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

 

T F The allied forces nearly lost the African front in WWII due to lack of standardization of 

American and British screw threads.  

T F Amorphous material has more types of defects than crystalline material. 

T F Frontend reliability involves failure due to electromigration and stress migration in 

interconnects. 

T F The first microprocessor made by Intel had only PMOS transistors. 

T F Bravais lattices can be generated by Euler relationship.  

T F Euler and Maxwell’s relationship only apply to crystalline solids. 

T F Periodicity is essential for a defect-free structure.  

T F A point defect in ionic solids such as NaCl is sometimes called a color center.  

T F The coordination and composition of the material is one and the same thing. 

T F The negative-U mechanism explains why some traps are invisible to ESR experiments. 

T F Field-induced polarization of Si-H bonds (and reduction in barrier energy) explains NBTI 

field acceleration.  

T F Trapping of holes is frequency independent.  

T F One anticipates frequency independence of NBTI even when trapping is present.  

T F The logarithmic time dependence of trapping in thick oxides is also reflected in the 1/f 

noise of the corresponding system. 

T F SiO bond dissociation is identified by a single power exponent.  

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

generation) before universal scaling theory is used.  

T F Substrate current can be used as a thermometer even at very low voltage HCI.  

T F HCI has much lower temperature activation compared to NBTI.  

T F HCI degradation occurs only during voltage transition, therefore, it scales linearly with 

the frequency of operation.  

T F Idlin method can be used to obtain NBTI time-exponents without any relaxation effect.  

 



 

2.  Structure of materials  (15+5+10=30 points).  

(a) Using Euler’s relationship V-E+N=1, show that 5-ring lattice is impossible for elemental 

periodic semiconductor.   

 

(b) Can a ring of size 5 occur in amorphous solids? Explain. 

 

(c) Find average bond coordination of HfO2. Recall that Hf has a coordination of 12 and Oxygen 2.  Is 

HfO2 over- or under-constrained? 

 

3. NBTI and HCI problems (10+10+10=30 points).  

(a) Based on the equations       ( )         and     ∫   ( ) 
 

 
   , determine the time 

exponent associated with  drift of   
  species.   

 

(b) We have explained in the class that the HCI-limited lifetime is given by  

       (
  

  
)
 
  Explain the meaning of m. How will m change for Si/HfO2 system, assuming that 

electron barrier to injection is reduced for Si/SiO2 system.  

 

(c) HCI dissociation is associated with two mechanisms – single kick RRK mechanism and coherent 

multi vibrational excitation (MVE). Can you explain the difference between the two processes? When 

should one use one theory vs. the other?  

 


