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PROBLEM 1: Shoot-Through Current 
 
In this problem, we will use the simplified transistor model we explored in Problem #4 of 
Homework #3 along with the parameters found in Table 3.2 of the text to perform a 
rough characterization of the shoot-through current (also known as short-circuit or 
crowbar current) of an inverter.  Recall that in the simplified transistor model, the 
transistor’s drain current is proportional to (VGS – VT*).  Note that while your final 
answers to this problem will be numerical (or plots with numbers on them), you should 
provide us with all of the equations you used to calculate your results. 
 

a) Ignoring output conductance (i.e., λn = λp = 0), plot the shoot-through (or short-
circuit) current as VIN is swept from 0 to VDD (=2.5V) of an inverter with WP = 
2µm, WN = 1µm, and L =.24µm. The short-circuit current ISC is simply the smaller 
of IDP and IDN; in a transient state, if one transistor has more current than the other, 
its excess current would flow into the load capacitance and charge/discharge the 
output.  
 

b) Now we are going to see how ISC vs. VIN changes as we alter the inverter’s β ratio.  
For this problem, as you change β, you should leave the total transistor width 
constant (i.e., WP + WN = 3µm).  All on the same plot, sketch ISC vs. VIN for β = 1, 
β = 2, and β = 3.  

 
c) If VDD = 2.5V and a 200MHz clock with rise and fall times of 200ps is applied to 

the input of the inverter, how much power is consumed by the shoot-through 
current?  In comparison, if the total capacitance at the output of the inverter is 
25fF, how much power is consumed by switching this capacitance?  You can 
assume that the clock waveform is a purely linear ramp during the transition (i.e., 
for 0<t<tr, Vin = kr·t+Vin(0), where kr is set by the rise time, and Vin(0) is the 
initial voltage).  

   
PROBLEM 2: Transistor Capacitances  
 
Throughout this problem, you should assume that the total gate capacitance of a 
minimum length transistor follows the curve shown on the top of the next page (all of the 
transistors in this problem are minimum length).  However, keep in mind that as the 
transistor changes regions of operation, the way that the total capacitance is divided 
between the other terminals (source, drain, and body) changes.  Note that all of the 
transistors in this problem are minimum channel length, and that VDD = 2.5V.  All of your 
answers to this problem should be provided in terms of Cov, Cox, VT, and VDD.   



 
 
a) How much charge does it take to raise the gate of the transistor below from 0V to  

VDD?   

 
 
 
b) How much charge is pulled through the gate to lower the drain of the transistor  

below from VDD to VDD/2?  (Hint: using the unified model, what region of 
operation is the transistor in?)  

1 um
VDD

 
 
 
c) How much charge is pulled through the gate down to the source in order to lower  

the source of the transistor below from VDD to 0V?  (Again, you should look for 
what region of operation the transistor is in – where does most of the gate 
capacitance go to?)  

 
 
 

 
 
 



 
 
PROBLEM 3: Transistors With 2X Channel Length 
 
In this problem, we are going to see how doubling the channel length of a transistor 
affects various transistor parameters.  You should use the unified transistor model from 
Lecture 5 and the parameters found in Table 3.2 of the text for this problem.  For parts a) 
and b), your final answers should be numerical, but you should show all of the equations 
you used to arrive at these numbers.  For parts c) and d), you should turn in the SPICE 
deck(s) you used for your simulation(s). 
 

a) If the transistor’s channel length were doubled, what is the new VVSAT? 
 
b) What is the ratio of currents between a 2x Length NMOS and a 1x Length NMOS 

in the linear, saturated, and velocity saturated regimes? In the velocity saturated 
regime, what is the ratio of current when VGS = VDD = 2.5V? How about the ratio 
of currents between a 2x Length PMOS and a 1x Length PMOS? 

 
c) Using HSPICE and the capacitance calibration procedure described in the lecture, 

please find the linear input capacitance per µm that best matches the delay of an 
inverter with minimum channel length transistors (use Wn = 1µm, Wp = 2µm for 
the inverter).  The discussion sessions will cover the syntax needed to perform 
optimizations in HSPICE (to find the best fit capacitance), so be sure to attend if 
you have not used this HSPICE feature before. 

 
d) Still using HSPICE and the same procedure, what is the linear input capacitance 

per µm that best matches the delay of an inverter made up of transistors with 2x 
the minimum channel length (but still with Wn = 1µm and Wp = 2µm)? 


