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PROBLEM 1: Logical Effort 
 
For this problem, you should assume that CG = 2fF/μm and that the transistors are long-
channel for the purpose of calculating LE. 
 

 
Figure 1 

 
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) You present your design to your boss. She tells you that the team is short on 
silicon budget, and that you need to cut down on the area of this design. 
Assuming that area is proportional to the total transistor width and hence input 
capacitance (note that you should include all transistors in the complex gates), 
revise your design such that you cut down the area by at least 30% while only 
minimally increasing the delay (<<10%). You can assume that you have been 
provided with the complements of all inputs along the chain (so you don’t need to 
include the area of the gate(s) needed to perform inversion). Compute the delay of 

IN
OUT

5fF

20fF



the revised design, and find out by how much (in %) does it increase/decrease 
over the previous design. 

 
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 
affected by the parasitic resistance and capacitance of the wires. For this problem, we’ll 
start by modeling the capacitive component.  
 

 
 

Figure 2(a) 
 
Consider the logic chain shown above, where Cin = 1fF. There is a fixed (i.e., 
independent of sizing) capacitance of Cfixed = 75Cin between the inverter and the final 
NAND3 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. Assume 
that the long-channel model is used to size the NAND and NOR gates. 

 
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 chain in part c)? You may assume γ=1. How do the 
two designs compare in terms of total transistor width? 
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e) Let us now introduce a fixed wire resistance, Rfixed, as shown in Figure 2(b). 
Without going through the equations, explain intuitively whether each of the sizes 
C2 and C3 would increase, decrease, or stay the same if you were to re-size the 
chain for optimal delay.  
 

 
Figure 2(b) 

 
f) [BONUS]: Assuming Rfixed = 500Ω, size the chain in Fig. 2(b) for minimum 

delay. 
 
PROBLEM 3: MOS Transistor Model 
 

For this problem, we shall re-visit the gate that we came across in HW2, Q3. 
However, we have changed one thing – the pull-down stack now consists of only a 
single NMOS transistor, as shown in Figure 3(a). Use the velocity saturation model 
presented in lecture to complete parts a), b) and c). For parts d), e) and f), attach your 
SPICE netlist and results. 
Use VTN = 150mV, |VTP| = 300mV, υSATN = 1.12e7 cm/s, υSATP = 1e7 cm/s, COX = 
15fF/μm2, μN = 260 cm2/(V∙s), μP = 120 cm2/(V·s).  As a reminder the drain current of 
a velocity saturated transistor is: 

 
𝐼𝐷 = 𝑊𝜐𝑆𝐴𝑇𝐶𝑂𝑋

(𝑉𝐺𝑆−𝑉𝑇)2

(𝑉𝐺𝑆−𝑉𝑇)+𝜉𝑐𝐿
  

 

 
 

Figure 3 
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a) Calculate IDP of the PMOS with width = 1µm when V(OUT) = 0.6V and 
V(OUTB) = 0V.  
 

b) Calculate IDN of the NMOS with width = 1µm, when V(OUT) = 0.6V and V(A) = 
1.2V. 

 
c) Now modify the size of the NMOS transistor (while keeping the size of the 

PMOS the same) such that the results from part a) and part b) are equal. 
 

d) Using HSPICE, simulate the two transistors and compare your results for IDP and 
IDN from parts a) and c). You should simulate each of the PMOS and NMOS 
transistors individually with the given terminal voltage conditions, as opposed to 
simulating the entire circuit together. 
 

e) Explain where any discrepancy between your calculated current from c) and the 
value you got using HSPICE in part d) might come from.  Then, use HSPICE to 
find a new value for the sizing of the NMOS (while keeping the size of the PMOS 
the same) that makes the currents match. 
 

f) Perform a transient simulation on the gate shown in Figure 4(a), with V(A) = 
1.2V, and the initial conditions set as V(OUT) = 1.2V and V(OUTB) = 0V. Size 
the inverter M and the PMOS transistor as shown in Figure 4. Set the NMOS 
width to We, the value that you computed in part e). Run your simulation for long 
enough to see all nodes of the gate settle. Make sure to include a WaveView 
screen capture showing the transient waveforms for OUT and OUTB. 
 
What values do the nodes OUT and OUTB settle to? How does your answer 
change if you halve the size of the NMOS transistor and re-run the simulation? 
Give an intuitive explanation for both cases. 
 
In order to perform this simulation you will need to make use of the initial 
condition, or .IC statement in HSPICE. As an example, in order to set the initial 
condition on a node N to 1V, the syntax in HSPICE is: 
.IC V(N) = 1.0 
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