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Abstract

Research and development in the field of microelectronics industry always looks
forward for integration of innovative and cost-effective devices and technologies. The field of
gamma radiation detection is a continuously growing area of research, due to its vast
applications spanning from space radiation, medical diagnostics to the food industry. lonizing
radiation (such as X-rays, gamma rays) is widely used as a source in medical radiotherapy for
destroying the tumor cells.

Field-effect transistors can be made from both organic and inorganic semiconductors;
differences in performance capabilities vary a lot, though. Inorganic materials suffer from
various drawbacks, such as poor mechanical flexibility, inability to cover large areas, unaltered
structural integrity/rigidity and poor human-tissue equivalence. Organic semiconductors and
Graphene based devices can overcome these drawbacks and make an ideal material for the
development of low-cost and scalable dosimeters. Organic materials can be used to cover a
larger and flexible surface due to their polymeric backbone. CVD grown graphene on Cu foil
can be transferred to large-area surfaces. This makes them superior to inorganic
semiconductors in many applications. Organic semiconductor and graphene-based devices
undergo mobility degradation, charge trapping and shift in threshold voltage upon irradiation
exposure. These radiation effects can be utilized as sensing parameters for direct radiation

dosimetry.

For low-cost sensors, we explored the electrical and material properties of TIPS-
Pentacene upon irradiation to different gamma doses from cobalt-60 (®°Co) radiation source at
room temperature. Interface trap/defect generation was studied post gamma irradiation of
TIPS-Pentacene transistors. The effect of traps/defects at the bulk/surface of TIPS-Pentacene
and SiO2/Si interface states on the sensing behavior was studied. Further, the role of dielectric
and channel materials on radiation sensitivity was studied. A theoretical model was developed
to understand the change in ON-current and channel doping. The change in surface potential
of the film was studied by Kelvin probe force microscopy (KPFM) to analyze radiation induced

effects.

Later, the electrical and material properties of Graphene-based field-effect transistors

(GFETSs) were studied with various doses of gamma radiation. Graphene-based field-effect



transistors exhibit p-type doping of the Dirac point upon exposure to gamma radiation.
Concurrently, an asymmetric degradation in the electron and hole mobility was observed with
the former degrading more rapidly. It is shown that change in the Dirac voltage and carrier
mobility is strongly dependent on the dose of gamma radiation. The core level changes and the
generation of new states in the material band-gap upon exposure to ionizing radiation were
studied using X-ray photoelectron spectroscopy (XPS). The change in contact potential
difference was estimated through the Kelvin probe force microscopy (KPFM). In addition, a
time-dependent room temperature annealing study was also performed on the devices to study
the stability of devices. Thus, we propose, that GFET can serve as a real-time dosimeter

operating in ambient conditions.

Keywords: OFET, TIPS-Pentacene, graphene, GFET, lonizing Radiation, Dosimeter, Sensor,
XPS, KPFM, Hole doping, GFET performance tuning
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