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Abstract— In nanotechnology, the switching devices have a vital role. These switching devices may be of diode, transistor 
etc. The Metal Oxide Semiconductor Field Effect Transistor (MOSFETs) are better switching device as compared to others. 
In this present research, switching speed has been analyzed with the help of a proposed model of Cylindrical Surrounding 
Double-Gate (CSDG) MOSFET. This can be used to select the signal from antennas for transmitting / receiving processes 
and other applications in nanotechnology sensors with the emphasis on the switching speed. It has the advantages of higher 
switching speed for the various switching circuit application of nanotechnology and radio-frequency technology compared to 
the Double-Gate (DG) MOSFET and some other traditional switching devices. The scaling of the device has been taken with 
care in this analysis. 
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I. INTRODUCTION 
 
The high switching frequency required for the 
electronic devices to switch as fast as possible to 
reduce the switching loss [1]. This can be achieved by 
using the MOSFET’s integrated circuit [2]. It can also 
be done by reducing the switch ON time and switch 
OFF time of the MOSFET. The size of the electronic 
switch should be small for the compatible 
microelectronic circuitry. To reduce the size of the 
integrated circuits, the scaling of devices is used, by 
which Very Large Scale Integrated circuits (VLSI) 
and Ultra Large Scale Integrated circuits (ULSI) can 
be achieved with better device performance at 
nanotechnology scale [3]. A modeling and 
performance analysis of nano-scaled Double-Gate 
(DG) junctionless and inversion mode MOSFETs 
including carrier quantization effects has been 
performed by Holtij et. al. [4]. This model is physics 
based, predictive and valid in all operating region of 
MOSEFT. Sometimes it creates the Short Channel 
Effects (SCE) and leakage current, which degrades 
the device performance [5]. As the transistor gate 
length is reduced, then to improve the performance 
the supply voltage and the threshold voltage should 
be kept to lower. Accurate Radio-Frequency (RF) 
modeling of nanoscale MOSFET using BSIM6 with 
low levels of inversion has been analyzed by 
Chalkiadaki et. al. [6]. At the RF range a high speed 
switch is needed for which a new technology based 
MOSEFT has been analyzed in this work.  
 
The Cylindrical Surrounding Double-Gate (CSDG) 
MOSFET has been designed as shown in fig. 1. It has 
the structure like hollow cylinder. Its structure is 
similar to the conventional MOSFET such as source, 
drain, gate and channel. In the conventional 
MOSFET, gate controls the channel, in the similar 
fashion for the CSDG structure, the control of the 

channel is from both side (externally gate-1 and 
internally by gate-2). It also provides additional gate 
length (due to length of external channel and length 
of internal channel). Hence the SCE and leakage 
current problem can be reduced. This affects the 
parasitic capacitances and resistances, which directly 
affects the switching speed. Due to improved control 
on SCEs, the CSDG MOSFET is better than 
conventional MOSFET and DG MOSFET. At low 
supply voltage, CSDG MOSFET has higher current 
density and sub threshold swing [7]. Sezgin et. al. [8] 
characterized the power MOSFET switching time 
variations and implemented accurate simulation 
model and its characteristics.  
 

 
Figure 1.  Schematic of the CSDG MOSFET. 
 

A high density layout due to overlapping of circular 
gate transistor from bordering cells with reference to 
rectangular gate transistors has been analyzed by 
Lima et. al. [9], and achieved a better aspect ratio per 
active device area. The aspect ratio has been fixed in 
this present research and also the overlapping of 
source and drain with the gate by the structural design 
has been avoided. It has been observed that the 
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switching speed of this proposed switch is better than 
the conventional MOSFET. The parasitic capacitance 
of the devices and the conduction channel resistance 
should be kept minimum, which minimizes the 
switching losses and conduction loss. 
 
The organization of the paper is as follows. The 
causes of switching in nanotechnology devices have 
been detailed in the Section 2. The experimental 
setup for effective switching speed has been 
discussed in the Section 3. Analysis of the switching 
speed for the CSDG MOSFET switch has been done 
in the Section 4. Finally, the Section 5 concludes the 
work and recommends the future works. 

 
II. CAUSES OF THE SWITCHING IN NANO-
TECHNOLOGY DEVICES  
 
The MOSFETs are basic cells for switches because of 
their low ON-resistance, low switching loss, compact 
size, and high reliability. The switching speed of 
MOSFET devices is the charging process of its 
parasitic components. These components can be 
affected by the scaling down of the device, by which 
threshold voltage can vary. It has been observed that 
by varying the work function of the CSDG MOSFET 
gate, appropriate threshold voltage can be achieved 
and it will be capable to reduce the SCE and leakage 
current at nanotechnology regime [7]. Conde et. al. 
[10] has presented the review of various methods to 
determine the threshold voltage. It includes the 
several methods that extract the threshold voltage by 
drain current and its gate voltage characteristics for 
the linear mode of operation. However, to scale down 
the MOSFET device structure below the gate length 
of 10 nm, a high channel doping will be required. It 
can also control the SCE. 
 
Hence, using CSDG MOSFET, one can overcome 
from this disadvantage as it uses body doping and 
reduces the depletion layer width of devices. Nagy et. 
al. [11] have simulated nano-scaled Silicon-on-
Insulator (SOI) FinFETs with two gate lengths 
12.8 nm and 10.7 nm using 3D finite element Monte 
Carlo with 2D Schrodinger quantum corrections. 
Amat et. al. [12] has investigated the performance of 
3T, 1D DRAM cell beyond 10-nm technology node. 
Using the voltage boost auxiliary circuit fed by the 
gate drive power supply Noguchi et. al. [13] has 
discussed a high speed switching technique for the 
MOSFET.  
 
Due to parasitic capacitor, the switch ON and switch 
OFF times become longer, so the parasitic capacitor 
of MOSFET affects the switching operation in the 
devices. According to scaling rules of MOSFET, as 
the channel length reduces, the gate insulator 
thickness also reduces and in this way it maintains 
gate control on the channel [14]. The reduction in 
gate insulator thickness causes the increment of gate 

insulator capacitance (as the capacitance is inversely 
proportional to the thickness or distance between two 
layers) which allows better electrostatic control of the 
channel and hence reducing the short channel effect. 
Higher gate insulator capacitance has larger effect of 
the inversion layer depth on the gate capacitance of 
the MOSFET. This capacitance is series combination 
of gate insulator capacitance and inversion layer 
capacitance [15]. Switching speed is used in various 
communication systems and automated test systems. 
Measurement of switching speed is obligatory to find 
the correctness of frequency synthesizer for that 
specified application. A method for measuring 
frequency switching speed of microwave based 
frequency synthesizers has been described by Maroug 
[16].  
 
III. EXPERIMENTAL SETUP FOR FFECTIVE 
SWITCHING SPEED OF CSDG MOSFET 

 
To design the CSDG MOSFET, I have rotated the 
DG MOSFET [7] through its x-axis, and then it will 
shape in cylindrical structure as shown in fig. 1. It is 
suitable to increase the switching speed of 
nanotechnology devices.  
 
In the CSDG MOSFET, if voltage is applied to the 
gates (above the channel), the active Si region will be 
controlled by the majority carriers. This causes two 
separate channels. One channel is near the top 
boundary between Si and the Si-insulator (with gate-
1; G1) and the other one is like-wise at the internal 
interface (with gate-2; G2). These two channels have 
sufficient distance so that they can not create 
interference with each other switching phenomenon 
means to be independent to each other. This 
independency can be increase by the use of insulator 
as per requirement in the applications. This creates 
two independent cylindrical transistors on the same 
piece of cylindrical silicon with radius a and b 
respectively as shown in fig. 1.  
 
The total current through the device will be the sum 
of the separate currents through the channels under 
gate-1 and gate-2. If the gate voltage is applied only 
on any one gate and other gate voltage is zero, then 
the structure will be known as Cylindrical 
Surrounding Single-Gate (CSSG) MOSFET. The 
performance of the CSDG MOSFET can be increased 
by using higher channel mobility.  

 
Since the average electric field in the channel is 
lower, hence reduces the interface roughness 
scattering according to the mobility model. This 
affects the parasitic capacitances and resistances. In 
this analysis the selected parameters are: a = 10 nm, b 
= 15 nm, channel length or length of cylinder L = 10 
nm, gate to source voltage Vgs = 0.1 V, drain to source 
voltage Vds = 0.6 V, Silicon thickness tsi = tox = 2 nm, 
work function of both gates = 4.5 eV, Source and 
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Drain doping = 1020 cm-3, channel region doing = 
1017 cm-3, substrate doping = 1016 cm-3. 

 
IV. ANALYSIS OF THE SWITCHING SPEED 
FOR CSDG MOSFET SWITCH 

 
This cylindrical surrounding structure has the radius a 
and b and the thickness of junction depth inside the 
cylindrical structure is t. This creates the resistance as 
similar to the cylindrical resistance as  /CSR L A  
where ρ is the resistivity, L is the channel length and 
A is the cross-sectional area for the current flow. 
Hence the CSDG MOSFET will have two types of 
resistances [7]:  
a) For external gate-1: 

1

2  / (( ) - ( - ))CSR L b b t   

which becomes 
1

2  / ( )CSR L t  ,  
b) For internal gate-2: 

2

2  / (( ) - ( ))CSR L a t a     
which becomes 

2

2  / ( )CSR L t  , 
 
The junction depth is t which is less than the channel 
length (L). An area in which current flows is 

2( - )b a . So, the effective ON-resistance of CSDG 
MOSFET will be: 

2ON-CSDG
LR  = π(b-a)

    (1) 

 
The parasitic resistive and capacitive structure of 
CSDG MOSFET is shown in fig. 2(a). This is in the 
linear region, at switch ON state. The ON resistance 
is inversely proportional to the applied gate bias for 
respective channel lengths (internal and external 
channels). This is due to enhanced gate controllability 
of channel.  
 
Regarding the switching application, the isolation of 
CSDG MOSFET is finite which is due to signal 
coupling through the parasitic capacitances and 
junction capacitances. Hence capacitances which are 
available or produced in the CSDG MOSFET design 
track the cylindrical coordinate such as: 

 Cylindrical
2 LC  = ln b a
   (2) 

 
where ε is the dielectric permittivity and L is the 
length of cylinder respectively. The a and b are inner 
radius and outer radius, respectively. The drain 
current flows only when supply voltage is ON (after 
the channel formation) and not in the supply voltage 
OFF state, known as cut-off region as shown in fig. 
2(b). An overvoltage protection can be also taken into 
account [17, 18]. The overall capacitance across the 
source to drain of the device is [7]: 

1 1 2 2
1 2

1 1 2 2

. .
  

  
gs gd gs gd

CSDG ds ds
gs gd gs gd

C C C C
C C C

C C C C
   

 
    (3) 

 
The switching transients of the MOSFET devices are 
fundamentally the charging and discharging process 

of its parasitic capacitances. So, to analyse the 
switching speed of CSDG MOSFET, the switching 
frequency is suitable to analyse as: 

-  

-1
-1 1 1 2 22

1 2
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1
2

1 1 2 2
1 2
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1
2

. .1     ( - )  
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(a) 

 
 (b) 

Figure 2.  Resistive and capacitive testing circuit of CSDG 
MOSFET at (a) Switch-ON state and (b) Switch-OFF state. 

 
For the CSDG MOSFET, after calculation, the 
obtained switching frequency is fswitch-CSDG MOSFET = 
4.17 kHz. 
Now, for the Cylindrical Surrounding Single-Gate 
(CSSG) MOSFET only external gate-1 is accountable 
for switching as shown in fig. 3(a) with help of fig. 1. 
This can be done if the gate voltage has been applied 
to any one gate of the MOSFET. Internal gate-2 is 
not present due to connected to ground or short 
circuited. The total ON-resistance across source to 
drain for CSSG is [7]: 

2ON-CSSG
LR  = π(b)

   (4) 
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The total capacitance across source to drain is: 
1 1 1 1 1

1
1 1 1 1 1

.( ) .  
  

gs gd gb sb db
CSSG ds

gs gd gb sb db

C C C C CC C
C C C C C


  

  
     (5) 

 
(a) 

 
(b) 

Figure 3.  Resistive and capacitive testing circuit of CSSG 
MOSFET at (a) Switch-ON state and (b) Switch-OFF state. 

 
where Cgb is gate to bulk connections capacitance. If 
each capacitance in Eq. (5) is of 1 pf, then CCSDG = 
1.4 CCSSG. The frequency of CSSG MOSFET can be 
measured as: 
 

-  
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For CSSG MOSFET, after calculation, the obtained 
switching frequency is fswitch-CSSG MOSFET = 51.85 kHz. 
A good switching device should have high fsw, which 
requires Ron and Coff to be simultaneously small. To 

minimize the Ron for a CSDG MOSFET, n-type 
transistor with higher mobility is used. In this 
analysis, gate length is chosen for the nanotechnology 
range to reduce Ron, parasitic capacitance and die 
area. Also, a device should have a large aspect ratio 
W/L, where W = 2πa or W = 2πb. This trade-off 
between lower Ron and higher Coff also results in a 
compromise between the insertion loss and isolation 
for CSDG MOSFET switches. 

 
CONCLUSIONS AND FUTURE WORKS 

 
A circuit-level model with parasitic resistance and 
capacitances has been established to evaluate the 
switching process. The influence of parasitic 
elements on the switching performance is assessed 
according to the analytical model. On the basis of the 
above analysis, it can be concluded that the higher 
switching speed for various switching circuit 
application of nanotechnology and radio frequency 
technology can be achieved with CSDG MOSFET as 
compared to the other MOSFET based switching 
devices. This device can be used for light absorption 
and reflection in nanostructure GaAs photo detectors 
and for other materials [19, 20].  
 
As the switching speed increases, the parasitic effect 
including inductances (due to device packaging and 
fabrication) also comes into effect. This creates the 
variation in the working process. This can be 
analysed in the future. Further, the work function for 
both the gate has been taken in this work is same. It 
can also be analysed with varying the work function 
of both gates and improved carrier transport 
efficiency can be achieved and can be used in traction 
converters [21]. A multi-switch circuit for power 
transmitter used for wireless power transfer system 
can also be designed. In future the high dielectric 
material such as (HfO2) can also be added to verify 
the resistive switching effects. 
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