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% Lyons o] eJ8jA] HEo =2 nle]2 AAetE 7 B eEE ymrige mlole AAM dAUS
& Fort gAsgd! o ¥ @y ez @A T Y A, 28 HA A7 TFE ReE

o e od 60% ol A4E& AEsim, gog volrtel & W& AASmAl o}, 7]
2007 W2 = Global Market ©] ¢F 10 biltion 2&} o o A3EH ulole AM NdoA ve-uvlolQ
ol=2m Qi g o] abgmel opg 4 AXRE shte] Az=geom mzsla F§He ¢

Fetd, 7%, Homeland Security, =] 52 wxt oA =ostaz it & B =EL 72FH<

Al Ake TEEdW vlele nRsorA Ak e Aze ynwbele MM oHUE, 42838

o2 A vjAe s Az (miniaturization), -] F(Lab on a chip), A &Z ]2,
HZ 7] %(nanotechnology}?] &HL A= A% 4 AF3 5& 7iedn

& Y= A5, 72E, blole Bde AYE Ve

A sslar, ole] Wik Hae FEAE wlolo 2. L}k HiO|R HIA

AA Eokgl & £ vk AAZ wieje AA o

e vk 71Ee BEE A2 AN 3 2 21 FY

g7 F4% HE 59 ¥398 =51 Udth Fig. 1 9lA BE& wle} o], wlole HME
olef gt AAY Aol Hmste] FdFofrg DNA, RNA, & H(antibody), ZAE LT ME Zeo

vtol e Aol #H At I 8 obz 1 ute] @ E Z(biological recognition elements)e] 714

g FEolgt & 5 Ju. wEHA doz 3 I e LI5S 54, F &7 F(specific) ZE 7

AN ol RAZA g AAE olF £ Ue HEske A2 g ol8dtd, 4stax s B4

LFEIERR] A F oshen & 4 v Ed(analyte)?] E3H LA BAGE Bas
o] A e d+ LS AE, 3tg, oF & AFH R EF3E AE T
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Fig. 1 The mechanism of biosensors which consist of recognition, interface and transducer parts
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3. Lc-Hio|2 M7t FtR{o} & BF

Akl AAsE o] wpole AAE A

o Qoin thes Ze e T Atk

3.1 =4 (Selectivity)

MEELE Hlole AiMe AodA & F &
Hheb Zho], AlA £ el DNA, RNA, 34 59
HAE7E dobd 8o <t BAUE EAES A
g0z HEsd A7 AER RAFEIE
gr g FHHe2E ofdfel A (1) 2] ®
a4 4 Aok

SE=AS/ACanaiyte 1)

71AM, SE & A9, AS & A3}, ACanalye ©
AZsor & 229 Fr¥gott A¥Ae A
A B Q) X (recognition elements)?] A3 71 AlL€
% dE 2 AsAE P S22 4AsA Ao
g oA ALEEHE A9 2 A (true-negative)Z
Holl i d MMM 2 AT (false-positive) 5°]
7 & A7 Ha gled, vle]le AME A4

A7} 73 ' 3A4E AL o] 837 Y
AeAol FAga & F gk

3.2 ZT(Sensitivity)

PEE SHsuAd St gyl TgE 9
A FAYE BAEY 55 Wstd ma A7}
HSske WA S gudt. & drhy de F
Z(Limit of Detection, LOD)| A A] 2}3}e] ofw
BEZ, ok WARA 24T & U
. Al 9] H A (calibration)S A= Ak
Hool A AYPAQ VAT E 7= A
gttt AAE AME AAT dE SAsuA g
2] s e gobA 2o 2A HAH 3}
3 Zgeol dasich

HT oRE M AL
92 LOD & S ¥E F
9] &7 Y (early diagnosis)S 7}
=AM & @9 nlole B E
A GU Ha AZ Aw

Reagsiojo} @},

rlj iﬁ

flo £

Hg_umlmi

rir

Y 7)%e) @
Ao 2 A
S3h7 sa gl
®ok ohe} mo
o o] m@
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3.3 JIgt 18 AE

wfole. MAel B wel: HEel, = vhole
B2 x3stn grt. wax o)z ?1‘5}04 AA
2PFt B3 dE A7 dx, BEAx
A zgdo] "asd v AAEZ MY o
F = FFol oid T 3 (dynamic
response)©] EE Z ;P F oo Fr},

grek AL QIAle] A ®H oA (implanted) B
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X ol i EZ(foreignen=Z <dle x
(clotting), @4 A% 2-E&-(blood platelet interaction),
% Z(inflammation) ¢ AY9¢S Yoy A a1,
olZ Qldte] FEE FEo ASL wafas 54;}
wrebA A el H(in vivo) Hlol 2 ANE A2
A%, AA 2 H(biofouling)® TES v Eo|HAAT

(non-specific binding)o] 3 hHL g sfor 3o}

8FL I (pico)y GHET F& AFY 4
A7l g FA0] S8 Wi, 232 F
Z7)(Lock in Amplifier) 59 AEZxAQ7|E A4
A AAskE A3, AA AAE AV
(Electro-Magnetic Interference; EMI) 2 2 F-E X} A]
Ne A Bo] FadT B e 279 Ao
v B8 A g E ol& thE o] A
ot g3 73

4. Y Hio|? & U X

Albert Einstein ©] 1905 'd¢] H g0z A9 B
Zte] ¥MHAE Inm 2 | 53}9 2, Richard Feynman
& 1959 A% e}l A “There is plenty of room at the
bottom”o|TE FHT L& WA, Ux JiE&d
d5st3ith Ux 71€E o Inm ~ 100nm A €
Zl 4 TY AR A4S ot x3ey
MEE 7158 HAe AR, F2E, A2" 58
HEE AL T oI Are VIEY EF
B JAE, 93, st8E AJdo] ¢¢3te
Aoz M2 AAFANY =hE F3ta Q)
o} 71E9 top-down WAL FHLEA 37
i Vedor F o B JdFE 873
A

gt 155 B (Carbon Nano Tube; CNT)E A] 2o
2 & F 7]y A S (inorganic nano materials)®= 3 &

* ¥E=A¢l ZnO, In,0;, Si0,, Ga,0;, CdO, PbO &
I Ze tdd vx A5Ee YEHT Yot &
av: FERE 7ERIHQ B4 wEl dxAu g
EAZE E  don, AEH IS vx Afelz
oA FE(Cu) Rtt Fo} olyd EAL o]
Hhol 9 MM 7L wol AFEHI glom, of o 1
= AREY MEAA E4olu FEH 54 o
g3hed vtolo. AAE AFsT Ao

ZESE CdS, CdSe 52 %A (quantum dot)$] 2
Aoz 71E9 #4798 S (organic dyes)E A& =}
Ad FFELAEZAN ZEa ok von s

(Naomi Halas)7} gold shell ¢ Z&2X FA

__4

(Plasmon Resonance; PR) S A-§2=2 73t o
dFEFHZ A Etoluel, 29| X(infrared)S FAF
3t} U(cancer) #F2 AY X gz T2 dF
7 YAz Jot? olgF Frux HRES E
Aoz st A W AL oA wng T
o St

dolu}l A ¥gdte Ass M Ux
e 2HE AFHY A5y 4EAE
dolub {FHhA A& o] $&FHT
r71-F % (organic-metal) HEAE WHE
FHE ol&sty vx EFAEI UE 011]-1— 2
ok olE Yk AREC] Hiolo AAR AL H
71 fsAdE AF JHsd dulela2z2 AlF
(fabrication) ®ojoF grt, 7|E9 HEL Wz
(macro) “FolA  Zo} UEIUlE  FA(top-down
method)ll = AI7F k7] W&o U= AREY
2712 (self-assembly) HF¥lo] wol Alg=T},

ole} o] VA FIt 7] F(substrate)ol] Z o)
He, 2 U= AZE 715 3Hfunctionalization) 3} 3L
A3t vtole AEE v AR HE¥oz A
ZH(immobilization) A}#A ok ghe},

5. ®7|3tet YA Lik-tjol2 HA

7‘71@@5}” Ao o3k vi-we]le AANE
2 e EATE A F "ol e viele
g o o]F WrigEtel wHez A
iy ‘:]-. o}2] g+ Nerstian 4] * 02 F
713} wale] gt AAME A
Amperometrlc /H_Vﬂ, Potentiometric AlA], a1
Impedancemetric A2 &g ¢ T}

HA Amperometrlc AMeE 44 98 2
& A4 R A E FAHsE AoE2H, A
&AM, B A, Ed(enzyme) AN F vlokd
Hol @ AN Z A er} shgsid.

Fig. 2 £ 471898 B4 By Axe] A3
Hl A& BogFa gk

WA F ge AEA
& AT Ggoz An

q
:{
(=)
Hk-s
(e}
= 7,i*a‘
L —
T

=9l

J&" e

€ 7Fd 2 A A vhEA Y aglm ol st
Aol Mt ZdojFa, vhg7)o wgstes 22
(substrate)E WO FTH, HAAE YA 3o s

74 7158 A 3o oy dgolR (ELISA,
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Fig. 2 Electrochemical Immuno sensor, 1) Self-Assembly Monolayer(SAM) on gold electrode is formed, 2)
antibody specific for antigen is immobilized, 3) Antigen is binded, 4) Electrochemically labeled
secondary antibody immobilized, 4) Substrate is added while constant voltage is applied, 5) Final current

(product) is measured

Enzyme-Linked ImmunoSorbent Assay) 43} H]
vt Ar|siet eEg ol gdtte o] tEn.
T3 ol#% ¥ HJAEFE Alkaline Phosphatase
(ALP)ES ®ol Atgstd, vhgste =dE2E
PAP(Para Amino Phenol) 5-°] A& it}

S

PAP Fal

-2e, JH
H NH ———— N H

Fig. 3 Oxidation of PAP(Para-Amino Phenol) to form
PQI(Para-Quinone Imine)

Fig. 3 ¥ Zo] PAP & U9l Mt EHAA
aEo] AAE AAsHA Frh
Potentiometric AlAE IWrA o2 o] 2(ions)S
A3tE o] &4 € A= (lon Selective Electrode; ISE)
o] Bo] AA glom HFA e Mt HIE
Fgozn SHFe dgte dE FAHY + A

£ ) O

ol¢} ¥l2 FHAstua e uielL &AL
Ao REASA HA AF FH Aoyt A
30| wW3lstA "t} o] W FAHSZHH
SN Bz 4 S AAE  Impedancemetric
AA e gt

ol A71glE sjukel wiole AME ©E
Wele] AlAo] nste] A|zZte] tdstu, 437t
7}s3ickeE Aol glojA, NEMS (Nano Electro
Mechanical Systems) 2 1= f-A| 9 & (nano-fluidics)

3§39 4 Ak $A9 gE A PAED
AgEol AN FEE AT g,

6. Optical 7|dF HIO| 2 HIA

Zol oAt F stoly g wERE F
7lgke] wpol @ M= wE AZE sha vk, 7]
BExoz o] WE7|(transducer) F&S M, 7
T £A 7]1%E9 E53-&(absorption), FFAE&
(fluorescence), 4] (interference), 3% 3 Z(optical
wave guide), &34/ (phosphorescence), LA E ZFHZ2&
%™ (Surface Plasmon Resonance; SPR), X HZ 7 &bt
(Surface Enhanced Raman; SER), ¥ %2 A (photonic
crystal) 5& AHEsHA HA.

| with gold film

.. Refiected
Hght

Intensity

T Angle Time

Fig. 4 The mechanism of Surface Plasmon Resonance
(SPR) biosensors®
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Fig. 4 = SPR ¢ AYH REoz AZsiw
2 e BAVE AA BEWel R uekM
SPR A4 E7} WslE I FX e L] o] W
shAl "tk ol 8 o W] Al E(Evanescent) ¥ H&
AMELE 2 v dx} A7) v =(magnetic
beads) 5 ol &3t ZEE FHAIIAY, A7)

HEAe]l e FHI AF<¢ ITO(Undium Tin
Oxide) 52 ZHYTIY A73lst A AZH 3)
A AFEHa Yot

7. Al Cantilever HIO| 2 MlIA|

A Ay 719 Yxonbol o AAE Fig 5
o} o] MeHm e THo| & A(receptor; probe
molecule)’} Z €S F UEE Fo=Z 4 nm ¢
S S8 41, 1 e FEAE B9 7533
o} o} Zo] EA HEOZ FEE Ndyy
£ SA4s1A ste gE ¢ A 24 g4 2
Al(target molecule)o] =&A)71E BA B}
291 A (molecular recognition)ol] &3] AR o2
ZE UM EW-5-H(surface stress)o] st 1%
I o] HolA A doh ojw) E 53 3 &7
A Awste 9A-E ) (Atomic Force Microscope;
AFM)Y &7 dglet 22 Wyez g9
oAds SAHIA slg 2 AA BFdo =Hol

7} 3ot

¢

oob He

selective chemical iayer

r&%@ """""""""

¥ reacting chemical compound

Fig. 5 Sensing method using micro cantilever

ol¢h Zol NEHYW AME 3t 2 A B
A AMZETS ofvet EEX AR Algo] 7
S3taL, ti7], AF g AA BAHNA FHBd &
Rom HAAL 9 dFAGn-sing EA0 HEd A
HE 7FA 3 Ut Fig 6 & U3 Agwy AlA
o] & HHE Y’

Fig. 6 9 (a)%F Zo]l AFM 2] 98 F o] &8t
Al avidin-biotin, -3 A (antigen-antibody), DNA

o

7ML 2L QA EA Alolg AYHES &
e AME 8o 7Hesta, (b Zol A
WA fol 56 S8 Zot F A7 Aleld A
g SHPAT AolE o83 10K o 2= 9
o= wgEle] 2= AXE §&o] 753
E3 (9 2ol Aol e WA HelA pEd
HE JEA7E AU n{FAEF7E 2ast
A Ha olgt e L{FAFF WMIE S

%l X

Ao HEAd (viscoelasticityyS &4 4 Ut (d)
o AEe ©% #ol Ay mHAFF ¥
& o] &3t9 gAY ®dd ExUl 99
I A A T FAFIL @l AE 5
qate] A% SA4d &0 Jtedth g
X F3¢7} 1Hz 93 Ipg (pico-gram)e] A
Mg Augt (e)9 #Zol §83E H Ll

ol
of o

gy ZEhd £27 F23EW oy A=
|eEo] AN E FHo=7 FHojxA Ht}
38 m A ol MY FFdE o
FHoZ 4 10° N/m o THSHo] wAs
g L7} 10nm BE XA He) o] 3o
& FAA v 38 9 AA) 82 HEo
7bedttr. e (D9 o] AE F(magnetic bead)S
Adetiol] Fasle x71d 2AX JEEA @
=3

o g N

Fig. 6 Applications of cantilever sensor > (a) Force sensor
(b)Temperature and thermal sensor, (c)Visco-
elasticity sensor, (d)Mass sensor, (¢)Surface stress
sensot, (f)Magnetic force sensor

At oz A E UYie-nlo] AMZ S
L35 A% A Fig 6(d)s ()9 HHL AL
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gt} o 7)M, Fig. 6(d)E 53 = (dynamic mode)2}
33 ()2 A3 E S (static mode)ZHil T}

8. 7|E}

2 g9 L3 (Surface Acoustic Wave; SAW)YE
o]l g3 AFE T FYPH 3 Ut Quartz %
2L dA A4S MAe 2FA EH ==
(wave gu1de)E sjelstn R gsls 2RV F
AE| gue FAUFHFE W FAHs=
%ﬂﬂq ol #A FAzd #7F A3 FAA
7b el A" & A= INT 5% 2&
(explosive materials)?] ZAZolu, AFHGEH ut
o] 2| 2~ (Human Immunodeficiency Virus; HIV) A}
5 /\}%% T glolA, T4 vlele AN il
o] g5 gl 53] A2 RFID 7|€9 TH3 ¢
Eo] ghdto] A QU

o 01-J

9. Bio-NEMS

Uk 7%, £483, vele AA 2 AN

gl AAE bio-NEMS 71&E& ©] 839 F(chip)3}
AZ & gtk wlele AAME AFIAFoEZH

aope] AEVE AL AZE F o, 27
A EAES AN 548 5 Yok B%o] e
o e 7)wel MEMS 715004 Roluh, Een]
g olgstel 2YRNYLE Tupolz AL W
F2 9

o
2
-
o

Z PDMS(Polydimethylsiloxane), COC

(Cyclic Olefin  Copolymer), PMMA(Poly Methyl
Methacrylate) 59 Z2]8) Eo] Bo] AREHI 9}
t}. Fig. 7 3 o] mo]la Rt FA) A Q (micro
and nano fluidic channel) oA Z&E3& HiolL
AXME wEd, vloldz FEo WH F& o
o] 2% MES ZHF BEAEE EHdte HA
g wApre-processing step)?} FAE HEdeE F
B =2 F A3}, micro Total Analysis Systems (-
TAS)E TAE F ok FHo] At o= d A
g Aode FHad 2o Zguggelv HA
943 Go] AAX V& AR FoMgE vE
o]l vehdry] wige], - Az A=A}
o Age EW 7IFs A Fol T

FOMS charng!
Flid ilet

Conductance

Conductance

(a (®) (©
Fig. 7 (a) Field-effect transistor (FET) based nanowire
sensor which was coated with antibody(blue),
(b) Binding of a protein yields an increase in
conductance, (c) Picture for multiplexed real-
time sensing device *°

Whote-Cell
Ligand-Binding lan Channet

Transpotter.
PGlycoprotedn

beod bawsd mRNA assay

Transincation

GPCRIRTK internalization
Kinuse { Trangoripiion Factor
Signatiing: 7¥ Recruitment
Lelifusion

GPCR; Ca™ Flux

Reporter Gene:
Luciferase, SEAP

Fig. 8 High throughput assay systems at UC Genomic Research Center'!
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=% 71#9 ZEE A2 (Photolithography;
PL) ol A =/ I AR LD
1l (Electron-Beam Lithography; EBL), U ZTHE
2} 4 7.8 9 (Nano-Imprint Lithography; NIL) & ©|
£38to] U 8 (patterning) & 33 T

AAE vt A E  1H)E A (blood)o]
2 F(urine) & MEHS L, DHEN LA e F
A2 ¢ A BHpre-concentration)E T3} 3)A 713}
3}, #17]9 ¥ (electrophoresis), 3 F(fluorescence) 5
o] takgk HE e E EAE 4 ok FA
U}5 & 2] (multi-physics) Al E#HolH AZTEH QI
CFD ACE+8} COMSOL & §3to 5% + 3ok

10. EXE 0|8 X33t dA |

ghatoll A& BioMEMS ¢ o9 #t¥E dve
My ZyA A7z e, wele AME
A AFs AriAge of mujd A FH. 2
28 o] £3 High Throughput Screening (HTS) 7H]
A2 v A&HA AVt do¥ FoR A}
g0

v) = A A} E o S University of Cincinnati; UC)
Al 7 A Bl (Genomic Research Center)oj A& o] &
@ 222 olgste Fuw Ao 45 B4, &
A BA, AoF 58 A 54 ¥ HFH 35}
library 8 T&33 glow, o]& wBoR Fdo]
a8k HE ATFE &L AT FHL 49
(Fig. 8). =& df HF HFHNAFEH 4T RT-
PCR(Real Time reverse transcriptase Polymerase Chain
Reaction) #4714 2534 A, AIDS Y} THE F3
7z Adge wmE A dE2sn o =3 44
2} #EZY(cloning) ¥ gPCR(quantitative Polymerase

Discovery &

Exploratory Development

Chain Reaction) Aulel 2AE3eE F22 44
(insertion), A A (knock-out), &AW ol(mutation) ¥
9 £ AF W A} Ade] B2 Tl Hi
=3

FAA Fog ESHE DNA, RNA, Protein 3
Eo 2 A8 (photolithography)tt 22 & ©]
3% =9 = " (nanoimprinting) 71&< °]&3}
o N2 g& BRES oi#e] ¥ 2(microarray)S
2 e d(pattemning)dt] TELS FHA 9 o
AEE A BAE £ Aok olYg Anjgd
A Eo] gal(lysis)ZHE] mRNA FZ, cDNA A&,
FFGH F dold 2 E o83t HFH
2 P3Ed 4L AFsA "o ®3 HIde
ol g Ex d B4 Hoju} AA Aoldde
AEE didez Ao}t fHxE 4, 2 9
A2 (metabolism) &  AAIZF, AFH22 A8
v HER AdEn v

ol FHEL V|EHLE AR tYE &9
o2 £4 ¥ Aojule BAE] ey wid,
HFAGEe e g ZAFEE vEsd A
A2, 2EETE dolHTE, AZEHY FI,
Aatst ule] @ A B3 (bioinformatics 9 ~omies &}
Egle 25, AEd 59 U FEY JFH
o] Pgasich

ole} o] dho] dojx PAG ¥ dlolEE
7te 2 EATS o&g 824 E9 (Systems
Biology and Physiology Model) 2 /W&&}3L in silico
AEe FPFEA 7Ed EVbsd BFAY
ATE Pt 9.

ojel Zreo] st AAH Ux viole A F o]
w5 Al W&3ty] A ARE Tk e
A e] FDA(Food and Drug Administration) %<l ¢]th.

Full Development

Optimization ‘
Phase i Phass i Phase H
Lab and Animal Human Trial

Fig. 9 US Drug Discovery and Development Pipeline
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FDA M e AF 32 FF, 877, 83F 57
7He] FoFR i glew, 2J87]7] (biomedical
device)x= CDRH(Center for Devices and Radiological
Health, http://www.fda.gov/CDRH/)&= FA oA &
Gaia=s

871718 892 1,2,3 (Class 1, 11, and 1) A
Az BFsn 9o, 1 55 ¥ AW 59
Ha A f@goel & 7718 2IH, 2 5 HES A
anta Fo ofzhel Az At v7E Tk
thoolE & 1, 2 5ol WsiAE 510K (premarket
notification) Woleok e} wide] 3 FHL AMg
q Ay ARAos A= XJ'H}__E..’*] PMA
(Pre-Market Approval)?t 28t} o|EL B4 ¢
AAE A8E 273, ASTM (American Society
for Testing and Materials) ©]1} ISO (International
Standards Organization)®] T8 A Fx 3}
o, de3ittd AR AR AxAE s
71% o PMA FHAF ©) 82 o $250,000 ©]9, A
F7F BFE o1F2 o 180 ¥ AR Avol 2
& 4 4 3t

upAlgto 2 ol FulE o] &3t Alfd
#4& AHEnA P Fig 9 & WFAM BF
Aeks ML do JNFEE AAEE eI
At AL ofoltjol ZRE AlAste AP A
el M(in virro), T A WA M @n vive) F 5
of A% AggezA FE FHAZG.
%:}" A2E AA 712 FEAYC] THHHE

S ez AFstA v, o) Phase I 1L T E
qTﬂﬁ@ﬂzkﬁkaEmg@mmm)§4§
¥ ux ARE ojn] AP UHoE 4¥du
olol:q BEAZ o7 Aleko] ?5}1,1( M= =g oF 8
o "y dFuE 10~15 @ ARyt Ay EA4
Qagi_iﬁ%rﬁﬁwpm7ﬂvﬂﬁsh+%E
gho] HFGAZX 7ha okt

—

°
ser

L‘Z

zl

11. 2

42 Uw 7% 2ol o], thertole

AN A1Ee F53 495D Uk YOE the.
fele gl Fitos waP #E 129 4
Qe Fobn HUHH, A&HA AFAY w9

o BeFe @ # Rt

7

Ad71ed HAZHSH, ZAdTY oA
AbRARA ZAtE YT ofgE ZBdd wrERta
T, GIST o|Fd e §x9 =9 g =
gy

EHAEE
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