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Problem #1: Complex CMOS Gates 
 
a) Implement the function .  Assuming long-channel transistors, size the devices so that the 
drive resistance is the same as an inverter with WN/L =2 and WP/L =4. 
 
b) Imagine that input "A" to the gate was always the last one to arrive, making the delay of the gate from A rising or 
falling to the output falling or rising critical. Please re-arrange the implementation of your gate so that the delay of 
the gate from A transitioning is minimized. 
 
c) Re-arrange your gate once again, but this time to minimize the delay of the gate for "D" being the critical input. 
 
d) Draw a stick diagram of the gate you designed for part c) - you should minimize the diffusion breaks and use a 
single piece of poly for each input. 
  

Problem #2: “Weird” gate 
 
Shown below is a gate made out of two inverters with their outputs shorted together.  
 

 
Figure 1 

 
a) Using HSPICE, simulate and plot the VTC of this gate by sweeping the input B from 0 to VDD (=2.5V) with the 
input A =  0V. 
 
b) Now using the unified transistor model, calculate what Vout is for all 4 states of the input signals (i.e., A=B=0; 
A=1,B=0; A=0,B=1; A=B=1).  What is the logic function implemented by this gate?  To calculate Vout, you should 
use the parameters in Table 3-2 of the textbook, but with λn = λp = 0. 
 
c) Let’s suppose that using this same configuration of two inverters, you wanted to implement a NAND gate. 
Qualitatively, what would be the constraints on the sizes of the PMOS and NMOS transistors in the two inverters in 
order to do this?  
 
 
Problem #3: RC Model and Elmore Delay 
 
 For this problem, you should assume that the sheet resistance of the wire is Rw = .075Ώ/□, the parallel plate 
capacitance of the wire is Cwpp = 0.07fF/µm2, and the fringe capacitance of the wire is Cwfringe = 0.05fF/µm/edge.    



You should also assume that CG = 1.5fF/µm, CD = 1fF/µm, Rsqp = 25kΏ/□, Rsqn = 12.5kΏ/□, and that the transistors 
behave like long-channel devices. 

 
Figure 2 

 
a) Draw a two section П model for the W=0.24µm L=100µm wire shown above, including component values. 
 
b) Including this two section П model for the wire, draw the RC model you would use to calculate the Elmore delay 
from the gate input to the end of the wire if A=0 and B transitions from 1 to 0.  Don’t forget to calculate the value of 
each of the capacitors.  
 
c) Using your RC model from part b), what is the step input Elmore delay of the gate if A=0 and B transitions from 
1 to 0? 
 
d) Repeat b) and c), but with B = 0 and A transitioning from 1 to 0. 

Problem #4: Wires 
 
Use Tables 4-2 and 4-3 from the book for this problem.  Also, assume that the sheet resistance of an aluminum wire 
is .075Ώ/□. 
 
a) For an aluminum wire of width 0.24µm on the first layer of metal (Al1), with no other wires above, below, or 
around it, what is the total capacitance per unit length?  What is the resistance per unit length? 
 
b) How long does this same wire need to be for its step input RC delay to be 100ps?     
 
c) Now assume that you have an inverter sized with Wn = 0.6µm and Wp = 1.2µm driving a fixed capacitive load 
that is four times the gate capacitance of the inverter (i.e., f = 4).  Also assume that CG = 1.5fF/µm and CD = 1fF/µm.  
How long does the wire need to be before the power consumed by switching the wire would be the same as the 
dynamic power consumed by switching the inverter?  Don’t forget to include the input capacitance of the inverter in 
your power calculation. 
 
d) If the same 0.24µm wide wire now had two wires on the same layer running in parallel to it (with minimum 
spacing), assuming the parallel wires never switch, what is the new capacitance per unit length? 
 
e) Repeat part c) for the wire from part d). 


