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Characterization of Sub-100nm MOSFETSs
with High K Gate Dielectric
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Abstract: The short—channel performance of typical 70nm M OSFETs with high K gate dielectric is widely studied
by using a two dimensional (2-D) device simulator. The short-channel performance is degraded from the fringing
field and lower the source/drain junction resistance. The sidewall material is found very useful to eliminate the

fringing-induced berrier lowing effect.

Key words: high K materials; gate dielectrics; MOSFET

EEACC: 2800; 2560

CLC number: TN 386 Document code: A

1 Introduction

With SiO2 acting as a gate dielectric, the con-
tinued scaling down of MOSFETs to sub-100nm is
facing a challenge. T he thickness of the gate oxide
in sub-100nm MOSFETSs is designed to be mere
1. 5Snm; the electrons thus can tunnel the gate oxide
easily, as can increase the static power and affect
the circuit’s operation. An alternative solution is to
use high K dielectric materials'", which is of high-
er dielectric constant, as the much thicker gate di-
electric in the same electric field. T he studies of the
alternative gate oxides began in 1960. Presently,
much researches have been carried out with some
theoretical and experimental results obtained* .

However, the performance of MOSFET with

high K dielectric has not been improved; and its

Article ID: 0253-4177(2001) 09-1107-05

characteristics should be further studied in details.
Simulations have been done to study the impact of
high K dielectric materials on the deep sub-100nm
MOSFETs"™ . The

Lowing (FIBL) is used to describe the effect of

Fringing-Induced Barrier
degradation in device’s turn/off on the characteris—
tics of sub=100nm MOSFET with high K gate di-
electric materials''”. However, much attention is
focused on the study of influence of fringing elec—
tric field on the channel instead of on the systemat-
ic simulation of the impact of high K dielectric on
the whole MOSFET. In this work, extensive simu-
lations are carried out to study the impacts of high
K dielectric on both the channel and the source/
drain extension region in a typical 70nm MOS-
FET. The key factors affecting the device charac—
been investigated. The different

teristics have

structures of high K gate dielectric MOSFETs are

* Project Supported by the Special Foundation for State Major Basic Research Program of China.

ZHU Hui-wen
fabrication and properties of the high K thin film.
LIU Xiao-yan

very deep submicron MOSFET modeling.

was born in 1970, PhD candidate. His research interests include the performance simulation of submicron MOSFET s and the

associate professor. He has been engaged in the research on the novel device structure, Monte Carlo device simulation and

KANG Jinfeng associate professor. He has been engaged in the study on the growth and properties of oxide dielectric and ferroelctric thin

films, high T« superconducting thin films.

Received 17 March 2001, revised manuseript received 26 May 2001

@2001 The Chinese Institute of Electronics



1108 S S

14 22 %

also simulated.

2  Simulation

The simulations are carried out with a two-di-

mensional device simulator ISE. The simulated
structures are in the typical nMOSFET proposed
by NTRS'"", whose gate length and effective gate
oxide are 70nm and I.5nm, respectively. The di-
electric constant of the gate dielectric varies from
3.9(Si02) to 200 (BaSrTiO3). In order to keep the
gate oxide capacitance Cox constant with the dielec—
tric permittivity varying from 3. 9 to 200, the thick—
ness of high K gate dielectric is calculated by using
Tk = KTso0,/3.9, where K is the permittivity of
high K

ness of

dielectric and T'sio, is the equivalent thick-
Si02, which keeps 1. 5nm during the simu-
lation. The steep retrograde channel profile is
used, with a surface doping concentration of 3 X
10"em™ ¥ and a peak concentration of 5X10%em ™’
at the depth of 25nm. The source/drain extension
and deep source/drain junction are 25nm and 80nm
in depth, respectively. The different structures of

sidewall will be described in the next section.

3 Result and Discussion

3.1 Characteristics of MOSFET with High K

Gate Dielectric

Figure 1| shows the -V characteristics of
MOSFET with a high K gate dielectric. The insert
in Fig. | plots the leakage current and saturation
current varying with gate dielectric permittivity.
From Fig. 1, it can be seen that with K increasing,
the leakage current I.r becomes larger and the
threshold voltage (Vi) becomes lower, while the
sub-threshold swing (S) is increased. T he source—
drain saturation current is also observed to be in—
creased at a higher K. Figure 2 plots the potential
distribution along the channel of a 70nm M OSFET
with a high K gate dielectric. It reveals that the

degradation in the sub-micron MOSFET with a
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FIG. 1 MOSFET with

I-V Characteristics of 70nm

High K Gate Dielectric
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FIG.2 Potential Distribution Along the Channel
of 70nm MOSFET with High K Gate Dielectric

high K gate dielectric can be described as FIBL'Y.
It can be seen that with K increasing, the potential
difference along the channel decreases, while that
in the S/D extension region increases. And the po-
tential barriers of both source and drain junction
are lowered. It is because that in order to keeps the
gate oxide capacitor Co constant, the thickness of
the gate dielectric Tk has to increase with the K in-
creasing. At a small permittivity, T« is small com—

pared with the gate length, and the gate oxide ca-
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pacitance can be treated as a perfect planar capaci-
tor without any fringing electric field influence.
When K increases, Tk becomes larger and is com-
parable to the gate length, thus the gate oxide ca-—
pacitance cannot be treated as a perfect planar ca—
pacitor any more, and the influence of fringing elec-
tric field has to be considered. The fringing electric
field can lower the electric field in the channel re-
gion but increase that in the source/drain extension
region. Consequently, a lower potential barrier of
source/drain junction is formed. The higher K cor-
responds to the thicker Tk, so the impact of fring—
ing electric field becomes more important. Hence,
lower potential barrier may decrease the threshold
voltage but increase the sub-threshold swing and
leakage current. However, the increased electric
field in the source/drain region can cause an elec—
tron accumulation in these areas, and thus the
source/drain junction resistance is reduced. T here—
fore, the source-drain current becomes larger with
a lower source/drain junction resistance.

From the simulation results above, allowing
for the influence of fringing electric field, very high
K (such as K = 200) dielectric is not a suitable

candidate to substitute SiO2 as the gate oxide.

3.2 Characteristics of MOSFET with Different
Sidewall Structures

The characteristics of high K gate dielectric
MOSFETs with different sidewall structures are
simulated by using ISE. In the simulation, the side-
wall is made of high K materials. The structure of
sidewall with different material is simulated be-
low. Figure 3 shows the /¥ characteristics of the
MOSFET with an SiO: sidewall. In Fig. 3, different
sidewall structures are plotted, where structure A
is the MOSFETs with a full high K material (the
same structure as that simulated in section 3.1);
structure B is that with a high K gate dielectric and
Si02(€e= 3.9) sidewall. It can be seen that when
the material of sidewall becomes SiO:, the fringing
electric field effect is decreased accordingly. Figure

4 plots the potential distribution along the channel
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FIG. 3 IV Characteristics of MOSFET with
Si02 Sidewall In the insert, different sidew all

structures are plotted.
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FIG.4 Potential Distribution Along the Channel
of MOSFET with the 5i02 Sidew all

of MOSFET with the Si0: sidewall. Comparing
Fig. 2 with Fig. 4, it can be seen that, when the
sidewall is changed from a high K material to
Si02, the potential distribution along the channel
will decrease slightly with the increase of K and
the potential barriers of source and drain junction
be lowered slightly. Thus the FIBL effect can be
suppressed by lowering the dielectric permittivity
of the material Si0O2. Figures 5 and 6 show the com-

parison of the characteristics between MOSFET s
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with different sidewall materials. Figure 5 shows
the impacts of leakage current and saturation cur-
rent of MOSFET with different sidewall material,
while Fig. 6 plots the impact of threshold voltage
and subthreshold swing of MOSFETs, where AVu

is the threshold voltage shift and S is the sub-
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threshold swing. As for structure B, when K in—
creases, no threshold voltage is found to decrease
rapidly, while the subthreshold swing and the leak—

age current are found to increase slightly. Hence,

when high K materials are adopted as the gate di-
electric, the sidewall materials are very useful to

suppress the FIBL effect.

4 Conclusion

The MOSFET s with high dielectric permittivi—-
ty material are simulated by a two-dimensional de-
vice simulator. Due to the FIBL effect, when the
gate dielectric permittivity increases, the threshold
voltage decrease, while the leakage current and the
subthreshold swing increase. However, this kind
degradation can be suppressed by changing the ma-
terials of sidewall.
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