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Abstract— Ultra wide band systems are considered as one of the
most exciting technologies due to its capability of transmitting 
data over a wide frequency spectrum with very low power and 
high data rates. In any UWB receiver the low noise amplifier is 
the first stage. The LNA plays a crucial role in the whole 
reception chain. In this paper, we examine the performance of 
two different modulations techniques in UWB receiver with a 
wide band LNA. This LNA is designed by a TSMC 0.18 µm. The 
wide band LNA achieves the gain S21 of 12.5dB and a noise figure 
NF of 2.4 dB. In this work we evaluate the bit error rate BER of 
two different modulations with UWB Gaussian second derivative
in the presence of the additive white Gaussian noise AWGN 
channel. The simulation results demonstrate that the OOK 
modulation technique provides better performance in 
comparison to the BPSK modulation.
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I. INTRODUCTION

    UWB technology has become more popular for broadband 
wireless communication research due to its characteristics of 
low power dissipation, high data rates, robustness for multi-
path fading, low cost and extremely low interference as 
compared with conventional narrow –band communication 
systems. However, the Federal Communication commission 
(FCC) has allocated 7500 MHz bandwidth in the frequency 
range of 3.1-10.6 GHz. The related technologies have 
attracted much attention from both industry and academia[1]. 
UWB can be used in military applications due its low power 
spectral density. Other common uses of UWB are in radar and 
imaging technologies, where the ability to resolve multipath 
delay is in the nanosecond range. There are different schemes 
of UWB system such as OFDM or impulse radio UWB[2]. In 
this work impulse radio (IR) UWB system is investigated for 
UWB system methods are proposed such us pulse position 
modulation (PPM), binary phase-shift keying (BPSK) and on-
off keying (OOK).  
     In this paper the BPSK and OOK modulation are used. The 
bit error rate performance of BPSK-UWB and OOK-UWB 
receiver with a wideband LNA and with additive white 
Gaussian noise (AWGN) environment is evaluated. 
    The paper is organized as follows. Section II, we describe 
the details of the OOK, BPSK modulation techniques. Wide 
band LNA design details are provides in section III. The result 

of the BER performance of UWB receiver is presented in 
section IV. Finally the conclusions are drawn in section V. 

II. UWB PULSE AND MODULATION SCHEME

    UWB signal uses baseband pulses of very short time 
duration in the range of a few hundred picoseconds[2]. There 
are different modulation techniques for UWB. This paper uses 
On-Off Keying OOK and Binary Phase Shift Keying BPSK 
modulation for UWB receiver.  
In the UWB communication system, the most widely used 
pulse shapes are the Gaussian pulses, wavelet-based 
monocycle and Manchester monocycle[3]. The choice of the 
pulse shape is very important in the design and 
implementation of UWB communication systems. In this 
work, Gaussian second derivative is considered as UWB 
signal and the transmission of this signal affects the 
performance of different modulation in the presence of 
AWGN channel. 
We use the second order Gaussian pulse because it is the most 
currently adopted pulse that meets the appropriate UWB 
operation which is usually generated by this equation. 
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The MATLAB program involves pulse generation with the 
help of Gaussian 2th derivative which can be shown in Fig.1. 
In Fig.1, a sequence of Tf = 1ns duration frame is shown. The 
generation wave form has duration Tp= 2ns 

Fig. 1  Time domain representation of the second derivative Gaussian pulse 
Generator 

A. OOK modulation
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In OOK modulation scheme data symbol indicates “1” the 
presence of a pulse and data symbol “0” indicates no pulse[4]. 
The equation of the OOK modulated signal can be expressed 
as: 
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Fig. 2 Data input 

 

 
Fig.3 Time domain representation of the OOK transmitted signal 

B. BPSK modulation 

In the BPSK modulation scheme the data is carried in the 
polarity of the pulses. The phase value of zero degrees 
indicate the data symbol “1” and 180 degrees phase value 
indicate the data symbol “0”[5]. BPSK data modulation can be 
expressed as follow 
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Fig.4 Data input 
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Fig.5 Time domain representation of the BPSK transmitted signal 

C. SIMULINK model for AWGN channel 

    In this work the IR-UWB transceiver system is simulated 
in the AWGN channel. This section provides more details 
about the UWB transceiver SIMULINK block diagram and 
the channel utilized with UWB system. 
In order to implement an efficient UWB system it is critical to 
understand the characteristic of the propagation channel. In 
this paper, two different modulation schemes and a second 
derivative Gaussian pulse are chosen carefully and their 
affects are investigated in the presence UWB technology by 
using bit error rate (BER) technique. A comparison between 
the two different modulations is also made with the presence 
of AWGN. 
The AWGN channel block adds white Gaussian noise to a real 
or complex input signal. If the input signal is real, this block 
adds a real Gaussian noise and produces a real output signal. 
When the input signal is complex, this block adds complex 
Gaussian noise and produces a complex output signal. 
Changing the Symbol period in the AWGN channel block 
affects the variance of the noise added per sample, which also 
causes a change in the final error rate[2]. 
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The AWGN is a fundamental limiting factor in 
communication systems, and must be considered in the 
receiver design. It could be a result of a number of phenomena 
that include atmospheric noise, RF interference[2]. AWGN 
probability function (PDF) is expressed as follow  
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Where v is the amplitude of the noise samples with a variance 

of 12 =vσ  and a mean of 0=v   

D. Transceivers implementation 

In the following section the implementation of both 
OOK and BPSK transceivers are presented. All the simulation 
are carried and using MATLAB/SIMULINK. Performance 
analysis and parametric results are discussed in depth after 
different parametric considerations. The flow chart show in 
Fig.6 and Fig.7 describe the various functional building blocks 
that have been used for simulation of the OOK and BPSK 
transceivers respectively. The various parameters and their 
values that are used during simulation of results are described 
in the table below.  

III.  LNA  CIRCUIT DETAILS 

    The LNA is one of the most critical components of a 
UWB reception chain. Its role is to amplify the received signal 
with sufficient gain and as little additional noise as possible to 
overcome the noise of subsequent stages. 

 



There are three important characteristics in the design LNA 
for UWB communication system. The first is the wide 
bandwidth. The second is the implementation of low power 
with high power gain. The third is related to a uniform gain to 
avoiding distortion of the signal over the bandwidth. The 
designed LNA as shown in fig.1 uses the current reuse 
technique. It is composed of two stages form common source 
(CS) topology and overall design contract cascode 
architecture[6],[7],[8].  
The objective of the first CS stage is to provide input 
matching impedance less than 50Ω by selecting appropriate 
values of FBR , S1L and the channel of 1M transistor. The 

input impedance matching is expressed by the following 
equation. 
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The objective of the first stage is to provide noise figure as 
low as possible by selecting appropriate values for 

S1L  , GSL , 1M  as shown in this equation. 
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Whoever, the role of the second stage is to improve flatness of 
gain by amplifying the output signal of 1M  
The gain of the designed LNA is giving by equation 7.From 
this equation; it is clear that, to achieve high and flat gain by 
selecting appropriate channel of G2D2D22 LandR,L,M  
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The LNA is designed with TSMC-RF CMOS 0.18µm 
technology. The designed exhibits a balance between 
impedance matching, figure noise and gain. According to the 
curve of Fig.9, the LNA achieves a maximum gain of 12.5dB 
over the 3.1-10.6 GHz bandwidth. As shown in fig.9, the LNA 
is well suited because S (2, 2) is less than (-10 dB). The values 
of S (1, 1) expressed in the curve of fig.8 is less than (-10 dB) 
which indicates a good matching to 50 ohm. The noise figure 

cure is shown in fig.9, This LNA results a low noise figure 
between 2.4 dB. 

 
 

 
Fig. 6 Flowchart for the simulation of building blocks of OOK transceiver 

 

 
Fig.7 Flowchart for the simulation of building blocks of BPSK transceiver 



TABLE I 
PARAMETERS VALUES USED DURING SIMULATION 

Parameters for Gaussian signal 

Pulse repetition value 1ns 

Pulse width 2ns 

modulation OOK 

Pulse shape 2sd order Gaussian 

Parameters for the AWGN channel 

Initial seed  1000 

mode Signal to noise ratio (SNR) 

Input signal power (watts) 0.314 

Parameters for the wide band LNA 

Method  linear 

Gain (dB) 12.5 

Noise figure 2.4 

Initial seed  1234 
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Fig.8 UWB low noise amplifier 

 
Fig.9 Simulation results of the UWB low noise amplifier 

IV.  SIMULATION RESULTS 

In this paper, two different modulation schemes for UWB 
communication system with second derivative Gaussian pulse 
are considered for performance analysis. The performance is 
evaluated in team of Bit Error Rate in the presence of AWGN 
channel. The Fig.10 shows the BER performance of IR-OOK 
and IR-BPSK receivers with the wide band low noise 
amplifier. It can be noticed from the figure that OOK 
modulation gives the best performance for second order 
Gaussian pulse in the presence of AWGN channel. 
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Fig.10 BER performance of UWB transceiver with wide band LNA 

V. CONCLUSION 

In this paper, we have implemented two different UWB 
transceivers with SIMULINK model. In this work, we have 
designed a wide band LNA with Agilent’s ADS. This LNA 
achieves the gain of 12.5 dB. With this low noise amplifier, 
we have analysed and compared the performance of two 
different modulation techniques in term of bit error rate . In 
the presence of AWGN channel, the OOK modulation 
performs better than the PBSK modulation. 
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