
iC

vBC

Collector

iC=iB=iE=0
NPN

N

N

P

Collector

Emitter

Base

B-C 
(RB)

B-E 
(RB)

vCEBase
iB

iE
vBE

Emitter

CUTOFF MODE



iC

vBC

Collector

NPN

N

N

P

Collector

Emitter

Base

B-C 
(RB)

B-E 
(FB)

iC=ISexp(vBE/VT)

Diffusion

Drift

vCEBase
iB

iE
vBE

Emitter

ACTIVE MODE



iC

vBC

Collector

NPN

N

N

P

Collector

Emitter

Base

B-C 
(RB)

B-E 
(FB)

iC=ISexp(vBE/VT)(1+λvCE)

Diffusion

Drift

vCEBase
iB

iE
vBE

Emitter

ACTIVE MODE



iC

vBC

Collector

NPN

N

N

P

Collector

Emitter

Base

B-C 
(FB)

B-E 
(FB)

iC=ISexp(vBE/VT)-ISCexp(VBC/VT)

Diffusion

Diffusion

Drift

vCEBase
iB

iE
vBE

Emitter

SATURATION MODE



iB>iC/β, iC/iB=βforced<β
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iB=(IS/β)exp(VBE/VT)+ISCexp(VBC/VT)



iC/iB=βforced<β
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iB>iC/β, iC/iB=βforced<β
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Active Forward Reverse iC=ISexp(vBE/VT)(1+λvCE) 

iB=iC/β, iE=iC/α
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Small Signal gm = diC/dvBE@(VBE)

gm = ISexp(VBE/VT)/VT = IC/VT
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