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Creation of graphene bio FET with renewable 1 million digit dynamic range
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The purpose of this research is to develop a reproducible and highly
sensitive bio-FET by forming a sensing layer of a field-effect amplifier using a unique surface of a
two-dimensional structure of a large-area directly grown graphene surface. In order to elucidate
the detection mechanism, we expanded to molybdenum disulfide thin film, which is a two-dimensional
layered material with a surface similar to graphene, growth of channel materials such as zinc oxide
nanowires with expanded specific surface area, device fabrication and electrochemical evaluation. It
was found that the fabricated sensor exhibited good characteristics in both the hysteresis width
and the drift amount compared with biosensors using other materials that have been reported
previously.
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Figure 1. Schematic configuration of the sensing performance measurement system of solution gated CG
FET and extended gate FET pH sensors. (a) The photograph of the sensor chip, (b) Schematic illustrations
of the structure of the sensor chip for the top view and the cross-sectional view, (¢) the measurement system
for the solution top gate structure and the extended gate structure.
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Figure 2. FE-SEM images of glassy carbon films directly grown on SiO,/Si substrate with different growth
time; (a) for 10min, (b) for 30min, and (c) for 60min, respectively. AFM images of the samples; (d) for
10min of sample (a), (e) for 30min of sample (b), and (f) for 60min of sample (c), respectively. The bottom
insets show scan profiles indicated in the AFM images respectively.
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Figure 3. High-resolution TEM image of GC film grown on SiO,/Si substrate at 1000°C.
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Figure 4. Overview of the Raman spectra for GC films grown at 1000°C for different growth time from
the range of 10min to 60min, and HOPG as a reference for graphite structure.
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Figure 5. XPS spectra of GC films with different growth time and HOPG as a comparison. (a) XPS
survey spectra and (b) XPS Cls core level spectra for the GC films and HOPG.
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Fig.6 (a) Ins-Vg characteristics, (b) CNP shifts in different buffer solution with pH values where a sensitivity
of 20.48 mV/pH was obtained.
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