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Abstract— CMOS Low Noise Amplifier (LNA) for
low power wireless application is presented. Low
Noise Amplifier is the most important key component
in radio receiver. The inductive source degeneratio
LNA is designed to achieve the goal of low poweiQw
noise and a high gain. We use 180nm technology in
cadence virtuoso tool to design this LNA.

The designed LNA delivers the power gainfo
21.18dB, minimum noise figure of 55mdB and power
consumption of 0.19mW.

Index Terms—CMOS LNA, low power, low noise,
Low Noise Amplifier (LNA)

[INTRODUCTION

A Low Noise Amplifier which is the fnbend of
the radio receiver plays an important role for sigmal
amplification in communication systems. A radio
receiver gives the usable information to the udmrs
converting the radio waves present in an envirorinien
has LNA, mixer and filter in which LNA plays the joa
role of amplification. The basic configuration oNA
comprises of RF amplifier in the middle of input
matching and the output matching network. The deman
of LNA increases due to the development of the mode
technologies such as GPS, Bluetooth, cell phortes et

The LNA amplifies the weak signal receivmy the
antenna in the receiving end. Mostly in wireless
communication system the LNA is critical to design
because it should provide enough gain from the low
power signal which is received by the antennapnbtto
make signal to noise ratio degradation but alssugtain
signals with low power dissipation .A 80resistor is
added to the input of the circuit for input matahisnd
for the maximum gain, low noise figure and low powe
consumption.

This LNA is presented to satisfy the néadhigh
gain with a low power consumption [1].A full ban®lA
uses a stagger tuning technique and current reusing
structure which gives the flat high gain. The disadage
is the power gain of 9.7dB [2].A stagger tuninghteique
of two stacked common source stages is describeel. T
disadvantage is the power gain of 10.5 dB [3]. Low
power consumption using gm boosting technique is
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described in this paper, but it has large powesiplaion
and instability problems [4].The technique tunesg th
capacitance of the transistor for good linearityt B of
high cost and not used for low power applicaticidfis
based on inductive tuning technique for bandwidth
extension. But the noise figure is high [6].To reelthe
chip size, resistive feedback is used for inputcimag to
transmit the data over a wide spectrum of frequehbg
power gain is up to 10.5 dB. [7].An integrated pbie
LNA for portable GPS receiver is presented for low
power consumption but it cannot be used for widgea
of frequencies.[8].Using the shunt capacitive fesib
and series transformer feedback, the broadbancingtc
condition is achieved with high flat gain, but thewer
gain is 11 dB[9].CMOS LNA design compromising
noise and linearity performance optimization is
presented[10].Ultra wide band LNA using current
reusing techniqgue and a high pass input matching
network is proposed and its noise figure is updB.6

Section 2 deals with the design of LNAatthieve
maximum gain and minimum power consumption
Section 3 deals with the design of circuit paramsete
Section 4 deals with the simulations and discussion
Section 5 deals with conclusions. Section 6 deé#fsthve
reference papers.

2.LNA DESIGN

The design of LNA uses the most popula
topology, inductive source degeneration as shown in
figure.1.The design of LNA includes minimizing the
power consumption reducing the noise figure of the
amplifier and to provide sufficient gain. The &input
impedance is stable and it terminates the unknewgth
of transmission line to deliver signal from antetmahe
amplifier. The low power consumption for few poiab
systems complicates the design process.

The inductive source degeneration topology is tlestm
advantageous for CMOS amplifiers, since it offdrs t
possibility to achieve good narrow band match anerg
small noise figure [11].

At series resonance of the input circuit the
impedance is proportional to inductor Ls. By chagdis
the real term can be made equal to 50 ohms. When Ls
chosen we use mathematical operation to find NF min
and QL. It also provides negative feedback and it
stabilizes the gain. The amplifier is single stagscaded
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architecture. In this design the single stage L&&s
source degeneration technique for good noise match.
cascode output stage is added to the source degeder
stage which provides improved gain and reverse
isolation.M1 and M3 transistors are of same value.

The Rbias should be a large value, so the
noise current is very small. Lg should be of negley
value so that the noise figure gets reduced dassoded
to first stage by using an inductor. First stagaeisigned
using a inductive degeneration LNA, where a current
reusing technique is used.

3.CIRCUIT DESIGN

Our proposed circuit is based on indectource
degeneration, in the first stage the transistori$/get by
the supply voltage .The M1 and M2 transistor has th
same value. Rbias should be a large value so lieat t
noise current is very small. The MO transistorasmon
source configuration and M1 is of common gate
configuration. The source inductance Ls provides
negative feedback and stabilizes the gain.

The inductive source degeneration LNAssd for
an essential noise figure and the maximum gain.5the
ohm resistor is used at the input for impedanceiniag.
This circuit is advantageous because it is of l@wer
consumption and provides high gain. The inductor is
added to the source degeneration LNA by currerdimgu
technique.

The first cascoded stage is connectechéoM1
transistor by an inductor. The inductive source
degeneration method has an advantage that it has a
greater control over the value of real part of idgece
by choosing the value of the inductor. The transistO
is used to reduce the interaction of the tunedwdutpthe
tuned input. The circuit is designed in 180nm tetbgy
for a high gain, low noise and low power consumptio
The circuit is shown in figure.1

The width and length of the MO transissos50um
and 180nm. The width and length of the M1 transiisto
50um and 900nm.And the width and length of the M2
transistor is 50um and 180nm.The value of resiRfbis
400Q, R2 is 100@, the value of capacitor CO is 90pF,
C1 is 500aF, the inductor values are LO is 4nH,id.2
200aH, L3 is 500aH, L7 is 500nH and L8 is 700nH.

Figure.1 LNA Schematic
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4. SIMULATION RESULTS:

Inductive degeneration topology of LNA lgsod
performance on signal to noise ratio in modern
communication circuit .The demand of miniature and
compact in small area is a feature tread for manturfe.
Owing to this necessity the source inductor is of
negligibly small value to provide the negative feack
and stabilizes the gain.

The design of LNA is challenge becauseit®f
simulation requirements for high gain, low noisgufe,
good input and output matching and unconditional
stability at lowest possible current drawn from the
amplifier.LNA is required to extract the incominigrsal
which is amplified from the noisy environment.

There are certain parameters which are very
important in design and verification of Low Noise
Amplifier. The parameters are stimulated and prieskn
below.

(a)AC Input Sgnal:

This signal shows the analysis of poweemms of
alternative current the graph is plotted betwe® tin
second and voltage in volts. In the input signaeégito
the amplifier is of 1V and the amplified outputrsidis
shown in figure.2

Figure.2 Output Ampcahio
(b)Gain at frequency 2.4GHz:

The power gain is defined as the ragéitveen the
power available from the network and the power
available from the source. This power gain shoves th
maximum possible power amplification of the amplifi
The gain achieved in this circuit is 21.1dB. Thhiaced
ain is shown_below in the fig_]ure. 3

sy @ o | %

Figure.3 Gain at frequency 2.4GHz
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(c) Noise Figure:

The noise performance of the LNA amplifier is
represented by its noise factor or noise figure. The
overall noise figure is mainly determined by thestfi
amplification stage, provided that it has a sudfitigain.
The noise figure is calculated by using this foranul

NF=NFmin + matched network factor

1)
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Figure.4 NFmin

The LNA should not send too much noise to the radio
receiver. Because it amplifies the weaker sigridésice
designing the LNA with a low noise figure is a dalc
process. The minimum noise figure is 55mdB.

The noise figure achieved for this gitcis
4.8dB. The noise figure graph is shown below in the
figure.5

Figure.5 Noise Figure

(d)Power consumption and Supply voltage:

Most of LNA operates on class A mode. The @ow
consumption should be less in order to design budge
The supply voltage for this circuit within its dgsi
budget. The supply voltage for this circuit is 1.8\he
power consumption is 0.19mW power calculation & th
Low Noise Amplifier is shown in figure.6
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Figure.6 Power Calculation
S-Parameters:

The S—parameters are also called as eBioaft
parameters which are widely used in microwave and
radio frequency techniques. This is used to find th
stability analysis for LNA circuits.

(1) S11:

Figure.7 S11 graph

The S11 parameter defines the reflectedepowack

from the input. The S11 value is -21.71dB. Theppraf S11
is shown in figure .7

(2) S12:

Figure.8 S12 graph

The S12 is the reverse power back fronotitput
to input. The value of S12 is -31.061db.The grajpBl®
is shown in figure.8
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this work and all the other reference papers.

(3) S21:

The LNA is the main part of radio ree@All design
parameters reflects the quality of a Low Noise Afigp. The
LNA is designed to amplify the weak signal to pdmsithe
appropriate working condition to the mixer andattenuate
the noise level. This paper highlights the desigallenges
providing an excellent gain of 21dB and power comgtion
of 0.19mW. The S-parameters are more applicablealite
ability to express interms of powers suitable fdghh
frequency applications and possibilty of complete
transmission.

Figure.9 S21 gfaph
The S21parameter is the forward powanfthe input
to the output.the value of S21 is 4.1dB.the grapB2i is
shown in the graph.9

(4) S22

a0 4 —_— e i

1] 50 108 150 e
frun (GH)

Figure.10 S23agh

The S22 parameter is the reflected powek ffraen the
output.The value of S22 is -14.2dB.The graph of #22
shown in figure .10

5.CONCLUSION:

Table .1

Parameters 111 21| 31| [4]| [5]| This
work

Gain(dB) 9.7| 10.|17. |16. |>12| 21.18

9 5 4

Noise 5.2-135 | 1.9-| 2.9- | 4.4- | 55mdB-4.8dB

Figure(dB) |7 3.3 |46 |53

Power 45 | 7.1 | 10. (39 | 45| 0.19

Consumption 6

(mW)

Power 15|18 | 18| 18| 1.8 1.8

Supply(V)

This table.1 shows the comparison of the valuesdsst
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