheorgmineneo uiafrace wokreihehdri ge@coapOnent .

12. A nethod of reasi.ng the robustness of an area on a

m croel ect ronechhl‘ff&%f? oL 8PRIbAEMIETONE he met hod conpri sing: forming the

m croel ectromechani cal conmponent fromsilicon; and coating a selected area
on the conmponent which is subjected to a rrechani cal stress with a ductile
material. 13. The.nmet hod ofhecihiirdBohontiroficthifhay Whegid e EefeahaBtialf rom

coating the feature prevents the silicon from chipping or breaking near the

feature which is subjected to a mechanical stress.

L1 ' The microcomponent of claim 6 and further comprising a ductile

material coating substantially the entire surface of the microcomponent.

12. A method of increasing the robustness of an area on a
microelectromechanical components, the method comprising:

forming the microelectromechanical component from silicon;

and
coating a selected area on the component which is subjected to
a mechanical stress with a ductile material.
I3. The method of claim 12 wherein forming the component from

silicon comprises forming a plurality of components from a silicon watfer.

14. The method of claim 13 wherein coating the component with a
ductile material comprises coating a preselected area of the component with a

metal.

IS. The method of claim 14 wherein coating a preselected area of the

component with a metal comprises:



silicon conprises formng a plurality of conponents froma silicon wafer.
14. The nmethod of claim 13 wherein coating the conponent with a ductile
mat eri al wonmpre®es coating a presel ected area of the conp@aanisomisas a
nmetal. 15. The nmethod ofclaim 14 wherein coating a preselected area o f the
component with a netal conprises: WO 03/027643 PCT/ US02/ 02505 10 appl ying
photoresist to the conmponent to definel@&n area to which the nmetal will be
appl i ed; depositing a seed | ayer on the conponent; renoving the photoresist
so that the seed |ayer rerapligmgopiiojoniesist toheheagopmonentwii ddfineen aneadb wil | be

applied; and applying a netal coatin t. seed | ayer. 16. The nethod of
cl ai m 15 wherei n appl yi ng the ﬁé?gﬁ%ﬁgg%ﬁﬁﬂﬁﬁ8apﬁﬁg’seed | ayer conprises

using a chemical vapor depesididiRh REQESESen thé cohiPsndit hod of claim 15
wherein applying the metal coating to "the seed [ayer conprises using an

el ectropl ating process. 18mdheg tretphotbresist b tiatht Seasheyairemaippbylyng t he

metal coating to the seed |ayer conprises using a sputterjng process. 19.
The nethod of claim15 mherein%§ﬁb m%ﬁ@“&hgwﬁ@?%nggﬁﬁWHﬂﬁt@ $rpri ses

applying the netal coatingyh0i@ JhiGKRaERe &f theBecli9a@out 10 microns. ~20.
The net hod of claim15 wherein applying t%e nmetal coating conprises
applying the netal coating to a thickness of up to about 20 m crons.

16. The method of claim 15 wherein applying the metal coating to

the seed layer comprises using a chemical vapor deposition process.

17. The method of claim 15 wherein applying the metal coating to

the seed layer comprises using an electroplating process.

18. The method of claim 15 wherein applying the metal coating to

the seed layer comprises using a sputtering process.

19. The method of claim 15 wherein applying the metal coating

comprises applying the metal coating to a thickness of up to about 10 microns.

20. The method of claim 15 wherein applying the metal coating

comprises applying the metal coating to a thickness of up to about 20 microns.



