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Fig. 1. (a) Schematic structure and (b) band diagram of Al-
GaN/GaN HEMT.

O2nd-AlzGal — N O3rd-Al;Gal —¢N

\ﬁ o

2

n-Aly3Gag;N/GaN/i-Al,Ga, ,N/GaN #MiE 25 ¥4 F M Ak B faf . BT 50 #

Fig. 2. Polarization charge and electron distribution of n-Alj3Gag;N/GaN/i-Al,Ga; N/GaN epitaxial structure.
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1 AIN, GaN Ml ALGa, N &IRZEH S (300 K) N, — Zn DN, ®)

Table 1. The key parameters of AIN, GaN and Al,Ga, _,N
at temperature 300 K.

B8 AIN  GaN ALGa; N
A/(10°nm)  3.112  3.189
C13/GPa 108 103
Cys/CPa 373 405 2PN+ (1 - 2) Paax
e31/(C-m?) -0.6  -0.49
e33/(C-m2) 1.46 0.73
Pgp/(Cm2)  —0.081 -0.029
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Fig. 3. (a) Band diagram and (b) electron concentration
distribution in n-Aly3Gay;N/GaN/#-Al,Ga, ,N/GaN with
varying Al composition of the Al Ga, ,N layer.
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Fig. 4. Electric field distribution in n-Al)3Gay;N/GaN/i-
Al,Ga; ,N/GaN with varying Al composition of the Al,
Ga; N layer.
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Fig. 5. (a) Band diagram and (b) electron concentration
distribution in n-Aly3Gag;N/GaN/i-Al,Ga; ,N/GaN with
varying thickness of Al,Ga; ,N layer.
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Fig. 6. Electric field distribution in n-Aly3Gay,;N/GaN/i-
Al,Ga; N/GaN with varying thickness of Al,Ga, N layer.

K7 2510 1725 AL Gay N 89 A1 41535 0.1, 0.15,
0.2 B}, channel 1 Fl channel 2 H1 2DEG %£5 Al,
Ga, N JEEEER. WK 7(a) AT, Al Ga, N R
FERUR, [ N.oaads b, BIIAR 181 x 101
I3 R FER] 1,326 x 10 cm2(z = 0.1), 1.105 x
101 em 2 (2 = 0.15), 0.851 x 108 cm? (z = 0.2).
XA AlLGa, (N JEJE A8 I T3 241
T, #EARDIFACRE 22>, g
ARz,

& 7(b) ' channel 2 B 2DEG 5 I EI#Y 21k
BT, ALGa, N MBIERUE, [ N, awds 50T
B, B iliAsE) 3.92 x 1012 cm (2= 0.1), 5.23
102 em%(z = 0.15), 5.99 x 102 cm 2(z = 0.2). fifi
& AlLGay N JEEEREIN, 55— FBik i o 378 i
i, BRI BN, 2DEG % B 5.

1.90
L (a) e Nyt for  =0.10
1.66 -“*;-. —=== Ng.14 for £ =0.15
o \\ Ng.1s for £ =0.20
‘E \; 4 & = Data points
3 l42f Ny . < S—
< 1.18 S eem —me e
4
0.94
0.70 . . . . .
0 5 10 15 20 25 30
Thickness of the Al,Ga;_,N layer/nm
8.0
(b) === Ngonq for £ =0.10
6l —-== Ng.onq for x = 0.15
> =+ Ngona for z =0.20 )
9 ¥ = 4 Data points e
E 48t T
o o "ﬂ-.-d—
2 32} P L
~ — -
1.6} ._,.;-j:,-:,l’ B
0 ;2:'/ 1 1 1 1 1
0 5 10 15 20 25 30

Thickness of the Al,Ga;_,N layer/nm

7 2DEG %5 Al,Ga, NJEEETEARR ALH 5T HYK
Z £  (a) channel 1; (b) channel 2

Fig. 7. The relationship between the Al,Ga; ,N thickness
and 2DEG concentration of (a) channel 1 and (b) channel

2 under different Al mole fraction.

AlGa, N #& ZEEME & TCF iR
Z B A A 8 B, &l 8(a) S channel 1 A1
UL, AL, Gay N JEEFESEINREAR & 4 J0 e HOH A VE
SRS HUE (17) R —(19) 20, ERAS BT
TR R U L, T AL Gay N #5422 R RE 3

167301-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 16 (2022)

167301

MEREIRHTE [ Norude, B8 & MO B %
U BT BT ALGa, N JEEFE 1530 nm JEH
Y IE N XS channel 1 B 2DEG %5 & A9 52 M 45 /)N
Iy « BZEIEANIH i, BEE Al BE /R 441 1 42
Tt, Bahn AlL,Ga, N JEEEXT5 4 J0 7 U 9 52 i
2N, B BT RN R,

Kl 8(b) H ALGay N JELFE 38 hn 20 K Hb g
N channel 2 Y& & TCRFHUR, HS5 Al415 2
TAEDE, B AL ZH A0 8/INE, 3246 4 TP BT R 52 el
W, 4 ALZH 40K 0.1, 0.15, 0.2 15, uonq 2351
TR 7.73 x 103 cm? V151, 3.82 x 10° cm?-V 1.1,
2.56 x 103 cm2V Ls'L Al 204084, &4 8T
BR T, P 7(b) sl i, AR Al 415
[ Neanads B 38 0 R 0566, T
AL 3R RS, pgnq PIEJEEBE T R IR BEKG AR /N, 33X
24 AL Gay N JEEREHEAN, / N, snadz ZEHTHE
B A ALGa, N # &)1 2DEG W H £, 4K
1M, A% AL T, 5220 5 BE SR ML RRAIG, 38
T 2DEG TES KRl A 3 21 2DEG & A
)2, Wik Al T RH AR GHE, R4 2DEG
W, (B H20E55 T 2DEG BB A, FEAR T H

~ 8000} (a) - - - pug for £ =0.10
b === s for £ =0.15
T@ pist for = 0.20
> 6000F 440 Data points
5
< 4000 |
>
E Y Pt Ll - R i
5 2000p feoTTTo - bk m ke — -
E -

0 . . . . ,

0 5 10 15 20 25 30

Thickness of the Al,Ga;_,N layer/nm

L

:|'_\ x 3 O fona for x =0.10

= 6.0 Y pond for  =0.15

|> . - = = pang for £ =0.20

“é a5k " ® 4 <4 Data points

o

<

= 3.0

<

2 N

Z 15F

2 - O

5 w S .. PR 4

2, ik i ik
0 5 0 15 20 25 30

Thickness of the Al,Ga;_,N layer/nm

Bl 8 Rl ALY T4 & 7 BUN T8 % 5 AlLGa, N
JEERXER  (a) channel 1; (b) channel 2

Fig. 8. The relationship between the Al Ga; ,N thickness
and mobility limited by alloy disorder scattering of (a)
channel 1 and (b) channel 2 under different Al mole fraction.

HIFEH].

Kl 9 TR HHUMAE T BiT R 3. G 1
fn Al,Ga, N JEJE, channel 1 H B 55 HIUR 1G5,
LB IR W T e, HLREEERERIR, {7
B U 1T AR I s B A, B T
Z. AR ALGay N JRJET, ALZ 0005 UM
HIVEHZEA R L BIAE 1L, Wl 9(a) Fi7R. T channel 2
HR A O 5 BE U 5 chanmnel 1 HREOCAR S, 4N
L 9(b) . VR —FhZECHUR, (745 HUR 58 55
5 2DEG BA | ALK BIE R, X M (23) LA
(24) AT LB R, 24 2DEG % H T, HXH
BRSSO RS T B BRI T 5, S BB 52
B, BLATHUR TR R4 T, i LI A R Y
SR, channel 2 O ASEUTER R T, A1
PR O VR R A L AR L. PRASSBHE iY
DS BUIE RS R 0 22 0 5 XY 2DEG %5 B 1) A8
e AR, R -, 55— 2 200 R A
T2 k.

5.5
L"\ L) e pisy for  =0.10
w N st for £ =0.15
¢ \ < < = o Data points
g i \\
“’2 sl \. B
< A
>
£ o5l S
jol ~
z .
S S~e L _e---¢ -~
15 : ‘ ' ' :
0 5 10 15 20 25 30
Thickness of the Al,Ga;_,N layer/nm
15
= (b) - -~ pona for  =0.10
2 9L === fizng for £ =0.15
\> s flong for £ =020 L 4
o e = 4 Data points e 4
Eoop T tDmerens et :
s | are e
= 6 - - ---
N .- _ .- -
33 AT
PACs
S z
0 ’I 1 1 L . L
0" s 10 15 20 25 30

Thickness of the Al,Ga;_,N layer/nm

K9 R AL T A T 5 AlLGa, N JEE
B AR (a) channel 1; (b) channel 2

Fig. 9. The relationship between the Al,Ga;_,N thickness
and mobility limited by dislocation scattering of (a) chan-

nel 1 and (b) channel 2 under different Al mole fraction.

P 10 SR AR 4 0 IR A A IR L R
~, 2DEG BEB RO, hr s FEsiE
REZIRT ZFBELS], A SGHE R BB R 00E

167301-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 16 (2022) 167301

& IR REUR OV L FEVE R T YRR, B 10(a)
4 channel 1 915N, 24 Al,Ga, N JEEZHHE
B, VR RIRIBILE] 3= 200 &4 T0F I, A 8(a) il
K 9(a) AT LA Y, A 4 J0 I U B SR R A5 L
SHER R AR, piE /N FE#H, B
A E TS — A T 2DEG BRI KT
PEAEHCT. 4 AL Ga, N JEEERHRT, A 45 15
ST RAE T M, AHX AU A5 ok A
& TC PR VR AR L, A AT RS R BT, fiAE
S IRIET, A4 TOF U AR U 2DEG 1Y
FMAH . 24 ALGa, N JEREEE/INGE (74 0 Xt
2DEG [ 52 M. 1 bl JE2 B 1, = S i ALl
T AN B B 7 R G 4 O ST, B R R
1K, BT RZH T2k

6000
~ (a)
S
2 oas00f e
|
>
T
N T e
>} T aa=
h=1 e e e e e
B 1500 | e T - = f11g for £ =0.10
EO " —-e= 15 for x =0.15
--------- st for £ =0.20
0 . . . . .
0 5 10 15 20 25 30
Thickness of the Al,Ga;_,N layer/nm
1600
— (b) e Hana for  =0.10
7 A —-== pong for © =0.15
2 o1200F ST Hana for @ =0.20
o N
g 8000} RN
Z SO T ]
= .
£ .
5 4000 - e
=]
=
0 L . . . .
0 5 10 15 20 25 30

Thickness of the Al,Ga;_,N layer/nm

10 AR AL T EEH RS ALGa, N EEIXER
(a) channel 1; (b) channel 2

Fig. 10. The relationship between the Al,Ga; ,N thickness
and the total mobility of (a) channel 1 and (b) channel

2 under different Al mole fraction.

ODEG % ¥ 51T B R MM 5 SR Z%H
Ko, H W T 5 B s 16 18 A5 v I R D AR 55, X
PRI B I RAA AR RO EE M. 7E 0.1, 0.15, 02 1Y
AL, 4 AL Gay N EEEZEHGIMEF] 30 nm
i}, channel 1 H1 4 N, x w28 FF-H)#aH
HEmiEAs Al,Ga, N IERERATERMSCR, [FN,
AL 248 N, x w, Q& 11(a) Pios.

6.0
(2) p15tNg-1¢ for  =0.10
7 51r —--= pi15tNy1t for = 0.15
Z = | /u'lsLNs-lst for x =0.20
|

Zz £ a2t
<7
Y S —
== | e e
% < e
= 2.4 ;‘&;/

1.5 1 ! ! ! !

0 5 10 15 20 25 30
Thickness of the Al,Ga;_,N layer/nm

4.0
- () e H2naNs-2na for z =0.10
& 3.4+ HanaNsona for z = 0.15
zZ~ - = = M2ndNg2na for x =0.20
I
EL 261 i
i S
EX 1.8F R
o -
b= S e

1.0 =+ L L L )

0 5 10 15 20 25 30

Thickness of the Al,Ga;_,N layer/nm
Blo11 ORI AL4L4r F SR B % fl 2DEG /9 e L 5
AlGa, NJEEMSER  (a) channel 1; (b) channel 2
Fig. 11. The relationship between the Al,Ga; ,N thickness
and the product of mobility and 2DEG sheet density of
(a) channel 1 and (b) channel 2 under different Al mole

fraction.

M 7E channel 2 H1, fi#E Al,Ga, N JE Y4
i, N, x uBETERGE G B F M H 2 R RA BTt
kAR BE MR, [ N._onadzh—H LTt
frEa S T ALZH0 N 0.1 2 0.15, ST RRHE E
THRERRE, 24 AL4H50°M 0.2 B, BOTRR 5 FRE#
P FERERGERT, 2DEG M b 3%, ik N, x
USRI (2= 0.1 I 2= 0.15), BEZ)E,
EBERN T RIS, SR —H T m
ALHMH 0.2 I, Ny x p— B FFE YIEEEAF] 25 nm
A, BRI EE, [ Na—onadz FHEINFIR
FHOEM FIt, HEZFRR EIHEH S, X
S RSEPR L [ N, _gnadz ANATE— FL2UR LTt

4 B %

AR S Ik SR il 15 7 R AL T A, A
FT n-Aly3Gay;N/GaN/i-Al,Ga, ,N/GaN Z5ffY
HL 931, A0 VA 3 HLAT | S B HL T E A T AT
1R Y5010,  2DEG X 2213
NAHFNVETE 2 1Y & 4 TC e HUR AL HIOHT . 25 5R 3%
B, 24 Al,Ga, N RN, BEE Al 4501

167301-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

W) I8 =

R Acta Phys. Sin.

Vol. 71, No. 16 (2022)

167301

$#27F, GaN/AL,Ga, ,N Fl Al,Ga, ,N/GaN # k%
o 358 , channel 1 F AL GaN Fl Al 3Gag N HL
Vg (853 338 I Bz 1N, S8k i 72 FERRAIR, HL
M T B ASHR2 BT TR, &8P HUhER R
$&Ft; channel 2 P HL 37 i (A 3 i, S4B rr PR Y
PEXGSR H 2DEG % B kw52 345 4 J0 7 HUs Y
S A PNV E 2 R B T AR 98% S A
A b MEAAR AL T, 2 ALGa, N JEREHY
Jnest, channel 1 T4k GaN Fl Al 3Gag ;N H 1%
WEEL S 48 fin K2 B4, 2DEG #FEF % Al,Ga, N
JERE R3S R, A& E R R R T
A% channel 2 %1 GaN Fll Al,Ga, N H,370H
(BB K RAR, BBHNTR HIAIEAE%E, channel 2
R AL Ga, N RN BT, A4
TR R T M. 24 Al4 5 M ALGa, N
JEERE ARV, 7 FE TR 5 546 TC - BOH 1R HIAH
52, HIASETE S A S U R A2k 5
XTI 2DEG % FE A At #Aa A, (AR I, 56
— VB2 B B L AT T58 0k

Sk

[1] Mishra U K, Parikh P, Wu Y F 2002 Proc. IEEE 90 1022

[2] Mohammad S N, Salvador A A, Morkoc H 1995 Proc. IEEE
83 1306

[3] Ibbetson J P, Fini P T, Ness K D, DenBaars S P, Speck J S,
Mishrab U K 2000 Appl. Phys. Lett. 77 250

[4] Wang X B, Zhao Z P, Feng Z H 2014 Acta Phys. Sin. 63
080202 (in Chinese) [EIUM, B IEF, HALL 2014 PB4k
63 080202]

[5] Zhang X B, Liu N Z, Yao R H 2020 Acta Phys. Sin. 69

(12]
(13]
(14]
(15]
[16]
(17]
(18]
(19]
(20]
(21]
(22]

23]
[24]

(25]

[26]

167301-9

157303 (in Chinese) [fKZ VK, XT3, BEATT 2020 )3 %
69 157303]

Kranti A, Haldar S, Gupta R S 2002 Solid-State Electron. 46
621

Kwon H K, Eiting C J, Lambert D J H, Shelton B S, Wong
M M, Zhu T G, Dupuisa R D 1999 Appl. Phys. Lett. 75 2788
Chu R M, Zhou Y G, Zheng Y D, Han P, Shen B, Gu S 2001
Appl. Phys. Lett. 79 2270

Fan Z F, Lu C Z, Botchkarev A E, Tang H, Salvador A,
Aktas O, Kim W, Morkog H 1997 Electron. Lett. 33 814
Gaska R, Shur M S, Fjeldly T A 1999 J. Appl. Phys. 85 3009
Chu R, Zhou Y, Jie L, Wang D, Chen K J, Lau K M 2005
IEEE Trans. Electron Devices 52 438

Quan S, Hao Y, Ma X, Zheng P, Xie Y 2010 J. Semicond. 31
044003

Zhang Y., Li Y., Wang J, Shen Y, Hao Y 2020 Nanoscale
Res. Lett. 15 1

Wang C, Zhao M D, Pei J Q 2016 Acta Phys. Sin. 65 038501
(in Chinese) [E M, BEFK, I 2016 PRI 65 038501
Lee Y J, Yao Y C, Huang C Y, Lin T Y, Cheng L L, Liu C
Y, Wang M T Hwang J M 2014 Nanoscale Res. Lett. 9 433
Chakraborty A, Ghosh S, Mukhopadhyay P, Jana S K,
Dinara S M, Bag A, Mahata M K, Kumar R, Das S, Das P,
Biswas D 2016 Electron. Mater. Lett. 12 232

Chen C Q, Zhang J P 2003 Appl. Phys. Lett. 82 4593

Visalli D, Hove M V|, Derluyn J, Cheng K, Degroote S, Leys
M, Germain M, Borghs G 2009 Phys. Status Solidi C 6 S988
Yu H B, Lisesivdin S B, Bolukbas B, Kelekci O, Ozturk M K,
Ozcelik S, Caliskan D, Ozturk M, Cakmak H, Demirel P,
Ozbay E 2010 Phys. Status Solidi A 207 2593

Martins J L, Zunger A 1984 Phys. Rev. B 30 6217

Fang F F, Howard W E 1966 Phys. Rev. Lett. 16 797

Shur M S, Bykhovski A D, Gaska R 2000 Solid-State
Electron. 44 205

Walukiewicz W, Ruda H E 1984 Phys. Rev. B 30 4571

Jena D, Gossard A C, Mishra U K 2000 Appl. Phys. Lett. 76
1707

Miyoshi M, Egawa T, Ishikawa H 2015 J. Vac. Sci. Technol. ,
B 23 1527

Leung K, Wright A F, Stechel E B 1999 Appl. Phys. Lett. 74
2495


http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/JPROC.2002.1021567
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1109/5.469300
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.1063/1.126940
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.63.080202
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.7498/aps.69.20200250
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1016/S0038-1101(01)00332-X
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.125150
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1063/1.1406978
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1049/el:19970497
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1063/1.369621
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1109/TED.2005.844791
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1088/1674-4926/31/4/044003
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.1186/s11671-019-3237-y
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.7498/aps.65.038501
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1186/1556-276X-9-433
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1007/s13391-015-5249-9
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1063/1.1587274
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1002/pssa.201026270
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevB.30.6217
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1103/PhysRevLett.16.797
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1016/S0038-1101(99)00225-7
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1103/PhysRevB.30.4571
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.126143
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://doi.org/10.1063/1.123018
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 71, No. 16 (2022) 167301

Effect of inserted Al Ga;_,N layer on characteristic of double-
channel n-Al; ;Ga,;N/GaN/i-Al,Ga, ,N/GaN HEMT"
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Abstract

With the demand for high-temperature, high-frequency, and high-power microwave applications increasing,
AlGaN/GaN high electron mobility transistors (HEMT) have attracted much attention in recent years. Two-
dimensional electron gas (2DEG) induced by spontaneous polarization and piezoelectric polarization caused by
the uneven charge distribution on Ga-N bond and the large tensile strain guarantees the high performance of
AlGaN/GaN HEMT. Compared with single-channel devices, dual-channel AlGaN/GaN HEMT has great
application prospects in enhancing the electronic confinement, current drive and alleviating the current collapse.
In order to study the physical characteristics, the carrier state and transportation characterization of n-
Al 3Gay;N/GaN/i-Al,Ga; ,N/GaN multilayer structure are investigated. By calculating the one-dimensional
self-consistent Poisson-Schrodinger, the energy band diagram, electric field and charge distribution in the
devices are obtained. The 2DEG, alloy disorder and dislocation scattering mechanism in the device are also
analyzed by analytical models in which the wave function in finite barriers and Fermi’s rule are used.

With Al,Ga; ,N layer thickness increasing from 0 nm to 30 nm and Al content rising from 0.1 to 0.2, the
concentration of 2DEG localized in the heterointerface is diminished in the first channel. Simultaneously,
mobility limited by alloy disorder scattering increases monotonically with the r composition occupation number
and the Al Ga; ,N thickness proportion increasing. Besides, dislocation scattering on carriers is strengthened in
the same quantum well, resulting in the lower mobility. In the second channel, 2DEG density gets growing
when the variables mentioned above is enlarged. The mobility restricted by alloy disorder scattering shows a
reverse trend with the variation of the Al ,Ga; ,N thickness and Al fraction, which more greatly affect the
carriers in the parasitic channel due to the lower barrier height and high permeable carriers. Furthermore, the
effect of dislocation scattering on channel electrons is gradually weakened, resulting in an increasing mobility. In

general, The dislocation scattering effect in the second channel is intenser than that in the first channel.

Keywords: double-channel, two-dimensional electron gas, mobility
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