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Abstract—The models of electro-physical effects built-into
Sentaurus TCAD have been tested. The models providing an
adequate modeling of deep submicron high-k MOSFETs have
been selected. The gate and drain leakage currents for 45 nm
MOSFET with PolySi gate and Si0,, Si0,/HfO, and HfO, gate
dielectrics have been calculated using TCAD. It has been
shown that the replacement of traditional SiO, by an
equivalent HfO; dielectric considerably reduces the gate
leakage current by several orders due to elimination of the
tunneling effect influence. Besides, the threshold voltage,
saturation drain current, mobility, transconductance, etc.

degrade within 10-20% range.

Keywords-component: MOSFET; high-k materials; Tt CAD;

physical models.

1.  INTRODUCTION
es by Intel, AMD,

In novel microprocessors produc
Apple, Samsung, NEC Electronics high-k gate CMOS
devices are used. In recent years high-k gate nano-scale
MOSFETs became to real candidates to reduce standby
power consumption of CMOS VLSIs due to their possibility
in reduction of gate leakage current in comparison with
conventional silicon dioxide gate structures. In previous
works the electro-physical behavior of unirradiated high-k
gate MOSFETs using Sentaurus [1]-[4] and ATLAS [5], [6]
device modeling tools was analyzed. However, the use of
high-k gate dielectric also effects the rest characteristics of
MOSFETs which need to be studied in detail.

In our work according to the modeling and design
strategy for nanoelectronics devices supported by European
Nanoelectronics Initiative Advisory Council we have
realized the TCAD modeling procedure to achieve close
match between TCAD modeling results and experimental

characteristics.

©2015. The authors - Published by Atlantis Press

Transport Model

Mobility Degradation

—Generation—
Recombination
Hot-Carier Injection

parameters describing the silicon-
trapped charges; device doping profiles;
mobilities of conversional
stack and others were analyzed.

physical p
high-k gate FET structures simulation were est

intense at HfO/Si interface th
values of the surface states charge (Qun) for
Si0,/HfO, dielectrics assumed to be 51
1-10'2 cm ? respectively. Similar Qyy val

II.  PHYSICAL TCAD MODELS and [6].

All the physical models of mobility, scattering, catier Direct Tunneling model parameters were modified
transport, tunneling, quantization, generaﬁongrecombmation, using [9].
hot-carrier injection implemented in Sentaurus version J-
2014.09 were examined. The set of adequate models was
selected and recommended for high-k gate MOSFET design
(see Table I).
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Figure 1.

SET OF TCAD PHY SICAL MODELS FOR HIGH-K
SIMULATION

TABLEL

Gate Oxide
SiO¥HSO;
Hydrodynamic

CarrierCamerScmering(BrooksHerring)

Models

Carrier—Carrier
Scattering

Enormal
(Lombardi_highk)

SRH(DopingDep),

Jwhere the main physical
dioxide surface discrete.
electron and hol
| and SOI FETs with different

The experimental works [71-[16
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fo obtained from TCAD sj -omparing [V
m measurements. simulations and those
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ated. Diff
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_ k
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IV. CONCLUSION

The physical TCAD models providing an adequate
modeling of deep submicron high-k MOSFETs have been
selected. I-V characteristics of 45 nm high-k gate MOSFET
on bulk substrate were simulation with selected models for

confirm their adequacy.
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[4]. To describe the distribution of th

used incomplete betg function: " reference curve s

)= B.(B)
n(e) Hep) )

Where B, (a,p)
slog and B i
complete beta functions: (O{’B) g
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s (RmﬂX“RP)_ R, R
A = ,B=qf R:Xhl ; )

‘max

Where R, R i
P> L5 Ry are height roughness parameters

according to ISO 4281/1-1997
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. ; ne o
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ST

h ; "
Where ¢ is determined from the condition [} (5 ) 1
n\&s )=

- ;
[} ﬁx is tIlle height of a spherical segment, ¢ =1 ,
e radius of the spherical segment is ’ -
__a
v @
Where a, is th i
A e rad;
g 1us of the base of the spherical
The problem of the den;

- sity of gaps uj
g1d rough surface and a half-spaci wgf zgri?;ae?egei?[e;n

S 1t follows from [5 , to find the olume of ntercon
A t follows fr to f the vol tact

space it is necessa
. t i
attributable to T:herysin‘;g)ledmemme o v

asperities as

. Vi =2nﬂf[210(ﬁ))-22003ﬂpdp,

. o ®)
v, =2n J[ZI,(P)-er (Plodp,



97 789462 " 520898
ATLANTIS WWW.a”anﬁS'preSS.Com ISBN: 978-94-62520-99-8
PRESS 8 Square des Bouleaux, Advances in Intelligent Systems Research,

75019 Paris, France ISSN:1951-6851, Volume 119




