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Enhanced pH Response of Solution—gated Graphene FET by
Using Vertically Grown ZnO Nanorods on Graphene Channel
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We observe enhanced pH response of solution-gated field-effect transistors (SG-FET) having 1D-2D hybrid
channel of vertical grown ZnO nanorods grown on CVD graphene (Gr). In recent years, SG-FET based on Gr
has received a lot of attention for biochemical sensing applications, because Gr has outstanding properties such
as high sensitivity, low detection limit, label-free electrical detection, and so on. However, low-defect CVD Gr
has hardly pH responsive due to lack of hydroxyl group on Gr surface. On the other hand, ZnO, consists of
stable wurtzite structure, has attracted much interest due to its unique properties and wide range of applications
in optoelectronics, biosensors, medical sciences, etc. Especially, ZnO were easily grown as vertical nanorods by
hydrothermal method and ZnO nanostructures have higher sensitivity to environments than planar structures due
to plentiful hydroxyl group on their surface. We prepared for ZnO nanorods vertically grown on CVD Gr (ZnO
nanorods/Gr hybrid channel) and to fabricate SG-FET subsequently. We have analyzed hybrid channel FETs
showing transfer characteristics similar to that of pristine Gr FETs and charge neutrality point (CNP) shifts
along proton concentration in solution, which can determine pH level of solution. Hybrid channel SG-FET
sensors led to increase in pH sensitivity up to 500%, compared to pristine Gr SG-FET sensors. We confirmed
plentiful hydroxyl groups on ZnO nanorod surface interact with protons in solution, which causes shifts of CNP.
The morphology and electrical characteristics of hybrid channel SG-FET were characterized by FE-SEM and
semiconductor parameter analyzer, respectively. Sensitivity and sensing mechanism of ZnO nanorods/Gr hybrid
channel FET will be discussed in detail.
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