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1 Ú ó

GaN/AlxGa1−xN É�(3nØ [1] Ú¢�þ [2]

��ÑÉ�2��'5, §�±A^uu1�?
+ [3]!��N-1ì [4]!pª|�A¬N+ [5]!
p õ Ç � Å � � [6]! p > f [ £ Ç ¬ N + [7].
d u � � g u Ú Ø > 4 z � A, 3 � � ¿ � ,
� GaN/AlxGa1−xN p>f[£Ç¬N+¥�±
��ép�>fßÝ (¡ßÝ > 1013 cm−2)[8].

3$§e, �>> fm�3¥Õ�p�^,
² ; � Drude > � (σ0) ¬ � ? � [9,10]. 3 ^
| B < Btr (Btr = ~/2el2 �Ñ$|, ~ ��z
ÊK�~ê, e �>f>Ö, l �²þgd§) �
4$|��S, K^>{ufÛ��^ [11,12].
3 B > Btr �, K^>{´d>f->f�p�
^ (electron-electron interaction, EEI) Úå� [13]. ,
	, ²1>��¬Úå�^>{, �3p|e��
²w. �3²1>����Ì�A�´, p�>
{�4��3Ñyþf�A�ØU�" [9,14]. Ï

~�±ÏL©Û Shubnikov-de Hass (SdH) ��
�, ©O����>fíÚ²1>��16f�ß
Ý [15], �´XJ16f�[£Ç�$, ù«�{Ò
ØU·^. �k<0�
Ù¦L�²1>����
{ [16−18], �´ØU·^uÑyþf�A��¹.

� EEI Ú²1>�Ó��3�, §��K��
^Ò¬U\3�å, é^>{�©ÛÒ¬C�(
J. Ï~�)û�{´^¢��Ãã�ØÙ¥�
�«±�, üÕé,�«�A?1ïÄ. �©ïÄ

 GaN/AlxGa1−xN É�(�p�>{3��ÿþ
^|��S�^>{åÏ, ¿3Ó��Ä EEI Ú²
1>�K���¹e, ^[Ü��{, ©Oéùü
«�A?1
©Û.

2 �¬(�Ú¢�

^7ákÅzÆí��È (MOCVD) �{�
�
 GaN/AlxGa1−xN É�(�. Äk3 488 ◦C e,
3 α-Al2O3 � (0001) ¡þ)����¤Ø� GaN
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�À�, �X3 1071 ◦C e)��� 2 µm þ�
��¿�, GaN (i-GaN) �. ,�3 1080 ◦C e
)��� 5 nm þ���¿�, Al0.15Ga0.85N (i-
AlGaN) �l�Ú 25 nm þ Si �,� Al0.15Ga0.85N
(n-AlGaN) �. �¬�î0�>æ^ Au/Ni/Al/Ti 7
á�, 7á�æ^>få�u�{�È, 3pX N2

í¨e² 900 ◦C 10 s ¯�9ò», /¤î0�
>. ^>{ÿþ^���{?1, ÿþ§Ý3 1.4
� 25 K �m, ^|��l 0 � 13 T, ^|R�uÉ
�(.¡.

�·�±c0� [19,20] ���, p©E X ��
û�¢�L², ïÄ¥��¬äkéÐ�¬N�þ,
É�(.¡³éÍ. Ïd, É�(.¡�>fäk
éÐ���A5.

3 (J�?Ø

ã 1 �ØÓ§Ýe (T = 1.4, 2, 3, 7, 12, 18,
25 K) p�>{ ρxx �^| B �Cz. lã¥�±
w�, 3Ø�Ä SdH ��Ü©��¹e, �X^|
�O�, ρxx k~��O�. p|eÑy SdH ��,
���4� �Ø�§ÝUC, `²��>fí�
ßÝ3ÿþ§Ý��S´��~ê.

ã 1 ØÓ§Ýep�>{�^| B �Cz

éØÓ§Ýe� SdH ����¯�Fp�
C� (FFT) (�ã 2), ¿�â FFT ªÇ f Ú��>f
íßÝ n �'X n = 2ef/h (h �ÊK�~ê)[21],
����>fí�ßÝ n («uã 3 ��ã). ã 3
�ØÓ§Ýe� Hall >{ ρxy. lã¥wÑ, �§Ý
O�, Hall >{é^|��ÇÅìC�. ã 3 �ã
�Ñ
 1/eRH �§Ýéê�Cz'X, 1/eRH �§
ÝéêCqu�5O\. dué SdH ��?1 FFT

©ÛL², 16f�ßÝØ�§ÝUC, Ïd, ù
��5Cz'X´dÃSNX¥� EEI �AÚå
� [22], EEI �A��3��^|��SÑy�ÔK
^>{1�.

ã 2 ØÓ§Ýep�>{ SdH ��� FFT Ì

ã 3 ØÓ§Ýe Hall >{�^|�Cz �ã�l SdH �
����ßÝ n Úd Hall Xê���ßÝ 1/eRH �§Ýé
ê lnT �'X

p|e��^>{�UdA«�ÏÚå: 1) f
�mÑ� [23]; 2) lù©� [9]; 3) ²1>� [24]. 3
ã 1 ¥�k�«ªÇ� SdH ��, ¿�3p|ev
kÑylùg^©�V¸,  FFT �(J¥��k
��ßÝ¸� (�ã 2), `²�k��f��Óâ,
Ø�3f�mÑ�. Ïd, éu¤ïÄ��¬, p|
e��^>{Ø´df�mÑ�½lù©�Úå
�. *	ã 3 ¥� Hall >{�, 3p|��� 
l�5, Hall ²�?Ø²�Ø�uþfz�>{
�, ù
Ñ´�3²1>���A�, Ïdùpp
|e��^>{´d²1>�Úå�.

3�3²1>��, o>��±L«�¤k>
���>��Ú [18]:

σxx =
n1eµ1

1 + (µ1B)2
+

n2eµ2

1 + (µ2B)2
, (1)
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σxy =
n1eµ

2
1B

1 + (µ1B)2
+

n2eµ
2
2B

1 + (µ2B)2
, (2)

ùp n1, µ1 ���>fí�ßÝÚ[£Ç, n2, µ2

�²1>���ßÝÚ[£Ç. �Ä EEI ��K�
±�, (1) ªÚ (2) ª�±©OL«�

σxx =
n1eµ

′
1

1 + (µ′
1B)2

+
n2eµ2

1 + (µ2B)2
+ δσd

ee(T ), (3)

σxy =
n1eµ

′2
1 B

1 + (µ′
1B)2

+
n2eµ

2
2B

1 + (µ2B)2
, (4)

Ù¥ δσd
ee �*Ñ EEI �, T��é σxx k�z, 

é σxy Ã�z. µ′
1 = µ1 + δµ ´�Ä
�� EEI �

K����[£Ç. ^ (3) ªÚ (4) ª[Ü¢�>
�Üþ� σxx, σxy, �� n1, n2, µ′

1, µ2, δσd
ee �ë

ê�. ,	, ÏL4$|�©Û��d�>��ë
þ\��k�16fßÝ (〈n〉) Ú[£Ç (〈µ〉)[25].
duc¡®²l SdH ��ªÇ¥����>fí
�ßÝ� n1 = 5.4 × 1016 m−2 (3¤ÿþ�§Ý�
�S, T�ØC), Ïd, [Ü¥ n1 Ø2��[Üë
þ. ÏL (3) ªÚ (4) ªé 1.4 K ��¢��?1
[Ü, [Ü��¢��ÎÜ�éÐ (�ã 4). [Ü�
� 1.4 K � µ′

1 = 0.37 m2/V·s, n2 = 9.7×1015 m−2,
µ2 = 0.029 m2/V·s, δσd

ee = 4.5 × 10−5 Ω−1. Ï
�²1>���>fßÝ�Ø�§ÝCz, Ïd
@� n2 = 9.7×1015 m−2 �´�~þ, l3Ù
¦§Ýe�Ø2��[Üëþ. [Ü��� µ′

1

�§Ý�CzXã 4 �ã¤«. dã 4 �ãw
�, 3§Ý�u 12 K �, µ′

1 Cq�§Ý¤�5
' X, Ú EEI � � � � é [ £ Ç �  � K � '
X�� [26]. ��, �§Ý2,p�, µ′

1 m©e
ü, ù�U´Ï��X§Ý�,p, >f-(fÑ�

ã 4 §Ý� 1.4 K ��>�ÜþÚ^ (3) ªÚ (4) ª�[Ü
� ¢:�¢�êâ, ¢��[Üêâ; �ã¥¢:�[£
Ç µ′

1 �§Ý�Cz, ¢�´§Ý T �u 12 K ���5[Ü

�^Cr [7]. é[£Ç µ′
1 �§Ý�5Cz'X�

§Ý��S��	í, �� 0 K ��[£Ç µ1 =
0.369 m2/V·s.

�
�yc¡¤�©Û��&Ý, ·�^c¡
[Ü¤��� EEI ëê5�Ø¢��� EEI Ü
©, ,�é�Ø EEI Ü©�¢��æ^,	��
{O�Ù¦�'ëþ�. �â©z [14] ���, �
Ø EEI �K��, ²1>{Üþ ρ

‖
xx, ρ

‖
xy ©O�

ρ‖xx =
|ρtot| ρxx

ρ2
xx + (ρxy − |ρtot| νe2/h)2

, (5)

ρ‖xy =
|ρtot| (ρxy − |ρtot| νe2/h)

ρ2
xx + (ρxy − |ρtot| νe2/h)2

, (6)

Ù¥ |ρtot| = ρ2
xx +ρ2

xy, υ �K�W¿Ïf, ρxx, ρxy

���Ø
 EEI K�� δσd
ee Ú δµ ±�� σxx, σxy

(= (1) ªÚ (2) ª¥� σxx, σxy) ¤éA�>{Üþ
Ü©. æ^ (5) ªÚ (6) ª, ¿�â�Ø EEI ��¢
�(J9�¥� Hall ²�¤éA� υ �, O��
�p|� Hall ²�?� ρ

‖
xx Ú ρ

‖
xy, (J�ã 5. �

5[Ü ρ
‖
xy, d§��Ç¦�²1>��16f�

ßÝ n2 = B/(eρ‖xy) = 9.5 × 1015 m−2. ρ
‖
xx �^|

Cz��¥�Ô/, ù�´>fa��>XÚ¥
¤ýÏ� [14]. d ρ

‖
xx 3"|���å�±��Ñ

²1>��16f�[£Ç� µ2 = 0.030 m2/V·s.
T � { O � � � � ( J, � c ¡ [ Ü > �  �
¤��(J�ÎÜ, L²c¡�[Ü(J´�&
�. ^Ó���{, �±��ØÓ§Ýe²1>
���>f[£Ç, «uã 5 �ã. ã 5 �ãL
², ²1>� ��> f[£Ç�§Ý,pO
\, ù� Contreras � [27] �(J�ÎÜ. I�`²
�´, ²1>��[£Ç�§Ý,pO\�¬
¦ Hall Xê~� (=ã 3 ¥ Hall >{é^|��Ç

ã 5 1.4 K §Ýe, �Ø>f->f�p�^K��, ^ (5) ª
Ú (6) ªO��²1>{ (¢:) �ã�²1>��16f[
£Ç�§Ý�Cz
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�§Ý,p~�), �´ù«K��éu EEI �
K����õ.

4 ( Ø

é GaN/AlxGa1−xN É�(3$§e�^Ñ$
5�?1
ïÄ, (JL², ��^|���K

^>{´d EEI Úå�, p|e��^>{5
u²1>�. 3§Ý$u 12 K �, ��>fí
�[£Ç�§Ý�CzCq�5O�, ùÌ�´
du EEI ����K�. 3§Ýpu 12 K �, �
X§Ý�,p, (fÑ��^Or, Ïd��>
fí�[£Çk¤ü$. ²1>���>fßÝ
� 9.7 × 1015 m−2, Ù[£Ç�X§Ý,p,p.
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Abstract

The magnetotransport measurement is performed on a GaN/AlxGa1−xN heterostructure sample in a low temperature range of

1.4–25 K and at magnetic fields ranging from 0 T up to 13 T. Magnetoresistance of a two-dimensional electron gas confined in the

heterostructure is investigated. The negative magnetoresistivity in the whole magnetic field range originates from the electron-electron

interactions (EEIs), while the positive magnetoresistivity in the high field range results from the parallel conductance. The EEI correc-

tion terms, as well as the concentration and mobility of the parallel channel are obtained by fitting the experimental data. Furthermore,

another method of calculation is used to check their accuracy.
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