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Fig. 1. Schematic cross-sectional of AlGaN/GaN SBD with
groove anode on free-standing GaN substrate.
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Fig. 2. Depth of the groove anode.
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Fig. 3. Linear fitting of the measured resistance versus the
TLM metal pad gap.
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Fig. 4. Forward and reverse -V curve of the fabricated Al-
GaN/GaN SBD with groove anode on free-standing GaN
substrate.
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standing GaN substrate with low leakage current”

Wu Peng  Zhang Tao' Zhang Jin-Cheng! Hao Yue

(National Key Discipline Laboratory of Wide Bandgap Semiconductor, Xidian University, Xi’an 710071, China)

( Received 22 January 2022; revised manuscript received 16 February 2022 )

Abstract

Benefiting from the excellent properties of GaN with a wide bandgap of 3.4 eV as well as high critical field
of 3.3 MV/cm, GaN-based devices prove to be a promising candidate in extreme conditions. Especially, high-
density high-mobility two-dimensional electron gas (2DEG) induced by spontaneous piezoelectric polarization in
AlGaN/GaN heterostructure enables AlGaN/GaN device to lower on-resistance (Rgy). However, owing to the
lack of free-standing GalN substrate with large size and high quality, the epitaxis of GaN is always based on
hetero-substrate such as AlyO3, Si and SiC, which shows large lattice mismatch and thermal mismatch. The
large mismatch between GaN and substrate leads to high dislocation as well as high leakage current (Iz) of GaN
devices. In this work, high-performance AlGaN/GaN Schottky barrier diode with low Iz and low turn-on
voltage (Vqy) is fabricated on a 3-inch free-standing GaN substrate with C-doping GaN buffer layer to suppress
Iz. Owing to the suppressed dislocation density of the AlGaN/GaN epitaxial wafer on free-standing substrate,
low Ohmic contact resistance (R() is difficult to achieve the suppressed penetration of Ohmic metal into 2DEG
channel, which is adverse to the high current density. In this work, a low Rq of 0.37 Q-mm is obtained by one-
step self-aligned Ohmic process, including the etching of partial AlGaN barrier layer and lift-off of Ohmic metal.
The 2DEG is formed under the effect of residual AlGaN barrier layer, and the short distance between 2DEG
and Ohmic metal contributes to lowering the value of Rn. The groove anode region is defined by the low
damaged inductively coupled plasma process with a low etching rate of 1 nm/min, and the total depth is 35 nm,
confirmed by atomic force microscope. Fully removing the AlGaN barrier layer from the anode region makes the
anode metal directly contact the 2DEG channel, thereby improving the performance of the fabricated
AlGaN/GaN Schottky barrier diode (SBD) with a low Vgy of 0.67 V, low I of 3.6 x 10® A/mm, and an
Ion/ Iopr ratio of up to 3 x 107. The values of differential Ry 4, are calculated to be 0.44, 0.86, 1.59, 2.55 mQ-cm*
for GaN SBDs with various values of Ly¢ of 6, 10, 15, 20 pm, and the values of Rgy g, determined at an anode
current density of 100 mA/mm are 1.27, 2.08, 3.29, 4.63 m$-cm?, respectively. As the measured temperature
increases from 300 to 425 K, the Iy is increased only by 3 times to 1.6 x 107 A/mm, which shows the great
potential for next-generation power electronics.

Keywords: free-standing GaN substrate, Schottky barrier diode, low leakage current, Al1GaN/GaN
PACS: 85.30.De, 85.30.Kk, 73.40.Kp DOI: 10.7498/aps.71.20220161
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