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�éDÚü( GaN Äp>f[£Ç¬N+ì�5UÉ>6�¥�AÚg\9�A���(¸, é#
. AlGaN/GaN/InGaN/GaN VÉ�(p>f[£Ç¬N+��65�Ðm
XÚïÄ. æ^Äu9>f�AÚg\
9�A�6NÄå�., ïÄ
ì�3ØÓ Øe>6�¥ÚK�©>��A� GaN ���þÝ��'. ïÄuy
äkp³^VÉ�����U�Ð/ò>f��3��¥, wÍ~�p>|e9>fl���� GaN �À��B
ßUå. Jp GaN ���þÝ�±k�³�>6�¥ÚÚK�©ÑÑ>�, ?
Jpì�3p|�^e�5U. ¤
�(J�?�Ú`zVÉ�(p>f[£Ç¬N+(�Jø
#g´, �r?#. GaN p>f[£Ç¬N+ì�
3põÇ!pªÚp§�Ã�ÏÕ+�S�2�A^.

'�c: VÉ�(p>f[£Ç¬N+, >6�¥, 9>f�A, g\9�A

PACS: 73.21.Fg, 73.40.Kp, 73.61.Ey

1 Ú ó

GaN Äp>f[£Ç¬N+ (HEMT) ÏÙ3
põÇ!pªÚp§A^¥�`É5UáÚ

¯õïÄö�'5 [1,2], ÙûÐ�ªÇA5, �C
X 2—40 GHz ªãS�Ã�ÏÕ+�, cÙ´3Ä
Õ!�ål�mÏÕ�I�põÇ!p�Ç�+
�äk2��A^cµ [3−5]. �´>6�¥�A
Úg\9�AEÎ��X GaN HEMT ì��5U
Ú��5, ��
ùaì��2�A^ [6−14]. y
�ã¤¦^���Ná�)�ó²�A:, û½

�zÔì�¥�3X�þ�"�. �é>6�
¥�AÚg\9�A�"��m�S3'X, ï
Ä<
mÐ
2��\�ïÄÚ?Ø. Wu � [15]

� Klein � [16] y²ù
"��±^N�²5��.

Binari � [10,11] @� GaN HEMT ì��>6�¥
�A� GaN �À�¥��²�'. 3�»4¦>
6�¹e, Hu � [13] y¢
»4¦>?�>f�
N�²Ð¼, ´UCì�SÜ>|!E¤>6�¥
�­�ÔnÅ�. ,	3põÇ!p§^�e, (
f�rÑ��^¦���¥>f[£Çeü, ´Ñ
yK�©>��A�Ä�Ôn�Ï. Hu � [7] @�
g\9�A´��ÑyK�©>��A�­�Ï
�. �Øþã�"��'é�K¡�Aé`zì�
5U´�~­��. �d, ïÄö�}ÁJÑV�
�½VÉ�(�#.(�ì�, l�nþ55;½
UõþãK¡�A�Ø|K�, l
5Jpì��
5Ú�ÅÑÑõÇ [3,17,18]. 8c©z��� GaN

HEMT ïÄõ;5uDÚ� AlGaN/GaN üÉ�
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( HEMT[8,19,20]. Wang � [21] K�[
VÉ�(
p>f[£Ç¬N+(� (DH-HEMT), �uÐ#
.p� GaN HEMT Jø
�«)û�{.

3 d ï Ä Ä : þ, � © æ ^ k � � ê � �
[O��{, XÚïÄ
 AlGaN/GaN/InGaN/GaN

HEMT ì��9>fÚg\9�Aéì��6A
5�K�5Æ, ¼�
ØÓ Øe>6�¥ÚK�
©>��A� GaN ���þÝ��', �`z DH-

HEMT (�Jø
�«�#g´. �©�ê��
[U
k�/é¢�(J?1nØ©Û, \�éK
� GaN HEMT ì�5U��"��'�S3Ôn
Å��n).

2 ì�(�Ú�.

ã 1 ¤«��©ïÄ� Al0.3Ga0.7N/GaN/In0.1

Ga0.9N /GaN DH-HEMT ì��¿¡«¿ã, Ù¥

4!¦4!»4�ÝÑ� 1 µm. Liu � [3,22]

��
þf²���þÝ� 6 nm InGaN � DH-

HEMT ¿�Ñ
�E�{. �©Ì��	ØÓþ
Ý (6, 10, 20 nm) � GaN ��þÝéì��65
U�K�. III x�zÔ�gu4z�Ø>4z�
A²wruÙ¦ III-V xzÜÔ, ='c>Nf�
�êþ? [23], r4z>|é��>fí (2DEG)

ßÝÚ>f²�åPUåk­��z. �Ä�
.¡�²¶-�A�U¦4z>Ö~� [24], Ï
dÏLnØO�, �½ AlGaN/GaN k�.¡>Ö
�Ý� 1.68×1013 cm−2, InGaN/GaN k�.¡>
Ö�Ý� 6.68×1012 cm−2. "�´>6�¥�A
�Ì��Ï�� [10,11,24], GaN Ä HEMT ì�¥
�3õ«"� [16], �U?�õ. �
Jpê�
�[�Âñ5, �.¥=�Ä�«Ì�5�ÉÌ
."�, �Ý� NaT = 5×1017 cm−3, Ð¼�¡
� σT = 1×10−15 cm−2, "�U? u��U?
e 2.2 eV ?.

ã 2 ¤ « � 6, 10 Ú 20 nm GaN � � þ Ý
� DH-HEMT ���©Ùã, ¿�DÚ�üÉ�
( GaN Ä HEMT ?1'�. ��©ÙãdgU
¦)Ñt�§ÚëY5�§��, S�O�¥®
²�¹
4z�Ap��4z>Ö. Xã 2 ¤«,

du GaN ����4z�A¦��,p, 
�Ó

þÝ� InGaN Y������,pÌÝ�Ó, ¤
± GaN ����°, ��� GaN �À��m³^
�p, = 2DEG ��Ð/åP3��¥. Ó�, d
u InGaN ¥ InN 3.¡þ�*ÑÚ InGaN/GaN .
¡"��õ [2], �°� GaN ���¦ 2DEG 3£
Ä¥É� InGaN �"�Ñ�K���, >f[£Ç
�p. d	, lã 2 ½�wÑ, k InGaN Y�� DH-

HEMT é>f�åP�J�²wÐuÊÏ�üÉ
�( HEMT. ��[ì�¥>f�ÄåÆ5�, c
Ù´9>f�AÚg\9�A, ·�æ^6NÄ
å (hydrodynamic) �. [19], �[ DH-HEMT ì�
�6A5, ¿Äu Canali �. [25] 5�Ä GaN á�
�[£Çp|�Ú�A.

ã 1 AlGaN/GaN/InGaN/GaN DH-HEMT ì�(�«¿ã

ã 2 GaN DH-HEMT ���©Ù­�ã
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3 �ý(J�?Ø

3.1 GaN ���������þþþÝÝÝ���999>>>fff���AAA

ã 3 ¤ « � GaN � � � þ Ý � 6, 10

Ú 20 nm � GaN DH-HEMT 3 » 4 N C ¦
4 � ý � ² ¥ å P > Ö � © Ù. ã 3 ¥ ¤
k ã � � ¦ 4 > Ø Vds = 10 V, » 4 > Ø
Vgs = 0 V ��(J. ã 3 ¥I«
�p�L«
�åP>Ö�Ý, �Þ�«�âå«�åP>Ö�
Ý²wpuÓ�Ý�Ù¦«�, �ù
3»4NC
 ¦4�ý, ��)9>f�A�Ì�«�. dã 3

��, 3 6 Ú 10 nm ��� GaN DH-HEMT ¥, �

ã 3 »4NCåP>Ö©Ùã GaN ���þÝ� (a) 6 nm;

(b) 10 nm; (c) 20 nm

C InGaN �� GaN �À�¥ÑkÜ©«��²�
��>fÓâ, 10 nm ��� GaN DH-HEMT ¥�
²���Óâ�«�²w�u 6 nm ��� GaN

DH-HEMT. 
 6 nm ��� GaN DH-HEMT ¥�²
���Óâ�«������3 GaN �À�±	.

3�Þ�«�«�, �²>Ö÷ y ¶���©Ù
� GaN ���þÝ�'XXL 1 ¤«. ���þ
Ý��, 9>f�A«��åP>Ö�ÝeüÒ�
¯, ~X�²Ó�'ü� 0.1 ±e�, y ¶���Ý
� 20 nm ���� HEMT ' 6 nm �� 15%. �±
wÑ, du GaN ���4z�����³^J,
k�/\r
þf²�åPUå, ~�
p>|e
9>fl���� GaN �À�Bß�Uå, ¦3
�À�N�²¥, cÙ´»4NC¦4�ý�åP
>f�ÝwÍeü, l
k�/~�
9>f�A.

L 1 9>f�A«��²>Ö÷ y ¶���©Ù

���þÝ/nm
�²>Ö�Ý/cm−3

2.8×1017 1.5×1017 8.5×1016 4.7×1016

6 42.7 nm 56.0 nm 73.6 nm 96.0 nm

10 38.7 nm 49.8 nm 68.0 nm 91.0 nm

20 29.4 nm 40.0 nm 56.8 nm 81.2 nm

3.2 GaN ���������þþþÝÝÝ���ggg\\\999���AAA

GaN � � � þ Ý � 6, 10 Ú 20 nm � GaN

DH-HEMT ��©>�­�Xã 4 ¤«, Ù¥�
ã� Vds � 0—10 V ���­�, �ã�Ù¥�
3K�©>��Ü©. 6 nm ��� DH-HEMT

3 Vds = 4.2—5.2 V �äk¸�� –0.086 mS/mm

�K�©>�, 10 nm ��� DH-HEMT 3 Vds =

4.4— 4.8 V �äk¸�� –0.0087 mS/mm �K�

ã 4 GaN DH-HEMT �©>�­�ã
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©>�, 
 20 nm ��� DH-HEMT Ø�3K�©
>�y�. ���X���þÝO\, K�©>�
y�²w~f±���, ùL«ì�¥�g\9�
A�X���þÝO\É�
²w�³�.

GaN � � � þ Ý � 6, 10 Ú 20 nm � GaN

DH-HEMT �>f§Ý©Ùã©OXã 5(a)—(c)

¤«. ã¥�Ñ«��ì�¥>f§Ý�p�9:
«� (Ù¦�Ú«��$§«�). 9>f�A��
´du3ì�º� ��L§¥, >
>ØØ�U
Úì�º�UÓ�'~ �, ù��� HEMT ì�
SÜ>|Or. �>|rÝ�L�½þ?�, >f

ã 5 9 : N C � > f § Ý © Ù ã GaN � � � þ Ý �
(a) 6 nm; (b) 10 nm; (c) 20 nm

3ügÑ�m¼��Uþò�U�L§3Ñ�¥
���Uþ, l
¦�Ü©>f�UþwÍpu9
²ï��²þÄU
¤�9>f. lã 5 �±�
ß/wÑ, 9:«����¥wÍ ��ª³, 

9:¥%§ÝÑk,p (6, 10, 20 nm ©O� 891,

899 Ú 940 K). 9:��)Ån´>f3¦4NC
É9>f�A�K��u»4NC, ¤±d?�²
¥åP�>f3>|�^el�²¥u�Ñ5, 3
>f>³U=z�ÄU�L§¥, É�¬�!�²
�Ñ�, Ü©UþC�>f9U, =g\9�A. d
u GaN ���þ�ì�é>fåPUår¦9>
f�AwÍ~�, »4�¦4�m�>{C�, l

d»4�¦4>|Cz�u GaN �����ì
�, ¤± GaN ���þ�ì�¥9:���� 
�¦4�ý. 
9: �¦4¦dÓU?�²u�
Ñ�>fäk�p�³U, l
9:¥%>f§Ý
,p. 
�9:���wÍCz�', >f§Ý�
,p�±�ÑØO. dã 5(a), (b), (c) é'��, �
��þÝO\UwÍ/ �9:���, ù�U´
g\9�A�~f, l
¦K�©>�y�~f±
�����Ï.

3.3 GaN DH-HEMT ������666555���

GaN ��þÝ� 6, 10 Ú 20 nm � GaN DH-

HEMT ÚDÚüÉ�( HEMT �ÑÑA5­�
Xã 6 ¤«. ¤kÑÑA5­��3 Vgs = 0 V

eÿ�. Xã 6 ¤«, 20 nm �� DH-HEMT �
�Ú>6� 1397 mA/mm, �u 10 nm �� DH-

HEMT � 1390 mA/mm, 6 nm � � DH-HEMT

� 1337 mA/mm, ��uDÚüÉ�( HEMT �

ã 6 GaN DH-HEMT ÑÑA5­�ã
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1145 mA/mm. dug\9�A3 10 V ±eéì�
��65�K��±�Ñ [7], 
 GaN ¥>|rÝ
3 2.7 kV/cm ±þ�9>f�A�) [26,27], 3�
u 75 kV/cm �vk²w��m=£�A [21], ¤±
9>f�A�³�´ì��Ú>6O��Ì��
Ï. 
 GaN ���þÝO\U
k�/³�9>
f�A, ³�>6�¥, l
`z
ì���65
�. 
 GaN ���þÝO\³�g\9�A, �Ø

K�©>��A, `z
ì���55U.

4 ( Ø

�©�é AlGaN/GaN/InGaN/GaN DH-HEMT

�9>f�AÚg\9�A, æ^6NÄå�.X
ÚïÄ
 DH-HEMT ��65�, ¿JÑ
�«`
z DH-HEMT (�. ïÄuy GaN ���þÝ�
O\U
Orþf²é>f�åPUå, ~�
9
>fl���� GaN �À�Bß�Uå, l
k�
/³�9>f�AÚg\9�A. O�ì��ÑÑ
A5L² GaN ���þÝ�O\J,
ì���
Ú>6, ³�
>6�¥, `z
ì���65�.

Ó�, GaN ���þÝ�O\³�
g\9�A,

l
�Ø
K�©>��A, `z
ì��ÑÑA
5. ¤±3ó²Eâ#N��S, ·ÝJp GaN �
��þÝ�±k�³�>6�¥ÚÚK�©ÑÑ
>�, ?
Jpì�3p|�^e�5U.
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Abstract

A series of AlGaN/GaN/InGaN/GaN double-heterojunction high-electron-mobility-transistors (DH-HEMT) is fabricated with

GaN channel layer thicknesses from 6 nm to 20 nm by two-dimensional (2D) numerical simulations. A new idea for optimizating

of DH-HEMT structure is proposed. The hot electron effect and self-heating effect are investigated by using hydrodynamic model.

Current collapse and negative differential conductance are observed to be directly relevant to GaN channel layer thickness. DH-HEMT

with thicker GaN channel layer can confine electrons better in channel, which significantly diminishes the penetration ability of hot

electrons from channel layer to buffer layer under high voltage. Increasing the thickness of GaN channel layer appropriately can

effectively restrict current collapse and negative differential conductance, and consequently improve device performance under high

voltage condition.

Keywords: double-heterojunction high-electron-mobility-transistors, current collapse, hot electron effect, self-
heating effect
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