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Negative Bias Temperature Instability 
 
Gate: GND, Drain, Source: VDD 
 

Gate negative with respect to S/D 
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Time Characteristics of NBTI Degradation 

 n ~ 0.16  
 EA ~ 0.5 eV 
 A depends on Eox 
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Exponents depend on 
oxide properties 
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Basics of a NBTI model 
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Si-H + h+  Si-H+ Si+ + H 

TH ~ exp (γT. EOX) 

pH ~ EC 

aEOX a EOX 

EF 

Barrier lowering due to hole capture 

Effective barrier: EF – a EOX 
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NBTI mechanism : interface-trap generation 

Gate 

Si 

H 

Si 

H 

Si Si 

H 

Precursor 

S. Ogawa et. al., PRB, p.4298, 1995 

Dissociation of Si-H bonds 
create Si* and H 

H diffuses away and leave 
Si* (NIT generation) 

H reacts back and form Si-
H (NIT anneal) 

NIT generation depends on 
H removal from surface 
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Bond dissociation/passivation 
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…. and H diffusion in the bulk 
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The reaction-diffusion model 

0( ) (0)= − −IT
I R ITTF XNd k N k N

d
N

t
N

kF: Si-H dissociation rate const. 
      Creates broken-bond NIT 
kR : Rate of reverse annealing of Si-H 
N0: Total number of Si-H bonds 

( )
2

2= +X
XH X

Xd d dD E
dt d dx

N
x

N N µ

NH: Hydrogen density 
DH: Hydrogen diffusion coefficient 
mH:  Hydrogen mobility 
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Interface trap generation: Early/late stages 
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T. Grasser, IRPS Tutorial, 2007 
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Asymptotic solutions: diffusion irrelevant 
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Diffusion distance: An approximation 

t1< t2< t3 

x ~ (DHt)0.5 

x 
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 Reformulated Reaction-Diffusion Theory 
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If  dNIT/dt is small, &  NIT  < N0, 
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Dissociation of Si-H and diffusion of H 
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Taken from T. Grasser, IRPS Tutorial, 2007  
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Interface traps with diffusion of atomic H 

Simple differential equation gives rise to power-law. 
Has deep implications for pattern formation in Nature  
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Reaction-diffusion model with H2 diffusion 
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Interface traps with H2 diffusion  

Chakravarthi, IRPS, 2003. 

 n ~ 1/6 is a signature  of neutral H2 diffusion 
 Exponent is reduced because of back-diffusion 
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Dispersive diffusion: explanation of non-
rational n robust vs. fragile exponents 
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 More amorphous oxides for improves NBTI 

0 0( ) p
HD D tω −=

 
23 

N
H

 

x 

N
H

 

x 

(1 )0 0( )
2

n
n pF

p
R

IT
k N Dt t

k w
N − ∝  

 

Shkrob,  PRB, 1996; 54:15073 

Alam, Microelectronics Reliability, 2005 

    
     

 
 



ga
te

 

ga
te

 

100 101 102 103

10-2

10-1 EOT=22AO

   T=125OC
-2.5V
-3.0V

    TNO
slope=0.12,0.09

       PNO
slope=0.14-0.15

∆V
T (

V)

stress time (s) 100 101 102 1030.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14 -VG(V)=2.3,2.6,2.85,3.0
T=125OC
TNO, EOT=22AO 

∆V
T (

V)
stress time (s)

PNO: Power law time dependence, n~1/6  

TNO: Lower, bias dependent n  

Also see: Denais IEDM 2004,  

Huard IRPS 2003, 2004 

Exponents depend on 
oxide properties 

 
24 Alam  ECE 695 

PNO TNO Si
 

Si
 



100 101 102 103

10-2

10-1 EOT=22AO

   T=125OC
-2.5V
-3.0V

    TNO
slope=0.12,0.09

       PNO
slope=0.14-0.15

∆V
T (

V)

stress time (s) 100 101 102 1030.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14 -VG(V)=2.3,2.6,2.85,3.0
T=125OC
TNO, EOT=22AO 

∆V
T (

V)
stress time (s)

PNO: Power law time dependence, n~1/6  

TNO: Lower, bias dependent n  

Also see: Denais IEDM 2004,  

Huard IRPS 2003, 2004 

Exponents depend on 
oxide properties 

 
25 Alam  ECE 695 

PNO TNO 



Recall: Trapping and defect generation …. 
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Effects of trapping on time-exponent 
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Degradation-free transistors 
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Mobility and VT  - shift 

S D
Substrate Charges

Gate Charges

S D

Oxide traps
Interface trap
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Oxide traps
Interface trap

Before Stress After Stress 

Takagi, T-ED ‘94 
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Degradation-free logic transistors … 
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Conclusions 
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1. NBTI show complex time-dependent degradation that can be 

captured by reaction-diffusion model.  
 

2. Reaction diffusion produces power-law solutions, which is a 
universal feature of many natural system.  
 

3. Various presumptions about diffusing species produce different 
time exponents. Time exponents can be used in reverse to 
understand the physical origin of NBTI degradation.  
 

4. NBTI discussion often focuses on VT shift, while ID shift is the 
real concern. In some cases, compensation between VT-shift 
and mobility shift can make a transistor free from 
consequences of NBTI degradation. 
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Lecture 9 Review questions 
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1. Does NBTI power-exponent depend on voltage or temperature?  

2. Do you expect the NBTI power-exponent to be larger or smaller if 

trapping is important?  

3. How does one know that the diffusing species is neutral?  

4. How would the time-exponent different for a surround gate MOSFET 

vs. planar MOSFET?  

5.  In classical MOSFETs, mobility changes can often be safely ignored – 

can you explain why? 

6. Will there be any NBTI degradation if there are no Si-H bonding? 

7.   What would happen to NBTI degradation if  H could not diffuse 

through poly-silicon?   
34 
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