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ABSTRACT KEYWORDS
With the great progress of production processiMEM S have applied to a MEMS;
lot of areas in recent yearsyand today they have become “fundamental BioMEMS,
devices’ywhich are comparable with the IC. In this paperiwefirst discuss IC;
the main distinct advantages of MEM Saswell astheimportant differences Sensor;
between MEMS and ICythen some latest research progresses on Biomedical;
biomedical, environmental and microfluidics applications of MEMS are Environmental;
reviewed. Finally, possible future developments of BIOMEMS are Microfluidics;
prospected. © 2013 Trade ScienceInc. - INDIA Application.

INTRODUCTION

The acronym MEMS stands for Micro Electro
M echanical Systemswiththefocal point being the sec-
ond “M” (mechanical) andthenceultimately the con-
cluding“S”. MEMS are integrated micro-scale systems
combining electrical joptical or other (magnetic, me-
chanical, thermal, fluidic, etc.) d ementstypically fabri-
cated using conventiona semiconductor batch process-
ing techniques, namely, MEM S are macro-engineering
at microscae, they havetwo mainfeatures: (1) design
structures/devices/'sysemsa micro/nano scae, (2) typi-
ca microsystemsinvolvemultiplephysical domains.
Thesesystemsare designed to interact with the exter-
nal environment either inasensing or actuation modeto
generate stateinformation or control it at adifferent
scald'?, MEMS are the exotic cousins of semicon-
ductorsand integrated circuits (1Cs), originaly based
on siliconwafer fabrication techniques, but adding the
dimensionsof space, flexionand continuoudy variable

output Smilar toanalogdevices. BIoOMEMSaeMEMS
that havebiologica and/or biomedica functionsor gp-
plications.

Some of the key advantages of MEM S34 are,

«  Theability to miniaturize physical interactionsto
nearly the samedegreeas|C’s.

» Therelated ability to reduce the sample-size of
measurands.

+ Theability tointegrate sensing, andysisandre
sponseinaminiature package.

MEMSisnot asingle product or marketybut an
engineering tool-kit applied to awidearray of markets.
Simpler, but by nomeanstrivid, senangdevices(pres-
sure, inertia, thermal,etc.) arefindingmorediverse
applicationsand finally emerging into consumer mar-
kets, such asaccelerometer and gyroscopic MEM S
devicesfor theiPhone, Wii and Playstation game con-
trollers. WithintheseMEMSS, wetypically seeintegra-
tion, onasinglesilicon substrate of not just electronic
devices as on the chips, but also mechanical
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elementsysensors and actuators. In addition to the com-
monly present materiadsinsiliconICs, other materiads
such as ceramicsand most recently carbon nanotube,
CNT, arraysarea so beingincorporated into MEMS.
Theresulting microsystems have shown, for avariety
of gpplicationsjunprecedented levels of miniaturization
(reliability) and new capabilities>1y.

MEMSVERSUSIC

MEMSareaclassof physicdly smdl systemsthat
combined ectronic functionswith optical, mechanical,
thermal and others. MEM S encompass the process-
based technol ogies used to fabricate tiny integrated
devices. MEM Sarealogical extension of microelec-
tronicsand I C technology. Asan extension of IC tech-
nol ogy, the production of MEM S devices benefitsfrom
years of 1C manufacturing experience. For instance,
technol ogies such asmicrolithography, chemica etch-
ing, vapor deposition, and el ectropl ating can be used
to createthe microstructuresof MEMS. The products
rangein sizefrom afew micrometersto millimeters.
Thesedevices'sysemshavetheahility to sensetheen-
vironment, process and anayzeinformation, and re-
spond with avariety of mechanical and electrical ac-
tuatorson the micro scale, and generate effectson the
macro scale.

Asamanufacturing technology, MEM S has sev-
erd digtinct advantages®4:

«  MEMStechnology hasthecharacteristicsof inter-
disciplinary. Itsdiversity of gpplicationshasled to
an unparalleled range of devices and synergies
acrossprevioudy unrelatedfields, for instance, bio-
medicine and microel ectronics, semiconductor
physicsand microoptics.

« By MEMStechnology and batch fabrication tech-
niques, one can produce componentsand devices
with higher performanceand reliability, such prod-
uctshaveobviousadvantageswith small size, light
weight and low cost.

«  MEMStechnology providesthebasisfor thefab-
rication of productsthat cannot be manufactured
by other methods. Hence, MEM S havebecomea
universally applicabletechnology such as1C mi-
crochip.

BioTechnology —

However, three pointsmakesit very different®4:

*  MEMSproductsareusualy application specific,
resultinginawiderangeof very different products.

»  Thenumber of MEM Sproductswill beawaysless
than that for semiconductor IC’s. A good example
istheinkjet printer. Thefour inkjet nozzlesare op-
erated using printed circuit boardswith tensof other
slicondevices.

+  UnlikelC manufacturing, thereisno “unit cell” (like
thetransistor) in M EM Stechnology. Thisleadsto
amorediversetechnology base with more devel-
opment and engineering work. Hence, itismore
expensiveand moredifficult tomaintain MEM S
technology.

Someimportant differences between MEM Sand
ICaresummarizedinTABLE 1. Thereisalsolack of a
stablefront-end technol ogy (no Complementary Metd -
Oxide Semiconductor) (CMOS) equivalent) in
MEMS. Moreover, thereisamultidimensond interac-
tion spacein MEMS, for instance, thereis not only
electrical connections but also optical connections.
MEMSareavery complicated multidisciplinary field,
inwhich physics chemistry, materid sstience, mechanics
and engineering play animportant role. Inaddition, the
end-product functionaity of MEM Sisoftentightly re-
lated to the process used to makeit. Thiscan bevividly
expressed as“‘one product, one process”. At this point
theMEM Sare completely different withtheC indus-
try where so many products shareacommon process.

TABLE 1: Important differencesbetween MEM Sand IC

MEMS IC
Unit Cell No unit cell Trangstor
Front-end No single stable CMOS
Technology technology
Interaction Multidimensiondl  Electrical
Space
Basic Multidisciplinary ~ ysicsand
Disciplines engineering
Process or Many products
Fabrication Orr;((e:gsoduct, one share acommon
Technology P process

Therefore, the current researchisevolving toward
a“MEMS unit” that is not a single “unit cell” (e.g. tran-
sistorinlC), but small, specifically designed, compo-
nentslibrariesthat could berefined over timeto be-
come“‘standard building blocks” for each MEMS de-
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vicedomain.

MEM Stechnology isaenchanting and far-reach-
ing area. It has played and will continueto play avery
vitd rolein both scienceand human society. Especidly,
it hastrandated physical propertiesand materia char-
acteristicsinto structures and devicesthat can havea
large positiveimpact on peopl€’s everyday life.

SOME RECENT APPLICATIONS
OF BIOMEMS

Until recently, sensorsareamajor application for
MEM S devices. Today, BioM EM S have becomethe
largest and most diverse applications of MEM S de-
vices. Applicationsfor BIOMEM Sdevicesexigindinicd
medicine, environmentd, biologica and chemicd andy-
gs. Applicationsfrom oneareaoften overlgp with other
areas. Applicationscan bebroadly placed into thefol-
lowing categorieg’?19.:

« dinicd diagnosticsand therapeutics,
« environmentd gpplications,

« food safety, and

* bioprocessing.

MEM Stechnol ogy isan engineering solution for
biomedical problems. From component aspect,
BioMEM Sistheresearch of microfabricated devices
for biomedicd gpplications. BioMEM Susually contains
sensors, actuators, mechanica structuresand e ectron-
ics. Such systemsare being developed asdiagnostic
and analytical devicesat diagnostic and andytical de-
vices. BIoMEM Sisexpected to revol utionizethefield
of medicine. Clinicd applicationsof BioMEM Sinclude
both diagnostic (utilizingMEM S sensorsand transduc-
ers) and therapeutic (such asdrug delivery actuators)
aoplicaions.

In medical field M EM Shavethefollowing appli-
cationg*?:

»  Predsedigpensarsfor smdl amountsof liquidsfound
inneedlelessinjectorsand drug ddlivery systems.

»  Sub-dermd glucosefor monitoring monitor glucose
levelsand ddlivery of theinsulin.

* DNA microarraysfor testing of genetic diseases
and other biologica markers.

» Medicd diagnogticsfor blood analysis, cdllscounts
andurinayss.

» Polymerasechainreaction(PCR) for DNA repli-
cation.

In particular, pressure sensorsin biomedical field
havethefollowing applicaions:

» Blood pressure sensors.

* Intracranid pressure sensors.

* Pressure sensorsin endoscopes.
+  Sensorsforinfuson pumps.

Main differencesbetween MEMSand BIOMEM S
aresummarizedinTABLE 2. BioMEM Sarebeingre-
searched for possibleapplicationsinavariety of areas,
but have already |ed to multipleapplicationsin thefol -
lowing areas>19;

TABLE 2: ComparingM EM SwithBioMEM S

MEMS BioMEM S
3!\;2? dbased Biocompatible Material
Electrical & Biomolecular & physical
Mechanical parameter
interface, (electrical ,mechanical,optica )
integration transducer integration

Moving part in
micromachining
system——active

Motion medium in passive
substrate——microfluidic driving

component force
+ Detection.
* Andyss
+ Diagnoss
* Thergpeutics.
* Drugddivery.

« Cdlculture.

BioMEM Sencompassesall interfacesand inter-
sectionsof thelifesciencesand dinica disciplineswith
microsystems and nanotechnology. Mainrelated areas
arethefollowing®:

* Microand nanotechnology for drug ddlivery.

+  Tissueengineering, harvesting, manipulation.

*  Microfluidicsandminiaturizedtotd analysssystems
» Nano-scaeimaging, and integrated systems.

+  Biomolecular amplification.

»  Seguencingof nucleicacids.

* Molecular assembly.

*  Proteomics.

+ Biosensors.

In the remaining part of this section, we focus
on some new applications of BIoOMEM Sin three

fidds.
s LBioTechnology
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BIOMEDICAL APPLICATIONS
OF BIoOMEMS

BioM EM S sensor placement depends on the de-
viceand itsapplication. A sensor can beg!214l
+ topical (appliedto skinor placedinthe mouth)
» externaly connected (invitro or externa within
vivo or interna device)
» implanted devices(totally invivo)

Topical sensors

They are applied to skin or placed in the mouth.
Onefamiliar deviceisthethermometer used for mea-
suring body temperature. Thick-film disposablether-
mistorsand infrared ear thermometershavelargely re-
placed the mercury thermometer.

Exter nally connected sensor s

They contain both anin vivo part and an external
part. An example of such adeviceisthe cochlear im-
plant. Thesedevicescontainamicrophone, agpesch pro-
cessor, atranamitter and recalver/stimulator, and anelec-
trodearray. Theimplant does not restore normal hear-
ing, but it doesgiveadeaf personauseful representation
of hisenvironment and hel ps him understand speech.
Another exampleistheglucometer. Thesedeviceshave
animplanted glucose sensor that communi cateswith ex-
terna components, such asacomputer and micropump.

Implanted devices

Thisareaof BioMEM Shasnumerouspossihilities,
but few of these devices have madeit to market. Im-
plantable BioM EM Sthat have been onthe market for
yearsaredefibrillatorsand pacemakers. Other emerging
goplicationsfor implantabledevicesincludeneurd im-
plantsand spind cord simulatorstotreet intractablepan
and spadticity. Theimplantablemicrod ectrodesfor neu-
ral applicationsarebasad on thin-film polymer foilswith
embedded microd ectrodesfor both recording and stimu-
lation. Implantablepressure sensorsare being tested that
can be used in cardiovascular monitoring, glaucoma
monitoring, and monitoring of intracrania pressure.

ENVIRONMENTAL APPLICATIONS
OF BIOMEMS

They areagrowing part of the BloMEM Sfield.

BioTechnology — ammm—

For example, agenefrom afirefly isadded to mamma-
lian cells so that the cells glow when exposed to the
toxindioxin. Astheamount of dioxinincreases, thecdls
glow more brightly. Thisassay providesaquick and
simpletest for dioxin. Thefigureshowshow thefirefly
luciferase reporter geneluminescesto test for thepres-
enceof dioxininenvironmental samples. Another ap-
plication usescultured mammalian cdllsto predict letha
toxicity of chemicasin humans. Theinitial application
used amicropipettetiptoholdthecells. Thisassay can
be adapted to aMEM S device*.

Both environmenta scientistsand home and secu-
rity personnel areinterested in therapid detection and
identification of bacteriaand pathogens. Researchers
have deve oped mi crosystemswhich concentrate com-
ponents specificto certain pathogens, then releasethese
to amicro gas chromatography unit so that the compo-
nents can be separated. The separate componentsare
passed to asurface acoustic wave sensor array (SAW)
for component identification. A working exampleof such
asystemwasdeveloped by SandiaNationd Labs. This
devicewill provide portable, rapid detection and early
warning of the presence of pathogensin air or water.

MICROFLUIDICSAND BioMEM S
APPLICATIONS

Another MEMS platform used in diagnostic
BioMEM S makesuse of microfluidic components. In-
tegrated fluidic microchipsalow separations, chemica
reactions, and cdibration-freeanaytica measurements
tobedirectly performedin very small quantitiesof com-
plex samples such aswhol e blood and contaminated
environmental samples. Thistechnology lendsitsdf to
applicationssuch asclinical diagnostics (including tu-
mor marker screening) and environmental sensingin
remotelocations. Lab-on-a-Chip (LOC) systemsen-
ablesamplehandling, mixing, dilution, electrophoresis
and chromatographic separation, staining and detec-
tion onsingle, micro-integrated systemg?.,

BioLOC isdeveloping alab on adisk to perform
ELISAs(Enzyme-linked Immunosorbent Assays) ona
polymeric compact disk. ELISAs use antibodies as
biosensors. They have been widely used for detection
and quantification of biologica agents(mainly proteins
and polypeptides). An ELISA’s high selectivity and sen-
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Sitivity draw great interestsin clinical, food safety, and
environmenta applications.

FUTURE DEVELOPMENTSOFBIOMEMS

MEM S products have successfully madethe com-
pletetransition into the consumer space. Today, liter-
aly billionsof MEM S devicesare manufactured every
year for awide variety of consumer applications, and
MEM S devel opershave begun to turntheir attention
more and more to BIoMEMS. Today, there are pre-
ciousfew successful BioM EM S devicesonthemar-
ket.

Intheareaof implantabledevices, CardioMEM S
hasan implantabl e pressure sensor for monitoring an-
eurysms. Cochlear implantsareroutine, allowing deaf
peopleto hear. Intheareaof microfluidics, companies
such as Caliper and Cepheid manufacture chipsand
plasticfluidic componentsfor biochemicd andysisand
diagnostics. However, there are many much moreim-
portant and much moreimpactful devicesonthehori-
zon, suchasreting implants, hedthmonitoring sysems,
protein detection arrays, and continuous, implantable
chemica sensing. Over thenext 10 years, thisnext gen-
eration of BIoMEM Sinnovationswill transform medi-
cineaswecurrently practiceit and understand it217,

Inaddition, nationa security isof increased impor-
tancerelated to the growing fear fromterrorist attacks
and outbreaks of infectious human or animal diseases.
Thisdrivesaneed for smdl multi parameter instruments
totest water, air, blood and so on for microbiologica
threatd 9.

Ontheother hand, thereisatendency to develop
moreflexibleand cheaper production technologies. It
isexpected that thistendency will bedriven by the pro-
ductionresearchintotypica low cogt, largesurfacearea
devices(foringtance, solar cdll, displays, wearablee ec-
tronics) and disposable diagnosticsdevices.

Finally, ahuge number of productswill originate
from thelarge amount of nanotechnology researchin-
vestments, in many casesMEMSwill act asaninter-
face between the nano and human sizeworl d-1114,
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