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W X & H Studv on sensor applications of amorphous InGaZnQO-based oxide
semiconductor thin-film transistors.

This thesis discusses sensor applications of amorphous indium-gallium-zinc oxide thin-film
transistors (a-InGaZnO TFTs). The a-InGaZnO TFTs are promising candidates for MEMS sensor
applications due to their high field-effect mobility, a small subthreshold swing voltage, a low off current, and
low-temperature process adaptability.

In this thesis, the bottom-gate type a-InGaZnO TFTs are used for sensors. The TFT having Ti and
Mo S/D electrodes exhibit good transfer characteristics at a drain voltage of 10 V, with a
field-effect mobility of 7 cm?® V™! s7'. The output curves exhibit good linearity in the
low-drain-voltage region, which indicates that both Ti and Mo yield good ohmic contacts.
XPS analysis of Ti and a-InGaZnO interface indicated the presence of an oxygen-deficient
layer at the interface region. These oxygen-deficient interface regions are believed to play a
crucial role in ensuring good ohmic contact in the TFTs. Using bulk micromachining
techniques, the InGaZnO TFTs were fabricated on the diaphragm and the bridge structures,
which are widely used as basic structures for sensors. Diaphragm type TFTs were fabricated
using stress-controlled a-InGaZnO thin films. Bridge type TFTs with microheater showed
stable operation up to 200°C.

The concept of pH sensor is based on the threshold-voltage shift of bottom-gate
transfer characteristic owing to the charge generation on the top insulators, which were called
top-gate effects. Utilizing top-gate effects on a-InGaZnO TFTs, insulated-gate type and
extended-gate type pH sensors are developed. The insulated-gate type with TaOx thin-film as
an ion-sensitive insulator indicated a high pH sensitivity of 273 mV/pH beyond the
Nernst-limit. The extended-gate type indicated a high pH sensitivity of 620 mV/pH and ability
to respond to a pH change of 0.001. The high sensitivity sodium ion and potassium ion
sensors were realized using an extended-gate structure and a solid-state ion-sensitive
membrane. The electrostatic potential sensor consisted a-InGaZnO TFT and
dimethylpolysiloxane (PDMS) sensing membrane. The TFT sensing device responds to
attaching and detaching charged dielectric materials to the PDMS surface. Drain current of the
TFT sensing device changes, depending on the polarity of the charge.
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