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Homework 6: Gate Dielectric Breakdown 

 

Muhammad Ashraful Alam 

Network of Computational Nanotechnology 

Discovery Park, Purdue University. 

 

In Lectures 21-26, we have discussed how thin-oxides break. Three issues are important: time-to-

breakdown and voltage acceleration, statistics, and soft vs. hard breakdown.  We will explore some of 

those issues in the following problems.  

 

 

Part I: Review Questions for Self-Test 

 

1. Mention a few differences between thick and thin oxide breakdown.  

2. For thin oxides, is PMOS or NMOS more of a concern? 

3.  What is a Water-tree? Does it arise in thick or thin oxides?  

4.  What was the controversy in 1990s ? And what was the resolution? 

5.  What are three characteristics in thin oxides that we   should think about?  

6.  In what ways is TDDB compare with NBTI and HCI time-degradation? Which one does it 

compare well to and why? 

7.  Why do you suspect that hard breakdown destroys the oxide while in thin oxides breakdown 

can be soft?  

8. What is the difference between constant-field impact ionization and constant energy impact 

ionization?  Where should we use the respective theories.  

9. What is the difference between majority and minority ionization? Which one is dominant in 

NMOS TDDB? 

10. What does the backgate experiments prove?  

11. Is TDDB a voltage dependent or field-dependent phenomena?  

12. What measurement techniques are used explore time-dependent defect generation?   

13. What is the origin of nonlinear voltage acceleration for TDDB? Is this a good thing or a bad 

thing?  

14. What was the consequence of ignoring nonlinearity in voltage acceleration for the 

semiconductor industry? 

15. Could I think of HCI SiO2 bond breaking as due to Cathode hole injection? Why or why not?  

16. What is difference between intrinsic and extrinsic breakdown?  

17. What is difference between correlated and uncorrelated BD? 

18. Can you use the percolation theory I used for thick oxides as well?  

19. How does Weibull slope related to oxide thickness? Is low Weibull slope good? 

20. Does Weibull slope depend on voltage? What about defect size? 

21. Can you estimate the defect-size for SiO2?  

22. Why is it that people did not notice the distribution until recently?  

23. I often say that ‘distribution is physical’. Do you understand what it means in TDDB context.  

24. Why do we care about correlation in defect generation?  
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25.  What does time-correlation compare with spatial correlation? 

26.  Do you expect robust Weibull slope if the defect generation is correlated? 

27.   Can you explain physically how a single device allows us to calculate the Weibull slope ? 

Which method does this remind you off regarding HCI degradation? 

28.   The position of the BD spot was analyzed by 1D diffusion equation. What is wrong with the 

analysis?  

29.   How does Iddq differ between NBTI, HCI, and TDDB degradation?  

30. Can you use charge pumping method to determine bulk trap density?  

31. What method would you use if you want to determine defect close to the middle of the 

oxide?  

32. Define Quantum yield.  How does quantum yield change with electron energy?  

33. Can you think of similar use of QY in HCI measurement? Explain.  

34. QY experiments used gate injection technique. Can you use substrate injection?  

35. There is a striking similarity between SILC and SRH in terms of the position of the traps. 

Can you say what the similarity is?  

36. What is the difference between SILC and LV-SILC ? Why do we use LV-SILC?  

 
 

 

 

Cell Based Percolation Modeling for TDDB 

 

1) Initial setup:  
 
 Copy the following four MATLAB files to your home directory: input_file.m, run_percolation.m, 

update_cluster.m, color_cluster.m.  

 Launch MATLAB and go to the directory in which you have saved the files. (Type cd <directory> in 

MATLAB command prompt  or click browse button in MATLAB window) 

 Open input_file.m using the MATLAB editor. ( Type edit input_file.m in MATLAB command 

prompt or select File menu → Open in the MATLAB window) 

 

 

 

Problem 1 : Gate oxide scaling simulation 

 

 

Cell based percolation model suggests that the oxide trap density NBD at the time of breakdown has the 

following Weibull distribution: 

 

  (   (   ))     (   )     (    )     ( ),    (1) 

 

where M is the number of cells in each column, N is the number of columns, and NBD0 is the critical trap 

density for breakdown. Setting NBD=At
α
 and NBD0=At0

α
 in the above equation provides the corresponding 

breakdown time distribution. The Weibull slope β for breakdown trap density distribution is therefore 
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given by the number of cells in each column, and is related to the oxide thickness TOX and trap diameter a 

through the relation β=TOX/a.  

 

 Configure the MATLAB input file to verify the TOX scaling equation by setting the following values 

to the variables: 

 

Sample_count=100; 

device_dimension = [0.025]; 

Tox=[20 30 40 50]; 

show_profile=0; 

lifetime_extrapolate=0; 

 

 Save changes and start simulation by typing input_file at MATLAB command prompt or press the 

green button in the editor window.  

 Check whether the relation β=TOX/a holds good for all oxide thickness. The simulated Weibull slopes 

deviate from the expected relation at large oxide thickness. To understand why, set 

Sample_count=5, show_profile=1 and re-run the simulation. Observe how the percolation path 

length changes with increasing oxide thickness. 

 

 

Problem 2: Area scaling simulation 

 

 

The percolation theory also suggest that the critical trap density NBD0 for various gate areas are related by 

the expression      (
 

 
)

 

 
   

 

 Configure the MATLAB input file to verify the area scaling equation by setting the following values 

to the variables: 

 

Sample_count=100; 

device_dimension = [0.01 0.02 0.03 0.04 0.05]; 

Tox=[20]; 

show_profile=0; 

lifetime_extrapolate=0; 

 

 Save changes and start simulation by typing input_file at MATLAB command prompt or press the 

green button in the editor window.  

 Observe the plots and verify the area scaling relation. 

 

 

 

Problem 3: Extrapolation of IC Lifetime 
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The number of transistors contained in a modern IC is in the order of hundreds of millions and even a 

single transistor failure (F=10
-8

) can lead to failure of overall IC. In addition, the desired IC failure criteria 

of fewer than 1 in 10000 ICs failing in 10 years pushes the transistor failure criteria to F=10
-12

. It is 

impossible to perform the gate dielectric breakdown tests on such large number of transistors, and this 

makes lifetime extrapolation from a small number of test transistors to the large number of actual 

transistors very important. (Can you argue why the same considerations apply to random dopant 

fluctuation?).  

 

 To demonstrate lifetime extrapolation, let us assume that the actual transistors have an area of 10
-4
 

µm
2
, and the desired transistor failure criteria is 10

-12
. The areas of the test transistors are typically 

larger than that of the actual transistors (why so?) and we will use an area of 10
-2 

µm
2

 in our 

simulation. The typical number of test transistors is 40.  

 

 Configure the MATLAB input file to perform lifetime extrapolation by setting the following values to 

the variables: 

 

Sample_count=40; 

device_dimension = [0.1]; 

Tox=[20]; 

show_profile=0; 

lifetime_extrapolate=1; 

 

 Save changes and start simulation by typing input_file at MATLAB command prompt or press the 

green button in the editor window.  

 

 After generating breakdown data for the test transistors, the program prompts for area of actual 

transistors and the transistor failure criteria. Just press ENTER to input the default values specified in 

the prompt line. The program extracts the Weibull parameters for test transistors and performs area 

scaling to convert the extracted parameters to that of the actual transistor. Observe figure 2 and obtain 

the critical trap density for the failure criteria you entered.  

 

 Also observe (Fig. 2) that you could have obtained the critical trap density for actual transistors from 

the Weibull parameters of the test transistors by modifying the transistor failure criteria as 

FFAIL_TEST=FFAIL_ACTUAL*Area_test/Area_actual.  

 

 The program also uses a lognormal fit for the test breakdown data (Fig. 3) and computes the critical 

trap density for the failure criteria you entered. Compare the critical trap density from Weibull fit and 

lognormal fit. 
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