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Unless otherwise noted, you should assume the following parameters for all of the 
problems in this homework: 
 
NMOS: 
L=100nm, VTn = 0.25V, µn = 350 cm2/(V·s), Cox = 0.95 µF/cm2, vsat = 1e7 cm/s,  λ = 0 

PMOS: 
L=100nm, |VTp| = 0.25V, µp = 175 cm2/(V·s), Cox = 0.65 µF/cm2, vsat = 1e7 cm/s, λ = 0 
 
PROBLEM 1: RC Model Extraction 
In this problem, you will use the built-in optimization tool in HSPICE to do device 
characterization.  The discussion sessions will cover the syntax needed to perform 
optimizations in HSPICE, so be sure to attend if you have not used this HSPICE feature 
before. 
 
a) Using the calibration procedure described in the lecture (i.e. Lecture #11 page 21-23), 
find the linear drain capacitance per µm of width for an NMOS transistor with 100nm 
channel length. Repeat for a PMOS transistor with 100nm channel length. 
 
b)  Now instead of finding the linear drain capacitance for the same NMOS transistor that 
best matches the delay, find the linear drain capacitance per µm that best matches the 
power drawn from the inverter supply. Repeat this for a PMOS transistor. 
 
c) Using the velocity saturation model, analytically estimate the best-fit for delay 
resistance/square Rsq of both NMOS and PMOS transistors as a function of the supply 
voltage VDD.  Plot your results for VDD ranging from 0.5V – 1.2V. 
 
d) Now using HSPICE, extract the best-fit for delay resistance/square Rsq of both NMOS 
and PMOS transistors for VDD=0.5V, 0.75V, 1V and 1.2V. Plot the simulated values on 
the same plot you created in part c), and comment on how well your analytical estimates 
match the simulations. 
 
e) For an unloaded inverter (i.e., an inverter that does not have any explicit capacitance 
added to its output), plot the energy pulled out of the power supply on every 0 to 1 
transition vs. the average delay of the inverter.  Both the energy and delay should be 
calculated analytically for VDD = 0.5V, 0.75V, 1V, and 1.2V using your results from 



parts a), b) and d).  The size of the inverter you use should be Wn = 1µm, Wp = 2µm, and 
Ln=Lp=100nm. 
 
PROBLEM 2: Transistor Capacitance and I-V Curves 
a) For this problem, you should assume that the total gate capacitance of a minimum 
length transistor follows the curve shown below (all of the transistors in this problem are 
minimum length). Although in reality this total gate capacitance is divided between all of 
the other terminals (source, drain, and body), for simplicity we will assume that all of the 
gate capacitance goes to the source of the transistor.   
 

 
Now assume a 2µm/1µm sized target inverter is driven by another driving inverter as 
shown below. How much energy is pulled out of the previous inverter’s supply voltage 
(i.e., VDDdrive, whose value is the same as VDD) in order to charge in up to VDD?  All of 
your answers should be provided in terms of Cov, Cox, VT, and VDD. 
 

 
 

b) One of your colleagues suggests precharging the bitlines of your SRAM design to 
VDD/2 instead of VDD in order to reduce the effective capacitance of the bitlines.   Explain 
whether or not you would follow your colleague’s suggestion and why. 
 
c) For this problem you should use the simplified capacitance model with CG = CD = 
2fF/µm. Using the velocity saturated transistor model, estimate the delay of the “level-
shifter” circuit shown below when the input “In” steps from 0 to 0.8V to Out falling with 



VDD = 1.2V. (Hint: You can assume that Out_c retains its old value while Out is 
transitioning, and that both the PMOS and NMOS transistors operate in the velocity 
saturation region during the entire transition.) 

   
PROBLEM 3: Power and Delay 
Throughout this problem, you should ignore all the capacitors associated with the 
transistors – i.e., you can assume that the only capacitors are those explicitly shown in the 
circuit. Also, you can ignore shoot-through current, and you can assume that the leakage 
current is equal to , where   and  . 
Now consider the circuit shown below: 
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a) Calculate the leakage current for all 4 possible states of the 2 inputs A and B. 

 
b) Assuming that the inputs A and B are driven with the waveforms shown below 

(and that these waveforms repeat every 2ns), calculate the average dynamic power 
drawn from the supply.  



  
c) Calculate the average total power drawn from the supply with the same inputs 

shown in part b). 


