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 Three topics of NBTI lifetime projection 
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The reaction-diffusion model 
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Self-affine periodicity 
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Analytical solution of NBTI relaxation 
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Analytical model vs. numerical model 
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Notion of an ‘Equivalent DC Time’ 

Alam  ECE-695 
 

13 
 

( )2( ) = × n
IT HRN T At

( )2
1/⇒ =He

nRtt

(0)

( )
1 2 ( )
2

( )

+

= +

= +

IT H

H H

e
n

H

eH

N T t

N D

t tA

tt

x 

( )ITN T

x 

( ) ( )+ = +IT I eTN T t N tt

x 

( )IT eN t ( ) 2=e H ex T D t

× ≡n
eA t

      
 



Frequency and duty cycle dependence 
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Recursion solution for AC response 
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The meaning of frequency independence 
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The meaning of frequency independence 
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Duty cycle dependence due to NBTI 
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Dependence on Duty Cycle at same freq. 
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An enduring puzzle 
Classical measurement Modern on-the-fly meas. 

2
1 6/

T AV t∆ =

Two different ways of measurement give two different results ! 



1s 10s 100s 1000s Stress time  

What we think we do during measurement  …  

S. Rangan, Intel, IEDM 2003. 

6s 21s 126s 1031s Stress time  

What we actually do during measurement  …  
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Measurement modifies the NBTI degradation 
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Actually, n=0.16 at all times (H2 diffusion), measurement delay makes it appear 
n=0.25 at short times. A 40 year old puzzle finally resolved ! 
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More measurement &  less (!) accuracy 
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Resolution of an enduring puzzle 
Classical measurement Modern On-the-fly meas. 

2
1 6/

T AV t∆ =

Two different ways of measurement give two different results ! 
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1. NBTI can heal itself if the stress in turned off. The power-law during 
the stress phase and relaxation are flip sides of the same coin and 
both are consequence of R-D model.  
 

2. NBTI is frequency independent – therefore the effect will not 
unfortunately disappear at high-frequency. However, this also means 
that one can study the physics of NBTI at low frequencies and extrapolate 
to high-frequency.  
 

3. Duty-cycle dependence is a NBTI feature that allows additional 
margin for lifetime.  
 

4. Relaxation and hole trapping complicate measurements in nontrivial 
ways – it may change observed power-laws. Indeed, the process of 
measurement changes what is being measured.  



Self-Test Questions 
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1. Why does NBTI recover? 

2. What is the difference between recovery of NBTI and hole trapping?  

3. If we reduce the duty cycle, can we improve NBTI of CMOS logic? 

4. Sometimes ‘less is more’ – what does it mean in NBTI context? 

5. Do you think NBTI would be frequency independent if it were not 

described by power-laws? 

6. Is there any limit to the frequency-dependence of NBTI degradation? 

7. If NBTI is reduced by a factor of 2 due to AC, what is the net 

improvement in lifetime (assume n=1/6) ? For a10 yrs AC lifetime, how 

long a DC test is sufficient for product qualification?  
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How to interpret the large scatter in AC data ? 

10 1 10 2 10 3 
10 10 

10 11 

time [a.u.] 

∆
 N

IT
  [a

.u
.] 

d= 5% 

d= 50% 

d= 100% 

 Industry-Wide Data 

Normalized to DC Fr
eq

ue
nc

y 
De

p.
 

D
ut

y 
C

yc
le

 R
at

io
 

n
IT f dV ~ A( , ) t∆ ×

34 



Three components of VT shift 
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Frequency and duty cycle dependence (with 
hole trapping) 
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Material independent Universality interpreted by R-D theory …   
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Derivation of Frequency Independence 
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Cycle 1:  Generation Phase  ….  
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Cycle 1: Relaxation Phase  
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Cycle 3: Notion of an Equivalent Time 
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Cycle 2: Relaxation Phase 
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Cycle 2: Relaxation Phase…. 
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Recursion for Odd Numbered Cycles …  

( ) ( )
1/ 1/
2 1 1

1 1( 1) ( 1)
1 1 1 1

n n
kR k R k

d dξ ξ
− ≈ − + ≈ −

+ − + −

       
 


	Lecture 10: Time dependent NBTI - frequency and duty cycle dependencies
	Copyright 2013
	Outline
	Interface trap-generation with DC stress
	 Three topics of NBTI lifetime projection
	The reaction-diffusion model
	Outline
	Self-healing at AC stress
	Self-affine periodicity
	Analysis of NBTI relaxation
	Analytical solution of NBTI relaxation
	Analytical model vs. numerical model
	Notion of an ‘Equivalent DC Time’
	Frequency and duty cycle dependence
	Solution of RD model by recursion
	Recursive relation between Stress/Relaxation
	Recursion solution for AC response
	Frequency independence by R-D model
	The meaning of frequency independence
	The meaning of frequency independence
	Outline
	Duty cycle dependence due to NBTI
	Dependence on Duty Cycle at same freq.
	Outline
	An enduring puzzle
	Measurement modifies the NBTI degradation
	Variable duty cycle …. 
	More measurement &  less (!) accuracy
	Resolution of an enduring puzzle
	Conclusions
	Self-Test Questions
	References
	Outline
	 Industry-Wide Data
	Three components of VT shift
	.. plus Hole Trapping: time dependence
	Frequency and duty cycle dependence (with hole trapping)
	 Universality of duty cycle dependence
	Notes
	Derivation of Frequency Independence
	Cycle 1:  Generation Phase  …. 
	Cycle 1: Relaxation Phase 
	Cycle 3: Notion of an Equivalent Time
	Cycle 2: Relaxation Phase
	Cycle 2: Relaxation Phase….
	Recursion for Odd Numbered Cycles
	Recursion for Odd Numbered Cycles … 

