
Formulae for the Memory-Challenged 
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Biasing: IC = hFE IB 
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Bipolar Transistor and Diode SS Models: 
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.  The full non-linear Shockley equation at constant VCE and IC > 0 is: 
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Notes: 1.) ZBG is the entire source impedance of the signal driving the base of the  
      Common Collector stage. 
 2.) Z1 is the impedance of any passive components in series with the input. 
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High frequency effects: parasitic capacitances 
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Equivalent input impedance at high frequencies of a CE or CC circuit exclusive of the Miller 

effect from COB and the base series resistance rbb’ is:z s
z

jf ftr
tr( )

( )

/
≅

+
0

1 β

      and is equivalent to 

an effective capacitance C
r C

r Zeff
e

e E

=
+

π  across the low frequency input resistance ztr(0). 

 
Widlar current sources (bipolar) have reduced output IO from an emitter resistor RE satisfying 

the equation:  I R
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For long-channel MOSFETs:   
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MOSFET small signal model:  
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“Overvoltage” is defined as: OV GS THV V V≡ −  when the device is biased for operation above 

threshold. 
 
 
 
 
 
A diode with an abrupt junction operated with reverse voltage VREV

  has capacitance: 
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