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Abstract

In this paper we present a new LNA with image rejection filter. Furthermore, after determining topology, we

used a suggested multi objective genetic algorithm to optimize the LNA. By performing the algorithm, several results will
be obtained as they have no priority to each other, so we can select whichever we want, according to our need. Simulation
results show that the suggested plan weakens the image considerably; it also increases LNA gain without changing the
noise figure (NF), output matching and input matching. Algorithm program is written by MATLAB and the circuit

simulated by Hspice RF with 0.18u technology.

Keywords LNA, image rejection filter, multi objective genetic algorithm, non dominated answers

1. Introduction

Low noise amplifiers (LNA) are one of the key building
blocks for RF receivers. They play an important role for
determining the overall system noise figure (NF) of the
receiver. In fact, it used to amplify very weak signals
captured by the antenna. It is usually located in the
front-end of RF circuits to dominate the system noise by
providing a large enough gain. Using a LNA, the effect of
noise from subsequent stages of the receive chain is reduced
by the gain ofthe LNA, while the noise of the LNA itself is
injected directly into the received signal. Thus, it is
necessary for a LNA to boost the desired signal power
while adding as little noise and distortion as possible, so
that the retrieval of this signal is possible in the later stages
in the system. A good LNA has a low NF (like 1dB), a large
enough gain (like 20dB) and should have large enough
intermodulation and compression point (IP3 and P1dB).
Further criteria are operating bandwidth, gain flatness,
stability and input and output voltage standing wave ratio
(VSWR)[1,2].

But there are complicated relations to design LNA
circuits. Designing with these relations is difficult and
time-consuming, because the relations are approximate.
Therefore, a designer must rely on his own knowledge and
“tries and errors” methods to obtain desirable results. Here
the importance and necessity of using CAD (computer
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aided design) plays an important role, but computer aided
analysis and synthesis tools for RF ICs are still in their
infancy which it is forcing the designers to rely on
experience, intuition, or inefficient simulation techniques to
predict the performance[3,4].

In this paper a LNA with image rejection filter is
presented, but after determining the circuit structure,
finding the appropriate amounts of constituent elements, is
high significance although the size of elements can be
obtained by using analytical equations but after simulating
the circuit with this initial amounts we cannot obtain
desirable results; mostly due to the approximate nature of
relationship and failure to consider non-linear effects in
designing. In this paper, we present a LNA with image
rejection filter at first, and after that we use from genetic
algorithm to determine the values of the elements So any
other calculation is not needed and designer just determines
the allowed range of parameter changes to increase the
algorithm convergence.

This paper is organized as follow: Presenting a LNA with
image rejection filter is given in section II. In section III,
optimizing multi objective algorithm is presented.
Calculation of fitness function and simulation results is
presented. In section IV and section V and Finally
performance of presented method in this work is compared
with previous works.

2. Presenting a LNA with Image
Rejection Filter

The usual architecture for RF receivers is heterodyne
architecture, which gives us high efficiency and stability.
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Filtering the image frequency of these receivers is essential;
this is usually done by an external SAW (surface acoustic
wave) filter. These kinds of filters are big and expensive
and incompatible with integration. To overcome this
problem, many researches have done. Filtering the image
frequency may be done in LNA or before mixer in one or
two stages. If we use both of them the image frequency,
will be weak. According to “IEEE 802.11a” standard, the
amount of the image deletion must be at least 30d B[5-8]. In
this suggested plan, the circuit in Fig.1-a is added cascadely
to path of the RF signal of a low noise amplifier with a
current repeating structure (Fig.1-b), this circuit is made up
of a common source and a filter (which allows RF
frequency to pass and is open circuit in image frequency).
Furthermore the path of DC current for bias gate of the
transistor must be established. RF frequency and image
frequency of the filter will be obtained from following

equations:
1
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The main LNA circuit is obtained by adding Fig.1-a
cacadely in path of M1’s drain to M2’s gate (Fig.1-c). This
suggested plan weakens the image considerably,
furthermore, increases LNA gain without changing the
noise figure (NF), output matching and input matching.
Until now, we have designed the LNA with perfect
advantages but we will design and optimize the mentioned
plans with a suggested multi objective genetic algorithm. At
first, we present a background of this proposed algorithm as
follows:

ﬁmage

3. Optimizing Multi Objective
Algorithms

Most of actual optimizing questions are naturally multi
objective. It means that several objects must estimate at the
same time. There are two views for solving multi objective
optimizing questions. In the first method, we combine
objects together, and then give weight to themto change the
question to a single objective one. In this condition a certain
weight will be given to each objective and objectives with
higher priority will be assigned more weight to them. But the
problem is that, in actual optimizing questions, objectives
have no specific priority to each other. So it is not clear what
weight should be allocated to each objective[10,11]. Another
method is using of "non-dominated”. In this method, each
objective is optimized separately, so that we obtain a bunch
of non-dominated answers called "pareto optimal answers
"None of these answers have any priority to each other,
according to allgoal functions. So we can select each of them
on the basis of our need. multi objective genetic algorithm
uses such a technique to optimize multi objective
problems .In many of optimizing questions, objectives are in
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opposition to each other. so the improvement in one may
destroy the others. The problem causes the increasing
numbers of "pareto front “aftera few repeat. The result of this
increasing is disorder in performance of program. To solve
this problem, many algorithms have suggested in recent
years. In "SPEA" algorithm, that presented by " Zitzler ”, the
numbers of pareto front preserve in an external archive .there
will use of a classification algorithm to reduce numbers of
pareto front if the numbers of pareto front cross from distinct
border[12,13].
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Figure 1. a) Suggested amplifier and filter. b) Low noise amplifier with a
current repeating structure[9]. c) Suggested LNA circuit with image
rejection filter
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Figure 2. a) Front of SPEA. b) Front of NSGA-II[12]

The classification is done in this way: the crowding
distance between remained non-dominated numbers should
be preserved. In fact, those numbers that their similar or
close answers are available will be deleted from the cycle
(Figure 2.a). Also "Deb” and his colleague introduced a
method called "non-dominated sorting genetic algorithm”
(NSGA2) .this method uses non-dominated ranking for
“elitism” and implementing of “population distance” for
preservation of answers crowding(Figure 2.b)[14,15].

4. Fitness Function Calculation
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Figure 3. The circle of Hspice performance with Matlab

First step of simulation of mentioned algorithm using
MATLAB and HSPICE RF, the net list of each parameters
vector is created and HSPICE RF is called. Then, the output
file of HSPICE RF is used for object evaluation. In fact, a
LNA using GA as a search algorithmand HSPICE RF toolas
the fitness evaluator, is designed (Figure 3).
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5. Simulation Results

Using GA program, the circuit size vector and the
performance characteristics are shown in Table 1. The
answers have not any priority to each other, and designer can
select each of them according to his need. Also comparing
with previous works is presented in Table 2. Simulation
results confirm that; suggested structure weakens the image
considerably; it also increases LNA gain without changing
the noise figure (NF), output matching and input matching.

Table 1. The results of suggested LNA

Ans. 1 Ans. 2 Ans. 3 Ans. 4
NF-M1 17 21 22 23
NF-M2 25 25 61 25
NF-M3 23 22 22 23
NF-M4 25 47 45 12
N-Lg 375 3 375 375
N-Ls 25 1 .25 25
N-L1 225 375 225 2.5
N-L3 2.5 425 2.5 2.75
N-LO 2 2 2 25
N-Lf1 225 1.5 225 25
N-Lf2 .25 1 225 225
N-Ls3 125 .25 .25 .75
R-Lg 45 30 30 90
R-Ls 45 45 45 45
R-L1 90 90 90 90
R-L3 45 45 45 45
R-LO 105 90 90 90
R-Lfl 30 30 30 75
R-L2 90 30 15 15
R-Ls3 60 60 90 105
LCf (um) 10 18 21 27
WCS (um) 25 9 8 7
Vbb 1.18 1.18 1.18 1.11
Vbias .7 .64 7 .6
S21(dB)@Freq 41.47 30.39 32.96 34.1
S21(dB)@Image -21.87 -6.53 -9.28 20.83
S11 (dB) -15.53 -16.49 -142 -16.01
S22 (dB) -6.5 -13.06 -897 -17.59
NF (dB) 237 2.03 195 2.15
Power (mW) 13.46 10.97 18.44 7.69
Table 2. compare with previous work
Ans.1 of Ans.1of Dﬁ’lf];én?;l
Reference This Cascade LNA
work withIR[1] | cascadeLNA
with IR[1]
S21(dB)@Freq 41.47 14.1 13.8
S21(dB)@Image 21.87 -344 -112
S11 (dB) 15.53 -164 -112
S22 (dB) -6.5 -11.7 -153
NF (dB) 237 2.19 3.07
Power (mW) 13.46 13.8 14

6. Conclusions

In this paper, we present a new LNA with image rejection
filter. Furthermore, after determining topology, we used
multi objective genetic algorithm to optimize structure. So
any other calculation is not needed. The answers have not
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any priority to each other, and designer can select each of
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themaccording to his need. Simulation results confirm that;
suggested structure weakens the image considerably; it also
increases LNA gain without changing the noise figure (NF),
output matching and input matching.
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