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ABSTRACT

Since the Federal Communications Commission (FCC) ap-
proved rules for the commercial use of ultrawideband (UWB)
radio applications, UWB antenna structures have been an in-
tensive research field in order to satisfy the spectrum require-
ments of this technology. There are some differences between
narrowband and UWB antennas. First of all, the design process
in UWB antennas is more difficult than in narrowband cases
since the antenna has to radiate in an extreme bandwidth. Be-
cause of this fact, UWB antennas may distort waveforms, in
contrast to narrowband systems. The contribution to distortion
comes from two different points: radiation patterns and mis-
match. In this paper, the distortion introduced by UWB anten-
nas is analysed using a linear system approach which takes into
account both contributions. In order to compare two antennas
and show the method suitability, measured transfer functions
obtained from to UWB geometries are used, computing met-
rics dependent on the communication direction.

I. INTRODUCTION

Ultrawideband (UWB) technologies have been a focus of in-
tense research over the last few years. The UWB antenna el-
ement design, considered one of the bottle-necks in a UWB
wireless communication systems, is one of the keys in order
to achieve good performances. Broadband applications require
the radiating structure to have a good impedance matching and
high radiation efficiency in the whole band. The Federal Com-
munication Commission (FCC) has established a frequency
range from 3.1 GHz to 10.6 GHz for UWB, that is, a bandwidth
ratio around 3.3:1. Accomplishing all UWB antenna require-
ments is extremely difficult, but some geometries have been
proposed [1-5]. Typicall examples include printed monopoles
and dipoles on substrates.

As well as the good electrical performance in the UWB
sense, there are some additional problems which are not neces-
sary to be considered in a narrowband design. Antenna distor-
tion becomes important when high bandwidths are involved in
the communication process. Therefore, antenna parameters as
group delay or transfer functions must be study. In addition, a
time domain approach in contrast to the classical frequency do-
main analysis is required to characterize carefully the antenna
behaviour.

In order to study the distortion introduced by the antennas,
correlation methods have been used [6-8].In this paper, the
transmitter and receiver antennas are considered as a linear sys-
tem modelled by differential equations. By this approach, it is
easily identified the error terms, and thus, the antenna distor-
tion, without working out any correlation. This may have some

advantages, since correlation methods are associated to signal
waveforms. The problem that we try to answer is, therefore
,given two UWB antennas, A and B, which one will introduce
more distortion in the system regardless the input waveform.
On the other hand, it is important to notice that correlation anal-
ysis it is needed in order to compute with accuracy the distorted
waveform.

This paper is organized as follows. The antenna distortion
mathematical analysis is presented in the next section. After-
wards, transfer functions of in-house UWB printed dipole an-
tennas measured in the anechoic chamber are presented. Fi-
nally, the formalism , applied to a set of UWB printed antennas
using the experimental results is presented, obtaining conclu-
sions about the distortion.

II. UWB ANTENNA DISTORTION MODELLING AS A

LINEAR SYSTEM

A. General modelling

Fig. 1 shows the typical structure of a UWB antenna system. It
consists in one UWB antenna working as transmitter and other
working as receiver. Due to the linearity of Maxwell equations,
the system can be modelled as a linear system and therefore, the
system output can be computed as a convolution between the
input waveform and the overall system transfer function.

2 Vs

Z0

Zant
Voc

Zant

ZL

Transmitter Receiver

UWB A
UWB B

2 Vs

Z0

Zant
Voc

Zant

ZL2 Vs

Z0

Zant
Voc

Zant

ZL

Transmitter Receiver

UWB A
UWB B

Figure 1: UWB Transceiver simple model

If a linear system does not introduce distortion in the trans-
mitted signal, it should obey:

y(t) = α0x(t − t0) (1)

where α may be seen as a gain or, more usually, as a attenuation
due to the propagation, and t0 is related to the propagation time
of the waveform in free space. Here we will assume that real
signals are involved, and therefore that coefficients are real. If
the system introduces distortion, the output signal in direction
Ω can be expressed, provided no feedback, as:

y(t,Ω) = α0x(t − t0,Ω) + α1
dx(t − t0,Ω)

dt
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+ . . . + αn
dxn(t − t0,Ω)

dtn
(2)

Therefore, the terms of the derivatives may be considered as
distortion terms if compared with equation (1). Let us assume
that t0 = 0 with no loss of generality. Applying a Fourier
Transform to (2), the transfer function becomes:

Ht = α0 + α1jω + α2(jω)2 + . . . (3)

On the other hand, it is possible to compute the transfer func-
tion of two-antenna system by using the concept of the effective
length [9-10]:

S21(ω,Ω) = 2
jωµ

Z0
hr(ω,Ω)ht(ω,Ω)

e−jβr

4πr
(4)

where β is the propagation constant, and hr, ht correspond
to the realized effective length, that takes into account the mis-
match between generator, receiver load, and antennas. Thus:

ht(ω,Ω) =
2

1 − S11(ω)

(
r × r ×

∫
V

�J(�r′)ejβr̂�r′dV ′
)

(5)

Let us consider two antennas, A and B, and a reference an-
tenna (REF). Transfer functions between REF and A, and REF
and B may be obtained either by simulation or experimentally.
Applying (4) to each configuration:

hA =
SA−Ref

21 Z02πrejβr

µhREF
(6)

hB =
SB−Ref

21 Z02πrejβr

µhREF
(7)

Therefore:
hA

hB
=

SA−Ref
21 (ω,Ω)

SB−Ref
21 (ω,Ω)

(8)

Taking into account eq. 3 , each S21 may be modelled in
this way, and the quotient between transfer functions may be
expressed as:

hA

hB
=

SA−Ref
21 (ω,Ω)

SB−Ref
21 (ω,Ω)

� α0

δ0

1 + α1
α0

jω + . . . + αn

α0
(jω)n

1 + δ1
δ0

jω + . . . + δn

δ0
(jω)n

(9)
If the antennas do not introduce distortion, this quotient

should be
hA

hB
� α0

δ0
(10)

and therefore, it may be defined a Distortion Factor (DF) as:

DF =
1 + α1

α0
jω + . . . + αn

α0
(jω)n

1 + δ1
δ0

jω + . . . + δn

δ0
(jω)n

(11)

Looking at (10), we conclude that if α0 > δ0 ,since the test
has been performed using the same transmission power, An-
tenna A is, on average, more directive in UWB than antenna B,
as this term is related to the received power in the load.

B. First Order Test from Distortion Factor

In order to extract some conclusions from DF, a hypothesis will
be adopted to simplify this factor: it will be considered deriva-
tives of higher order than one have little influence in the distor-
tion factor. This hypothesis is logic since higher order coeffi-
cients will decrease as long as the order derivative is increased.
As a result, distortion factor is written as:

DF � 1 + α1
α0

jω

1 + δ1
δ0

jω
=

√√√√√1 + α2
1

α2
0
ω2

1 + δ2
1

δ2
0
ω2

e
j
(
arctan α1

α0
ω−arctan δ1

δ0
ω
)

(12)
Supposing δ1/δ0jω << 1 since is a error term, DF becomes:

DF �
(

1 +
α1

α0
jω

) (
1 − δ1

δ0
jω

)
(13)

or

DF � 1 +
(

α1

α0
− δ1

δ0

)
jω +

α1

α0

δ1

δ0
ω2 (14)

If the system is ideal, then DF should be equal to one, and
then, some conclusions are obtained:

• if α1
α0

> δ1
δ0

then antenna A is worse in a distortion sense
than B, since its contribution to the error in (14) is higher.

• if α1
α0

= δ1
δ0

this first order test fails, and more derivatives
in time domain will be needed because the contribution in
a first order DF is the same for A and B.

• if α1
α0

< δ1
δ0

then, as the same reason as before antenna B
is worse in a distortion sense than A, since its contribution
to the error in (14) is higher.

Coefficients involved in the test may be computed from the
measurements done in an anechoic chamber. These criteria
may be used in a very wide range of situations , and it will
be applied in the following sections to some cases. Note that in
the above procedure no correlation or waveform is used, as the
transfer function is considered enough to describe the whole
system.

III. ANTENNA GEOMETRIES AND MEASURED TRANSFER

FUNCTIONS
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Figure 2: Coordinate Reference System in antenna measure-
ments

Three UWB band antennas working from 3.1 GHz to 10.6
GHz have been used in order to prove the capability of the al-
gorithm. These antennas are depicted in Fig. 3,4. As seen, they
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consist on printed strips on FR4 substrate. The structure is the
same in all three but different shapes provide different transfer
functions. Although its performance as far as the return losses
are concerned are nearly the same, distortion depends on the
radiation patterns and there may be one geometry that could be
more suitable from the distortion point of view.

Figure 3: Reference Antenna used to measure transfer function

Figure 4: A and B test beds

The measured return losses for these radiators are presented
in Fig. 5. according to the reference system in Fig.3. As pre-
sented, these results are close in the frequency band to the usual
constrain of -10dB and fulfill the requirement of V SWR < 2
(equivalent to S11 < −9.5dB). The design process for these
radiating structures is described in [11]. Measured transfer
functions have been obtained using the best antenna in the
sense of return losses.

Transfer functions have been measured in an anechoic cham-
ber (see Fig 6) using a calibration on feeding and receiving
points so that cable effects are removed. In order to reduce
the multipath effect, the data have been processed by win-
dowing these components. The scattering parameter S21 has
been measured in several antenna orientations (0, 45 and 90
approximately) for both antennas using the network analyzer
ANRITSU 37247D. It has been obtained in a frequency band
from 2GHz to 12GHz, using 1601 points in the measure.

Transfer functions in H-plane are presented in Figs. 7-8.
These figures show that the transfer functions are different for
each angle, and therefore distortion is dependent on direction.
It should be stressed out that although the mathematical ap-
proach from section I is applied for two different antennas, it

3 4 5 6 7 8 9 10 11
−30

−25

−20

−15

−10

−5

0

Frequency (GHz)

R
et

ur
n 

Lo
ss

es
 (

dB
)

Printed Antenna Scattering Parameters

Reference
A Antenna
B Antenna

Figure 5: Return loss of PS-antennas.

Figure 6: Reference Antenna and overall test system.

can be applied to the same antenna but in different directions.
In this case, this analysis will lead to a best direction in order
to establish communications from the distortion point of view.

IV. EXPERIMENTAL ANALYSIS

Measurements results and their comparison to modelled results
using a 4th order approximation are presented in Figs. 9 and 10.
A linear approach as equation (3) has been applied to each S-
parameter in order to compute the modelling coefficient values.
Table I shows this computed values.

TABLE 1: MODEL COEFFICIENTS
DIR./ COEF.×10−5 α0 α1 α1/α0

ANTENNA A α0 α1 α1/α0

0 2.015 0.017 851.3
π/4 2.059 0.019 947.9
π/2 1.93 0.019 970.1
ANTENNA B δ0 δ1 δ1/δ0

0 2.72 0.024 869.2
π/4 2.56 0.025 984.4
π/2 2.13 0.021 969.8

From those, several conclusions may be obtained. First of
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Figure 7: Measured Scattering Parameter S21 A
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Figure 8: Reference Antenna and overall test system.

all, a comparison between antennas reveals that antenna A is
better in two directions that antenna B. Besides, this metrics
is very similar to the case of π/2 so, the Antenna A has better
perfomance in terms of distortion than antenna B. However, re-
garding the independent coefficient, it is clear that the one cor-
responding to antenna B is higher than antenna A. This means
that, provided a receiver sensibility constant with frequency,
antenna B can reach more distance. Therefore, a tradeoff be-
tween distance and distortion can be expected.

A second analysis is related to a direction analysis. Results
suggest that as the angle increases, the distortion increases.
This can be confirmed by looking at the measured results, since
these curves are more uniform in low angles. These behaviour
is concerned with radiation pattern.

Besides, transfer function measurements allows us to study
the group delay. This parameter is computed as:

τg = −dφ

df
= −dS21(f)

df
(15)

As seen, group delay is very stable in direction 0 and is de-
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Figure 9: Absolute Value of Transfer Parameter S21 for An-
tenna A
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Figure 10: Absolute Value of Transfer Parameter S21 for An-
tenna B

grading as the angle increases for both antennas. Despite, it is
quite uniform in the whole band. This is due to the fact that
these antennas present a good phase center stability. However,
the variation may be quite large in other antennas such as log-
periodic type antennas.

V. CONCLUSIONS

A procedure based on linear system modelling for antenna
transfer functions in UWB has been developed in order to study
distortion introduced by the antenna in a UWB communication
system. This procedure is developed so that two different an-
tennas can be compared without the need of computing any cor-
relation. It has been applied to two radiating structures showing
that antenna distortion depends on the transmission direction.
This degradation is quantified by means of the model coeffi-
cients used in the process. In addition the method allows con-
trasting the tradeoff between distance and distortion in a simple
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Figure 11: Group Delay in different directions antenna A
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way.
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