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What are MEMS reliability issues?
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How long will they last?
High frequency
Plastic loading
(asperities)
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Why do they fail?
Adhesion (Stiction)

Friction

Wear

Fatigue . .
Charge trapping riilcr;]riaoelrr]\;ionne
and others... gear

After ~ 106
cycles

Control



Scaling and Size
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Scaling size by a factor of 10-4 results in a factor of 108
iIncrease of the ratio of surface forces to body forces!
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Il Interfacial Forces
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Force calculations assume two, 1 um square, flat silicon
surfaces, a distance d apart from each other.



Alkene Based Monolayers
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: : 1-Octadecene
eBased on the reaction of a primary CHy

alkene and H-terminated silicon
eAnnealing in vacuum produces SiC

eNo oxide layer

: . >

eStable for extended periods in air

eCan passivate silicon surface to

oxidation

eGood for MEMS (anti-stiction, o

lubrication) Rl ool
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Il Octadecene Passivation Properties

GINN COLLEGE OF
ENGINEERING

TEM analysis of an
octadecene coating on
a polysilicon grain.
The film thickness is
about 2 to 2.5 nm.

Si as Si

Si as SiO,
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XPS analysis of octadecene
coatings on Si(100) as a
function of the film age. This
shows that the coating protects
the substrate from oxidation.



Octadecene Fatigue Properties
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Muhlstein, Stach, and Ritchie
eOctadecene coated

> devices (open circles)
= 4~_~.E exhibited longer lifetimes
¢ | e than uncoated (filled
§3 0 N 20 circles) devices.
N 2% o
@ o— e|nterestingly, octadecene
7 1 o :{-::}:;}E';gi‘:““‘m“‘“ coated devices also
o LG e ety e exhibited lower single cycle
100 160 10 100 10 10° 10" 10° strength, probably due to

Fatigue Life, N (Cycles) . .
N lack of a smoothing oxide

FIG. 5. Companson of the fatigue behavior of wncoated and SAM-coated Iayer tO m|t|gate StreSS

polyerystalline silicon thin films, showing the respective 5/N curves. Note

the reduced susceptibility of the coated pelysilicon films fo fatigue failure conce ntration effeCtS
compared to uncoated polysilicon. Horzontal arrows indicate samples that :
had not failed.

Appl. Phys. Lett., Vol. 80, No. 9, 4 March 2002



Other Thin Passivating Layers
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Hardness | Elastic Modulus | Fracture Toughness
Why SiC? B-SiC | 24GPa | 440 GPa 46 MPam"?
Si(100) | 95 GPa 130 GPa 0.95 MPa m"

SiC is one of the toughest and most chemically inert
materials that can be easily deposited today. j(

How? CVD style pyrolysis of disilabutane (DSB) ;&
CH,SiH,CH,SiH, —2—52SiC +5H, %

Existing polysilicon microstructures are released and
treated with the octadecene process. A thin (10-40 nm)
LPCVD film of SiC from DSB is deposited on the structures
and the microdevices are then used to study wear.
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No Wear
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SiC Coated
s o > 1M cycles
iocll .
15 Falre m SiC coated devices show
ow 1.25 ¢ . . .
2 91 substantial lifetime

0.75 | .
| I —— improvement and appear to
L o —

0 be self lubricating.
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SiC Coating for Chemical Passivation
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Fig. 10 Optical images of {a) SiC-coated and (b)) uneoated polySi micmomachines following imemersion in haot EOH solution.

C R Sroldt et al. fRensors and Actuators A 9708 (2002) 410415

No change in resonance was observed for KOH versus
original structures. Similar experiments were carried out
with AFM cantilevers, and similar results were obtained.
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