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Abstract

We present an electrical particle velocity profiler using particle transit time across uneven inter-gap
electrodes. We measure both the particle position and velocity from the voltage signals generated by the
particles passing across sensing electrodes, thus obtaining the velocity profile of the particles in a microfluidic
channel. In the experimental study, we use polystyrene microparticles to characterize the performance of the
electrical particle velocity profiler. The particle velocity profile is measured with the uncertainty of 5.44%,
which is equivalent to the uncertainty of 5% in the previous optical method. We also experimentally
demonstrate the capability of the present method for in-channel clogging detection. Compared to the previous
optical methods, the present electrical particle velocity profiler offers the simpler structure, the cheaper cost,
and the higher integrability to micro-biofluidic systems.
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Fig. 1 An electrical particle velocity profiler
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Fig. 2 Electrical signals generated by the particle
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Table 1 Flow rate conditions for the particle position
measurement using the device A

Condition Qp Qsi Qs2
ID [pl/min] [ul/min] [ul/min]
Qal 0.46 3.45 0.69
Qas 0.46 2.07 2.07
Qa3 0.46 0.69 3.45

* Qp, Qs1, and Qs, denote the flow rates in Fig.4a.

Table 2 Flow rate conditions for the particle velocity and
velocity profile measurement using the device B®

ConIcll)ltlon Qp [ul/min]
Qg1 1.85
Qg 2.68
Qs 3.60

* Qp denotes the flow rate in Fig.4b.
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Fig. 5 Electrical signals for the particles passing
through the sensing zones 1 and 2 in the device
A: (a), (b), and (c) at the conditions of Qaj, Qaz,
and Q,; in Table 1, respectively
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Table 3 Measured data from the device A and the particle
position uncertainty

Condi| T, T, w=T/(TiHT) | gy 2 Uncertainty
tion | [msec] | [msec] [%] Y7 [um] Y7 [um] ) [%]
Qui 0.380 | 0.209 35.552 -14.7481-16.420 334

+0.0284|+0.0152] +2.157  |+1.874|+1.604

Q 0.270 | 0.295 52.216 -0.283 | -1.923 308
A2 1£0.0195+0.0188] +£2.461 | +2.138|+1.679 )

Q 0.194 | 0.384 66.397 12.027 | 12.821 159

A3 140.0184[+0.0297]  +£2.374 | £2.062 |£1.371 )

1) Particle position measured by the present method

2) Particle position measured by optical image analysis

3) |Average of y — average of Y|/(channel width=50 pm)>100 [%]

* The data (mean+standard dev.) are measured from ~80 particles.

Table 4 Measured data from the device B and the
particle velocity uncertainty”

Condi| T, T, To=T1+T>

V¥ |Uncertainty
1)
tion | [msec] | [msec] [msec] V7 [m/sec]

[m/sec] | ¥ [%]
0.654 | 0.601 | 1.255 0.0956
Qa1 +0.135 | £0.134 | +£0.0745 |+0.00575 0.0937 | 2.03

0.511 | 0394 | 0.905 0.133
Qe2 | 40,088 | +0.085 | +0.058 |+0.00865 0.136 221

0376 | 0284 | 0.660 | 0.182
Qw3 | 10.063 |+0.0565| 0.046 | +0.0129 | %182 0

1) Particle velocity measured by the present method

2) Particle velocity estimated by numerical simulation

3) |Average of v — V|/Vx100 [%]

* The data (meantstandard dev.) are measured from ~300 particles.

'1 .2 T T T T T T T T T 1
00 02 04 06 08 1.0 12 14 16 1.8
Time [msec]

00 02 04 06 08 10 12 14 16 18
Time [msec]

00 02 04 06 08 1.0 12 14 16 18
Time [msec]
Fig. 6 Electrical signals for the particles passing
through the sensing zones 1 and 2 in the device
B: (a), (b), and (c) at the conditions of Qg;, Qgy,
and Qg3 in Table 2, respectively
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