
 

DC Bipolar Transistor Models - Jaeger 

Cut-Off:    IE ≈ IC ≈ IB ≈ 0mA  

 
         

VBE < -4kT/q VBC < -4kT/q    VEB < -4kT/q VCB < -4kT/q 

IC = IS/R  IE = -IS/F  IB = -IS/F - IS/R   

 
Forward Active:   

 

 
 

          VBE = (q/kT)lnIS               VEB = (q/kT)lnIS   

           VBE > 4kT/q               VEB > 4kT/q  

       IB = (IS/F)[exp(VBE/VT) – 1] - (IS/R)    IB = (IS/F)[exp(VEB/VT) – 1] - (IS/R) 

IB ≈ (IS/F) exp(VBE/VT)     IB ≈ (IS/F) exp(VEB/VT) 

IC = IS[exp(VBE/VT) + 1/R]     IC = IS[exp(VEB/VT) + 1/R] 

IC ≈ IS exp(VBE/VT)      IC ≈ IS exp(VEB/VT) 

IE = IS [(1/F)(exp(VBE/VT) + 1/R]    IE = IS [(1/F)(exp(VEB/VT) + 1/R] 

IE ≈ (IS/F) exp(VBE/VT)     IE ≈ (IS/F) exp(VEB/VT) 

 

 

 

 



 

 
 

 

Further Simplification of DC Bipolar Transistor Models – Jaeger 

 
 

 

Cut-Off:    IE = IC = IB = 0mA  

 
 

        VBE < Von (base-emitter diode)      VEB < Von (base-emitter diode)     

Reverse Active:   IE = RIB, IC = (R +1) IB   

 

 
     VBE = (q/kT)lnIS               VEB = (q/kT)lnIS   

           VBE > 4kT/q               VEB > 4kT/q  

       IB = (IS/R)[exp(VBC/VT) – 1] - (IS/F)    IB = (IS/R)[exp(VCB/VT) – 1] - (IS/F) 

IB ≈ (IS/R) exp(VBC/VT)     IB ≈ (IS/R) exp(VCB/VT) 

IC = - IS [(1/R)(exp(VBC/VT) + 1/F]    IC = - IS [(1/R)(exp(VCB/VT) + 1/F]   

IC ≈ - (IS/R)(exp(VBC/VT)     IC ≈ - (IS/R)(exp(VCB/VT) 

IE = - IS[exp(VBC/VT) + 1/F]     IE = - IS[exp(VCB/VT) + 1/F] 

IE ≈ - IS exp(VBC/VT)      IE ≈ - IS exp(VCB/VT) 

 

 

Saturation:    IB = (IS/F) exp(VBE/VT) +  (IS/R) exp(VCE/VT)  ≈ (IS/F) exp(VBE/VT) 

IC = IS[exp(VBE/VT) + 1/R] ≈ IS exp(VBE/VT) 

IE = IS [(1/F)(exp(VBE/VT) + 1/R] ≈ (IS/F) exp(VBE/VT) 

 

 
 

      VBE = 0.75V  VCE  = 50mV    VEB =  0.75V  VCE  = 50mV 

     IB > 0mA            IB > 0mA 

 



 

 

 
 

Reverse Active:   IE = RIB, IC = (R +1) IB   

 

 
      VBC = 0.7V  VEC  > 50mVV    VCB = 0.7V  VCE  > 50mV 

     IB > 0mA            IB > 0mA 

 

Forward Active:   IC = F IB, IE = (F +1) IB   

 

 
 

      VBE = 0.7V  VCE  > 50mVV    VEB = 0.7V  VEC  > 50mV 

     IB > 0mA            IB > 0mA 

 

Saturation:      IC ~ ISC  IC < F IB 

 

 
 

      VBE = 0.75V  VCE  = 50mV    VEB =  0.75V  VCE  = 50mV 

     IB > 0mA            IB > 0mA 

 


