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Abstract- A Low Noise Amplifier is presented with high gain and low noise using 0.18 SOl CMOS technology. The linearity issue in
Broadband Radio Frequency front end is introduced. MOSFET non linearity characteristics cause linearity problems in the RF front end
system. To overcome linearity problem and achieve less reflection in the circuit we use HEMT. The Dual Loop Feedbacks reverse gain
and reverse isolation of LNA at 1GHz to 10GHz frequency with small dc blocking capacitor is used. In addition, - Matching Network is
used to match a high impedance source to lower value and its vice-versa. In this design an Inductor Feedback is used to achieve good
Input Impedance match and a low noise figure. This designed Low Noise Amplifier achieves high gain (S12) of -173.2 dB, a noise
figure in the range (3.1dB to 2.1dB) over the frequency range 1GHz to 10 GHz and power dissipation of 1.913 pW. All these
mesurement can be taken from LT-Spice Simulator.
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I. INTRODUCTION

The Low Noise Amplifier is the most critical section of a receiver front end in term of receiver performance. With different
configurations many circuits have been proposed for Low Noise Amplifier in different applications. Circuit must be designed and
optimized after choosing proper Low Noise Amplifier. Various types of techniques have been proposed for Low Noise Amplifier
design and optimizations. In this section an overview of available Low Noise Amplifier circuits and design and optimization techniques
will be described. We have seen the emergence of numerous new radio applications and technologies. The ever increasing demand for
larger wireless transfer capacity tends to saturate the low GHz bands of current in use wireless standards such as wireless fidelity,
Bluetooth, Ultra Wideband live global projection system, Wi-Max, satellite mobile phone etc. The commonly accepted solution to over
congestion problem is to resort to the 30GHz band where bandwidth is abundantly available. The development has been go fast and
field of new innovations is wide. The development of wireless systems has diverged, antenna and radar system also with the trend now
being to offer different data rates. High data rates and wide bandwidths are provided to consumers to transfer larger volume of data in
smaller time. On the other hand, a class of applications exists that do not require high speed or bandwidth, but still gain benefit from
wireless connection.

A Low Noise Amplifier will process a broadband signal to cover a very wide frequency band in the system. In broadband radio
frequency front end a band pass filter eliminates un-useful signals outside the frequency band. Anyhow, interferers may exist inside the
band pass filter.
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Figure 1: Broadband RF front end

The main point of discussion of a broadband Low Noise Amplifier is its linearity. If we have a non linear amplifier, the third order
inter-modulation distortion of non linear amplifier usually falls into the original signal band.
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Figure 2: IM3 distortion non linear amplifier
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BPF eliminate interferers and prevents a Low Noise Amplifier from producing a large power image signal, Interferer third inter-
modulation distortion, close to the original signal, S1. Thus, the original signal can be retained in spite of the image signal. Anyhow,
this scenario desperately changes in the case of a broadband Low Noise Amplifier.

Intefererl  Tnterferes?

Figure 3: Signal processing in broadband LNA

A band pass filter is a broadband. Thus, interferers IM3 existing near the original signal and are not suppressed as shown in Figure 3.
As a result of cross terms of non linear devices, these interferers IM3 create an image signal, near the original signal, S1. A Low Noise
Amplifier needs to be linear to minimize the power of the image signal. If a Low Noise Amplifier is not linear enough, the image signal
power may be similar to that of the original signal which would make the original signal identical. In other way, the Minimum Signal of
the system that can be detectable is dominated by the image signal produced due to cross terms present in the non linear devices. During
this situation, lowering Noise Figure does not help to improve the Minimum detectable Signal performance of the system. If the last
stage of a radio frequency front end is normally considered the most important in the linearity performance, linearity of a Low Noise
Amplifier and a Mixer in a broadband multi-standard radio frequency front end are also significant.

I1. DUAL LOOP FEEDBACK TECHNIQUE

As shown in figure the dual-loop feedback Low Noise Amplifier and its small signal equivalent circuit model. All of the building
blocks of the proposed Low Noise Amplifier, which is composed of an inverter-based resistive feedback amplifier and a complementary
source follower, utilize the complementary operation of NMOS and PMOS to increase the trans-conductance by current reuse and to
reduce the second order nonlinearity.
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Figure 4: Dual Loop Feedback LNA

The dual loop feedback can be expressed as the expression of their input impedance and power gain as shown below-
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power gain = 20 log (Rs+Zin gm.mlzL)

I11. GATE PEAKING INDUCTOR TECHNIQUE

One major drawback of the complete dual-loop feedback Low Noise Amplifier is the bandwidth reduction due to large input and load
capacitances at the input and output nodes. In particular, the Miller capacitance at the input node severely degrades the bandwidth of the
complete Low Noise Amplifier as compared to that of the conventional source follower feedback Low Noise Amplifier. In order to
enhance the bandwidth of the Low Noise Amplifier, the series peaking inductor Lg is placed inside the feedback loop at the gate of the
input transistor. Compared to the inductor shunt peaking technique in which an inductor is added in series with the load resistor, the
inductor series peaking technique only requires much smaller inductor in order to achieve a similar bandwidth extension Zy and S; of
the complete Low Noise Amplifier with the series peaking inductor Lg are modified as follows.
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The peaking frequency is approximately given by
1
(Dpeak ~
G(Cgs.ml"’CMl)

V. I-MATCHING TECHNIQUE

A TI-Section Matching Network consists of three elements arranged as shown in figure. The IT - Section can be considered as consisting
of a type 2 L- section followed by a type 1 L-section in cascade as shown in fig. where the central element, X, has been split into two
reactive elements of the same type, that is, X = X1 + X2.

r—/XJW : r—JX‘H
LT g

L-Section 1 i L-section 2

Figure 5: II-Matching Technique

We also postulate an “invisible” load resistance, R1 Interposed between the two L sub networks. The purpose of L- section 2 is to match
R; to the load. The individual L- section can be designed according to the principles set out in the previous section. Provided we know
the value of Ry which is the value of Ry can be chosen arbitrarily. But it should be smaller than both Rs and Ry.

Qi1 = <§_i )

Apply the same logic, the loaded Q of L- network 2, which matches Rx to Ri (which is larger than Ry), is given by.

|
[EnN

R

Q2= (Rx

I
—_
—

Since the loaded Q of the overall circuit is determined by the branch of the circuit having the highest loaded Q-value, we can write the
overall Q of the circuit in Figure Q, as

Q, = Rhigh
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V. HIGH ELECTRON MOBILITY TRANSISTOR
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An important aspect of High Electron Mobility Transistor is used as an important aspect that band discontinuities across the valence
band and conduction bands can be modified separately. This will provides the type of carriers in and out of the device to be controlled
easily. As High Electron Mobility Transistor needs electrons to be the majority carriers, doping can be applied in one material to make
the conduction band discontinuity as smaller as possible, and keeping the same valence band discontinuity. This diffusion of the
majority carriers results in to the accumulation of electrons along with the boundary of the two regions. This type of electron
accumulation results in very high current, and this type of electron accumulation are known as two dimensional electron gases.

High Electron Mobility Transistor is used in application where low noise and high gain at high frequencies are required. High Electron
Mobility Transistor have shown power gain to frequencies greater than 1 THz and current gain to frequencies greater than 600 GHz.

VI. INDUCTIVE FEEDBACK

In our design work in the first stage transistor for together achieving high linearity and wideband characteristic an inductive shunt
feedback circuit is used in between drain and gate. The equation for input impedance is deduced analytically to get the high and low
input impedance matching frequencies of the pass band of interest. Because of the shunt inductor located in the feedback loop the
linearity has been improved gradually and overcome the third order harmonics at the output port. The LNA is designed at 1.3 GHz for
attaining narrow band gain especially targeting wind profiling radars. The LNA is designed using P-HEMT device with a dc bias of 3 V
and drain current of 60 mA.

VIl. IMPLIMENTATION OF DESIGN

Figure shows the implemented design of our proposed work in which we use three technique such as m-matching network, high electron
mobility transistor, and an inductive feedback.
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Figure 6: Implementation of proposed design
VIIl. RESULT PARAMETER

¢ Input Noise (IN)

The input of the design is given in terms of input noise. In this figure 7 X —axis shows the frequency range from 1GHz up to 10 GHz
and the Y- axis shows the noise figure in pV/vHz.

Figure 7: Shows the Input Noise design (GHz)
This is output noise at different frequency-
Input noise at 1GHz = 0.25 pV/vVHz
Input noise at 10GHz = 115pV/vHz.
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Average RMS input noise = 5.311pV

e Output Noise (ON)

The output of the design is given in terms of output noise (ON) as shown in figure 8. In this figure 8 X —axis shows the frequency
range from 1GHz up to 10 GHz and the Y - axis shows the noise figure in pV/vHz.

Figure 8: Shows the Output Noise desigh (GHz)

This is output noise at different frequency-
Output noise at 1GHz = 2.6pV/VHz
Output noise at 1.5GHz = 14.9pV/VHz
Output noise at 10GHz = 2.4pV/vVHz
Average RMS output noise =345.12 nV

e Noise figure (NF)

The noise figure is defined as the difference in decibels between the signal to noise ratio of output of actual receiver to the signal to
noise ratio of input of ideal receiver with similar bandwidth and overall gain.

Input Output Vin | Vout NF

Noise Noise
1GHz 1 2.6 2 4.3 1.65
2.5GHz 5 3.6 2 1 3.16
4GHz 20 2.9 2 0.3 0.29
6.5GHz 45 25 2 0.1 0.915
8GHz 70 2.3 2 0.05 2.3
10GHz 115 2.2 2 0 infinity

Table 1: Noise Figure at different frequency

The noise factor F of a system is represented as give below
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_ SNRj,
"~ SNRyyt

Where,
SNRin = Signal to noise ratio of input
SNRout = Signal to noise ratio of output.

The Signal to noise ratio quantities are voltage ratios and the noise figure is defined in terms of noise factor in dB.
— 101 ( SNR;, )
= 0810 SNRy e

= SNRin,dB - SNRout,dB

o S-Parameters

At Microwave frequencies and high radio frequency (RF), direct measurement of two port network parameters i.e. Y, Z or H-
parameters is very difficult to calculate due to absence of equipment to calculate radio frequency (RF) or microwave frequency (MW)
total current and voltage due to difficulty of obtaining perfect opens or shorts. Since active devices may be unstable at open/short
conditions. In two port device there is a parameter with their element S11, S12, S21, and S22 parameter, where S11, and S22 are the
forward and reverse reflection coefficients, with the opposite port terminated in Z0 (usually 50 ohms.) and S21 and S12 are the
forward and reverse gains assuming a Z0 source and load (again usually 50 ohms).

bl =Sl1lal + S12 a2

b2 = S21al + S22 a2
S parameter-

b,
S11 =
al 32=0
b,
S21 =
al a2=0
b,
S12 = —
do alzo
b,
Syp2 =
2 az=0

S11 - input reflection coefficient with the output matched
S21 — forward transmission gain or loss

S12 — reverse transmission or isolation

S22 — output reflection coefficient with the input matched

Stat Frequency 16He
End Frequency 10GHz
Refoence: | -T2B@14%GH: |
BW: B12.73MHz I
Power BW 287 240k

1.0GHz 2.8GHz 4.6GHz 6.4GHz  9.1GHz

Figure 9: Shows the S12 parameter waveform

In the simulation of S- parameter which is given by S12 of design for 1 to 10 GHz frequency discuss in the figure 9. In this figure X-
axis express the frequency range up to 10 GHz and Y-axis express the bandwidth of S-parameter in decibel (dB). S-parameters
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describe the input-output relationship between in a design system. S-parameter is also known as the reflection parameter which
obtained and generally S-parameter is said to be good enough below -10 dB.

S-parameter = <-19 dB
S-parameter bandwidth = 1.5GHz

e Gain
A Low Noise Amplifier without high-gain grants the signal to be affected by Low Noise Amplifier circuit noise. The Low Noise
Amplifier must have high gain. The signal may become LNA gain also varies with operating frequency, like noise figures.

Figure 10: shows graph of power gain

IX. CONCLUSION

In this design of a Low Noise Amplifier using n-matching network, HEMT, inductive feedback technique we draw various type of
plot such as output noise, input noise, gain plot, s-parameter, using LT Spice software. These results obtained in the simulation and
are optimized in the typical library. This Low Noise Amplifier is designed for the frequency applications ranges from 1GHz to
10GHz. A Noise Rejection Circuit is developed by using IT-Matching Network. To increase gain of LNA an inductor is used in
feedback network. Based on this technique -11.9 dB noise figure and 283.5 MHz Gain bandwidth is obtained in frequency range of
1GHz to 10GHz. The amplifier present high gain with minimum noise figure (NF). The LNAs noise figure as well as power
consumption has major impact in deciding the systems overall performance. Hence, the obtained LNA parameters after designing are
utilized in the simulation of other different RF circuits.
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