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 For part a), find the transit time frequency limit as well.  For part b) change the 
overlap to 0.5 µm. 

From Table B.4 and Table B.6, silicon has ni = 1.5 × 1010 cm-3, εs,Si = 11.7ε0, and 
εs,SiO2 = 3.9ε0 at 300 K. 

a)  From section 10.4.2 of the text, the channel transit time is  
τt = L/vsat = 2×10-6 m/ 4×104 m/s  ⇒ τt = 5 ×10-11 s = 50 ps. 

This leads to transit time cutoff frequency of 
flimit ≅ 1/τt = 1/50×10-12     ⇒  flimit = 20 GHz. 

Per (10.96), the ideal cutoff frequency is- 
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⇒   fT,ideal = 5.1725 × 109 Hz = 5.17 GHz. 

b)  Using  (10.35), the oxide capacitance per unit area is 
Cox = εox  /tox = 3.9(8.8541878 × 10-12 F/m)/500 × 10-10 m  

  ⇒  Cox = 6.9062665 × 10-4 F/m2 = 6.9062665 × 10-8 F/cm2. 

The gate-drain & gate-source overlap areas are  
Aoverlap = overlap(W) = 0.5 × 10-6 (20 × 10-6)   ⇒  Aoverlap = 1 × 10-11 m2. 
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The gate-drain & gate-source parasitic capacitances are- 
Cgdp = Cgsp = Cox (Aoverlap) = 6.9062665 × 10-4 (10-11)   

⇒ Cgdp = Cgsp = 6.9062665 × 10-15 F. 

Per p. 427 of text, with the MOSFET in saturation, Cgd → 0 and 

Cgs = Cox W L = 6.9062665 × 10-4 (20×10-6) 2×10-6 ⇒ Cgs = 2.76251 × 10-14 F. 

Now, the total gate-drain & gate-source capacitances are 
CgdT = Cgd + Cgdp = 0 + 6.9062665 × 10-15     ⇒ CgdT = 6.9062665 × 10-15 F, and 

CgsT = Cgs + Cgsp = 2.76251×10-14
 + 6.9062665×10-15  

⇒ CgsT = 3.45313 × 10-14 F. 

To find the Miller capacitance CM, we will need the transconductance gm of 
the MOSFET.  In saturation, the transconductance is (10.77) 
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⇒ gms = 8.978146 × 10-4 S. 

Per (10.91), the Miller capacitance is 
CM = CgdT (1 + gms RL) = 6.9062665 × 10-15 [1 + (8.978146 × 10-4) 10 × 103] 

⇒ CM = 6.89117 × 10-14 F. 

Per (10.95), the cutoff frequency is 
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⇒   fT = 1.38136 × 109 Hz = 1.38 GHz. 
 


