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An antenna for radiating and receiving short-pulse ultra-wideband signals

This paper presents a design of the antenna with an expandable slot for effective radiating and receiving the ultra-
wideband (UWB), short-pulse signals. The offered design of the antenna allows creating an interferential
electromagnetic field of a bipolar pulse in an equivalent general antenna aperture. A quantitative and quality evaluation
of efficiency of proposed antenna design is performed. It is shown that an application of the given antenna allows
increasing the propagation range of the pulsed UWB signals.
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Introduction

One of the main tendency in the development of
modern communication and radar technologies is the use
of broadband and ultra- wideband (UWB) signals. As
defined in [1], the UWB signals have an absolute
bandwidth (at least 500 MHz) is calculated as the

difference between the upper frequency f;, of the —10 dB
emission point and the lower frequency f, of the —10 dB
emission point, B = ( fu—1: ), comparable to it’s the
center frequency f. = ( fut+/f: )/ 2 so that the

fractional (relative) bandwidth B, =B / fo larder than

0.2.

One of the varieties of the UWB signals is the short-
pulse (SP) signals. It is generally believed that these
signals have a duration of about 0.1...10 ns. They have a
wide bandwidth, significant penetration and stealth. Their
use allows to obtain high data transfer rates and is very
promising for future development of recent ultra-wideband
systems (UWS). On the other hand, the practical
application of the SP-UWB signals causes some
difficulties associated with their radiation (or the choice of

antenna type) and subsequent distortions caused by uneven
attenuation of the signal in frequency during its
propagation.

Thus, the effectiveness of using the SP-UWB signals
depends directly on the characteristics of the antennas that
produce their radiating and receiving. Among basis
requirements which are subject to these antennas can
indicate the following:

. ensuring minimal distortion of UWB signals
and ultrashort video pulses;

. ensuring a sufficiently high level of signal
transmitted to the receiving device;

. high spatial resolution capabilities for signals;
* reasonable overall dimensions and weight of the antenna.

At the present time, the quantities of these
requirements are far to be fully resolved and require
carrying out the additional research.

This paper considers design of antenna and the feature
of receiving and emitting the UWB-SP signals for
effective solution of existing problems in communications
and radar technologies.
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Problem and its Analysis

Nowadays one of the requirements in the development
of communications technologies is improving the
bandwidth of the radio electronic systems. To achieve this
purpose became possible due to applying UWB-SP
signals, in particular, of ultrashort pulses with the duration
of the order of units of a nanosecond (see, for example,
[2]). The basis of technical solutions is the transmission of
low-power coded pulses in a

very broad band without carrier frequency. In this
case we deal with a nonharmonic oscillation, and consider
generation of an ultrashort monopulse, whose duration can
fluctuate within 0.2 - 2 nanoseconds, with the period of
pulse sequence being from 10 to 1000 nanoseconds. The
average period of repeating monopulses defines an
information rate. Thus, within a pulse repetition cycle of
10 nanoseconds the maximum transmission rate will be
100 Mbps. The information is coded by means of temporal
position-pulse modulation while the pulse shifting in the
sequence concerning its regular placement sets "0"
forward and "1" backward. Moreover, the time of shifting
does not exceed a quarter of monopulse duration, and one
information bit is coded by the sequence of multiple
monopulses, for example, of 200 impulses per an
information bit. So, in the sequence of 0.5 nanosecond
pulses with an pulse separation of 100 nanoseconds the
pulse which arrives 100 nanoseconds earlier is "0", and
100 nanoseconds later is "1". Simultaneously, in order to
divide transmission channels, the position of each impulse
is shifted for the period of time, proportional to the current
value of some pseudorandom sequence carrying out an
additional coding. The division is accomplished by means
of temporal bounces, and the time of shift is one or two
orders higher than the shifting within temporal position-
pulse modulation. Thus, separate communication channels
are formed and protected from interfering signals. As a
result, the signal range significantly smoothens and
becomes noise-type.

Major perspectives in the application of UWB-SP
signals are caused by a number of advantages, among the
most essential ones is the lack of interference of a directly
expanding signal with its reflections from different objects.
Besides, attenuation of a short-pulse signal in different
environments is not enough due to wideband. They easily
penetrate various obstacles, as the signal is not suppressed
within the whole range. At the low level of the transmitted
signal, the emission security, the degree of information
security and the reliability of channels in wireless
communication systems are increased.

Antennas for communications

A feature of designing radio electronic systems while
applying UWB-SP signals is specified by the processes of
changing signal parameters at their passing via the
transmitting and receiving antennas. As the antenna

aperture size is much bigger than the ping length of a
signal in space, there occurs a delay of signal emission
from different elementary sections of the antenna. A
current pulse, propagating along an emitter, consistently
excites its elements by short monopulse signals. Emissions
of separate antenna sections produce a total field [3],
which is defined by the following ratio:
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where £ (t,0) —intensity of an electric z-component of

E(10)=

the electromagnetic field;
Z,, — wave resistance of free space;

6 — angle between the axis of the emitter and the
direction to the observation point;

r — distance to the observation point;

L — antenna aperture size;

¢ — velocity of light.

The analysis of the ratio (1) points that the field of the
antenna consists of two parts, positive and negative. Each
of the constituents repeats an exciting current form, with
one part of this field being formed at the moment of
inputting a current impulse in an emitter, and the other one
- at the moment of achieving the end of an emitter by this
impulse. Thus, the total field consists of separate fields
emitted from an excitation point and the ends of the
antenna. Moreover, the form of a total field depends on a
ratio between the length of the antenna L and pulse

duration ct. At L >> ct the signal delay time in antenna
elements considerably exceeds the pulse duration. As a
result, between two parts of the field emitted there is an
interval formed, and the field is divided into two parts
corresponding to two components. What is more, the form
of the emitted field changes depending on the angle of

observation €. The natural experiment [3] confirmed the
results of modeling. In the classical theory of antennas
according to the principle of reciprocity, the form of the
antenna pattern remains invariable under the emission and
reception of narrowband signals. This principle is violated,
when short ultra-wideband monopulse signals are used.
Antenna patterns significantly differ in the mode of
emission and reception that is the peculiar feature of
applying radio systems using UWB-SP signals.

It is necessary to note, that the UWB-SP signals
normally possess the form of idealized Gaussian
monocycles whose main part of an emission spectrum is in
the range of frequencies from 1 to 7 GHz. In addition,
forming the emission of an electromagnetic wave of the
UWB signal into free space imposes restrictions on the
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constructions of the antenna arrangements applied. The
analysis of antenna constructions for emitting ultrashort
pulses showed that by means of fractals it is possible to
create a broadband antenna while considerably reducing
the construction size [4,5]. A fractal may be found by
dividing a figure into more and more minute objects, with
any of the found figures being divided into identical ones
and, in turn, being a part of the similar figure. The
corresponding class of antennas is referred as a space-
filling antenna (SFA). They are accomplished on the basis
of the Koch's, Minkowskiy's, Serpinskiy’s fractals [5,6].
These elements of fractal antennas have sufficient
broadbandness and small sizes. However, the most
acceptable emission of the UWB signals is an antenna
element representing an antenna with an expandable slot
or so-called tapered slot antenna (TSA) with exponentially
tapered profile, also known as Vivaldi’s antenna [7, 8].
The Vivaldi's antenna is a well-known and widely
used antenna in different ultra-wideband systems. The
synthesis of such antennas is represented in a lot of

scientific works. For manufacturing the Vivaldi's antenna,
we used the photoprinting methods on a dielectric
substrate coated with a thin layer of copper. The
mathematic antenna model was created in the CST
software environment. The simulation results of the basic
its characteristics shown in Figs. 1, 2 and 3

L, mm

.
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Fig.1. Antenna’s geometry
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Fig.2. 3-D (a) and 2-D (b and c) directional pattern of the antenna at the 2040 MHz
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Fig.3. Dependence of the modulus of the reflection coefficient vs frequency for different ports
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As it is seen, the shape of the open slot determines the
frequency band, with the exponential increasing the width
of the slot gives the widest band. The directional energy
diagram of such antenna is characterized by a narrow main
beam and practically the lack of side lobes. Structurally,
the TSA is usually produced in the form of printed
conductors on glass fiber laminate. The antenna has an
irregular surface shape, therefore, in order to investigate
the characteristics of such an antenna there is a software
package used for three dimensional -electrodynamic
modeling. The optimization of the TSA sizes and forms
gives a variety of forms and proportions, depending on
solving a specific objective, however it is essential
expansion of a frequency band of electromagnetic
radiation that is defining while applying UWB electronic
systems. Thus, the urgent task is to improve technical
characteristics of the TSA elements of the antenna
systems, which emit ultrashort pulses and don’t distort a
waveform and reduce the side antenna radiation.

To achieve the aim is obtained by using a bipolar
pulse signal in the construction of an antenna element,
which is schematically presented in Fig. 5 [9]. The

information monopulse signal is divided into halves for
this purpose. One part of the signal is consistently inverted
and delayed for some period of time that is equal to the
half of monopulse duration. Both monopulse signals are
used to excite respectively two of the TSA antennas
located nearby on a wunified dielectric basis. The
electromagnetic fields of both monopulse signals are
interfered in equivalent generic space of an aperture of
both antennas, producing in it an electromagnetic field of
a bipolar impulse, simultaneously eliminating the time slot
between two parts of an emitted field that is characteristic
of the TSA antenna. This bipolar impulse makes the
emission whose range considerably exceeds the maximum
distance when using both monopulse and harmonious
signals.

The Fig. 4 schematically presents the construction of a
broadband pulse antenna. It is indicated as follows: 1 —
generator of a broadband unipolar pulse signal; 2 —
dielectric basis; 3-1, 3-2 — the conducting surfaces; 4-1, 4-
2 — excitation systems; 5-1, 5-2 — emitting apertures; 6 —
signal divider combined with the inverter; 7 — delay line.

Fig. 4. Antenna for emitting the UWB pulse signal

An informational unipolar pulse signal arrives from
the generator 1 onto the divider 6 representing a series
connection of two identical non-inductive R1 and R2
resistors allowing it to be halved. The monopulse signal is
delivered from the first output of the signal divider R1
directly onto an excitation system 4-1, producing a
monopulse electromagnetic field in an aperture 5-1.

Simultaneously, from the other output of a signal
divider R2 the inverted monopulse signal is supplied along
the delay line 7 onto an excitation system 4-2, creating an
inverted monopulse electromagnetic field delayed for a
half of duration of a monopulse signal in an antenna

aperture 5-2. In addition, the delay line 7 represents a
segment of a homogeneous transmitting line of the
specified length.

The electromagnetic fields of two unipolar pulses, the
major and inverted ones, are interfered in an equivalent
general aperture of antennas, exciting in it an
electromagnetic field of a bipolar pulse, which is a
broadband pulse signal.

The broadband pulse antenna is capable to emit both
an ultrashort unipolar monopulse and a bipolar pulse
information signal. The electromagnetic field in the form
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of a monopulse is excited by a signal which is described
by the expressions:

r
l’__
Vo

S z-[m ’ (2)

E=E, -sin’ i(I—LJ for
T v,

im

where £ — a pulse amplitude;
7., — a pulse duration;

Vv, — speed of distributing the emission.

Besides the electromagnetic field of the antenna has
the directive gain (DG) of the antenna emitting a

monopulse signal Dmp and the antenna emitting a

monochromatic signal D, with wavelength l() the

interrelation between them being defined by the following
ratio:

Dmp:U'Da)_O’Z'SDw’ (3)

4

where Da) :—2'

0

A4,;

A() — operating antenna aperture area;

[10].

The analysis of the ratio (3) shows that the coefficient
of efficiency of the antenna which is excited by an
ultrashort monopulse comes to 25% comparing with the
coefficient of efficiency of the antenna excited by
monochromatic signals of the corresponding wavelength.
It reduces the range of antenna emission 4 times as much
comparing to the emission of monochromatic signals.

Moreover, emission by the antenna of an
electromagnetic field in the form of a bipolar impulse can
be presented the following ratio for an electric component
of an electromagnetic field:

. b4 r | 27 r
E=E, -sin’|—|t—— ||-sin| = t—— || &)
T[m v() Tim v()

A=V, T

im

So, the DG of the antenna emitting a bipolar pulse
signal will be:

D, =237D,. (5)

Thus, the excitation in an antenna aperture of an
electromagnetic field in the form of a bipolar pulse
increases an antenna DG at 9.5 times as much as
compared with a DG of the antenna emitting an
unidirectional pulse and 2.37 times as much comparing
with a DG of the antenna emitting monochromatic signals.
Therefore, the introduced antenna allows increasing
significantly the range of radio emission of UBB pulse
signals.

The prospects for developing the high-power
microwave electronics is associated with creating the
high-power relativistic microwave devices which are
provided generation of high-power microwave pulses
(peak power is units and tens GW) [11]. However, the
application of such devices is connected with considerable
technical and technological difficulties, especially, when
need to produce very short microwave pulses (duration
less than 100 ns). In this case for forming high-power
UWB microwave pulses there is more simple approach
based on the pulse compression technology, namely, the
resonant microwave compression method. A central idea
of this method is slow storage of electromagnetic energy
in the microwave resonator and then its removal from the
high factor resonator for shorter duration to a matched
load (antenna) [12]. Among advantages of this method it
is necessary to note its ease of its realization, the
possibility of application the industrial magnetrons as well
as the standard elements of waveguide techniques. For
understanding a structure of the plant forming the ultra-
short microwave pulses let us consider an operation of the
microwave module, in which is used the magnetron
having the two RF outputs of energy. Fig. 5 shows a block
diagram of the microwave module. The magnetron that is
used in this experiment has the two RF outputs of energy:
active and passive. For tuning and controlling by a
frequency of the magnetron we used the tunable short-
circuit waveguide as the reactive load of the passive RF
output.
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1 —a magnetron with two RF outputs; 2 — a tunable short- circuit waveguide; 3 — a power supply (modulator); 4 —
ferrite isolator; 5 — a generator of controlling pulses; 6 — a microwave cavity; 7 — a matched load (TSA antenna)

Fig. 5. Block diagram of the microwave module.

The analysis shows that for increasing an efficiency of
compression and formation of the high-power nanosecond

microwave pulses necessary to reduce a loss of power P .

Assuming that f = < f() < f e With the help of a short-

min
circuiting piston we adjust an oscillation frequency of the
magnetron to a resonant frequency of the microwave

cavity and as a result the power P, reflected from

microwave cavity is decreased. Thus, we have tested the
microwave module using the magnetron with the two RF
outputs for forming high-power nanosecond microwave
pulses at X and K, bands. Besides it, possibility of
application of this approach for creating microwave
module at mm range of wavelength is discussed.

. Trubchaninova K.,

Conclusion

The application of the technical solutions proposed for
the antenna construction considerably increases a
propagation distance of pulse electromagnetic signals. So,
as compared with an emission level of a unipolar pulse
signal, the propagation distance of the bipolar impulse
produced in an antenna aperture increases 9,5 times as
much, and as compared with a monochromatic signal —
2,37 times. The simultaneous joint operation with no
interference and a single frequency range of both
traditional narrow-band communication systems, and
communication systems with UWB-SP signals is specified
by the fact that the level of an information signal does not
exceed a noise level in the working range of frequencies.
In addition, decelerating the power and an emission level
of electromagnetic fields is guaranteed to provide
accomplishing the requirements of electromagnetic
compatibility at all development stages and implementing
the systems of mobile communication.
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Yypomos TI'.I., IIanuenko C.B., Cepko O.A,,
TpyoOuaninoBa K.A. AHTeHa /JIsi BUIIDOMIHIOBAHHA Ta
NPHIIOMY KOPOTKO-iMIyJIbCHHX HAJAIIMPOKOCMYIOBHX
CUTHAJIB

AHoTamisgs. Y Il crarTi MpeACTaBICHO KOHCTPYKIIIO
AQHTEHU 3 PO3IIMPIOBAHOIO IMUIMHOIO st e(hEeKTHBHOIO
BUIIPOMIHIOBAaHHA Ta MPHHAOMY HaJIIUPOKOCMYTOBHX
CHT'HANIB, KOPOTKO-IMIYJIbCHHX cHrHaiiB. OmHuUM i3
PI3HOBHIB HAIMIMPOKOCMYrOBHX CHIHAJIIB € KOPOTKO-
IMITyJIbCHI CHTHaJIM. BBakaeThcs, IO IIi CHTHAJIM MalOTh
TpuBaisicte Omm3pko 0,1...10 HC. BoHM MaroTh MIMPOKY
CMYTY NIPOIYCKaHHS, 3HAYHE TPOHMKHEHHS 1 CKPHTHICTB. IX
IX BUKOpHCTAaHHS 103BOJNISIE OTPUMATH BHCOKi IIBHIKOCTI
mepexadl JaHWX 1 € YK€ TIEepPCIEeKTHBHUM  JUIS
MaiOyTHHOrO PO3BUTKY CyJacHHUX yabTpa-
mmpokocmyropux cucrem (UWS). 3 immoro 0oky,
IIpaKkTHYHE 3acrocyBaHHA curHaniB SP-UWB Buximmnkae
TIEBHI TPYIHOLII, MOB's3aHi 3 iX BUIPOMiHIOBaHHAM (200
BHOOPOM THITy aHTEHH) 1 MOJANBIIMMHU CHOTBOPEHHSIMH,
BUKJIMKAaHUMH HEPIBHOMIPHHM OCIa0JIEHHSM CHUTHAILY 110
yacTori miJg Yac Horo mnomupeHHs. TakuM 4YHHOM,
edeKTuBHICTH  BUKOpHCTaHHA  curHaniB ~ SP-UWB
6e3nocepeIHbO 3AIEKUTD BiJl XapaKTEPUCTHK aHTEH, SIKi
3/1IHCHIOIOTH iX BHIIPOMIHIOBAaHHS Ta mHpuitoM. B pobori
3alpOIIOHOBAaHAa KOHCTPYKIS aHTEHHW, SKa JIO3BOJISE
CTBOpIOBATH iHTEepdEpEeHIliiiHe eIeKTpOMarHiTHe IIoJe
OIMoJIsIpHOTO  IMIYJIbCY B  EKBIBAIGHTHIM 3arajbHiid
aneprypi anteHd. IIpoBeeHO KUIBKICHY Ta SKICHY OL[IHKY
e(EKTUBHOCTI  3alPOIIOHOBAHOI  KOHCTPYKINi aHTEHH.

IlokazaHo, 1m0 3acTOCYBaHHS JaHOi AHTEHH J03BOJISE
30UIBIINTH  AJbHICTh IIOMMpEeHHs iMmyiabcHux UWB
curHaniB. Tak, NMOpIBHSHO 3 pPIBHEM BHIIPOMIHIOBAHHS
YHINOJISIPHOTO IMITyJIBCHOT'O CHUTHAJTy  JaJIbHICTH
MIOLIMPEHHS OINOJIIPHOTO iMITYJIbCY, CTBOPEHOI'O B OTBODI
aHTeHW, 30UTBIIyeThCs B 9,5 pasw, a MOpIBHAHO 3
MOHOXPOMAaTUYHUM CHrHanoM — y 2,37 pasu. Taxum
YMHOM, BBEJCHAa AaHTEHA JO3BOJSE ICTOTHO 30iIBLINTH
JATBHICTH PaaioBUIIPOMiHIOBaHHS IMITYJIBCHUX
HaJAUIMPOKOCMYTOBUX  curHaimiB  OpHo4yacHa cymicHa
pobora 6e3 mepenko/] i B 0JHOMY YaCTOTHOMY Aiaria3oHi
SIK TPaJAWLIHHNX BY3bKOCMYIOBHX CHCTEM 3B'A3KY, TaK 1
cucreM 3B's13Kky 3 UWB-SP curHamamu 0OyMOBIIOETBCS
THM, 10 PiBEHb iHPOPMALIHHOrO CUTHAITY HE IIepEBHIILYE
PIBHA IIyMy B poOOYOMY CTaHi. [iara3oH 4acToT.
KoarouoBi ciioBa: nepenaBaHHs JaHNX, eIEKTPOMAarHiTHa
CYMICHICTh, YacoBa IO3HIIHHO-IMITYTbCHA MOTYJISAIIIS,
HaAIIMPOKOCMYTOBHH CHI'HAJ, IIMPOKOCMYIOBa iIMITyJIbCHA
aHTeHa, 0e3pOToBa cUCTEMa.

Haoitiwna 17.05.2023 p.

Churyumov Gennadiy, Doctor of Sciences (Physical and

Mathematical), Full Professor, Professor of Physical

Fundamentals of Electronic Engineering Department,

Kharkiv  National University of Radio Electronics,

Kharkiv, Ukraine.

E-mail: gennadiy.churyumov@nure.ua
https://orcid.org/0000-0002-4826-510X .

Panchenko Sergii, Doctor of sciences (engineering), Full

Professor, Rector of Ukrainian State University of Railway

Transport, Kharkiv, Ukraine.

E-mail: panchenko074@ukr.net

https://orcid.org/0000-0002-7626-9933 .

Serkov Oleksandr, Doctor of sciences (engineering), Full

Professor, Professor of Information Systems Department,

National Technical University «Kharkiv Polytechnic

Institutey, Kharkiv, Ukraine.

E-mail: aleksandr.serkovi@hotmail.com

https.//orcid.org/0000-0002-6446-5523.

Trubchaninova Karyna, Doctor of sciences (engineering),

Full Professor, Professor of Transport Communication

Department, Ukrainian State University of Railway

Transport, Kharkiv, Ukraine.

E-mail: tka2@ukr.net
https.//orcid.org/0000-0003-2078-2647.

Yypiomose Tennaoiii  Ieanosuu, Odoxmop  @isuxo-
MamemMamuyHux Hayk, npogpecop, npogecop ragedpu
@izuuHux O0CcHO8 enekmpoHHOI mexHiKY, XapkiecoKull
HayioHanbHUll yHiGepcumem paodioeleKmpoHixku, Xapkis,
Ykpaina.

E-mail: gennadiy.churyumov@nure.ua
https.//orcid.org/0000-0002-4826-510X .

9 IKC3T, 2023 Ne3




IHOOPMAILIIMHO-KEPYIOUI CUCTEMU HA 3AJII3HUYHOMY TPAHCHOPTI

Ilanuenko Cepeiti Bonooumuposeuu, 0okmop mexHiunux
Hayk, npogecop, pexmop Ykpaincvkozco Oepicasnozo
VHIgepcumemy  3ani3HUYHO20 — mpancnopmy,  Xapkis,
Ykpaina.

E-mail: panchenko074@ukr.net
https://orcid.org/0000-0002-7626-9933 .

Cepkoe Onekcandp Anamoniiioguu, 00KmMop MeXHIUHUX
Hayk, npoghecop, npoghecop kaghedpu cucmem ingopmayii,
Hayionanvnuii mexwniunuii  yHisepcumem «Xapxiecokuii
noaimexuiunull incmumymy, Xapxie, Ykpaina.

E-mail: aleksandr.serkovi@hotmail.com
https://orcid.org/0000-0002-6446-5523.

Tpybouaninosa Kapuna Apmypiena, 0oxmop mexHiuHux
Hayk, npogecop, npogpecop Kageopu MmMpaHCHOPMHO20
36’513KY, Vipaincekuti  Oepoicasnuii  yuisepcumem
3ani3HUYH020 mpancnopmy, Xapkis, Ykpaina.

E-mail: thka2@ukr.net
https://orcid.org/0000-0003-2078-2647.
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