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Abstract — Under non-uniform electric field, a directional force along the electric field gradient is applied to matter
having permanent or induced dipoles. The transport of particles by the directional force is called dielectrophoresis
(DEP). Since the strength and direction of the DEP force depend on parameters, such as permittivity and conductivity of
particles and surrounding media, and frequency of the applied AC electric field, particle can be precisely manipulated by
controlling the parameters. Moreover, unlike electrophoresis, DEP can be applied to any particles where dipole is effec-
tively induced by electric field. Such a DEP technique has been used in various fields, ranging from microfluidic engi-
neering to biosensor and microchip research. This paper first describes the fundamentals of DEP, and discusses
representative microelectrode designs used for DEP study. Then, exemplary applications of DEP, such as separation,
capture and self-assembly of particles, are introduced.
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Fig. 1. The number of publications searched by the keyword of “dielec-
trophoresis”, from 1980 to 2017 (Web of Science).
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Fig. 2. (a) A particle in a uniform electric field. There is no net
movement of the particle. (b) Particles in non-uniform elec-
tric fields. The particles migration by DEP depending on the
electric field density. The left and right images show p-DEP
and n-DEP, respectively.

Fig. 2(a)2} o] H3lE =#] 92 At 743t wiF @718l &
oA Ed x}e] =3} (polarization)ol] 2J3l] 2=A}(dipole)’} F%
Aok AR A7) st gdsh] wiel, YRt e 4
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Fig. 3. Change of real part of CM factor according to frequency. (CM
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Fig. 4. (a) The polynomial electrode design. (b) The simulated elec-
tric field distribution above a polynomial electrode (Source:
Modified figure adapted from reference-9).
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A2t A, w2, £ T 98l 2 &= ATk Fig. 5(a), (b)&
polynomial =rollA Fuje] whe} thE ghel s 91Ake] B2 9l
KoJF=aL It} 500 kHzS] AFth 2 02 w2 Fuk=0] wF3 Sl
A= n-DEP]| &J8f A= Sl dA7E wi A € th(Fig. 5(a)). ©l
ql-sﬁ, /g—pHx%gi o 1;4._/;0] 5 MHZPJ nE x%olo] 7]-3H7<]Uﬂ p-
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o] A Aol = Qlal], s A A718) Fuk 7oA E.
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Fig. 5. DEP of latex particles of diameter 557 nm with polynomial
electrode design: (a) Particle collection at the center of the poly-
nomial electrodes by n-DEP under 5 MHz AC voltage, (b) parti-
cle arrangement around the electrodes by p-DEP under 500 kHz
AC voltage (Source: Modified figure adapted from reference-
13). (¢) Separation of E. coil (n-DEP) and M. lysodeikticus
(p-DEP) under 100 kHz AC voltage (Source: Modified figure
adapted from reference-14). (d) Collection of latex particles of 93
nm diameter by n-DEP at 15 MHz AC voltage (Source: Modi-
fied figure adapted from reference-15).

coili= n-DEP &S, M. lysodeikticusi= p-DEP &S WHA| = o]
2|7} 71531t 14]. Hughes et al-> 395 A9 U9 F
2R E AWk A2 A5 72E AHESEo], n-DEPSOlA 93 nm
2732l v ges YA A5 7Redlel 231ke] 30383t °HY
sk % EHE %] 8 Bh(Fig. 5(d))[15]. Bahrieh et al.<> 3D polynomial
A 7%= Ag3o], DEP 7|6 A7) 3] A (electrorotation) 33 S
]Z,Lé}oﬂ o}, tFeF A U] 4d (multidrug resistance, MDR) K562 Q17F
WYY A3 A5 S AR EZM, MDRE HE 9 #38t

STH16]. Miled et al>= A Z2- L3 A& 7|HEO = k= A
(0~6.6 V peak-to-peak) %95 el 75 Alskalch LY A
=2 ]IAE HFA7]AL e 98-S 3= polynomial =3} 22
98-S 3= interdigitated =0 A3S FHZA A2 20
A AR 5 AEE fI5h ol 2 Al AR ARISISITH17].
0]& E3ll polynomial 1= tjzlRlo] Hlo] @ AlM = H-87)15 shs
Kt}

F
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o, T2 5 (fluidic) AIAFOA 42; Eefe] f-&381A] 2ho
= tRRICTH19-21]. Fig. 6(b)e] A7) 32 AlEdold d7=
B, 7 dFo] 25t o AelA g d oz Zst d7)ge] ¥4
B RS & 4 Qlo) wbA pDEP §Eks whow F Adgo] st 5
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Fig. 6. (a) The interdigitated electrode design (Source: Modified figure
adapted from reference-9). (b) The simulated electric field distri-
bution above an interdigitated electrode (Source: Modified
figure adapted from reference-18).

URR= o] GolA 7 HA Fet. Interdigitated A= TIARRIC. 2
Hg] = E;‘(:]_Q_ 3}&_ 73 ] oh:‘]l.;a og ?JX]—E— _":_ ;q:qu :114 oﬂ
o 0% HoJ7]i= p-DEPE ARE-EILE. o] A= v T |
AR A W A1) SFolA iAkE s 2 a3 IAkE
A7) STl ARS-E 31H22-29]. SR AAF w2 S oA, p-
DEPe]| ¢J3)] 221 125712 H]7134 -§-F (irreversible aggregation)©]
ol 7Fs/do] AATH30].

Yunus et al-> continuous 2] A|AES- o] &3 FZo|=A] 2
B2 AR it 2717 ORE A AR, 2 um)E 99.9%2)
F2 8% B tH(Fig. 7(a))[25]. Doh et al2> hydrodynamic
DEP process& AHE-310] 352 A E|5-E A A5A A2 29 He
AlZskGITE DEP W3- BIAES B3l vijd e A%=%7} 5 puS/emdd
75 5 MHz T30l A Aol &5 A9} 558 aRAE7}
A2 e 7Fs e BAITHFig. 7(b))[26]. B=3F Fig. 7(c)ollA] 2o}
oL_ s /(«“E_Q]_ =o g ,q]ig @_‘@'Q_ _,_‘:;] /\]AEﬂoﬂ 7@%
e AT AR T AF SR QlEl w7t 7hs e Holwrh
Bakewell et al.< interdigitated =& o] &3} FI}of W&
pTA250 plasmid DNAS] W 3}& #2383t 11534100 kHz-20
MHz) " 9]ellA A7t U%— DEP Edoﬂ all A SRl AL, Akl
2 EYAE Aok Ao B3 T oA AxeTH27).
Alazzam et al > DEPS 0]%0}@ interdigitated =S 7131 w]A]
A A A Do mRE el o AlEE AHHow
g5k WS A AT 271 9] interdigitated X =2 &85}
ek Al MDA231E 747 ol AlaEe} elsh=d] A3 3-3k3iTh
Fig. 7(d)% ¥ MDA231 A| %= -4 984 3lo] p-DEP K.t}

ol =3 AuA Har, A Dol Al A4 8t PR e
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Fig. 7. Experiments utilizing interdigitated electrode design. (a) 3D continuous separation system based on chevron-shaped interdigitated
electrode (Source: Modified figure adapted from reference-25). (b) Separation of viable and nonviable cells above interdigitated elec-
trodes while a voltage with a frequency of S MHz is applied in a medium conductivity of 5 nS/cm. Black part is glass substrate and the
other part (white) is electrode. (c) Continuous separation using viable and nonviable yeast cells while a voltage with a frequency of 5
MHz is applied in a medium with conductivity of 5 uS/em (Source: Modified figure adapted from reference-26). (d) Separation of the
normal blood cells and the cancer cells MDA231 (Source: Modified figure adapted from reference-28).
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3-3. Castellated M= C|X}2I

Castellated 2= TR} Fig. 8(a)2} 2ol A& Foko] L4gh3]
e =k A= o, Jxke] HEov 2ol {83 vA}
Q10| t}H31-37]. Fig. 8(b)= castellated A= T]A}R1of| A& 7}
7392 A7 HAEE A Aol dTo] HE FE S Y
(Fig. 8(b)-A, C G )ell= AJld o2 oFst 7|7 o] A==
ke, EE 8 7o) 7Pk (Fig. 8(b)-B 9 9)ell= A
Zet J7)1do] A Ae = vk kA bl p-DEP7} 2
ks oM YAk B 999 =2 A1 4ol w2t
IR EAG PGk v = bl n-DEP7} 2Hg-ehs el &
A7) kel FAEE A, € G Y=t BolA| Ftt.

Fig. 9(a), (b), (c)i= castellated A= TIAQ1 Aol A 38} v
Ao Axwe) upeh a1 A2 vheFet & dE 2] A7t 7
g5 HojErh wl o] M A O R 58 7 200 kHz ©]
o) Fular ool M= ML) p-DEP 92 3 ®ot. whebA

(
-

b,
o rr

_]
= —

(@)

(Vm™)

Electric field strength

Fig. 8. (a) Castellated electrode design. (b) Simulated electric field
distribution on the castellated electrode design (Source: Modi-
fied figure adapted from reference-9).
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Fig. 9. Three distinctive patterns of yeast cell aggregation depending on the conductivity of the medium and the frequency of the applied AC
voltage. (a) The 'pearl-chain' pattern of yeast cells is formed at frequency above 10 kHz for a low conductivity medium (5 pS/cm) and
above 200 kHz for high conductivity medium (150 pS/cm). (b) The diamond and triangular patterns of yeast cells were observed between 10 -
100 kHz for the high conductivity medium (150 pS/cm). (¢c) The diamond pattern of yeast cells was observed at frequency below 500 Hz in
both the low conductivity medium (5 pS/cm) and the high conductivity medium (150 pS/cm) (Source: Modified figure adapted from
reference-34). (d) Capture rates of yeast cells by applied voltage in microfluidic AC-DEP chip (Source: Modified figure adapted from
reference-36). (e) Schematic illustration of three different types of microparticles and the top views of DEP immunodevices (Source:

Modified figure adapted from reference-37).

Fig. 9(a)°llA] HolA&= 213} o] A= Ajg] ol X Az
(pearl-chains)’-S &7d gFt}. WHH, 10-100 kHz < °ﬂ’\1% n-DEP
& Wt Fig, 9(b)ellAAE A= Atolel] 23] Ho] A48 Heks
P Fakre] ghs 2ds)] ok v e AR ek A
oz XI5 Azo] FAE 7 vk B3k uhe Fake Goelli e
(500 Hzo]a}h) mj &) Mgl Zbaglo] A= el tholopt =
W E-S A SR (Fig. 9(c))[34]. Catellated F = t] =91 L A=
ez 21 B8 YA 7] HE Felehe AN s &
5] AE @It} Yasukawa et al- castellated 21 = T]#}QlS- o]

gato] 3 =N E Al (human acute monocytic leukemia cell,
THp-1)2} 21 8(Red blood cells, RBCs)S] DEP A5-S 5733} 3131

31 n-DEPE 7|HEO. 2 ThE F715 Ad 7] A|EE dH8 07
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wef et A3 sATH35]. Zhu et al.>
castellated A =°] &34 Semi-3D 7325
= ]7]- 218t polystyrene(PS) YA &35t#
EE EEEidEt St Fig. 9(d)y= Aol mE
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% 19

o] FAPSA)2 FAl A4S Hg A A AAEE BojET
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t}. Fig. 9(e)2] ©2% 1392 E3l] AFPS} PSA7} 2H2t ko) oF
Z3 A5 Alolel] 2 9 AEH A& & UTH37]



U} ol AlelE A% 319

48

So] 3t Ho|gl= ¢ Aei o 7 dah= /AE Belsh] Y8l
DEPE A48 4= QIt}(51-53].
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#ke] #-2]7} 7Vs3lth. Fig. 10(b), (c)i= DEPE ©]8-8) PS A=
A7)0l wpe} Fel ek AFA S HolEtt 500 kHzoll A 15 pm
AR HFig. 10(b)), 450 kHzoNA 5 pumYR7HFig. 10(c)) n-DEPL]
§lg o} Fodoll 24 H= 21E R1E 4 Qlrh38].

=1 micron
= ==& micron

15 micron
2010 reference

06
0

'
10’ 10
Frequency (2)

Fig. 10. (a) Re[fy;] values according to polystyrene particle size; DEP
separation in a polystyrene particle mixture with different sizes:
(b) 15 pm particle separation in a 5 and 15 pm particle mixture
by 500 kHz AC field, (c) S pm particle separation in a 1 and
5 pm particle mixture by 450 kHz AC field (Source: Modi-
fied figure adapted from reference-38).
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4-122. Bk VesA1 2 22

S8 g v 5% H (single-wall carbon nanotube, SWNT)+&=
=45 (metallic)S & =, YT A4 (semiconducting) = 2 5
itk A-4-¥= tulo] o] uhe} SWNTZHE 275= Ad4o] tf
27] wEol[54], 54 SWNT(m-SWNT)E}F JE= A4 SWNT(s-
SWNT)Z} 4101 Sl 4% o1& #elslior & F o7t Qlrh. s-SWNT
¢} m-SWNT= #F30-&0] B27] "o DEPE ©]-§-5to] &7}
7}s3FH51,55-57] (s-SWNT2] -7 &2 5¢/~80g,°] 1L m-SWNT+=
82 1000g,01Eh).

Graphene oxide (GO)7} 2E3H 47 (liquid crystallinity)> Hl|E]
2][58,59], &1 2H60], =4 2lolof[61-63] & oI 2] wofel o]&
et o) Peflel A Go2l FE e A=Y 4878 S
Hollx] FQ3lt}. 7]Eel= 2abel A GOE Al atr] HaliA=
8 = A2 (gravity-induced phase separation)ZH= S ©]
gtk sEAIRE o] HPH S QT2 E A GsHA A7 =
ofue} o] W o & A= EEE 5 3l Al E5(0.25 wi,
GO A7 EAgtrh= ©do] QltH64-66]. Hong et al DEP
£ o]g3to] GOE Bt a8 ow e & e M=
& ARSI, AAHE 9k9] 10 kHz, 20 V A% 2271914 DEP
£ o]&3to] GO YA el sISith. DEPE o] -8+ GO
0.45 wi%7H] 7Fsate 1Akl ulell 2] 7} eks ¥t o] §HA|
FE7F 025 wiveolH, 25 AE Al 712 uhir 24 Als
o] A1 Algte] ulg- HokE S ok 4= Qlth. BEgF GO Feol whbA
U] 718 4 (nematic phase) B=+= 5" A (isotropic phase) 5 17

FA7E Rs sk 43e] Slekoedl.

HE oo of

4-1-3. Al 9 Al o] 35

H] B3 B AitE Anlshe 2 2 vH|g]olell Aolgle
B EolE FelahE A AEo) e 4 K= AP A A
= 98l skt w23 54 AxXge] e e Al AEEH
9 oJstA o 2 = FQ5hA AgHrh AEe] e W 2y e
AR5 el A wivl 1A o] o] 27744 vheksit
[67,68]. 53] 3F A=E o] &3t FFLAI S| (Fluorescent-
activated cell sorter, FACS)$} A/ 8/d 3} 4| 347 (Magnetic-activated
cell sorter, MACS) W12 &)l A3t AlEZ F2] W SollA 71
Bzl otk FACS: ¥4 91 HE, MACSE #8ks 9 ¢
A7} F-2E A E o]-&9it) SNk o] A ES A BHYE
AV B3 AEEE A & 5 Qlrk. B3] S stel] wEA o
Hohe HAAZAA o]2f st A& v S FEH I g 7]E2)
WSS AE Agte] Aa, A& oF2) Mg dEgF oz Hsls
Al &3z Slel ool AATH50,69,70]. ©171 31S ¥.¢ksl7] 9]
3] DEPE Al 5ol 4 &38t3A) o= AF7F X 1 glrk
[50,71]. DEP7} =4 W= o]f= (1) A2 &4, FA54
(dielectric property)S H.E38}11, (2) [718 02 SHAJ YEE
A |iApel| &= A go] Zhsab (3) HE AlRto] A o= ghar vl
go] AA ok 33 woltt.

Wang et al.-> 3] DEP x| o] ¥ 73} 2bqt AFgh(Surface
enhanced Raman scattering, SERS) 71&< 4-83to] 1 729 #
& g+t A& AAE 7SSt 2 d7ellA = DEPE ©]&-
3fo] gl o 2 HE S A=l 24 Qi 2 7 &
W& A 2|3ka SERS7 |2 Wiste epulh At ~AES 7|8
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Large vol water sample

\ “

(b) Initial

DEP Microfluidic
enrichment devices

S~

@ Target cell
@ Non-target cell

(c) DEP on

Fig. 11. (a) A schematic diagram of collecting E. coli from a solution
using DEP for application to a biosensor (Source: Modified
figure adapted from reference-72) (b), (c) is a schematic dia-
gram of a device. (b) Hela cells (target cells) and red blood cells
(non-target cells) randomly distributed in the electrodes. (c)
The target cell was collected at the center when DEP was applied
(Source: Modified figure adapted from reference-73).

& 1-& AEIITH72](Fig. ll(a)) Tran et al.2 213k
£ DEPE °]g-8lo] A&sh= Hlol skl
Fig. 11(b), ()= EM Al ¥ (target cell)] Ag7d < M2} EF2L
37} oFd (non-target cell) FE+-2] F2] 4 HZo| thet Z2 %
olct. Aol WAl AF9]ol w3 Fo]S AW DEPE o] §-3
AFg 743k A 27} Fedel TR, ofol ik AR WakE
7‘Xl ato] el 49 A% 9 w58 5451 ©TH73]. He et al.
o A2k i = el A dglte] S B & p-DEP% o]
f3lo] Aol 78 EASATHFIg. 12(a)). Fig. 12(b)ell A= 72
o wE 2 A ggo 7 "ol s or ko =

ﬁ

=
=

Lo AndlEglt-S 2417 Uil w2 A A& 5 lATH74).
A|EZ 2] Wgell DEPZ} o] 45 & I T gl E 2] A}Eﬂﬂ

obolis Mo 58 AlaLe] Felolth. Aolglis Al el 5 1
Fo AEA ¥} fFalgo] Y] wisto] DEP 480 7hg sttt
[42,43,75-79]. Fig. 13(a)= 2okSh= Al£8F 52 |27} DEPe]l
sl =7 A2p 2] AAE HojErh DEP] 8 Aotgl=
A3EES p-DEP 915 Whop A=el] 323 &1 52 A

ol -4 ”*01] oJel] Al Fig. 13()9] 3t
= Aokl Al urEMI:} Fig. 13(bF—
ol Holgle Hl G

Aol = Alojgl= /HLLQ] T7F E 7/'1§ =72

=0
X220

I
S Al ot
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stolet, e o
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Fig. 12. (a) A schematic diagram of collecting Salmonella bacteria by
DEP. (b) The different degrees of trapping by DEP depending
on the concentrations of Salmonella: (top) differential interfer-
ence contrast (DIC) images, (bottom) fluorescent images (Source:
Modified figure adapted from reference-74).
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o experimental PLT trajectory

clory

Fig. 13. (a) Optical images before(above) and after(below) separation
of live/dead cells by DEP. The red arrows represent live cells
that remain on electrodes after dead cell removal by fluid flow.
(b) The number of cells that remain on electrodes before and
after separation by DEP (Source: Modified figure adapted
from reference-43). (¢) Simulation (—) and experimental (@)
result of separation of red blood cells and white blood cells
using DEP in microfluidic channels (Source: Modified fig-
ure adapted from reference-46).
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Al3Ee] HER ohet AlEe] Felel = DEPE 285 AllEol
QATH47,48,80-87]. XX 2 Fl | A2 A, Mg, g

A o2 ek AR EE 7S S Al [82,83], 71

A7 71E[84,85](filtering), FAIA21H[86] 5©] Ut} AT S
o] A7|7F AL Wk opuel, FANe] SRR iAo ® -
o} 71& W Eel 28317l A¢ke] wETH81,87].

it A= 2719 F44] 540] vh27] wiitel DEPE

o]-8-3to] #-2]7} 7155}, Pommer et al-> DEPE ©]&3lo]
© 2 5E davs Fefs) o, o] 2eAlol o, FelE 9
3 AthF o7 =2 701 (100 V) 7% ATHS88]. ] Tecolo et
al.> DEP9 field-fow-fractionation(FFF) 2] -8-3}0] ¢l ¢hA| o]
A SR (S VyelM s arpd o s fejald 4= ot
[46]. Fig. 13(c)> DEPof| &J3t wigdto} A5 +to] el o] A&

glojda APANE veRlith A3 A A= AlEH ol AdA S
3 Ao} Ao Ak o, 1 A} 98%4 o wEES 9
t}. Siebman et al.2 B A5 ZHIE ¥3h+= Al F(C.
reinbardtii, C. meneghiniana, Sybenchocystis sp.)i’J w2 AT
Sl3Ath. DEPstollA] Fafrel uhet E3TE7]8] Ay = A1E
& (chaining efficiency)’ 2} “#l|<12] Ao]7} 247} th2 7] Yeh =
A o] gslo] FHAEL] THE sty wEA 73T o]
TS A71E HolE T 52 <ol 1P {rh89].

4-2. K7 |Z=& (self-assembly)

e A1) A2 @ Y'Y 22 UirlE W nA
3 Az 5 oheFst Sgtoke] A842 4 ATH90-92]. 9] el
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Fig. 14. Effect of the operating parameters on the assembly speed of
microwires: (a) electric field intensity; (b) electrolyte. In all

experiment the other parameters were kept constant (Source:
Modified figure adapted from reference-93).
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Table 1. Summary of parameters affecting the microwire growth by DEP-induced Au particle assembly. The general trends are given for three
growth characteristics within the ranges studied (Source: Adapted from reference-94)

Growth

Parameter Range rate

Branching Thickness

v v
23 — < slow > 40 —
mm mm
Voltage 1 ) | i
v
fast > 45 —
mm

Frequency 1 10 Hz < > 150 Hz | 1 |
Particle concentration 7 >0.13% 0 Constant 1
Particle size 1 15-30 nm ! ! Constant

(constant weight %)

Particle size T

(constant particle 15-30 nm 1 | 1
concentration)
Electrolyte concentration 7 (0-3) X 107* M Nacl 0 Constant 1

Spm 5um

Fig. 15. (a), (b) SEM images showing gold nanorod particles aligned
between electrodes; Darkfield polarized images acquired as
the sample was rotated in a plane between crossed polarizers,
at (¢) maximum brightness (45° and 135°), (d) extinction (0° and
90°) (Source: Modified figure adapted from reference-95).

A #2z= ¥p71E vehd e wEigla, Aol & vheetzh
2 Fow PhRe i

4-2-2. B2~ LA Fig. 16. (a) The SWNTs arranged according to the frequency. Scale

- _ _ bar=2 pm [96]; Assembly of (b) MWCNTSs [100] and (c) SWCNTs
= 0O =] [e) =)
eE gahefH S8 Astolgs w2 shef tjupo] 29 (Source: Modified figure adapted from reference-101).
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352 s 7S 7 Adnk o]¥§ o] & DEPE ©-&3to] &
2 REE JH/2Yea ol& S48k A7 EdsiAl 1
% A TH96-99]. Sarker et al > DEPE ©]2-3}%] SWNTQ| &%=
Fukre] wet A 2dabA A= =A o gk Wsks dEat
ATH(Fig. 16(2)). SWNT FE 2] U AETol 2240 &S
F7] Wel, ARA o F& AFgH L HEEE 71 field
effect transistors (FETs)E #1213t 5= Q1 3ATH96]. ©1 2] DEPel| £] 3t
A2 EALS tulo| A0 1= S A3} Sl dlel 5-8o) 2
4 ST} Suehiro et al-> DEPE ©]-8-5}°1 SWCNTs, Multi-walled carbon
nanotubes (MWCNTs) [100,101], Single-walled carbon naonhorns
(SWCNHSs) [102]5 212t Ad=rell A A Fig. 16(b), (c)) NO, X
NH; 7t~ 5 7Ah= AXE ARkt SWONTs7H g del A=
NO, 712414 85k opu g} ke =3l & o of| A (1 Hz~300 Hz)
pHel & AT|EA H3IE Holu pH AlM 22| &8 71/ T3t
BT (Fig. 17(a), (b))[102,103].

T o oAl g YAl GO 3 A1zl 28]
A= BHE 543} shetl S48k Wang et al2 DEPE o]43}
o 7 A= Afolell v 7329 graphene oxide(GO)YE JH3ate] ¢

(a) 1.6 T T . . __(5
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Fig. 17. (a) Comparison of sensitivity of the gas sensors with Fig. 16
(b) and (c) electrodes (Source: Modified figure adapted from
reference-102). (b) pH-dependent impedance change of the
aligned-SWCNT based sensor (Source: Modified figure adapted
from reference-103).

35 o, A= 7E B S-8AEek 159

0 500 1000 1500 2000
Time (s)

Fig. 18. (a) A schematic diagram of a GO-based chemical sensor. GO
is aligned and connected between two electrodes by DEP. (b)
A SEM image of GO aligned between the electrodes. (c) The
change in resistance depending on the different H, concen-
trations in environmental air (Source: Modified figure adapted
from reference-104).

3= 910l & 1A% GO-network A8 #2315 thFig. 18(a),
(b)). ©] A= 10 V slollM G4 7kA Fol WE AHElE B
o] s}etilM = 3-8-% AUTh(Fig. 18(c))[104].
54 B
2 =FoM= DEPE oldlish=d] B3 7|l g5 Ay
ok, F399E ATtell T2 o] &-¥&= xRl 37k M= ARl
-polynomial, castellated, interdigitated-S 5 ©. 2, 3 Hd= ¢
Aplel thgk 717 AlEHo] AT A AtelES S8l =52 54
S5 gelsigitt. o] A7 AS RS AR oA 24, of
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S A Y A 7E ) B2 AFARL g Etoll| = A
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