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Graphene's extreme electrical properties and compatibility with different organic
macromolecules make graphene to be an ideal biosensing platform. With the
development of advanced nanomanufacturing equipment, various GFET biosensors
have emerged. By combining the extremely high carrier density of graphene with the
unique interaction between avidin and biotinylated biomolecules, we have proposed that
the novel GFET biosensing platform for rapid, high-sensitive, high-specific, and low-
cost quantify detection of biomolecules. By monitoring the variation of the current Ids,
the biotinylated biomolecules can be detected under 0.4pM levels. Since the relationship
between the Ids value and the concentration of the specific target biomolecules can be
one-to-one correspondence so that the concentration of the target biomolecule can be
rapidly estimated from the current Ids value. Because of the wide range of conjugation
capability of biotinylated biomolecules through avidin-biotin technology, the present
GFET can be employed for the detection of various biomarkers and biomolecules.

Graphene is a form of carbon, and as a material it is completely new - not only
the thinnest ever but also the strongest. As a conductor of electricity, it performs
similarly to copper. Based on its excellent electrical properties and the thinnest
thickness (2-dimensional material), graphene transistors are expected as an
ultrasensitive biological and chemical sensing platform.

Avidin-biotin technology (the strongest known non-covalent interaction) has been
diffusely applied in different types of ELISA (enzyme-linked immunosorbent assay) kits,
polymer-based detection, and labeled immunosensors for detecting distinct biomarkers
related to different kinds of diseases (such as cancer and influenza). Here we employed
avidin-biotin technology in graphene field-effect transistor (GFET) and demonstrated
the specific detection of the biotinylated biomolecule such as biotinylated protein and
nucleotide in sub-pico molar (pM) range. Even after being conjugated with various
proteins and nucleotides, the biotin label can still maintain the binding ability with

avidin with strong affinity and specificity. Therefore, this novel rapid detection platform



has real-time detection potential. Especially for large-scale epidemic detection and
point-of-care testing, this new type of sensor platform is expected to exert its unique
advantages.

Chapter 1 briefly introduces graphene FET biosensor research background and
research motivation at first. Then based on previous research on graphene FET
biosensors, the research objective of pM-level rapid detection for specific molecules is
proposed. Finally, the main research methods and basic knowledge are also presented
during the entire research process. Chapter 2 extensively introduces recent research
related to the application of graphene and its potential applications in various fields.
Chapter 3 introduces the electrical properties of graphene and provides the relevant
electrical theoretical basis for graphene field-effect transistor sensors. Based on the
above theoretical, I proposed 2 important inferences in the field of graphene FET
sensing. At the end of this chapter, the low-temperature characteristics of graphene are
also briefly introduced. Chapter 4 systematically introduces the preparation method for
graphene. At the same time, some of my personal experiences with graphene
preparation are also inserted in this chapter. Chapter 5 describes my research result of
the graphene field-effect transistor and the biosensor based on the graphene field-effect
transistor in detail. Chapter 6 summarizes my research results about the graphene
field-effect transistor biosensor based on avidin-biotin technology.

At present, the most direct problem facing clinical detection is that most of the
existing testing methods cannot achieve rapid testing, including PCR and ELISA,
especially in the context of the current COVID-19 pandemic. Based on the above
considerations, the GFET biosensor, as a new type of biosensor that can achieve rapid
quantitative detection of specific biological molecules with ultra-high sensitivity and
specificity compared with traditional detection methods. To quickly provide a potentially
reliable basis for clinical diagnosis, and is expected to achieve rapid screening for large-
scale epidemics.

Therefore, the GFET biosensor, as an emerging sensing platform that has only
been invented for a decade, I hope that this dissertation provides the basic knowledge

and future directions of graphene FET biosensors.



