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Chapter 1 gives the principal motivation for the work presented in this dissertation.
In addition, the working principle of AlGaN/GaN heterostructure and cubic silicon
carbide (3C-SiC) structure is briefly explained. Thereafter the outline of this
dissertation is given.

In chapter 2, a structure of AlGaN/GaN on 3C-SiC/low resistive (LR)-Si with an
introduction of 8.0 um thick nitride layer is proposed. The crack-free high-quality
nitride layer was grown by metal organic chemical vapor deposition (MOCVD). The
buffer layer condition was verified by Hall measurements which showed excellent
electron transport characteristics compared to conventional epi-structures. Successful
fabrication of AlGaN/GaN high electron mobility transistors (HEMTs) was achieved on

the reported epitaxial structure.
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In chapter 3, the FET operation in DC was analyzed. The DC drain /-Vand transfer
characteristics (Ln/lft ~ 108). The off-state leakage current was stable at high
temperatures and a small degradation of DC performance was observed at high
temperatures because of the temperature dependency of mobility.

In chapter 4, a detailed temperature-dependent RF characterization is represented to
evaluate the high-frequency performance of the device. The small-signal RF
characteristics of 2-um gate length devices exhibited cut-off frequency (#) and a
maximum frequency of oscillation (fnax) of 4.8 and 10.0 GHz, respectively. The obtained
fr attained remarkable competitiveness compared with previously reported results. A
primitive study of the frequency response of RF loss was estimated using S-parameter
measurements of open pad structures. It exhibited an ideal-like frequency response
which confirmed suppression of loss even at the high temperature of 125 °C. At high
temperatures, degradation of small-signal performance was observed. It was assumed
that temperature dependency of intrinsic properties was solely responsible for the
degradation of device performance at a high temperature. This was confirmed by
comparing transconductance from S-parameters, calculated # values and DC
characteristics with varying temperature. The load-pull measurement exhibited 47%
power added efficiency (PAE) while delivering 2 W/mm output power with a linear gain
of 17.2 dB for class A amplifier operation. A deterioration of output power and PAE was
observed after a drain bias of + 22.5 V because of the current collapse.
Temperature-dependent load-pull measurement exhibited a declination of output
power, gain, and PAE. As in our case, the drain bias was fixed at its optimum point, the
decrement was mainly because of the deterioration of drain current i.e. the mobility or
the intrinsic property of the device.

In chapter 5, the high-frequency transmission loss evaluation is outlined. The loss
was characterized by S-parameter measurements of microstrip lines designed and
fabricated on three different epitaxial structures by varying nitride layer thickness (3.2,
5.3, and 8.0 um). Attenuation constants of all three samples were evaluated which
showed that a thick nitride layer can suppress the RF transmission loss compared to
the sample with the thinnest nitride layer. EM simulation results also confirmed the
above observation. Furthermore, the sample with 8.0 #m thick nitride layer showed
minimal loss compared to the sample with 3.2 ym nitride layer at a high temperature of
125 °C.

Chapter 6 concludes the dissertation.
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