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|. Introduction

The information transmitted can be either voice or data that alters radio frequency carrier from a transceiver in
wireless communications [1]. The first block of RF design is a LNA. Because of scaling, low cost, integral
features, CMOS is becoming more and more powerful in different wireless communications for transceiver
applications [2]. The main purpose in going for CMOS is its ease of installation on a single integrated chip. The
major operation of low-noise amplifier to attain high gain to attack the noise in the next blocks. Attaining more
gain with small noise, low-noise amplifier should hold many signals which are distortion free. Large dynamic
range is offered by LNA. It also matches the input and output [3]. The main aspect is that it has a band select
filter, prior image-reject filter. Finally, LNA depends on its noise figure and gain. LNA design is the one which
has to provide minimum noise figure (NF) and satisfactory linearity. Apart from that, LNA employed in
wireless communication system is having data rates which are low, power utilization is less where every node
uses a voltage source. Therefore, here LNA is employed to achieve low utilization of power [4][4].

11. Related Work
Based on the way input matching is provided LNA can be classified into four architectures [6]. 1/gm or the

common gate topology offers less gain and poor noise figure [7]. Common gate topology is popular for
wideband designs gain can enhance through using gain boosting circuitry [8]. The circuit is shown in fig.1.

() @
Fig 1: Circuit of Common LNA architecture (a) Resistive based Termination (b) shunt-series feedback (c)
Inductive based source degeneration (d) 1/gm termination

ISSN: 2250-0839
© IUNPME 2015




International Journal of New Practices in Management and Engineering
Volume 04 Issue 01 (2015)

Among all these inductive source degeneration has the lowest noise figure and it is very accepted for narrow
band design [9]. As the system comes under narrow band applications we have selected inductive source
degenerated LNA. It also has the advantage of high gain.

I11. Proposed Lna Design Architecture

Low Noise Amplifier which utilizes 1.748GHz (mid frequency) by employing 0.35um CMOS technology is
implemented. It also uses single ended configuration. LNA specifically employs Advanced Design System.
Below figure shows the schematic representation of LNA. Expressions for a LNA with single ended
configuration can be seen below.

Ly = 2—; = 0.48nH (1)
Here, Ls represents inductance of the source, Rs represents resistance of the source, cut off frequency is given
by wr

| M

Cox = == = 4.6mF (2)
TOX
Eox = &5.& 3)

Here, C,, represents capacitance, & represents silicon’s dielectric constant, T,, represents thickness of gate
oxide. Also, transistor length is about 0.35 um which is taken as minimum.

W=s—rn————
OL)OZI-'minCox Rs

Here, W represents transistor width, L, represents length of the transistor which is minimum and w,
represents mid frequency.

= 377um 4)

Two N-MOS transistors are used in the design, the Transistor (M2) acts a biasing transistor and Transistor (M1)
is the main transistor. Apart from above, M2 transistor width, R2 resistance value is maintained optimum for the
gate voltage controlling of M1 transistor. LNA is specifically because of M1 transistor. Also, Resistance R2 has
been chosen to provide as less noise as we can. There are two paths for RF signal to the ground. One is passed
by C1,L1 and L2. The other one is passed by L1, R3 and L3. Impedance is very large in this circuit. The main
purpose of R3 is to avoid capacitance from gate M2 to the ground. Now, the width and length of the transistors
are given by 371um and 0.35 um respectively. Table 1 gives the important specifications.
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Fig 2: Schematic representation of Low Noise Amplifier Design
The important aspects of low-noise amplifier are mid frequency, length of the channel bandwith and transistor
width.
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TABLE 1: Design Specifications of Low Noise Amplifier

Parameter Specification
Topology Single ended LNA
Frequency 1800MHz
Center Frequency 1.748GHz
Channel Bandwidth 75 MHz
Channel length 0.35 um
Width 377 um

DC voltage 2.75V
Inductance 0.48nH
Oxide thickness 4.6mF

Lp 8.2nH

The main aspects of LNA are gain and Noise figure. Gain of LNA always more than 20dB and noise figure
could be low as 2.5dB. Here, the implemented LNA attains a gain of 33.25 dB and a Noise Figure of 2.23.
Expression for gain and Noise figure are given in equations (5) and (6) respectively.

Gain=20*log10 (Vout/Vin) (5)

Here, Vin represents voltage at the input and Vout represents voltage at the output.
Noise figure is a measurement of noise as frequency function. It is defined as the ratio of SNR and Radio
Frequency signal.

NF= SNRi / SNRo (6)

Here, SNRi represents signal to noise ratio of LNA at the input and SNRo represents signal to noise ratio of
LNA at the output.

The Low Noise amplifier is designed using single ended topology. The simulation is done using Advanced
Design System software.

1V. Simulation Results

AC simulation is the one to attain Gain, Noise figure and SNR. At the implemented frequency, NF should be
less Gain and SNR are made high. The simulation results are shown in figure 3(a)to 3(c).

gain 1=20"log(vout/vin)
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Fig 3(a): Simulation Graph representing Gain
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[Helg] 2a=snr(vin,vin.noise)

b:snr(vout.vout.noise) SNR:ZO*Iog(b)

NF=10*log(a/b)
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Fig 3(a): Simulation Graph representing NF
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Fig 3(a): Simulation Graph representing LNA

Above figure represents, graphs of Gain, Noise Figure and SNR of LNA. It attains a gain of 32.35dB, Noise
figure of 2.233, mid frequency is at 1.748GHz ,Signal to Noise ratio of 71. LNA design achieves in having high
gain and noise figure which is less in the mid frequency.

Simulation of S-Parameter is obtained to loss return and stability factor. K>1 represents the circuit is stable
unconditionally for the desired mid frequency. Expression for K is as follows.

K= 1+|A1P=]S11 1= S22
2|S12S21|
Where A=| S11 S22 —S12 S21 | <1

Y]

Here, the K>1, the circuit stable for all possibilities of source and load impedance. Simulations are shown in
fig.4(a) to 4(c).
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Fig 4(a): Simulation S parameter of LNA-Return loss (s11)
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Fig 4(b): Simulation S parameter of stability factor (k)
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Fig 4(c): Simulation S parameter of Stability measure (A)
V. Conclusion

Designed return loss of LNA is given by -18.82dB, K=2.489 >1, A=0.089 <1. The above aspect says that the
circuit is stable. Designed Low Noise Amplifier employing 0.35um CMOS technology for mid frequency
1800Mhzis used in wireless communications receiver. It is simulated by employing Advanced Design System
Software. The above results represents the circuit is stable unconditionally.
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