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Physical Constants Silicon parameters (� � ��� K) 

�/2� � 	 � 1.055 � 10���	J∙s �� � 3.23 � 10��	cm�� 

�� � 9.109 � 10���	kg �" � 1.83 � 10��	cm�� 

$% � 1.38 � 10�&�	J/K () � 1.1 � 10��	cm�� 

* � 1.602 � 10���	C -. � 11.8 

/� � 8.854 � 10��&	F/m 23 � 1.12	eV;			7 � 4.03 eV 
 

Miller Indices: (hkl) {hkl} [hkl] <hkl>  Density of states 8�92: � 9;<∗ :>/?@&9A�AB:
C?	>   

Fermi function  D92: � �
�EF9GHGI:/JK  Intrinsic carrier concentration () � @���"L�AM/&NO 

Equilibrium carrier densities: �� � �
� P&;<∗ NO

C	? Q�/&  �" � �
� P

&;R∗ NO
C	? Q�/& 

(� � ��L9AI�AB:/NO � ()L9AI�AS:/NO    T� � �"L9AU�AI:/NO � ()L9AI�AS:/NO 

Space charge neutrality: T V ( W �XE V �Y� � 0  Law of Mass Action: (�T� � ()& 

Non-equilibrium carriers: ( � ��L9Z[�AB:/NO T � �"L9AU�Z\:/NO (T � ()&L9Z[�Z\:/NO 

Conductivity/resistivity: ] � ]^ W ]^ � *_(`^ W T`ab � 1/c 

Drift-diffusion current equations: d̂ � (*`^ef W *g^ h^
hf � (`^ hZ<

hf   
X<
i< �

NO
j  

        da � T*`aef V *ga ha
hf � T`a hZR

hf   
XR
iR �

NO
j  

Carrier conservation equations:    
k^
kl � Wm ∙ Pn<j Q W o^ V p^ 

     
ka
kl � Vm ∙ PnRj Q W oa V pa 

Poisson’s equation:    m ∙ 9/e: � c 

SRH carrier recombination:  p � ∆(/r^ or p � ∆T/ra 

Minority carrier diffusion equation: 
k∆^
kl � g^ k?∆^

kf? V ∆^
s< W ot  uX,^ � @g^r^ 

PN homojunction electrostatics:  wx) � NO
j ln {|}|~
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PN diode current:    ∆(90: = ^S?
|~ _Lj"~/NO − 1b 			∆T90: = ^S?

|} _Lj"~/NO − 1b 

dX = d�_Lj"~/NO − 1b           d� = * {X<t<
^S?
|~ +

XR
tR

^S?
|}�  (long)        d� � * {X<�R

^S?
|~ W

XR
�<

^S?
|}�  (short) 

Non-ideal diodes: � � ��_Lj9"~����:/NO − 1b  d3F^ = −* ^S
&s�� 

Photovoltaics:  w�� � ^NO
j ln Pn��n� Q d�" = d�_Lj"~/NO − 1b − d��  

Small signal model: oh � �}E��
NO/j   �n9w�: = ����Y

�?����U�S�[~
= ��j����|~

&"�S     �X = ohr^ 

MS diode properties: *wx) � |Φ� VΦ�|      Φ%� � 7 W 2� VΦ� Φ%| � Φ� V 7 

dX � d�_Lj"~/NO − 1b  d� = �∗�&L���/NO  �∗ = �Cj;∗N�?
 > = 120 ;∗
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