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Abstract:

A Low-noise amplifier (LNA) is typically the first active
block in the receive path of communication transceivers.
Since the signal received by the antenna is usually a weak
signal, so it has to be amplified. In this work body biasing
technique is introduced to improve the noise figure and
channel tapering technique is used to increase the gain of
a particular amplifier. Thus, two main characteristics of
any LNA are its gain and its noise performance. Other im-
portant design parameters are input return loss, stability,
frequency of operation, bandwidth, and in some systems
linearity. Similar to any analog circuit, there are different
trade-offs among these performance parameters which
complicate the design of an LNA. A prototype 4 GHz
LNA is implemented and simulated in cadence in 0.18um
CMOS technology. The LNA achieves a noise figure of
10 dB and maximum gain of 21.4 dB while consuming
2.458 mW from a 1.8 V supply.

Key words:
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LINTRODUCTION:

Low-noise amplifiers (LNAs) are one of the important
building blocks of wireless receivers. LNA design param-
eters such as gain, noise figure, linearity, input matching,
and stability are important metrics and typically affect
the overall performance of the receiver. While many of
these trade-offs are due to the nature of the circuit and are
inevitable, it is desirable to decouple the effects of each
parameter on the others.
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In this work, body biasing is introduced as a technique
to enhance the linearity, to improve the noise figure and
to provide gain variation. These techniques are presented
in the context of a three-stage LNA. By applying body
biasing in each stage, noise figure, gain variation and lin-
earity of the overall amplifier are adjusted almost inde-
pendently.

II.MULTI STAGE LOW NOISE AMPLIFI-
ER:

In general, in a receiver which is composed of several
blocks in cascade, the first block has the dominant role on
the noise performance of the systems their noise contri-
bution is attenuated by the gain of their preceding stages
(Friis’ equation [3]). Gain variation is another important
feature which is essential in many communication sys-
tems especially in wireless transceivers. The reason be-
hind this is the received signal level can fluctuate a lot
depending on the location of the receiver with respect to
the transmitter. Usually the sinusoidal signal received by
the antenna will be a weak signal so this signal has to be
amplified.
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Figure 1) Block diagram of three stage LNA [1]
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To maintain the signal integrity, the amount of noise that
is introduced to the amplifier should be as low as possible.
For typical LNA gain of 15 to 20 dB, usually 2 to 3 stages
of amplification is required. In this project we have con-
sidered three stages of amplification.Here, three stages of
amplification is done. First stage is for noise figure im-
provement, second stage is for gain variation and third
stage is for linearity enhancement.

INI.SCHEMATIC OF PROPOSED THREE
STAGE LNA:

The existed schematic of three stage LNA has shown in
figure3.1In this project, investigation of the application
of body biasing in various stages of a three-stage LNA to
improve noise figure, enhance linearity, and provide gain
variation has been done. Here the approach in the context
of a three-stage LNA in which body biasing is applied to
the first, second and third stage of the LNA to improve
the overall noise figure, provide gain variation, and en-
hance the linearity, respectively. Although the proposed
approach is presented in the context of a three-stage LNA,
it can be readily generalized to a multistage LNA with
more than three stages.
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Figure 2) schematic of proposed three stage LNA In

which body biasing is applied to the first, second and

third stage of the LNA to improve the overall noise fig-

ure, provide gain variation, and enhance the linearity
respectively.

IVEXPERIENTAL RESULTS:

Three stages of Low Noise Amplifier has built in cadence
tool in virtuoso platform in which body biasing and chan-
nel tapering techniques are introduced.
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In this work the proposed schematic has been simulated
in cadence tool in180nm technology in which each stage
is simulated individually.

A. FIRST STAGE:

The existed schematic of three stage LNA has shown in
figure3.1In this project, investigation of the application
of body biasing in various stages of a three-stage LNA to
improve noise figure, enhance linearity, and provide gain
variation has been done. Here the approach in the context
of a three-stage LNA in which body biasing is applied to
the first, second and third stage of the LNA to improve
the overall noise figure, provide gain variation, and en-
hance the linearity, respectively. Although the proposed
approach is presented in the context of a three-stage LNA,
it can be readily generalized to a multistage LNA with
more than three stages.

Figure 3) schematic of first stage of LNA
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Figure 4) simulation process of first stage

September 2015




WogeueN

2,

ISSN No: 2348-4845
International Journal & Magazine of Engineering,

Technology, Management and Research

A Peer Reviewed Open Access International Journal

Figure 5) output voltage of first stage

The first stage of body biased three stage LNA is as
shown in Fig 3, body biasing is applied at the below tran-
sistor where the body terminal of the particular transis-
tor is applied to 300mv of voltage instead of connecting
the terminal to ground. The operating frequency that has
applied is 4GHz and the amplitude is -30db. Processing
of simulation is as shown in Fig 4.The output waveform
is observed in the window of visualization and analysis
XL. Here, it is observed that the output voltage of the first
stage of the LNA is approximately 9mv.

B. ADDING SECOND STAGE:
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Here, it is observed that the output voltage of the second
stage of the LNA is approximately 16mv while the input
voltage is 4mv.

C. THREE STAGES OF LNA:
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Figure 8) schematic of body biased three stage LNA
e

Figure 9) total output voltage of three stage LNA
Similarly the third stage is also added to the second stage,
the total amplification of output voltage is approximately
47mv i.e almost ten times of the input voltage that is 4mv.
This means that the applied input voltage has been ampli-
fied stage by stage and finally at the third stage the input
voltage has amplified almost ten times nearly 47mv of the
particular input voltage that is 4mv.
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Figure 7) output voltage of second stage
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Here, the input voltage that has been applied is 4mv. In
the first it has been amplified up to 9mv, in the second
stage it has amplified up to 16mv and similarly in the third
stage that is last stage, the input voltage finally amplified
to 47mv i.e. nearly 10times of the input voltage. Gain will
be 20log (47/4) =21.4 dB.

A. Noise figure:

Fig 11 shows the plot of the noise figure of the LNA as the
bias2 voltage in the first stage Fig 3 denoted as, is varied
from-1 V to +1 V. As it can be seen from the figure, when
-1V,

by

Figure 11) Variation of NF at 4 GHz with bias2 chang-
es from -1 to 1V in first stage.

The noise figure is around 5.1 dB at 4 GHz while with +1
V, the noise figure is about 3.8 dB, i.e., an improvement
of 1.3 dB. These measurements confirm that the overall
noise figure can be 10db from Figll. Noise figure mea-
surement results of the prototype channel tapering body-
biased LNA for four different values. Noise figure of a
particular amplifier is defined as the signal to noise ratio.
It is advisable to be as high as possible.

B. power consumed:

The following are general steps common to all the types
of power measurements.

i.In the Analog Design Environment (ADE), set up the
simulation stimulus file location, and other simulation pa-
rameters that must be assigned. This includes setting up
simulation for an extracted cell if necessary.
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ii.In the ADE, select outputs — save all as shown in figure
4.17. A save options window will appear.

iii.In the save options window, for “select signals to
output(save)”, “select device currents (currents)” and “se-
lect power signals to output(pwr)”, click on the appro-
priate check boxes i.e “All”, depending on what power

signals are of interest. Click OK to apply the changes.

iv.“All” will save all available power waveforms. This
option uses the most memory and may slow simulation,
however for small circuits, it is not noticeable.

o R T L LR T

Figure 12) save options window, configured to save all
pwr waveforms

v.Run the simulation. If we selected an output to be plot-
ted, the waveform window will appear. If we don’t want
to plot any outputs, we can open the waveforms window
from ADE by selecting Tools — waveform.
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Figure 13) visualization & analysis XL window
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Figure 14) waveform database window

vi.In the waveform window, select Browser — Results —
open results. At the very left side of the Results Bowser,
click on the name of the cell view from which we are sim-
ulating. Note that multiple cell views may appear depend-
ing on past simulations we have conducted on the cell.

vii.Click psf. We are doing transient analysis so click on
the tran — pwr in the visualization & analysis XL window
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Figure 15) power calculation window
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Figure 16) power window.

viii.After clicking on the pwrlable. Right click on the pwr
select calculator and open it. Then a power calculation
window will open.

ix.Select the average power in the given options and click
calculate then the power consumed by the given circuit
that is the low noise amplifier will be given as shown in
the power window that is approximately 2.458 mW of
power.

V.CONCLUSION :

A LOW-noise amplifier (LNA) is of body biased three
stage amplifier is simulated in cadence tool in 0.18um
CMOS technology which is typically the first active block
in the receive path of the communication transceivers.
Since the signal received by the antenna will be a weak
signal, for further signal processing, it has to be amplified.
To maintain the signal integrity, the amount of noise that
is introduced by the amplifier should be as low as pos-
sible. Thus, two main characteristics of any LNA are its
gain and its noise performance. Other important design
parameters are noise figure, frequency of operation, gain
and in some systems linearity. Here the noise figure, gain
have been improved. The input voltage has been ampli-
fied stage by stage. Three stage low nose amplifier has
been simulated in cadence design system stage by stage
and the design parameters like noise figure, gain and pow-
er consumed have been calculated using cadence.
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