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Temperature dependence of NBTI 
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Taken from T. Grasser, IRPS Tutorial, 2007. 
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Non-equilibrium dissociation of Si-H bonds 
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Taken from T. Grasser, IRPS Tutorial, 2007. 
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Activated diffusion: A counting trick! 

Alam  ECE-695  
21 

 

* /
0

/
0 e B

Ea kTB
H

T
Ea k T

ND D e
N

D

−

−

=

≡

2

2
IT H

H
dN d N

D
dt dx

=

ln
 (N

IT
) T1 

T2 

ln (time) 

/~ e T BE k TB
H

T

f
HN N N

N
− 

 
 

/e−= T

b
H kT

B T

f
H E

N N
N N

2
*
0 2

IT
f

HdN dD N
dt dx

=

NH
f 

NH
b 

N
H

 

* 2
0 0D a v=

Ratio of free vs. trapped H determines properties of diffusion coefficient 



Crystalline vs. Amorphous Oxides 
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‘Glass up Close’, 
NY Times, July 29, 2008.  
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Temperature activation (with Hole trapping) 

25 
Alam  ECE-695 

( ) ( ) ( )H TT IV T ,t V T ,tV T ,t∆ + ∆∆

( )0

0

ef

a

Bf

B

T

E k T n

TE

B

k

ln V T ,t

ln A k T Be t

ln Ce

−

−

 ∆ 
 = × + 
 =  

( ) a BE nT
B

kek TA B t−= × +

S
i s

ub
. 

P
ol

y 

Si 
Si 
Si H 

H 
H 

H2 H2 
H2 

H2 

S
i s

ub
. 

P
ol

y 

H2 

time 

V
T

 s
hi

ft 

NIT 

NH 

Temp, Ea 

Effective activation energy 
Temp, Eeff 



Nitrogen increases hole trapping and 
reduces  effective EA 
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NIT/NOT decomposition & calculation of 
activation energies 
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• We have discussed the origin of temperature dependent 
activation of the dissociation rates and the diffusion 
coefficients.  
 

• There is an important distinction between thermally 
activated vs. electrically stimulated breaking of bonds. This 
distinction is important for understanding NBTI and HCI 
degradation. 
 

• Activated diffusion implies subpopulations that are mobile 
that can rapidly exchange positions with ‘bound’ or 
‘trapped’ subpopulation. In this sense, it is very different 
from classical thermal diffusion of electrons/holes.  
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Self-Test Questions 
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• Does Einstein relationship hold for activated diffusion? 
 

• People argue that the forward dissociation and reverse passivation 
have similar activation barriers. Would you support the argument? 
 

• What assumption did I make regarding diffusion of H in SiO2 that 
makes the derivation slightly imprecise?  Hint. Crystal vs. amorphous 
structure.  
 

• Can you explain physically why tunneling is less temperature 
sensitive than SiH bond dissociation?  
 

• Would the “observed activation energy” decrease or increase if there are 
significant hole trapping?  
 

• Where does the entropy hide in classical rate equations? How do we 
account for it when we discuss semiconductor physics? 
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‘Glass up Close’, 
NY Times, July 29, 2008.  
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Exponentially few deep levels?  
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Fractional Kinetics, I. Sokolov, J. Klafter, and A. Blumen 
 
Physics Today, Nov. 2002, page. 48.  
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Ref. D. Varghese, IEDM 2005 
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Can we even define an activation energy …. ?  
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Temperature dependent dispersion 
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with delay …. without delay …. 

 Transition time reduces with increase in T 

 Transition from dispersive to activated diffusion (E0=80meV, n0=1012s-1) 
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bonds 

Alam  ECE-695 
 

58 
 

Taken from T. Grasser, IRPS Tutorial, 2007. 
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Aside: Where is the Entropy?  
Energy vs. Free energy 
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BFRW  Analogy for dissociation rate 
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Conclusion 
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• We have discussed the origin of temperature dependent 
activation of the dissociation rates and the diffusion 
coefficients.  
 

• Diffusion in amorphous material may be dispersive – the 
diffusion coefficient changes depending on the filling-state of 
the defect. In thin films, dispersive diffusion may be relatively 
short.  
 

• If films have too many pre-existing defects, the activation 
energy and the power-exponents may show non-ideal values. 
One should experimental data carefully.  
 

• Fractional calculus has been extensively used for theory of 
anomalous diffusion …. Check it out.  
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