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Flexible Inorganic-based Piezoelectric Acoustic Nanosensors
by Mimicking Human Cochlea

Sampling time and pH-dependences of SiNW ISFET-based biosensors
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Si nanowire ion-sensitive field effect transistor (SiNW ISFET) is a promising solution for
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real-time, label-free, and low cost biosensor. However, the movement of ions in electrolyte causes

hair cell

the delay in trasferring the potential of liquid gate voltage (V LG) into the functionalized surface of

For patients who suffer from sensorineural hearing loss by damaged or loss of hair cells in the
cochlea, biomimetic artificial cochleae to remedy the disadvantages of existing implant systems
have been intensively studied. Here, a new concept of flexible inorganic-based piezoelectric
acoustic nanosensor (iPANS) for the purpose of a biomimetic artificial hair cell to mimic the
functions of the original human hair cells is introduced. A trapezoidal silicon-based membrane
(SM) mimics the function of the natural basilar membrane for frequency selectivity, and a
flexible iPANS is fabricated on the SM utilizing a laser lift-off technology to overcome the
brittle characteristics of inorganic piezoelectric materials. The vibration amplitude vs
piezoelectric sensing signals are theoretically examined based on the experimental conditions

SiNW when VLG is swept [1]. Therefore, the real-time output current of ISFET varys depending on
a sampling time of readout circuit and the pH concentration as well although VLG and VDS
(drain-to-source voltage) are fixed to specific values. It should be considered in establishing
ISFET-based biosensor circuit and systems. In this work, the output current of top-down processed
SiNW ISFET-based pH sensor [Fig. 1(a)] is investigated with varying the sampling time and pH
value of electrolyte.
The sampling time used was controlled by a hold time (TH) and delay time (TD) with Agilent
4156C semiconductor parameter analyzer when V LG is swept under a fixed VDS [Fig. 1(b)]. The
difference of ISFET current, i.e., denoted by I, depending on varying TH and TD is observed to
increase with the increase of pH [Fig. 1(c)]. The difference of liquid gate current, i.e., denoted by
ILG, depending on varying TH and TD is also characterized [Fig. 1(d)]. Finally, the hysteresis as
well as I and ILG will be analyzed as the function of parameters, such as pH, TH, and TD, and

by finite element analysis method. The SM is successful at separating the audible frequency

related physical/chemical properties will be also discussed in detail. Our result is potentially useful

range of incoming sound, vibrating distinctively according to varying locations of different

in improving a signal-to-noise ratio of the biosensor readout circuit and system.

sound frequencies, thus allowing iPANS to convert tiny vibration displacement of ≈15 nm into
an electrical sensing output of ≈55 μV, which is close to the simulation result. This conceptual
iPANS of flexible inorganic piezoelectric materials could open the new fields of nature-inspired
biomimetic systems using inherently high piezoelectric charge constants than those of organic
piezoelectric materials..

Fig. 1. (a) SiNW ISFET. (b) Used condition of sampling time. The pH-dependences of (c) I and (d) ILG.
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