% 37 K% 4 M B K FF R CERAF R 2015 %4 A
Vol. 37 No. 4 Journal of Southwest University (Natural Science Edition) Apr. 2015

DOI: 10. 13718/j. cnki. xdzk. 2015. 04. 026

TEBXARI SR EWIZITRIEHR

ViR R TR RSB B 5EH TR, FIK 400715

WE: ATHAHNZSTERXRETNON B L RBEIITER, BEAMRAN LR B L, #FT R F RN LGN E B K
HaX., BEE ARG EGBE, AFELIEXEINREBMEAN BB RERER, SFRE S M AR T #E
HPH b o B ATEERL, WA A S AR AT AL, A T A ML R HATRE, RA MM I ERNET
A~k m AT R A HepG, AT 0 B M AR &, S5 K sk m EFZ AR EA 5V, ME A 4 MHz 8, 3%
127 88.89% 9 F E A K,

X 8 W MAEYA; Abdik; XXM REM; BN meT E

FES%ES: TH703 XEfARERD: A MEHS: 1673 -9868(2015)04 — 0158 - 06

4 H B YK B (Electrophoresis Chip, EC) J2 Bfi #1443 H1 & 4t (micro total analysis system, pTAS) Hl
WALH & 4 (Micro Electro-Mechanical System, MEMS) i %& J& i HY 3089 fk B0 25 0. 5 5 7e ol 3 L | ik &t
VIR B oy T RAY (B B B BB FBE polymethyl methacrylate, PMMA, B — H J k48 %€ polydimeth-
ylsiloxane, PDMS) &4 JIE A H b il 7 fOK 12t 92 ) 1wl 18 DA B2 i v AR o 7 ke Pl R i o 22k s L ot vl A
SR A F LUK R AR s A R R AT o A F R K R A P TR RN B R S A L
BOR AT AEASFEATAE O PAL BT 15 0 T 2 X0 o W0 9 5t AT 8 B A B R . AT AT DA e K R B8l 4 45 715 DN A
e AR FRTE R A H L KGR B BT RO IR T AR L AR AR AP SR A 1 T 40 0 B LA B 2 W 2k 4
UL A A Y B 5 R SO S AN

T AR R AR AR A VK AR L A s AR SO B LUK O R HES TR A I B2 Y A
LN AR/ WS O 8- AP 7 I 7 ol A o L NSO S NS e 0 o VT O e € 3 D e i
RV B 19 P 37 iR B 0 A R R 43 AR X 91 e A A A A f P OES  ABEA L Xof AS [ 5 48 2 BT i i
(0 L 37 00 A BEAT RN, d XS R B 45 A SO AT Oo Ak . BRI TR A T A e H K A S B s
h JE S5 7 SO A R AT T R E.

1 TREXAEIESH
v H1 HLK (Dielectrophoresis) 4§ 8% T UM BRI B 1 SORE 75 o 491 28 2% v 3 19 1 T DA AR A
I+ A MORE 5 0 5 e flh 14 2 THT 75 13 SRR FL AT o B8O oK R A S 1) S RS I B R &, B8 b
FL 373 1) PR DR/ RIS R A TR AR B AR 245 T L 3 P AS TR O R A 4 20 8 M iz 2 1R 42
X A4 R RO BURLET 32 59 A i Ik ) T RoR
F =2xR°¢,KV | E |* (D
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2RI BB T H (SWU112050).
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Hr, e, NEFNTEHAHEELE; K #RZ R Clausius-Mossotti [+, Xt T 5 BRIE ki, Clausius-Mos-
sotti Al F7E L H
K=C(,—en)/(e, + 2, (2)
Hrb, e, RO R A 5L
AR AR D E LR H IR T, AUA SR ORI AR Y T — > T HL i (9 FE AR AR . F T I R P A R R A
P, 7 S 2 L N AP B A B S AL A A A R R A T N R TR Y S S S A B, N BR A
e, en A FHE 6, ,0,, FEABBRG AL LETZRONBEE e, Me, MTRRN

el =e, + 22, el men+ 22 (3)
jw jw
2% fB A #4155 J5 B Clausius-Mossotti A K * 8] IR R K
(ey —en) K,—K.
K'=—"—"—"-=K. + 57— 4)
(e +2e.) +ijM+1

E

€p —Em Gy — 0O e, + 2e,
K- :ep +2¢. Ko :dp + 26, M :ap + 20,
H A5 20 U b B AN T A2 A LK ) F
F.=[(re K" R°E) « V]E =27xR’c,Re(K ")V | E | (6)
i =X C6) AT M A0 ML BT 52 A iUk ) F o LA I HE A
1) A W HLTK 0 09 DR /N 5 v 37 5 88 - O 8B JEE A 400 i~ A 1) =5 IR L 5
2) AN [v) 40 8 BT 3% A F R K T B R 2 R A 5T Clausius-Mossotti B F R B0 (41 A % B e, ML
S X)),
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2.1 #RBEES
T AL 0T EE A [ fHGE T A AR T I HE SRR A . I R A . SUHR SRS B A L B SRR A 4
Tl ) 2 A R EL RGN R B BB R P E B AR T e B S B A R R ) e A R R R /M R R (B A
K EWAMEMZER KR 1 Fm). X AA, VIE|[* ZEmA BBk KR/ R EREZ —,
PR 1H 326 43 S X 4] Gl P B A A PR KGR
1 RERER M58

W KAE/ W /NME / ZMH/
fit b (Vem") (Vem™ D (Vem")

e m *m °m
4y 2 A1 2.50X10° 6. 00X 10° 2.50X10°
HER A 2.25X10° 1. 40X 10" 2.11X10°
75 1. 95X 10° 1. 40X 10° 5.50X10*
PEF-N 3. 25X 10° 1. 75X 10° 1.50X10°

&1 Ca) 7 g S 2 9] G r B A i o GRS T B = 2 M s L Horh, ORI T TR I R s 1
I T3 R, w5l A T 2B A WU B sy s = Bl 1) 43 331 26 s 1 HRU R B O
T F RS B T 1) (S BRIV 0 B T 1)) 1 R B T ). S R ) A R A B A R AR RS R R 2~
10 mm, 363 K T H Mg ) B R F L s b o B R, DA B A i TR B R S (=3 RS R ROR B 90, Rk
AEE S I = YRR RN T AR N o — oy S TE A 4R, il 1 (b frR . Hodh d R d, S B R HUR B R T ER
PelRIEE s H A H 5 90 28 SRR 55 A R s H RoRBOB R EE. 75—y, i T X4 2 51 fi i i
(4 L3 o3 A B TR AP L i DA R B — % R A AR AT 0 LA BT . DT R R TR Ak 0 B 43 BT ) T B
2.2 EBIBEMRENSHEMRL

M COMSOL Multiphysics Xf S8 =X [ 51 G H Al A H L VKOS R A [R] 235 48 2 80T (G v 19 /e 37 43 Al
HEATAEEL, UM AL IS R i 25 S 40 B A M ALK ) f 28 A SIS VL E |7 (R3PS 20 i 3
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2.2.1 REBEIRE XG0 R

ML B RV E . A W 58 B AR B A BE 2 8 10 pem, ZEAIAR B B3 S0t =1 V L $5 , %8 Mo
PN R AR b T R 3 R ) AR R L

B2 TS MR B 1,5,10,20,30 pm43FIXTR vy 9 1,5,10,20,30 pm), V [E|* BXT 4L
H gV [E|*) BE A B AR ih 42, BEZ5 R, MEH T & il RIS M, gV [ E[* Rl
Wk [ — @ EEAL, 1gV [ E|* 76 s B D) B b ocs 0 eR AR 300 2 A 43 31 B /0N RN B KA

Ve 1gV | E |2 8 KR 5 W /M S 3008 07 8 AR AR (2 = 10 pm Bl 2, =25 pum) » WLEE 1gV | E|? Bfii%
R EE 1) B AR AN L. IR 3 TR, BEE v (E A O, BORME 5 OME R 22 R8N, 2 y =30 pm
B, 1gVIE* B RESWB/AMEMZS /DT 1, AR TR 0538 55— 5 i, 108 38 B R e

0 B0 0 R 28 2 RN R . S R T DA G B R B R 30 e,
19
g 17 - yil Hm
= —~— y=5 um
NE/ 113 —— y=10 pm
= =20 um
E 13 —— y=30 um
a 11
59.0E-06 1.0E-05 1.5E-05 2.0E-05 2.5]5-05 3.0E-05 3.5E-05 4.0E-05 4.5EI-05
X/m
B2 BRELAFEBSELS gV IE|” BEERMCENTH L
2.2.2 HAR|AIEAT B G0 R 22r
BB RO . 4 B TEE N 10 pm . B 3 R ol
JEH 30 pm WF. FERIABELML B4R BIRGE N 1 Vo T 6k
JF 2 R B A FL - P 9 0 A2 A S MR
%2 4 T B BE Y B 5.10,15,20, 25, 513‘
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(ER 208 1V |E 2.0 —1g(V | E|%,). B4 R % N
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GG . LEE B IR ML AT RUEE | 7 O T 2 A R, e A AR B BESE 30 pm,
R2 AEBREEREHVIE” RAE. RNMERENBEE

dy/ VIEF/(VF e pm™) lg(VIEL0—1g(VIEIL)/
pm HL A G A K (E R A [0 B A A/ (V72 epm™)

5 2. 68X 10" 1. 42X10" 15.146 1

10 L 74X 107 1.05x10" 14.021 2

15 1.60> 10" 2.51X 10" 13.397 9

20 1. 44X10"7 4.00X 10" 12.602 1

25 1.32X10"" 2.22X 10" 12.342 4

40 1. 24X 10" 2.00X 10" 12.301 0

3 MTHEBXGHMI

2R SR 0 A FL L Bk A0 L3 7 2 P 5 R B8 38 S A A e 1 R R, 7 G A S8 SN B S B b 5 R
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B, PR KT . B4 IR T SRR R SR, REE TS BRI T,

WA WIEEE
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EEEEE
WA WIEEE
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WA WIEEE
(0) BE MM EAumR (2) BRE L3553 ASPDMS
| rnarnan | n 1l n n ~—
WIEEE
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IRIBEIR
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Ed4 AEBXGEEMITIZRE
D) BEFSELE FIRTE S1813 Y6z, i 4(a) Bk ;
2) MR & X35 50 i A e 20RO 2 L R . T U R PR X, W 4 (b)Y TR
3) WP R RIE BURE N 20 nm 1Y TiW #ERZ , FE DR . R SL 128 &8 R B 100 nm 9 4x
WS AR AR B, WE A B

4) TEVRER P id O 20 e . 19 30 AR SRS S AR, W 4 (D IR 5
5) BEIELIK IR SU-8 JEZIE, JEEEN 30 pm, WA 4(e) i
6) ez, W, WRIRE N 30 pm WHGEE, W 4D FFR;
7 LU A OB I ) SU-8 BABLAE B, 78 H L P4 PDMS, B 2~3 mm, W& 4(g) iR ;
8) ff PDMS [E k)5 . ¥ H M SU-8 FHAL LR 25, 153 % 68 1E 9 PDMS 35 R, W& 4 (b s
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4 TWEHER

&5 7 S ok b 3R i T 20 AR AT A 8B B A H e Uk 40 M O3 B RS R S TR . PDMES 1 i TR AS
H# T 4 4 PDMS s F T4 M i R FNAE . oA T O (RS AT A E R R G . SR PCB XS i
HEATBPE Gl RESE 22 S B R R R PCB SR B i B 4.

KB 5 Fir 7 (4 L HL Uk 40 M 23 BTt e 54T T HepG, 1968 40 CFR DR BE RE R 27 2 — BT B2 B 9 4 H,
HL UK & R ROCR LI T 9T . SR R v, S HOKE N 10" cell/L 19 HepG, FFHEEAIM . >R F 3 93 %8 (Harvard
55-2226, JeE Harvard #8520 5] W 4 A B 77 W8 I /i HH UKOES e A it b 30 A TG . X A S A
W ) HepG, 4 ML E 17114, 158] M, =360. RE4i IR E IRl TS A B N RORE 5, #05 R & T 2%
3 B B AR (IX71, Olympus) T, i3 5 2ZEE R Qcapture Pro A WK HepG, AT i 40 M 7E A v, H 3k
O Fr TGH T T R e ARG L. Y38 i S XA R A T A T 5SS i L TR U R 5V, MR 4 MHz i
AT T U 6 FRR i HepG., JHi 20 I A9 A F s Uk & 4R LIl SEIR 25 RIS, 0 U4 2 IR 47 ik Fb A 2 1 1Y
HepG, @40 E17 114k, 38 M, =320. fie) . @ iH 58 2] HepG, TR MMM & ERE M=M,/M,
X100 % =320/360X100% =88. 89 %.

DL N AP SE IR . BRI 22 O T H L KO0 20 L e AR B SR R, (HR T IR g X G K S
A0 22 S AR EFR B X5 W] b 4 A 0 = A B T BCHE bl X, Sl A B SCRR, R A0 T 8 A H H vk S
PN M & S RCR/ANT 80%. HILIAH 88. 89 % SLBL T HepG, FF 240 M 1) i 20 s 4.

W00 0000
VOO

B 5 ek S S SYE(PCB #H3) 6 HepG, iz 40 fa /v R R ik
EEEB#ME(V,-, =5V, f=4 MHz)

5 & g

TR AR AR A L H TR A B A AT s AR SCE e A LUK T R A, HESR TR TR AR Y 2 1Y
A RIK I AR, FILARTR TS e 4 A FE H K R AR SRR L O X LR R B Y R b R B A
PEPE AR RS G AR T RN R B RS, FE R 1R i COMSOL Multiphysics %l 477 5 43 #r
B, ALY AR R B LA R F AR T PGS A F R KRS fHGE T R L 3 A A S e, Rl R A TR R G
TR BE RST R AR R BEY Ry 30 pm. i 7 XS RERLEE B E A7 30k, R o T4 AR AR 1 A v v Dk 20 M 53 A
. LA HepGe JH i 40 M R DN RE &, 250 Ho L UKON BT i i IE 5% 32 i L R R 6V, %65k 4 MHz B, 3R
2T 88.89 %0 MY E HERK.
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Structural Design and Experimental Study of
Dielectrophoresis Chip for Cell Analysis

GU Wen-wen

Department of Electronic and Control Engineering, School of Engineering and Technology ,

Southwest University , Chongqing 400715, China

Abstract: In order to fabricate dielectrophoresis (DEP) chips with higher enrichment efficiency, a formula

of the dielectrophoresis force applied in suspended cells was theoretically deduced. After comparing the e-

lectric field contribution for conventional micro electrodes, the interdigitated array microelectrodes were

chosen to model the dielectrophoresis chip. The parameters for the dielectrophoresis chip were designed

and optimized by COMSOL Multiphysics software. In order to validate the simulation results, the micro

processing technology was used to fabricate the dielectrophoresis cell analysis chip. HepG; hepatoma carci-

noma cells were used as the testing sample. When the sinusoidal alternating voltage with a peak-to-peak

amplitude of 5V and a frequency of 4MHz was applied on the dielectrophoresis chip, the enrichment effi-

ciency for the HepG, hepatoma carcinoma cells was as high as 88. 89 %.

Key words: microfluidic chip; dielectrophoresis; interdigitated array microelectrode; electric field simula-

tion; cell enrichment
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