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Abstract- The results or optimization of the geometry ofa combined ultrawideband antenna excited by a l-ns 
bipolar pulse are presented. Numerical and physical experiments have been pe1formed to optimize the 
increase in the electric-field strength in the direction of the antenna main beam. It has been shown that the 
peak field strength can be increased by 6%. 
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INTRODUCTION 

High-power sources of ultrawideband (UWB) 
electromagnetic pulses have been actively investigated 
and developed for more than 20 years JI, 2J. One of 
the major problems in the development of high-power 
UWB sources is that of obtaining pulse electromag
netic fields with maximum possible peak ampl itudes. 
T he main parameter characterizing such sources is 
effective potential rEP. It is defined as the product of 
peak electric-field strength EP and far-zone distance r 
at which this field is measured. 

Impulse radiation antennas (IRAs) [3], T EM 
antennas f 41, and combined antennas (CAs) [5] are 
most frequently used as radiators in high-power 
sources of UWB radiation. Recently, sources with spi
ral antennas have also appeared 16, 7]. ln this study, we 
consider optimization of CAs. 

Combined antennas for radiation of high-power 
UWB pulses were proposed by Buyanov in the fi rst 
half of the 1990s [2]. In the second half of the 1990s, 
he also proposed the idea of a CA with a widened pass
band, which was implemented in [5]. Characteristics 
of this CA were investigated in detail in 1.8]. Note that 
CAs are optimized for radiation of bipolar voltage 
pulses. 

A series of high-power sources of UWB radiation 
with both a single transmitting antenna and an 
antenna array was developed at the institute of High
C urrent Electronics, Siberian Branch, Russian Acad
emy of Sciences. Generators of bipolar pulses with a 
duration of 0.2-3 ns and a pulse repetition rate of 
lOO Hz were used. The source of UWB radiation based 
on a 64-element CA array excited by a generator of 
bipolar voltage pulses with a duration of I ns, an 
amplitude of 200 kV, and a pulse repetition rate of 

100 Hz [9] has the highest value of rEP (4.3 MY). An 
el.ement of this antenna array (whose design is close to 
that ofantenna A I from [8]) is used as a single radiator 
in a high-power source with an effective potential rEP 
of 0.3 MY. It was a component of 16-element arrays 
with rEP as high as 0.8 MV [10]. It is this CA that we 
wiU consider. 

r n [ 11], proposals for optimization of the CA aimed 
at an increase of EP in the direction of the antenna 
main beam were made. These proposals were used in 
the development of modified CAs optimized for radi
ation of bipolar pulses with durations of0.2 ns [J2] and 
2 ns [13]. However, in these studies, optimization was 
not aimed at increasing EP in the direction of the main 
beam but at widening of the antenna passband. In 
[141, an antenna whose geometry was close to that of 
the CA was also optimized for widening of the pass
band. 

In this study, we only consider optimization of the 
CA geometry aimed at increase in the peak ampl itude 
of the electric-field strength EP in the direction of the 
main beam of the directional pattern (D P). 

I. GEOMETRY O F T H E ANTENNA 

The CA geometry is shown in Fig. I. This antenna 
can be considered as a combination ofan electric-type 
radiator made as a TEM horn with one active and two 
passive magnetic dipoles. The antenna input is a tran
sition from a coaxial line to two strip lines. The lower 
strip line feeds the TEM horn, and the upper open
ended strip line, whose length is approximately h, 
feeds the active magnetic dipole. 

As the object of investigation, we se lected a CA 
with the length L = 16 cm, the height H = 15 cm 
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Fig. I. Combined antenna: (/) housing, (2) TEM horn, 
(J) active magnetic dipole. (4) passive magnetic dipole, 
(5) additional electrode, and (6) N-type RF connectoir. 

(Fig. I) , and a width of 15 cm. The thickness of the 
aluminum plates used to construct the antenna 
(except for the back plate) is 1.7 111111. 

Characteristics of this antenna were investigated in 
frequency and time domains. 

2. NUMERICAL MODEL OF THE SYSTEM 

For numerical simulation and calculation of the 
main characteristics of the antenna, we used a soft
ware system developed at the Kotel ' nikov Institute of 
Radio Engineering and Electronics, Russian Academy 
of Sciences. 

The system consists of three blocks; the data 
exchange between these blocks is performed with the 
use of long-term-storage files. The first block is used 
for calculation space-time dependences of all compo
nents of the electromagnetic field generated by the 
pulse source in the region that contains conducting 
and dielectric irregularly shaped 30 objects. This pa11 
of the system is based on a parallel algorithm for solu
tion of nonstationary Maxwell equations using the 
finite difference grid method [ 15). The linear dimen
sions oft he region in which the solution is constructed 
are 15-20 wavelengths corresponding to the center 
frequency of the exciti ng pulse and several times la rger 
than the maximum dimension of the antenna under 
consideration. The result of operation of the first block 
is time dependences of six field components at obser
vation points located on the hemjsphere centered at 
the point of intersect.ion of the symmetry axis of the 
feeding coaxial line and the boundary of the region. 

The second block uses these data to calculate the 
vector of the e lectric-field strength at a considerable 
distance from the antenna. The program of this part 
implements an a lgorithm based on retarded -time inte
gral relations for fie ld equations I 16]. In this case, the 
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Fig. 2. YSWR of the CA obtained in the (1) actual and 
(2) numerical experiments. 

integral relations can be used owing to the fact that the 
medium outside the antenna is homogeneous and iso
tropic and no reflections of the electromagnetic field 
occur outside the above-mentioned hernisphere. 

The third part of the system uses the results 
obtained by the second block and makes it possible to 
calculate such antenna characteristics as the effective 
potential and DPs of various types. 

3. FREQUENCY-DOMAIN 
AND TlME-DOMAlN CHARACTERISTICS 

OF T HE COMBINED ANTENNA 

To estimate the degree of agreement between the 
results of the numerica l simulation and the actual 
experiment, the CA characteristics obtained in the 
respectjve cases were compared. 

For investigation of the matching of the CA to the 
feeder line, the voltage standing-wave ratio (YSWR) 
was measured. The measurements were made on an 
Agi lent N5227 microwave network analyzer with a fre
quency range of67 GHz. The antenna radiation char
acteristics were measured in an anechoic chamber. 
The antennas were investigated in the radiation mode. 
Bipolar pulses with a duratiort of I rts artd art ampli 
tude of - 45/+ 41 V were fed to the antenna input. To 
record the radiated pulses, we used a receiving antenna 
in the form of half a TEM horn since it introduces the 
minimum distortion into the time dependence of the 
electromagnetic field [17] . The pulses from the output 
of the receiving antenna were recorded by a LeCroy 
Wave Master 830Zi-A 30-G Hz osciIJoscope. 

Figure 2 shows the antenna VSWR as a function of 
frequency. 

Figure 3 shows calculated and experiment pulses 
radiated by the CA in the direction corresponding to 
<p = 0°, 8 = O°, where <pis the azimuth angle and 8 is 
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Fig. 3. Plots of the ( /) experimental and (2) calcula1ed 
oscillograms of the antenna radiation in the forward 
direct-ion. 

4 

the angle of elevation . The pulse was recorded at a dis
tance of2.54 m from the transmitting antenna. 

These plots show that the calculated and experi 
mental data practically coincide during I ns. The max
imum difference between the calculated and experi
mental data is observed in the after-pulse oscillations 
(at I > 1.35 ns) , which can be explained by the differ
ence between the actual CA feeder system and the 
ideal coaxial Line whose model was used in the numer
ical ca lculation. 

Figure 4 presents the calculated and measured H
and E-plane CA D Ps normalized to the peak ampli 
tude of the vertically polarized component of the field. 

The data presented in Figs. 3 and 4 show that char
acteristics of the numerical model of the antenna are 
close to those of the actual CA. This fact makes it pos
sible to use this model in the search for the optimum 
geometry. 

4. POSS lBLE APPROACHES 
TO OPTIMIZATION 

OF THE COM BINED ANTENNA 

Let us consider various methods for optimization 
of the CA under consideration. The first method is to 
improve matching of the antenna to the feeder in the 
maximum possible frequency range (without using 
absorbing materials) and thus inc rease the portion of 
the radiated energy. 

Let us estimate the possible gain. Knowing the 
spectrum of the voltage pulse at the antenna input and 
the antenna VSWR, it is poss ible to find the energy 
contained in the generator pulse [7 ] 
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Fig. 4. Ploisof(a) H- and (b) E-plane CA DPs normalized 
to the peak amplitude: (/)experiment and (2) calculation. 

and the energy reflected from the CA [71 

W - f U2(/)(Kv<.f)- 1)2 df (2) 
rcn - g K v<J) + I . ' 

where Us(/) is the amplitude spectrum of the generator 
voltage pulse and Kv is the antenna YSWR. 

Upon integrating power spectral density u: over 
the entire frequency range, we obtain the energy con
tained in the generator pulse. The maximum of the 
spectrum of the input bipolar voltage pulse corre
sponds to a frequency of I GHz. It can be seen in 
Fig. 2 that the antenna VSWR ::; 1.5 in the frequency 
range from 0.75 to 1.875 G Hz. Integrating the right
hand side of ( l) over this frequency range, we find that 
it contains 65% of the energy of the incident pulse. 
Using (2), we can show that less than 4% of this energy 
is reflected from the antenna back into the feeder 
(VSWR ::; 1.5). Thus, the antenna is already well 
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Fig. 5. Second modification of the CA: ( /) housing, 
(2) TEM horn, (J) active magnetic dipole. ( 4) passive 
magnetic dipole. (5) additional electrode, and (6) N-type 
RF connecwr. 

matched in the given frequency range and it is very dif
ficu lt to attain a s ignificant decrease in the VSWR in 
this range. Even if the CA is perfectly matched in this 
frequency range (VSWR = 1), an increase in the radi 
ated energy will be negligible. 

The possibility of improvement of the antenna 
matching is related to the regions lower and upper fre
quencies. At upper frequencies (f > 1. 875 GHz), it is 
possible to imp rove matching of the CA to the feeder 
circuit; however, no any significant increase in the 
energy radiated by the CA will be obtained since the 
portion of the energy in the generator pulse corre
sponding to these frequencies is small (2% in the range 
from 1.875 to 20 G Hz). T he portion of the energy of 
the generator pulse at frequencies/< 0.75 M Hz is con
side rable (33%); however, it is extremely difficult to 
improve the antenna matching without increasing its 
dimensions and without introducing absorbing mate
ria ls into its volume. Even if the VSWR is lowered in 
this frequency region and the portion of the radiated 
energy is increased, we will not be able to significantly 
increase EP in the direction corresponding to <p = 0°, 
o = 0°, since the antenna DP is wide at lower frequen
cies and, the refore, the radiated energy is weakly 
focused. 

The second method is to narrow down the antenna 
beam and increase the power flux density in the cho
sen direction. In this approach , the aperture of the 
transmitti11g anterma must usua!Jy be increased. ln 
this study, it is assumed that, optimizing the CA geom
etry, we retain the antenna overall dimensions. There
fore, it is impossible to increase EP in the direction of 
the main beam by increasing the ru1tenna aperture 
and, therefore, by narrowing the D P. 

The third method is to stabilize the position of the 
main beam in the maximum possible frequency range. 
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Fig. 6. VSWR of the second modification of the CA: 
( 7) actual experiment and (2) numerical experiment. 

This method can be inte rpreted as widening of the 
antenna bandwidth. 

5. RES ULTS OF OPTIMIZATION 
OF TH E COMBINED ANTENNA 

ln [ 11 J, it was proposed to improve matching oft he 
CA in the region of upper frequencies by decreasing 
height h of the coaxial- to-stripline transition. T he first 
modification of this antenna with h = 0 was numeri
cally investigated. Variation in he ight h does not affect 
matching of the antenna to the feeder in the region of 
lower frequencies. An insignificant increase in the 
VSWR (up to VSWR = 1.7) occurs in the region of 
medium frequencies , and a significant improvement is 
observed in the region of upper frequencies. Thus, the 
calculated upper boundary frequency corresponding 
to the VSWR = l.5 shifted from/= 1.825 GHz to/= 
2.08 GHz. The spatia l distribution of the radiated fi eld 
and the shape of the radiated pulse remained practi
cally unchanged. Peak field amplitude EP increased by 
1.5%. T his assumption was confirmed by the pulse 
investigations of the antenna. The measurement 
results show an increase in amplitude EP of the modi
fied antenna by 1%. 

The second modification of the antenna is a lso 
presented in [11] (Fig. 5). In this modification , an 
attempt was made to improve the antenna matching in 
both lower- and higher-frequency regions. In th is 
model, the he ight of the coaxial-to-stripline transition 
h = 0, the flare angle of the CA T EM horn is increased 
(by modifying the geometry of the upper surface of 
the TEM horn) , and the geometry of additional elec
trode 5 (Fig. I) is changed (its middle segment is 
shif ted toward the back wall of the antenna by 1.5 cm. 
Figure 6 shows the antenna YSWR. Tt can be seen in 
the figure that the antenna matching in the physical 
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Fig. 7. Plots of (a) the Ii - and (b) E- plane DPs of the sec
ond modification oft he CA normalized to Lhe peak ampli
tude: (/) experimem and (2) caJculation. 

l 

Fig. 8. Third modification of the CA: ( /) housing, 
(2) TEM horn, (J) active magnetic dipole. (4) passive 
magnetic dipole. (5) additional electrode, and (6) N-rype 
RF connector. 

experi ment is worse than in numerical one at the 
medium and upper frequencies, which is probably due 
to the difference in the geometries of the actual 
antenna and numerical model. 

rn this study, the spatial distribution of the field 
radiated by the antenna has been investigated. Figure 7 
shows calculated and measured H- and E-plane DPs 
of the second modification of this antenna nonnalized 
to the peak field amplitude. 

The shape of the radiated pu lse remained practi
cally the same. Peak field amplitude EP increased by 
3% in the numerical experiment and by 1.5% in the 
physical experiment. 

6. RESULTS OF OPTlM IZATlON 
OF T H E COMBINED ANTENNA 

WTTH AN INCREASED APERTURE 

The above-mentioned modifications of the CA 
were based on the improvement of matching of the 
antenna to the feeder circuit in the maximum possible 
frequency range. The conducted investigations show 
that obtaining a considerable increase in the CA effec
tive potential in the direction of the main beam with
out changing the antenna overall dimensions is a very 
difficult problem. Let us try to solve the problem of 
increasing antenna effective potential rEP in the direc
tion corresponding to <p = 0°, o = 0° by stabilizing the 
position of the DP maximum over a wider frequency 
range. Here, it is logical to align the absolute maxi
mum of the antenna D P with the desired direction of 
the rEP maximum. Note that the maxima of the CA 
DP as well as maxima of D Ps of its first and second 
modifications correspond to the di rectio n <p = 0°, 
o =:: 5° (Figs. 4b, 7b). 

We will proceed from the fact that the antenna DP 
is symmetrical with respect to the horizontal plane if 
the antenna itself is symmetrical with respect to this 
plane. This (third) modification of the CA is presented 
in Fig. 8. The third modification differs from the sec
ond one in t hat height His increased by 3 cm (H = 
18 cm) due to the increase in the dimensions of the 
lower passive magnetic dipole (Fig. 8, element 4). 
Therefore, the third modification of the CA is based 
on an increase in the aperture of the transmitting 
anten na. 

Figure 9 shows the VSWR of the third modification 
of the CA. l t can be seen from the figure that, in the 
upper-frequency region, the antenna matching in 
the physical experiment is considerably worse tha n in 
the numerical experiment. T his disagreement is prob
ably due to the difference between the geometries of 
the actual antenna and of the numerical model. How
ever, since this disagreement is observed at frequencies 
/'?:. 2 G Hz, it should not significantly affect the value 
of rEP. 
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Fig. 9. YSWR of the third modificaiion of the CA: 
(/)actual experiment and (2) numerical experiment. 

Figure JO shows calculated and measured H - and 
E-plane DPs of the third modification of the CA nor
malized to the peak field ampl itude. 

The calculated and measured 0.707-level beam
widths of the CA and its modifications are given in the 
Table I. 

The data listed in the Table I show that the main
beam widtJ1 of the second and thjrd modifications of 
the CA only slightly decreasesin the H plane and con
siderably decreases in the E plane. The DP maximum 
in the E plane fort he the third modification of the CA 
corresponds to the elevation angle 6 e: 0°. 

As compared to the base version , peak field ampli
tude EP produced by the third modification of the CA 
increased by 6.5% in both the numerical and actual 
experiments. 

Note that we selected the thjrd modification of the 
antenna geometry (with antenna height H increased 
by 3 cm) taking into consideration the geometry of the 
high-power UWB-pulse source, which is based on a 
64-element CA array l9J, with an aim of probable 
modification of this source. However, it is clear that 
the CA can be optimized without increasing height H. 
ln this case, the CA input is shifted upward with 
simultaneous symmetrization of the TEM horn. In 
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Fig. 10. Plots of (a) the H- and (b) E-plane DPs of the 
third modification of the CA normalized to the peak 
amplitude: (/)experiment and (2) calculation. 

this case, the increase in rEP will be less than 6.5% but 
the radiation maximum of the compact CA will corre
spond to <p = 0° , 6 = 0° and the E-plane DP will be 
more symmetric. 

Amplitude-frequency and phase-frequency char
acteristics (AFCs and PFCs, respectively) of the CA 
and its second and third modifications were measured. 
The investigations were conducted in an anechoic 

Table I. Widths of the main beam for the CA and its modifications 

Calculation Experimem 
CA type 

1-1 plane E plane H plane E plane 

Initial CA 84.5° 93° 880 106° 

Second modification goo 9l0 g30 100° 

Third modification 75° g30 81° g70 
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linear PFCs for the (/)CA and (2) its third modification. 

chamber with the use ofan Agilent N87I89ET micro
wave network analyzer. We will define the passband of 
the antenna as the frequency range in which the con
ditions for low-distortion signal transmission are satis
fied , namely: variations in the antenna AFC with 
respect to the mean value are within± 1. 5 d B and the 
deviation of the PFC from a linear function are within 
±n/16 [8]. Figure 11 shows the AFCs and the devia
tions from the linear PFC for the CA and its third 
modification. 

The passband lower boundary frequency Jj is deter
mined by the deviation of the PFC from a linear func
tion. For the CA and its modifications,.fi ~ 0.38 G Hz. 
T he passband upper boundary frequency/,_, is deter
mined by the deviation of the PFC from a liHear func
tion or deviation of the AFC from the mean value by 
1.5 dB. The CA passband is 5.2, and it increases up to 
5.7 for the second modification. The passband of the 
third modification of the CA is 5.6, which is probably 
due to the inaccuracies of the antenna manufacturing 
process. Widening of the CA passband makes it possi-

ble to not only obtain higher effective potential rEP 
when the antenna is excited by a bipolar pulse but also 
efficiently radiate U BPs of a shorter duration or a dif
ferent shape. 

CONCLUSIONS 

In the numerical and actual experiments, the CA 
and its various modifications have been investigated. 
The CA excited by a 1-ns bipolar voltage pulse has 
exhibited high efficiency in generation of effective 
potential rEP in the direction corresponding to <p = 0°, 
o = 0°. It has been shown that the CA passbandfu//i = 
5.2 ca n be expanded up to 5.7 (for the second modifi
cation) in the direction corresponding to <p = O°, o = 
0° without changing the antenna overall dimensions. 
In this case, rEP increases by 3% in the numerical 
experiment and by 1.5% in the real experiment. 

A modification of the CA (the third modification) 
with increased height H has been proposed. This mod
ification also has an expanded passband ifu/./i = 5.6) 
and its effective potential is increased by 6.5%. T hese 
antennas with a height-to-width ratio of l.2 can be 
promising elements of CA arrays. The maximum of 
the DP of the third modification of the CA corre
sponds to the direction <p = 0°, o = 0°, and the E-plane 
DP itself is more symmetric with respect to the hori
zontal plane. 
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