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Electrical Conductivity

R =  r L/A

V =  R I

V

r = 1/s
� &)�*�	
��� ���+	
�

(, .m) (W-1 .m-1)  ���-�.	
�

V

IV

L
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Electrical conductivity

V�=�1 mV  
L�=�10 cm
A= 1 mm 2

I = 0.6  A ,  s = 6s = 6s = 6s = 6x 101010107777 WWWW----1111m-1� Cu  ����

I = 2 10-8 A,  s = 2s = 2s = 2s = 2 WWWW----1111m-1 Ge �����������

I < 10-20 A, s < 10s < 10s < 10s < 10----13131313 WWWW----1111m-1 Al 2O3 ���������	�
 ���� ��

L
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J = n���q �vA/cm2 =��.	
� 8�>!��2
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E ���45��"�!�/��&�

(EFF���"B�G)".6	
� cm-3 H��@��2



Drift velocity                     ��!�"��#�$%��
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�/��&�IE v = mmmmE
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Electrical conductivity

v = mmmm����E

J = n q  mmmmE

J =  s s s s E                  I /A = s s s s V/L              V= (s s s s -1 L/A ��) I

s = s = s = s = n q mmmm

�(Defects) �:=
"�	��"KL.9�������M���	
��)���:=
"�	��"KL.9��)���N5
�D	
�

�� �!"B�?�@)".6	%
 :  Mobility
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Semiconductors      



ZnS ������(Diamond)     ���"��	
����7	


C, Si, Ge, Sn � �>&� � �>&�
GaAs, AlAs,  ZnSe, CdS,InSb
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(Silicon )     ��G�6���	


� J�
=� ��#��9 �?�@)".6	��� ��#��9T = 0K�

Semiconductors �������G���H78����������������������	
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�H78��
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T = �QEEK����+��� �� (E (E�:"B��?�@)".6	
� �cm-3� �

�G)".6	���"B�

������G�6���	
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=R:��8



��K�L����&���	�
�'(���
�*	

Electron Energy in Solids

� �:��B)�:=R �G�9=R

1s2

2s2

2p4
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Energy Bands in solids

�N    : �:�����?
=R

������P�.�&��N�

����G)".6	
4N
2p S�"T�

2s S�"T�

1s S�"T�

����G)".6	
2N

����G)".6	
2N
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2p S�"T�

2s S�"T�

1s S�"T�
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�08�6.	
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�7-�&��/$���)���7-�&�V�T T = 0K�

Semiconductors and insulators conductors  
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�08�6.	
�S�"T�2�����&

Eg (eV) ���K�6	
�2�*(������
Ge Si InP GaAs CdTe CdSe CdS SiC ZnO GaNAl 2O3 MgO SiO2    CaO
0.66  1.12   1.35   1.43   1.45    1.73     2.42    2.86   3.4  3.5          8          9          8           9

�����������������������������������������������������������,;
�!��������������������������������������H78���������� �����
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Eg >5   eVEg <5eV � ��J	
�:��8

�7-�&�V�T�
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(Valence Band):       �08�6.	
�S�"T

Ec

Ev

�G)".6	���"B�

:��8

�G)".6	���"B�

�pi =  ni ����������: ������0	
�QR1�5���K��

Si:                        � ni =  1010cm-3�
Ge ni = 3.  1013 cm-3
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Electron Hole Recombination �

(Valence Band):       �08�6.	
�S�"T

Eg
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Eph=Eg(eV)=1.24/l(mm)
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(Doped Silicon)    n      ����[�@�M�D�	
�G�6���	
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P, As, Sb,…..�����
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(D0)  �"�a� �@�&� �5�T� +�0& (D+) �� �@�&� �5�T� +�0&

�ND + p =  n����������: ����� +�D	
�b�B�G�@��

D+
D0

�ND  ~   n����������

�G)".6	����"B�

��:"B��:��8�
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B, Al, In, Ga,…..�����
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(Doped Silicon)    p      ����[�@�M�D�	
�G�6���	




��<�����������B�!�2B�$;�'(����7"��	
�A�
�0	

�
�*R	
��

�G)".6	����"B�

(A0) �"�a� �1�! +�0&�  �5�T (A-) �� �1�!� �5�T� +�0&

�NA + n =  p����������: ����� +�D	
�b�B�G�@��

A-A0

�NA  ~   p����������
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np = ni

2

X��`�9�/�>&2
�����+��	�Gd��+`"8�
R
n = 1015 m-3�)�p = 1020 m-3�������3 +�D	
�?�&�B���!"9�S1�.&��')�
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s = s = s = s = n q mmmmn
s = s = s = s = p q mmmmp
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Nd= n Na= p
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Depleted  region

4�<
��45��"�!�/��&

Neutral n- region Neutral p- region
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p  Y���C����

��$B��1��@6��V����0����W�X
n  �Y���C����



+
+

+
- -

-

- -

-

������������'�3�Z�������EF+�[�+� ���������I	
 ��
��	


+ -

Forward bias  ��4&�&����'
V
V
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f g

kTqV
o eII /»

n p



+
+

+
- -

-

- -

-

������������'�3�Z�������EF+�[�+� ���������I	
 ��
��	


+ -
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V
V
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E+ -

��������K�)�_��`�=��9����

g f

I = Io

n p
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Voltage (V)
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

C
ur

re
nt

 (
m

A
)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

Ge Si

I=I0 exp[(qV/kT)-1]

kTqV
o eII /»

I = I o
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Light Emitting Diode (LED)

+ -

Forward bias  ��4&�&����'

V
V

- +

R

+
+

-
-

- -

Eph=Eg (eV)=1.24/l(mm)

GaN: 3.5eV, ZnO: 3.4eV,l = 0.35ml = 0.35ml = 0.35ml = 0.35mm 2� ��h=$����`iii���

f g
n p
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lAND 
lOR 
lNOT 
lBUF 
lNAND 
lNOR 
lXOR 
lXNOR
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X (AND) Y = F
X.Y = F



��'��'OR 
��-�.���
���	
����)���'��'���*��� 	�+�,�����*����	/�

���#���0��	������	�%�
���
��'��'��

X (OR) Y = F
X + Y = F
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F = X’
F = (NOT) X
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http://www.research.ibm.com/nanoscience/fet.html






