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U (x) = -�X7θd A

B+��(−√
ax)

, Ndc1 < Nd0 < Ndc2,

O%R

U (x) = -�X7θd A

B+��(
√
ax)

, Ndc2 < Nd0 < Ndc,

O�R

�
 Ndc =
ρc2l kT

θ2d
Y Ndc1 = Ndc

(
l0
ld

)2

;

Ndc2 = Ndc

(
1− 2α2

9β

)
; 2α2

9β = 4
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A = 3
√
2 |a| (∣∣9ca− 2f2

∣∣)− 1
2 Y

B =
√
2f

(∣∣9ca− 2f2
∣∣)− 1

2 Y a =
1−Nd0

Ndc

l2d
Nd0
Ndc

−l20
Y

f = |α|
l2d

Nd0
Ndc

−l20
Y c = β

l2d
Nd0
Ndc

−l20
Y ρ W ���	�
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W (x) =
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ΔEc, |x| � b
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W (x) =

⎧⎨
⎩

ΔEc, |x| � b
0, d � |x| � b

−W0, |x| � d
OBR

�
 W0(Nd0)=-�X7θd
|ac|A(Nd0)
B(Nd0)+1 W 
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b∫
−b

U(x)dx = 2d · U(0) =
2d · A
B + 1

, O=R
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Ĥψ = Eψ O(R

! ������	�
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��

Ĥ = − �
2

2mi
Δ+W, O R

�
mi W 
�
�	��
� ���� 
�
�	��
� � !��
��
�� ���
��� �
	
���	���	��� Oi = 1R� � ������� '�� Oi = 2R
	� � ��!���� '�� Oi = 3R�
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���� W (−x) = W (x)� 	� ��!�I'!�� ���
'
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)��
� ��!�I'!�� Oψ(−x) = ψ(x)R � �$���	� x � 0
���
� !�����	� � ����'��N

ψ1(x) = A1e
−k1(x−b), x � b OGR

ψ2(x) = A2 cos(k2x) +A3 sin(k2x), d � x � b
OTR

ψ3(x) = A4 cos k3x, 0 � x � d O%CR

�
 k1 =
√

2m1(ΔEc−E)
�2 � k2 =

√
2m2E
�2 � k3 =√

2m3(W0+E)
�2 � A1� A2� A3� A4 W �	��� �
����
��

V ��!�I'!�� OGR !�$
!�
�

� �
���'�
��	� ����
������ ��
�#�� ��� x→∞� L���� #����� ����

� ���
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���	��� ����� 

�
�
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��	� ��������� ��
�
�#�� � ���	�
� ��	��� ������
��	� � 	����� x = b
	� x = dN ⎧⎪⎪⎨

⎪⎪⎩
ψ1 (b) = ψ2 (b) ;

1
m1

dψ1

dx |x=b = 1
m2

dψ2

dx |x=b ;
ψ2 (d) = ψ3 (d) ;

1
m2

dψ2

dx |x=d = 1
m3

dψ3

dx |x=d
O%%R

c��	
�� ���
'
� O%%R ��E 

	�������
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��!�I'!�� ��' E > 0 ��� �����
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