
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 4 (2012) 047301

AlGaN/GaN ppp>>>fff[[[£££ÇÇÇ¬¬¬NNN+++¥¥¥ kink ���AAA������
²²²������...*

ê¬f1)2)† ê¡u1)2)† Ü¬91)2) ù�º2) Üp2) o©>2) H(2)


È�2) ���1)2) Ï�2)

1) ( ÜS>f�E�ÆEâÔnÆ�, ÜS 710071 )

2) ( °B���Ná��ì���Ü­:¢�¿, ÜS>f�E�Æ�>fÆ�, ÜS 710071 )

( 2011 c 4 � 10 FÂ�; 2011 c 6 � 23 FÂ�?Uv )

ÐÚ©Û
 AlGaN/GaN ì�þ� kink �A. 3�6�.�Ä:þ, ïá
 AlGaN/GaN p>f[£Ç¬N+
¥ kink �A��²��., ¿\\
 kink �Au)�¦
 Ø�»
 Ø�'X. T�.�Ñ��O(��[(
J, �^5�ä kink �A�u)Ú>6�Czþ. ��, ·�æ^�.�ý(Ü¢�©Û��{, é kink �A?1

�½�ÔnïÄ, (JL²-E>lé kink �A�u)k�½�r?�^.

'�c: AlGaN/GaN, p>f[£Ç¬N+, kink �A, �.

PACS: 73.40.Kp, 73.61.Ey, 78.30.Fs

1 Ú ó

8c, AlGaN/GaN p>f[£Ç¬N+ (high
electron mobility transistor, HEMT) ´ISuÐ9:,
®²3Ãõ�¡��â», 3p§ [1]!pª [2]!
põÇ [3] ��¡Ñ4äA^cµ. Cc5, IS
3 AlGaN/GaN ì�þ®²mÐ
õ�¡�ïÄó
� [4,5]. ¦+ GaN Ä HEMT ���ó²Úì�A
5®Fª¤ÙÚ­½, �EkÃõ��5¯Kÿ�
)û, ~X>6�¥ [6], g9�A [7] �y��,�
3. Ïd, GaN Ä HEMT ì����5¯K´IS
	�ïÄ­:.

kink �A, ´�duK�>Ø�¤£, 3�½
�¦!»>Øe, ÑÑ>6â,O��y�. §
¬��ì�ÑÑ>6Ú¦�Ø­½5�O\, Ú
å�6��ªA5��É. �C, kink �A��'
ïÄ [8,9] L², �²é16f�Ð¼Úº��^
3 kink �A¥�üX­��Ú. 
 Brar �< [10]

1�g3p5U� AlGaN/GaN HEMT ì�þ��

 kink �A, @�-E>l´��Ù�)�­��
Ï. ·�ØJuy, kink �A�-E>l�A�3

�½'X, Ùu)�¦
>Ø� Ø�'X��E
, [11]. Ïd, kink �A�)��Ï���\ïÄ.
·�uy, 3 SOI Ú GaAs ì�þ®²ïá
�A
�Ôn�., ¦+ùüaì�¥ kink �A��)
Ånk¤ØÓ, Ù/ª%é�C [12], 
 GaN HEMT
ì�þ kink �A�Ôn�.�k�ïá.

�©é AlGaN/GaN HEMT ì�þ� kink �A
?1©Û, ÐÚïá
 GaN ì�þ kink �A��
²��., Ù¥\\
 kink �Au)�¦
 Ø�
»
 Ø�'X, ¿ÏL�ý�¢��(Ü��{,
�*�B/é AlGaN/GaN HEMT ì�¥� kink �
A?1
�½�Ôn©Û.

2 ì����y�©Û

æ ^ MOCVD 3 7 � � � . þ ? 1 Al-
GaN/GaN É�(�á�)�. á�þ��,, �
)¤Ø�!1 µmGaN �À�±9� 20 nm þ� Al-
GaN ³^�. Al |© 30%. ��>fí[£ÇÚ1
6fßÝ©O� 1267 cm2/V·s Ú 1.12× 1013 cm−2.
�¡�læ^ ICP Z{�¡, �Ý� 200 nm. î0
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�> Ti/Al/Ni/Au, 850 ◦C §Ýe�í¥ò»��>
>{� 1.0 Ω·mm. æ^ PECVD ðz Si3N4. ì�»
� 0.4 µm, »° 100 µm, 
¦må� 3.5 µm, »

ål 0.7 µm. 3¿§eæ^ AgilentB1500 A ��N
ëê©Û¤éì�?1�6A5ÿÁ.

ã 1 ´¿§eÿ��ÑÑA5­�. Vds l 0
× £ � 10 V, Vgs l −5 V Ú ? � −1 V, Ú �
� 0.1 V(�xÑÚ�� 0.2 V �­�). *	uy,
�Ú«ÑÑ­�u)�­ (kink �A), 3 Vgs =
−2.4 V �­�¥, ∆Id �� 42 mA/mm. u) kink
�A�
¦>Ø (Vds,kink) � Vgs ´��5�Cz
'X (J�¤«). ·�@�, >6�â,O\�U
�A½ Vgs, Vds e�>|�3'X. Ó�, � Vgs O
�, ∆Id kO��~�, 
3K�>ØNC���
��, ¿�»Ø�K�>ØNC�ÑÑ­� kink �
A��wÍ.

ã 1 ÑÑA5­�¥� kink �A, (Vgs l −5 V � 0 V, Ú
� 0.2 V)

ã 2 ∆Id -1/(Vds − Vknee) ­ � (» Ø Vgs = −3.2V —
−2.4 V)

·�æ^ Somerville �J���{ [13], J�>

6Czþ ∆Id Ú Vds,kink. ã 2 ´3 Vgs = −3.2 V
� Vgs = −2.4 V, m� 0.1 V, Vds = 10 V e, ∆Id -
1/(Vds − Vknee) �'X­�. dã��, �»Ø3
K�>ØNC��S (Vg = −3.2 V—−2.4 V), ∆Id

� 1/(Vds − Vknee) ´Cq�5�'X.

3 ïá�²��.

3DÚ� Curtice �.¥, H:>Ø Vknee �
@�´~ê, 
¢S¥, H:>Ø�»>Ø Vgs �
3�5�'X. 4û�Äg\\
»
>ØéH
:A5�K�, 3 Curtice �.±9 Agilent úi
� EEHEMT1 �.�Ä:þ, ïá
��O(� I-
V A5­���6�²��. [14]. �
(� GaN
HEMT ì�¥ kink �A�.�O(5, ·�ÄkI
��y=£A5�éO(, ,�, 3�ý�Ñ�Ñ
ÑA5­��Ä:þ, ?1 kink �A�ï�. Ïd,
·��âT�6�²��., ?1
 Matlab �ýÚ
ëê�N�.

ã 3 ¦ Ø� 10 V ��ý�ÿÁ�=£A5­� (�ã��
ý�ÑÑ­�)
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ã 3 ´�ý�¢SÿÁ���=£­�é'.
l=£­��±wÑ, ì�¢Sÿþ���ýO�
�>6!ª��Ø�þé�. Ïd, ·�±TÑÑ
­��� kink �A��²��.�Ä:.

e¡©�üÜ©5?Ø: Vds,kink � Vgs,kink �
²�'XÚ ∆Id � Vds, Vgs �'X. Xã 4 ¤«,
·�òÙ©¤ A, B, C n�«���5[Ü, �
� Vds,kink � Vgs,kink �²�'X. ±e´©ã�5
¼ê'X, òÙ�\�.:

Vgs > −2.5V,

Vds,kink = 7.8 + 1.24 × Vgs,kink, (1)

− 3.1V < Vgs < −2.5V,

Vds,kink = Const = 4.6V, (2)

Vgs < −3.1V,

Vds,kink = −16.5 × Vgs,kink − 20 × Vgs/3. (3)

-E>l� kink �A�m�éX�@®²
d Brar �< [10] y¢, 
� Dyakonova �< [15]

| ^ C § ¢ � � Ñ 
 - E > l � ä N > | �
�� 2.1 × 106 V/cm. Lin �< [16] �âJ��
»4�Ç>6, uyØ
�²�A, -E>lé
$ § e kink � A � � ) å � 
 ­ � � ^. ,
k��L², kink �A�Ôn�.¥�3 ∆Id

� 1/(Vds − Vknee) �55Æ [12]. 3¢�¥, ·�
��
�q� ∆Id � 1/(Vds − Vknee) ��5'X,
Xã 2 ¤«. æ^T�§£ã
 ∆Id � Vds, Vgs �
'X, ¿��ïá GaN ì�þ kink �A�²��
.��Ü©.

Id ∝ gm0 × kB × T/q × ln[1 + A] × Ids

× exp(−B/(Vds − Vknee)). (4)

�� pre-kink « (Vds < Vds,kink) >fßÝ�
', 16fÈ\þ���, �ê�´Ì�Ü©, 3p
¦Ø Vds e, ���

∆Id |LargeVds ∝ −1/(Vds − Vknee), (5)

A, B þ�~ê. 3 (4),(5) üª¥, Ó�I�Ú\�
»Ø�'X. æ^ Vds,kink ©ã¼ê�O Vknee ?1
?�, ù�é kink �A� Ø�'X�[�°(Ý
��Jp.

ã 5 w«�´ kink �A��²��.�ý(
J�ì�ÿþ�� I-V ­�. ·�uy, �Ú«Ø
�é�, g,�A��
¿©�Ä, Ó�, kink �A
�)�>Ø Vds,kink � Vgs,kink �'X�'�O(.
|^Ø�¼êO�, �� 2%.

,
, ·��uy, Vgs < −2 V �f�Ú«

Ú Vgs > −0.5 V ��5«Ø�'��. Vgs < −2 V,
>6ìCO\�ª³wÍ, ù�U´�. ∆Id

� Vds, Vgs �'X�3Ø�, GaN ì�¥�r�
²�Aé kink �A�­�K�vk��¿©�
Ä [17]. Xã 6, g9�A���5Cq (5) ªØ�
é�. ∆Id $�Ñy
K�.

GaAs ì�þæ^-E>lnØé kink �A
�)Ån?1
)º [12]. ²Lþã�.�ý�
¢�©Û, ·�ØJ�Ñ, -E>lé AlGaN/GaN
HEMT ì�þ kink �A��)k­�K�, �´,
>6�Czþ ∆Id ¿���5
u-E>l, §
��²�AÚg9�A����'.

�.�ýÚ¢�(Jy², kink �A�)�¦
4 � Vds,kink 9�Ú«­��Ø���, T�.
�A^37���. AlGaN/GaN HEMT ì�þ,
5ÐÚ�ä kink �A��)>Ø Vds,kink Ú>6C
zþ ∆Id .

ã 5 �²��.�ý�ì�ÿþ�ÑÑ­�

ã 6 g9y������5 ∆Id -1/(Vds − Vknee) ­� (»
Ø Vg = −3.2 V—0 V)
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4 ( Ø

�©3�6�²��.�Ä:þ, ïá
 Al-
GaN/GaN HEMT ì�þ kink �A��²��.,
Ú\
 kink �A��)>Ø Vds,kink �» Ø�'

X, �Ñ
��O(��[(J. ÏL�.é kink
�A?1
�½�Ôn©Û, ¿`²-E>lé�
) kink �Ak�½�r?�^, ù��·�?�Ú
ïá�°(��²��.ÚÔn�.�e
Ä:.

�²�Aé kink �A�K�� kink �A�)�
Ån, ·�EI�\ïÄ.
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Abstract
Kink effect is analyzed in AlGaN/GaN devices primarily. A semiempirical model is given by analyzing the kink effect on

AlGaN/GaN high electron mobility transistor and by considering the relationship between Vds,kink and gate voltage. Due to a little
error between simulation results and measured data, this model can be used to identify the occurrence of kink effect and change in drain
current. The analyses of experimental results and model simulation lead to a conclusion that impact ionization plays an important role
in generating kink effect.
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