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Fig. 1. The structure of Al,Ga;_>N/ AIN/ GaN het-

erojunction.
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Table 1. Parameters of GaN, AIN and Al,Gaj_.N.

S GaN AIN Al,Ga;_ N
a/nm 0.3189  0.3112
C13/GPa 103 108
Cs3/GPa 405 373
) zPaIN + (1 — 2)Pgan
e31/(C/m*)  —0.49 —0.6
e33(C/m?) 0.73 1.46
Pyp(C/m?)  —0.029 —0.081
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Fig. 2. The relationship between the thickness of AIN
and 2DEG sheet density under different Al mole frac-

tion.
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Fig. 3. The relationship between the thickness of AIN
and mobility limited by interface roughness scattering

under different Al mole fraction.
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Fig. 4. The relationship between the thickness of AIN
and mobility limited by alloy disorder scattering under

different Al mole fraction.
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Fig. 5. The relationship between the thickness of AIN

and total mobility under different Al mole fraction.

B 645 H T AR AL S T, ILF % A 2DEG ik
FERIFRA np 5 AIN JZ R FERI R R LR, T np €
HHEMT #4404t Dh 2. ALBE/RH 534 0.2 1N,
np BE AIN 3 N 278 1T S 38 K, 783 3 M KA
ZJa X E AIN N Z A R T a2 12 K. 1 ALEE
IRHL5r N 0.3 F10.4 1, nu e 2B AIN N JZAL R
MR K, 2 AINFRN 2 R SR 2] — 2 J5 X
GG, LA, FRATAT LA B, 75 ALBE R 7852
IR, AIN 4 A\ 2 AT AR 25 K g, 110 ALBEJR
oyt BER) AIN JZ 0] LIS B E K np. {E
LPRE W F, BT AEK T ZMRE], AINZEE—

FCHAE 1 nm BLE, AIN N2 5 B R AN R 42 3 30
Al,Gay N JZ T AL % B2 22 B AR K, JCH 2 AIN
JEIL IR, AR 2 Al Gay -, N/AIN/GaN XU
J 45 R B AU R BT AIN RN 5L S AL
B I RO R, AR A 5 B2 AR kAT

itie.

np/1016 V-l.g-1

--—xz=04

0 0.5 1.0 1.5 2.0 2.5 3.0
JELE /nm
6 A ALAS T, IAEM 2DEG IREZHRAE AIN
BRI S
Fig. 6. The relationship between the thickness of AIN
and the product of mobility and 2DEG sheet density

under different Al mole fraction.
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Effect of inserted AIN layer on the two-dimensional
electron gas in Al,Ga;_,N/AIN/GaN"*

Yang Peng Lii Yan-Wu! Wang Xin-Bo

(School of Science, Beijing Jiaotong University, Beijing 100044, China)
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Abstract

This paper investigates the changes of electron transport properties in Al,Gai—N/GaN with an inserted AIN layer.
The polarization charge density and two-dimensional electron gas (2DEG) sheet density in Al,Ga;_,N/AIN/GaN double
heterojunction high electron mobility transistors (HEMT) affected by the spontaneous polarization and piezoelectric
polarization in Al,Gaj_oN and AIN barrier are studied. Relations of interface roughness scattering and alloy disorder
scattering with the AIN thickness are systematically analyzed. It is found that the alloy disorder scattering is the
main scattering mechanism in Al,Gai_,N/GaN heterojunction high-electron-mobility transistors, while the interface
roughness scattering is the main scattering mechanism in Al,Ga;—>N/AIN/GaN double-heterojunction structure. It is
also known that the 2DEG sheet density, interface roughness scattering and alloy disorder scattering are depended on
the thickness of the inserted AIN layer. The 2DEG sheet density increases slightly and the mobility increases obviously
by inserting an AIN layer about 1—3 nm. Taking Al mole fraction of 0.3 as an example, if without AIN layer, the
2DEG sheet density is 1.47 x 10" cm™2 with the mobility limited by the interface roughness scattering of 1.15 x 10*
em?-V~1.s7! and the mobility limited by alloy disorder scattering of 6.07 x 10 cm?.V~1.s7!. After inserting an AIN
layer of 1 nm, the 2DEG sheet density increases to 1.66 x 10'* cm™2, and the mobility limited by the interface roughness
scattering reduces to 7.88 x 10% cm?.V~1.g7!
to 1.42 x 10® cm?.V~1.s7 L

while the mobility limited by alloy disorder scattering increases greatly up

Keywords: two-dimensional electron gas sheet density, mobility, interface roughness scattering, alloy

disorder scattering
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