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1. Answer T/F for the following questions   (20x2=40 points) 

 

T F The Weibull distribution describes failure of defect-free ultra-thin dielectrics. 

T F Gate dielectric breakdown involves anode hole injection, while hot carrier injection 

involves cathode hole injection. 

T F During TDDB, the minority carrier ionization occurs in the gate of PMOS transistors.  

T F SILC characterizes defects created in the middle of the oxide, away from the interfaces.  

T F To calculate impact-ionization during anode hole injection, we should be using constant-

field theory as opposed to constant-energy theory.   

T F The magnitude of the percolation current depends on the area of the test capacitor. 

T F Correlated defect generation reduces the dielectric lifetime of an oxide.  

T F The Leakage current (Iddq) from a relatively few large area capacitor can be used to 

obtain the Weibull slope, and the voltage, and temperature acceleration factors.  

T F The Universal scaling theory can be used to obtain voltage acceleration of dielectric 

breakdown. 

T F There is no difference between a  time-Weibull and a number-Weibull.  

T F The breakdown of a gas dielectric depends on pressure in two ways – through density of 

molecules and the mean-free path among them. 

T F The position of a breakdown spot can be determined by voltage-ratio or current-ratio 

methods. 

T F An outlier data and a censored data are two different names of the same datapoint. 

T F The Kaplan Meier formula reduces to the Hazen formula under appropriate conditions.  

T F One CANNOT derive the least-square curve-fitting formula from the MLE condition.  

T F One must first decompose the degradation components (e.g. trapping vs. defect 

generation) before universal scaling theory is used.  

T F Akaike Information theory imposes penalty for excessive number of model parameters. 

T F In the Taguchi method, the linear graph is used to determine the number of column in the 

factorial array. 

T F The Pi parameters in the Buckingham theory are dimensionless.  

T F Fractional factorial experiments is a way to reduce the number of DOE experiments. 

 



2.  Data Analysis 

(a) Develop a box plot for the following dataset (20 points) 

18 27 34 52 54 59 61 68 78 82 85 87 91 93 160 

(Write the answer to the left hand side of the question) 

(i) What is the median of the dataset?    

(ii) What is the lower quartile of the dataset and what is the higher quartile?  

(iii) What is the inter-quartile range?  

(iv) Is there any outliner of in this dataset? Explain.  

(v) Now draw the plot below (show the key points) 

 

(b) In Lecture 31 (slide 31), I had the following dataset from Wolstenhome’s book .. (10 points)  

6,6,6,6*,7,9*,10,10*,11*,13,16,17*,19*, 20*,22,23,25*,32*,34*,35* (* censored data), 

Use the Kaplan-Meier formula to show that          .  Show the steps.  

 

3. Dielectric Breakdown (30 points) 

In this problem, you will work out the theory of dielectric breakdown of two capacitors connected in 

series. We will use box-percolation model.  Both capacitors have the same dimensions:  each has   

columns and   rows.   

 

(i) Show that the Weibull distribution of each of these capacitors is given by  

     (   ⁄ )    ( ).  Show the steps. Write-down the expression of  .  

 

 

(ii) If you increased the thickness of the capacitor by a factor of 2 (not a series capacitor), then 

rewrite the previous expression for the thicker oxide. Assume cell percolation holds and 

recall that we are interested in the small   limit.  



 

(iii) Now put the original two capacitors in series. Breakdown is defined by condition that each 

oxide has one breakdown each.  Assume that the breakdown in each oxide is uncorrelated. 

(You may wish to use the theory of two components connected in series) 

 

(iv) Now take one of the two original oxides, and increase its area by a factor of 2. Rederive the 

Weibull distribution of this new capacitor for the 1
st
 and 2

nd
 breakdown.  You can copy the 

formula from the lecture notes on Multiple-soft breakdown in oxides.  

 

(v) How do the results in part (iii) and (iv) compare? Can you explain why they results might be 

the same?  

 

 

(vi) How do the results in (ii) and (iv) compare? Which one has higher lifetime: Two capacitors in 

series, or one capacitor with double the thickness? Explain.  

 

 


