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Abstract— An Ultra WideBand CMOS Low Noise Amplifier (LNA) is presented. Due to really low power consumption and extremely high 

data rates the UWB standard is bound to be popular in the consumer market. The LNA is the outer most part of an UWB transceiver. The LNA 

is responsible for providing enough gain to the signal with the least distortion possible. CMOS 0.18µm TSMC technology has been chosen for 

the design of the LNA at the transistor level. As many as five on chip inductors are implemented for the proper gain shaping over the frequency 

range of 3.1GHz to 10.6GHz. A noise figure of 3.98 dB is achieved to make sure noise contribution of the amplifier is as low as possible. 

Keywords-Ultra Wideband(UWB), Low Noise Amplifier, Noise Figure. 
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I.  INTRODUCTION 

Ultra Wide-Band (UWB) technology has been designed to 

bring convenience and mobility of high speed wireless 

communication to homes and offices. It is specifically 

designed for short range Wireless Personal Area Networks 

(WPANs). UWB will play an instrumental role in freeing 

people from wires and enabling video transmission or other 

high bandwidth data transmission that is rarely possible with a 

conventional wireless connection. The short range UWB 

technology will also complement other wireless standards such 

as Wi-Fi and Wi-Max. It can transmit data within the radius of 

10 meters from the host device. UWB technology is designed 

to provide a short range, very low power connection with 

much more bandwidth than cable. Since UWB communicates 

with short range pulses, it can be used for tracking various 

objects. It has been shown that a UWB device can successfully 

transmit data at a rate of 110 Mbps at a distance of 10 meters 

[1]. This bandwidth is 100 times faster than Bluetooth and 

twice as fast as Wi-Fi. This bandwidth is large enough to 

accommodate three concurrent video streams over a single 

connection. Designers are promising UWB products that have 

speeds of up to 1 Gbps [2].  

A basic block diagram of the UWB transceiver, including a 

transmitter and a receiver, is shown in Figure 1. The baseband 

Digital Signal Processing (DSP) unit controls the messaging 

and signaling of information. The DSP unit also synchronizes 

the system clock. The main function of the receiver is to 

amplify the signal without amplifying the noise. The principal 

role of the transmitter is to boost up the signal using some line 

drivers in order to send high energy signals. 

 

Figure1. Block diagram of UWB transceiver 

The block diagram of a UWB receiver is shown in Figure 2. 
The receiver features a Low Noise Amplifier (LNA) followed 
by a mixer (demodulator). The mixer removes the carrier from 
the received radio frequency signal. Usually there is an 
automatic gain control block between the mixer and the Analog 
to Digital Converter (ADC). The purpose of this block is to 
balance the amplification or attenuation of the received signal 
in a way that it utilizes the maximum range of the ADC. The 
analog to digital converter then converts the analog signals to 
digital data which is fed to the DSP to process the transmitted 
data. The signal is then fed to the DSP block for baseband 
processing.  

 

Figure 2. Block diagram of UWB receiver 

In this context it is clear that an ultra wideband LNA should 
pass all the frequencies between 3.1 to 10.6 GHz. Such an 
amplifier must feature wideband input matching to a 50 Ω 
antenna for noise optimization and filtering of the out-of-band 
interferers. Moreover, it must show flat gain with good linearity 
and minimum possible noise figure over the entire bandwidth. 

The LNA is an instrumental component of a UWB receiver. 
The LNA's noise figure has a major impact in deciding the 
system's overall noise figure, therefore this thesis deals with 
various aspects of the LNA design for a UWB device. 

II. SYSTEM DESCRIPTION 

Design Specifications 

The field of UWB technology is of high demand these days 

because of the huge desire for data rates and speed which it 
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can provide. According to high UWB requirements, the 

interest in designing appropriate WB devices has increased. 

Especially, the receiver part has come in the centre of attention 

and many UWB front-end have been designed in the past few 

years. LNA is considered the backbone of the UWB receiver. 

The design specifications includes frequency band of 

operation, desired noise figure (NF), selection of topology, 

technology used and gain requirements. It is these 

specifications which determine the LNA design and hence 

choosing specifications is a very crucial step in RF receiver 

design. 

III. LNA DESIGN FOR UWB TRANSCEIVER 

The design and implementation steps followed in the design 
of inductive source degeneration LNA are mentioned below. 
This topology is simulated using Quite Universal Circuit 
Simulator (QUCS) studio.  

A. Inductive source degeneration LNA  topology  

The proposed solution expands the basic inductively 

degenerated common source amplifier by inserting an input 

multi section reactive network, so that the overall reactance 

can be resonated over a wider bandwidth. This input matching 

network is shown in the Figure 3 by a dotted square. An 

inductor (Lg) is placed in series with a capacitor (Cp) to add 

flexibility to the design. Different values of Lg and Cp would 

give different matching conditions. The cascade connection of 

M1 and M2 improves the input output reverse isolation and 

the frequency response of the amplifiers. The source follower 

stage (M3 and M4) is used for measurement purposes. 

 

Figure 3. Proposed inductive source degeneration LNA topology 

As seen in the circuit, the input impedance of transistor M1 

is a series RLC circuit given by: 

𝑍𝑖𝑛  𝑠 =
1

𝐶𝑔𝑠 + 𝐶𝑝

+ 𝑠.  𝐿𝑠 + 𝐿𝑔 + 𝜔𝑇 . 𝐿𝑠          𝐸𝑞. 1 

where ωT is given by: 

𝜔𝑇 =
𝑔𝑚

𝐶𝑔𝑠 + 𝐶𝑝

                          𝐸𝑞. 2 

In order to get good input impedance matching, the real part 

of Zjn should match with source resistance in the circuit. In the 

passband of the filter, the power loss is zero with a ripple ρ. 

There is a nonzero power loss for the frequencies not included 

in the passband, and that is how band rejection works. The 

choice of reactive elements in the filter determines the 

bandwidth of the in-band ripple. The input reflection 

coefficient Γ is related to ρ by: 

|Γ|2 = 1 −
1

𝜌
 

The input reflection coefficient (Γ) is a good measure of the 

input matching. The lower the reflection coefficient the better 

input matching is achieved. 

The input network impedance is equal to Rs/W(s) where 

W(s) is the Chebyshev filter transfer function given by: 

𝑊 𝑠 = 𝜔. 𝐿1 +
1

𝜔. 𝐶1

+ 𝜔. 𝐿2 

Note that W(s) is approximately unity in the in-band and 

tends to zero at out-of-band. The impedance looking into the 

amplifier is therefore equal to Rs in the in-band, and it is very 

high out-of-band. At high frequency the MOS transistor acts 

as a current amplifier because of the channel length 

modulation effect. The current gain is given by P(s) = gm/(sQ). 

The current flowing into Mi is [Vin W(s)]/Rs and therefore the 

output current is VinW(s)/(sCtRs). 

The load of the LNA is a shunt peaking transistor used as a 

resistor. The overall gain is: 

𝑉𝑜𝑢𝑡

𝑉𝑖𝑛

=
𝐺𝑚 . 𝑊 𝑠  𝑅𝐿  1 +

𝑠. 𝐿
𝑅𝐿

  

𝑠. 𝐶1. 𝑅𝑠[1 + 𝑠. 𝑅𝐿 . 𝐶𝑜𝑢𝑡 + 𝑠. 𝐿. 𝐶𝑜𝑢𝑡 ]
                𝐸𝑞. 3 

where, RL is the load resistance, L is the load inductance, 

and Cout is the total capacitance between the drain of M2 and 

ground. That means Cout= Cdb2+Cgd3, where Cdb2 is the drain 

and bulk capacitance and Cgd3 is the gate and drain 

capacitance of transistor M3. Equation 3 shows that the 

current gain roll is compensated by L because it is directly 

connected to the drain of transistor M2. Moreover, it shows 

that Cout introduces a spurious resonance with L, which must 

be kept out of the band. 

The noise figure is defined by amount of noise contributed 

by the circuit. For any LNA design it is ideal to have our noise 

figure as low as possible. As mentioned in the abstract, the 

targeted noise figure for this topology was 4 dB and the design 

gives us a noise figure of less than 4 dB for the entire UWB 

frequency band which is 3.1 GHz to 10.6 GHz. The noise 

figure was simulated using the QUCS studio simulator.  

The challenge posed by the measurement of conventional 

two port parameters motivates the scattering, or S–parameter 

characterization of linear two port systems. In contrast to the 

impedance, admittance, and hybrid parameters, the scattering 

parameters of linear electrical or electronic networks are 

measured without need of short circuiting or open circuiting 

input and output ports.  

Instead, these ports are terminated in fixed and known 

characteristic impedances that are often similar or even 

identical to the terminating impedances incorporated in the 

design. Accordingly, the dynamic performance and 
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operational integrity of a network under test are not 

compromised by test fixturing adopted for its scattering 

parameter characterization. An S-parameter simulation 

schematic is used to achieve the plot of S11, S21 and S22 in 

terms of decibels.  

IV. DESIGN IMPLEMENTATION AND RESULTS 

Inductive source degeneration LNA circuit is simulated. 
The scattering parameter analysis is done and S-parameters, 
noise figure were obtained. 

 

Figure 4. Experimental schematic of inductive source degeneration LNA 

Simulation results 

The simulation results of an inductive source degeneration 

LNA circuit are as shown in the Figure5. It contains the S11, 

S21, S22 and Noise Figure curves with respect to frequency.  

 

Figure 5. Simulation results: S11_dB, NF_dB, S21_dB and S22_dB 

TABLE I.  SIMULATION RESULTS 

Parameters measured at 5.4 GHz frequency 

S11 in dB S21 in dB S22 in dB 

Noise 

Figure in 

dB 

-5.7 -2.55 -4.27 3.98 

 

V. CONCLUSION 

The primary objective of the paper was to design a Low 

Noise Amplifier (LNA) that could be used for UWB 

applications. It was intended to have the LNA be capable of 

providing enough gain within the frequency range 3 to 10 GHz 

with minimal noise figure. 

The TSMC 0.18µm CMOS technology was used for the 

project. The target noise figure was less than 4 dB and 

simulations show that the proposed architecture has succeeded 

in achieving that. The noise figure is 3.98 dB for at 5.4 GHz 

frequency. 
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