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I = G x V

density velocitycharge area

= q x n x v x A 

Section 25
Bipolar Junction Transistor – Design

• 24.1 Introduction
• 24.2 Band Diagram in Equilibrium
• 24.3 Currents in BJTs
• 24.4 Ebers Moll Model
• 25 BJT Design
• 26 BJT High Frequency Response
• 27 HBT – Heterojunction Bipolar Transistor
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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
• 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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Current flow with Bias
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http://upload.wikimedia.org/wikipedia/commons/1/13/NPN_BJT_Basic_Operation_(Active).svg
http://upload.wikimedia.org/wikipedia/commons/1/13/NPN_BJT_Basic_Operation_(Active).svg


Klimeck – Solid State Devices
5

Current flow with Bias

EC-Fn,C

Fp,B-EV

EC-Fn,E
V

Input small amount of 
holes results in large 
amount of electron output

IE

IF

I
B

IC

E

B

C

IR

αFIFαRIR

http://upload.wikimedia.org/wikipedia/commons/1/13/NPN_BJT_Basic_Operation_(Active).svg
http://upload.wikimedia.org/wikipedia/commons/1/13/NPN_BJT_Basic_Operation_(Active).svg


Klimeck – Solid State Devices
6

Vg↑

Modern MOSFET - “Fundamental” Limit
looks similar to BJT
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Ebers Moll Model
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+
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𝑁𝑁𝐶𝐶
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𝐼𝐼𝐵𝐵 = 𝐴𝐴
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The Ebers-Moll model describes both the active 
and the saturation regions of BJT operation.

http://upload.wikimedia.org/wikipedia/commons/1/13/NPN_BJT_Basic_Operation_(Active).svg
http://upload.wikimedia.org/wikipedia/commons/1/13/NPN_BJT_Basic_Operation_(Active).svg
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Gummel Plot
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Gummel Plot
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Gummel Plot and Current Gain
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Gummel Plot & Output Characteristic
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How to make a Good Silicon Transistor?

Emitter doping higher
than Base doping

Base doping hard to control
Emitter doping easier

~1, same material
primarily determined 
by bandgap

Make-Base short …
(few mm in 1950s, 200 A now)
Want high gradient of carrier density

For a given Emitter length
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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 Emitter Doping Design
• 25.5 Poly-Si emitter
• 25.6 Short base transport
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