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I = G x V

density velocitycharge area

= q x n x v x A 

Section 25
Bipolar Junction Transistor – Design

• 25.1 Current gain in BJTs 
• 25.2 Base Doping Design

» Current Crowding – Non-Uniform Turn-On 
» Punch-through
» Base Width Modulation 

• 25.3 Collector Doping Design (Kirk Effect, Base Pushout) 
• 25.4 Problems of classical transistor
• 25.5 Poly-Si emitter
• 25.6 Short base transport
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Collector Doping 
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If you want low base doping
then reduce collector doping 
even more to increase 
Collector depletion….. 
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Base-Collector in reverse bias
⇒Majority carriers only
⇒No diffusion capacitance
⇒Reduce capacitance
⇒Increase xnC
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… but (!) Kirk Effect and Base Pushout
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Additional charge!
Can be large 
compared to low 
doping
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Kirk Effect and Base Pushout
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⇒Increase 
bias & current

⇒Junction lost
⇒High current dominates 
collector doping
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Kirk Effect and Base Pushout
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⇒Increase 
bias & current

⇒Junction lost
⇒High current dominates 
collector doping
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Key point : Under high current and low collector doping the 
depletion approximation is invalid in the B-C junction!
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I = G x V

density velocitycharge area

= q x n x v x A 

Section 25
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• 25.2 Base Doping Design

» Current Crowding – Non-Uniform Turn-On 
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• 25.3 Collector Doping Design (Kirk Effect, Base Pushout) 
• 25.4 Emitter Doping Design
• 25.5 Poly-Si emitter
• 25.6 Short base transport
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