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10 extremely brittle, silicon has become the industry standard for several reasons.
First off, because of modern etching techniques, it is possible to form very
precise microcomponents by etching them from silicon. Asa result, 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 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 lpcation 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
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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. | 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
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so that the 2 0 A&fRai2dlPdpened 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
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whi ch pressure can be applied to the MEMS device 10. \Wen pressure is
exerted on tab 18, the springs 14 deformto open the clanp and allow the
slider 20 to be inserted or renoved fromthe MEMS device 10. C anping the
slider 20 in the B\ ldeationen 1 MBMStdesité which seceilél 1ﬁpdafeercaidlﬁde ahd ]9| ui ng
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for testing, the Vgl?iléhd&é?y ‘fh'sp ‘frfplle'c“fi el%{f'ch'o | onger useable. Using a clanping

devi ce, such as the MEMS démi Gee ilh@,MIEM:S(aMﬁceeEmib cﬁilpbéélﬁtlfr cFalékéﬁ,esﬁlqgﬁ/}S eg, yet
remain useful once renpved fromthe c ., As a result  the evi ce
10 is repeatedl y"OPERE ‘léfr?fﬁm@?'ﬁ%’éaﬂ"‘fabe‘EgﬁﬂW"FUI‘“F"HQ’@M$6‘W'%r\9°? emoval of
the sliders 35 bﬁdy@bﬁtanamdte&feﬂﬁéﬁhﬁhfsieildaﬁicﬁlfcoxﬁﬁeﬁlg)tﬂe'aﬂﬁcgdcvi@@l leteV' ces such
as device 10 are typically fornmed of silicon using wafer |eve
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i ak rggf%vr tge pfjrn hal.e 16. Si Y,
and closing the clamp 10 t§ are "\GPHOw PPipvidige g armoered coplipei 4% t he NEMB
devi ce 10, pressuMEMSidsviex etdl @atmaed dobtingt aid phitial HmeRf @sdimf hensmii Ngs 14. As
aresult, t thS t a%p@ign njs %0 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
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vafer 30 wi th ar npeadafQatid™hon QMBI TRl I nitfal a8KEMH usingyer 32 i's
deposited on the wafer substrate 30. Any suitable seed | ayer nmaterial may

be used, such as TaslecPriatingprocerspbisioating thetwaéer @ with tha leatileamaterial 34,5 -
desirable 25 for fhe %@ggssib?eygﬁoa?’g: LB RE orﬁ’xE% %md"m T){glwgt@{ioydv& he seed
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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
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Vrrvgt :Ir chog\e/ﬁras \%E’Ig}"egg ifysiateiAPRS IS BRoteresiy ¢ ta hsgvafer 40 emalt areaswéther * 30 may

depend on the geowsfer400buf e s 40 vifichlif'g bE SalobEdaRd ONextt NS shoWatEF f,x"ff@ In
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44 isremoved, such as by usm;= awet chemlcal 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
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of patterning and etching to formany other required features of the

m croconponents. As shown in Figure 3E, one exanple of a patterning or
etching process that nay be perfornmed on the wafer 40 is the formation of
a beam 48 using deep trench
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As a result, wafer 40 has a partial agnored coating at the area of
i nt erest CLﬂ\%MSThOUgh di sclosed in ter of a clanping device, the present
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mechani cal st r essmeandomranssifgaobishtiseatthe Gatedbiptdvefifg B fdigewamt ure by
covering the ff@atl.ire Wi t a ductile n%lerial havi(glg a thickness of

8 B i

greater than aBBEH'® f@tqﬂatp%vh%g ? Shicmessy of erpatpicthan abovf @ aicrong|tq abspdduce

breakage or chippREd@res?andth feduOOBRAGRL oPEhifliAd M 1 wherein the ductile
material conprises a netal. 3. The conponent of claim 1l wherein neans for

increasing the robustness of the feature further conprises a coating on
the conponent THhOGMponkitbf QaflH § WiHefein 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.



material, wherein the coating has a thickness of greater than 10 m crons.
4. The conponent of claim 3 wherein the ductile material conpris@s0aAPR 2004
nmetal. 5. A mcroconmponent formed of silicon, the m croconponent
conprising: a feature on the m croconponent which is subjected to a
mechani cal stress; a ductile material coating the feature to increase
robust ness of the mcroconponent, wherein the ductile material has a

t hi ckness of greater than about 10 njcrons, and absorbs nechani cal stress
to reduce chi pping or breakjn near the feature which is subjected to the
mechani cal és]'t ﬁﬁg ﬁc@FOqﬁ@eﬂi 8588%3&}?}}%‘“ e @F‘éfh?ssa HHeknsssnofi sheugt i | e
mat eri al conpmi&efis.a netal. 7. The m croconponent of claim®6 and further
conprising a seed layer to faciliate the ability of the metal to coat the
feature. 2 0 APR 2004 9 8. The mcroconmponent of claim6 wherein the
met al has t R 1 . . j ent. of claim
5 and furt e opneemoreRQt el s BT coilpnEs TP RATRR SHinS " e
entire surfaceubstantitily the entire sanfise 106 thie mitd. compomdrinod of i ncreasi ng t he

r obust ness and absor bi ng nechani cal stress on a m croel ectronmechani cal
conponent to reduce chipping or breaking of the conponent, the nethod
conpri si ng: 1(f. @r mietlpdt dfeinoieasing tiRC tobasmes amil CabsorbMFPMBEAhichll &8s iohi £0Nn; and
coating a selected area n.taﬁue conponent which i.s subjected to a

nmechani cal st MEgEe 't’f‘%’i“eﬁﬁ@(“? eCHRROBERa [0 deduch athiprieg dicbreekingneferthel has a
thickness of gé@admeht, iaRetROPmpkRingl Crons. 11. The nethod of claim 10
wherein form ng the conponent fromsilicon conprises formng a plurality
of conponents f r onfoamisig the sicrogl¢csiomegimnictheomponbmdrond sitiben; andl1 wher ei n
coating the conponght: W i I prise oating a

presel ected area og&{nﬁ%ﬂatgéc}err‘g%%ef% bémﬁﬁe%&%g‘%?Ebeég?wsfﬁgéﬁ&%od of claim 12
wher ei n coanéahgnigal ptressevigic thendileametarialf sottha thodyoikembteribltHas aahioBiedd of

conpri ses. 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.



appl yi ng photo resist to the conponent to define an area to which the
metal will be applied; depositing a seed |layer on the conponent; 2r@nARR 12004
the photo resist so that the seed |l ayer remains only in the area to which
the netal will be applied; and applying a netal coating to the seed | ayer.
14. The method of claim 13 wherein applying the nmetal coating to the seed
| ayer conprises using a chem cal vapor deposition process. 2 0 APR 200-4
10 15. The nethod of cl aim 13 wherei nlé)appl ying the nmetal coating to the
seed | ayer conprises using an el ectroplating process. 16. The nethod of
claim 13 wherein applying the nmetal coating to the seed | ayer conprises
using a sputs.@hé mgtpdostslsim 17 . wheadn @?ﬁlﬁﬁ@ 8¢ ntdeddi dadrd W%eéeg% { yi ng
the netal coating. conprises applying the nmetal coating to a thickness of
up to about 26OHPRESHYUNE Apelegiraplating PEICESSt 1 0- nechani cal conponent formed of
silicon, the conponent conprising: A feature on the conponent which is
subjected to a nechanical stress; and A coating on the feature to
i ncrease t hid. ABpmsthedsefl ¢lpiar ¢ fwhsyein epplyingght vetal fopating ® thecseadayebi ng
repeated stre kage or chipping, the coating conprising a
ubifet GEHE € lERAERSG

ductil e netal $&at er than about 10 microns.

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.





