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In next-generation semiconductor technologies, power devices are required to simultaneously satisfy high-voltage,
high-frequency, and high-efficiency characteristics, and GaN High Electron Mobility Transistors (HEMT) have consequently
attracted significant attention as a key candidate. However, despite their outstanding electrical performance in high-power and
high-frequency applications, GaN HEMT suffer from increased thermal resistance and reduced reliability due to self-heating.
To address these thermal management challenges, recent research has focused on transferring devices onto high-thermal-
conductivity substrates and optimizing interfacial thermal conductance [1]. Within this context, the Fluidic Assembly and
Substrate Transfer(FAST) technique has emerged as an engineering platform of particular interest, as it decouples device
fabrication from substrate selection, thereby enabling heterogeneous integration and facilitating the realization of novel device
architectures and functionalities [2]. Furthermore, a variety of substrate and thermal management strategies have been
developed to improve the thermal characteristics of semiconductor devices, as enhanced heat dissipation is considered
essential for suppressing performance degradation and reliability issues under high-power operation. In this work, we
investigate the electrical characteristics of GaN HEMTs transferred onto different substrates via FAST and propose design
guidelines for optimizing thermal conduction and reliability under high-speed operating conditions.

In this study, the multi-channel GaN HEMTs were transferred using the FAST technique. An AIN layer was grown as the
epitaxial layer, and during the FAST process, the devices were transferred onto two-dimensional materials utilizing van der
Waals (VdW) bonding, completing the fabrication. Figure 1 presents the output characteristics obtained from pulsed -V
measurements, which were performed to evaluate the electrical performance and self-heating behavior of the device. From
these measurements, the channel temperature and the width-normalized thermal resistance R, , referenced to the total gate
width, were subsequently extracted. [2] Figure 2 presents the calculated channel temperature based on the derived expression,
thereby enabling analysis of the device characteristics. Figure 3 shows the variation of device performance as a function of
temperature, revealing a pronounced dependence on the substrate. Compared with the pre-transfer baseline ( R, =
28.1 °C-mm/W), all transferred devices exhibited reduced thermal resistance, with graphene reaching R, = 13.1 °C-mm/W
and As-grown achieving the lowest R,, = 10.56 °C-mm/W. These findings demonstrate that substrate selection and interfacial
thermal conductance play a dominant role in governing self-heating in transferred GaN HEMTs. The results indicate that
substrate engineering through FAST transfer can preserve the electrical characteristics, as evaluated from transfer and output
curves, while effectively mitigating channel self-heating.
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Figure 1. Pulsed I-V curves measured in

25 °C increments Figure 2. Temperature dependence

of the drain current

Figure 3. Channel temperature for
different substrates after FAST
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