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Abstract: Silicon-on-insulator (SOI) MOSFET is one of the modern state of the art transistor in which a semiconductor
layer like silicon is formed above an insulator layer on a semiconductor substrate. In SOl MOSFET, there is much more
advantages over bulk silicon MOSFET such as high speed operation, low power consumption, small short channel effects.
Over the past several years, the inherent scaling limitations of silicon (Si) electron devices have fuelled the exploration of
alternative semiconductors, with high carrier mobility, to further enhance device performance. In particular, compound
semiconductors heterogeneously integrated on Si substrates have been actively studied: such devices combine the high
mobility of 111-V semiconductors and the well established, low-cost processing of Si technology. This integration, however,
presents significant challenges. Conventionally, heteroepitaxial growth of complex multilayer’s on Si has been explored but
besides complexity, high defect densities and junction leakage currents present limitations in this approach. Motivated by
this challenge, we use a three surface potentials (gate oxide-silicon film interface, silicon-film-buried oxide interface and
buried oxide-substrate interface) based compact model to study a fully depleted SOI and XOI MOSFETs. We have simulated
the surface potentials, surface charge density, gate capacitance, drain current, transconductance and unity gain frequency
of SOl and XOI MOSFETSs. The different output characteristics show a better performance for InAs. We have got high drain
current, transconductance and unity gain frequency of XOI MOSFET. On the other hand, we got very low (negative)
threshold voltage for XOl MOSFET. So, by using XOl MOSFET, we can get high speed operation and amplification, low
power consumption than SOl MOSFET as well as bulk silicon MOSFET.

Keywords: FD SOl MOSFET, In AS multilayter, Strong inversion, Poisson’s equation, Surface potential based model,
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I. INTRODUCTION

The SOI technology is introduced to overcome the limits of bulk or conventional Si MOSFETs. Among the
problems are that the carrier mobility is decreasing due to impurity scattering, the gate tunneling current is increasing as the
gate insulator becomes thinner, and the p-n junction leakage is increasing as the junction becomes shallower. These trends
make the conventional scaling less and less feasible. As a result, the operating voltage is set higher than the expected value
of a scaled-down device to achieve the desired speed performance and therefore the power dissipation goes high [2]. SOI
CMOS offers a higher integration density than bulk CMQOS. This high density results mainly from the absence of wells in
SOl technology. SOI CMOS devices can be isolated by reach through oxidation, while bulk devices normally use junction
isolation. SOI wafers can be processed in standard bulk silicon processing lines. As the feature size scaled down in modern
IC technology, the source drain junction depth needs to be reduced to suppress short channel effects. In bulk silicon devices,
such reduction may bring an unwanted interaction between the silicon and the metal such as metal punching through the
junction. If the device is built on an SOI wafer, the source drain junction sits directly on dielectric layer (BOX) and no
leakage occurs even the metal punches through the junction [3]. We considered epitaxial transfer method for the integration
of ultrathin layers of single-crystal InAs on Si/ SiO2 substrates. As a parallel with silicon-on-insulator (SOI) technology14,
we use ‘XOI’ to represent our compound semiconductor on-insulator platform.[12] Through experiments and simulation, the
electrical properties of InAs XOI transistors are explored, elucidating the critical role of quantum confinement in the
transport properties of ultrathin XOI layers. Importantly, a high-quality InAs/dielectric interface is obtained by the use of a
novel thermally grown interfacial InAsOx layer (1 nm thick). The fabricated field-effect transistors exhibit a peak
transconductance of 1.6mSmm21 at a drain—source voltage of 0.5 V, with an on/off current ratio of greater than 10,000.

Il. ADOPTED TECHNIQUE

The main objective of our work is performance comparison between InAs-on-Insulator and Silicon-on-Insulator
MOSFETS using a compact model. First of all, we follow a model as discussed in Ref. [9] which uses three surface potentials.
However, before proceed to our objective, we want to verify our model with the results of Ref. [9]. After verifying the model, we
want to change the channel material to InAs by replacing Si and then to compare the performance. For fair comparison the device
dimensions, doping densities will be assumed same. Then after calculating surface potential, using this we want to compare the
C-V characteristics and the drain current. From the Ip-Vgs curve, we can calculate the threshold voltage, on and off current ratio
of the MOSFET. Then we also want to observe the difference between transconductance and unity gain frequency of InAs-on-

Insulator and Silicon-on-Insulator MOSFET.
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I1l. MODEL
3.1 Ideal Surface Potential Model
To obtain a closed-form analytical approximation for potentials at the three surfaces of the FDSOI MOSFET,

namely front oxide-silicon film surface @ , buried oxide-silicon film interface ¢, , and buried oxide—substrate interface

Py - For this purpose, three different equations are obtained by solving the 1-D Poisson equation in vertical direction and

applying the boundary conditions at different surfaces [9]. The 1-D Poisson equation of an FD-SOI MOSFET, shown in
Figure 2-1, can be written as:

alq\/)(zy):_i(p(y)_n(y)_ N, )T (1)

Where go(y) is the potential, &g; is the dielectric constant of silicon, p(y) and n(y) are the hole and electron

concentrations, respectively and N, is the doping in the silicon layer [9].
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Fig .1. Cross-sectional view of the FD SOl MOSFET [9]

Equation (1) can be further expressed as

azat(zy) q;\ls {[exp[ (p(y)] 1} exp[ 2¢F(;VCB |:e><p(¢(y) 1}}....(2)

Where ¢ is the Fermi potential, ¢, is the thermal voltage, and Vg is the channel floating body potential, which

doly)

varies from Vg at source to Vg +Vpg at drain [9]. Multiplying both sides of Eq. (2) by 2 (gy

and then integrating

from buried oxide-silicon film interface @, to front oxide-silicon film surface ¢ considering boundary conditions we
get,
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Equations (3), (4) and (5) together describe the exact Poisson equation for an FDSOI MOSFET and are obtained
without any approximation except the assumptions that the back silicon surface and the substrate region never go into
inversion and that the device always remains in FD condition. These equations can be solved iteratively to get the exact
values of all three surface potentials [9].

3.2 Drain Current Model
The surface potential nor the depletion charge density changes much after strong inversion. The central assumption
of the charge-sheet model for the depletion charge density,

Qu = —ONW, = — [28 QN ++rrrrereesmmmmmmmmimmriiiiiiitieeeeias (6)

Can be extended to beyond strong inversion. Since the total silicon charge density Q. is given by

Now Eg. (6) allows the inversion charge density to be expressed as

Qi = Qs - Qd = _Cox (\/GS _VFB — Pyt )+ A/ Z‘S‘Sinawsf """""""""" (8)

It should be noted that the charge sheet model does not literally assume all the inversion charge is located at the
silicon surface with a zero depth.

The variable in the drain current integral, | _ p ﬂjvm (L@, (V))V *#reeeresesmss s 9)
ds — eff L Jo i

sa d
Can be transformed from V to @; , lye = flon WT .[:s (— Q; (wsf ))%
sf

Where @, @4 are the values of the surface potential at the source and the drain ends of the channel

3.3 Surface Electric Field and Surface Charge

Conventionally, the electrostatic potential is defined in terms of the intrinsic Fermi level,

There is a negative sign because E; is defined as electron energy while @, is defined for a positive charge. The

electric field Es which is defined as the electrostatic force per unit charge is to the negative gradient of ¢ .

e, (12)

s dy

WWW.ijmer.com 654 | Page



International Journal of Modern Engineering Research (IJMER)

WWW.ijmer.com Vol.3, Issue.2, March-April. 2013 pp-652-658 ISSN: 2249-6645
Now we can write Poisson's equation as d?e __dE, :_pnet(y) ................................................... (13)
dy? dy Esi

Where pnet(y) is the net charge density per unit volume at y, and &g; is the permittivity of silicon equal to 11.7 &,. Here

&, =8.85x 10™ F/cm is the vacuum permittivity [11].

Another form of Poisson's equation is Gauss’s law, which is obtained by integrating Eq. (13)

1

Esi

Qs

Esi

E. =

Ipne[(y)dy =

Where Qq is the integrated charge density per unit area. Now the surface charge can be obtain from Eq. (7) if ¢ is known

Qs = —Co (Vas —Vipg — @y )-orrrremmmmmmmmiiiii (15)
Therefore the surface electric field becomes [11]

C
Es = 7¢(\/GS —Ves — Por )

Esi

3.4 Capacitances of MOS Structure
We now consider the capacitances of a MOS structure. In most cases, MOS capacitances are defined as small-signal
differential of charge with respect to voltage or potential. The total MOS capacitance per unit area is [11]

................................. (32)
c, —c.. p(¢sf )5 . —
oo 2 vk G20 Dy e
Where q nz Ao«
= — +——e KT
p(¢sf ) KT Pt N i

1V. PERFORMANCE IMPROVEMENT FOR XOI MOSFET WITH RESPECT TO SOl
The three surface potential based compact model is used to generate the surface potentials and then the front surface
potential is used to calculate the 1-V and C-V curves for performance comparison between the SOI and XOlI MOSFETSs. The
different parameters used for the InAs XOlI MOSFET are shown in Table 1. These parameters have been used in Ref. [12].
For fair comparison, the same device dimensions and doping densities are assumed for the SOl MOSFET.
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Figure. 2. Different surface potentials versus gate voltage curve
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Figure 1-2 shows the variation of surface potentials@y; , @y and @, Vversus the gate voltage of SOI and XOI

MOSFETSs for a front oxide thickness of 7 nm, buried oxide thickness of 50 nm and silicon film thickness of 15 nm. Here, the
surface potential curves of XOI MOSFET are saturated quicker than SOl MOSFET. We have got small saturation value of front
surface potential because a large potential drops across the gate oxide and a smaller voltage drops across the channel thickness of

XOI MOSFET.

Table 1: Simulation parameters of SOl and XOlI MOSFETSs [12]
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Figure. IV. Surface charge versus gate voltage curve

Figure 1-3 shows the surface charge density versus gate voltage curve between SOl and XOI MOSFETSs. There are
two regions of the curve. The flattened region represents the weak inversion region and the rising part is the strong inversion
region. Since the inversion charge density increases rapidly with an increase in gate voltage as we have seen in the Figure 3-
4. It occurs like that the surface potential changes with gate voltage and the electron concentration increases rapidly with
very small changes in surface potential. We have observed, for XOI MOSFET the surface charge curve reaches in strong
inversion region earlier than SOl MOSFET. For this, the surface potentials of XOl MOSFET saturated earlier than SOI

MOSFET.
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Figure.4. Gate capacitance versus gate voltage curve
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For SOl MOSFET at first the curve is flat and the capacitance value is small because the FET turns on at V¢ =
0.45 V. After the FET is turned on, the capacitance rapidly increases with gate bias and saturates to C, at strong inversion.

The gate capacitance of the XOI FET quickly saturates to C_, because the XOI FET turns on at a very small gate bias.
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Figure. 1. |, —Vp Characteristics curves of SOl and XOl MOSFETSs

Figure 1-5(a) and (b) show |, —V g characteristics curves of SOI and XOI MOSFETS respectively for different gate
voltages. When V¢ changes, the |, versus V4 curve will change. We saw that, if V¢ increases, the initial slope of |

versus V¢ increases. The drain current in saturation is virtually independent of V4 and the MOSFET acts as a current source.
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Figure. 6. Gate capacitance versus gate voltage curve
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Figure.7. Gate capacitance versus gate voltage curve

Figure 1-6 shows the transconductance versus gate voltage characteristics curve for SOl and XOl MOSFETSs for
Vs =0.5V and L =500 nm. The MOSFET transconductance is defined as the change in drain current with respect to the

corresponding change in gate voltage. The transconductance increase linearly with V¢ but is independent of Vg in the

saturation region. The transconductance is also a function of the geometry of the device as well as of carrier mobility and
threshold voltage. For XOI MOSFET, transconductance is around 1.2 times higher than that of SOl MOSFET. This is
because the carrier mobility of InAs is higher than that of Si.
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Figure 1-7 shows the unity gain frequency versus gate voltage characteristics curve of XOI and SOl MOSFETS.
The unity gain frequency of a MOSFET ( f; ) is defined as the frequency at which the short-circuit current-gain (i, /i) of

the common-source amplifier becomes unity. f; is also called the transition frequency. f; gives an idea of the high-
frequency behavior of the MOSFET. In XOl MOSFET, unity gain frequency fT is 1.2 times higher than SOl MOSFET.

Higher f; means higher transconductance and lower internal MOSFET capacitances which means better amplification. So,
by using XOI MOSFET, we can amplify signal more than SOl MOSFET.

V. CONCLUSION

From the simulation results, we observe that, for the same device dimensions and doping densities of the SOI and
XOI MOSFETSs, we got around 6 times higher drive current, around 1.5 times higher transconductance and around 1.2 times
higher unity gain frequency. On the other hand, we got very low (negative) threshold voltage for XOI MOSFET. After the
analysis, we see that, to overcome the limitations of bulk silicon MOSFET, we can use SOl MOSFET which can be solved
the scaling problems. And over SOl MOSFET, XOIl MOSFET has better performance because of high carrier mobility of
compound semiconductors such as I111-V semiconductors. So, by using XOl MOSFET, we can get high speed operation and
amplification, low power consumption than SOl MOSFET as well as bulk silicon MOSFET.
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