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A Study on an Electrical Biosignal Detection System for the Microbiochip
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ABSTRACT

In this study, a microchip system fabricated with MEMS technology was developed to detect bioelectrical signals.
The developed microchip using the conductivity of gold nanoparticles could detect the biopotential with a high
sensitivity. For designing the microchip, simulations were performed to understand the effects of the size and number of
nanoparticles, and the sensing width between electrodes on the detection of biosignals. Then, a series of experiment was
performed to validate the simulation results and understand the feasibility of the proposed microchip design. Both
simulation and experimental results showed that as the sensing width between electrodes increased the conductivity
decreased. Also, the conductivity increased as the density of gold nanoparticles increased. In addition, it was found that
the conductivity that changes with the nanoparticles density could be approximated by a cumulative normal distribution

function. The developed microchip system could effectively apply when a biosignals should be measured with a high
sensitivity.
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k-2 A = Cross sectional area of material

n = Density of the nanoparticles
R = Resistance of the nanoparticles

p = Specific resistivity of the nanoparticles 1. Mg
o = Conductivity of the nanoparticles
1 = Length of electrode Hlo] @ 7]&(BT: Bio Technology)® Z4A¥ 713 A]
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Fig. 1 The concept for detecting electric signal
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(a) Width and gap: 10 um

(b) Width and gap: 15 pm

(c) Width and gap: 20 pm

Fig. 2 Design of the biosensor
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Fig. 3 Fabrication process

(a) Biosensors with 10pm, 15pm, 20pm gaps

(b) Biosensor with 20um gap

Fig. 4 Photograph of the biosensors
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Fig. 5 The concept of the simulation
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Fig. 6 The simulation process
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Fig. 7 Electrical charged gold particles on the
detection zone (uniform random distribution)
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Fig. 8 Resistance of the nanoparticles between
sensing electrodes.(Simulated)
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Fig. 9 Conductivity of the nanoparticles between
sensing electrodes. (Simulated)
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Fig. 11 Experimental setup
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Fig. 12 Conductivity of the nanoparticles between
sensing electrodes. (Experimented)
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