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An Optimal Design and Fabrication of Microfluidic Material
Detection Sensor and Limit Cycle Based Readout System

Maysam Zamani Pedram, Mansour Mohtashamifar, Ahmad Afifi

Abstract: In this Study, according to microfluidic structure and bio inspired techniques, a
material detection sensor has been designed and fabricated based on micro fabrication method. The
capacitive sensing has been designed numerically and optimized by a familiar multi physics software.
In this type of sensor, a defined aptamer has been coated on the capacitor electrode surface and by
flowing the fluid through the microchannel, the targeted material would be involved between the
aptamer string structure and it makes a change in capacitor value. In this research, a novel readout
system based on limit cycle has been introduced and implemented. In this method, a virtual nonlinear
dynamic has been supposed beside the real system and makes the whole system behave in a limit
cycle (LC). By measuring LC frequency and amplitude, capacitor value is estimated.

Keywords: Material Detection Sensor, Microfluidic, Novel Capacitor Readout, Limit Cycle
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NM(5)=6 Multislice: Electric potential (V) \ )

Complete mesh consists of 746345 domain elements, 81281 boundary elements, and 2740 edge elements. 20 0.9
Formed union of 4 solid objects, 0.8
Finalized geometry has 5 domains, 52 boundaries, 124 edges, and 80 vertices. g ;
Number of degrees of freedom solved for: 1750001 10 05
Mumber of degrees of freedom solved for: 2473157, 0.4
MNumber of degrees of freedom solved for: 3193173, 0.3
Mumber of degrees of freedom solved for: 3914702, 0.2
Mumber of degrees of freedom solved for: 4635132, g 1

Solution time (Study 1): 2809 s, {46 minutes, 49 seconds)
Saved file: Cap.mph
Saved file: Cap.mph
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Point Graph: compl.es.Q0_l/compl.esV0_1 (statfarad) o
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Mumber of degrees of freedom solved for: 2472899,
Mumber of degrees of freedom solved for: 2472358,
Solution time (Study 1): 6670 s. {1 hour, 51 minutes, 10 seconds)
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Messages Progress Log  Frobe Table 2
HEes VI ENBEE-
V_in (m/s) Pressure (Pa), Domain Probe 1

1,0000E-7 |2.698%E-5
2.0000E-7 |5.3968E-5
3.0000E-7 [3.0952E-5
4,0000E-7 | LO794E-4
5.0000E-7 134964
6.0000E-7 | L6190E-4
7.0000E-7 |1.8889E-4
8.0000E-7 |2.1587E-4
9,0000E-7 |2.4286E-4
1.0000E-6 2.698%E-4
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wt_Water (m) Pressure (Pa), Domain Probe 1
1.0000E-4  0.023383

1.5000E-4 0.0070166

2,0000E-4  0.0030958

2.5000E-4  0.0017165

3.0000E-4 0.0010808

3.5000E-4  7.5038E-4

4.0000E-4  5.82834
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=53 Hoes YiIEzzBNGEE®H-~

wt_Water (m) Velocity magritude (m/s), Domain Probe 2
1.0000E-4 9.5632E-7
1.5000E-4 5.9018E-7
2.0000E-4  |4.1036E-7
2.5000E-4  [3.2831E-7
3.0000E-4  |2.7166E-7
3.5000E-4  |2.4181E-7
4.0000E-4  |2.1304E-7
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Ch_W (m) Velocity magritude (m/s), Domain Probe 2
0.0010000 2.2431E7
0.0015000 2, 16027
0.0020000 2.0084E-7
0.0025000 2.1471E-7
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V_in (m/s) Velodity magnitude (m/s), Domain Probe 2
L.D000E-7 |2, 148167
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3.0000E-7 |6 H41E-7
4.0000E-7 |8,59226-7
5.0000E-7 | 1.0740E6
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Ch_W (m) Pressure {Pa), Domain Probe 1
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