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Effect of Threshold Woltage on
Cylindrical Surrounding Double-Gate MOSFET
for Wireless Sensor Networks RF Switches
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Abstract — The Cylindrical Surrounding Double-Gate
(CSDG) Silicon on Insulator (SOI) Metal Oxide Field Effect
Transistor (MOSFET) is a leading device for nanotechnology.
This paper presents an effect of threshold voltage on symmetric
CDSG MOSFET for the application of wireless sensors
networks RF switches. By changing the structure from double-
gate to CSDG MOSFET one can change the threshold voltage
by which leakage current and short channel effects can be
decreased. Hence the switching speed of RF switch can be
controlled.

Index Terms — CSDG MOSFET, DG MOSFET, MIMO
system, RF switch, Threshold voltage, Wireless sensor
networks, VLSI.

. INTRODUCTION

Wireless sensor network (WSN) technologies have
potential applications in communication,
entertainment, travel, retail, industry, medicine, environment
monitoring, scientific observation, field surveillance,
structure monitoring and many other areas [1]. A wireless
sensor network comprises small and distributed autonomous
devices (e.g. nodes) which can sense physical phenomena. It
processes the collected data and route them to the next node.
Wireless sensors, sensor networks, pervasive computing, and
artificial  intelligence  research  together have the
interdisciplinary concept of ambient intelligence in order to
overcome the challenges [2]. Wireless sensor networks are
an important technology for large scale monitoring,
providing sensor measurements at high temporal and spatial
resolution. The simplest application is sample and sends
where measure are relayed to a base station, but WSNs can
also perform in-network processing operations such as
aggregation, event detection, or actuation [3]. The
collaborative and low cost nature of wireless sensor
networks brings significant advantages over traditional
communication technologies as in electric power system.
Example of some sensor network topologies are fully
connected network, mesh network, star topology, and bus

topology.
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WSNs have been widely useful in various aspects of
electric power systems, including generation, delivery, and
utilization [4]. The development of wireless sensor network
has highlighted a wider range of applications due to flexible
distribution of sensor nodes. In various applications, sensors
must be completely embedded in detected objects and can
hardly have physical connections to the outside world. The
conventional solution is to use batteries, but due to
disadvantages as bulky size, finite amount of energy, limited
off-shelf life, and chemicals, that could cause a hazard. A
wireless sensor network can operate by using a 3V battery
only for few years. Systems with self-powered supply units
potentially have a much longer life. Self-powered sensors
provide the advantage free of the constraint of physical
connections and battery maintenance [5].

In the sensor networks, switch has an important role.
These switches are made up of PIN diodes, BJTs and
MOSFETSs. These switches have various threshold voltages.
In this paper, various aspects of the threshold voltage have
been proposed for a switch with CSDG MOSFET. Using the
various threshold voltages, the reliability of the sensor
devices with the application of CSDG MOSFETs can be
stabilized

The scaling of MOSFET devices has been achieved by the
advancement in the fabrication technology. To achieve the
high integrated density device, the scaling down of devices
is suitable process, It also improves the device performance.
Due to reduction in the channel length the short channel
effects and leakage current become important issue that
degrades the device performance [6]. The double-gate (DG)
MOSFET has two gates one on front side and another on
back side. Both gates control the channel from both side and
provide additional gate length scaling by factor of two. So
the control on short channel effects can be better with DG
MOSFET compared to the conventional MOSFET. The
higher current density and low leakage can be easily
obtained by using DG MOSFET [7, 8]. In a short-channel
MOSFET, the depletion region has complicated 2D
geometry and the channel region is influenced by the
source/drain as much as by the gate. So to overcome these
drawbacks a CSDG structure is proposed on next section.

The organization of the paper is as follows. The structure
of CSDG MOSFET has been detailed in the Section 2. The
sensor networks with transmission system have been
analyzed in the Section 3. The modelings of device with
reference to threshold voltage have been discussed in the
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Section 4. Result and discussions with the challenges and its
suggested solution have been discussed in the Section 5.
Finally, Section 6 concludes the work.

Il. INTRODUCTION OF CSDG MOSFET

In the DG MOSFET, the gates are only on the two sides
of the substrate. To utilize all the sides of substrate, we have
widened the gate on the all-around the device and design
like a cylinder. Therefore, we extend this structure to the
Cylindrical Surrounding Double-Gate (CSDG) MOSFET
[9]. It has less contact area with the board compared to the
other MOSFETS. Due to the circular source and drain, the
gate contact with the source and drain are on a long circular
region, which avoids the gate misalignment. All the internal
resistances and capacitances are shown in Fig. 1.

This CSDG MOSFET has threshold voltage, means a
voltage after which channel forms and movement of the
charges into the device starts. This creates the current into
the device. With the change in length of the channel
(distance between source to drain), the threshold voltage
also varies. | will use this property for the WSNs in this

paper.

Channel Drain

Source

Channel along Length (L)
Internal Cylindrical Gate ((31)

Fig. 1. Schematic of the a) basic CSDG MOSFET, b) cross-section of
CSDG MOSFET, c) Resistive and capacitive model of CSDG MOSFET

[9].
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I1l.  SENSOR NETWORK WITH TRANSMISSION SYSTEM

The wireless sensor structure is shown in Fig. 2. A sensor
node is usually composed of power source and management,
microprocessor,  sensors, memory and  wireless
communication. This structure collects the data and
processes as per the microprocessor and finally stored data
and transmits accordingly. Power consumption in the sensor
node is for sensing, communicating and data processing.
Most of the power is needed for data communication in
sensor node and is less for sensing and data processing.

Microprocessor performs tasks, processes data and
controls the functionality of other components in the sensor
node. Power consumption is less for the microprocessor
because of is facility of sleep state. Radio frequency based
communication is the most relevant that fits to most of the
WSN applications. WSN’s use the communication
frequencies from few kHz to 2.4 GHz. The functionality of
both transmitter and receiver are combined into a single
device known as transceivers are used in sensor nodes.
Sensors and front end senses the data of the various
frequency range. As in the Fig. 2 memory is there. The
requirements of memory depend on the application means
where the WSN will be used [1, 3, 7].

Wireless transmitters and receivers can be separated into
two sections: one is baseband and other one is RF section.
The baseband is the range of frequencies over which
transmitters take their input and receivers produce their
output. The RF section of the transmitter converts the
processed baseband signal up to the assigned channel [10].

Fig. 3 shows the receiver’s front-end schematic. In
receiver, the low noise amplifier (LNA) is the first gain stage
in the receiver path. Thus, in an LNA, the signal must be
amplified as much as possible, with a small signal to noise
ratio decrease. This is achieved with the best noise figure.
The LNA is an inductively degenerated common source
amplifier. This makes the input impedance at 2.4 GHz equal
to 50 Q, for matching with an antenna switch [11].

For transmitter, the amplitude shift keying modulated
signal is generated by means of a switched power amplifier.
The power amplifier has a cascade of inverters in order to
drive the ASK output signal to the input of the power
amplifier.

For Frequency Synthesizer, the phase-locked loop has a
reference generator circuit with a crystal-based oscillator at
20 MHz, followed by a phase-frequency difference circuit, a
current steering charge pump, and a third-order passive
filter. The passive section output is connected to the voltage-
controlled oscillator that generates the desired frequency of
2.4 GHz.
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Fig. 2. Wireless sensor model [12].
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Fig. 3. Simple RF transceiver architecture.

For antenna switch, the receiver or transmitter subsystems
are connected to the antenna by means of a digitally
controlled antenna switch. The isolation between non-
connected ports must be high, keeping the losses between
connected ports lowest. For a compact RF front end, the
integration of the antenna switch must be in the same die of
the transceiver [12]. In this structure for the switch | am
using the CSDG MOSFET as discussed in the previous
section.

IV. MODELING OF DEVICE WITH REFERENCE TO THRESHOLD
VOLTAGE

One can set the appropriate threshold voltage for the DG
MOSFET device by providing channel doping but it
degrades the device performance in terms of carrier mobility
and dopant fluctuations. A large channel doping will also
increase band-to-band tunneling leakage between the body
and drain [13]. As a result, both channel doping and an
asymmetric DG MOSFET result in degrading the device
performance.

In the contrast of the above theory, the proposed CSDG
MOSFET has facility of various threshold voltages for the
device to design a RF switch. By using cylindrical
engineering, the threshold voltage of CSDG MOSFET can
be varied and one can able to maintain device performance
and also able to get better result in terms of short channel
effects and leakage current. The threshold voltage can be
analyzed in from following three aspects:

A. Casel

Due the switch ON-resistance (Ron), the value of
threshold voltage varies according to the following equation:

L
V; =V, ———— (1)
T CTL W.KP.RON
where Ry, = p_i_ for the simple MOSFET and
Ron.csos = p—"z for the CSDG MOSFET. It is clear
7z(b-a)

from these conditions that R, <R,y _cspe» SO the threshold

voltage for the CSDG MOSFET will be lower as compared
to the simple MOSFET. It shows that if four CSDG

MOSFETs are used for the RF switch, then all CSDG

MOSFET can be set with different threshold voltage, which

can be used for various sensors network as per requirements.
B. Casell

The ideal threshold voltage is determined by the following
equations [14]:

J2£,0N, (2
£5aN, ( WB)M//

0

: @

B

where 2yg is the surface potential to cause an inversion

layer, N is the semiconductor doping in the

channel/substrate and C, is the capacitance of the oxide

layer. The surface potential to cause an inversion layer,
N.

Ws(inv), 1S given by the equation:
%)

After the formation of inversion layer, a drain voltage is
applied to the MOSFET. As in the linear region, drain
voltage is undersized at this time inversion layer has a
constant resistance because of the linear V-1 characteristics.

The above equation is valid for the simple MOSFET. For
the CSDG MOSFET, to reduce the threshold voltage,
following steps have been performed:

w,(inv) = 2y, = EIn
q

®)

1) Semiconductor doping in the channel/substrate Na
should be less, means nearly undoped so that due to its
directly square root proportionality, it reduces the
threshold voltage. But if in any application, higher
threshold voltage is required one can change increase
the semiconductor doping in the channel/substrate.

2) As the Semiconductor doping in the channel/substrate
(Np) decreases as the above condition, it reduces the
inversion layer, Wny). It also reduces the threshold
voltage due to square root proportionality.

3) The capacitance of the oxide layer for the simple

MOSFET is CU:EdA! now for the CSDG MOSFET
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2nel . .

Co = Cesps = m, which shows that the C, is of sensor nodes to glitch or obsolete data collection.

) With the use of CSDG MOSFET as component of
higher for the CSDG MOSFET as compare to the switch the RF interference can be minimized. As if the
simple MOSFET, so the threshold voltage decreases for four CSDG MOSFETs (in DPAT RF switch) will be
the CSDG MOSFET. used then the data will increase four time or same data
at four places [8, 20]. In this circuit four CSDG

C. Case llI MOSFETSs are used, such that, if one pair gives false

In a MOSFET, the threshold voltage with the change in reading or data then another pair can verify this.

the source to bulk voltage, and the body effect is given as  2) The variety of applications of WSNs for smart grid have

[15]: different quality of service requirements and
specifications in terms of reliability, latency, network
V. = Vt0+7( ﬁ}SB+2¢_ f2¢) ) throughput, etc. Due to the use of four CSDG

MOSFETs in a sensor networks, one can set each

. . . MOSFET with different quality of service. So, by using
where V+ and A\ the threshold VOltage with substrate bias DP4T RF switch which has four CSDG MOSFETSs

and the value of threshold voltage at Vg = 0, respectively:y means four types of quality of service at the same
and ¢ are the body effect parameter and surface potential wireless sensor networks can be achieved. This may be

parameter respectively. A MOSFET with the non-zero in terms of reliability, latency, network throughput, etc.
source to body voltage has the threshold voltage modified

with the body effect, that is if Vsg # 0, with Vg the source- 3) In WSN, the bandwidth and communication latency at

body voltage which is for an n-MOSFET Vg = Vss and for a each wireless link are location dependent and can vary

p-MOSFET Vg = Vpp, then; continuously. This makes it very hard to meet quality of

service requirements. The quality of services can be

Mh| >|Vm| (5) specified in terms of message delay, bit error rates,

Vsa-0 Vsa-0 packet loss, transmission power, etc. Depending on

quality of service, the installation environment,

For minimizing the threshold voltage, body effect economic considerations, and the application, one of

parameter should be reduced to zero, which is a main feature several basic network topologies may be used [21, 22].

of the proposed CSDG MOSFET [16]. It means in-between But if the CSDG MOSFET based DPAT RF switch

the application if I required changing the threshold voltage, which will be used, then as per above explanation the
it can happen with the change in the body effect parameter quality of service can be easily meet.

or by changing in the source to body voltage. ) o

telecommunication technologies such as 3G, Wi-Fi Mesh, orders of magnitude greater than processing units and
and WiMAX has already been addressed by the researchers. memory. It is also of interest to note that transmitting
Further improvements will be achieved by the coexistence of and receiving incur similar energy drains [23].
small-scale personal area technologies like radio frequency According to the threshold voltage of the CSDG
identification, bluetooth, ZigBee, and wireless sensor MOSFET as in Equation (1), (2), and (3), one can set
networks, together with large scale wireless networks to the current and voltages of all the terminals of wireless
provide context aware applications [17]. sensors, so that the energy dissipation becomes small. It
also increases the power and intensity of the transmit
signal.

V. RESULT AND DISCUSSIONS WITH THE CHALLENGES AND

ITS SUGGESTED SOLUTION

From the analysis of the previous section, one can set the V1. CoNCLUSIONS

appropriate threshold voltage by changing the some In the wireless sensor network systems reliabi_lity has
parameters of CSDG MOSFET. The technical challenges Pecome the most critical parameter among all. This paper

[18] of WSNSs applications and their suggested solutions are provides a solution to the wireless sensor network where
as follows: different threshold voltages are required. Using the various

threshold voltages, the reliability of the sensor devices with
]_) In electric System environments, the topo|0gy and the application of CSDG MOSFETs can be stabilized.

wireless connectivity of the network may vary due to  System breakdown or faulty operation caused by component
link failures. Sensors may also be SUbjECt to RF faults can also be minimized using DPA4T RF switch as it

interference, highly caustic or corrosive environments, uses the four CSDG MOSFETs. Efficient monitoring
high humidity levels, vibrations, dirt and dust, or other ~ Systems constructed by CSDG MOSFET based smart sensor
conditions that challenge performance [19]. These nodes can provide complete information on the conditions of
conditions and network topologies may cause a portion system components.
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