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(57) Abstract: A method of improving the robustness of microcomponents formed of silicon by armor coating the microcomponent
with a ductile material, such as a metal. The armored coating may comprise either partial armored coating or total armored coating.
Providing the microcomponent with an armored coating reduces chipping and breaking, and likewise reduces contamination prob-
lems which arise from chips and breaks.
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2 0 APR 2004 WO 03/027643 1 PCT/ US02/ 02505 ARMOR COATED MEMS Cﬁgh
BACKGROUND OF THE | NVENTI ON The present invention relates to a t il
i ncreasing the 5 robustness of mcroconmponents forned of silicon.
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m cr o- el ectro-nmechani cal systens (MEMS) devices and ot her m cr oconponent s
are forned S%#@’r%ﬁ‘@ﬁ%t%mlﬁﬂmm rFubligned: al s. Though 10 extrenely
brittle, sillconhid become the i ndust r y— st&rirariaratsegich ersvier al  r easons.
First of f Declhatrauser®desnddern et ching techniques, it is possible to form
very preci sfén’;lﬁ‘f’éﬁ”’(?tf’é‘ﬁfp'ﬂﬁ@rf{“é”w))étﬁﬁw t hem f romsilicon. As a result,
much of thebfg Acmmze»@mapplm&%ﬂ ﬁ%g? &%ﬁmﬁbﬁm e Sl fit i es
are  conf i QiR 74Qvr ki daggndiba N S| cor;,,,,g,gc Hriguldd ro LR RE

industry is influenced by and follows the sem conductor industry. The
sem conduct or industry has used silicon in making its conponents, and as
a result, has perfected techniques for working wth silicon. Furthernore,
if the MEMS device has electrical connections or is to be integrated into
ot her el ectrical conponents, it is preferable that the MEMS 20 device be
made of silicon. Though siliconis a relatively strong material, it is
also very brittle. Wien handling a MEMS devi ce made of silicon, the MEMS
device wll typically conme into contact with such traditional tools as
tweezers, robot pick and place tools, and pin contacts. Any tine the
silicon MEMS device is 25 contacted by one of these tools, stress
concentrations at the |location of contact




may be created. These | ocations are very susceptible to chippi n?Q[ |Agﬁ 2004
cracking, or even breaking due to the increased stress conc?ant i f
When a sili onent is chipped during handling, th nounts o
silicon \/\hi?ﬁ%’ﬁ?ﬁaoff may contami natle nearby el ectri ca_FC'P[ggn)&f onents.
Shoul d the silicon device crack during handling, there is an increased
likelihood that the entire deRM@RGAATED MEMS DEVECES because MEMS
devices are often forned of a single silicon crystal. Once the single
crystal is 2 0 APR 2004 WD 03/027643 PCT/ US02/ 02505 2 cracked, the crack
may easily devel op into a naBACKGROWND OPTHEMNNENITION can al so rEsuI L from
cracks and breaks. Furtherq should. the silicon VEM evice _crack, chip,
or break, the device may o™ B'nsgegérjmﬁ(g‘%ﬁ'ééefjﬂ‘fs. loﬁ@g{g?‘gf?%‘,“‘“teﬁélgeﬂ‘?s a need
in the art toS3formbestriessoufmicibeompmnatofpaa kice) dn MENGISCHE pRSedt N SUCh a
way that their rohust.ness can be.inﬁreased so that there is'|ess breakage
and | ess contamination éei?}%seta GRS 18° MUHPOBPARENtSC YISl R dyetile oretdbrteaki ng.

BRI EF SUMVARY OF ihtiEast MvichobuSthesdhe present invention is a 3! i _c?)n |

m croconponents or MEMS 10 devjce which is coated with a ductile netal at
a contact interface. The sMPRCBIsTo-slckp-sEehpistshtansdMBM R deasiacds havi Sg
this arnored coatdtigmidréoR6itnts BRESGmELEYSiton dr ERS: whiBls PREQAKAgE, an

l ess likely tq chip. The,gi‘rénp_r ed coati ngl.%lf 1t[%e b@&%@%cfelwscghoﬁégl conpri se
ei ther parti a{B arFBPRelY Bideisiigores becomathe indnabrystindaodifor seyeralFedsads. ar Im)r ed
coating conpri SesriRPaf feshubd6r B8lekd Gcrhny AN il Bodk tal, while
partial arnored colaU ng P nvol ves cloa%ll%%g tﬂéﬁgw%p%5'§Eég§WWWr¥mt al
only desired | ocaRFHAsICrecpapopentstby stechipg diemdiran siliconh As a result, much of

the equipment and processing in many microcomponents facilities are

at

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 silicon.

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 assilicon 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



will be contacted nost often by a tooling nechanism BRI EF DESCRI Pﬁ?%ﬂ
THE DRAWNGS Fig. 1 is a top plan view of one exanple of a VEMS Do &

whi ch benef@vb%?,{)ﬁ&g] the present invention. Figs. 2A-2B Féf/gfwggwof i ed

cross-sectional views of the process flowinvolved in red
coating of a wafer or conponent. Figs. 3A-3F are sinplified
cross-sectional views of the process 2flow involved in partial arnored
coating of a wafer or conponent. 25 DETAILED DESCRIPTION Figure 1 is a top
plan view of a siddckainthivEEk dapdasity degedpihtoiamnajdr®sdhk. nQoridniikdios canShown i n

Figure 1 is a Me e 10 Si n t fra 12, several inner
st?:Jngs 1|4 t wo (I\:/lré‘ls’c(fﬂ‘J 21O cwcﬁoﬂnggmi% S}&[ﬁ H‘E“i‘[)thig.[‘cnﬁéb MRERECdevi ce 10

functions as a clcwmciatprorméad,umgdeaxcslmgzledloagbrdwdemg testing. 30 The slider
20 can be tenporarily clag%gd in the gw ce 10 so that the 2 0 APR
2004 WO 03/ 027643 3 PCT/ USOSREsB08eE fsdér“"z Pathepart fieof@masidiear a di sc,

tested, uncl aspeduic@tspoh&dts zrnemmsidefvﬁdamn shdren Wizt R ireRsthéls cdhe pin
hol es 16 on the M5 device 10 align and hold the device 10 on a

suspensi on or fi YEiNcEageAse thatihsgs ICFFblt‘falj‘t&eé“dllfssCW'P’&S‘“%‘S@@UM%W des a
| ocation at whi cqh%ﬁgsdchgmgaﬁb}ggm@gopl ied to the MEMS device 10. Wen
pressure is exerted on tab he springs 14 deformto open the clanmp

and al low the slider 20 to BRIEF SUMMARY 6F THEBMVENTONM t he MEMB devi ce 10.
G anping the slider 20 in fag MMavaRYh 5% shidof QlerdeGRpdrafts bSMEMS

10 device which is coated with a ductile metal at a contact interface. 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.

25 DETAILED DESCRIPTION

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 clanﬁped in the MEMS device 10 so that the



10 preferable to gluing the slider to a fixture for testing. We i
is glued to a fixture for testing, the slider is typically no Iogngﬂ#égm“
useabl e. i anpi ng device, such as the MEMS device 10 allows each
sl i der tougéevatggzzt@é, yet remain useful once removed frBWIHE%#anp. As a
result, the MEMS device 10 is repeatedly opened and closed to allow for
insertion and renoval of the sliders 315 before and after testing of each
slider. MEMS devices such as device 10 are typically forned of silicon

usi ng waf er | evelsliger 2Cea bé figwn Baven didegestachinelachped, astialiéna@soved Gomr € r enoved
from the mafer,tﬁqﬁ:MENB.de%§ce 10 nust be handled. It is typical for the
MEMS device 10 £ BEMESRYSed by tweezers or similar tooling devices at

its outer edge 20 12, suclrhaginiors 15 os tl MEMS deviee MEMEndayhel@ k0 on a
suspensi on. Wien sq Pgndled, it is_not @nc nmon for t?e gilicon to chip
0 i figred)t i

or crack at the 96¢sk [%bAsa syRasion on Exit@otshawr gk Fige ¢ @8 device 10

out er surfaces 12 prdvileas@icdtion 8 whillEprddalyBcshedéiapRlied & hé MERES @#RRE 160 that when
installed on a suyspension, pins on the suspension extend through the pin

hol es 25 16 on tMendesssueels seertedar 190 .rtke PHBesNEefoma (g epen the clagipopened and

closed, the pin hghgRwlfie §1REI0 EBE Ris&RE bAkRowdTRRSESMENS &4kB10i t 1S al so
common for the silicon to chip or break near the pin hole 16. Simlarly,

in opening and closing the clanp 10 to al low a slider to be inserted

Springs 14 A a result, CHaTaLRs gt TERGEREND, dRe B hafbbl st oTm the
PCT/ US02/ 02506 4 pesfertitieto ghinzts siderdme fttere MEMSinge Whse ashrechs ghed®i ves
repeated contact a%‘(gn-e%ﬁe&ﬁg%liﬁ%#&ﬁ&ﬂ%@%ﬁ%ﬁs%al%.atﬁ;s'ﬁiga'%‘%p'idg”e the MEMB

device 10 is chipped or cra
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 afier 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 susp’ension. 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 suspenﬁon, 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



anounts of silicon may contam nate the slider held in the MEMS 231/|mm4
or 5 may contam nate the disc or other electrical conponents 3 I

devi ce MEMS therm)re cracks in the MEMS device 10 can develop into
nmore seri Ougvjoas/ogﬁgtur al flaws or even breaks. To over cBREUBRE2%HI ppi ng
and breakage problem the present invention involves coating the MEMS
device 10 with a ductile material, such as a netal, to-prevent and reduce
chi ppi ng and breakage. 10 This arnored coating serves to absorb the stress
of repeated cont anbthanlidcation e ¢ivt MEMB alesite whish taceimrsaepeagd chlﬂﬁtﬁfaﬁ?dh red .

t hrough the ducti eri al Q t.he ilicon crystals so that the silicon
ei t her fractures,yl’lﬁ?lgﬁkscmporohh%%ecmfﬁere are two options for providing an

arnored coating on a MEMRAgewhe e Mmaldeﬂém@dhn@ﬁ@tdn r&%cke%l“ﬁlnﬂ?”' al .
entire surface of a

arnored coating. The to coat t

VENE Govt oat i i ibint fhon s SR mashe e TR ot NS Gt 08 ot v
partially coabi ngn@&bﬁtﬁnhthdte&feGﬁSor@fheltdl'@tlﬁﬂ%bxﬁﬁbnent?ﬁe@x\/llngdcﬂﬁeM@@AdVENB devi ce
with an arnored c1 a}_,l rmed at either an individual

conponent |evel, ot "‘8“‘15? éfaé'fsé‘b‘lhf/MEMs depige WeFPMCVF'@Q 8o mqTE sationss 2A- 2B ar e

sinplified cross-sgaahiapNals M Q66 bhksa ’F@-&@Fcom%c{hé Lﬂlﬂﬁﬁé Ald B1aida process
flow for providing a mcroconponents with total arnored coatlifg. Shown in

Figure 2A is a wdiehendhshressptdnsotion ipvalyes cqating the MEMS devicegiOonithch ng t he
wafer 30 with ar npe@enaRalli feh as%nﬁ%pft Rt aﬁﬁ)aﬂcQQ]ugé]aQ?rﬁl ?eqk?%ayef 32 is
deposited on the wafer substrate . Any suitab Steri al may
be used, suchlas Hiawmom#\corltmgd@msm pbsorbt the stwe df Irqpyacd &ﬁn,tact hndﬁ .
desirabl e 25 for t he see
layer 32 is sput t&é{{gaé%%%trgﬁ gﬁé@?gﬁreg gﬁ%giﬁes%‘ ,&?f' §‘?¢'§r‘& thi ck. The
seed | ayer provi dgdisomerysals Scetb@ tltcrstlmomhthexffraatucbsd:tmakg oneigl can be -

deposited. Figure 2B sho the s a soft netal 34 on the
waf er 30 over the seed | \gslé]r e Fan%pﬁgﬁ f"éa‘ ?’éf’"mé"i.ﬁicﬁqaté{’sg ®dpper,
al um num MEMS dewce, 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. In depositing the seed layer 32, it is desirable

25 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
wafer 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



30 or nickel cobalt may be used. Most preferably, suitable rretalj ﬂgfg
ductile and 2 0 APR 2004 WD 03/ 027643 PCT/ US02/ 02505 5 adher e 2004
silicon. t to the seed layer 32, the arnor coating |la er 34 is
desired tonggg%zé%§thl cker, and nmay be up to 10 nicronst WU@ X

m crons thick. However, the t hi ckness of the arnor coating 34 may be
limted by the anmount of stress the cbating 34 puts on the features of
the MEMS device 5 or on the m croconponents itself. If the netal |ayer 34
i s deposited too adiietsiwell tosilingns Ireaphtaast tp thetsesd lavie32, thy eimacBdoatiogrioyers es

Quetile, matert al oshcialb 80 nhOD Bk ol mECIRLLR N0 SicREE RO Giep e, | Vel 34

may fail or may rip o y be used
to deposit the nemidronstinek: ébwem,ahﬂthxgkl@s‘s afmehtmmmmItnegSBﬁay Bedimitedst ance, it

Is possible to de | ay.er u yapor
depgsi tion (CVD). t%eglﬂéd’ B of@ésgll?c? % 34sp§“5l5’lnﬁ tf%?%g%?%lt ﬁ’gm"ﬁgd‘?’fﬁal coati ng
34 onto the wdf er o3 themiicioconti@pans itself. hethmétallla)eﬂiﬂhkMoﬁt@dtd)‘éltlﬂgclly,an |
el ectropl ating proces uctil e materia
S Py e Dol prhef BRiss s <QpiSee Sioif mafisblardhe S8 riep ¢ ho
wafer 30 over, aﬂleoﬁipa:TssMeh&e@Ith@l’ayéirI34|ﬁla9)falltolﬁﬁlay\/&priff o¥he water Bbe type of
netal chosen as well as thgf nmet. hod of &i g}gsﬂg&g on the wafer 30 may

" adp depogih

depend on the geonetric falffpiultable meth e mggaf aporsd |

particul ar, f 0r ad&f&h@@m&m&nw | FOGlinbtaHcE, iGAIBsiBIE lofdbﬁﬁlt%%i bi&
features, j(ij)rOVI de the best dep05|t|on met hod. A CVD process is
e

parti cul arI y k‘hl t ddusfrgehgpical yapordepesitigp@y B). dmadditions inppssible i sputtasy en| y

coated very 20 SNehnel &afing FARRR tﬁea)ca@e%@@%uo%@}%s@m%{emi Eaali Busgund 1 n
connection with intricate geometries. For devices having hore coarse

features, el ectrop)dedraplaing prospst insppting thm/gﬂf%éo with tha diatile material 34,
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



The type of metal chosen may al so depend on the desired wear
chara%:/!toeri stics for the deviyce For instance, surfaces thgt wnzlﬂ Ape%qu}'e
heavy and ted contact may benefit from an arm)re coat i ng
corrp?/i si ng élasolr:éronger netal such as nickel. In contrast PCHUSOY2585 sof t er
metal, such as copper, may be |ess suitable because mhen subj ected to
such repeated contact, the copper nmay 6snear or |eave residue. Figures
3A-3F are sinplified cross-sectional views illustrating 30 the process
flow for providi ngs@nateamigioeempensnt priVEMSevietdoeomit raygire 4 fallaome 2 0 APR

2004 WO 03/ 027643 K14 L@QZ{OO@'@Q; ﬁochnlséé ?n%gt,s {Slru%th ] eegcog‘g gnent or MEMS

devi ce does not requite a ful o “&°Y apigale

requi renments or otqqélrelwiéctlnoutﬂea:Bialatimlalonlyreemnualearmcnéd;_coahﬂg 14 Ibea
situation, only a, zlgél al arnored coating may be applied. 5 Figure 3A
shows a wafer 40 af% an area 42 of the wafer 40 to which it is desired
that the arnorSed coating b&igapdA ﬁdws a'bvefefwe&ti ash.eaawéfthamhwme a partial
arnored coating tgQ ure 3B

illustrates appl ylwpllﬁp 8?"5&'&‘ ﬂﬂa"PB’eﬂé"Wgé’ aﬂﬁ‘eﬁn The I‘ll sEaLfof t he

waf er 40 but the ﬁp’pés)mgflﬁpmalcahmblﬁd Edatlﬁ)getoathémfafe@Q@tiﬁﬂlowhk?ﬁ(i’q,u@%lﬁhown in
Figure 10 3C, a sged lﬁglﬁr 46 i s deposited on the wafer 40.” The seed | ayer
t

46 covers both thé"§ EétF%acppWB?g%mW@?‘?t 44 b heryenfes AQ an ajbareas 06@6 ar nmor

coated. Once agal queammusme&lahdoewlﬁcﬁwﬂtolbam{orémk@ﬁué}!t agﬁ%“hﬁmﬁg , such as
Tantalum Alsq, it preferable for the seed | ayer ‘A6 be depGsited in a

very thin Iaﬂ?er 3%(95?‘%‘6\“13’3\' 16 ‘fdfp%ﬁ%qﬁ“thCWgWﬁOh&wﬁHamwowmoth hick. 15
In the next step, thdphdtbredisiuh 8 Wl dseaked ¥ ® RBrmddiBatpf10t OF €si st | ayer

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 is removed, 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 water 40 is the formation of a beam 48 using deep trench

3]
LV}

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



44 i s renoved, such as by using a wet chem cal strip or other ﬁuiﬁable
means for renoving photoresist. Once the photoresist |ayer éh i 4 Réﬂwﬁed,
t he seed la*ﬁ%wmé@ remai ns on the wafer 40 at only the area of interest

42. Once the seed Tayer 46 is deposited on the wafer 40PGHUYAPPS he 20
area of interest 42, further processing may be performed on the wafer 40.
For instance, the wafer 40 may undergp additional processes of patterning
and etching to formany other required features of the m croconponents.
As shown in Fi guvell. 34 a ey, waferrflhes afartial waibted codting atahe @éadTiimgedor 0CESS
that may be perfgymed on the wafer 40 is the formation of a beam 48 using
deep trench 25 reactive ion etching. Because the seed |layer 46 is so thin,
the seed |ayer 46 does noThdugh eistlesed imietrns amiyclaniifs 66| Ak Peesdrat t er ni ng
operations. In a %Lnl&1§thmhluustrated in.Figure 3F, a ductile materi al
50 is applied to tAGChAT STA fOBLREA0ML A% iFruRmgOneRt, B $ dr¥ifSs only at
the area of isnt eFetitribe, thotagh dikabddlieterlotd walds 16501 préeedORORbth&agn! Y at the
area of interest 32,28 ”ZbQBAPR 2004 WD 03/ 027643 PCT/ US02/ 02505 7 wel | .
As a result, waf el<eH¢eyably bsperfarmed o indjyidpal eomapanenss erdeyipss: ar ea of
interest 42. Though di scl agefghfe freeavetioRhdsbedhRERAbASNh fferedch® Pr esent
invention is suitabkgvéggause on any m croconponent or MEMS device. 5

Furtherrmore, thougR" adiments, werkergskyted i theartayill reseasize ghatohengss t he
method can | i kewngeoeshtide aPfodn SR de@N WAthSTR Bepafin Boh Vil arfs nts or
devices. Although the present invention halt)s Bgeenldeesg?ll ?;e%g%g{a reference
to preferred \nmbolf HEeten. workers skilled in the art will recognize that
changes may be nade in formand detail w thout departing fromthe spirit
and scope of



10 the invention. 2 0 APR 2004 CLAIMS: 8 1. A mcroel ectronechani cal

conponent formed of silicon, the conponent conprising: a featygf pﬁegmg
conponent which is subjected to a repeated nechanical stress; nA ’

for increasing robustness of the feature by covering the feature with a
ductile material having a thickness of greater than about 10 mcrons to
absorb repeated stress and to reduce breakage or chipping. 2. The
conponent of claim 1l wherein the ductjle material conprises a netal. 3.
The CO”pQﬁ§HL¥9f claim 1l wherein nmeans for increasing the robustness of
the feature Turther conprises a coating on the conponent conprising a
ductile material, wherein the coating has a thickness of greater than 10
m crons. 4. Igf cpnp?nent of claim3 wherein the ductile material

conpri ses anét dpicresleciomechapicelnsempntent ofarmed opf syiligompnthet gemponent

M croconponentoRRtigaid: Sing: a feature on the mcroconponent which is
subjected to a nechanical stress; a ductile material coating the feature
to increase robustaestireén thagomponenbwhich drsshjectedires epeatédurechanichl e

mat eri al has gm%guﬁhness of greater than about 10 m crons, and absorbs
mechani cal stress 10 reduce chipping or breaking near the feature which
is subjected to thmemsdbainiressingsiobestisess 6f thd Patuid by asepe e Teatet wilhai m 5
wherein the du&%ile nate[LaL ri ses nmetal. 7. The m croconponent of

co .
claim6 and f&APHEr matsH havinga thickness ‘P%@‘?’tert thay abqut il g macrongéo alprh ty of
the netal to gpaited HRsd ARMtY &Iuce breakage or chipping.

2. The component of claim 1 wherein the ductile material comprises a metal.

3. The component of claim 1 wherein means for increasing the robustness of the
feature further comprises a coating on the component comprising a ductile

material, wherein the coating has a thickness of greater than 10 microns.
4. The component of claim 3 wherein the ductile material comprises a metal.

5. A microcomponent formed of silicon, the microcomponent comprising:
a feature on the microcomponent which is subjected to a mechanical
stress;
a ductile material coating the feature to increase robustness of the
microcomponent, wherein the ductile material has a thickness of greater than
about 10 microns, and absorbs mechanical stress to reduce chipping or breaking

near the feature which is subjected to the mechanical stress.
6. The microcomponent of claim 5 wherein the ductile material comprises a metal.

7. The microcomponent of claim 6 and further comprising a seed layer to faciliate

the ability of the metal to coat the feature.



2 0 APR 2004 9 8. The microconponent of claim6 wherein the netal has a

t hi ckness of about 20 microns. 9. The nicroconponent of claim52ahdAPR 2004
further conprising a ductile material coating substantially the entire
surface of the mcro conponent. 10. A nethod of increasing the robustness
and absorbi ng nmechani cal stress on a mcroel ectronechani cal conmponent to
reduce chi pping or breaking of the conponent, the nethod conpri sing:
form ng the nicroelectronechanical cogponent from silicon,; ﬁnd cFating a
sel ected arga,9n t.he conponen ect to _a_ nechanical stress
W th duct 16 ARE EPPReSBERRRC SR Grirvia SLPER] Sre HHuckeer AbeNR0 of
greater than afiehs.10 m crons. 11. The nethod of claim 10 wherein form ng
t he conponent fromsilicon conprises formng a plurality of conponents
froma silicon wafer. 12. The nethod of claim 11l wherein coating ;he f
conponent t t area o
th(rarp corrpon\tla\%t }T\lllmétnﬁ&g&drrdéﬁog% (ﬁ‘3lﬁbl'hsea%§e Oeg%g?ﬁﬂﬁﬁaé Qg‘i@ﬂgﬁgﬁg n°°36%| ng a
presel ect ed asehstagfialiybe eutirp swrfave ofifhemicm ovetpahent.onpri ses: appl yi ng phot o
resist to the conponent to define an area to which the netal wll be
applied; depositing a seed |ayer on the conponent; renpving the photo

resi st so tHatA h‘h&lode@fdmb&yﬁﬁg e RIbOSn€S | dndi dbsdBhgameshahiRal s linte net al

will be applie nd i.ng a netal coating to the seed |ayer. 14. The
met hod of cl afff ri% Hé‘?f@i’% %i’gp?%m?@ertth@ reduse ehipping Pt breekiag sekedhs ayer

component, 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 ductile material so that the ductile material has a thickness of

greater than about 10 microns.

11. The method of claim 10 wherein forming the component from silicon comprises

forming a plurality of components from a silicon wafer.

12. The method of claim 11 wherein coating the component with a ductile material

comprises coating a preselected area of the component with a metal.

13. The method of claim 12 wherein coating a preselected area of the component with
a metal comprises:
applying photo resist to the component to define an area to which the
metal will be applied,;
depositing a seed layer on the component;
removing the photo resist so that the seed layer remains only in the area to
which the metal will be applied; and

applying a metal coating to the seed layer.

14. The method of claim 13 wherein applying the metal coating to the seed layer

comprises using a chemical vapor deposition process.



conprises using a chem cal vapor deposition process. 2 0 APR 200-4 10 15.
The method of claim13 wherein applying the metal coating to the2s@eAPR 2004
| ayer conprises using an el ectroplating process. 16. The nmethod of claim
13 wherein applying the netal coating to the seed | ayer conprises using a
sputtering process. 17. The nmethod of claim 13 wherein applying the netal
coating conprises applying the netal coating to a thickness of up to
about 20 microns. 18. A nicro-electroﬁpechanical conmponent formed of
silicon, the conponent conprising: Afeature on the conponent which is
subjected to a nechanical stress; and A coating on the feature to

i nCrease t hs. TabusdtiRRiSs élbies @8 wikyeif Q)éﬁzin@g‘hé Retal f RBGAY & %@%e@@ﬁ%@pi ng
repeated stress to reduce breakage or chipping, the coating conprising a

ductile metal SHARHISSSUSIAG Rk IELQEOPHUNG PERESST t han about 10 i crons.

16. The method of claim 13 wherein applying the metal coating to the seed layer

comprises using a sputtering process.

17. The method of claim 13 wherein applying the metal coating comprises applying

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

18. A micro-electro-mechanical component formed of silicon, the component
comprising:
A feature on the component which is subjected to a mechanical stress; and
A coating on the feature to increase the robustness thereof by covering the
feature and absorbing repeated stress to reduce breakage or chipping, the coating

comprising a ductile metal having thickness of greater than about 10 microns.





