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Abstract:

Purpose - The purpose of this paper is to develop the design and analytical modelling of a noise immune double suspended gate
MOSFET (DSG-MOSFET) for ultra-low power applications. Also, Important performance parameters of the proposed structure
such as pull-in and pull-out voltages have been thoroughly investigated with respect to the valuable structural parameters.
Methods- The design methodology used is EKV based analytical approach to calculate the pull-in and pull-out voltages with
ingeniously developed boundary conditions which helps achieving reasonably accurate result. Also, the I-V characteristics has
been modelled to justify accuracy.

Results- The experimental result shows that the pull-in and pull-out voltages are in millivolts and microvolts range and hence it
can be used in ultra-low power applications. As the ratio between the pull-out and the pull-in voltage is 10°(+3) range, justifies
that the proposed structure is noise immune. The Ip-Vgs characteristic has hysteresis and this sharp transition in pull-in and pull-
out voltage indicates that it can be used as an ideal switch with infinite sub-threshold slope.

Conclusion- This paper presents a compact EKV based analytical modelling of pull-in and pull-out voltages for a DSG-MOSFET
which predict the device characteristics reasonably similar to simulated results. Also, for the first time the noise immunity for a
DSGMOSFET has been analyzed.

Keywords: Double suspended gate MOSFET (DSGMOSFET), Microelectromechanical system (MEMS), Noise immunity, Data
encryption, Mechanical Hysteresis, COMSOL.
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1. Introduction

One of the main disadvantages of CMOS architecture is the
scalability of the device. Up to some range the dimension of
MOSFET can be reduced and with that the other parameters
such as supply voltage, threshold voltage etc. without any
adverse effect on the performance of the device. However, it
can be seen that when the threshold voltage (Vth) is scaled
below or equal to 150mV, it results in huge off current [1] due
to the subthreshold slope (SS) constraint in case of this
architecture. However, this limitation can be overcome by
suspended gate field effect transistor (SGFET). SGFETs are
overpowering the CMOS architecture in terms of standby
power consumption which is very low in the previous one [2].
Hence, the switching characteristics for SGFET's are almost
ideal, therefore these can be used as sleeping transistors
which leads to efficient power management. The power
management characteristics of SGFETs, make the device an
advantageous one over CMOS architecture for low power
applications.

More than 52 years ago, the idea of combining a mechanical
switch, which is electrostatically actuated, with a MOSFET
was introduced [3]. The motivation behind this innovative
idea was to get a more stable structure which can operate
more properly at high frequency [2]. This MEMS/FET hybrid
structures had been implemented as gas as well pressure
sensors with some eye-catching results [4,5].

SGFETs can have a SS below 60mV/dec was first time
proposed in 2002 [6]. After that, multiple research articles
have investigated the opportunity for SGFETs to be
implemented as resonators, memory and most importantly as
switches [5-11]. Another advantage of SGFETS is that the
fabrication of these devices is CMOS compatible and the
evaluated characteristics supports the theoretical prediction of
having SS lower than 60mV/dec [5-12]. Also, accumulation
mode SGFETs are reported in [13].

Gate to channel modelling [6] of SGFETS based on EKV
(Enz-Krummenacher-Vittoz) [14] has been reported
previously. This model is also valid for all operational
regimes. However, some shortcoming of this model, such as
huge time consumption as it is an iterative method, was also
reported in [2]. Hence, to overcome this limitation, a static
model for SGFET has been developed by considering only
the operational region of interest [2]. However, this
mathematical model was for a single suspended gate FET. For
first time, the mathematical model for a double suspended
gate MOSFET has been reported in this acritical. This model
gives the inside knowledge of DSGMOSFETSs performance
as well as the basic design rules. This article also reports the
mathematical modelling for the compared structure which is
depicted in figure 1(e).

The article is organized as follows: the operation of
DSGMOSFET and the respected mathematical modelling for
both a) proposed as well as b) compared structures is given in
section II. Section III includes the performance comparison
between the proposed as well the compared structure. In,
Section IV, the proposed structure is analysed in depth and
section V includes the conclusion.

2. WORKING PRINCIPLE AND ANALYTICAL
MODELLING
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Fig 1 (a) 3D representation of DSGMOSFET, (b) Cross-
section of the proposed Structure, (c) Corresponding
capacitor circuit (d) Symbol representation of
DSGMOSFET, (e) Compared Structure

The 3-D as well as cross section version of the proposed
DSGMOSFET is showed in Fig 1(a) and Fig 1(b). Fig 1(c)
depicts the equivalent capacitor circuit of DSGMOSFET and
Fig 1(d) shows the symbol representation of n-channel
DSGMOSFET. The compared structure, without the lower
gate oxide, has been given in Fig 1(e).

DSGMOSFET is a hybrid combination of an inversion
MOSFET and electrostatically actuated mechanical NEMS
switch (Fig 1). The main difference of DSGMOSFETsS from
a MOSFET is that there is the presence of air between the gate
oxides and the double gates which has been supported by
anchors as show in Fig 1(a). In case of fabrication of any
SGFET structure, can be done by using sacrificial etching of
the respected material which can be place on the gate oxide
before the completion of gate [7],[12],[15]. However, by this

Fig 2 (a) Before the bending of DSGMOSFET, (b) After
double gates collapsed on the gate oxides
technique the archived air gap is in the range of few hundred
nanometers [5],[7],[12] which in turn will make the structure
huge in size and also makes the device potentially unavailable
to be used in ultra-low power applications. But, by using
atomic layer deposition, an air gap of 10nm has been achieved
[16] and it has been used in biosensing applications as well
[17]. However, the main constraint is the width of the
suspended gate [17]. If the width is too large then it will affect
the bending of the gate hence the pull in and pull-out voltages
will increase, hence power dissipation will also increase. Due
2



to increments in both pull-in and pull-out voltages, the noise
immunity will be affected the most. By considering all the
above reasons, beam widths of Inm for both the gates has
been considered for the proposed structure with a tgap of
10nm and tox of 2nm. For the compared structure, all the
parameters are same except the fact that there is no lower gate
oxide present in the compared structure. AlSi [12] or
polysilicon [15] can be used as gate materials, polysilicon has
been chosen for the both proposed and compared structure.
The working principle of the proposed DSGMOSFETs
can be explained in the following way: both the gates are
shorted and a gate voltage of Vg has been applied. When gate
voltage (Vg) is equal to the flatband voltage (Veg), then the
air gaps for both the case is tqp = x [Fig 1(b)] as there is no
charge accumulation in both the electrode and in the
semiconductor, ‘x’ represents the initial distance between
gate insulator and the moving gate. As Vg start to increase,
positive charges start to accumulate in both the moving gates
and also equivalent negative charges accumulate in the silicon
substrate which results in x < tgp. Now below the pull in
voltage, there will be no bending in both the moving gates as
the electrostatic force is balanced by the elastic forces
which are acting on the both gates Fid [1(a)]. Therefore, when
VG exceeds or become equal to pull in voltage Vpi, then the
electrostatic forces in both the gates over powered the elastic
forces, hence both the gates collapsed (pulled in) on both gate
oxides [Fig 2 (b)] due to which the threshold voltage abruptly
reduced which leads to a sudden drain current increase [6].
For compared structure [Fig 1(e)], the working principle
will remain almost same but the absent of the lower gate oxide
will play an essential role in the device operation. It can be
observed from Fig 1(b) and Fig 1(e) that the compared
structure has two different distances from two gates i.e. x1
and x2. It also has two different air gap values i.e. tgapl and
tgap. Hence, two different pull in and pull-out voltages will
be obtained for the compared structure and discussed in
analytical modelling section. Another important difference
between these two structures that the first one [Fig 1(b)] (the
proposed structure) will be working perfectly as MOSFETSs
for both the gates, however in case of compared structure [Fig
1(e)], the lower gate oxide is absent and hence, for the upper
gate the device will work as a MOSFET but for lower gate it
will work as a metal-metal switch. Both structures have
significant improvements over [2], but the proposed one is
more advantageous in terms of power dissipation and noise
immunity which is discussed in later.

2.1. Pull-in modelling

The electrostatic force, applied between the channel and
the gate, that governs the beam displacement is given by the
force stiffness relationship. The total energy between two
conductive plates is considered for the electro-mechanical
analysis and given by

Uto= Uclec-Unmech
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At equilibrium these two forces balance each other and hence,
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Where, W=beam width, L=channel length, ty.,0=initial height
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of the beam from the oxide, €, =permittivity of air,

Vgap=voltage drop across the air gap, x=actual height of the
beam from the oxide
k is the spring constant and given as-
32ELNK’
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E is the Young modulus of the moving gate material.
Now Vg can be demonstrated as a function of x and the
semiconductor charge density Qs as
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Putting the value of eq (3) into eq (2) we get,
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The restoring force linearly depends on displacement and the
electrostatic force is inverse quadratic function, hence the
stable point can be achieved only when,

x, < 3 o (6)

Due to the series connection between Crand Cgyp , Xpi is reduced
to
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Where Cgap0= €, /t ap0 is the minimum gap capacitance.

In this case Cr is the series equivalent of Cox with Cs. By
considering depletion approximation, the depletion charge can
be expressed as a function of the surface potential as

Qa(ys) =—, f28“. ,/qN s (®)
Where,

€, =permittivity of silicon, q= elementary charge, Na

= substrate doping concentration, Y/, = surface potential

Putting eq(8) into eq(5) the gate position is expressed as a
function of surface potential as
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The well-known formulation of Vy; for a suspended gate MOS
capacitor is
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In second case of our proposed structure the lower oxide is
removed, in this case the pull-in voltage will become as the
metal-metal NEMS switch as
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2.2. Pull-out modelling

In this section the pull-out voltage has been discussed,
starting from the force acting on the gate while the gate is
pulled in. The opposing electrostatic force, restoring elastic
force and adhesion force has been considered.

The gate capacitance increases abruptly immediately
after the gate is pulled in, and so do the charge density and
the surface potential. For Vg>V,,; the DSGFET will behave as
a conventional DGMOSFET. When Vg swept back from
higher value of pull in voltage, the pull-out does not occurs at
V=V, because the higher charge density causes higher
electrostatic force than those at the onset of pull in. The
adhesion force between beam electrode and the oxide surface
is another cause of this. As a result, the pull-out voltage V,,
becomes less than Vj; which gives a hysteresis in SGFET
characteristics.

The force balance equation just before the pull out can be
approximated as

2
—WL;”;VOX +F, =kt
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2ap0 (12)
The first term of the left-hand side of the above equation
represent the electrostatic force whereas the right-hand side is

the elastic force. F . 1s the surface adhesion force. F . canbe

approximated as

Fo=owLL (13)
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From eq(12) the pull-out voltage can be calculated as
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2.3. Ip-V characteristics

In strong inversion region the total inversion charge is the
summation of the charges induced by both the gates.

i.e. Q,-,w= Qﬁnv+QbinV
but ‘Qﬁnv :|Qbinv
80, Qinv= 2Qﬁ"V

Now when the gate voltage increases the intrinsic gate voltage,

V,in becomes
V
_ G
Vg int — C (16)
1 + geint
Cgap
Where C gcint = intrinsic gate to channel capacitance

And C,, = gap capacitance

Cgc is given by,
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V,, =thermal voltage

Now,
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The drain current, Ip can be written as
I —_ QianL
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Where f, is the transit time of electron from source to drain.
So,
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This is the approximate relationship of drain current vs gate
voltage characteristics for our first device structure.

3. COMPARISION BETWEEN TWO STRUCTURES

In this section, the comparison between two structures
(proposed & compared) in terms of pull-in and pull-out
voltages with respect to the structural parameters has been
analyzed. Channel width (Tj;), air gap (tzp), Young’s modulus
(E) and the beam thickness (h) of the gates have been
considered as major structural parameters. All the parameters
for the both the structures are considered as same such as,
channel length (L), T, tmp, oxide thickness (tox) double
suspended beam thickness is taken as 30nm, 50nm, 10nm,
2nm and 1nm. The doping concentration N is 10'¥/cm? for
both the structures. The travel range is a function of doping
concentration and with larger doping concentration, it gets
minimized which improves the device performance [2]. L
and Ty are chosen in such a way so that it falls under the small
geometry devices. However, at such small geometry short
channel effects may occur. Hence, Double gate structure has
been considered.

The tox is considered as 2nm due to the fact that below 2nm,
van der Waal forces [2] and Casimir effects [18] will have
significant influences on the device performance. The
suspended beams will only get mechanically released if the
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electrostatic forces become smaller than the restoring elastic
forces. However, for tox < 2nm, the van der Waal force will
not remain weak and hence the pull-out voltage will increase
which in turn makes the hysteresis window width smaller [2].
Also, from equation (11) it can be observed that the adhesion
force is directly proportional to interfacial adhesion energy
per unit area and inversely proportional to surface roughness.
Due to air presence between the gate oxides and suspended
gates, the surface roughness is already very small. However,
for the both the structures, a unique finger like oxides (of 2nm)
has been considered [Fig 1(b)] so that the surface roughness
can get more smaller but also keeping the van der Waal
constraint. Hence, F, is considered negligible in pull-out
voltage modelling [equation (14,15)].
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Fig 3. Pull-in (a) and Pull-out (b) voltage variations
with respect to Young’s modulus for both proposed and
compared structures for Veg = 0.13mV, I’ = 20uJ/m? Dy =
0.2nm, tgp = 10nm, tpean = Inm with the said device
parameters.
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Fig 4. Pull-in (a) and Pull-out (b) voltage variations
with respect to tgp for both proposed and compared
structures for Vrg = 0.13mV, I' = 20uJ/m? Do = 0.2nm, E =
170GPa, tyeam = Inm with the said device parameters.
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teap = 10nm with the said device parameters.
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Fig 3,4,5 and 6 depicts the Vj; and V), characteristics for
varying E, tgap, suspended beam thickness (tpeam) and channel
width (Ts). For both the voltages it can be observed that V;
and V,, increase with increase in E, tg,, and tpeam but decrease
with Ty. There is a negligible change in Vp; for both the
structures. Equation (10) and (11) shows the V; for proposed
and compared structure and it is clear that as the oxide
thickness is in addition with tg,, for equation (10), hence it
will not affect the V,; significantly even when tox is absent
[equation (11)] and also tgp, E and tpeam are in direct
proportional with V,,; whereas Tj; is inversely proportional.
However, there is a significant change in Vp, for the both the
structures. Equation (14) and (15) shows the V,, for both the
structures. As the lower gate oxide is absent in case of
compared structure, hence tox and eox of equation (14) is
replaced by te.p and €gqp in equation (15) and hence significant
change can be observed. Fig 3(b) also shows that V, is in
millivolt range for without lower gate oxide structure
(compared) and is in micro volt range for with lower gate
oxide structure (proposed). Hence, the proposed structure
shown in Fig 1(b) is the preferred structure due to lower
power consumption.

4. ANALYSIS OF THE PROPOSED STUCTURE IN
DEPTH
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Fig 7. Pull-in and Pull-out voltage variations with respect
to (a) Young’s modulus of gate material (E) (b) tgap (c)
tbem (d) Tsi for the proposed structure.



Figures 7(a)-(d) depicts the variation of pull-in and pull-
out voltages with respect to several structural constraints. The
Young modulus is varied from 170Gpa to 2000Gpa. As the
young modulus is increasing the beam gets stiffer and as a
result the pull-in and pull-out voltage increase. The air gap
tgap 18 varied from 2nm to 10 nm. As it increases, the V,; and
Vpo also increase due to the fact that with increasing the air
gap the electrostatic force also increases which in turn makes
the two voltages high. The same analysis can be done for the
suspended beam thickness, toeam Which is varied from 0.1nm
to 1nm. But in case of channel width Tsi, which is varied from
30nm to 60 nm the pull-in and also the pull-out voltage
decrease with increasing the channel width. It has been noted
that excessive increasing the channel width or excessive
lowering the E, tgp, theam there is a sticking chance of the beam
on the oxide as the elastic force become no longer strong as
the adhesion force, Fa<ktgap.

The on to off capacitance ratio is an important parameter for
a RF switch which should be larger than 100. Typical
DSGMOSFET switching capacitance characteristics is
shown in Fig 8.

As per the analyzed result, the proposed structure has a on
capacitance to off capacitance ratio, Co./Cor =265.39 which can
be considered as a better result. Here the value of t,=2nm.
The threshold voltage of the device is set as V=V, The
modulation of the threshold voltage can be done by changing
the pull-in voltage
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Fig 8.Gate to channel capacitance vs Gate Voltage
It is also found that when tox > 2nm, it does not have any
adverse effect on the pull-in voltage [6] which can be
confirmed by Fig 9 and also confirmed the reason behind
taking tox = 2nm
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Fig 10 describes the nature of Ip vs Vg characteristics of
the proposed structure of the DGSGFET. As it is a short-
channel device, the influence of Vp on Vp;and Vy, can be
noticed, but which can be minimized by increasing the
substrate doping [2]. As L is smaller, the electrostatic force
and the fringing fields applied to the double suspended gates
by the source and drain regions become an important factor
also. The Ip-Vgs characteristic has hysteresis, that means the
pull-out voltage is lower than the pull-in voltage. An
improvement to be noticed on the Ion/lorr ratio than the
conventional single gate SGFET [2]. The sharp transition in
Vi and Vi, indicates that it can be used as an ideal switch
with infinite sub-threshold slope [2].

Noise Immunity:

As per the detailed analysis and the graphs (Fig 5 & 6),
it can be observed that V,; and V,,, for the proposed structure,
are in millivolt and microvolt range. However, for the second
structure (compared) both the V, and V,, are in millivolt
range. Hence, for the proposed structure there is a difference
of 1000 times between V,; and V.. Now in any digital circuit,
if noise arrives then there is a chance that the voltage level
may get changed or shifted from lower level to higher level
or vice versa. Due to which the stored data in the system will
get changed and it will provide erroneous data as outputs. So,
system performance is highly dependent on noise. However,
as there is a huge difference between V,; and V,, of the
proposed structure, if any noise arrives then the probability of
that noise to change the voltage levels of the data is very low.
Hence, the stored data of the system will remain safely
encrypted which makes this structure noise immune. But this
can’t be said for the second (compared) structure although in
terms of power consumption it is providing better
performance than [2]. But with respect to the proposed
structure, it will consume more power as both V,; and V,,, are
in millivolt range. Also, there is no huge difference between
those two voltages, hence in terms of noise immunity, the
compared structure is not noise immune like the proposed
structure. Hence, the structure depicted in Fig 1(b) is
considered as the proposed structure over the structure
depicted in Fig 1(e) in terms of both noise immunity and low
power consumption, which enable the proposed structure to
be used in ultra-low power applications.

5. Conclusion

Two different double suspended gate structures have
been designed and also performance of those structures has
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been analysed with respect to the several structural
dimensional parameters. Based on lower power consumption
and noise immunity, the first structure [Fig 1(b)] performs
better than the second structure [Fig 1(e)]. Hence, the first
structure has been considered as the proposed structure. Also,
the proposed structure possessed a better Ion/lorr ratio over
single suspended gate MOSFETs. Analytical modelling of the
proposed DSGMOSFETs as well as the compared structure
has been developed. The proposed structure can be used in
any ultra-low power applications as the Vj; and V,, are in
millivolts and microvolts range.
References
[1] “INTERNATIONAL TECHNOLOGY ROADMAP FOR

SEMICONDUCTORS,” https://www.semiconductors.org/wp-
content/uploads/2018/08/2001YieldEnhance.pdf, accessed
December 2020

[2] Akarvardar, K., Eggimann, C., Tsamados, D., et al.: “Analytical
Modeling of the Suspended-Gate FET and Design Insights for
Digital Logic”2007 65th Annual Device Research Conference, 2007.
[3] Blackburn, G.F., Levy, M., Janata, J.: “Field-effect transistor
sensitive to dipolar molecules” Applied Physics Letters, 1983, 43, (7),
pp- 700-701.

[4] Dai, C.-L., Tai, Y.-W., Kao, P.-H.: “Modeling and Fabrication
of Micro FET Pressure Sensor with Circuits”Sensors, 2007, 7, (12),
pp- 3386-3398.

[5] Abele, N., Segueni, K., Boucart, K., et al.: “Ultra-Low Voltage
MEMS Resonator Based on RSG-MOSFET”19th IEEE
International Conference on Micro Electro Mechanical Systems,
2006.

[6] Ionescu, A., Pott, V., Fritschi, R., et al.: “Modeling and design of
a low-voltage SOI suspended-gate MOSFET (SG-MOSFET) with a
metal-over-gate architecture”Proceedings International Symposium
on Quality Electronic Design, 2002.

[7] Abele, N., Fritschi, R., Boucart, K., Casset, F., Ancey, P.,
Ionescu, A.: “Suspended-gate MOSFET: bringing new MEMS
functionality into solid-state MOS transistor’IEEE
InternationalElectron Devices Meeting, 2005. IEDM Technical
Digest.

[8] Abelé N., Pott, V., Boucart, K., et al.: “Comparison of RSG-
MOSFET and capacitive MEMS resonator detection”Electronics
Letters, 2005, 41, (5), p. 242.

[9] Abele, N., Villaret, A., Gangadharaiah, A., Gabioud, C., Ancey,
P., Ionescu, A.: “1T MEMS Memory Based on Suspended Gate
MOSFET”2006 International Electron Devices Meeting, 2006.

[10] Pruvost, B., Mizuta, H., Oda, S.: “3-D Design and Analysis of
Functional NEMS-gate MOSFETSs and SETs”IEEE Transactions On
Nanotechnology, 2007, 6, (2), pp. 218-224.

[11] Nagami, T., Mizuta, H., Momo, N., et al.: “Three-Dimensional
Numerical Analysis of Switching Properties of High-Speed and
Nonvolatile Nanoelectromechanical Memory”IEEE Transactions on
Electron Devices, 2007, 54, (5), pp. 1132-1139.

[12] Frederico, S., Hibert, C., Fritschi, R., Fluckiger, P., Renaud, P.,
Ionescu, A.: “Silicon sacrificial layer dry etching (SSLDE) for free-
standing RF MEMS architectures”The Sixteenth Annual
International Conference on Micro Electro Mechanical Systems,
2003. MEMS-03 Kyoto. IEEE.

[13] Kam, H., Lee, D., Howe, R., King, T.-J.: “A new nano-electro-
mechanical field effect transistor (NEMFET) design for low-power
electronics”IEEE InternationalElectron Devices Meeting, 2005.
IEDM Technical Digest.

[14] Enz, C.C., Krummenacher, F., Vittoz, E.A.: “An Analytical
MOS Transistor Model Valid in All Regions of Operation and
Dedicated to Low-Voltage and Low-Current Applications”Low-
Voltage Low-Power Analog Integrated Circuits, 1995, pp. 83—114.
[15] Mahfoz-Kotb, H., Salaun, A., Mohammed-Brahim, T.,
Bonnaud, O.: “Air-gap polycrystalline silicon thin-film transistors
for fully integrated sensors”IEEE Electron Device Letters, 2003, 24,
(3), pp. 165-167.

[16] Tripp, M.K., Stampfer, C., Miller, D.C., et al.: “The mechanical
properties of atomic layer deposited alumina for use in micro- and
nano-electromechanical systems”Sensors and Actuators A: Physical,
2006, 130-131, pp. 419-429.

[17] Jang, D.-Y., Kim, Y.-P., Kim, H.-S., Park, S.-H.K., Choi, S.-Y.,
Choi, Y.-K.: “Sublithographic vertical gold nanogap for label-free
electrical detection of protein-ligand binding”Journal of Vacuum
Science & Technology B: Microelectronics and Nanometer
Structures, 2007, 25, (2), p. 443.

[18] Abelé Nicolas, Ionescu, M.A., Ancey, P.: “Design and
fabrication of suspended-gate MOSFETs for MEMS resonator,
switch and memory applications” (2007)



Figures

! Fetasiic = KAX

Va- e )
~~Mobile gate

i ~ electrode

] Felectrostatic

chyw| | -V

tm Ax T Fclcctznstalic

I x j »-._ Mobile gate

VG - - electrode
Fetasiic = KAX

(b)

Gl Gl %T Felasiic = kAX
VG’ -
+44 i > Mobile gate
Vgaplv_Cgap|=£gap|/x | o |+ electrode
4 teap! x| Felectrostatic
Voxl N ng]
ila
lps'v‘_csc S o— ————eD ch, | | Vb
i - [
Voxz o Cox_z ]
Vgapz Cgap2=€gap2/ X ’A Leap2| <2 | Fetectrostatic
l ax i‘ ~._Mobile gate

Ve ? o electrode
G2 Gz +Felasiic = kAX

(©) (d) (e)

Figure 1

(a) 3D representation of DSGMOSFET, (b) Cross-section of the proposed Structure, (c) Corresponding
capacitor circuit (d) Symbol representation of DSGMOSFET, (e) Compared Structure



Figure 2

(a) Before the bending of DSGMOSFET, (b) After double gates collapsed on the gate oxides
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Pull-in (a) and Pull-out (b) voltage variations with respect to Young's modulus for both proposed and
compared structures for VFB = 0.13mV, I' = 20pJ/m2, D0 = 0.2nm, tgap = 10nm, tbeam = 1Tnm with the
said device parameters.
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Pull-in (a) and Pull-out (b) voltage variations with respect to tgap for both proposed and compared
structures for VFB = 0.13mV, I' = 20puJ/m2, D0 = 0.2nm, E = 170GPa, tbeam = Tnm with the said device
parameters.
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Figure 5



Pull-in (a) and Pull-out (b) voltage variations with respect to tbeam for both proposed and compared
structures for VFB = 0.13mV, [ = 20puJ/m2, D0 = 0.2nm, E = 170GPa, tgap = 10nm with the said device

parameters.
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Figure 6
Pull-in (a) and Pull-out (b) voltage variations with respect to Tsi for both proposed and compared

structures for VFB = 0.13mV, I' = 20puJ/m2, D0 = 0.2nm, E = 170GPa, tgap = 10nm, tbeam = Tnm with the
said device parameters.
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tbem (d) Tsi for the proposed structure.



E- 509/ — Gate to Channel

S Capacitance

= 40

=

|2

S 30

<

&)

= 20

=

—

=S 10

Qo

ot

5 0

.‘C-é ¥ v | — i v ———
O 500 -250 0 250 500 750 1,000

Gate Voltage (mV)

Figure 8

Gate to channel capacitance vs Gate Voltage It is also found that when tox > 2nm, it does not have any
adverse effect on the pull-in voltage [6] which can be confirmed by Fig 9 and also confirmed the reason
behind taking tox = 2nm
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Intrinsic gate voltage vs extrinsic gate voltage, tox as parameter
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Figure 10

Drain current — Gate voltage characteristics



