
 
Dynamic Behavior (determined by various capacitors) 

   Overlap capacitance 

 

 

 

 

 

 CGSO = CGDO = CoxXdW = CoW      Co = Cgso = Cgdo 

 
   Channel Capacitance 
 
 
 
 
 
 
 
 
 
                 cut-off                                     resistive                                  saturation 
               CGC = CGB                                 CGB = 0                                  CGC = CGCS 
             gate       gate                         CGC = CGCS+CGCD                    CGCD=0, CGCB=0 
           channel    body                       uniform channel 
 

 CGB CGCS CGCD CGC CG(overlap+channel) 

cut-off CoxWL 0 0 CoxWL CoxWL+ 2CoW 

resistive 0 CoxWL/2 CoxWL/2 CoxWL CoxWL+ 2CoW 

saturation 0 2/3 CoxWL 0 2/3CoxWL 2/3CoxWL+ 2CoW 
 
 
                                                                  
                                                          à around threshold transistor is very non-linear 
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   Junction Capacitance ( diffusion capacitance ) 

    à between source/drain and body 

  à by applying bias to drain depletion region becomes larger 

 
 
 
 
 
 
 
 
 
 
 
  Cdiff = C bottom-plate junction + C sidewall junction 

                                  = Cj ⋅area + Cjsw⋅ perimeter 

                                  = CjLsW + Cjsw(2Ls + W) 

 
 
                                                             various capacitances 

                                                                           Cox,  Co                 :   determine gate cap  

                                                                        Cj,  mj,   φb              :    related to bottom cap 

                                                                        Cjsw, mjsw, φbsw      :    related to SW 

 
 
 
   Source/ Drain  Resistance 
 

                                                                       RS/D = Rc + 
W
Ls R  

                                                                                    Rc   :  contact resistance 

                                                                           R  :  sheet resistance 

                                                   
 

                                                                 R = ?
A
Ls  = 
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Secondary effect in MOS transistors 

    Threshold variation 

 

 

 

 

 

 

              short channel effect                                          drain-induced barrier lowering 

                                                                                        VT varies with operating voltage 

 

 narrow channel effect    à VT ↑   

            short   channel  effect     à VT ↓ 

 

        Hot carrier 

                Charging up the gate oxide à VT variation with time  

 

 CMOS latch-up 

 

 

 

 

 

 

 

  

             To avoid latch-up 

                     make Rpsub, Rnwell small as possible 

            use lots of well/sub contact 

              guard-ring à circulates well/sub contact around transistor 
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Spice models 

     level I, level II, level III  à not suitable for submicron 

 BSIM3VS  à standard model now for sub-micron 

 Geometry-related parameters 

 W,  L, : gate 

 AS,  AD, :  source/drain area 

  PS, PD, :  source/drain perimeters 

 NRS, NRD    :  # of squares of source/drain diffusion 

 

Technology scaling 

 Full scaling (constant E-field) 

             

 

 

                            

                       problem : small threshold à high leakage current 

 

 Fixed voltage scaling 

                     

 

 

 

                      problem : high e-field à hot carrier effect + breakdown 

 

 General scaling  

 

 

 

 

                       problem : voltage scaling is usually as not aggressive 
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