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PROBLEM 1: Logical Effort 
 
For this problem, CG = 2fF/µm, and assume long-channel transistors for calculating LE. 
 

 
 

a) What is the total path effort from In to Out? 
 
b) To minimize the delay, what should the EF/stage for this chain of gates be? 

 
c) Size the gates in this chain to minimize the delay from In to Out.  Only calculate 

the input capacitance of the gates; don’t bother to provide the actual transistor 
sizes. 

 
d) Using this sizing, what is the delay (in units of tinv) of your chain from In rising to 

Out falling?  You can assume that the critical input of the complex gates is always 
at the “top” of the transistor stacks (i.e., the critical input is always closest to the 
output node), and that CD/CG = γ = 0.5. 

 
e) Assuming that other inputs (like the 2 other inputs of the NOR gate) are not 

critical, can you draw an improved schematic (replace some of the gates with 
different static gates) that reduces the total logical effort of the chain of gates but 
maintains logical equivalence?  You don’t need to provide the gate sizes. 

 
PROBLEM 2: Side Loads 
 
We have so far ignored any fixed capacitive load between the gates in a chain, but in a 
real chip, these devices and gates are connected through metal interconnect. In certain 
cases, these devices may be placed sufficiently far apart that the delay and power may be 
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affected by the parasitic resistance and capacitance of the wires. For this problem, we will 
ignore the resistance of the interconnect and only model the capacitive component.  
 

 
 
Consider the logic chain shown above, where Cin = 2.5fF. There is a fixed (i.e., 
independent of sizing) capacitance of Cfixed = 96Cin between the inverter and the final 
NAND gate. This fixed capacitance is sometimes called a side-load.  

 
a) Derive the equation for the delay of this chain in terms of the input capacitances 

of the three gates (C1, C2, C3), the capacitances Cfixed and CL, γ, and tinv. 
 

b) Using the values for Cin and CL we have provided and your equation from part a), 
determine the optimal sizing for the gates to minimize the total delay. 
 

c) We will now explore an alternative heuristic to size the chain. First, pretend that 
the side-load doesn’t exist, and calculate the optimal size for the last NAND gate. 
Leaving the sizing of this last gate constant and re-introducing the side-load, you 
can now calculate the total fanout that the first two gates must drive.  Based on 
this total fanout for the first two gates, you can now size the inverter using the 
standard method we learned in class. Show your work and include a gate-level 
schematic of the new chain. 

 
d) In terms of tinv, what is the delay of the chain from part b)?  How does this 

compare to the delay of the inverter chains in part c)? You may assume γ=1. 
 

e) Which chain (sizing from part b) vs. sizing from part c) ) has lower total switched 
capacitance? Make sure to show your calculations.  You may assume γ=1. 

 
PROBLEM 3: MOS Transistor Model Extraction 
 
Turn in the SPICE netlist for parts a) and b) (and part c) if you choose to complete it). 
 
a) Vth is notoriously difficult to extract, and so many people come up with 

alternative definitions that are easier to measure.  One simple (and common 
definition) is that Vth is the Vgs at which Ids = 1µA for a 1µm wide transistor.  
Defined this way, what is the Vth for the NMOS transistors in our technology 
when Vds = 1.2V?  How about for the PMOS transistors? 
 



b) Extract Ecrit*L for this technology for the NMOS transistors by measuring Id for 
Vgs=0.6 V and Vgs=1.2V (still with a fixed Vds=1.2V) and using the velocity 
saturated current model from lecture.  Repeat using PMOS transistors. 

 
c) Now we'll look at an interesting side effect of velocity saturation.  When Vgs = Vds 

= 1.2V, what is the Ids for a 1um NMOS transistor?  If you placed two of these 
1um transistors in series, tied their gates together to 1.2V, and tied the drain of the 
top transistor to 1.2V, now what is Ids?  How does this compare with what you 
would expect based on the simple switch model?  Repeat this experiment using 
PMOS transistors. 
 

d) BONUS: Assuming your answers to part a) and b) really are the Vth and Ec*L of 
the transistors, what is vsat*Cox for each of the NMOS and PMOS devices in this 
technology?  Plot the IV characteristics predicted by your extracted model and 
compare them to the data from SPICE - how well did your model fit?   


