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(b) Process flow

@ Trench etching:
A depth of 720 nm
@ Ohmic contact:

Evaporation of Ni/Au;
Annealing at 550 °C for 60 s in air

I Isolation

Dielectric layer deposition:
PEALD 4 nm AIN;
PECVD 20 nm SiN,

Dielectric layer opening;
Fluorine-based plasma etching

Gate electrode:
Evaporation of Ti/Au

Bl 1 (a) WUAHEI p-FETs (9= 46455 S, (b) B8 T2 0R

Fig. 1. (a) Three-dimensional structure of the slanted-channel p-FETs; (b) main process flow.
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2 (a) RHAIE GaN % p-FET () SEM EI&; (b) Mk X UK SEM EG; (c) il 4% 09 R4 1 45 1 06 5 RS R 28 B B R 40 240
Fig. 2. (a) SEM image of the slanted-channel GaN p-FET; (b) SEM image showing a magnified view of the gate region; (c) sche-

matic diagram of key dimensions and detailed parameters of the fabricated p-FETs.
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Fig. 3. Linear fitting curves extracted from the TLM mea-
surement data.
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Fig. 4. (a) DC -V transfer curve; (b) DC I-V output curves.
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Fig. 5. Interface polarization negative charge sheet density

|op| as a function of slanted angle 6.
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(b) m-plane
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Fig. 6. Band diagrams of epitaxial layers with the same structure on (a) c-plane and (b) m-plane at Vgg =0 V.
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Fig. 7. (a) Dual-sweep transfer curves of different Vg (b) extracted A Vg plotted against the Vg e (¢) dual-sweep transfer

characteristics under Vig(ress) With different stress durations; (d) extracted relationship between A Vg and stress time.
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SPECIAL TOPIC— Semiconductor physics and devices

Fabrication and properties of slanted-channel GaN-based
p-type transistors via regrown heterostructure”
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Abstract

The development of high-performance GaN-based p-FETs (p-type field effect transistors) is critical for
enabling monolithic complementary integration in all-GaN power systems, yet their progress is hindered by poor
on/off current ratios (~10%) due to the difficulty in depleting the two-dimensional hole gas (2DHG) channel.
While recessed-gate structures fabricated by dry etching can improve the switching ratio to ~10°, they
introduce interface damage and threshold voltage hysteresis (A Vyy). Subsequent repair techniques, such as
NMP solution treatment or oxygen/hydrogen plasma processing, partially mitigate these issues but still suffer
from suboptimal subthreshold swing, A Vg, and added process complexity. Further improvements are needed
to achieve robust, high switching ratio p-FETs without excessive post-processing.

To address this issue, this paper designs and fabricates a slanted-channel GaN-based p-FET that eliminates
the need for etching the p-GaN layer under the gate. Unlike conventional p-FETs that rely on precise etching of
the p-GaN layer to achieve channel pinch-off, semipolar gate structure enables depletion region extension to the
2DHG channel under zero gate bias by weakening polarization-induced ionization of acceptor impurities. This
mechanism facilitates effective channel pinch-off without aggressive etching, offering a new pathway to achieve
high switching ratios in GaN p-FETs.

The fabricated device achieves excellent switching characteristics (I,/Igy = 4.3x10%) and a low
subthreshold swing (SS = 157 mV/dec). Since the fabrication process avoids etching the p-GaN channel layer,
the dielectric/channel layer interface exhibits a low interface state density (approximately 1.61x10'2 cm 2-eV 1),
resulting in excellent device stability under gate bias stress and temperature variations. This structure provides

an innovative pathway for advancing the performance of GaN-based p-FETs.
Keywords: GaN, p-type field effect transistors, regrowth, heterostructure, slanted-channel
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