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Problem #1: CMOS Switch Non-Idealities 
In this problem, you should use the simple switch model for MOSFETs with the following 
characteristics: |VTP| = 0.5V,  VTN = 0.4V. Also, VDD = 2.5V. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
                                                                                                 
 
 
 
 

Figure 1. NMOS “Buffer” Circuit 
 
a) Identify which of the NMOS transistor M1’s terminals (gate, source, drain) correspond to 

Vin, Vout, and Vdd  
 
b) What is the voltage at the output Vout when Vin = 0V?  What about when Vin = Vdd ?  

 
c) Exchange both the NMOS transistors for PMOS transistors, and repeat part b) 

 

                 
   Figure 2                              Figure 3 

 



d) What is the maximum number of NMOS passgates can you can cascade (in the manner 
shown in Figure 2) into an ideal, symmetrical inverter (Vswitch = 1.25V) before Vout is 
no longer a ‘0’ ?   

 
e) For the circuit shown in Figure 3, what is the value of Vout for Vin = Vdd? For Vin = 

0V? 

Problem #2: Inverter VTC vs. Beta Ratio 
       a)    Using HSPICE, plot the switching threshold of an inverter versus its beta ratio. You 
should make the NMOS transistor 1um wide, and alter the width of the PMOS transistor to 
change the inverter’s beta ratio.  The channel lengths of both the NMOS and PMOS transistors 
should be 0.24um.  This is a good chance to explore HSPICE and use some of its built-in 
functionality to make this problem easier. (Hint: figure out how to sweep transistor parameters 
and use .MEASURE statements)  
 
       b)    What beta ratio makes the inverter most symmetric (i.e. VM = Vdd/2 = 1.25V) ? 

 

Problem #3: Ring Oscillator  
 
 

 
 WPMOS = β um 
 WNMOS = 1um 
 

Figure 4 
 
Using HSPICE, simulate the 11-stage ring oscillator example shown above in Figure 4 and 
plot the period of the ring oscillator vs. the beta ratio. Once again, you should use a channel 
length of 0.24um, make all NMOS transistors 1um wide, and alter the width of the PMOS 
transistors to change the beta ratio.  What is the beta ratio that gives the fastest ring 
oscillator? (Hint: In order to fix the convergence issues that SPICE runs into when simulating 
a ring oscillator, try either ramping up the supply from 0V or using .IC statements) 

 

Problem #4: Further Simplified Transistor Current Model 
In this problem, use the unified transistor model from Lecture 5 along with the parameters found 
in Table 3.2 of the text. 

 
a) Generate a plot of IDN vs VGS (ignore the output conductance of the transistor – i.e., λ = 0) 

using the unified current equations and assuming VDS > VVSAT for an NMOS transistor 
with WN = 1um, L =.25um. Under these conditions, what mode of operation does the 
NMOS not operate in? 

 



b) Extrapolating purely the part of the IV characteristics (found in part a) that models the 
velocity saturation mode of operation, at what VGS would IDN = 0?  You should do this 
problem by hand – i.e., what is VGS as a function of parameters like VT, VVSAT, etc. 

 
c)  Generate a new plot of IDN based on this extrapolation of the velocity saturation region of 

the curve.  Calling the value of VGS found in part b) VT*, the current for this further 
simplified model should be set to zero for VGS < VT*.  Please graph the original IDN vs. 
VGS curve (using the unified model from Lecture 5) on the same plot as this new IDN 
curve.  

 
d) Finally, if the input to the device is ramped from 0 to VDD (=2.5V), again assuming that 

VDS > VVSAT, how does the average current from this simplified model differ from that of 
the unified model?  For this problem, please first find an analytical expression for the 
average current with the simplified model (i.e., the extrapolated model that uses VT*). 
Next, find an expression for the average current with the full unified model from Lecture 
5.  Then, you should provide an expression for the difference between the two average 
currents (i.e., what is the error of the simplified model).  Finally, plug in values for the 
device parameters (still with W=1µm) and voltages to get actual numbers for the average 
currents and the difference between the two currents. 

 


