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"" I 11 'Y1 ~Hpl ~H) 

d::lJlJbfl~E1"n~'wYh~~rnfl (MEMS) bb~::d::lJlJ~~rnfl ~E1mdd13..111U'lJEI"~U'hu'Yl1" 
bfl~E1"n~ b.nUb'lfEif i,m::iumd"Yll"lU bb~::Bb~nmElil.n~ ~"lJWnlJ'Wild'Yl~1E1mlu\ilU~d'Ju'ft~nElU , ~ 

b .yjEl~'iJ::~11" tm"~11,,~ij'lJU1~ 1 u~u 1t1':IJ tmb:IJ~':i~1E1'lJU1~wct" 1 uLtlUb:IJ~'l~,m 'Ylfl t U t~ vmd~11" 
bb~::1.h::n E1lJ'iJ~rnfl b.nUb'lfElf'lJU l~'iJ~rnfl bb~::i1m::~U'lJU1~'iJ~rnfl~ EI ~E1"mi:IJ~ Ltn 1 U MEMS 

'I 'I 'I 'I 'I 

b.nUb'lfElf'lJU l~'iJ~rnfl ~m tlri" bfl~E1"~ E1~ btJ~ till. ~Lt""lU 1 U dtJbblJlJ~~" 1 ",d'Ju ~tl""lU 1 uamtJ bblJlJ , " " 
~~" bb~:: 1 '" m i~lm'lt11 i~tl""lU ~'~'iJlnm'l~ 1llJ ~UEI" 5U~1l~flLt E1"nmnmnuQ ~l::~flJ b,yl:1J1~ 

" 
~l:1J1dt11~~1'~ i"idElEll"mdbtJ~tlU~tl""lU~"Yll1",dl~mdtn"id'lJEI"bb~U'~E1::bbW'l:IJ1ub.nUb'lfEif 
ml:IJiu1 "'E1El1 udtJ'lJEI"~tl""lU' WYh~~"E11ln ~duidm::~U'lJU1~'iJ~rnfl~E1 bfl~E1"~E1"Yl11 ",dl~md 

'IJ 'lI 'I 'I 

bfl~E1U' ~d~1E1mlJfl:IJ~U~dU'lJU1~'iJ~rnfl~dtllTI~tln ~ 5u '~bbn mdHbb'l"~bn~.:ffun1Jl~~ b~ EI '~flJ , , , 
ml:IJ1E1U m'lHl~~~ijml:IJm"~11udtJm"b~hJ (shape memory alloys) mdHl~~~ijmdbtJ~tlU ," , 
dtJ11"b~E1ijml:IJ~1"inv'Yl1"'wYh bb~::m'l1ibbd"'illn'wYh~ii~v i"idElEll"iT:5"'lJ'lJU1~'il~rnfl~~lJ " , 
l~t1~dmbd"'Yl1\J'WYh~ii~v MEMS ~lm'lmd:lJbElln~'ln'Yl1"nm"Jiu :lJm~E1f 'lT1l~mblJlJ~l" ~ , 
E1tJmnr..tlbb~" bb~::~uLtdU'Yl1\1'wYh'YlnElEll"~\llJU~~'ft~n1lUb.y;tI\Jidb~tldM ~dm'Ylfltut~~'Yl1"~lU , , 
':lJlmBb~nmElil.n~ bb~::md.:ffU'ltJ'il~rnfl (Micromachining) ,yEl'l~btJ~tllJ~ij'lJEI\J MEMS b~1l " , 
bmEJ1JbfirJ'l.J11tJnldElf)nbblJ1Jbb~~~fl{1~ltJ1Ti~~ f)elnldf)eJnbb1JiJ~~ltJ~'U, ~u'Ylunld~~<n.yh~(§lr;;hl , 
tJd::~'YlTIrn~~~\J.;fiu 'lJU1~~tJEI~"E1Ell":lJln 1uu'iJ'ilUU MEMS ijmd~~~bb~::tJd::tln~1i"lU1U~~1t1 ~ " , , 
<1l1U<k.J bb<tid~1J1JiJ El.Jllu.nu t1Undrnrl1.Jnl".fbb'VfYlrJ bfl~El~ij El~f)ffldLffflU ElCilfflV\nddaJU1\UJ'U,Gl ~~~ , , 
t~tlijbmd 1 u:IJ~'il::mn.:ffUb~E1t1 ~ 

* " flJ~UQUlJb~E11U'Yi 22 ijUlfl:IJ 2548 
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ABSTRACT 

Microelectromechanical Systems (MEMS) and Microsystems are the integration of mechanical 
elements, sensors, actuators, and electronics on a common silicon substrate to form small structures 
with dimensions in the micrometer scale (one millionth of a meter) through microfabrication 
technology. Microsensors and Microactuators are the two main categories of MEMS. Microsensors 
are defined as devices that convert one form of energy into another and provide the user with a usahle 
energy output such in response to a specific measurable input. One such an example is to convert the 
energy that required to deflect the thin diaphragm in a pressure sensor into an electrical energy output. 
Microactuators are devices designed for moving or controlling microelements by principal means of 
thermal forces, shape memory alloys, piezoelectric crystals and electrostatic forces. Microgrippers, 
for example, can function by using electrostatic forces generated in parallel charged plates to grip the 
objects. MEMS can include mechanisms, such as motors, links and optical and electrical components, 
such as switches, all on a single silicon chip using microelectronics and micromachining 
technologies. MEMS advantages, compared to other methods of design and fabrication, are design 
simplicity, cost reduction, high performance, microscale sizes. Today, high volume MEMS can be 
found on diverse systems ranging across defense, medical electronic, wireless communication and 
automotive applications. 

Keywords: MEMS, Microsystems, Microsensors, Microactuators, Microfabrication 
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o 
U'YI,"1 

.J'.. .K ..I 0 " ~ ~ .. 1 ,,d o!..1 0 ~ 1 
lJ'Y1ml:IJ'\.WLJrJU'lJUL'VH1LbU:::U1LL~:::~dl~ml:IJ~Ub"il bUf'Il~!ildLL'lJU~ Vi:IJ'Y1'Y11 ~nm~~~u "ilLL~::: 

,~ "..I 1 T '" 1 ,," , .. .J'....... ..I "1 •• 1.':1 1 1 1. 1 
LHI"l@JU1ElrJ1~ctH1LUEl~ L'Y1f1 Ub~mL'lJU~ Vi:IJ'Y1n~11tNUnf1El d:::lJlJLmEl~n~ bl"ll"ll"il~1l1f1 ctW UrJ dlJ • • 
md;;;n~lL~rJ1n1Jd:::lJlJLf1~El~n~1~VJ1"il~mf1t1nb1rJnl1 "Microsystems" Ghu1u~Vif~ElL:IJ~mn~lJ . .. ... 
L1rJnl1 "Microelectromechanical Systems" Vi~El~L1rJnnuciEl ~ 11 "MEMS" ~~fil11 MEMS L~:lJH' 
"', .K ./... 1 ::: .J' 0 , 1."1 '" "I ". I'" "I. 1..1 .. .... 
nULL~dVi~lrJ:IJ1n'lJU'Y11 ~n mum11 "Microsystems" UlJ"il"illJU blfiLlJ~rJU blJ~Elt1~ d:::lJlJ"il~mf1VidEl • • 
d:::lJlJ~iimdd1:IJnU'lJEl~ MEMS Vi~lrJ ~ N1UL,jlH~1rJnULlJUd:::lJlJ1Viqj~'Yil~lU.nlJ<J1Elu;1u 

Lf1~El~n~1~VJ1"il~mf1 Vi~El MEMS (EllUl1 L:IJ:IJ~) ciEl:lJ1"illnfil11 Microelectromechanical • 
Systems 11firJ~ Micro ~El'lJU11fi~Elci1u~Ln~~L~n:IJln ~ (_10.

6 L:IJ~d) N1U Electo ~Elti~L~El~l~VJl .. 
LL~:::(Vi~El) aL~nmEl,"f1~ LL~::: Mechanical fiLiJun~lnVi~ElN1U~Lf1~Eluh1~iiElci1ud:::lJlJ c;1~,fU~~ .. 
~dul~11 MEMS LiJUd:::lJlJ~Ud:::nEllJ~1rJ:iuN1U<lh~· ~ ~ii'lJU11fi 1IfirJUd::::lJlru,ck~LLCil 1 ~m "ilui1~ 
• 

1000 ~m (1 mm) L-rlU :iuN1um~n~ LolfUL'I!Elf c;11m:::~u1~d1Ifimd'Yil~lULL~::::iUN1u~L~nmEl,"f1~ 
~~lJWnlJ~L~d'Y1 (Substrate) dU~ 1 LL~Ifi~i1~mdLU1rJlJLYirJlJ'lJU11fi'lJEl~1~t1n'IJ'lJU11fi'lJEl~ MEMS .. . 

I =aYlIC 

_L-nUL'lI'flf 

I MEMS 
, 

Lf)1'fl~~nm''l'j1rnf) 

~ C) .. ~ ~'" ~'<t ~~'- ~~~ 
II .. ~ 0,-

v.."", ~4''' C)~ Jl., vv ;;>'0/" ;;>~" 
'/C) ~~ ~'J1'" ;y V C) 

V Il (/ 

1 nm 1 iJm 1 mm 1 em 1 m 
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L3J Lf1wiiuL6J!eJ"f (Microsensors) LLGl:; ~dm:;~WlJU1~l"ilGlmf1 (Microactuators) , , 
13JL¥I'nsRuL'lfaf (Microsensors) 

1.1 ..1 -:., ~ r '" .-, a ,., 2 flJfllJj::nfl1J"1IflJ L3J ml'11UI'11f1j (Mlcrosensors) 

7tl~ 2 LL~~-3n-3fl-3fltl7:;nmJ"lJfl-3L3J LmLsiiuL6J!flf ~-3 L~[Jtln~~:;iil-31UL~mtl~[Jum3Jlm'Yll-3 
'II 

m[JmVlLtldJum3Jlm'YmLw~h i.3JLmLsiiuL6J!flf dJULsiiUL6J!flf~fln~fl-3;rUL~flmd~i'IJmmmlu 
'II 

~lU~l-3 ') ~L3Jb:lm3Jlm'Yll-3i.wl'h L"1fUm3Jlm'Yll-3~lum[JmVl Lf13:imVl Vl1fl~dmVl ~-3mmm 
~1-3 ') dfll~LtluflmVlll~ m13J~U LL7-3 L~m LL~-3 tlnn1£JlLf13:i m13JL'll3J~U13JLL3JLVI~n Vl1fl , 'II .., 

fl-3fltl7:;nfl'IJ'Yll-3Lf13:i LtlU~U 'llfli.~Lm[J'IJ 1 um71ii.3J LmLsiiuL6J!flfii~fl m7~LtluLsiiuL6J!flf"lJU1~id ~-3 
3:im13JLdLLGl:;LL3Juihlum7md~1~m3Jlm~1-3 ') ~~fl-3m7L~[Jli~dflcil-3~-3~~fl-3m7md~1~mmm 
L~[J-3L~mrfl[Jii~lm7mm~1~L~ 

i.3J LmLsiiuL6J!flf"ll'u~liil-3 ') L~fln-W(llJU1;rUmL~m,h:;[Jn@l'H'lu-31U~lU~1-3 ') flcil-3nll-3"lJdl-3 
'II , 

;ru bsiiub6J!flf~3:iHrlu~dLtJiii.'Ii'bLTi bsiiub6J!e:Jf'Yll-3~'J1nVl (biosensors) LsiiuL6J!e:Jf'Yll-3Lf1iimVl 

(chemical sensors) fle:JW~~GlLsiiUL6J!e:Jf (optical sensors) LsiiUL6J!e:Jf'Yll-3~lUe:JmVlll~ (thermal sensors) 
, 'II 

m ~d"lJe:J[Jn~de:Jcil-3LsiiuL6J!flfm13J~U (pressure sensors) L~fliilm13JL'lllhrl'IJ~dutJ7:;nfl'IJ"lJe:J-3 
L3J LmLsiiuL6J!flf 7:;'IJm:;7'IJ~rurulm"lJ1L'll1~-3ii~flm13J~U t@l[J;runllm~:;fln@l7d~i'IJ L~[J~U~dU ",·111 'II 

"lJU1@lL~n~-3LtluLL~UL@l fl:;LW73Jiil~ln'B~n flU (Si) ~iim13JVlU1L ~ [J-3L3Jfii.3J LmL3J@l7 (I-lm) 

lu7tl~ 3 LL~@l-3LsiiuL6J!flfm13J~U~~fl-3;rUL@l[J'lJ1~'" Ford Mortor L@l[J7tJ~ 3("lJ) LL~@l-3n-3 
'II 'II 

"lJU1~"lJ fl-3LL~U L@lfl:;LW73J"lJfl-3LsiiuL6J!flfm13J~u,rULrl ElL ri [J'lJrl'IJL Vl1£Jtl! 1 L6J!U~ 

'" .. ~ 
(n) b'llUL'Iltl'l'mllJ@lU 

'n./rl 3 I~Ul'11f1fmlJJ;U«11JrvW1J1';n Ford Motor [Hsu, 2002] .. 

c .) 



lCil tJ~"i":: tJ::n1"i" 1 ri.,'l~1"lJ eJ.,'I LL~U LCil eJ:: LL 'Vh3J~ L nCil"U1n m13J~U"U1n LL'VI Li.,'lrh L ii.Cil"U::n n L 1.l~ tJULllu 
'II 

f11m13J~1urnum::LL~f11'V1;1.,'11CiltJ;§u~1u~L~tJn'"h L3JlmlAml~6fi~L@1e:)'f (micropiezoresisters) ~.,'I 
nnl.l"i"::n'JJ~Ciln'JJLL~U LCil eJ::LLVh3J~.,'ILL~Cil.,'l 11-1, "i"1.l~ 4(n) ,.f.,'lm3J lmlAlsl6Ji~6fi~L@1 eJf dJU~1U'VI;1.,'1"lJ eJ.,'I~1 
'II 'II 

"lJ tJ1 tJ~'tl!qj1ru. (transduction unit) f11m13J~1WY11U'Ym" ~Yh"U::~m t1~ tJuLlluf11m13J@11.,'1Tln6'Ym 

"~l'h LCiltJ1.,'1"U"i"i@1Gi1rm~'JJ1Cil,r (wheatstone bridge circuit) ~.,'Innn~Cil<k.,'l'JJui1LsiiUL6JieJf LLG'l::nLllu 
'II 

~n~1u'VI;1.,'1"lJeJ.,'I~1"lJtJ1tJitl!tl!1ru. i.,'lLLGiCil.,'l1uJtI~ 4("lJ) LLG'l::JtI~ 4(f\) 

1 
1 /-- 1 

1 
/ , 1 

/ 'I k _________ ~ 

C) 

t1 .o1 <:'1 ./.- ~.I .: ... ~ 
'i YI 4€J.,f1lJr::n€JlIYn LlJ"1I€J"I'1fU!'1f€Jrf)';mJ~U"1lUl~'iJrl111f1 [Hsu,2002) 
OJ • 

"ltl~ 5 LLGiCil.,'lllTV""lJtJ1£.J"lJeJ.,'I1.,'1"U"li@1~L 'YlU~'JJ1Cil,rLLG'l::m"l@1eJ1.,'1"U"l'JJULsiiuL6JieJfm13Jiu LCilrJ"i"t1 
'II 'II 

d ~ rr q", q", 0 q", rrd q", q", ",.to I 

'Yl 6 LL~Cil.,'l L6JiUL6JieJ"lm13JCilU"lJU1Cil"U G'l1l1f\'VI G'l.,'lrnn1"l'JJ"l"l"U11 ru."YI 6Ji.,'l "U::V'l1J G'ln l!rru.::'JJ"l"l"U1l ru."YIU ULL@1nm.,'l 
q q q 
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£J.:I~t3J tTl·n.]juL'll'Elf~n~~1£.J'll'U~~~m"i1'Ji'nl"'mJ1U.:I1U~1.:1 ') L'15U L.]jUL'll'Elf'Yl1.:1LTl~1l1'V'l 
'" ~.:Ih1um"iCil"i1';)i1J~1"iLTlii~~mL3Tm::~.:Iril'll'~M L'15U co CO2 NO 0 3 LL~:: NH3 "1~"1 L~ElH'lu 

" 6' ~ •• .::!I ~ ~ .d 

m"im1J~3J~rnfll'V'l"lJEl.:lEllml'l L'll'UL'll'El"i'Yl1.:1'll'1Ld'll' (Biomedical sensors) wm L'll'UL'll'El"i'Yl1.:1'll'1fl1'V'l 

t~iim"i~\ilJU1LL~::~m"i'I.b3J11'Ji'.:Ilulu~lWih.:l ') L~3J:ffUL~El£.J ') L.]juL'll'Elf'Ymi.h1l1'V'lii"JJElt~LmmJ~ 
1 i~1"ii1El ci1.:1,zEl £.J3J1n 1 Um"ilLm1::,.{LL~::lU';)Um11.:1 LTlii 'YI1.:1m"iLL'V'l'YlrJ "i13Jii.:l'Yl1.:111'11vrullm"i3J , 
LL~::~13J1"im.h::m~~~t~"i1~L11n';hm"iliLTl~El.:lijEll~LL1J1J~.:IL~3J ,;)In"lJU1~~L~n"lJEl.:lL.]juL'll'Elf~.:I 
~13J1"irl~~CiIt~1um3J1rn~3J1n ') luLL~~::'ll'~m"i~~Ci1 ~.:I~.:I~~lum"i~~~u'Ylum"i~~Ci1 , , 

--------- - -

LL1J1J'ih" 'l 

.1.1 <;'1 ~" 
'jlJrI 7 a,Jfl1J1:na1J'11a,Jmm:rjJU'11UlrjJ1JrllJlf1 (Microactuator) .. , , 

m"iih.:l1U"lJEl.:l MEMS ~mtlLL1J1J~rt.:l~ii~~nm"iih.:llUCiI"i.:lnu"JJl3Jn1Jt3J tmL-nUL'll'Elf n~El 
'" 

i1m::iu"lJul~,;)~1l1Tl i1m::~u"lJU1~,;)~1l1Tliikmtl"i::nEl1J~~n 2 ~1uL'llunu (i.:l"itl~ 7) LL'ii'Y11.:11U 
ct q q q ~ 

t ~ £.Jii ~1U"lJ £.J1 £.J LL~:: LLtl~.:I ffbU bUl fit Yn~,z 1~ LLtl~.:I ffbUbU1 rn"lJ1 L "JJ1,;)1 n~U111 L U~ n1~.:1 ttl L uUffbUni1 rn ~ 
Q,I Q,I QJ QI QI QI 

~.:I'iiElttl£J.:I~1U~'Yi1~,z1~m::~uliLn~ffbUbUlrn"lJ1EleJn~~eJnTi'Yi1.:11U ffbUbU1rn"lJ1L"lhUeJ1-;)eJcilu":iU 
"I QI QI W' QI CIJ CIJ 

"lJEl.:lml3J~l.:1flnrJ'YI1.:1ty.JlAh m"iLtl~£.JULLtl~.:Itl~3J1rnml3JfeJu "1~"1 m"iiil.:11u~Ln~:ffu~1ul~qJdJu 
m"iLTl~ ElU t ~1"lJ El.:ln ~ Ln 1 U":i::1J1J ~1m::;~U"lJU1~,;)~1l1Tl t~ tl~1 Ltl-;)::;nnm::;~ul iiil.:11U L~~1tllTI~ ~n 

q 'I CIJ 'l 

4 lTI~1 tlnu L~LLri m"i 1'Ji'LL"i.:l~Ln~:ffun1Jl~~ Ld ElL~11Jml3J1ElU m"i 1'Ji'1~~~iiml3Jm.:l-;)11 mtlm.:l , '''' 
L~3J (shape memory alloys) m"i1'Ji'1~~~iim":iLtl~£.JU"itl11.:1LdEliiml3J'iil.:1flnrJ'YI1.:1Ly.JlAh LL~::nl"i1'Ji' , '" 
LL"i.:l,;)lnLy.JlAh~iiCilrJ lTI~U£.J3Jlinun~EllTI~m11tl ~.:ILn~3Jl,;)lnm"ilitl"i::;';)Ly.JlAhn1JLL~U,.bLy.Jvh~ , , 
11.:1"lJU1UnU ~~El~L~n t m~ (electrodes) ~LL£.Jn.ff1LL~::.ffun~1.:1~1£.Jl~~QU1U~L7£.Jnl1 dielectric , 
material Elcil.:1L'15U El1ml'l ~1u~~nm"iiil.:11U~1£.J ') t~£.JEllfltlml3J~l.:1flnrJ'YI1.:1'ly.JlAh "i::;~11.:1LL~U 

i1,.b~.:I~eJ.:I'Yi11iLn~LL"i.:l~.:I~~"i::~11.:1nu ~1£.J~~nm"idrlmb3J11i.:llUlu~~1£.J~lU L'15U liLuui1 
'" '" 

,y1JLTl~ Elun~ 'In"lJu1~i1 ~~El HdJui1i1J"lJU1~,;)~1l1Tl (Microgrippers) ~.:I"itl~ 8 
' ' '' 
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'1"t1r1s ;'mJ::;u'1lU(JVl~rmlrt~l'; .. " 
YlinmJthnuYmiwyhwiiVlll 

ti1U'nJ~ 9 LL~~.Jn.Ji1acil.J'lJa.Ji1'ilD'lJ'\..ml';)&'lmflLv:la1,num1LfI~emrJltrr~n'lJU1~L~n 
'II , , 

~ d cv 6"'-K.,f~ 0=.. IV 1 I I Q,.I ft 
~1m~am1"il~LL&'l::;LLtJnL'll'&'l&'lLUaLtJa'Yl&'l~m11DmUD1L1rn1aD'lJl.J U1::;~11.Jm1~1~~'Y11.Jm1LL~'YlrJ 

1um1~~Ul MEMS ~LLU1t~3J~.J1U~m1~fl.JLL&'l::;lh::;naDt~rJ11m13J MEMS ~&'llrJ ') , 
ti1U&'l.JDU:n~ ~.JDu:n~d"il::;~~.J 13..1 tmLoiiuL'll'af i1m::;~U'lJU1~"il&'lmflLL&'l::;~ti1UU1::;3J1&'lirunnrn 

CI 'I Q,/ Q,/ 

~1.J ') Lv:lam1r11.Jlu~i3J~ulfnu L'Ylfl t Uh~~113J 3 ti1udL-nlH~1rJnU&'l.JDU:n~,fuL1un11 
L'Ylfltuh~1::;D1J"il&'lmfl ~1a microsystems technology (MST) m1~fl.J MEMS t~rJH' MST ~113Jl , 
d L~3J~U1::;~11.JtJ 1980 LtJU~U3J1 Fatikow LL&'l::; Rembold 1~~1un.J MST 11u1::;naD~U1~"t~rJn~3J , , 

II .0:::. Q..I t at I = ,.=. I Q,.I Q...r 0 

L'YlflUfI~&'ln 3 n&'l3Jfla n&'l3JL'YlflUfI'Y11.J1::;DD n&'l3JL'YlflUfI'Y11.J"il&'lmfl LL&'l::;n&'l3J1~~LL&'l::;~&'lnm1'Y11.J1U 
q q q q q 'I 

'lJa.J1::;DD <l1.JLL~~.J1u1U~ 10 ~.Jh1ul~LL~~.Jn.Jn~3Jm1u1::;rJntJlli.JluHL'li'unu 
qJ '\I II q 

VIvo:::. Ci Q..I d1"'A ~ crt. 
Fatikow LL&'l::; Rembold b~a1i'1J1rJmm1~~Ul MST L~a ~Ln~1::;DD"il&'l111f1'Yl~3JD1rnUU 

, 'II 

,jl LtJU~ a.J~m1~~U1L 'Ylflil.f1 cia rJ'lJ a.J 3 n ~3J L 'Ylflil.f1~ ~n~.J~ a rJni1a cil.J1~<l1.Jd n~3JL 'Ylflil.m::;DD £J.J , , 
1::;DDU1::;3J1&'lirurul rnLL&'l::;-n a3J&'l L 'Ylfl tuh ~m1~a1.J"il1 

~ ~ 'II 

L 'Ylfl t uh ~m1D11"il.nrn"Yi' m1~fl.J LLDD,jl&'la.J1::;DD n~3J ci a rJ'lJa.Jn~3JL'Y1f1il.m&'lmfll~LLfiL 'Ylflil.f1m1 
q q q q 

~fl.J.ffutm.J~fl.J~h.J ') 'lJa.J MEMS L'Ylflil.f1'Y11.J13J tmaL~nmail.f1tf ti1un~3Jl~~LL&'l::;~~nm1r11.Jlu , , 
'lJa.J1::;DD~.JLLtJnn~3JciarJ1um1~mnLL&'l::;~~Ulf1rn~3JD~'lJa.Jl~~~1iL'li'u h~::; ~11t~~L3Jaf , " 
~~nau L'll'113JfI LL&'l::;l~~~l.J ') 113Jn.Jm1~~ul~~nm1Ln~LL1.J'Y11.Jly.JYh~n~6 ~~nm1H'1~~~~ , , 
m13Jm.J,jl1u1Um.JL~3J (shape memory materials) 

'II 
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b Ylf11 ,..1I.'1ui'nj,/lf1l1:IJUI.'I1lOlntJ 

bbl.'l::f1llJf1:IJ~->lbb101~1l:IJ , 

~lfl~l\1~£Jn~lun!ilflbDddJumJmrn 'Vi1fl~U~lWJJfl\l MEMS ~t1n~fl\1~U~lbb~:;dJUbVl£J\I , ~ 

~lfl~l\l~lU'Virt\l'JJfl\l MEMS b'Yh'!u UUt1\1i!'il'ilDudflDmrn MEMS 1Dbbuul'ViaJ "J t1n~fl\l~lUJl 
'I 'I 'lI 'lI 

D1::£Jmil,y\ll'j..i,fl~l\l!ilm1ifl\l ~1~ml~nll'ViUl'JJfl\lb'Ylf1tuh~m1l!-J~~'il~1llf1 (micromanufacturing) , , 
1. b.wfl\l'il~1llf1 (Microgears) 'illmD~ 11 bb~!fi\llv;bi':ut1\1'JJul!fi~b~n'JJfl\l'1l"~b.wfl\l bdmYi£JunU~lb i':u 
,~ , 

~\llv;mlU~ffnt1\1'JJU1!fi'il1\1'JJfl\lb.wfl\l'1l"!fid ~lU1D~ 12 btJUb.wfl\l 2 1::~U ~11\1'lfflUnut!fi£J1~~~H~fl 
cu 'I 'U 'I 

b'1!11iJf1 t!fi£J1::;r.d~'1l""" (pitch) ij'JJul!filu«!fi~lU'JJfl\l 100 )lm b.wfl\lyf\l~fl\lt1nl!-J~~<ill£Jm:;mum1~ 
~ 

L1£Jn11 LlGA ~\lcimJT'illn1ll~lL!.Jfl1~U~'V\:IJl!.Jn\lm:::1J1um'i~Trrmnv.jW(Lithography) m'il.hm 
~ 

1~!fi<ill £J'Vi ~n'Yl1\1 b V'lY:h(electroplating) bb~::;m'i'Vi ~ flLLUU (molding) , 

2. :!JflL~flf'il~1llf1 (Micromotors) C?l\l'iD~ 13 ~\lbb~!fi\l:!JflL~flf'JJm!fiL~n~-llULf1~flut!fi£Jflli£J'Vi~nm1 , ~ 

'JJfl\llV'lY:h~n~£f bb~::;l!-J~~'illn'JJmum1 LlGA t!fi£J Bley bdflU fl.f1. 1993 t!fi£J~lUD1::;nflU'Vi~n 
D1::;nflu<ill£J~lhb~flf ~\lbtJUb.wfl\ln~l\l ~l~b~b~flf (stator) Lb~::;b.wfl\l~lb~n~H~\ltilmb1\liJ!fi t!fi£J 

b.wfl\lyf\l'Vi~!fiY\l'illnh'Vi::;il.bn~ (nikel) ~lh"b~flfij'JJU1!fib~U~huf1u£fn~l\l 700 11m ~\I'JJunUb.wfl\l 
~ 
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<ild1u~ii'lJU1~b~U~hw,flu6mm 250 J.lm t~£Jml:iJ~~'lJEl~"lf~bYJEl~bUU 120 J.lm dU~ 14 bb~~~dU 
ClJ III q ClJ CU 

~lWih~'lJEl~:iJElbr;lElf~GUnfl~ii"lf~ hbr;lElf 3 b~~El~ 4 "lf~~d£JnU 
'I q ClJ q 

t1 <l .. '" r 'i 'YI13 3J[H~a'i'i)fimflff'H,j ~u Bley (1993) v , 
t1 <l .. '" r' ~ 'i 'YI 14 3J[H~a"jlJfi17'1f1ff"j'1.,j ~umUJ MCNC m 

v • , 

3. -iUa-dU,;tlbb~~~~1l1f1 (Micro-optical components) -iUa-dUb 'VI ~ldtln~11~;iu1i1. UElr;l~l'V1md:iJ 
q '!l q 

'Yl1~~lUmd~El~ld~<il El~mda-~ril £J~nHUl ru ~iiml:iJ b1d~~ i,'ldU~ 15 bb~~~~1'YI'Jh.'i.lbb~\I~~1l1f1 
QI QI ClJ ClJ q 

(Micro-opital switch) 'Yht~£J'lJ1Jdum"H . .J~r;l~iion~nm.uuu1~r;l'VI~n~1'YI'Jh'VI~ld1"lf1umdl1~~umd 
q 

~::'1'1 ElU'lJ El~ bb~~~~~:iJ1~lm~u1£J,;tl bb~~~~ii~n~ru::bUU yj Elm\lm::uElni~ h dU a-dUdU~ 16 bb~~~n~ 
'!l '!l 

b~UGf~ ~1l1f1 (Microlenses) b~UGfb 'VI ~ld~1:iJ1dtl,;tl1uH1.ubfl~El~ril mEln~ld bfl~El~~bbnUb UElf bb~:: 
q 

bfl~El~~ :iJ~1i'VI~El Ell~ El ~1 U dU bbUU b~UGfb~ £Jd~1 i1. Unl.l,Ud:: ~1'Yl in 6m ~~f (neurosurgery) 
'!l '!l 

() 

'itl~ 15 ff~W1U'1!LffJlJfimfl [Hsu,2002j 
v • 

Ell~n~ldl~ll MEMS tln~fl~;iu~dm'Ylfllu.hti 2 a-lU'VI~n~tJ b'Ylfltuhtiilul:iJtm 
'IJ 

~b~nmElitnGf bb~::b'Ylfl t uh~md:ffudU~~1l1f1 (Micromachining) hwm::1JdUmd~U~luhmd~fl~ 
'IJ q ~ 

MEMS bb1..l\llibUU 3 m::1JdUmd~El m::1Jdumd~tmml~Vl (Lithgraphy process) m::1JdUmd 

r;ln~::nElU (deposition process) bb~:::m::1JdUmdn~-iU\llU (etching process) MEMS ~du1mll~::ii 
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fi'lm~ EJ1'lT El\lnlJm:::1J1UnTi~'h~ t~ EJ 1 'lflTImjQl EJ bb~\I ~b1EJn11 ~t mm1W ~\I dJum:::1J1umj 

b~EJlnlJmj~fl\11~ tm~b~nmElitfl{l uEl~~l'V\njj~l UU"il"ilUU 'V\lmb~ MEMS lJ1\lfi'lUrT\I~El\lEl1iEJ , , 
mj:ffunJ~u\llu ~\l13.lHmjn~\I mjb"il1::: mjb~El~~111nU~nmJn~ bb~-;)lbiJU~El\lHb'Ylfl tuhtimj 

" 
:ffUjtJ"il~111f1 (Micromachining) 'V\1Elb1EJn t~EJjl~ "J 11 b'Ylfl L uhtimj~f1\lbb~:::lh:::nEllJ"il~111f1 " , , 

<-

(microfabrication technologies 'V\1El micro-technologies) EJn~lElEh\lb"1iu mj~f1\l.:nUlJl\l "J "1JEl\ll~~ , 
t~EJEl1im'Ylflitflmj<;9ln<;9l:::nElUbblJlJwtf~lJ1\l (thin film deposition techniques) ml'l11.umj~f1\l.ffu 

l~~~l\l "J ~\llJU1~~~biJu~nu (base materials) b'Ylflitflmjn~~U\l1U (etching techniques) 1~bln 
ICI ICI ~ cu 

U1m hlumj~~<;9l MEMS ~iijtJ11\l~ilJ'lYElul u~l~il~ mj111~t mm1W bb~:::mj~f1\lwtf~lJ1\lli 
" b1Jutm\l~f1\l~b ~~:ffwYi~:::.ffUlJl\l "J lJUbb~U~lUYi~:::.ffU "J 1111 'V\1~"[m\l~f1\l~ii~tJm\llu~1~il~ 

"il1n<;9l1jl\1~ 1 ~\lbb~~\ln\l<;9l~l~ MEMS ~b~lJ L<;9l:ffU'Yln1J "il1n~~mj~WJ"il<;9l~1~ ~111:ffUbdEl , 
1J 1999 bYlEl111U1EJmj"1JEJ1EJ~1"1JEl\l<;9l~1~ MEMS n\l1J 2005 ~lJ11~lb~"1Jmj"1JEJ1EJ~1"1JEl\l<;9l~1~ 

MEMS lUU"il"iluuiifi1bnun11~m~mjrn·Hmn "il1m1EJ\l1U"1JEl\llJ1~'Yl Research and Market t~EJ , 
MegaTech Resources ~.tJ8~m1fl~1J 2005 1~m~mjrn11EJEl~"1J1EJ-rtlhn"1JEl\l MEMS U~::: W.IMS 

(Wireless Integrated Microsystems) lu1J 2009 "il:::~\ln\l 1 U~U~hUb'V\1m1! US$ 

1995 2001 2005 

bfl~El\lilEll~t~EJ'V\imbj\lb~ElEJ: Accelerometers bb~::: rate gyros 450 800 1200 

EltJmrn~H'V\inmj1'V\~"il~111f1: bfl~El\l~~vf Ink-Jet b.nUb6Jl'Elfl~m~ 470 1550 1800 , , 
U~:::5<;9lj1mjh~ 

EltJmrnU1bb~~\I : Optical switch "ilElbb~~\l111~ 80 , 100 700 
6"a.... 0,... 6" d o::!:I 6' d ~ 

EltJmrnl<;9lm1~~U: EJ1UEJU<;9l bmEl\l~Elbb~'YlEJ bm€hl~ElEl<;9l~l'V\mj~ 0 40 80 , , 
bfl~El\lilEl111\llut~EJfI~Um1~~1'YlEJ: ~ufi'lutmi~'I'lilElnEl mJmrn 600 1300 1700 , , .. 
bj~lj 

~tJmrn~U"J: ~tJmrn1b~rr b.nm6Jl'Elf~l\l"J ilehu~~n 700 1400 1800 

---- - -------
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, ~ , 

'fi)lnYln~ld3Jl~~Vl3J(jl'Ci)~~1Jl1 MEMS bb~::"~1J1J'fi)~f1lflbntJJ,r€l\JniJ1'Y)tJlf'fla'(jrfbbG'l:: , 
l~rmr'i3Jl'll~<ilfl u.'VH:mJ~l'lJl iI'l1m'i3Jbfl~El\lni.'H~ rn-n Ehlrl1.JnTHl ElnmJU lm\l~fl\1'lJ El\l MEMS 

'i13Jn\lm'iElElnbbUUUd'i91nrn.n lmm'i3Jb'IN~hb~m-nEl\lrlUd:;Uul?i'u.nl~\I'Yl1\1bvH41'lJEl\l MEMS 1\191'i , 
mUfl3Jm'i'l"il\1lu.bbGl:;lh:;3J1G1~GI El\l~1.h::nElmlnimm'i3Jbfliilu.m::mu.m'i~fl\1bbGl::m'i~~<il , 
91Gl[]1f1 ml3Jf'Yl1\Il~<ilimm'i3J 1 ,"m'ib~ Elnl~~~l i~fl\1 MEMS 
9 '\I 9 q 

i'YllJ1f1l~<il{ b'JiU. mElu.i3JYJ~ntf l"IGll~3J1YJ~ntf n£Jm'i~El'lJu.l~ 'VI1mb~m:;~\li'Yl!.nI'l1~<il{ 

m'ibbl"l'Yl6fiii'hu.b~rn-nEl\lrlUrl," b'Ylfl1u.h£jm'i~~<il MEMS i\l~u. MEMS ~\lbtlU.l'll~<il{~i3J~WITrlU 
'VI GIl tI ~l'lJli'15l bbGl::b t1U.b~El\l~91:; b -nl3J1iiU'Yl1J1'Yll u.~i<il1.h:;·;ihlu.3J1 n:ffu.~El tI 6)1 U.ElUlfl<il 
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