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Abstract: UWB systems are among the most excitinguch as Rake receivers, a large number of corrslato

teCh”"'Og(;eSfd”e to their C";‘pabi”t){h"f trarl‘sm@“data must be implemented, which results in a very comple
over a wide frequency spectrum with very low posvet ) :
high data rates. In a UWB receiver circuit the LisAhe hardware architecture. In this case, the channel

first stage. It is the most important noise contitily to the ~ estimation is a challenging task as it involvesmsive
overall noise of the receiver. . . signal processing and sampling rates[4]. Suchversi
The performance of IR-UWB system is mainly depeden gre further burdened with the problem of estimattireg

the LNA characteristics. In this paper, we havaglesd a . .
wide band LNA. implemented uging Agilent's ADS\eott. amplitude and delay of each multipath componené Du

The LNA achieves a flat gain over 12.5 dB and arloige  tO these challenges, there is an urgent needrfyler
figure NF of 2.4 dB. A UWB OOK transceiver wasgiesdl receiver structures, capable of exploiting the tigkiB

in MATLAB/SIMULINK to evaluate their perfOfmanCe.mumpath channel diversity at an affordable cost,

Then, the effects of the LNA non idealities elRrOOK- ; ;
UWB receiver performance were investigated. Theivec reasonable power consumption and low complexity.

system performance was evaluated in terms of tuit eate Because of practical complexity constraints, non-
(BER) versus signal to noise ratio (SNR). coherent schemes such as transmitted reference, the

The simulation results show that for a constant lde,  energy detector (ED) is proposed for UWB systems|[5]

the change in the LNA noise figure NF of LNA disect Energy detectors have the advantage of being jisim

affects the performance. A better performance tainbd : L .

with a low NF. structure and inexpensive in price. Due to the low

signal to noise ratio (SNR) of the received signan

Key words: IR-UWB, Receiver, Energy detector, LNA, ultra-wide Band (UWB) system, these desirable

Noise figure, BER. advantages can be achieved at the expense of non-

trivial performance degradation. Table.1l presents a

summary comparison between coherent and non

coherent receivers.

The UWB technique is one of the emerging and Non-coheren_t energy detector_rece_lver IS f_urth_er
explored in this work due to its simple circuit

promising technologies for high data rate, shangea hi ith qf ; e
communications and low data rate applicationgrC ltecture without need for a irequency syntressiz
nd a template signal for integration.

ensuring a low cost and low a power implementatioﬁ‘. _ . . _ .
According to FCC, a UWB radio signal defined as a The received signal in any communication systemis
signal that occupies a band with larger than 208 wi¢ 9€layed, attenuated and possibly distorted versio

strict limits on its power spectral density to the signal that was transmitted plus noise and

41.3dBm/MHz in the range 3.1 to 10.6 GHz [1]. Buti interference [6]. For IR-UWB systems non coherent

UWB communications, other potential systems aIIO\{fceN.erS |mptl)ement§c: el';]he:j n d_|g|tal ; or dapalog d
researchers to interfere using the same band fnegue oanam_s can be udse_ orl tTi gtecltlon ot a de ofrn;]e
Some countries regulation require the implemen’natida1n noisy received signal. The implementation ef t

of spectrum sensing techniques, in some bandhéor tall—d|g|tal receiver requires high-sampling data

coexistence of licensed primary systems and Semndgon\(;ertelrs (ADCs) and its t:]ilgETdﬁta-rate so_lutiajse q
UWB systems, these techniques have been Wid(%]lﬁf a largé memory and high processing speeds,
ich makes it expensive to implement [7].

explored in the context of cognitive radios [2][3]'Alternatively a full analog implementation of IRAB

However, from the receiver point of view, to captar h " ) id imol dl
sufficient amount of energy using coherent schemd¥P" CONErent receiver can provide a simpie and low-

1. Introduction



cost receiver. In practice , however, any analogudi and with additive white Gaussian noise (AWGN)
in the receiving chain, involving a low noise arfipli environment was calculated to investigate the imngiac
(LNA), an integrator and a mixer, has its own nothe non-idealities like noise figure and gain oe th
idealities hence introduces some alterations in tiBER.
spectrum. This causes a performance loss whictiiint ~ The remainder of the paper is organized as follows.
impacts on the signal-to-noise ratio (SNR) in inplut In Sect. 2, the system model of IR-UWBOOK is
the detector and ultimately on the bit-error-r&ER). presented and ED receivers are introduced. In Sgect.
Therefore, it is important to study these effestsrder the non idealities versus performance of TR-ED are
to create a robust and efficient UWB system. theoretically analyzed. The system level modelifg o

In this work, a non coherent IR-UWB energynon coherent IR-UWB-OOK receiver is simulated in
detector was implemented with Matlab/Simulink and 8ect.4. Performance evaluation and simulation tesul
wide band LNA was proposed. The BER performanaae presented in Sect. 5. Finally, Sect. 6 is cel/at
of the UWB receiver with different LNA specificatis  draw our conclusions.

Table 1
A summary comparison between coherent and non enhezceivers

Non-Coherent Coherent
Description Based on energy detection Correlates the received signal with a template
signal
Advantages Low complexity, low cost, low power Optimal over AWGN and multipath channels
consumption
disadvantages SNR degradation High complexity

channel response to w () [6].
2. Overview of the OOK transceiver

. . . 2.1. Energy detector
The transmitted signal in the OOK scheme can be

expressed as follows An energy detector is formed by a square device, an
~x =l A energy integrator and a threshold decision mechanis
sO= Zb‘ By wit-iTs) @ as shown in fig. 1.The decision variable in thergpe

j=—00 . .
Where w (t) is the UWB pulse, Ew is the energy of V(\Jlletector 's obtained as iO”OWS
(t), Tb is the symbol time and bi {0, 1} is the by Zes =Ir2(t) gt @)

information bits. <

Si_?hnal S © [I)ropagates through a multipath Cham\‘?\}here Tand r () are the integration interval and the
with an impulse response received signal passing through a low noise aneplifi

L -
h(t) = Z o, 6(t _ Tl_) @ respectively.
i=1

Energy

Where L is the number of multipath components [6}—| a4 (y G [ a [ y| simion

a; and ¢; are the gain and delay values associated ’ (1) & decision

with jth multipath component according to IEEE Fig.1: Energy detector structure
802.15.4 channel mode [6], am(.) is the Dirac
delta function. In OOK scheme, the demodulation stage has
The received signal can be expressed as: T;
© Ho:Zgp = | n2(t) dt (bit =0)
r(®) =yEw D biglt=iTy)+n(t) 3) o 5)
j=—00 i .
Where n (t) is the white Gaussian noise with a powe H1:Zgp = (f) (0)+n@)Pat (bt =1)

spectral densit@'—o, and g (t) =w (t) * h (t) is the Where g (t) and n (t) are the received desiredasign
2 and noise, respectively. The symbol decision in the



receiver is made by comparingpZvith the threshold sensitivity of the UWB receiver is urgent. Such
value [6]. sensitivity is often restricted by the noise figure

If the pulse envelope is lower than the threshotu,

pulse is detected and the output signal remaiig,at  3.1. Noise analysis

the pulse envelope crosses the threshold, a IC]Emlsq\lioise analysis plays a major role in choice of high
detected and the output signal goes to 1V. Thecehoi

of the threshold voltage must then be made asja—tra:g\ée(iiiii:scﬁé\;:é ;?fizltzc(;tr'ggj stlrjlghh?shsiengxt“ '::]
off between the false alarm rate, due to the inibecf ' y 9

noise, and the non-detection rate and so the meiﬁer_formancg like SNR, BER'. . . i
’ oise is defined as an undesired signal interfesiitiy

sensitivity. . . .
Hypotheses 0 and 1 have the probability dens@eswed processed signals or unwanted signal pedduc
functions (PDF) Rx) and R(x), respectively y a device itself. This noise is further degradedt
The optimum threshold valuéophis obtained by the goes through the receiver chain preceqling stagea. A
solution R(X) = P(x) [6] Therefore, the result, the signal strength degrades as it passasgh

! X ’ each stage. The amount of noise degradation caysed

approx!manon of the_threshold_ va'lue can be caledla each stage of RF front end is quantified by a patam
by solving the following equation: L L
called noise figure.

L fenf) 1 f ),

Jna? 25 ) [ 267 3.2. Noise Figure

Where Th is the Gaussian approximation for theyoise Figure defined as a ratio of SNR at inp@NR
threshold value 1fiy, o) and (m,0,) are the mean gt gytput. In other words, the noise figure is asoee

and standard deviation values regarding GaUSSiéﬂ how much degradation is incurred on the SNR

distribution for hypothesis 0 and hypothesis 1; i
respectively[7][8]. By taking the natural logarithoh %lgnal as it goes through each stage.

both sides of equation (6), the following quadratic NoiseFigure= SNRy
equation can be achieved SNRyut (10)
ClThg2 +C,Thg+C; =0 7) Pig = PrsNF.SNR,

Where the coefficients are given by: Where Psig denotes input signal power, PRS source

resistance noise power, both per unit BW.

C,=cf-op
C,=-2 (mo o2 —m, Gg) ®) Pagtot = Prs:NF.SNR,.B (12)
Cozo?m2-c2m2-262c2In OL Where Psig,tot is the overa_lll signal power dismi?lnul
3701 Mo o0 T 7€ o T o across the channel bandwidth B. In other words, it
Where the threshold is: Ién?wnd as tienSI.tl\./Ity. Tget ratdlgI sgnsnllv(l&/DcSa)rlll be
efined as the minimum detectable signa eve
2
Th. = -C,+4/C5-C, C4 i=12 (9 & the antenna with acceptable signal to noise.rati
9! 2C, The receiver sensitivity expressed in dBm as

3. Non idealities ver sus performance
Prmin/dBM= Prg + NF+10l0gB+SNR i,  (12)
In the RF system, signal processing is achieved
through cascaded stages as shown in fig 1. RFyst@/here P, minimum received signal level that
performance of depends on various factors such gehieves SNR,, SNRui»: minimum acceptable SNR at
channel characteristics, interferences from sudi@n receiver output, which is a function of Minimum

radio, and internal non ideal circuit effects. TRE  required BER at the demodulator output. B: bandwidt
front end non idealities limit the overall perfome. i Hz R.< source noise power: -174dBm/Hz.

Therefore, it is important to know how performaige The first three terms on the right side of the abov
affected by the non linearity of each stage. I8 oquation (12) represents noise floor. The thermiakn
context, the study of the block level non-ideesiti referred to the input of a radio system is alsdedal
effect on the overall receiver chain has becomest m hgise floor. Consequently, the noise power which

79dBm([9]. _ o _ voltage divider between the receiver input resisan
To be able to receive a similar weak signal, a goq@;n) and the antenna source resistames. (



V. 2 R R of first stage as low as possible. Extra care bdset
Proise = R'” = in_°S 54K TBw (13) taken while determining specifications of firstgeta
n (R *+Rs) This leads to stringent requirements like low N an

Most receivers are designed for a maximum pow
transfer from the antenna to the receiver input, i
which caseR;=R:»=R the above equation becomes 3.4. Need of LNA as the first stage block

P...=4KTBw

noise
In the RF circuit design, power levels are commoni¥he power of the received signal is also calculated
referred to in decibels referenced to 1mW (or) 0dBnfrom

At 300 K, the noise power in dBm for a target ctelnn Py =Py +G; + G, — P (17)
bandwidth from 3GHz to 5GHz is

E%\Igh gain on the first stage, which usually invaltiee
A.

2 Where P, : available power of the received signal
_ mw . .
Dnoisezlouoglo[l-%? 23[29031T] +1000g(BW) P, : Transmitted signal power

G, : Transmission antenna gain

Proise=—174+10000g,,2€ =-81dBm (14)
G, : Receiver antenna gain
The tion can be rewritten as ,
eqraton _ P, : Path loss power dependent on the distance
SNRin,dBm - I::'mds;:IBm -NF- PnoisedBm (15)

] ] o separating the transmitter and the receiver

From this equation, it is clear that NF affects thgj,ce UwB systems use spread spectrum techniques to
receiver sensitivity since SNRs dependent on the g interferences with nearby radios by distiibyit
tolerable bit error rate of the target application. power across the entire bandwidth. They acquire
substantial gains. The processing gain is defirsed a
relation of the spread bandwidth over the inforomati

. . ignal bandwidth at th [ tput.
The received signal by the antenna spreads throu%lﬁna andwidth atthe receiver outpu

different blocks before it reaches the digital baokl
in the receiver path. During this process, eackkblo PG=10log(B/n) (18)
induces noise to the signal characterized by aenoié/here B: Bandwidth

figure. The overall noise figure of the receivepeleds r: bit rate of the system

on the noise contributed by each block as welhas tPG is also one of the parameters that influence the
gain of the preceding stages. Naturally, largemaig SNR,requirement to maintain a desired performance.
are less prone to noise, and this is why a largeafa Other parameters involve the type of modulation,
one stage causes the noise inflicted by the nagésdb multiple access technique, detection mechanism and
be less. Finally, from Friis’ equation[10], the @ number of users that share the channel.

NF of the cascade system shown in Fig.2 is given I®or UWB systems, the equation (12) can be rewritten

3.3. NF System level consideration

equation (16). as shown below
N N2 NES ]_, — Py min|dBM= -174+ NF+10logB+ SNR ;, (PG/NU) (19)
Fig.2. Cascade chain of RF front end It suggests that NF, Bw, PG can be traded off tohge

NE.  NF3 required sensitivity for a specific SNR. The chdnne

NF, =NF +—2+ Forn 16) bandwidth of the system is defined by the UWB pulse
G GG (16)

1 1=2 bandwidth, by antennas frequency response. Therefor

Where NFand Gare the NF and available power gairt"®€ PG depends on the bit rate and the pulse tiepeti
of i-th stage respectively. Assuming thatiGa larger 'ate, which are parameters that depend on thettarge

value, then, NFis the dominant term in the above@Pplication. _

equation. It is clear that the first stage domisatee Consequently, the only improvement that can be
overall NF of the receiver. From.3.2, it is clear achieved from the architectural v_|ewp0|nt is to_ueei
enough that the first stage is the most importaigen the overall NF. As the transmitied power is very
contributor to the overall noise of the receivéncs, it imited (in order to -9 dBm) in UWB radio and also
adds up directly, it is important to keep the nditpere




due to high path losses the received signal isweak shown in figure 4. In this figure, a sequence©of Ins

for further processing at the receiver. duration frame is shown. The generated wave fosn ha
Hence in order to improve the system sensitivity ara duration J= 2ns
match the SNR specifications, it is recommendet tha

the LNA always be the first stage immediately ro
followed by a square law device and RF front.end

°
I

3. OOK transceiver implementation

Fig.3 presents the simulink model for the OOK UWB m H H m ﬂ m H H L(
transceiver. The transmitter has two inputs: Ganssi ‘ ‘ ‘ ‘

doublet pulse as a reference pulse and the datalsig ST e O ”
Fig .4. Time domain representation of the Gausgidse

Amplitude

| | Generator output.
_> :n; outir#  AWGN P |n10ut1~>+ In1 Out2|” Lb@
= transmitter AWGN ‘ LNA ‘ Frame Receiver dala.al 32 Emltter deSIQn
DE Channel Con\éersion receiver
Srmten T et - The TR-UWB-OOK emitter block diagram is
xf'l'”ff_‘e SignalTo presented in figure 5. It consists of several camepts
x Caleulation Workspace . .
: Erorrat 1 p: such as the multlph_er and t_he transition rateorfer
Caleulationt to modulate the signal with binary data, a Rand-
Display function is added to the emitter structure. Simatat
. . ) results of the transmitted signal are presentéidume
Fig.3. Block diagram of the OOK receiver 6
3.1. Pulse generation I
. ]
A wide range of pulse shapes have been explorea for 1 Scope 1
UWB communication system from rectangular to > Scope 2
Gaussian. The most adopted pulse-shaping fundtion i X b D)
. . . . . NoOp
the Gaussian pulses and their derivatives in caler 2 ] Product outt
gain more flexibility in the frequency domain[11]. - - o m
These shapes are generated with simple circuies. Th Rate Transition1
eqguation for the time domain Gaussian pulse inddfi Fig.5. Block diagram of the OOK emitter
as T ds
—(t-s 5 ransmited Signal
1 (;G/Z)
5€
2o

Where o is the variance ang is the mean. A scaled °7 ‘ ‘ 1
version of this equation with zero mean and vaganc
<

equal to% is given by: ‘Yﬂmﬂlﬂn Y—. W W—IWW'

2
_27[ 1 1 1 1 1 1 Il Il

p(t) — _e ( T] (20) 0 10 20 30 40 Ti“io(“s) 60 70 80 90 100
The first and the second order Gaussian pulses are Fig.6: Time domain representation of the OOK
given by: transmitted signal

-2nt? 3.3. Receiver design
o ds(t) _4nt g
p'(t) = =—-¢€
dt T (21)

, The IR-UWB-OOK receiver block diagram is shown in

oo d2s(t) ‘2:; — 2+ A t2 figure 7. The received signal is initially passeatigh

p (t)—T—‘Aﬂte 2 a low noise amplifier (LNA) to be amplified with
enough gain and low noise. The amplification value

The MATLAB program involves a pulse generationy i he high enough to enhance the process of the
with the help of Gaussiar“Aerivative which can be weak received signals. Then, an ideal wide-band pas




filter (BPF) with a 3.1-10.6 GHz band, equal to the T
received signal band width, filters the receiveghal I

to remove the interfering signals from nearby narro
band devices. Then, a square amplifies the RFIdigna ‘ ‘ 3 ]
the desired base band frequencies. Then, thislsignajiii fiid 1 AR A A
filtered by an LPF with 1.8 GHz band width. An - ARG
integrator collects energy of base band signal over T j |
desired band width. After this energy ~ = = x e wmlow o wo W
detector/comparator converts the received pulsggne
into a binary “1” or “0” based on the threshold age
value. Simulation results of IR-UWB-OOK receiver T

N w e
T

mplitude
1

are presented in figure 8. e ]
NoOp | |
0 butter ]
n 'H‘X_’— J_FH; | " 1ol
In1 o \ '\i‘ 1 Z0f ° 90 100
- 1 0 . ime (ns
Rate Transiton  pyoict Relay2 s i 1) § ‘ ‘ ‘ __LPE oupu
Anglog ¥ 0O o N : :
Fitter Design1 Relayt Rate Transiton?
Integratort
Pulse
Generator

Fig.7.Block diagram of a UWB-OOK-receiver

A. LNA circuit R e
The LNA is one of the most critical components of *|
UWB receivers. The LNA is provided to amplify the ,
received signal with sufficient gain and as little . , , v ,

ude

additional noise as possible[12] . .
The LNA'’s noise figure has a major impact on the *f 7
systems overall noise figure. The LNA may have | L an
different circuit topologies; each method propoges =~ ° 7 7 e ©7 77"
accommodate a wide bandwidth with a good -
input/output impedance matching, high gain, lovsaoi
figure and low consumption. The low noise amplifier
whose role is to provide sufficient gain to overedime
noise of subsequent stages is the first stage eof th 7
receiver. This paper gives the design details of a o
wideband LNA having a linear phase property. The [ | — |_
linear LNA design results in a good flat gain of34.2 Tine
dB and a noise figure of 2.4 dB. Figure 9 shows the , ‘ ‘ ‘ _dwaatresivr
complete schematic for the wideband UWB LNA. It
consists of a two stage form with a common source .|
(CS) topology, and an overall cascode architecturess
design. The main advantages of the cascode’|
architecture are its high, flat gain and low ndigere,
but it suffers from a serious problem, specifically |
high power consumption. Therefore, a current reuse o—— 1. . | .1 . .

10 20 30 a0 50 60 70 80 90 100

technique is used to solve this problem in this LNA e
circuit [13]. Fig.8. Simulation results of the TR-OOK-receiver

09}

° o 9
o U B
B —

3

Amplitude
>




According to the methodology in [13], [14] , [15Y b 4. Resultsand discussion
appropriately selecting the values of the firststsgye
Rrs , Lsi, Le1 and the channel of Mransistor, the The simulation results for the BER performancéhef t
input impedance matching and noise figure ail®-UWB energy detector receiver under different
achieved simultaneously. However, the second G®nditions were discussed in details in this sec#dl
stage, M provides a high and flat gain by selecting ththe  simulations were carried out using
appropriate values of the channel of Mansistor, Matlab/Simulink. To evaluate the performance of the
drain inductor k, , gate inductor ¢, and resistor . UWB-OOK energy detector versus LNA non idealities,
Fig 10 shows the simulated gain power, noise figuran LNA SIMULINK model was devised and
the input impedance matching and the outpincorporated in its receiver. The simulation was
impedance matching versus frequency characteristipsrformed for 2000 iterations for SNR values of-€1L0
of the UWB LNA. This LNA is incorporated into dB in a pace of 2. The block diagram under simaoifati
SIMULINK model of the UWB receiver as shown inis shown in figure 3. The different values of the
figure 11. simulation parameters are selected in such a vedy th
the whole system meets some standard regulati@ahs an
Loz acquires practical applicability. The various pagters
and their values used during the simulation are
Cout described below in table 2

Ver : Table 2

Different parameters and their values used dutieg t

Rb2

Lout

simulation
- —— il Parametersfor Gaussian signal
| "
+[ ; Pulse repetition value 1ns
Vbe=
Pulse width 2ns
. - modulation OOK
T Va1
Pulse shape S2order Gaussian

Parametersfor the AWGN channel

Initial seed 1000

mode Signal to noise ratio (SNR)

Input signal power (watts) 0.314

Parametersfor thewide band LNA

HH\HH\HH\\VAH\\\H\M-H

Method linear
» Gain (dB) 125
Noise figure 2.4

Initial seed 1234

-40 LI I I O
3 a 5 6 7 8 9 10 1

freq, GHz
_ . The performance analysis of BER versus SNR of the
fig.10.Simulated results of UWB LNA receiver with and without LNA is shown in figure.12
From this figure, the receiver with LNA achievesf0

(1 Plu+ik— > P ReH( 1) BER with SNR= 2dB However, receiver without LNA

In1 out1 achieves 0.5 of BER with SNR = 2dB. It's clear that
Real Imagto Amplifier ~ Complex to the wide band LNA gives a better performance. At 8
Complex Real Imag dB, the UWB receiver BER performance with a wide

band LNA is approximately the double of that
Fig.11. SIMULINK model for UWB LNA ‘without” LNA.



Afterwards, the receiver was simulated to analiee t
effect of the LNA key parameters like gain and N o
its performance by keeping the rest of the receiver
system as an ideal one. As we see from figuresid3 a
14, it is clear that only gain variation (keepinter
parameters constant) of LNA of LNA doesn’t affédut t
BER performance. However, for the constant LNA = |
gain, the change in the LNA noise figure directly
affects the performance. A better performance is
obtained for low noise figure as shown in figure 14

|
=@ viithout LNA
_| =l vith LNA

) I

Fig.12. LNA effect on BER
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T s Sl Pl b S S R L T
,,L,,L,,i,,J,,J,,J,,,:,,,:, -.-gain:ll

[ I || a1
[l [l [l [ [ | | B
L L L B R | O
| | | | | | | |
| | | | | | | |
e A i B B | N
| | | | | | | | |
| | | | | | | | |

ol | | | | | | | | |

PV b e e s s e P P e, 'l

L v |y

i A A A E e ) R I | A
L L e e A B -
S A A A E e e ) R i W
Y R - - —_—_—_—
| | | | | | | | |
L L e e A A -
| | | | | | | | |
T S e B e e B B .
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
10 | | | | | | | | |
10 9 3 1 5 5 4 3 2 1 0
N

Fig.13. LNA gain effect on BER
5. Conclusion

| | | I I : | | =15
777T77777‘1777\777\7771777'?77777+NF3
| | | | | | | |
i \ I \ I \ I I el
A0 9 3 1 5 5 4 3 2 1 0

SAR

Fig.14. LNA NF effect on BER

These parameters specification are incorporatedint
Simulink model of a UWB receiver. The BER
performance of the receiver with LNA is better than
that without LNA. Then, BER performance analyses by
iteration simulation of a UWB-OOK receiver for
different LNA gain and noise figures were proposed.
For the constant LNA gain, the change in the LNA
noise figure directly affects performance. Better
performance is obtained with low noise figures.
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