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Abstract: The Micro Electro Mechanical Systems (MEMS) are ragnthhe most promising areas in future com-
puter and machinery, the next logical step in thiea revolution. But the MEMS industry is currBnat a
much more vulnerable position than it appears, rdgss of how wonderful its future may looks likefull un-
derstanding of the physics and statistics of tHeaegeneration is required to investigate themuidtte reliability
limitations for MEMS. Biggest challenge: cost effifex; high volume production. Within MEMS technidag
expansion, device manufacturing costs, failure &ordy-term performance reliability are critical isss that
have to be resolved using basic probabilistic desitethodologies which are largely unexploited justrial
companies at the mature innovation level. There amumber of factors that contribute to the relliiof
MEMS: packaging (in particular, in bonding and seg), material characterization relating to openagj and
environmental conditions, credible design consitierss, the techniques for mitigating intrinsic stses/strains
induced by fabrications and testing for reliabildye a few of these factors. The reliability aspactudes both
the electronic and the mechanical parts, compliddig the interactions. Reliability is a criticalsige in any in-
dustrial and consumer product development. MEMScds\are becoming essential components of modern en
gineering systems and their reliability is of pauiar importance in applications where their faducan be cat-
astrophic and devastating.
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1. INTRODUCTION significantly different from most other engineerings-
. o ) ) tems.
Microsystems are ml_nlaturlzed deV|ce§ which per- Integration of process engineering, design, yield e
form non-electronic functions, such as sensingamida-  gineering, reliability, characterization and tesir the

tion, fabricated by IC compatible (CMOS) batch- gqr1y development phases through to product releade
processing techniques [1]. They are integratingt8@! o manufacturing is an effective model for susces
components (e.g. capacitors, piezoresistors), métia  the MEMS industry.

components (e.g. cantilevers, micro switches), capti
components (e.g. micro mirrors) or fluidic compotse(e 2. EVALUATING THE RELIABILITY

g. flow sensors). Initially, synonyms for microsssts ,
were micro electro mechanical systems (MEMS), used Two procedures were proposed for evaluating MEMS

Sl : . reliability [3]:
&?rlwr;\l)s/ (llrr: Eg%a%?lted States and Europe, or micro- ma "= To evaluate the reliability of a Virtual Protoyp.e.

Cost effective packaging and reliability are twiticr simulating the dependence of the reliability legal de-

po o . vice structure and process parameters;

cal factors for successful commercialization of noéys- . S .
tems. While packaging contributes to the effecfive- this_ -rl;]oezggrttin ttehset tﬁfg t::rg; b())/nuesrll?sg gf%eiler:g%SeS
duction cost of MEMS devices, reliability addresses- h dp' | f gher
sumer’'s confidence in and expectation on sustagnabl s;resis ait toseﬂ:enct:_ountere dm nhorma U?Ct'mg}e

erformance of the products [2]. MEM®@roducts are 21! 'O SNOTLEN The UIME Period necessary 1o otigimt-
gesigned to perform Ff:l variety E)f]functior?s of alecte- icant results. Thesg two_solutions are complemgntar
chanical, chemical, optical, biological and thermo- because the estimations made on a Virtual Protdiggse

hydraulic natures. Mechanisms that cause failure oit0 be verified by the accelerated testing.

MEMS devices thus vary significantly from one tyie The combination of electrical and non-electrical
another. Design for reliability of these devicesaiso properties in these systems presents a challengesto

and characterization. Alongside traditional electritest

" Corresponding author: C. F. C., La Conversion, Swiand pr.OCEdu.reS' non'eleCtri.Cal teS_tS, optical measu."?mmd
E-mail addressmbajenesco@bluewin.ch stimulation processes in particular are also etilizThe
integration of special instruments, such as laser
vibrometers, spectrometers, interferometers or tepec
photometers, makes possible a combined electrivél a

1 Examples of MEMS device applications include @rinter car- — jachanijcal/optical characterization of the microéesys.
tridges, accelerometers, miniature robots, micigires, locks, inertial

sensors, micro-transmissions, micromirrors, micotuators, optical The electrical ContrOI_'s carried out with m'xewl
scanners, fluid pumps, transducers, and chemicetspre and flow  test systems, which in turn offer convenient progra
sensors. New applications are emerging as theirgigéchnology is  creation, a large degree of flexibility and higbktteover-
applied to the miniaturization and integration ofieentional devices. age.
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and fabrication, respectively.

In Tables 1 and 2, the most important failure mecha

nisms (FMs) of MEMS are synthesized, grouped accordtioned, because the final goal of any reliabilitydy is

Failure mechanisms depending on material q

ing the source of failure risks: the material amel design

In each case, the possible corrective actions a&me m

Table 1

uality [B

Failure mechanisms

Recommended corrective actions

Silicon crystal irregularitiescould initiate, after etching (DRIE), protuberandest
may obstruct the movement of the moving elementh@fmicrosystem, leading f
failure. High-resolution x-ray diffraction methodsch as the rocking curve meth
and reciprocal space mapping can monitor crystallinperfection in single crystg
silicon devices.

Thermal annealing improves the crystal
oquality, removing some crystal
bdrregularities.

Surface roughnessoupled with the limiting capacity of some micrdbfigation
process such as DRIE for deep trench etching inosilisubstrates can introdu
significant fitting problems during assembly.

Optimization of DRIE may diminish the
Cdailure risks.

The mismatched CTBetween layers of thin films of dissimilar matesiahay in-
duce significant failure risks, especially aftende term thermal cycling.

The materials in contact must be carefy
chosen.

y

The variationsin material parameters (e.g., resistivity changenaterials due tg
thermally induced resistance during operation) feag to failure.

An adequate choice of the used mate
may avoid this FM.

rial

Theinternal stresseth materials induce significant failure risks. Thgsa tempera-
ture- dependent process.

Temperature changes must be minimiz
by adequate process design.

ed

Polymers and plastics are associated with a maj@bility problem: degradatio
by aging withtime: they harden with time, resulting in continuousiiege of mate-
rial characteristics, leading to malfunction of thevices (e.g. malfunction of pre
sure microsensors using polymer protection coatiogslicon die).

Carefully chose the material for a given
application.

D

Polymers and plastics continue to release gasestsing sealed in packages. O
gassing of materials and device operation itself faad tocloggingor build-up of
material in strategic active regions. This is aeémtal in microfluidics, making th

utcarefully chose the material for a given
application.

1%

device inoperable by obstructing or restricting fthel flow.

Table 2

Failure mechanisms depending on design and fabriciain processes [3]

Failure mechanisms

Recommended corrective actions

FMs specific to the operation ofleasing the suspended padfsthe microsystenmn
(membranes, beams, etd): A partial release(meaning the suspended part
not totally released from the surrounding mateigal}ld be initiated by insufficien
etching, oxide residuals that prevent adequatergchklow etching rate because
an inadequate solution or by redepositions of etehaterialsyii) The break of the
partdue to mechanical rupture.

asianufacturing flow.
t
of

Using control and monitoring points on the

Some FMs are induced leyching operation(i) Buckling is due to residual stresse
and is observed in MEMS during etching of the ulyileg sacrificial layer. Buck-
ling is the

deformation induced by thermal straffii) Residual stresses induce plasiefor-
mation/displacement by relaxation.

manufacturing flow.

2Jsing control and monitoring points on the

TDDB, explained by a percolation model. An electrid¢dfiapplied to an oxide film
causesghe injection of holes into the oxide film to ocaum the anode side, and
consequentlcauses traps to be made in the oxide film. As timabrer of traps in-
creases, an electriurrent via the traps is observed as an strescéudieakage
current (SILC) due to hoppingr tunneling. It has been reported that if the nem
of traps continues to increase and ttaws connect between the gate electrode
the Si substrate, the connection carries a highent that causes the gate oxide fi
to break down.

itstrongly influences TDDB, and it is nece
sary to characterize the oxide film qual
with accelerated tests and feed the res
binto design rules. Also, it is important

anse SiQ film, which does not easily pro
Iduce defects, and to develop a method
forming an oxide film thereby.

The level of the traps in an oxide film

S_
ty
ults
(0]

of

Particle contamination(produced by environment pollution and alterationy
mechanically obstruct the device motion, resuliimglectrically short-out device
The contamination could happen in packaging and dustogage, for example,
particulate dusthat lands of one of the electrodes of a comb drase cause catg
strophic failure.

Sources of particle contamination, such
.residues left after fabrication and wea
ainduceddebris or environmentatontami-
- nations, must be eliminated.

as

Electromigration which is specific for IC technology, may also arfer microsys-
tems. It iscaused at high-current densities, by the gradisglatiement of metal
atoms, causing ahange of conductor dimensions, and, eventuallyh méesistive
spots and failure due ttestruction of the conductor at these spots.

Appropriate design rules may diminish
5 eliminate such failure risks.

Stictionis typical for solid objects that are in contactidg operation.

Stiction is detailed below.

FMs related to the presenceméchanical movemenwhich introduces new classg
of reliability issues that are not found in traditibdavices; e.g. are cycled mechgd
ical deformations and steady-state vibrations, whicloduce new stress mech

pdMechanical relaxation of residual mater

asignalregime, creep formations and fatig
can allcause device mechanical failure.

nisms on thestructural parts of these devices.

al

nstress, plastic deformations under large

e
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not only to evaluate, but also to improve the tslity
level of the product. As indicated in Table 2, sodee
tails about stiction are following.

Stictionis an informal expression for ‘static friction’,
describing the phenomenon that makes two paralle
plates pressing against each other to stick togeBuame
threshold of force is needed in order to overcohis t
static cohesion. The Van der Waals forces are ailges
cause of stiction. These are attractive or repelfivces
between molecules (other than covalent bonds actrele
static interactions of ions with one another orhwiteu-
tral molecules) and includdi) Forces between perma-
nent dipoles(ii) Forces between permanent dipole and
induced dipole, andiii) Forces between instantaneous
induced dipole and induced dipole. The hydrogendbon
could also be responsible for stiction: this is dfteactive
force between the hydrogen attached to an eledesne
tive atom of one molecule and an electronegatiovenaif
a different molecule. Other possible causes ofisticare
the electrostatic forces or solid bridging. If argsduring
operation, the stiction may lead to electrostaisciiarge
that causes arcing between electrode surfaceseand;
tually, micro-welding. Humidity is a detrimentalctar,
by changing surface properties, and favoring sticti
between the surfaces. It is possible to avoidisticby
using surface assembly monolayers or by desigming |
energy surfaces [5].

4. CRITICAL DIMENSIONS

79

5. FAILURE ANALYSIS

The behavior of micro and nanoscaled products-s ex
tremely sensitive to changes in material compasstio
manufacturing controllable variables, and noiseapee-
ters. The ultimate goal of manufacturing is to prosl
functional chips at continually higher volume awgvér
cost. Improvements in functional volume can be
achieved by increasing wafer size, by decreasiagidie
through decreased critical dimensions, or by désggn
ICs for manufacturability with an eye toward a
reduction in critical area. However, the most pcitie
method is by improving the total die yiéldThere are
only four basic operations required to produce @n |
layering, patterning, doping, and heat treatmeninbd-
ern IC processing these four steps are repeateden
two hundred discrete processing steps in an iefimitm-
ber of combinations, and each one of these stepp@r
tential defect contributors that can reduce thel tgield.
One estimate suggested that particles are resperisib
75% of total yield loss in volume IC manufacturifyg.
Defect studying (i.e. defect inspection, defectsifica-
tion, and defect source identification) is a crupart of
every modern IC fabrication. By necessity, advarioes
particle detection technology have kept pace witbrall
technology development.

Failure Analysis (FA) plays a very important rote i
the semiconductor industry in enabling timely pradu
time-to-market and world-class manufacturing statsla
Today ICs contain transistors having minimum geome-

The scanning electron microscope (SEM) as appliedyies of 90 nm, but the industry is now rapidly rivay

to critical dimensions (CD) metrology and associate

into the 65 nm technology node. The actually cluips-

characterization modes such as electron beam-idduceyin hundreds of millions of transistors and operat

current and cathodo-luminescence (CL) has provdztto
a workhorse for the semiconductor industry durihg t
microelectronics era. In [5], some of the challenépgec-
ing these techniques in light of the silicon nanbtelo-

gy road map are reviewed and new results usinggelt
contrast imaging and CL spectroscopy of top-dovist fa
ricated silicon nanopillar / nanowires (<100 nmnagder)
are presented, which highlight the visualizatioraleh
lenge. However, both techniques offer the promige o
providing process characterization on the 10-20soaie
with existing technology. Visualization at the 1 soale
with these techniques may have to wait for abemati
corrected SEM to become more widely available. Basi
secondary electron imaging and CD applications bay
separately addressed by the He-ion microscope.

MEMS are manufactured by microtechnologies. But
when speaking about MEMS, the term “nanotechnology”
has to be mentioned too, because of the curreattdin
in microtechnology researches, going towards smalle
and smaller dimensions.

Nanotechnology is predicted to create the sixth-Kon
dratieff period following the "Age of Information'it
represents a new revolutionary approach in fundéahen
research moving from a macrocentric to nanocesiric
tem. Nanotechnology is expected to stimulate liamnil
dollars of production involving about 2 million wars
in the next 10 to 15 years. Today, more than 40cms
have specific nanotechnology research funding jarogr
with the common goal of finding greater uses foe th
emerging technologies and enacting measures taienco
age commercialization [6].

frequencies greater than 5 GHz. In general, thestiga-
tion of failures is a vital, but complex task.

From a technical perspective, failure can be define
as the cessation of function or usefulness. Ibfedl that
FA is the process of investigating such a failk&.is an
investigation of failure modes and mechanisms using
optical, electrical, physical, and chemical anaytsich-
nigues. A number of tools and techniques enabli/sisa
of circuits where, for example, additional internention
levels, power distribution planes, or flip chip kaging
completely eliminate the possibility of employintsd-
ard optical or voltage contrast FA techniques witho
destructive deprocessing [4]. The defect localatiti-
lizes techniques based on advanced imaging, arttieon
interaction of various probes with the electricahlvior
of devices and defects. In the recent years, varamn-
tributions to the reliability of nanodevices haweeh re-
ported [8] provided basic physical modeling for
MOSFET devices based on the nanolevel degradation
that takes place at defect sites in the MOSFET gate
ide. The authors investigated the distribution oft-h
electron activation energies, and derived a lagistix-

2 Die yield is the percentage of total die succelsfulanufactured,
from silicon processing all the way through packagand testing. Die
yield is a function of manufacturing yield, teselg, package yield, and
occasionally burn in yield. Since test, packagel barn in yield are
typically close to unity, the die yield effectivebyecomes the manufac-
turing yield. For a given technology, reductionsdiefect density im-
prove manufacturing yield. As technologies shriféature sizes de-
crease, and as feature sizes decrease, the sizéebéct that can cause
a functional failure decreases as well.
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ture distribution using physical principles on the and time to result; the resulting cost explosionFify
nanoscale. cannot be compensated by any conceivable measures t

The reliability of MEMS can be extremely sensitive enhance FA productivity, but this suppose thatsingi
to the environmental conditions, which translateséry =~ number of today’s FA problems will be solved by mod
stringent demands for the design, the materiald,um®d  ern testing techniques. FA becomes such a subatanti
the package. Reliability must be built into the idevat  cost factor in yield learning, that testing mustemepow-
the design and manufacturing process stages. In mogred to do the FA job as well. It is important meigrate
practical cases, the final damage quite rarelyaisva  FA in semiconductor product and technology develop-
direct physical failure mechanism; often the or&in ment and to introduce it as part of all new prgjedthis
cause (or complete scenario of failure) is hiddgrsdéc-  explains while, in the future, analysis productivitill be
ondary post damage processes. On the other side, it a key issue for product cost reduction [10]. Makable
impossible to eradicate failures during the mantuféng electronic systems with high integrated functioyali
process and at field use. Therefore, FA must be perwithin a shorter period of development time, newthwne
formed to provide timely information to prevent the ods/models for reliability of components and matsti
currence of similar failures. Or, wafer fabricatiamd and lifetime prediction are necessary. Reliabitigsur-
assembly process involves numerous steps usingugri ance has to be continued during the production gghas
types of materials. This, combined with the fagtttbe-  coordinated with other quality assurance activities
vices are used in a variety of environments, regust  particular: for monitoring and controlling produati
wide range of knowledge about the design and manufa processes, item configuration, in process and fiests,
turing processes. This explains while FA of semittan screening procedures, and collection, analysis cord
tor device is becoming increasingly difficult as $IL  rection of defects and failures. The last measiegkly to
technology evolves toward smaller features and semia learning process whose purpose is to optimize|tiad¢
conductor device structures become more complexeSi ity of manufacture, taking into account cost anueti
it is usually not possible to repair faulty componde-  schedule limitations.
vices in a VLSI, each device in a chip can becomsma Today, FA is the key method in reliability analydis
gle point of failure unless some redundancy isomtr is impossible to conceive a serious investigatiboua
duced. Therefore, VLSIs have to be designed based othe reliability of a product or process withoutiability
the characteristics of worst devices rather tharsd¢hof  analysis. The idea that the failure acceleratiowdrjous
average devices. Even if a chip is equipped witmeso stress factors (which is the clue of the acceldradsting)
redundant devices, today’'s scale of integratidmeisom-  could be modeled only for the population affectgdab
ing so high, that the yield requirement is stiliwsevere.  single failure mechanisms greatly promoted FA as th
The final chip yield is governed by the device gieA only way to separate these population damaged by sp
recent paper [9] demonstrates that once the majasec  cific failure mechanisms.
of failure is somehow identified or assumed, onaldo A large range of methods are now used, starting fro
use a Monte Carlo method to study yield probleraene the (classical) visual inspection and going to sexben-
when the probabilities of interest differ from omeother  sive and sophisticated methods as Transmissiorir&itec
by many orders of magnitude. The method proposed iMicroscopy or Secondary lon Mass Spectroscopy, etc.
[9] was applied to the analysis of the leakage enrr A prognostic about the evolution of FA in the next
distribution of double-gate MOSFETS; the microscopi five years is both easy and difficult to be madasye
FM that limits the final yield was identified. Ixplains  because everyone working in this domain can see the
experimental data very well. The insight into th®l F current trend. Now the FA is still in a “romantip&riod,
gives clear guidelines for yield enhancement amdlifa  with fabulous pictures or smart figures smashirggdhs-
tates device design together with the quantitagiied tomers, convinced by such a “scientific” approaShl-
prediction. It is useful for yield prediction andvice  dom, these users of electronic components do utashelrs
design. Transistors should be designed such th#td  the essence of the FA procedure, because the isgic
maximum current generated by a single trap) is veryfrequently missing.
much lower than the tolerable leakage current at th  But this situation is only a temporary one. Vergiso
specified cumulative probability. The method doe$ n the procedures for executing FA will be stabilizaad
have any convergence problems, as in the convetion standardized, allowing to any user of an electraoim-
Monte Carlo approach. ponent to verify the reliability of the purchaseddguct.

As long as aggressive designs are produced on cut- It is also difficult to predict the evolution of FA 1],
ting edge new manufacturing processes, there will b because the continuous progress in microelectramds
designs that don’t work perfectly the first time siticon microtechnologies makes almost impossible to faese
or have low yields. Diagnosis and fail mode analysf  with maximum accuracy the types of electronic compo
themselves can not complete the root cause proceseents that will be most successful on the market] the
Even if designs worked first time on silicon witkason-  FA must serve this development, being one stepdahea
able yields, economic consideration of higher padii- and furnishing to the manufacturers the necessalg t
ity, time-to-market and larger market share wilivdr  for their researches.
continuous improvement of product performance,efast However, with sufficiently high probability one may
manufacturing ramps and higher yields. The quesson say that the nanodevices (or even nanosystemshedll
how to make the whole process of root-causing fadu come a reality in the next 5 years, so we haveetpre-
better, faster and cheaper? FA has implicationsnen pared to go deeper inside the matter, with morenaock
vestment, required skills of the analyst, lab orggaion expensive investigation tools.
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Recent advances in the design of MEMS have in-

creased the demand for more reliable microscale-str
tures. Although silicon is an effective and widelged
structural material at the microscale, it is vemttle.
Consequently, reliability is a limiting factor faommer-
cial and defense applications. Since the surfaceoto
ume ratio of these structural films is very largessical
models for failure modes in bulk materials canraiags
be applied

The reliability of MEMS is directly related to thoee-
currence and severity of failures occurring at rienu-
facturing, operation of the device. It is surprigithat
little has been done to fully classify these fakir A
methodology is also proposed in [12] to assess Hi
verity and high level design of failures is implanted in
the case of a thermal actuator.

81

Reliability testing provides techniques for compmens
tion, and an understanding of the catastrophiaurfail
mechanisms in microsystems [14,15]. Engineers danno
design reliable MEMS without first to understance th
many possible mechanisms that can cause the faifure
the structure and performance of these devicessgsd
tems. And design alone cannot ensure the reliplolit
the product. It is imperative that the successksign
and realization of microsystems or MEMS productsimu
include all levels of packaging and reliabilityuss from
the onset of the project. Besides fabrication eglais-
sues, packaging encompasses several other aspatts t
have also affected the overall manufacturability of
MEMS devices. These includ@) functional interfacing
of the device and their standardizati¢in; reliability and
drift issuesi(iii) hermetic sealing technique$y) assem-

As the design of MEMS devices matures and theirbly and handling techniques; af@ modeling issues. A

application extends to critical areas, the issdesl@bil-
ity and long-term survivability become increasingty-
portant. Packaging of MEMS is an art rather thastia
ence; the diversity of MEMS applications placesgaié
icant burden on packaging [13] (standards do nist éx
MEMS packaging).

6. PACKAGING

further challenge is to fabricate more devices thaat
nipulation can facilitate. For this purpose, a palénte-
gration method is required that can facilitate waieale
fabrication. This could be in-situ growth, whereeth
nanotube is synthesized from a catalyst partici i
ready has been placed at the desired positioneinmia
crosystem. This has been investigated by develoginy
fabricating microsystems with integrated catalyattip
cles and by constructing and optimizing a chemiaglor

Packaging has often been referred as the “Achillegjeposition system for nanotube growth [16]. Theitab

heel of MEMS manufacturing” and a key bottleneck in
the process of MEMS commercialization. At present,
packaging is one of the major technical barrieeg tias
caused long development times and high-costs of BREM
products. Other than the few fully commercializedds
ucts (i.e. air bag triggers, ink-jet print-headsegsure
sensors and a few medical devices), packaging ieonst
tutes the single largest element of cost and a mhapd
tation to the miniaturization potential [13]. No WS
product is complete unless it is fully packaged.pfe-
sent, packaging is one of the major technical besrihat

tion techniques are essentially two dimensionalenthie
third dimension is created by layering. MEMS compo-
nents by their very nature have different and uaitail-
ure mechanisms than their macroscopic counterparts.

In comparison to electronic circuits, these failure
mechanisms are neither well understood nor easc+o
celerate for life testing. It is imperative thaethuccess-
ful design and realization of microsystems or MEMS
products must include all levels of packaging aeliaf
bility issues from the onset of the project. Besifkori-
cation related issues, packaging encompasses bevera

has caused long development times and high-costs Qfther aspects that have also affected the ovemaiufac-
MEMS products. Heat-transfer analysis and thermalyrability of MEMS devices. These includg), functional
management become more complex by packing differenjnterfacing of the device and their standardizatii)

functional components into a tight space. The riimia
zation also raises issues such as coupling betasestem
configurations and the overall heat dissipatioretwi-
ronment. Packaging involves bringing together
Multitude of design geometries of the various con-
stituent parts;
Interfacing diverse materials;
Providing required input/output connections, and
Optimization of all of these for performance, castl
reliability.
On the other hand, reliability depends on:
(1) mutual compatibility of the various parts with re-
spect to the desired functionality, and

(2) design and materials from the standpoint of long-
term repeatability and performance accuracy.

3 For example, whereas bulk silicon is immune toicyftigue failure,
thin micron-scale structural films of silicon appéa be highly suscep-
tible. It is clear that at these size scales, serfeffects may become
dominant in controlling mechanical properties.

reliability and drift issuesf{iii) hermetic sealing tech-
nigues; (iv) assembly and handling techniques; gup
modeling issues.

Failure analysis of electronic packaging shows that
failure usually occurs at the interconnections iskitni-
lar materials. With the development of IC towardghh
density, high speed, and small size, there isangtde-
mand for the high-performance microelectronic mater
als, especially for the physical and chemical prige of
surfaces, which are the most important for higrabeli-
ties [11].

7. FABRICATION TECHNIQUES

Microfabrication processes capable of creatingethre
dimensional structures in silicon were the drivilogce
for the emergence of early MEMS devices. The elaiut
of these microfabrication processes has led taldEsi-
fication of major micromachining techniques namely,
bulk micromachining, surface micromachining, dissol
wafer process, LIGA, and electro-discharge machinin
[17]. The choice of the fabrication process is very
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portant in that it defines the overall performaacel cost machined structures dimensions and are therefore mo

of the micromachined part. MEMS fabrication at the likely to be used in production. At manufacturireyél,

manufacturing level is a very difficult task andadarge  the degree of the difficulty of fabricating MEMS\ilees

extent much more difficult than that of micro-electics. is highly underestimated by both the current anérgm
ing MEMS communities.

8. CONCLUSIONS
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