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Physical Insights into the Recessed Gate Architectures for High Gain Applications
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The GaN HEMTs portfolio offers reliable performance for high-power RF applications due to its high critical
field and saturation velocity. GaN's intrinsic properties, such as a high direct band gap, make it viable at high
temperatures. Despite technological advancements, poor aspect ratios (Lo/tgarier<15) degrade device performance,
necessitating the adoption of gate recess techniques [1].

This work delves into the large signal analysis of GaN HEMT with recessed gate architecture. To mimic the actual
behavior of the device, Silvaco’s Victory TCAD simulations have been performed in accordance with the
experimental devices reported by Raja et al. [2]. The device schematic is shown in Fig. 1(a) and the calibrated
transfer characteristics at 25°C and 100°C is depicted in Fig. 1(b). The electrostatic control of the gate over the
2DEG channel increases as the gate is recessed into the AIGaN barrier. This accounts for a positive shift in the
threshold voltage (-2.8 V @ 5Snm recess) accompanied by an increase in the transconductance (31.57 % compared
to Conventional). For evaluating the recessed gate architecture for RF applications, load pull simulations have
been performed at 3 GHz for Class AB operation. Class AB operation is ensured by biasing the devices at a drain
current of 100 mA/mm [3]. The load pull simulations for the conventional architecture at Vps of 28 V reveals a
saturated output power density (Psat) 0f 2.59 W/mm and Gain of 23 dB @ 3 GHz, as shown in Fig. 1(c). Recessing
the gate architecture by 5 nm reduces the Psar to 2.53 W/mm accounting for an overall decrease in Psat by 2.3 %
as a result of channel depletion. A better electrostatic control in recessed architecture is evident from the load pull
simulations shown in Fig. 1(c) revealing a Gain of 25 dB (8 % increment) at 5 nm due to a reduction in the distance
between the Gate and the 2DEG channel. To investigate the reliability of recessed gate architectures, load pull
simulations were performed at 100 °C for 3 different recess depth as compiled in Table 1. It is observed that the
deterioration in Pour is significant as far as the conventional architectures are present, while the recessed
architectures maintain their comparatively larger gain even at higher temperatures.
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Figure 1. (a) Schematic view of the GaN HEMT device along with its (b) transfer E
characteristics at 25°C and 100°C (experimental data: [2]), and (c) load pull Snm | 022 | 22

simulations @ 3 GHz depicting saturated output power density of 2.59 W/mm.

References:
1. H.-K. Lin, F.-H. Huang, and H.-L. Yu, “DC and RF characterization of AlGaN/GaN HEMTs with different gate recess depths,” Solid
State Electronics, 54, 5, 2010, pp. 582 — 585, doi: 10.1016/j.s5¢.2010.02.001.
2. P. V. Raja, J.-C. Nallatamby, N. DasGupta, and A. DasGupta, “Trapping effects on AlGaN/GaN HEMT characteristics,” Solid State
Electronics, 176, 2021, pp. 1 — 11, doi: 10.1016/j.sse.2020.107929.
3. K. Sechra, J. Shibu, M. Mishra, M. Gupta, D. S. Rawal, and M. Saxena, “Implications of Field Plate HEMT Towards Power Performance
at Microwave X — Band,” VLSI Design and Test, 1687, 2022, pp. 65 — 75, doi: 10.1007/978-3-031-21514-8 6.

Acknowledgement:
This work was supported by DBT Star Scheme at DDUC, DU, Ref no. HRD-11012/5/2022-HRD-DBT.



