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Gate Leakage Requirements
Increase at each generation

Introduction

HP requirements could be met with SiO,/SION
LOP/LSTP: introduction of high-k dielectrics is necessary

High-k deposition = interfacial layer - gate dielectric stacks

10°

10°
R To
N
5 10°
<
<10
-
o 10
(@)]
8 1
o
| 10™
e 2
I 10
(D 3
10°

—a— High performance (HP)

—e— Low operating power (LOP) !/-/'
4— Low standby power (LSTP) /_/f
I _—" 12010
" %60 T
./. .

:2004

A__—L———A——_A—A ~ X 7!

| . | i | . | H

120 100 80 60
Technology node [nm]

40 20

Need for effective dual layer/multilayer tunneling current models
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Charge Density & Subbands Energy Levels
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m 2D subbands charge density

N, =n,;my; kgl -In[1+ exp( EFk__I_E” D (1)

2
7th 5

m  Subbands energy levels and centroids
(triangular approximation)

1/3
h? l=8
E = AaF.. )?3 S 2
i (2 J (AdF) Z, 3, (2)

m  Aggregates: inversion charge density and centroid

..Ni.
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Charge Density & Subbands Energy Levels

m 2D subbands charge density
E.--E
N =n,;my; ll 'In[]-"‘ eXp( Fk T ” D (1)

2
7th 5

m Subbands energy levels and centroids
(triangular approximation)

1/3

h° 2E.
Ei' = (AqF )2/3 . = ! (2)

’ [2 J e 57 3F,
m Aggregates: inversion charge density and centroid

_ ZN,

Nipy = Z N; Loy = Z |<| J (3)

] ]

inv
[Stern, Phys.Rev B 5(12), 1972; Mueller & Schulz, T-ED 44(9), 1997]
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Effective Field and Potential Balance
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m Effective field

Fet = Foen + 7Finy (4)
1+ tanh Vs = 2Qg

2(k;T/Q)

2

n=r
m Potential balance

I\Iinv Zav 4+ kBT (5)
Ks&o g

Ws=VYpt+(

Vo =Ws+ Vo +¥Wp + dys (6)
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Tunneling Current as a Decaying QBS

s Quasibound state lifetime \

(semiclassical formulation)

L o tE).T(E) .

o(E)
f(E) — impact frequency

T(E) — tunneling probability

[Tiwari et al, APL 69(8), 1996]
m |[nversion layer tunneling current

QQT Carriers statistics
2D Jinv qz
- Tunneling
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Impact Frequency & Tunnel Probability
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m Impact Frequency
E kz) /W@
¢ _ 1 —
22max m’L dz |
s hk L(Z) Zomin Zmax 2

® Tunneling Probability

m Transfer matrix method based on
Airy functions

m Single pair of Airy functions per {As} {C } {Chk} V’"W
physical dielectric layer (generalization L5 D] | Dy LB, ]
of Gundlach approach) — N B

m Exact expression of the tunneling NP OP  On M
probability (under the barrier, ideal st Tox Qoxi P, Qhkl_ﬂ
dielectric I '

| cs) '+ SiO2 ' high-k
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Comparison with SC Results
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Experimental Validation

imecC

NE‘ 10 ’D—DEEDQQ@QQG—
gu 0 00

G _d -

e 107 ] O O’O,Q—O’o AL s o
o aerd L& 25 S

) o o} P %

- 4 6 A A%

> 1W0'F’ 4 rc Y%

£ Y.< e

c /!~ o@

O 10°k “ 990

o / £ " Calculated / Electrical (CV) / Optical (ellips.)
S LE/ 0,0‘)9 & 2.95/2.95/3.1nm

R Y A 2.28/261/2.4nm

o S O 1.92/2.05/2.1nm

Q -10 6

= 10 o O 1.65/1.68/1.8nm

©) 7 — — -calculated

10‘12 II 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Gate voltage, \2 [V]
[Data: Clerc et al: SSE 46(3), 2002]

SIO, parameters: m,, = 0.5 m,, Oz ,,=3.15 eV.
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Experimental Validation
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RPN Oxynitrides
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Quasibound States Lifetimes
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Quasibound states lifetime, T, [S]
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Influence of the High-k Dielectric Constant
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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
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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
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m A simple and effective inversion layer tunneling
current model for multilayer stacks has been
developed

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

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

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