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Abstract— This paper presents a Low Noise Amplifier (LNA) using Common Gate (CG) topology for use in Ultra Wide 

Band (UWB) Wireless Sensor Networks (WSN).  The matching network is composed of series Ls1-Rs1 in series with a 

parallel Ls2-Rs2 to enhance the bandwidth at the input of the circuit. The high gain (S21) is achieved by using the inductor 

LC and the peaking inductor LD2. In addition, low NF is achieved. The LNA circuit is implemented using the 0.18µm 

process and the simulated result of S11 is below -8.0dB while a maximum forward gain (S21) of 18.6dB is achieved. The 

supply voltage for the LNA is 1.2V and has minimum Noise Figure (NFmin) of 2.649dB. The output reflection coefficient S22 

is below -10dB.  
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________________________________________________________________________________________________________ 

 

I.  INTRODUCTION 

The overwhelming technological advancements have reduced the CMOS device dimensions considerably [1]. As Moore’s 

Law carries on, we can expect to continue doubling transistor density every two years for the next several years. We will evolve 

from integrating multiple cores on a chip to integrating many cores. Power consumption will continue to be a primary 

consideration. The new era of scaling is one where material and structure innovation are just as important as dimensional scaling 

[2]. Hence, for system-on-chip (SOC) designs, the ability to integrate digital, analog and RF building blocks with low power 

consumption is an acute necessity. 

The Federal Communications Commission in USA (FCC) has defined an UWB device as any device with a –10 dB fractional 

bandwidth, greater than 20% or occupying at least 500MHz of the spectrum and authorized this technology for commercial use in 

2002 [3]. UWB has been the emerging broadband wireless technology that promises connectivity within the 3.1–10.6 GHz band. 

It has been of great significance for the academic and industrial communities to explore better methods to realize UWB 

transceiver using the “continually shrinking” CMOS technologies. 

A more recent approach to UWB is a multiband system. The Multiband OFDM (MB-OFDM) and alliance (MBOA) were 

formed in June 2003 to support an UWB specification based on OFDM. According to the MBOA and WiMedia specification, the 

UWB spectrum is segregated into 14bands, each having a bandwidth of 528MHz. The first 12 bands are then congregated into 

four band groups comprising of three bands each, and the last two bands are grouped into a fifth band group, as shown in Fig. 1.  

    

Fig.1 UWB frequency plan. 

Low Noise Amplifier (LNA) is an inevitable component of a wireless receiver required to provide adequate gain, 

wideband input and output matching and low Noise Figure (NF). The various UWB LNA topologies like the distributed, feedback 

and common gate (CG) [4] amplifiers have been reported to meetthe aforementioned needs of a desired system.The CMOS UWB 

LNA architectures using common gate technology achieve wideband input match and absorb less parasitic capacitances and are 

less affected by process variations. The CG LNAs have better linearity, low power consumption and better input-output isolation 

when compared to the common-source LNAs. The proposed CG LNA architecture consists of new Input Matching Network 

(IMN) with series Ls1-Rs1in series with parallel Ls2-Rs2 to enhance the input matching bandwidth. 

http://www.ijsdr.org/


ISSN: 2455-2631                                                                                            © September 2016 IJSDR | Volume 1, Issue 9 

 

IJSDR1609004 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 25 

 

 

This paper is organized into following sections where a brief introduction of wireless sensor networks is given in section II 

followed by the principle and functioning of common gate input matching technique with the circuit design in section III. The 

simulation results of the LNA are tabulated in section IV which are obtained using Advanced Design System. 

 

II.       WIRELESS SENSOR NETWORK 

 A sensor network is an infrastructure comprised of sensing i.e. measuring, computing, and communication elements that gives 

an administrator the ability toinstrument, observe, and react to events and phenomena in a specified environment. The 

environment can either be the physical world, a biological system, or an Information Technology (IT) framework [5]. 

A Wireless Sensor Network can be defined as a network of devices or sensors, represented as nodes, which are able to sense 

the surrounding environment and communicate the gathered information from the field under check. The data is sent, possibly via 

several hops, to a sink which on occasions is represented as a monitor or controller that can use it in the vicinity or is connected to 

other networks such as the Internet through a gateway for instance. The nodes can be stationary or moving. They can either be 

aware of their location or not even they can be homogeneous or not [6]. 

The goal of wireless sensor network engineers is to developa standards orientedinexpensive wireless networking solution that 

has low power consumption, supports low-to-medium data rates, high forward gain and guarantees security and reliability. 

III.  CIRCUIT DESIGN  

Fig. 2 shows the proposed CMOS UWB LNA utilizing the Common-Gate (CG) topology [9]. The CG LNAs have become 

popular because of their simple input matching network, better linearity and low power consumption. A parallel inductor (LS1) is 

used as the IMN of a CG LNA. The inductor Ls1resonates with the gate source capacitance (cgs1) of the CG input transistor at 

high frequency of ω0. The wideband input impedance matching at frequencies around ω0can be achieved if the transconductance 

(gm1) of the CG input transistor is roughly equal to the inverse of the source resistance (20 mS). Since LS1exhibits a nearly zero 

voltage drop at DC and gm(or gate width) is relatively small, low power consumption can normally be achieved. 

The drawbacks of using LS1only in IMN of CG LNA are the poor input impedance matching at low frequencies and the not-

flat-enough NF over the particular range of frequencies.The low-power, flat and high S21, flat and low NF, and wideband input 

impedance matching can be achieved for a CG LNA with the new architecture, in which theinput matching network  consisting of 

a series LS1-RS1in series with a parallel LS2-RS2, is used to enhance the input matching bandwidth.This is mainly attributed to the 

inputmatching improvement at low frequencies due to the non-zeroinput impedance at DC (about 20.6 Ωin current work). In 

addition flat and high gain is achieved by using the connecting inductor LCand the peaking inductor LD2to compensate the gain 

loss at medium-frequency and highfrequency, respectively. 

 

 

Fig.2 Proposed LNA circuit. 

IV. SIMULATION RESULTS 

The proposed Low Noise Amplifier is simulated using CMOS 0.18µm process. By employing common gate topology for IMN 

in the LNA, the supply voltage VDD = 1.2V. The bias voltage VB = VDD = 1.2V and VG = 0.7 V.  All the LNA results are simulated 

using Advanced Design System Tool Version 2016.01 from KEYSIGHT TECHNOLOGIES. 
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The Low Noise Amplifier operates in 3-6GHz band and has an input reflection coefficient S11 below -8dB over the frequency 

band of interest as shown in Fig. 3 which indicates reasonably acceptable input matching.The forward-gain S21 of the Low Noise 

Amplifier is found to have a maximum value 18.797dB at a frequency of 3.66GHz which is shown in Fig. 4. 

Fig. 4 also depicts the achieved noise figure of the proposed low noise amplifier. The minimum noise figure obtained for the 

LNA is 2.649 dB at 3.445GHz and the noise figure is below 4dB in the frequency band of interest.  The output reflection 

coefficient S22is also shown in Fig. 3. The output reflection coefficient S22 is below -11dB in the desired frequency band. The  

LNA provides very good reverse isolation as the use of the CG topology removes the Miller effect. 

Table 1 shows the summary of simulated wideband LNA and the other UWB LNAs reported in the literature. Compared to 

other work this CMOS LNA has larger gain and lower NF. The result shows that the proposed CG LNA architecture is suitable 

for 2-6 GHz wideband frequency wireless system applications. 

TABLE1. Performance comparison. 

 

 

 

 

 

 

 

 

    

 

Fig. 3 Input Reflection Co-efficient (S11) and Output Reflection Coefficient (S22). 

 

Parameter 
This 

Work 
[7], 2008 [8], 2008 [9], 2013 [10], 2014 

Technology 0.18µm 65nm 0.18µm 0.18µm 0.18µm 

Supply Voltage(V) 1.2 1.2 1.8 1.2 1.8 

Frequency(GHz) 2-6 0.2-5.2 2-6 3.6-11.2 3-10 

S11(dB) <-8 <-10 <-10 <-10.2 <-10.7 

S21(dB) 10-18.6 
13-15.6(0.2GHz-

5.2GHz) 
12 11-14.5 13.7±1.5 

NFmin(dB) 2.64-3.3 
3.5-4.0 (0.1GHz-

6GHz) 
4.4-6.7 3.72 2.3±0.1 
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FIG.4 FORWARD GAIN (S21) AND NOISE FIGURE (NFMIN). 

V. CONCLUSION 

In this paper, a Low Noise Amplifier is presented for whose application is in the front end of RF receivers to be used in 

wireless sensor networks. The LNA is based on common gate technique with new matching network to enhance the  input 

matching bandwidth. As discussed, the high S21 and low NF is achieved by connecting suitable values of Lc and LD2. The 

proposed CG circuit architecture of low noise  figure along with a high gain makes the LNA useful in ultra wide band wireless 

networks. 
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