SHiE s, Bl B4 (KAIST HolR Wl Zsta)
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g N
ol

Hhol o At A 9 o
Ao Wt A8 T2
A NS Al 2A 2 o &
A Z2R e 9] o] FeJo] 2 %é%
7HE3HE I Qlct Hho] @ AFY-E 9JoFE,
74, 5, ol A B AbdEgt OME}
A 71A Bk F A 7t AR Fofel 1] 11% ﬁJrTS‘E
W72 AN A TEEN v, 5 5 A AA
AR FHEE FHOE B2 Ao o] 2o,
ol2gt A 9] 3 5L we}, YT AAELES
AR Y& AR 226t EA517] 8 A-55)
A 28] ek at A E- 9] -3t E EislA| o] Fof
X]I’_ 011:}.

I sHS 9AE A A8 £4o
shte] A A oA FFA 2R LHEE u|AF
R A A" (4TAS ; Micro Total Analysis
Systems)& 2H2 3 (Chip) 4ol F&37] 93 Y&
o1} (Lab-on-a-chip) 7| ol 3t @& AFE0] ¢]
FojR) 1 glow, BteA A2 Yoy 249
AA7NAN 2L A&7 3 qA7bs 719
WA A ¢ w2 A Qg Qlok B3, o
3t o] 4|43 28 (Micro/nanofluidics) 7]4-& 7|8k
o NZY AN 22 YHEAES 580
2 278t3 A&st7] g A &35 A&,
ol 5 A g, 8}, o7 Fopof $-&317] g At

o A
P Jo
Hoob 2 owd

ar ro

i‘
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N i?l
e

R JZ‘]
9
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ZhabstA o] o)A 1 Qlk. B SFaLA} 3= vl 2
Alg EE 27 0] TFH ujA A HAE Aofst
o148 HAA L TS AEE 71 &L sk 2
& Aol A AR HAT, e, 34, £F, 15,
1% 50 4 7|58 SAsEd W40l L Fad
24 7]soltt(1, 2]
qAgATe 7le FAAE A71FF
(Electrophoresis), 7% % & (DEP ; Dielectro-
phoresis), 17|45 (Electro-osmosis) 52 22 A
7153 (Electrokinetics)s] 2] 5 o] &8 vl
A} 22} (Microelectronic Devicei= - A A o], A £ 2]
299 24, DA B 0 A4 5 T 38
Hopof &85 1 9t} [3). £3], 7H¢ 9] &5
EEPEELEEEE ERNEET E L]
A (Dielectric Particle)7} B+ 43 7|4 (Non-
uniform Electric Field) 1 of| /| £33} (Polarization)
SWA 8 wot o el Bl AoITHY, 5] 5,
Qtof 2+43= 44953 (Dielectrophoretic
Force)] 279} Wk Q7 wF H7)%+e] 3}
4 (Frequency, 0), A9 WA AEE
(Conductivity, ) & 5-3-& (Permittivity, e)7 -2
£ EA (Dielectric Properties)o]] et @2t x| = 111]
QJap} o] 44 S0 TS UEhE B3
A4 (Clausius-Mossotti Factor)9] 7] Z.of] w2} ¢
(Positive) = 2 (Negative)®] F-A G 50| 23 =
o} o]9} & SHYEL WE A7 Qo] A2 B
A 9 2Ho| 753 RS s, A5 3lof] Lo|3t W
aofu, Ame) A7 Ba gk A 5 Be

=

98 Eiot



« EHIOPZ|Y : ‘i HiolR A X}

PSS A57] ool e xte) K w
A& Q13 A R LR A ZFF A3 u] 4]
A3k 71golth SR ¢ 7] 29 n WL 0] 8
PO AR 2RSS v A2 e s)sly] ¢t
ol o)y, NAH M2+ TRE A3}
miEofl shbe] 22471 Thed] Bl B4 7%
& F¥shet] 11X Qo
S, st A AoflAl Sl o8] 7] Z2A)
EATLE PYIE 5] YA, 2
3}5 2%} (Programmable Manipulation) 7] 4:¢] 2
a3}t o] & 9]3) Silicon Biosystems 3] A= CMOS
(Complementary Metal-oxide-semiconductor) 3| 2
g ©]8-3t] A= o o] (Electrode Array) -2 A
2}, 217ke) Aol sl AeE AFHE
ZHAFC 2N YT A A E T vk E7Y
ol A E ZEIYS 53| Aoz Ao
T A= 7le& g v olok 6] 13y F=E o
2 0] AlZE AT ol ol A= fAG S
o o3 22t 7] 50| oEstH R A= ] CMOS
Hol Aash, BRsta gt 34 sAo] a7
ke @o] gk
mhebA <ol o] 3t el M= 7]uke) w]A)
AR 229 SHAE FEET FAof, 4 o] &3}
of wja @701 Y Als B8, A EY thea
B A EAE AR 2 225t BAE 4
A FA7) A 43 (Optoelectrofluidics) 7] & o]
B B W gk B gH s 7149 /)
220004 the] ofSHA N o] Lajol e 4
o A AAEE 2 Y8k € 3lely) Q3 A E
o] o] o] g AU At AL Mo
A7FE M= Ao EAT wid AA (UV;
Ultraviolet)S ZAlst] =3} F-4| Aol A Lo
e AN Ee-S BE B AR U] Hals
28, A7 G5 Q3 o] FatE ul 4 RS0
Aeldo]l 2AHEH Y9, & ARLUEI} 5o gYe
2 o|FsHA He HEE o8t [7]. 2005 of
+ "4 & de]E (Amorphous Silicon)} 722 &4
gt 34 H /] (Photoconductivityy Al E&& &
oo 24, DMD (Digital Micro-mirror Device)2t
o tasdo] g2 Re 2AE S ol Y4l

N of o do HE ox

2

1>

c

i ofo

= ol&sto G AlZES ARAAZ 24T
N FAAZ A (Optoelectronic Tweezers) 7]&
EE0 8] 2 &2 FHV|FA T A E,
A, 71 A, AR 5 Theket HokollA AlAH I 25
E7] At EaoA s E 7] AHE B
of o] 2f3t FH7|FA A5} 712 Aol A
ob i, FH7)FA| £A0] upo] . §-&-of Bl =

o}z 3.

A
e
o]
%
o
=1
3
o}
=2

2. BRVIRAYY
(Optoelectrofluidics) 2] ¥2|

FA7)RA G|, FHoR fH A%
(Optically-induced Electric Field) Wjof| A A} 3}=
AR D ERY A7) 5 &5 e olE
ohFe s B30 9] derH o s FHEA
(Photoconductive) E2 2] £A o dof WL ZA}3}
H, F oy x7 A7) AR 2 A E AL F
ote] o] AN Ao Axmvt Y& v ke
PR FSHA ST RN, 7H A
(Virtual Electrode)o] & /d =it} [8, 10]. o] uff 54| f
Hof| EA3 Feof A7|o] FAHL, o] = 3
TFAY T 22 A5 gatd d4Eg fddte
ZA oA A 2 A Y F5E AT 5 9l o
23t FA 7|4 A 93 7| e o] SolH 53 F
o] A71AE 4717 A% 2 A= Hd
E4 3ANEE Sl A”E et gla, we
e OhS vpto] £ 0 20 oheket Fejo] e 2t
FEA A7) A ojdt 4= Stk w3, Tt
A2 E AW &9 A AH| 8 gAYt
golatal, i, &= TEAA, FdE AXE
At JAzke} Azl fajsteh #ok oy
2}, AR o] A Feoly; Babgh 33 Bgol 4
TH= 71E9] 38 YA (Optical Tweezers)2t &2
[11], 33384 & (Optical Force)o] ofd F3tz oz
FrE A7)59eHd deE AHgoh] miioll, 105t
ulf o4} oFgh F-ofl oA vlA YA RZol
7bestthe Aol Aot

& 7129 ulA AR e} FAT]FAH A
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Aol Ao} 1714 BT E HlEsto] ehi 9]
o Qubel A HA A N EER s Te)
(Photolithography) 9] ulA| 713 7| &S £31H
£ AEES AL 34 Hue Gkt Yz
Aateh e, AL AZete] 15 WY 71 A
FE Q7o 2 N A7|AS GA A7) = Al ol
SPAITH A7) 94 2740 A9l Weto] U7te

7
W Bu AT Ao PR B m T

off. —‘loll
18 e ¢

She el W FAreh o] 2apE B4
o A57k =B uA ) AFo] FAH T,

FA YRol= 2o iE M7 Ape] 3
7] fizof &x |iE PEst] Y84
o, fo] 2AHE Yo BRUIE
ol W BHAL 4 YES 3}
(Indium Tin Oxide)2} 7 %E—Fﬂéfﬂ

S}t E3F SBAEA 2
A (Photoconductivity) n%—’r—%
x4 oz /\/\g}z.—-_] H];H;sc} AEla]
Hydrogenated Amorphous Silicon)&
;Hxl /Ug]io A]-q};q oz a}o LZ]’
(Electron Diffusion Length)¢} 2 #H=AE A
SEPCL REOEES CEFSEREE
4N o $-25}e). 8, DMDL LCD (Liquid

s
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Crystal Display)s} 2+& 02 2#0] 47/ o] 83} o
o W] Hej2g Ao B MAEE S, SA U 22 1 (o) Y HI 0|8 YK IMEKAK
Foll F4E A718e] Fejet ol = QI3 WA= 2 (b) BEIIFHAKS| EHHE,
SR 2 A 5 AGAAZ Aol 4
Slef (14 2) 8, 101 i
E AT Y| 4= LCD Hol FH7] 4 A2AE 4
£ 4|7, £ 0] = LCD A2 o] $3ko] vl HAE S

2245t Y ol tj A Zd o] (Lab-on-a-display)2t=
A7 A G SRES L uh o [10]. H o
98 BHA7IE G4 RAZA LODS A8 3197)

Time sequence

R R

2o, Bl B Feg S| a4EE

DMD 7|8te] Al 2"l Rt S-S SHEAZ ¢

ATk 1™ 32 LCD oA 2&AH T 9+ 2 . ' L

45 ym Q1 Z2| 2] (Polystyrene) t| A YAHES & iininininini;

of 1 9k IYANA F2 Mo 2 el gl o] g2 2 2xE0)= W mE| ot MR Bl 29
0] A BE-2 LCD| 95t dlo] FH=A 5L B SHHE (nDEP Negative Dielectro-
sto] 7Hd o] A=o] ghEolAl Aot M A phoresis)oll 2|2t DIM&ALS] SEIR,
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a3 3. LCD YoM =EtElT e xY 45 mol 24
AE[ 0K

ol A 7o) ez 7 7] el A
AR F7to] Qs ml YRR S 27} b4 k)
Uehdt $o) $ YT S W A URE

o] Yo R Y Bol e, 020 ZAH 18 mm x
24mm 3719 T gt o|n A& nE51 9Jes |
of ot whE ol vl YAtel o3t e LCD o
A2 AN a2 fAHE & & Aot (652).

._l

019} 00| LCD 919 F4H71 4 A4S M52 3
Be) ool ado] SYEL Ao 2e s
FAE ae1A 91, LCD AL 1)z TL
S o] el EA ZRAAS S 9%

Cﬁ

T8 A of A5t

2 AT M= LCD 7|ut FA 7 9 A H 5}
SAFY v AR FEAEE S7HA717] 3o,
A7) A 220 LCDE dnj Aol 3 H A7 d=
A4 ¥ (Lens-integrated) S EL A 2ket v} 9l
(1" 4) [12]. 23 AP A A At oz de

AHEE| @ul 7] B3] LD} H47] 9§41 4%
WS BN RO RA £47) FEF 4 glon,
HR2E o] §310] LCD BAHS 244|702 oF
Lim Syl H375 AT 2 o, A1 A
A o 100 HE o W Ln R 0|4l 2
To Fhssle. o| et 9 44 LCD 7| S

219

Zol AA gt sy AR =
(Interactive Control Program)-g- #|
I HEY o AR LCD YA 2AG O 20 4

! Microscope

Function

Hiumination

03 4, WX YN LCD Tl BRIISH S SHE
o HYE.

o] ]9 245 B
% 9l
BH7§A AT 71 L T RA 02 Wof o3 §
= A7) g et delo] A vz 7 &0l
o wheha] &) W71 SA 7k vl
o|za} Ago] gtk o]o] B AL o7ty
9re) Frubapof mrat geb| = FAd7] -4 A g
& olgsted 2717k e UWI%IX}—
2 A At F Al whE
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%’ﬂ/ﬁ FE A= A9

r

N

o o2
©©

e

2

_,d
mm:
Iy

A

© >
AN
&,

or M o

-

[e]
W%E

& A7 s

2 -’1L'r—4 FAdE sk
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Zolth wheba 29 59 Fro] A2
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P o o2 MR S AR 719
gog old A7 ]5% (Self Assembly)¥T}. 100 Hz
Fapsol M UGS AY G 01X Y
CREE 47]@?% o] 2 UehbA H, 6
m 4730] B2 A6 AAURE Ao)g] o] 1
m A7 0] B2 AEA v ARE 19 Ak A
g0z 437 o, 1um olMAAES 34
e 402 YLk, 6 m 0| M AR 5250
A7) =YWk ole e VAL ol g3 TS
R EREE R DR RE R
2 2YAL BE S22 533 5 Urk (1Y 6)

(a) Transparent

Transparent
1 Electrode

Liquid Crystal
Display

Light (
Source

(b)

3% 5. (a) M2 OE 37|19 FF AMojof nRHLS
IEE o | WR FH== Y M|
& (E; ; Tangential Electric Field)I'J (b) of x X
2 QT MI|HE 289 AEZo|H Hat. 1 pm particles 6 pm particles

B2, 4YHoz 277k 2 42 S Y 3
A 2R o 213 2, 9419 ol 58 ol $3he
WS o5 B 59 gl
B8 ME 452 Ea01 34U 5 9o ol

570 B HPHOE o golel, Fnjo] b
ol 279t oS A es 5 e

% lch % Sol, 0kHz 2% Fops sz e 136 (o) BEIIRADN
m A7 Bel2E A AR %2 32 $H 2 oz oa
5ol S LCD 94 e 23e ol w1
m 27| SAYRE D7 B/ o8] LD

=

o

0|gor ojMYx 22 &
2.OE 379 Ol
HZD AZL

e s M
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3. FA7IAI&2ALL] HI0]23-§

b
r

< 24 FFHENRAGE 71Ny niA =
A 7leg ol &3td A%, ¥ 2ol, DNA
(Deoxyribonucleic Adid) 5 o] 2| 744 AH L ES
228k 7140 B E vt Qo (8, 12, 14-17). o]
g ol 22 7] &2 T gl *é‘ﬂa”“ Azol gZele}
W ed (Patterning)S &, ¥hg|2|o}9] E&), 3}8}
A QY 2AL Y B AR Ve 5 oyt S
& Hopoll F8E 4 Ut} A FE 59, —Ht At

LCD 7]ke] #7164 o5 SAEE o] §3e] 2
Be WIS SN 54 BT HY7E 5
U 8 sho] Yakis 9132 o] 5417 =) 4 s}

AT 12028 7). GAAZ 9] S 53 kHz Fup4:
2‘7%011/\'1 Fo A FEE e 7] w2 W e

ZAbshy FHY) 27 fHFTH s %
AH502 FeioA Bk Meb Lot AEE
el 2> 27)9) A2 A B 2 AL
o] qEE RukslA zBE £ 9, %z_g
5 xxh‘sLo o= /Lﬂ z2 9 o}r_ H Xl

ol
.
)
ol
-

E}o
m\l
4> of

£
s

i
o3 o}.ﬁ Q
o > H

v
%
()::}\
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o]
of
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Time sequence

o} o33t 7je W 9 AP Alojof A B
F= AMRSEILAL 3= ShLe] Wl gk e ato] 9
k= A2 o) FAIZ T FEAHE PHEA, &
S AHE B 07 A N E} AATEO & vl s}
A, B4 Yol mot T A E f2FofA] FAg}
A ZAE ST o) F-85HA 29 4= qlch
SFAZNGA 2 oA B st 4 FHBE
& ol 83t E 2 38 7|& 2N, A9 4+A(In Vitro
Fertilization)o] 4-&3}7] 93 At A o2 A4%t
2t (Oocyte)& AHg o2 Ad3 = 7|eS 4
3 af loh[16]. £ AFE Y A o] 2 d, 3Y
b ufxjof okgEol APE A2 HakE WA

(<]

o] A, A A R ik AR G ook
FH9F BAE YER STt o] = v A TR
A= Nz} A 23 9] Al =7t ¥asto] A
o 4 EAJo] ¥ia}y] wjiolrt. o] AutE up
B0 g HAALH QL WAL} LA GRS vl A T
HATo A Fo] FHAGEE o] &l FEH v
JUTHISK(1HE 8). &5, U2 o UAE T A
F7 Ho W g A7 T AUE Q7hehE, A A o=
Azkstot . sekE dRETt Tor?i%‘% of s A=
Wgro 2 o] syt ol iAo s A,
Z A% A e & A4S 5 HEold &
A 2t (Fertilized Egg)o] £ 4 53 wiutx

(Blastocyst)’} 2 &Hg0] &rh= 7H4 3ol &€ &
2 AR g s onl A FAoloh A
Uk 7)) u| x2S o8 B RN =

HE7F £& AA B2 9 9AE LT A
off A A okt 3t B FHGF A olF
T IAEE QAT oF sk WAREO] U
ol g ME/7H BR T HAZE $2Y glo] A5
OB IAES AEIES o] H3) FA7 RA S
3t 71a& A A

53], wapef o] AR o R A3 FAL A2
9] 79 $¢ (Gravity)d] ¥%& Wol 2A ==,

FEe 2T ’*XM F2A HIE B oS &
AE e e A& 4 Atk 19 99 2ol F
Az Fof ot Zel YA sz ATAQ FAH7IF
A 42}] 2 (Gravity Mode)o A= ¥ 4749
FE Uetls gxEe] S0 A ofd g F e
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3v 5V 7V 0V
Voitage [V]

(b)

a3 8. (a) OIM HEMIS 0|88 Yo
o oxe] ME (o) T ME RH
= XO|E LIEHH Jajm,

Agste wAFsY AR A A& BA
"ot [16). 284 =W, FA0l= 94 Hee=
AS AU o, dAe} ol % FAEA SH
2G| 2 W a2 M 2-E3HA Pt uThA
AP = FAEA 54 AF AANH e
4 (Anti-gravity Mode), & A &P
(Pulhng up) ¥ FAFEHL A3 o]
T F FAGTHY ¢ R Tt
FEFE FoMA HuA $9Y d¥F2 o= A=A
HAZ|A =1L, dRpet o2 & A=t A AeE
Ao BN, dAL 5 AeE 28 ol Tt

r_\l X

Gravity mode

Liquid Chamber

F.. Photoconductive layer
pravity

Anti-gravity mode

Liquid Chamber

Photoconductive layer

77] Normal oocytes
[T Abnormal oocytes
12

Velocity (pmis)
?

04 ‘ o
Gravity Anti-Gravity
OET Manipulation Mode
(b)
J8 9. (a) & ME

H7IgHE Jle2 Olfc?;é._r £x
'é!é!—l e, (b) & JHX
Y HRte HIFY WX

7
tel

22X, 4EAd

9 A48 5

Xﬂ’\x} HollAes g datt FHds
F A7) AT oh e, A7)ejeF (ElectrO-
orientation) A E T 4 k. A7ujgF

< €913 (Bliptial) T 4 Rocike)s] 2
& AW EA7L F43 A7) Well A4S o B
3 4 = A Z N, B3 o EZ
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(Torque)7t EHAY o] EA4|7} M71% WaFo 2 ik
He A4S 9t 4] 2 d7Ee FH AL
Aol 2AbE] = LCD 442 243ste], 4o
Ao 97|15 2 A 2AEEE 9k 1 A ¢
A W5 =2 A7) A7lE $Antct 24
Alofd 4= Agick. o gk 1|01 A7 A (Grayscale)
B G A ZRAEL o] L 3lo], & EA
(Motility)& A'd A 5% (Tetrahymena Pyriformis)
< Alojata, 1 954 HetE 243
%NW&MQHWJHHDHE
2l J*E %iﬁﬂ Folt
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i oox
o

X O

oA e FA7] A A5HE o]-§8h mlA| 22}
71 B ol o] &8 Hhol & 3-8 A F V&S AT
FAZIFAASE 7 a2 W B FA 0= G4 "
= ol 85t RAYTH L2 AVlE ooty U
TS A oJst7] §18 Tl e 24, nlA 2 A-E g
7129 vl Y AL R 2L nA 2
Z71gol2tal & 4 Aok FA7I A g s

o

%, 71, B919] $97122H AR, g,
e 714 5 Cpke Bofef e 48 o 7]
BT cRoRa Hokel A Ajo] YEH §5F 714

10ms 15ms 20ms 25ms

1] 25 50 75 100
Contrast of light intensity (%)

(b)

100 ]

S

2 80 |

o

2w |

S 40

£

5 2 I—LI

T 0 .——1-—1

'_5 25 50 75 100

© Contrast of brightness [%]
{c)

-

38 10. (a) F71T0l o3t MmEe| FIIME, (b)
7| He W7l 8 ol H2s 1
N8 =, (o) el wlet wEEs Az
20 2.

o|| J\J

o

2 1 74 uhehils RS o) chersn, 1
AR 8 L@k weba ok4l Ay Aol

=

‘6
o 223719 g5l Yol =8k, A A4 2
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2 d7ES ﬂd lvxil‘li@} g olgdes
T A7 5 e
1*715"—“!‘—‘}—‘1 &‘*o—%% 9 EL 3ole 3 He

= 085t AfAAE AT 4 dglow, o5
%bﬂ o2 Hio| 288 71&ES ML & Atk
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-8 2oFE A&, 2 7124 7HA7 6 & A
ARz 7|dEh
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