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Abstract

In this paper we have presented a Cylindrical Surrounding Double-Gate (CSDG) MOSFET based Low Noise Amplifier (LNA) that oper-
ates at frequencies from 1 GHz to 10 GHz. The designed CSDG based LNA is combination of conventional LNA with CSDG MOSFET
for low noise figure at high frequencies. The CSDG MOSFET comprises of both the main and active feedback transistor. The highest
gain achieved is -16 dB at 2.4 GHz. The stability factor K greater than 1 and the achieved lowest noise figure is 0.2 dB at 10 GHz. The
proposed designed LNA provides the lowest noise figure at the highest frequencies compared to other conventional LNAs.
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1. Introduction

In communication systems, Low Noise Amplifier (LNA) ampli-
fies a weak signal without diminishing its signal-to-noise ratio [1].
The purpose of a general analogue electronic amplifier is to in-
crease power of the signal at the input. However, it also increases
the noise existing at the input [2]. The LNAs provide a solution to
the unwanted amplification of the noise, caused in part by thermal
adverse effects, by reducing it while the signal power at the input
increases. In a typical communication system, an LNA amplifies
the signal that has been received whilst keeping the noise to a
minimum [3, 4].

In order to be efficient receiver front-end circuitry in a communi-
cation system the LNA has to operate effectively at high frequen-
cies. The performance of a communication relies on effective
LNA since the LNA is first gain stage, which amplifies the weak
signal received from the antenna [5, 6]. Thus, the designing of low
noise amplifier will make vital advances in the performance of
wireless communications systems [7].
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Fig. 1: Block Diagram of a Communication System with an LNA [5].

In this work an LNA has been designed which has active feedback
for improved linearity, stability and low noise figure for high fre-
quency applications (1 GHz to 10 GHz). Both the main transistor
and feedback transistor have been replaced with a Cylindrical
Surrounding Double-Gate (CSDG) MOSFET to make the novel
device.

This work has been organized as follows: Section Il describes the
basic components used to design this model. Section Il has the
proposed model with its discussion. Section IV describes the re-
sponse analysis of this proposed model and behavior at the various
frequencies. Finally, the section V concludes the work and rec-
ommends the future aspects.

2. Basics of components used

2.1. Low noise amplifiers

In modern wireless communication systems, the focus is to design
the ideal LNA, which has a low Noise Figure and maximum line-
arity [2, 8, 9]. Bhasin et. al. [10] have designed an LNA where
gain was optimized and noise figure was kept minimum. In a simi-
lar study an LNA had gain of 31 dB and noise figure of 0.533 dB
at frequency of 1.57 GHz. The optimization was achieved by cas-
cading a single ended topology [11]. Kulkarni and Ananthakrish-
nan [12] analysed the minimization of the noise figure and optimi-
zation of the stability through two methods: (i) mismatch in the
input impedance matching network for the lowest NF at the cost
of gain. Which yielded an NF < 1dB and had a stability factor
K > 1, and (ii) considered the NF to be kept constant.

When we introduce inductance at the source of the main transistor
this permits series feedback without creating a resistive element.
Had the resistive element been created this would adversely affect
the NF by increasing it [13]. The NF minimization and stability
optimization was for frequencies from 1 GHz to 3 GHz.

In [14] an LNA was presented which was derived from using the
derivative superposition method. The linearity improvement
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boosts the sensitivity and effectiveness of the LNA [15]. The de-
rivative superposition method and an active MOSFET feedback
transistor LNA using this method achieved a third-order input
intercept point (1IP3) of 21 dBm, a gain of 9.43 dB and a 2.4 dB
optimal NF [16]. These NF minimizations were obtained for an
operating frequency of 5.8 GHz.

2.2. Cylindrical Surrounding Double-Gate (CSDG)
MOSFET Structure

CSDG MOSFET has two gates into a packaged transistor. An
analytical model for undoped CSDG MOSFET was proposed in
[17] and it was centred on a unified charged control occurrence. It
was from this occurrence that allowed them to express a channel
in terms of the channel charge densities at the source and the drain
ends of the channel [17-19].

Modern advanced MOSFETS cannot be scaled down further since
it has reached size limitations in terms of length and width, the
Double Gate MOSFET has an increased transconductance and a
lower threshold voltage. Both the substances and the inherent
thickness of back-oxide and the front oxide layer are the same.
This permits both gates to have simultaneous control of the
MOSFET. Major advantages of these simultaneous operations are
that the channel area is raised to increase the saturation current
and Si-body control is improved to minimise adverse short chan-
nel effects.

The CSDG MOSFET has the scaling advantage over the bulk
MOSFETs and DG MOSFETSs, due to its surface area, can be

scaled down to twice that of the lowest scale of the bulk MOSFET.

In addition to these advantages the CSDG MOSFET has higher
channel mobility compared to the conventional MOSFET, due to
the average electric field being lower and in-turn reduces the scat-
tering of the charge carriers [20, 21]. Since we have a better per-
formance in double-gate as compared to conventional scaling
limited MOSFET, this CSDG MOSFET can also lend itself to
conventional MOSFETS applications like RF Low Noise Amplifi-
ers (LNA) for wireless communications.

3. Proposed model

The element of novelty in the proposed LNA is that we replaced
both the main transistor and the active feedback transistor with
one CSDG MOSFET. In a conventional LNA the main transistor
with passive feedback reduces the performance of the LNA by
adversely affecting the NF and resulting destabilization due to
uncontrolled feedback. Two individual transistors in an LNA (the
main and active feedback), are used to improve linearity and have
controlled feedback.
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Fig. 2: Conventional MOSFET LNA with feedback [16].
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Fig. 3: Cylindrical Surrounding Double-Gate MOSFET model [17].
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Fig. 4: Cylindrical Surrounding Double-Gate MOSFET Based LNA.

The bulky transistor adversely affects the device because it in-
creases the parasitic capacitance and hence reduces the optimum
gain. So, the CSDG MOSFET is an ideal choice since it is in the
nano-scale. The size of the CSDG MOSFET is [5] nm thick body,
with Na = 102 atoms/cc, internal radius, a = 10 nm. With sizes so
small the saturation current of a CSDG MOSFET will be larger
than that of a DG MOSFET [17]. The CSDG LNA circuit and its
individual subsections have been simulated in a circuit simulator.
The design of the CSDG MOSFET LNA has been achieved by
replacing the feedback transistor and the main transistor in Fig. 2
in an LNA with one transistor. It has two gates as its input
(CSDG) in Fig 3. The final design circuit has the active feedback
and main transistor is replaced by a designed CSDG as shown in
Fig. 4.

4. Analysis and results

4.1. Gain

For a LNA the ratio of power at the output (P) of the amplifier
to the power at the input (P;,) is known as gain. Since the noise
present in the signal is also amplified along with the weak signal,
so we have tried to reduce the noise by increasing the gain. This
has been achieved with the help of impedance matching at the
input and the output [22, 23]:

p
Gain =8—“t )
in
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Fig. 5: Gain of CSDG LNA.

The CSDG MOSFET based LNA has been simulated in the range
of 1 GHz to 10 GHz. The main parameters of interest are the gain,
NF, and stability. For a suitable LNA high gain, low NF, and high
value of K indicates strong stability.

The highest gain obtained in the frequency range of interest is -16
dB at a frequency of 2.4 GHz. At frequencies, less than 1.5 GHz
the gain of the LNA degrades rapidly to less than -20 dB. This
rapid degradation is because at high frequencies noise and gain
have an inversely Eroportional relationship. The gain could be
improved having N™ order stage cascaded LNA, possibly of up to
three stages would at least double the gain.

The graph in Fig. 5, represents the gain in decibels versus the fre-
quency. The proposed CSDG LNA produced a parabolic wave-
form of the gain in the frequencies of 1 GHz up to 3 GHz. The
minimum gain is between 1 GHz and 20 dB and the maximum
gain is -16 dB and is 36 dB less than [11], 26 dB less than [12]
and less 25.43 dB [16]. At higher frequencies gains of degraded
significantly compared to the CSDG LNA gain [11, 12].

4.2. Noise figure (NF)

An increase in NF at high frequencies corresponds to a reduction
in the gain. The noise figure is a parameter of the performance of
an LNA, which is a strong indication of how much noise is in the
received signal. This is useful to know to determine how much
noise to remove in a distorted signal at the receiver in a communi-
cation system. This factor is a measure of the weakening of a sig-
nal in the signal power to noise power ratio between the input and
the output [12, 24, 25].

Psi Pso
NF = e/ en o)

Where P and P, are the power of signal at the input and output,
respectively, and P,; and P, are the power of noise at the input
and output, respectively.
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Fig. 6: Noise Figure of CSDG LNA.

The highest NF of the designed LNA appears at frequencies lower
than 2.4 GHz rendering the LNA useless since the NF is high and
greater than 4 dB. A typical acceptable NF for a conventional
LNA should be less than 1 dB at this frequency. In the frequency
of interest, the lowest NF achieved at 10 GHz and is 0.2 dB,
0.8 dB less than the typically acceptable NF for a conventional
LNA. This very low NF at a high frequency caused a reduction in
the gain as shown in Fig 6. This is a graph of the noise figure ver-
sus frequency. The NF waveform is one of an exponentially de-
caying behavior as the frequency increases from 1.5 GHz to
10 GHz. The lowest NF occurred at 10 GHz and is 0.2 dB com-
pared to other studies the NF, of the CSDG of 0.2 dB, was 0.333
dB less than [11], 0.78 dB less than [12] and 2.2 dB less than [16].
The NF obtained in this work is 45% better than [11], 80% better
than [12] and 84.6% better than [16].

4.3. Stability

Another significant performance parameter which indicates the
steadiness or control the LNA has particularly when operating at
high frequencies where there is bound to be less control. This
parameter is used to check if an LNA is unconditionally stable.
This parameter is denoted by K where if we have stability K
greater than 1 then we can say the LNA is stable but if K is less
than 1 we have instabilities [12, 26 - 29]. The value of K is ex-
pressed in terms of S parameters

2 2,
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The largest stability occurs for frequencies that are less than
2 GHz, here K is greater than 1 but less than 2.1 and in this range
authors also have the gain being fairly high as in Fig 7. However,
as the gain degrades for the higher frequencies so too does the
stability which is depicted in Fig 7. As we increase the frequency
to 10 GHz the stability is just barely acceptable as the value of K
approaches 1. The graph for the value K versus frequencies is
shown in Fig. 7. From 0 GHz to 1 GHz there is as parabolic rela-
tionship between K and the frequency and the maxima is the high-
est K value of 2.2 at 500 MHz. From 2 GHz to 10 GHz the K val-
ue is exactly 1 indicating marginal stability compared to the stabil-
ity of [11, 12, 16] which have slightly higher K values.
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Fig. 7: Stability of CSDG LNA.

Table 1: Comparison of CSDG LNA with other LNAs.

Low Noise Amplifier Frequency Gain Noise Figure
(LNA) (GHz) (dB) (dB)

CMOS LNA [11] 1.57 31 0.533
Wideband LNA [12] 3 10 0.98

Active feedback LNA [16] 5.8 9.43 24

CSDG LNA (this work) 10 -16 0.2
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5. Conclusions and future recommendations

The Cylindrical Surrounding Double-Gate MOSFET based Low
Noise Amplifier has been designed and simulated in the frequency
range of 1 GHz to 10 GHz. The design has the combination of
conventional LNA and CSDG MOSFET. The highest gain of the
designed LNA is -16 dB. The lowest NF occurred at 0.01 THz and
is 0.2 dB. Stability was obtained by the LNA as K approaching at
high frequencies. This CSDG MOSFET based LNA design has
NF 0.33 dB lower than the LNA in ref. [11] which was 0.53 dB at
a frequency of 1.57 GHz. This designed LNA also has a NF that is
2.2 dB lower than the LNA in ref. [16] which was 2.4 dB mini-
mum NF at 5.8 GHz.

The designed LNA has the lowest NF at the highest frequency
compared to the mentioned LNAs. Use of the CSDG MOSFET
reduced the NF considerably compared to existing large bulky
MOSFET LNAs, which was one of the reasons it was incorpo-
rated into the design for its anticipated reduction in the NF. The
LNA can be used in wireless communication systems operating at
frequencies of up to 10 GHz and have a low NF.

Possible future work would be to have a multi-stage CSDG LNA
that can improve both the NF and the gain at high frequencies. We
can also consider a feedback CSDG MOSFET added to improve
the linearity and to achieve the better stability at high Frequencies.
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