


Sunum Plani
1. MEMS Nedir?

1a. MEMS Terminolojisi
1b. Ne kadar kiictik?

1c. Nerelerde kullanilir?
1d. Hareket ilkeleri

2. Uygulama Alanlan
2a. ilvme ve hareket algilama
2b. Akiskanlarda basin¢ algilama
2c. Optik ayna ve mekanik anahtar uygulamalari
2d. Mikromotorlar
2e. BioMEMS Uygulamalari
3. Uretim Teknikleri
3a. Kullanilan malzemeler
3b. Uretim 8rnegi
Uretim ve Satis Qranlar
Genel MEMS Resimleri
MEMS Tanitim Videolar:

Kaynaklar

» PR



1’ ;J} ,,r
N “”MEMS Nedlr" ‘: \

- OMiicro Electro Mechanieal Systems
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taba de insa edilen herdtiirliihareke
ok | |

S mekani rmektedir.

u yapilar ip) icer
de 2 birlikte kullaniimaktadir. B
‘] elektriksel veriye aninda.c

lltedir. i r

|
AS| 10.0kV 12.5mm x5.00k SE(M)

de elektronik
lece algilanan
\ustlralerek




Neden MEMS - MEMS’in Avantajlar ?

U Hizh calisma ve tepki sliresi
USeri Uretime wygunluk

JdUcuz maliyet
QUretim kolayhg

LDisuk enerjigereksinimi
Kuglk ve hafif boyutlar
dGuavenilirlik

S4800 10.0kV 8.0mm x800 SE(M) 7/22/2009 18:16




Dinyada MEMS Terminolojileri

OMEMS (ABD)
AMicro Systems Technology. (MST) (Avrupa)

IMicromachines (Japonya)
ASilicon Micromachining
JMicrosensors, microactuators
1Solid-State Sensors
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~2-1/2 nm diameter

Atoms of silicon
spacing 0.078 nm

Ne kadar kiiciik?
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MEMS nerelerde kullanilir?

JUcaklarin hizlari ve ivmeleri nasil 6lcultr?
JAProjeksiyon cihazi nasil calisir?

Qinkjet yazicilar nasti-¢calisir?
L Arag hava yastig1 nastFnasil calisir?

dYeni nesil akilli telefonlarda hareket nasil
algilanir?

JTipta kan tahlilleri nasil gerceklesir?




2, MEMS’Hﬂ(t«ilkelevi . ®

: E
* @ PIEZOELEKTRIK Mikropompa, mikrovalf, . L
servosistem
@ B . : :
ELEKTROSTATIK Mlkromotor, mikroayna, ® .
mikroanahtar
* ; Mikrosal ik . '
ELEKTROMIKNATIS Ikrosaiter, mikropompa,
mikrovalf
- ® g .
TERMOMEKANIK Mikrovalf, mikrotutucu
- - . :

Mikropompa, mikrovalf,

TERMOPNOMATIK inkjet kartusu

Mikrovalf, fiber-optik
anahtar.
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HAFIZALI MALZEME




MEMS Uygulama Alanlari

d lvme Ve, hareket algilama

2 Ak|§kanlarda.basmg algilama ve olcim{

rEI Optik ayna ve mekanik anahtar
uygulamalar »

J Mikromotorlar
J BioMEMS uygulamalari
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lvme ve hareket algilama

MEMS sistemleri kullanilarak ivme yonii ve siddeti
Olcdilebilir.
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Jiroskop’un
MEMS

Structural anchor
to substrate

Input@

Rotation &

Interdigitated comb finger
deflection sense capacitors

Comb drives to
sustain oscillation
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Jiroskop MEMS uygulamasi

E Beam
5.00 kV




Akiskanlarda basing algilama

Sensor chip Membrane

Bonds
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Metal- [XJ Glass soui-at
housing
Pressure inlet

Bazi araclarin tekerleklerinde bulunan MEMS
basing sensorleri ile lastik basinci stirekli olarak
Olctlebilmektedir... Sistem, dlisiik basing
durumunda slrtictiye aninda bilgi
verebilmektedir.




Optik ayna ve Mekanik Anahtar Uygulamalari
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Inkjet
yazicilarda
MEMS
kullanilarak
murekkep
puskartular.




Mikromotorlar
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Mikromotorlar
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BioMEMS uygulamalari




MEMS - Kullanilan Malzemeler

Yari iletkenler
—Silikon (Silisyum)
—Poly-Si ¢«

—GaAs (I1I-V grubu)—
—SiC (Silikon Karbur)
—Elmas

Metaller (Al, Ni, W, Au, Ag)

Yalitim Igin

-Si0, (Silikon Oksidi)
=Silisyum Nitrit

- Quartz (piezoelektrik)

Polimerler



Uretim Ornegi

Si Bulk




Uretim Ornegi




Uretim Ornegi




Uretim Ornegi




Photoresist (+)

Si Bulk



Uretim Ornegi




Uretim Ornegi




Uretim Ornegi




Uretim Ornegi




Uretim Ornegi




Uretim Ornegi







Uretim Ornegi




Uretim Ornegi
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Uretim Ornegi




Uretim Ornegi




Uretim Ornegi

e Photoresist (+)

Polyimide
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Uretim Ornegi

=== Mask3

e Photoresist (+)

Polyimide
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UV Light
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Uretim Ornegi
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Uretim Ornegi

Photoresist (+)
Polyimide

Si Bulk



Uretim Ornegi

Si Bulk




Uretim Ornegi

Si Bulk




Uretim Ornegi
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Uretim Orneg

Mask 4
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Uretim Ornegi
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Uretim Ornegi
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Uretim Ornegi

Si Bulk




Uretim Ornegi
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Sekildeki cisim olusuyor...




MEMS uretim ve satiglar

A

ﬁ\l AL

A g

i ; Market | Market 2003
Technology Typical Devices/ : 5
on Replications Companies Baseline (Est.)
($Millions) | ($Millions)
: Tl, Sarcos, Boeing, ADI. EG&RG IC
; Accelerometers, Rate . S
Inertial g Sensors, AMMI, Motorola, Delco, .
bid Sensors, Vibration O T MRS, Th R $3506540 | $700-$1400
Measurement Breed, Systron Donner, Honeywell,

Sensors

Allied Signals

Microfluidics and
Chemical Tesiing/
Processing

Gene Chip, Lab on Chip,

Chemical Sensors, Flow

Controllers, Micronozzles,
Microvalves

Battelle, Sarnoff, Microcosm, ISSYS,
Barkeley Microlnstruments, Redwoaod,
TiNi Alloy, Affymetrix, EG&G IC Sersors,

Motorola. Hewlet: Packard, Tl, Xerox,
Canon, Epson

$400-5550

$3000-54450

Optical MEMS
(MOEMS)

Displays. Optical Switches,

Adaptive Optics

Tanner, SDL, GE, Sarnoff, Northrop-
Grumman, Westinghouse, Interscience,
SRI, CoreTek, Lucent, Iridigm, Silicon
Light Machines, TI, MEMS Optical,

Honeywell

Pressure
Measurement

Pressure Sensors for
Automotive, Medical, and
Industrial Applications

Goodyear, Delco, Motorola, Ford, EG&G IC

Sensors, Lucas NovaSensar, Siemens, Tl

$390-5760

$1100-52150

RF Technology

RF switches, Filters,
Capacitors, Inductors,
Antennas, Phasa Shifters,
Scanned Apertures

Rockwell, Hughes, ADI, Raytheon, TI,
Asthar

(Essentially $0
as of 1008)

$40-5120

Other

o

Actuators, Microrelays,
Humidity Sensors, Data
Storage, Strain Sensors,

Microsatellite Components

Boeing, Exponent, HP, Sarcos, Xerox,
Aerospace, SRI, Hughes, AMMI, Lucas
Novasensor, Sarnoff, ADIl, EG&G |C
Sensors, CP Clare, Siemens, ISSYS
Honeywell, Northrop Grumman, 18M,
Kionix, TRW

$510-51050

$1230-52470

QARPAY

Z2 Microsystems Technology Office

o

- Companies currently under contract.

Approved for Public Release - Distribution Unlimited

- Companies with past contracts.

[MEMS at DARPA 3.ppi]
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Otomotiv alanindaki MEMS satislari

Million Eur
2000 rotal |
Oth
1.54 Others |
1.37] 145 |Gyroscopes |
1.26

|Acce|erometers |

lAir Mass Flow |

|Pressure |

O I I ! ! ! ! ! ! ! !

2004 2005 2006 2007 2008 2009 2010 2011 2012

Kaynak: Bosch



Genel MEMS Resimleri




enel MEMS ' '

10Qum

X001 051949 001 20kV X500 35mm




Genel MEMS Resimleri
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MEMS Tanitim Videosu 1




MEMS Tanitim Videosu 2




ODTU MEMS Videosu




SUNUMUMU DINLEDIGINiz ICIN
TESEKKUR EDERIM...

OSMAN SAYGINER

WWW.0Ss.gen.tr



Kaynaklar

Prof. Dr. Tayfun AKIN (ODTU) - MEMS Notlari (E-Kitap)
Dog¢. Dr. Levent Trabzon (iTU) — Ders Notlari (E-Kitap)

Prof. Dr. ibrahim YUKSEL (UU) - MEMS Notlari (E-Kitap)
DARPA - The Defense Advanced Research Projects Agency
www.odtu.edu.tr - Ortadodu Teknik Universitesi

www.sandia.gov - Sandia National Laboratories
www.ece.cmu.edu - Carnegie Mellon University
www.sfu.ca — Simon Fraser University
www.bosch.com — The Bosch Group

www.memsx.com
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