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3k��þCq�µee, $^C©�{ïÄð ¶ GaN/AlGaN þf:¥�-f�9�'1Æ5�, &?>
f��Ç3þf:¥�n��mÉ�Úk�³�A. ê�O�(Jw«, �þf:�º�O\�, þfº��Aé
>fÚ�Ç�K�~f, Ä�-f(ÜUÚ�m1�[U�Ñü$; 
�Tþf:¥^� AlGaN ¥ Al ¹þO\�,
Jp
þf:é>fÚ�Ç�åP�^, Ó�Ä�-f(ÜUÚ�m1�[UÑO\. ê��nØ(J��'¢�
ÿþ(J��.

'�c: -f, þf:, GaN

PACS: 61.72.uj, 71.35.–y, 73.61.Ey, 78.67.Hc

1 Ú ó

Cc5, du III—V x GaN Äþf(�3>
fÆÚ1>fÆ�¡Ly�`�5U
�É<�
�2�'5 [1,2]. 
� III—V x�zÔ��N±­
½�n ¶(�Úæ­��ð ¶(�ü«/ª
�3. ¢�ÚnØO�L², 3 III—V x GaN Äþ
f:S, >fÚ�Ç��½3n��mS, >fÚ
�Ç�m��UO\, Jp
ÙEÜu1�Ç [3].
ïÄ�L², 3n ¶ GaN/AlGaN þf:¥, �3
dgu4zÚØ>4z
/¤�rSï>|, �
Sï>|�êþ?�� MV/cm[4,5], ù�r�S
ï>|¦>f��Çu)�m©l [6], l
~�

>f��Ç�m�EÜu1�Ç. Ïd3n 
¶ GaN/AlGaN þf:¥�n��mÉ�ÚSï>
|é>fÚ�Ç��m©l, én ¶ GaN Ä1
>fì��u15U5`´�pgñ�Ï�. Ï
d, n ¶ GaN/AlGaN þf:¥rSï>|én
 ¶ GaN/AlGaN þf:�-f�Ú1Æ5�k
é��K� [6,7]. ,
, C5�ïÄL², 3ð 

¶ GaN/AlGaN þf(�¥, du¬N�pé¡5,
dgu4zÚØ>4zÚå�Sï>|�±��
Ñ, 
�ð ¶ GaN/AlGaN þf:�)�L§�
��
���Uõ [8,9]. ¤±, ð ¶ GaN/AlGaN
þf(�k"�2�/A^31>fÆì�¥, Ú
å
<�éÙ5�ïÄ�ßþ,� [8−15].

Ïd, �
n)ð ¶ GaN/AlGaN þf:¥
-f�Ú1Æ5U�K�, ·�ò3k��þCq
e, $^C©�{O�ð ¶ GaN/AlGaN þf:
¥-f�Ú1Æ5��Tþf:¥(�ëê�m
�'X, Xþfº�Ú Al ¹þ. �©(�Xe: 3
1 2 Ü©, ·�ò�ÑO�ð ¶ GaN/AlGaN þ
f:¥-f�Ú1Æ5��nØ�.¶�'�ê
�(JÚ?Ø31 3 Ü©�Ñ; 1 4 Ü©�Ñ�©
�Ñ�­�(Ø.

2 nØ�.

�âéð ¶ GaN/AlGaN þf:�¢�Ún
ØïÄ [12,16], �©æ^Î/þf:/G. 3k��
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þCq�µee, -f� Hamilton þ���

Ĥex = Ĥe + Ĥh − e2

4πε0ε̄ |re − rh|
, (1)

Ù ¥ Ĥe

(
Ĥh

)
´ > f (�Ç) � Hamilton þ,

re (rh) ´>f (�Ç) � ¥, e ´>f>Ö�ý
é�, ε0 ´ý�0>~ê, ε̄ ´þf:á�S�0>
~ê.

>f (�Ç) � Hamilton þ3Î�Ie�L«
�

Ĥj = − ~2

2m∗
j

[
1
ρj

∂

∂ρj

(
ρj

∂

∂ρj

)
+

1
ρ2

j

∂2

∂ϕ2
j

+
∂2

∂z2
j

]
+ V (ρj , zj) , (2)

d?eI j = e ½ h L«>f½�Ç, V (ρj , zj)
´duð ¶ GaN/AlGaN þf:��Úå�>
f (�Ç) �åP³, deª�Ñ:

V (ρj , zj) =


V (ρj) ,−H

2
6 zj 6 H

2
,

VIIj , |zj | >
H

2
,

(3)

V (ρj) =

 0, ρj 6 R,

vIj , ρj > R.
(4)

�Ä�>f��Ç��é$Ä�m�'X, ·
�òæ^e¡�Á&Å¼ê [17,18]

φex (re, rh) = f(ρe)h(ze)f(ρh)h(zh)

e−αρ2
eh−βz2

eh , (5)

Ù¥Å¼ê f(ρj) Ú h(zj) ©O£ã>f (�Ç)
3²¡Ú z ���$Ä, >f (�Ç) �Ä�Å
¼ ê � Ï L Bessel ¼ ê J0 Ú?� � Bessel ¼
ê K0 � �, Z ¶ Å ¼ ê h(zj) � Ï L ) Û ¼
ê sin (ξ) cos (ξ)(²) ½ exp (ξ)(^) ��5|Üï
á, ρ2

eh = (xe − xh)2 + (ye − yh)2 Ú zeh = ze − zh,
α ´�²¡$Ä�'é�Cþ, β ´� z ��$Ä
�éX�Cþ. Ïd, �§ (5) ��/£ã
>f�
Ç�m�é$Ä�'X.

ð ¶ GaN/AlN þf:-f�Ä�Udeª
��:

Eex = min

〈
φex

∣∣∣Ĥex

∣∣∣ φex

〉
〈φexφex〉

. (6)

-f(ÜU Eb Ú�-f�k'��m1�[U
þ Eph ½ÂXe:

Eb ≡ Ee + Eh − Eex,

Eph ≡ Ee + Eh + Eg − Eb, (7)

Ù¥ Ee (Eh) ´>f (�Ç) 3ð ¶ GaN/AlGaN
þ f : ¥ � å P U, Eg ´ ð ¶ GaN á � �
�YU.

3 ê�(J9?Ø

� © O � I ^ � á � ë ê [19]: ð  
¶ GaN Ú AlN á � � � Y U © O � Eg =
3.3 Ú 6.0 eV; é u GaN, > f � k�� þ
� m⊥

e

(
m

//
e

)
= 0.19m0 (0.19m0), �Ç�k��

þ� m⊥
h

(
m

//
h

)
= 0.86m0 (2.0m0); AlN >f�k

��þ m⊥
e

(
m

//
e

)
= 0.33m0 (0.33m0), �Ç�k

��þ� m⊥
h

(
m

//
h

)
= 1.43m0 (4.55m0). m0 ´ý

�¥>f��þ, ��´ 75 : 25.
ã 1 £ã
ð ¶ GaN/AlGaN þf:¥Ä�

-f(ÜU Eb Ú�m1�[U Eph �þf:p
Ý H �Cz'X. ã 1(a) w«, �þf:pÝ H

O\�, Ä�-f(ÜU Eb ��~�. ù´Ï�
�þf: H O��, åP3Tþf:¥�>fÚ
�Ç�m��éålò¬O\, >fÚ�Ç�m
� Coulomb �p�^~�. ¯¤±�, -f�(Ü
U���Ú Coulomb �p�^�rf¥yÑ�'
�'X, Ïd�ð ¶ GaN/AlGaN þf:�pÝ
O\�, åP3Tþf:¥�Ä�-f(ÜU Eb

~�. ,	, ·���±lã 1(b) ¥w�, �þf:
pÝ H O\�, �m�[U Eph ~�. ù´Ï��
þf:pÝ H O\�, >fÚ�Ç�åPU~�,
ÏdTþf:�k��Yü$, �m1�[U�¬
~�. Ó�ã 1(b) �w«Ñ-f�Aé�m�[U
k²w��^, §ü$
ð ¶ GaN/AlGaN þf
:��m1�[U. o�, lã 1 �±wÑ, ��N
þf:�º���U²w/K�>fÚ�ÇÅ¼
ê�©Ù9ð ¶ GaN/AlGaN þf:��m1�
[UÚu1Å�. Ïdéð ¶ GaN/AlGaN þf
:¥1>f5��ïÄÚ�'1>fì��O�
�ÿ, AT�Äð ¶ GaN/AlGaN þf:�þf
º��AéÙ1Æ5�Úì�5U�K�.

�
?�ÚïÄð ¶ GaN/AlGaN þf:
á�¥ Al ¹þéÙ1Æ5��K�, ·�3ã 2
?1
ð ¶ GaN/AlGaN þf:¥�Ä�-f
( Ü U Eb Ú � m 1 � [ U Eph � Al ¹ þ C
z'X��[O�. lã 2(a) �±wÑ, �Xð 
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ã 1 ð ¶ GaN/AlGaN þf:�» R = 6 nm �, Ä�-f
(ÜU Eb Ú�m1�[U Eph �þf:pÝ H �m�¼ê
'X J�´ØÉ-f�^�, �m1�[U Eph �þf:p
Ý H �m�¼ê'X

¶ GaN/AlGaN þf:á�¥ Al ¹þ�O\, Ä�
-f(ÜU Eb O\. ù´Ï�� Al ¹þO\�,
^pO\, þf:éåP3Ù¥�>fÚ�ÇÉ
�O\, ?
Or
>fÚ�Ç�m��p�^,
Ïd-f(ÜU¬�X Al ¹þ�O\
O\. ,
	ã 2(b) �w«, � Al ¹þO\�, �m1�[
U Eph üN4O. ù´Ï�� Al ¹þO\�, >
fÚ�Ç�åP³O\, K�m1�[O\. 
�
ã 2 �w«, -f�A�ü$
ð ¶ GaN/AlGaN
þf:¥�m1�[U Eph. o�, lã 2 �±w
Ñ, AlGaN á�¥ Al ¹þ�O\�U²w/K�
ð ¶ GaN/AlGaN þf:¥>fÚ�ÇÅ¼ê�
©Ù!-f5�9�m1�[UÚu1Å�. Ïd
3éð ¶ GaN/AlGaN þf:¥1>f5��ï
ÄÚ�'1>fì��O��ÿ, ^� AlGaN á
�¥ Al ¹þ´7L��Ä���­�Ï�.

ã 2 Al ¹þCzéð ¶ GaN/AlGaN þf:¥�Ä�-f
(ÜU Eb Ú�m1�[U Eph �K� J�L«Ø�Ä-f
K��, Al ¹þCzé�m1�[U Eph �K�; þf:pÝ
� H = 6 nm, �»� R = 6 nm

4 ( Ø

3k��þCqe, ·�$^C©{éð 
¶ GaN/AlGaN þf:¥-f�Ú�m1�[U�
þf:º�Ú^�¥ Al ¹þ���Cz'X?
1
�[�nØïÄ. ê�(Jw«, þfº��
AÚ³^pÝéð ¶ GaN/AlGaN þf:¥�-
f�Ú�m1�[k²w�K�. �Î.þf:p
ÝO\�, Ä�-f(ÜUÚ�m1�[Uþ~
�; 
� Al ¹þO\�, Ä�-f(ÜUÚ�m1
�[UO\. Ó�(J�w«Ñ-f�Aéð 
¶ GaN/AlGaN þf:¥�-f�Ú�m1�[U
�k²w�K�. �©�nØO�(Jòé±ð 
¶ GaN/AlGaN þf:(��Ä:��'Ôn¢�
Ú1>fì���Oäk�½���¿Â.
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Abstract
Within the framework of effective-mass approximation, exciton states confined in zinc-blende GaN/AlGaN quantum dot (QD) are

investigated by a variational approach, including the three-dimensional confinement of electron and hole in the QD and the finite band
offset. Numerical results show that both the exciton binding energy and the interband emission energy decrease when QD height (or
radius) increases. Our theoretical results are in agreement with the experimental measurements.
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