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A3 13
2HA
AT 14

AE WA A2F T o= § el wE ﬂi}?ﬂﬂrfr SAYAL 2 SA4E wAFoeE e Y B v

AT 15

AL A AL2F F ol @ Fol Pl ek wAFAEE SPSE WA o

S48 WATRFE A wAS TP,
AL AP S4E B B

yige] dy

7l & & oF
A ARGl weehs Ao AHTAS S8 AR cross-over frequency SAWWel ¥Rk Ao
o

dople AEZE A7l =% W™, Al Qbell dipoleo] @Al ®rk. FAE dipoledt H717EAbole] szt

§o2 o] wge] ¥, 183 & HEE di-polarized 3HA RHETE. o] ¥ S FHgFolgt FE

w3k dS8 f95 3 (dielectrophoretic force)dta dtoh. A FE oA NEE 4 o)A st §

o] Waks AAHsI= 24+ Clausius-Mossotti factor?] A=H-o]th(Re[CM]). DEP forceo] 9GS W= A9
]

(e} [e] .lﬁ_
S-S T fstel, Alxe] Rk Feha M. 7 FHE 7= 4Rkl B’k DEP force 42 the

Fpgp = 2Mémeqit GonRE[CM]V|Egys|® (M
where &4 is the medium permittivity, .. is the radius of a cell, CM is the Clausius-Mossotti (CM) factor,

and Fgys is the RMS electric field.

olwj  Re[CM]ollA The CM factor model oA A XEo| thdt 7|2 dS single shell model ©]2}aL 7}
A& we] CM factor 2L ofzjo} #r},

o
rob
=
N

N

CM = (eceu — Emeai)! (Ecett + 2€meai) @
* * [13+{(€Eyto Ememn)/ (Ecyto™ Ememp)}]
€, = &

O memb Aa_((Ecylo_smemb)/(fcyto+5memb)}] (3)

where & Emedi’s Emems” and €44, * are the complex permittivities of the cell, the medium, cell membrane,
and the cytoplasm and £*= £+/(g/w) where ¢ g, and w are the relative permittivity, conductivity, and angular
frequency, respectively. A is the scaling of cells described as A=r./(7.e1-0), Where tis the thickness of the cell

membrane.

Re[CM] 9] k2 <17tstar Q= A7 dia) Alxet AXE S8R U= AA (medium)”?} ZH2E dielectric
polarization ©] ¥& X9 X}olo] oste] glo] AAEW, A7}ete A7) Fopg9o Wslol| o)FEste] A

9} medium®] dielectric polarizationo] ¥+ AE7F 247F o274 wk$3sicy. 7 $X7F %9 S 71X4E AE

_5_
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HAE medium BT 734 dielectric polarization ¥Ho] Fo]2 F2F YoM A7 Al717F 7}
F3 Fog olFdlEE AFTSE HolW, WwlE Re[CM] ol &2 7MW, A¥E mediun BT} 2F3lA
¢ polarization®] o} H7|7e] A7|7} 717 oFsk X o2 o]Fslels AIFS 7HAA €.

NN
E
tlo
Mn

ol

o]# gk Re[CM] ¢ #S AASE MEY dielectric polarizatione AEE FAsIE 2o FAAA R &3}
| ) 2

71wz, ®wReF AE7F YR 8l ot AIEE A e AE ¥siyr dAstid, s 71
=& ol &35te] Wt HAE AEES 7EH T Uk oA E 5o, e AlEA (cancer cells, stem cells,
bacteria, )4 Zt ME7} A2 Y= 153 D718 EE EA (electrophysiological properties)g =
A3F3lS ®uk oY} apoptosis ZIAEH, MET o]2Ade Y|F 2E, medium U] o]2F% o ulg} HE]

A7 54 WETh B4 HleA R E st A7t EAST

ol AAE AFAN Axel A7 54 s gRHon BEa] Sld wEA ARk & Bge A

p
2o =
¥9] Re[CM]©] 0°] ¥+ frequency (=cross-over frequency, fe = Aotk MEY £, & A A, Al

9] membrane conductanceE A F3lo] F2E =

F (dF 5o, Alxol2ad &4 AAA) o w-g3to] *ﬂ o] Mzdre A WA= Rt
) A}h. wetA] A E cross-over frequencyE AEEHA 27 Y3 HHES AYs=

o AF7A AEe] &2 WEE B4ste] AEQ cross-over frequency & A& = W

TR ERE 5
wo ol

A= xRt e AMEELS Addes 3e FR5(dE 59 10 kHz) o4& negative FFEP Y IS
wol d=ro] FREe] RolA =], ou AFF2E Tt Je W Mr|e MEEe] T 7HE7]
wjzoll, FalFTh, MR JuHoer =& Fig (dE Eo] 1 Miz) oA MEE positive AP ETY 4
Fs ol M9 PR Fiol HolA Hu, olwf A= FRE FHelal v W] AVle FYRES A
I A Y AEE] AF PR R o] EtHA Y Hlo] & F3E7) Uﬁ%oﬂ o] Al7)= S7kshAl #t.
ol gt Axe] Ao vt W] A7) wistE ARsetd & 1lad b o £ FAE dojd F don,
ol22el mdlo] +A3}e] AHEQ cross-over frequency & & 4 Tt FHozE 3 W Aoz FHY
ol ek °F 20,00070 AERES & Aok FAESkL i, A &SR AFoR EAH] drt. 3}
A, FHF o 3l /‘ﬂﬁ S A4S @53 e, & owell ol EAEE 9, MY AEEQ

zk A el olEske HEE FA e WMol vk, o]y E WS DEP forceol Wh
ko] thEvhE Al 2kttt A2 = DEP force?} o] wWakd wj= A7 A7t
o= 7}w, DEP forceZt &9 W&k wol= H7149 A7I7F 71 ofg tow Tpr] wiel] AlE
3o HEgste] 2ol AAES EA45te] £2E F4sH, DEP force¢t hydrodynamic drag force
718tod AC Foh<= W stol]l thek Re[CM] FHetvE S 78 o+ ATHE 1b F=x).

S
B
1o
o
oft 1l
s
=
9;
(]

SHAIRE, olegk MEo 91x FH WAooz FobE W AS, AdEstE onx B4 Zaf(duyoz
Image J)& o]&3slo] &A317] wjitol, A4 BAd HAstd A4S AT Esh (dubdoz dxte] A4
< 24@'3}71] A7) Aeie AE FHe Aol A WrE fFAEof dth. ARkl FHd S F
T, B9 BE ARRlA 7 Axe] $1AE AEsHA wHsr] A vl B2 AAE fAe] Had Ao
=2 %}51 A7 wWiEolth), ¥AsE AXFE A AA gl vlE AA Aol "ok, AR, fRGEdd o
ste] Zpzhe] AEel gk vESS 2R #Zsa ol BAFoE EASte] AIAS sy wiEd, Hoj=
HE5T AEZTol Ui dEFS Agsrlde F5Fe] gy dd & 4 9t

ofell, ¥ WA= FdE el ekl Azte] AES AL & f @ E manipulation©] 7heet, Fubgs W
slo] W f19%F 3o Wako] Wil E o o8 Ao 2 WIE BF3STh. o 2HEH, F19%F 3
o] A9l EAlEHA & e FAGEEY Ao 2Ast] FA3ske], M2 cross-over frequencyg F4 3=
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=552 4]10-1509606%

E35]F 7] #A110-2019-0024175%

(HE3&3 0001)

cells, Erin A. et al., Nat

Rhythmic potassium transport regulates the circadian clock in human red blood
. Commun. 8 (1), 1978(2017)

(R E3]&3 0002) Determination of Cell Membrane Capacitance and Conductance via Optically Induced

Electrokinetics, Wenfeng Liang et al., Biophysical Journal 113 (7), 1531(2017)

(R E3&]&3 0003) Label-Free Electric Monitoring of Human Cancer Cells as a Potential Diagnostic
Tool, Clarisse Vaillier et al., Anal. Chem. 88(18), 9022-9028 (2016)

w59 1§
EL R

71Eo ARG = MES] wAFF34E(cross-over frequency)E 3H= WS AC H7] Fabg Wste] whE AlEE
o] &7 W3l AU FAGEG U AT Zhzte] WS FAEA Hala AA TS ukSo s
%25 FAsks e 3 vo BAste AlZEFTL

Egk gelo] Jbssivhe BAdel a, AE st #E
3|
A=

Mebd @ Wel A¥on we AZFE BASE A0 AX Zze) Mg AT 5 Ak Wl a7H

A9 | Ed T

Bodwo M xol wAF3a=(cross-over frequency)S
(Alternating Current Frequency)E XAAs= @A (b) AAHE 2
2 AE olsS FAstE Al 2 (o) AXE ol A ouAE F

AE AR BAeT o5 slama
sleteE ©HAE Xgete, Mxe AN B4 B3 wxr Fue SAUHES AFdosEs ] AAE A5
o
2 dgol A FElelA, A7 @Al ()9 A7tuFFISE ol [ 112 ®7)HE EEAS2-RaE
ZH(Clausius—-Mossotti factor, CM factor) #< -1 WA 0 £+ 0.5 WA 1.5 = iFFIFE AAHT

T St

[5314] 1]
CM= (ecc/l _emcdi)/ (eccll + Zemcdi)

rr
N
N
N
N

(Coatr Epeas 27 AIE, WU R(medium) @] BFH718&)

2 Erm%ﬂ%i%ﬂﬂﬁ 71 A (b)) FSAZIHA QIZMAIZIE aFFaE 0.01 WA 5 kHz FH

= 0.8 WA 2 kHz FE 742 & Ao,

TR, B 2] d < Eﬁoﬂ 1, 471 @A (b9 tﬂi}’\] 7IAA RIZFAIZIE WFFI= 20 kHz A 1 MHz F-H
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DEP).

o

CM factor:s FEA|$A-RAE <lzH(Clausius-Mossotti factor)E YEhHE AoR, FEA|$A-RAE <A
S e (The CM factor model)ollA] Ao that A7|2dS @y 4 =d (single shell model)oldtar 713 S
o s7] [478h2] 1] WA [48h2] 2]o= 3 4= QT

(584 1]

CM = (€1 — € e )/ (€t +2€,047)

*

(€:c/1, emm'j—E' 7—1]’7'} kﬂ X, U] CI '%(medlum)g] J‘ﬁ‘ﬁ '%‘)

(534 2]

6* _ 6* [As + {(ezm _€;1c'mb>/( cylo mcmb } ]
cell memb [As _ {(5;/10 _6;167'}71))/( €csto +€mcwb } ]

€ 0 AES] BIFAL €, 0 U S (medium)e] ETHHE,

o - METS] BIRGAEL, €, : AEAY BIFAE

G* *: 1
o) (ot 21 S = € = €T I(T/ @) o ang n gy o, e = AggAs)

al
Arzoln o= ZFugoltt, e, AL scaling of cell® A=re/(reen-t)&E AAE = Q). oW, t=

Fppp = 27r6mediT§eIIRe[C]‘[ ] V|ER.1A5F

71 [k 31elA P FAGEACIL epeiis PIHE A& Bt 71789 AR Al (root

mean square, rms)©]Ct}.

2 A FHIEH vhgete xS A4 #AE T8 AEe] wAFI(cross-over frequency)E 5743}
= Wl #& Flojtt

2 ool A AA el 2w, (a) A3 Q7lskE WF{FF3<(Alternating Current Frequency)& A3}
A (b) AR 7t FFaE WA AA Fakag Wste] mE AlE oleS e Bl 2 (o) AE
oy &G omAE Tl AE AAE FAGL olF dxEastete WAlE EIkete] AE wAFaFE
SR

gk, B ouwel d AHAAFEHe wWEW, o]&EE FHIEH A AFxd AExE EFse 2AAES Y T
T AT A7 AEE Edele A AlE B HHEE R 5 Y

EE, 2 dge] o AAFEe wad, A7) (a) dAS] QUtNFFITE FRAGA-EAE Q1A s -1
WA 091 wFFIrE AT F 3, FAHoRE EEASA-EAE AR AFH] gho] 7 A2 FhellA
WRFIGTE A4T ¢ U

471 FEAGE-EAE QAR Fho] -0.59 ZAsE g e 7P 92 Ao aliFabeol A= Negative
FHGEHE Axel adder dgdd 5 glo] Axe waFues SAsk=d &4t
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E, ¥ il d AAFE waw, 7] (a) @AS] JIZMRFFoeE FRAS 22T A ghE 0.5
WA 1,62 she wRFaes A4S 5 9la, FAHoRE FRAGA-EAE QI A gro] Tbg 2
gl A wiFFIEE A4 5

7] FEAGE-EIE QAR gho] H2 0.5 o]l A9 Ei P 2 wHFIAAE Positive FHDE
P& Al gapHom AT F glo] Axe] wAFIHFE st adHoln

G, B U o AR w2y, 2] (b)) dACA 7kEE ARFAFE 2R SNE S da, T
AR IZFfFFaE 0.01 WA 5 kilzF8 702 4= 9ler, vhgAsiAl= 0.8 WA 2 kiz 38 57}

Ak 271 %

R =

90% ol’FANA AN, 2) AES] Kol mol HA %5}5}21 %‘—Eﬂ o, 3) FHds
a

[

£ o0ge] o AN 2w, 3r] (b) @AM 7bEE ARFAFE 23 ZaAd o9
AR A7FFFIE 20 kHz WX 1Mz - Al 4= glem, vighA sl 38 WA 43 kilz 78 7
_}’: [}

K

aA a3l

A7bFFoE 1 kHzoll A 41 kHz= 3—7}*17.4_ T, e HARE FH9Egel A7HE = w57t
gholl whel fast FRAG-A-EAE QA Aggte] ol FoR oAl Ha wiE ZXE R §H9%
ol Ao A Al FFE T HH%Oﬂ L klizol A f1Asbar el Alzso] A71ge] A7z 7hd 4 e
= ol ¢ Stk EI, QUNFFHSE 4L kizol A 1 kHz2 Al o, HgE 2AHE FH95 30
A74H = WFFIG7E ATl wet st SRAG-A-RAE AR Aggho] el So= dozbAl Hal
B2 YAEE fd9E ol Az sl &S 7] wiitel 41 kizolA fiAska W Alzse] A7)
gl A7 7P A o R olsd 4 v

e, 2 I o AAgeel wad, A7) (c) @A AE A E4 B s aEIREehs 9 3
(b) &8 AZ ole& FFshs ol 22 ouAE ol&ete] &3t JAAIRE o8 + U
Hop pAHoR FAol= A fAHE (x, v) A4S d|rEIHOR FHSIAL THe-AIQHEE (Gaussian
distribution) 945 #Rlet= A& £FE & 3ok, o W, (x, y) kel Wdd 71 229 Fdkel +
Adolar, A7 Mgl A bR W o AEse] 9 xF 2 yFe] ARAE T
Axzel wAaseE 54T 5 dn

Boabgo] A FQl AAdel A, E wHAES F419% 3 $lol PDMS(Polydimethylsiloxane) A42E &&F
A AZ7E H B9 Slol 91X W 7k ok MF-7 AE7E Foldl 8B (HAEE S8 w9 Axx, A
2o AN AEE7F 60 nS/emE FAstaL, NCF-7 AlEe] 2% F2t 2 V,, A7} o]F AVbuFFt
¢ ZAS AL RS oF 1002 Fote A 9S du| o FAE CCD(Charge Coupled Device) 7HH#tE %
a Fgstirt. o A7kHE FIeE UIAEE EE ¥AFB §AGEES we e wiFIsE,
NCF-7 AMIE7F wals] 2k ko] SRAI-A-EAE Ak Aeals Yehls 1 klz o]ar, wlas 2 ko] S 2A
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