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Fig. 1. The atomic arrangement in (a) (201) plane of (3-
Gay03 and (b) (0002) plane of AIN.

ASCHT AIN, B-GayOy B FIBERHR X
AIN/B-GayO5 57 [l 45 B A e PE 4T T BEIS BF 5T

T T AIN/B-GayO4 52 B85 I PERETE ). A SCat
ST AIN/B-Ga,O3 S B4 w8 58 T
WL A 2DEG T % B, 4087 T AIN 211 5
B, IERIHBEUR 2% S s BE, 5T T BB EUHL
%t AIN/B-GayO5 5 i 45T F R AR HI7E A, it
BT AIN/B-GayOs 5 545 HL 73 B 5 Bl i B 119 4
b X Z. AT AERE N AIN/B-GayO5 F 45 1.2
A S8BT IS 5%

2 HpEA

2.1 FREEIEE

gy T B AL Y 5 L4, i AlGaN/GaN,
AIN/GaN, InAIN/GaN, REU7E AN 1T I B 24
AR LT T BT %% B /=35 10 em 2 1Y 2DEG, ¥
i DA Shy B 4 J2AF A v T R It R R R A, R
T A% B b 5 R L AR A T SR AETE B 2DEG,
FEAE 5 J5T 45 2 T BA T Y 1 HL A B Ak Ha ey (19.22-24),
AIN/B-Ga,O5 T4 R AIN #2222 A n]
FIE 8 o 3% A 7 AL R T % B (Y 2DEG. B, A
SCHEST T AN 2 B R T ASEAY, I AIN/B-
Ga,03 FF %5 2DEG KR TR M4, 0S50 10
TR B RS Ba = 2.2 oV LI T sH b e
N Neg =5.0x 10" cm ?/eV. RESHRE S
B I R A 5 T2 i 4G 19,

ﬁ—Ga203

B 2 AIN/B-GayOs 5 i &5 R 1H A RER 1 m B A
Fig. 2. Schematic drawing of energy distribution of surface
states in an AIN/B3-Ga,O3 heterostructure.
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F 1 HAESEPHIE AIN/G-Gay0, R F LS
B (mo 9 A Hh LT
Table 1.  Parameters of AIN/B-Ga,O3 heterostruc-

ture employed in calculations (mg is the free elec-

tron mass).

Yy /b BHUE
AINHS 3 5L axn/A 3.11202¢)
AINFERLE AL e3/(Cm?)  —0.60120

es3/(C-m?) 1.55020
AINBPE R ¢13/GPa 9.0020]
¢33/GPa 10.7120
B-Gay O3t 4L boayos /A 3.03704
B-Gag O U I p/(gem®) 5885
B-GayOza 2B AL H D/eV 6.9139
B-Gag O\~ L B2 w/(mst)  6.8x103089)
B-Gao O3l T A R Bt it m' 028,40
B-Gay O A 1L H 4L oo 3.57141-43]
B-GayO4fIAT A L 4L &5 10.2041-13]

B-Ga, 4 MEt2A s FhE it

&l 3 R 5] 53 A 2% 1 SRR 2 Y
AIN/B-Ga,O4 5 01 45 57 T AR FHL -V BE 43 A1
AIN JEJ#d =6 nm. AINFHR)ZNT 2 < 0 X5,
AIN H RWRALRN 5 AR AR, £ AIN JZE
IR HF AIN/B-Ga,O5 FHT ik s, T8 AIN
2R R ARG RSP AR k. AIN 2 AR AR 7E
AIN/B-Gay04 FH 1 5| M 2% 2x 101 em 2 [
IEW AL, 454 AIN/B-GayO4 FLi 1.75 eV 1Y
Sl By, (R RAETE A AL 3-GayOy —1ll,
JE B W 2DEG. B-Gay,O4 IRALHLIG K 0, S5

hwpo /meV 94 [44.45]

6
3.0 — E¢
AIN p-GaxO3 e Be 15 _
2.5 T
. - == ne(2)
:‘\ 14 .é
2.0 N 3
1 —
- H 1<
§ 1.5 1 ‘I IS
1 o
P 2§
1.0 ! 1
= i
| i S
e
05t '
_______ /— T SRR )
(O h . . .
-5 0 5 10 15 20
FIRHAEEE 2/nm

B 3 AIN/B-GayO4 5 J5i 45 341 JE IR A 2DEG ¥k B 43 7
AINJEE d =6 nm

Fig. 3. The conduction band profile and spatially distrib-
uted density of the 2DEG in an AIN/8-GayO3 heterostruc-
ture with an AIN thickness of 6 nm.

il T B o I 2 AT L. 2DEG R B Ns =
1.0 x 10" em™2, fe i PR EE N 4.3%10Y cm .
WIET 92% MY HF53 A FEFHRIFHE 5 nm J A,
HLF B A AR BN 2.2 nm. i T R 44
WERIN, XA ERS 2DEG WREEZ A K.

Kl 48 AIN/ B-GayO5 5 it 45 2DEG ¥ & %)
AIN EEMKIOCR. 256 2 v, FiE AIN 2
JERE IR, MOk E RIS LT R OREEHR L
I, BEBUREZH T, BT I K 2DEG.
HFEE AIN R R, SoKRBG 3G K, Sl is
FI) SRR BE 1Y i 2 22 A6 T S48 KGR R AR,
3 2DEG [fi% By e 5 A8 2.

1.4

1.2}

1.0}

0.8
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0.2F

2DEGHHEE N,/ (10'3 cm~2)

0

1 2 3 4 5 6 7 8 9 10
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B 4 2DEG % 5%t AIN JE B i R H1 0C &
Fig. 4. Dependence of the 2DEG sheet density on the AIN
thickness.
T EEEASE, AIN A 8-Ga,05 177 2.4% )
rm s R IC M, Bl ALN JERE RS R B IlG AR L I
AIN JZ2HG BRI 73 R e A Al TR RS, 7 AR N ) 5t i5
A, g rERE A AT SR, R, gt
i AIN 2O EE7E IR FLE B LU T . Fischer 55 140 5
th, SR BTAME B AR, SME 2 A 5 e s
B TR OC R

(aaN — bGa,0,)/aAIN

1 — veos? .

- % [1 + <2n(1 J:](f;(():S()sO;)\)> In (};)} - (23)
FRA B-GayO5 fik % beayo0, = 0.3037 nm4,
AIN G 4% 8 aan = 0.3112 nm, AINJAM L v =
0.608 1471, 25 [ 21| 2 e 4o 48 B8 A7 W g2 J1 i 4, BUAE
AR T R T4 0HE b = 0.3037 nm, A\ HAEEA
R s SR MY, oA R R 50
FESIT RIS, AR as HITEL 09 90°. FeZit 5
135 AIN ZMIEAERE he = 7.09 nm. 7EJ52E015H

o BRARRRER LA, ZEHL AIN JZEEEN 6 nm.
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5 S IRS B il (3 5 R X K A K A
A OC 22 . St T RELARE PR 1 A 3 B S B A P 14 R 5
WUNERR, BV FEIBAE. A< 15 nm i,
NI A TR A ST R AR VR S T 1) 1 A Ak R
R[] Y T P 0 e BT SA(E AR 5T, AR Y
R R, IRS BRI AIER R AE A =15 nm
WS fe/IME. 4 A2 K, A P =
AR BT 22, IRS FRIIER R bk k. Xt
TLAREM A, TRS PRI A TE RS 25 HURE & Y
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10°
L, 10
|
>
o103 E
S
~
Y
M, 102t
R
H

101}

101 100 10!
HHERSE A/nm

B 5 IRS BRIENAE RS S0 A A B A IR G 3R
Fig. 5. Dependence of the mobility limited by IRS on correla-
tion length A for different roughness heights.
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Abstract

The 3-Gay03 has received much attention in the field of power and radio frequency electronics, due to an
ultrawide bandgap energy of ~4.9 eV and a high breakdown field strength of ~8 MV /cm (Poncé et al. 2020
Phys. Rev. Res. 2 033102). The in-plane lattice mismatch of 2.4% between the (201) plane of 3-Gay,O3 and the
(0002) plane of wurtzite AIN is beneficial to the formation of an AIN/B-GayOj heterostructure (Sun et al. 2017
Appl. Phys. Lett. 111 162105), which is a potential candidate for (3-Gay,Os-based high electron mobility
transistors (HEMTSs). In this study, the Schrodinger-Poisson equations are solved to calculate the AIN/3-GayOs
conduction band profile and the two-dimensional electron gas(2DEG) sheet density, based on the supposition
that the 2DEG originates from door-like surface states distributed evenly below the AIN conduction band. The
main scattering mechanisms in AIN/3-GayO5 heterostructures, i.e. the ionized impurity scattering, interface
roughness scattering, acoustic deformation-potential scattering, and polar optical phonon scattering, are
investigated by using the Boltzmann transport theory. Besides, the relative importance of different scattering
mechanisms is evaluated. The results show that at room temperature, the 2DEG sheet density increases with
the augment of AIN thickness, and reaches 1.0x10'* cm2 at an AIN thickness of 6 nm. With the increase of the
2DEG sheet density, the ionized impurity scattering limited mobility increases, but other scattering mechanisms
limited mobilities decrease. The interface roughness scattering dominates the mobility at low temperature and
moderate temperature (7 < 148 K), and the polar optical phonon scattering dominates the mobility at
temperatures above 148 K. The room-temperature mobility is 368.6 cm?/(V-s) for the AIN/3-GayOs
heterostructure with an AIN thickness of 6 nm.

Keywords: AIN/3-Ga,03 heterostructures, two-dimensional electron gas, electron transport, mobility
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