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AlGaN/GaN-based HEMTs have demonstrated excellent power and speed performance [1,2],
making them promising for RF and mm-wave applications. The use of polarization grading
presents an additional device design concept that shows great potential in enhancing linearity,
noise, and power performance in mm-wave applications [3,4]. This concept was also previously
applied to lower-frequency RF power applications, but at unscaled device dimensions [5]. In
this work, we investigate compositionally-graded HEMTs, which can enhance device
breakdown (Vgp) through lateral electric field engineering, while maintaining high device cut-
off frequency (fr) via device scaling and channel profile engineering. We compare the impact
of channel polarization engineering with gate electrostatic engineering using a gate mini-field
plate (mini-FP). The gate-connected mini-FP, while effective at managing the gate-to-drain
peak electric field, imposes additional parasitic capacitances that affect device speed. Through
2D physics-based simulations in Synopsys Sentaurus TCAD and comparison to experiment, we
demonstrate that polarization grading of the channel enhances Vgp while preserving high fr,
resulting in a Johnson's figure of merit (JFOM = fr x Vgp) that is ~2.4x that of a conventional
HEMT, a significant improvement compared to the 1.25x improvement from using a mini-FP.

Laterally-scaled, 50 nm gate-length conventional HEMTs (with and without a 50 nm gate
integrated mini-FP) and graded-channel T-gate HEMTs were evaluated (Fig. 1). The
simulations use a custom LO-phonon aware transport model [6], and have been validated
against measured DC characteristics [3,7] (Fig. 2); their accuracy in capturing RF performance
(i.e. fr, fmax) was also shown previously [8]. As seen in Fig. 3, the polarization discontinuity at
the AlGaN barrier/GaN channel in the conventional abrupt-junction HEMT results in a d-
function sheet charge (1.27x10'3 cm™) at the interface (Fig.3 (b)). Conversely, in the graded-
channel structure, with Al composition graded linearly over 6 nm thickness, the polarization
charge is distributed between an interfacial sheet charge density of 6.2x10'? cm™ and a

volumetric density of 1.2x10'° cm? (following p = —V - 1_5). This distributes the mobile charge,
creating a 3D charge slab rather than a 2DEG, resulting in a flatter gm profile (Fig. 4). Also, LO
phonon coupling in ITII-Ns [6,9] results in a carrier-density dependent vsat, which is enhanced in
the polarization-graded structure due to the reduced local charge density. This allows graded-
channel devices to attain high fr that is maintained across a wide Iqrange [8], (Fig. 5). Peak fr
of 183 GHz, 179 GHz, and 168 GHz were extracted for the graded-channel, HEMT, and mini-
FP HEMT devices, respectively. Furthermore, the reduced interface charge in the graded
channel spreads out the E-field lines, lowering the channel peak lateral field. This is evidenced
by a 23% reduction in peak Ex in the graded channel, compared to a 5% reduction with a 50 nm
mini-FP at V=10V (Fig. 5). As a result, the graded-channel device exhibits a Vep 0of 43 V, an
increase of ~ 25V over the HEMT (Fig. 6). This enhanced Vgp and fr yield a high JFOM of 7.8
THz-V for the graded structure, compared to 3.2 and 4.0 THz-V for the HEMT and HEMT with

mini-FP, making graded-channel HEMTs very promising for mm-wave applications.
This work was supported in part by the US National Science Foundation, grant ECCS-2303897.
[1] B. Romanczyk et al., IEEE Trans. Electron Dev., 65, 796-799, (2021).

45, (2018). [51S. Rajan et al., Appl. Phys. Lett. 84, 1591 (2004).
[2] Y. Tang et al., IEEE Electron Dev. Lett., 36, 549, [6]S. Bajaj et al., Appl. Phys. Lett.,107, 153504 (2015).
(2015). [717J.S. Moon et al., IEEE Int’l Microw. Symp., (2019).
[3] J. S. Moon et al., IEEE Electron Dev. Lett., 41, [8] N. Venkatesan et al., [EEE BCICTS (2020)
1173-1176 (2020). [9] T. Fang et al., IEEE Electron Dev. Lett., 33, 709

[4] J. S. Moon et al., IEEE Electron Dev. Lett., 42, (2012).


mailto:nvenkate@nd.edu



