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Intelligent UV Sensor Composed of III-Nitride Semiconductor

Title and n-MOS Si Signal Processor
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High sensitive flame detector for open space and/or outdoor use is possible by use of]
solar-blind sensor which can selectively detect the flame spectrum (UV-C). In order to realize an|
image sensor by which flame site can detect identify, III-nitride based photodiodes is one of the
candidates because of its absorption edge at solar-blind UV-C spectrum region, potential for|
miniaturization, and array formation using semiconductor technology. However, optical
intensity of target flame spectrum is too weak, ~ 10 pW/mm?2, III-nitride based photodiodes
needed an external amplifier or a field effect transistor (FET) structure to amplify weak signals,
to reduce leak current, and to enhance a low signal-to-noise ratio (SNR). To overcome these
difficulties, in this dissertation, an intelligent UV sensor composed of a GaN-based photodiodes
(PDs) and n-channel metal-oxide-semiconductor (nMOS) Si signal processor was investigated to|
realize a prototype heterogeneous optoelectronic integrated circuit (OEIC). Si integrated
electronics offers advanced signal processing, and nitride semiconductors have shown excellent
optoelectronics and high electronic properties. Thus, the heterogeneous integration of these two
material systems is promising not only for high- resolution image sensors that cover the UV to
infrared range, but also flexibility for advanced applications.

Initially, the Au/n-GaN and Au/n-Alo.1GaosN Schottky barrier diode (SBD) was
demonstrated and evaluated to obtain the optimum process conditions for combination with a|
Si-charge transfer type signal processor. A 100 pW/mm? of UV detection limits was obtained
both of GaN and Alo.1GaosN SBDs by optical response characteristic measurement.

Then, to realize high sensitivity, the effects of plasma-induced damage on deep traps
in n-GaN have been investigated. The Au/n-GaN SBDs were fabricated in an inductively
coupled plasma ion etching (ICP-RIE) with various processing conditions, to introduce plasmal
damages. Also, in order to overcome the residue and plasma damage, the samples were treated
by HCL. As a result, the electrical properties of fabricated SBDs strongly dependent on the RIE
gas composition and the bias power applied to the sample stage. Also, the improved electrical
characteristics were archived by HCI treatment and sinter process.

Finally, the fabricated GaN and Alo.1GaosN SBDs were connected with the Si-charge
transfer type signal processor to examine the effectiveness of the combined device for a UV
detector. The processor was driven by a programmable function generator. Using the
open-circuit voltage as the input signal, 350 mV (GaN) and 500 mV (Alo.1GaosN) outputs were
achieved at the irradiation UV power 177 uW/mm?2 and 84 nW/mm?2, respectively.




