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ABSTRACT

MOSFET is easier to manufacture than BJT and uses less
processing power. To follow the law of the MOORE, in this
paper we have adopt the principle of replacing SiO, dielectric
with high-k materials, but it produces some effects. Here we
define the problem of mobility. The mobility degradation is
due to Coulombic and Phonon scattering. Improvement
considerations for the degradation of mobility were also
based. This paper offers information on the mobility using
different dielectrics.
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1. INTRODUCTION

Scaling become an important factor in industries over the
past three decades. It has provided both a denser and faster
process of integration. Today's transistors are very faster and
require less area when compared to earlier. According to
Moore's law, count of transistors in a chip has grown
exponentially in the past twenty years. The performance
improves as the channel length is increasing, the energy
required for switching decreases, and of improved density.
There has been a rise in number of circuits per chip, power
density and power consumption of a chip. Need for more
performance and more transistor count on a chip has
improved scaling methods in nearly all device factors. Those
device factors are decreasing leakage currents, size of the
channel etc.

Many high-k dielectrics have shown promising results after
the research by various groups [1,2]. Nevertheless, there was
many challenges still hindered the implementation of those
successful candidates. The major challenges is reduced
mobility of channels compared with their counterpart. The
reasons behind the decreasing in maobility have not yet been
explained [2]. From the study of channel mobility dependence
on fields and temperature in HfO, and ZrO, -gated
nNMOSFETs, we acquired clear proof for the scattering
mechanism.

Due to tunneling, leakage currents increase exponentially
as the thickness scales down 2 nm, resulting in high power
consumption and decreased performance of the system. As the
SiO, is needed to be replaced with some other dielectric
having high dielectric constant, we have several oxides such
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as HfO,, ZrO, and various lanthanides. Instead of SiO,the aim
of using high dielectric oxides is to build more dense and
faster devices. The device's speed depends on source to drain
current, depending on carrier mobility. In terms of drain
current, effective mobility is defined in the linear region as:

la = Ma = [(Vos = Vin)Vos — Vis/2] (1)

The degradation of effective mobility is major problems
with the combination of high-k / and metal gate. Devices with
SiO, as gate oxide the electrical field and concentration of
doping used up to 300 cm / V-s. This value is below the
mobility given by high K oxides. Active mobility is easily
predicted to be decreased by high dielectric directly in contact
with Si. Due to the roughness of the surface over the distance,
flexibility is limited.

2.CHANNEL MOBILITY

To research the mechanisms of scattering it is important for
accurately measure the channel mobility. Here, we achieved
the effective channel mobility from the l4, from the following
formula in the linear region [4]:

()

The inverse charge density is obtained by calculating the ’CT;C
as a function of v, using split-capacitance-voltage (C-V)
technique and integrating it [5].

\% .
)Qinv = f_i Cgc(vg) dVgUJ (3)
Mobility Degradation

Degradation of mobility in MOSFET is the major drawbacks
of using high dielectric constant materials as a gate oxide
instead of SiO,. There are certain growing mechanisms in
charge carriers mobility. Such specifics about the device's
internal mechanisms that need to be examined and
monitored only after careful observation. There are some
solutions that can remedy the flexibility limitation that is
addressed at the end of this article. Zhu's observations
indicated that electrons mobility and holes mobility depends
on the effective field applied to the gate and Silicon
surface[6]-[7]. Under Matthiessen's law, the individual
components of flexibility incorporate,
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(4)

eff HUe

Where E defines coloumbic scattering mobility

EE defines phonon scattering maobility

s defines surface roughness mobility
Different factors in different electrical fields decrease the
mobility, as each complies with a different power law with
field Columbic scattering(C) limits mobility in low fields by
trapped. In medium and high fields it is limited by phonon and
surface scattering respectively.

Coulomb scattering

Coulomb scattering is the major mechanism in decreasing the
mobility at low fields of high dielectric gated MOSFETSs due
to trapped charges. That’s why the energy distribution of the
interface traps is asymmetrical. The interface trap density near
the edge of the conductive band is lower than that near the
edge of the valence as seen by the n-MOSFET's greater
sub-threshold swing relative to p-MOSFETSs. Therefore, the
reduction in p-MOSFET hole mobility is usually less lethal
than the reduction in n-type MOSFET electron mobility [8]..
Under the presence of electric field, electrostatic forces on
electro causes coulombic scattering.

Phonon scattering

Coulomb scattering caused by trapped charges and oxide
charge, soft optical phonon scattering cannot be ignored [8].
The mobility limited in HfO, gated MOSFETS is lower than
SiO, gate oxides, as shown in the figure [8]. MOSFETS with
very high oxides like HfO, is an extra source of phonon
scattering.

3.SIMULATION RESULTS

Here, we are referring to Zhu, W's journal [6]. We
implemented the effect of high dielectric constant gate on
mobility of charge carriers using Silvaco ATLAS method.
Here we are observing the simulation result of channel
mobility for HfO,, ZrO, and SiO,.Here we mostly observe
HfO, (Atlas) and ZrO, (Atlas) scattering graphs only. HfO,
(Zhu’s)and SiO, (Zhu’s) are for reference purpose.
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Figure 1 shows the effective mobility of electrons for various
dielectrics (HfO,, ZrO, and SiO,) at 2nm oxide thickness. At
2nm thickness the effective mobility of electrons is high for
SiO, when compared with other high dielectric constant
materials. At the same time rate change of mobility is also
high for SiO,.
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Figure 2: Effective mobility for different dielectrics at different
thickness

Figure 2 shows the effective mobility of electrons for various
dielectrics (HfO,, and ZrO,) at different oxide thickness
(2nm, 4nm, 8nm,15nm).It is clearly observed that if the
thickness of oxide increases then the effective mobility also
increases.so one of the way to increase mobility in the case of
high dielectric constant is to increase the oxide thickness.

Figure 2 clearly shows that by increasing the thickness of the
high dielectric constant materials oxide layer -effective
mobility increases. But alone increasing in thickness along
does increase the mobility equal to SiO,. Along with this
adding some more techniques will increases its mobility.

Methods to improve mobility

Mobility degradation can be solved by using metal gate in
place of poly silicon gate. The poly-silicon substrate
conductivity is low and the load accumulation is low due to
this low conductivity, resulting in delays in channel creation
and therefore unnecessary circuit delays. The polysilicon
layer is doped with impurity of P or N type to act it as a
conductor and to minimize the delay. poly-silicon doped with
P or N type is a semiconductor and thus, when voltage is
applied, will form a "depletion” region.

This "depletion area” reduces the inversion by acting like a
thick oxide. But there is an decrease in the drive current.
Metal gate have more free carrier density, which helps to
monitor the weak phonon modes from high dielectric constant
materials. The metal gate helps to screen the remote phonon
scattering dipole coupling. This reduces the phonon
dispersion and reduces the problem of mobility degradation.
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Figure 3: Device with high-k dielectric and metal gate

Through large concentration of electrons in the gate, the effect
of dipole vibrations on the channel electrons can be
significantly reduced. Figure shows how to boost flexibility
by placing metal gate in place of poly silicon gate. High-K
oxides with metal gate are therefore more mobile than with
poly silicon gate.
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4.CONCLUSION

Here we discussced, the effect of high dielectric constant
oxides on charge carriers mobility, accurate measurements,
and reduction of mobility of charge carriers with HfO, and
ZrO, at different thicknesses. Some mobility degradation
mechanisms were also focused. Coulomb scattering is a major
cause for decreasing in channel mobility due to trapped
charges. Soft optical phonons also contribute to the
degradation of mobility as well. Remedies have also been
discussed for the escalation of mobility values. We finally
concluded that increasing the thickness of the high dielectric
constant materials oxide layer effective mobility increases.
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