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Deterministic Lateral Displacement as a Function of Particle Size
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Abstract: This paper presents the lateral displacement of a particle passing over a planar interdigitated electrode
array at an angle as a function of particle size. The lateral displacement was also measured as a function of the
angle between the electrode and the direction of flow. A simplified line charge model was used for numerical
estimation of the lateral displacement of fluorescent polystyrene (PS) beads with three different diameters. Using the
lateral displacement as a function of particle size, we developed a lateral dielectrophoretic (DEP) microseparator,
which enables the continuous discrimination of particles by size. The experiment using an admixture of 3-, 5-, and
10-um PS beads showed that the lateral DEP microseparator could continuously separate out 99.86% of the 3-um
beads, 98.82% of the 5-um beads, and 99.69% of the 10-um beads. The lateral DEP microseparator is thus a
practical device for the simultaneous separation of particles according to size from a heterogeneous admixture.
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Fig. 1 (a)Top view of a planar interdigitated electrode
array placed at an angle(f) to the direction of
flow. (b) Perspective view of the continuous
lateral DEP  microseparator  showing  the
conceptual flow of particles according to size.
The inset shows an enlarged cross-sectional
view of the microchannel with three different
sizes of PS beads levitated from the electrode
array
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Fig. 2 Continuous lateral DEP microseparator with a
piecewise curved interdigitated electrode array.
The microchannel is divided into three
regions numbered 1-3 from left to right. The
electrodes in Regions 1, 2, and 3 are placed
at angles of 9.5° (6,), 14.0° (6,), and 18.4°

(03), respectively, to the direction of flow
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materials. (b) Photograph of the prototype lateral
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Fig. 4 Photographs of flowing PS beads with diameters
of (a) 3, (b) 5, and (¢) 10 pm suspended in a
medium with a conductivity of 1.7 mS cm
under an applied 200 kHz 12 Vpp voltage on a
planar interdigitated electrode array placed at an
angle of 9.5° to the direction of flow. The
width and spacing(2d) of the electrodes were
both 50 pm. The exposures in these photos
were taken at intervals of 0.25s; the scale bars
are set to 500 pm
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Fig. 5 (a) Measured and (b) calculated lateral displace-
ments of 3 pm (Fig. 4(a)), 5 pm (Fig. 4(b)),
and 10 pm (Fig4(c)) PS beads passing over the
planar interdigitated electrode array placed at an
angle of 9.5° to the direction of flow. The
hatched bars on the xz-axis represent the cross
section of an electrode taken perpendicular to the
z-axis in Fig. 1(a). The calculated values were
produced numerically based on the line charge
model using Eq. (2) and (3). The parameters
used for calculation were Re[fom]=-0.5, v,
=6Vrms, a=0.2pm, z,=30 um, »=1 to 4, and
7=0.96 10°N * sm”
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Fig. 6 Photographs of flowing 10 um PS beads suspended
in medium with a conductivity of 1.7 mS cm’
under an applied 200 kHz 12 Vpp voltage on a
planar interdigitated electrode array placed at

angles of (a) 9.5°, (b) 14.0°, and (c) 18.4° to
the direction of flow. The width and spacing
(2d) of the electrodes were both (a) 50 um (b)
74 um, and (¢) 96 um, respectively. The
exposures in the photos were taken at intervals
of 0.25s; the scale bars are set to 500 pm
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. 7 (a) Measured and (b) calculated lateral displace-

ments of a 10 pm PS bead passing over the
planar interdigitated electrode array placed at an
angle of 6,=9.5° (Fig. 6(a)), 6,=14.0° (Fig.
6(b)), 6,=18.4° (Fig. 6(c)) to the direction of
flow. The hatched bars on the x-azis represent

the cross section of electrodes taken
perpendicular to the x-axis in Fig. 1(a). The
parameters used  for  calculation  were

Re[fcm]=-0.5, v,=6Vrms, a=0.2 pm, 2,=30 n
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(a) Fluorescent PS beads (3, 5, and 10 pm in
diameter) flowing through the microchannel of
the lateral DEP rmcroseparator at a volumetric
flow rate of 77ul h' with a 200 kHz 12 Vpp
sinusoidal voltage applied to the piecewise
curved planar interdigitated electrode array. (b)
Measured relative separation percentage of PS
beads at each outlet. The numbers on each bar
are the mean counts of PS beads separated into
each outlet. The error bars represent 1 standard
deviation calculated from three data sets
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Table 1 Calculated and measured lateral displacements, del y,, of 3, 5, 10 pm PS beads per single electrode
for three types of electrodes placed at angles of 6,=9.5°, 6,=14.0°, and 6,=18.4° to the direction of

flow. Based on the line charge model, the calculated values were produced numerically using a
program written in C. (Unit: 1 m)
Diameter of Region 1 (6,=9.5°) Region 2 (6,=14.0°) Region 3 (6,=18.4°)
PS beads Calculated Measured Calculated Measured Calculated Measured
3 um 0.8 4.6£0.6 0.5 0.0+0.6 0.3 0.0£0.6
5 um 3.1 11.9+0.4 1.7 4.6+0.6 0.9 0.0+0.6
10 ym 00 00 18.4 11.0+0.6 8.1 3.4+0.6
10 pme 4A7E B wAd=SS F3E w, vk o2 E SUWdFd FAdds vAE = ]
g A= T SURYE Mo 950cME FEd, W E700A 3 pm JAE 99.86%, 29 Eoll A
14.0°= 11 pm, 18.4°% 3.4 pum ©Jth WEkA Fig. 5 um YAE 98.82%, 39 =794+ 10 pm ¢
(@9t (b)oll A Bol= wieh o] FAZFHEFHL  AE 99.69%°] £ 5E&= wdd F v 2
B wzpd=So] o] F= dzte] FolEas W IE AT
W WMol S7FTE Table 1914 = 47kl A7)
o FASERFY HH WA= o] F= o7t 4. &2 =
o wet S SURd WY @S A el
HAG BdS o) gste] FAHoR AXte =9 2w SENE fd9eHd et
ubsk W) zk3} W Wt} FHWMAAFS o]gste] iAke] A7k FAEEY
F FH WA S0] o] F= o Zbe] Wste] wE <)
43 A7|ol| w2 ps AXte| £z 7ol SHWEE WMeE o5 9 S4s%laL, olF o]
zmurel S A% mAREE ] AlE g e & FAYYE FAGE vAZHIE AEsksith
A7) g2 A FF7GE, 5 10 pm)e] dF ps ¢ A748°1 3,5 10 um 719 FF PSUAE= o] 8F
2} BEES F918a Fig 8a)olA Hol: npep  AWAINENE Yxte] AV|7F AdE S1Ejal A
7ro] tEolzt WAt Ao] 200 kHz 12 Vep 2w 8 BWHMAAS Apo]o] djzto] zoldaes
Apolmt AHe JlaFEeh gl vl A & SNV SRS o ¢ Sith ARAoR At
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Aqs ek Zuskom oF 100 pm o]Esr ol wElE 4 Stk EZE Coulter counter”} E
o 1M EAAYR Reuan. ode Ant 3 XS AFs 2718 olgstel Wl 4 Aqshe
um AT A WA gz deA v wz g H AT e ZAAE, SUNE 49 vA
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