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GaN M RFEAT 5 10 B S 1) K2R 98 5 (3.4 V) M 53598 (3.3 MV /em) Fl i B FiE A8 5
(600 cm?/(V-s)). AlGaN/GaN 5Jfi 45 i1 T [k sl B AL AN [ R BRAL RN, P2 A B 6 (1 x 10 em ™) FIFER
# (2000 ecm?/(V-s)) (I Z4EHTX (2DEG), FEARIIIIR RS, AlGaN/GaN A HAT B K 8 FH i 5.
TR (T e R R o 2 R e AR RN T A R R ) RS R, A SCHR T — R AL B P s
182 (high-resistance-cap-layer, HRCL) ] p-GaN VA FHI AlGaN/GaN —#& SRR IT 5 o Al % 4%
Y. 7F p-GaN/AlGaN/GaN A1 41 &5 i 37t b 83 (3 06k (0S5 B TR A B R AR, 78 7438 [X 35 ¥ Bl e B 56 1
JE UG A AT, Sl R, RN AE BB XS OR B p-GaN &5, HI AR R 7 1 47/, TSI R
JE. ## 1) p-GaN J& 5 BAR (p-GaN HRCL) — & AEABHRIAIEE Lac 410 pm B, 7 BE R T 1 kV, TS
HE +1.2 V. SZIREE SRR, p-GaN AP E L GaN IR ERIBIN, A3 AlGaN/GaN H 454 %

R HLSA R

K§Eia): AlGaN/GaN, M4, p-GaN
PACS: 85.30.De, 85.30.Kk, 73.40.Kp
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FROE BT A8 AE H 3R TG TE RS GaN 5 i3 2,
g1 & T GaN M BB AL #GE. SidE AlGaN/GaN
MRS A 22 T (A1IGaN/GaN SBD) B A5 L
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HI A B AN L. O T 2 AlGaN/GaN SBD
P 2 e, KEEA TAE D& EIF. 2016 4F, Hu
2 D01 f 5 7 45 4% 3% AIGaN /GaN SBD, 7E[U1H# 5
BH Bl T2 2 111 4l 30 2% A e B — 2 Sia Ny WA T, 5
%R 600 V (Vep@l pA/mm); 20174, Bai
A Dul Bt 7 — Rtk )2 B s/ B L Las O3
AR A HLH £ Si0, A M ] %% 1 AlGaN /GaN
SBD, i % HEAX 902 V (Vep@1 mA /mm); 2017
4, Ma fl Zanuz 25 1120 AW FE RO IR 45 & = 4k ik
& E5RII AIGaN /GaN SBD, 7 5 HiL K AT 35 500 V
(Vep@10 nA/mm). 2018 4E, Lei %5 S W78 7 X0
TE XUV B A 45 ) AIGaN /GaN SBD, ¥ 48 %4k
Wt 5 A 3 BB L A A TV P X 3 b e B T T )94
T, PO A AR AS I B R, o A R T
K704V (Vep@1 p A/mm). X1, A GaN
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ARSCHEH T —FloE B p-GaNN VB & PH ) = PH 55
H)Z (p-GaN HRCL) AlGaN/GaN — W%, fE1£4t
AlGaN/GaN SBD [ Aili b3k AT 9 75 T 25 #4) e idt -
— % p-GaN WG BHMR 4544, 7EBH AR X351 A\ Mg 5
2% [ p-GaN, i3t p-GaN 145 24 W 2 5t #8 14 f) JF
JE LR SEILA S, 2 miBH GaN # 08 JZ 4544, 1ER
BH A 22 18] 0] FH ook 4 2 468 o 1 A s R et A R A
DX IR, 50 A I 1 L 3 43 A, R v
i o B,

2 BHEMEH %

p-GaN HRCL A & 45 4 Ji BRI n B 1 Ffoms,
Ni/Au$&fil p-GaN X2k [a] BIAREAH 1.5 pm, BHHZEA
PRIANEE Lae = 10 pm, &0 % E 150 pm. A H
1) p-GaN/AlGaN/GaN 5 Jit 45 & 7E 2 9~} Si (111)
o aE e 42 R A WAL 22 SAR VTR A LE 2515 31 1Y,
AN EL A R BN 4.8 um CHB A4S
BH GaN 212, 150 nm GaN 5382, 1 nm AIN &
[f]JZ, 18 nm RIBAM Aly 2Gag sN #2221 70 nm
Mg B2 E A 23 x 10™ cm ™3 i p-GaN 45 #4).

BOREE R F & FEN, FEAGER S M8
140, 80, 40 keV, £ N7 &= 7 34 1.2 x 10,
6 x 103, 4 x 10" cm™2. WK 4 % ik 5% Y 40 35
VA B 55 B TR 2 MUK (ICP) ¥4 3 1 p-GaN =
ZPE. A, R R, BT RARK
# 75K Ti/Al/Ni/Au (20 nm/130 nm/50 nm/100
nm) )2 &8, FEJEERSAE T 890 °C 30 s
{1 PR ARGR KO R U 2 A, 7 BH B 28 & Ni/Au
(50 nm/ 150 nm) & J& )=, 57 75 i) p-GaN JE HER
WAk, S, WA AR AT A TR AL B DL
1 3E HL A X 38 p-GaN, 78 &SR Bl R #EAT 350 °C
5 min [ PRIEIR K, B E ZE 7 N B P4 47
. A% TR R A Oxford Plasmalab Sys-
tem 100 ICP 180, RF Zh% 2 W, ICP ;% 300 W FlI
JE5% 8 mTorr. ¥EANMEL p-GaN H [ Mg jit 3 &
A, F p-GaN i B GaN (HR-GaN) [,
K2 NEsfFaed s =&, 7T LUE F], HR-GaN T J7
e K, AlGaN/GaN FH1f 4b ¥ 2DEG H#isA:,

P4 28 07 VR AR T B 2 Ja A kL, F 07 Heda
570 Q/0, BEf A FH 0.7 Q-mm; p-GaN F 7 () S
Wt 101 Xt RIVAIE B 7 4R TR RER.

L =1.5 m Lac=10 pm

GaN buffer (4.8 pm)

Bl1 p-GaN HRCL Al 454435 &
Fig. 1. Schematic cross-sectional structure of p-GaN
HRCL diode.
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Fig. 2. Band diagram of HR-GaN region (solid line)
and p-GaN region (dotted line) in the diode.
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Fig. 3. p-GaN HRCL diode forward I-V character-
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Fig. 4. Breakdown voltage versus Ronsp for GaN
SBD. The red star represents the p-GaN HRCL diode.
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Fig. 6. Vertical electric field distribution of p-GaN
diode without HRCL (a) and with HRCL (b).
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Abstract

GaN plays an important role in compound semiconductor, which exhibits excellent electrical properties such as
wide band gap (3.4 ¢V), high breakdown field strength (3.3 MV/cm), and high electron mobility (600 cm?/(V-s)).
AlGaN/GaN heterojunction produces two-dimensional electron gas (2DEG) with high density (1 x 10'®* cm™2) and high
electron mobility (2000 cm?/(V-s)) which are caused by strong piezoelectric and spontaneous polarization. The Si-based
AlGaN/GaN devices emerge as a promising candidate for the nextgeneration switching application in power system due
to 2DEG of AlGaN/GaN heterojunction. Turn-on and breakdown voltage are key parameters for diodes and they have a
tradeoff between each other. These two parameters affect diode loss and power handling capability. For better properties,
we propose a novel p-GaN hybrid anode AlGaN/GaN diode with high-resistance-cap-layer (HRCL) to optimize turn-on
voltage and breakdown characteristics. Based on the p-GaN/AlGaN/GaN material structure, an HRCL is fabricated in
the channel region by self-aligned hydrogen plasma treatment to improve the breakdown voltage. Hydrogen plasma is
adopted to compensate for holes in the p-GaN to release electrons from the 2DEG channel, forming a high-resistivity
area. The transmission line method tests the material after passivation, showing that its sheet resistance is 570 Q /U]
and a contact resistance is 0.7 Q-mm. In the HRCL p-GaN diode, negative charges can appear at the interface of
HR-GaN/AlGaN due to polarization effect, which increases the vertical electric field in AlGaN and reduces the lateral
electric field near the cathode in the p-GaN, compared with in the p-GaN diode without HRCL. The p-GaN in the
anode region is reserved to regulate the turn-on voltage by depleting the underlying 2DEG. The p-GaN structure raises
conduction band beyond the Fermi level, ensuring the reduction of 2DEG. The fabricated HRCL p-GaN diode exhibits
a high breakdown voltage over 1000 V at Teakage = 1x10™* A/mm with a cathode-anode distance Lac of 10 pm and a
turn-on voltage of +1.2 V when forward current is 1 mA/mm. These results indicate that the introduction of p-GaN
hybrid anode and HRCL can enhance the electrical properties of AlGaN/GaN diode effectively. However, little attention
has been paid to doping concentration in p-GaN. Study of the regulation of Mg** doping concentration on the turn-on

voltage in p-GaN will be investigated in future to achieve a low forward turn-on voltage of the p-GaN HRCL diode.

Keywords: AlGaN/GaN, diode, p-GaN
PACS: 85.30.De, 85.30.Kk, 73.40.Kp DOI: 10.7498 /aps.67.20181208
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