
Semiconductor Physics 

1. Law of mass action: 𝑛!𝑝! =	𝑛"# 

2. Carrier concentrations in non-degenerate semiconductor 
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3. E field in a non-uniformly doped semiconductor: 𝐸(𝑥) = 	 '%(
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4. Drift current:  𝐽/0"12 = 𝑞2𝑛𝜇3 + 𝑝𝜇45𝐸 
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pn Junction 

6. Total depletion region width in a step junction: 𝑥5 = 7#6'* ) 7
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a. Depletion region width on the n-side: 𝑥3 =
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8. Current:  𝐽=>3? = 𝑞𝑛"# <
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MOS Device 

9. Flat band voltage:  𝑉DE = 𝜙F − 𝜙A 

10. Surface potential: 𝜙A = 𝜒 + %0
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11. 𝑥5G8- =	7
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 where 𝜙4 is the bulk potential in the quasi-neutral p-Si region. 

12. Threshold voltage, 𝑉( = 𝑉DE + 2𝜙4 +	7
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MOSFET 

13. Long-channel MOSFET  

a. Drain current before saturation: 𝐼5 =	𝜇3𝐶>-
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b. Saturation drain current : 𝐼5 =	𝜇3𝐶>-
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c. Transconductance: 𝑔GA82 =	
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d. Saturation drain voltage: 𝑉5A82 =	𝑉J −	𝑉( 	 

14. Short channel MOSFET 

a. Saturation drain voltage: 𝑉5A82 =	
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b. Saturation drain current: 𝐼5A82 = 𝑊𝐶>-[𝑉J −	𝑉( − 𝑉5A82]𝜈A82 

c. Transconductance:	𝑔GA82 = 	𝑊𝜈A82𝐶>-
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BJT 

15.  Collector current in npn BJT:  𝐽3 =	
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16. Base recombination current in npn BJT:  𝐽0E =	
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17. Hole current in emitter in npn BJT:  𝐽4% =	
*5,/3$8

@,/+(/
>𝑒𝑥𝑝 )*)%/

'%(
+ − 1@ 

18. Base transport factor:  𝛼( = 1 −	 |L9%||L-/|
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19. Emitter injection efficiency:  𝛾 = 	 L-/
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20. Common-base current gain:  𝛼 = L!
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21. Common-emitter current gain:  𝛽 = L!
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22. Early effect 
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