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Introduction
Gate Leakage Requirements

Increase at each generation
HP requirements could be met with SiO2/SiON
LOP/LSTP: introduction of high-k dielectrics is necessary
High-k deposition interfacial layer gate dielectric stacks
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Charge Density & Subbands Energy Levels
Modeling Approach

2D subbands charge density 

Subbands energy levels and centroids
(triangular approximation)

Aggregates: inversion charge density and centroid
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Charge Density & Subbands Energy Levels
Modeling Approach

2D subbands charge density 
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[Stern, Phys.Rev B 5(12), 1972; Mueller & Schulz, T-ED 44(9), 1997]
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Effective Field and Potential Balance 
Modeling Approach

Effective field

Potential balance
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Tunneling Current as a Decaying QBS 
Modeling Approach

Quasibound state lifetime
(semiclassical formulation)

∑=
ji ij

ij
invD E

N
qJ

,
,2 )(τ

Carriers statistics

Tunneling

)()(
)(

1 ETEf
E

⋅=
τ
f(E) – impact frequency

T(E) – tunneling probability

Inversion layer tunneling current
[Tiwari et al, APL 69(8), 1996]
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Impact Frequency & Tunnel Probability 
Modeling Approach

Impact Frequency
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Comparison with SC Results 
Results & Discussion

-1 0 1 2 3 4
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

symbols - self consistent calc.
lines - present model.
Substrate doping:

 1016 cm-3

 1017 cm-3

 1018 cm-3Su
rfa

ce
 p

ot
en

tia
l, 
ψ

s [
V]

Gate voltage, Vg [V]

0.4 0.6 0.8 1.0 1.2 1.4 1.6
108

109

1010

1011

1012

1013

1014

symbols - self consistent calc. 
lines - model.
Substrate doping:

 1016 cm-3

 1017 cm-3

 1018 cm-3

In
ve

rs
io

n 
ch

ar
ge

 d
en

si
ty

 [c
m

-2
]

Surface potential, ψs [V]  

Surface Potential

Inversion Charge

[SC: http://www-device.eecs.berkeley.edu/]
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Experimental Validation 
Results & Discussion

SiO2 parameters: mox = 0.5 m0, ΦB,ox=3.15 eV.
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Experimental Validation 
Results & Discussion

RPN Oxynitrides

extracted EOT: 
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1.81 nm (B)

Effective  k  ~ 4.3
ΦB ~ 3.0 eV
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Quasibound States Lifetimes
Results & Discussion
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Influence of the High-k Dielectric Constant
Results & Discussion

Large current variations of up to 10 orders of magnitude
“k” is key for selecting a suitable material, but…
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Influence of the High-k Barrier Height 
Results & Discussion

High-k barrier height should also be considered for material selection.

Uncertainty in the high-k effective mass affects the scaling projections.
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Conclusion

A simple and effective inversion layer tunneling
current model for multilayer stacks has been
developed

Contributions from higher energy subbands should be
included in the calculation of the tunneling gate
leakage current through high-k stacks 

The high-k barrier height should be also considered
for selecting a suitable high-k material

The gate leakage projections are affected by the
uncertainty in the effective mass
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