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Discussed in the paper is application of an E-field probe in the form of a short monopole antenna (a D-dot-like
configuration) for receiving short pulsed signals. Several numerical experiments have permitted suggesting recom-

mendations as for implementing sensors with a uniform spectral response. Versions of the sensor configuration,
suitable for operation with short pulsed signals with complex spectrum in the range of 0.5 to 3 GHz are considered,

and results of probe calibrations presented.
PACS: 41.60, 84.30, 84.37

INTRODUCTION

To measure characteristics of ultra short pulsed
(USP) electromagnetic signals, a variety of ultra-
wideband (UWB) antennas can be applied, on the con-
dition that their transient response should be of suffi-
ciently short duration. All of them can be categorized
either as nonresonant traveling wave or electrically
short antennas. UWB antennas of the first type, capable
of receiving USP signals without significant waveform
distortions are represented, e.g. by the TEM horn. That
is characterized by a frequency independent input im-
pedance and ability to conserve the initial modal content
of the transferred signal through the entire transmission
length. By having a good impedance match design both
at the aperture of the antenna and the output interface its
output voltage waveform is identical to the incident E
field. Meanwhile, a fundamental condition allowing for
undistorted reception of pulsed signals of duration t, is
the requirement that the electric length L of the TEM
horn is sufficiently large, L > 2t,c, where ¢ stands for the
speed of light in the horn (possibly, filled with some me-
dium). Unfortunately, in some cases the size L may prove
unacceptably large because of a large t, of the pulse.

An alternative to the TEM horn as a device for re-
ceiving pulsed electromagnetic signals with arbitrarily
short width t, may be a short monopole (SM), i.e. a non-
symmetrical rod antenna known as the D-dot sensor, or
DDS [1]. In contrast to the traveling wave antenna, the
characteristic size of the DDS, namely L << 1 suggests
a capacitive character for its input impedance, hence the
signal at the output is proportional to the time derivative
of the pulse’s electric field strength E at the receiving
location. Also, the response function of the DDS may
happen frequency dependent, so generally, the DDS
requires calibration through the operating frequency
band. Despite the inconveniencies associated with these
additional signal treatment procedures, the interest to-
ward the DDS as an electric field sensor for USP signals
(see, for instance, the recent paper on radiation sources
of short, complex spectrum pulses [2]).

The present paper is dedicated to a study of perfor-
mance characteristics of DDS and calibration thereof
within a numerical experiment. The USP signals were
formed in a nonlinear transmission line involving a gy-
rotropic medium. The appropriate waveforms appeared
as decaying oscillatory (‘sinusoidal’) signatures with
varying lengths of the quasiperiod and varying number
of oscillations over the total pulse length [2]. We have
sought an optimum structure and design of the sensor
for minimizing distortions in the measured signals.
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1. DETAILS OF THE NUMERICAL
EXPERIMENT

The 3D numerical experimentation was carried out
on the CST MW Studio platform [3]. The objects of
study were versions of D-dot-like field sensors in a
transmission line, differing in the configuration of their
electrodes. A vertically polarized electromagnetic
pulsed plane wave of a specific strength of its electric
component was formed in the operating space. Each of
the UWB pulsed signals showed the time behavior of a
decaying sinusoidal form with a total number of oscilla-
tion periods, T, about 10 (Fig. 1). When interpreting the
results, the time-domain description of the waveforms
was confronted with a simplified frequency domain
representation where a unique frequency estimate was
obtained from the duration of the first quasiperiod T4, fg
= T, This magnitude varied from one experiment to
another between 0.5 and 3 GHz, and the fractional spec-
tral line width from 0.3 to 0.15.
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Fig. 1. In'it‘ial E-field waveform and spectrum

The electromagnetic wave field as described acted
on the DDS in the form of a vertically oriented short
monopole, plus a horizontally extended ‘ground’ elec-
trode (GE). For each of the DDS structures analyzed,
the condition that the monopole length h should be
small compared with the shortest wavelength in the
pulse spectrum (h << Ao min) Was satisfied.

i

Fig. 2. DDS: A simplified equivalent circuit diagram

Fig. 2 shows a simplified equivalent electric circuit
of the DDS. The short monopole is represented as a
capacitor C to be charged inductively from the electric
component E(t) of the incident electromagnetic wave.
The voltage across terminals of the capacitor-antenna,
induced under optimal orientation conditions with re-
spect to the E-field vector, is proportional to the magni-
tude of E and the effective antenna height hp [4]
Ve(t) =haE(Y). D
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The measuring circuit connected to C carries the
current ic(t) whose magnitude is determined by the ca-
ble impedance p. Thus, the voltage formed at the cable
output is

V() = ic(t)p = p-C-dVe(D)/dt. )
Finally, we obtain the expression for the output voltage
V(1) = ha p-C-dE(D)/dt, ®3)

from where it is obvious the necessity to integrating on
time the output signal V(t) for obtaining the electric
field waveform E(t), and also the DDS transmission
factor K = V/E dependence on frequency

K=hppCrh, 4
where 7 is the constant of integration.

It is worthily to note that the effective antenna height
ha in (1) is a constant only when the spectral composi-
tion of the receiving EMW is invariable, e.g. when the
impulse waveform does not change. This is not correct
in general, because complex geometry of the DDS elec-
trodes results in appearance in (1) an additional depend-
ence on time (frequency), ha—ha(t-t). Taking into ac-
count that the DDS monopole height is small, 2 << Ay
~ 10 cm, the time (frequency) dependence of h, relates
basically to the ground electrode geometry. Thus, the
use of DDS for measurements the signals with complex
spectral composition demands for providing an addi-
tional procedure — the probe calibration within the oper-
ation frequency band.

2. THE PROBE INVESTIGATION

Several modifications of DDS were considered.
Their GE were specific for real experiment: (1) a wide
plane disc with a coaxial vertical link imitating the out-
coming signal line; (2) a wide-diameter hemisphere
covering the vertical coaxial link; (3) a small disk with
minimal the vertical coaxial link; (4) a small disk with
the horizontal coaxial link.

The DDS-1 design (Fig. 3) was a vertical coaxial
cable, in which the internal electrode was a short mono-
pole of height h, and the outer electrode with its edges
connected together in the center of a horizontally orient-
ed metal disk forming a wide GP. The invariable dimen-
sions in the DDS-1 design were: h = 0.5cm,
d; =0.25cm, d, =1cm, hy =5cm, and h, = 0.25 cm
while the GP diameter d; was unchanged.

In the numerical experiment, an independent record-
ing of the vertical component of the electric field
strength E(t) (Em = 0.8 V/m) near the antenna (Fig. 4,a),
and the signal V(t) at the cable output (Fig. 4,b) were

carried out.
1
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Fig. 3. Desigﬁ of DDS-1. 1 — short mono’pole electrode;
2 — ground electrode; 3 — coaxial cable

Then the probe output signal was numerically inte-
grated (Fig.4,c). Based on the comparison of the signals
Fig. 4,a,c the transmission factor of the sensor K was
determined. For example, the transmission factor of
DDS-1 with d; = 80 cm was K; = 0.82.10™ m.
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Fig. 4. The data used for DDS calibration. a — electric
field strength near DDS; 6 — recorded output signal;
¢ — integrated output signal. E,, = 0.8 V/m

Numerical experiments demonstrated variations of
the DDS-1 output signal waveform depending on the
value of ds, indicating the importance of the diffraction
effects (spatial resonances) possible within the frequen-
cy range of the operating signal (see Fig. 1) DDS-1 was
tested with a signal with the fixed-frequency harmonic
component (in this case, f, = 1.6 GHz). Fig. 5 shows the
output signal waveforms (after integrating and account-
ing for the transmission factor), depending on the GP
diameter ds;. As it can be seen, variation of the GP di-
ameter ds; produced various distortions of the pulse
shape. The greatest output signal amplitude and wave-
form distortions were observed at smaller GP diameters
4cm<d;<6cm. The waveform distortions appeared
greater with the dj increase to 10 cm. But at the diame-
ter further increase up to ~20 cm distortions became
significantly smaller and disappeared at
d; > 40 cm. Simultaneously, for d; > 20 cm, the signal
output amplitude stabilized.

Fig. 5. The DDS-1 output signal waveforms
for different GE diameters, Ey; = 0.8 V/m

The obtained results become clear if we take into ac-
count the central frequency of the regular component in
the irradiating impulse ~1.6 GHz (1o = 18.5 cm). In this
case, the distance to the GP disk edge, at which signifi-
cant distortion of the waveform are present, corresponds
to d3 = 10...20 cm = 4,. Accordingly, for d; > 2o, the
resonant effects are sufficiently attenuated, and the sig-
nal distortions decreased. It is interesting to note that the
range of values d3< ¢ (30...60 cm), is also character-
ized by small distortions in the waveform, and by signif-
icant increase of K (up to 1.5 times). This effect is obvi-
ously due to the insufficient shielding of the vertical
coaxial link located at the bottom of the GP. In this
case, the vertical orientation of the link could contribute
to an increase in the effective height of the antenna re-
sulting in somewhat increase of V(t).

Thus, the range of d; values, at which a good
“shielding” of the outgoing coaxial line was provided
and the spatial resonances corresponding to the chosen
operating spectrum were not observed, corresponded to
20...30 cm, i.e. d3 > c/fy. On the other hand, an excessive
increase in ds creates certain inconveniences when using
the sensor. Therefore, the value d; = 20...30 cm is opti-
mal for a signal with a selected frequency of 1.6 GHz.
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Fig. 6. The DDS-2 configuration (a),
and output signal (b), Ey; = 0.8 V/m

As can be seen, “shielding” of the output coaxial
line due to an increase in the transverse dimension of
the sensor's d; > g, when the appearance of dimensional
resonances decreases, is one of the ways to minimize
distortions of the received signal. Another way to solve
the problem is the use of the GE with an optimal d; and
bent edges, which provide shielding for the coaxial ver-
tical link. This approach was implemented in the design
of DDS-2, having the GE with d; = 30 cm and hemi-
spherical shape (Fig. 6,a). Fig. 6,b shows the signal reg-
istered by DDS-2, which has small distortions in shape.

The possibility to obtaining a minimal distortion of
the signal waveform by eliminating the influence of the
coaxial vertical line was verified in the third modifica-
tion of the probe (DDS-3), where the height of the coax-
ial line h was minimal (Fig. 7,a). The GE dimensions
were also chosen as small as possible and corresponded
to the conditions:

h;<< d3 <A min- (5)

DDS-3 had the following dimensions of the GE:
d; = 6cm, and h, = 0.25cm. As it can be seen in
Fig. 7, b, the signal detected by DDS-3 was practically
free of distortion. This result indicates that operation with
the signals with complex spectral content requires using a
sensor with dimensions satisfying the condition (5).

a b
Fig. 7. The DDS-3 design (a), and its output signal (b),
Ey=0.8 Vim

It was noted earlier that the capacitive nature of the
SM and the spatial non-uniformity of the GE are both
the causes of the frequency dependence of the DDS
response function. In our case, this manifested itself in
the distortion of the waveform of the received signal. To
clarify the impact of geometric characteristics of the
DDS under study on the shape of the output signals, the
sensors were tested using a quasi-harmonic signal with-
in the frequency range corresponding to the above-
mentioned 0.5 to 3 GHz operating frequency. The re-
sults of the measured E field of a quasi-harmonic signal
obtained for various DDS are presented in Fig. 8. As
can be seen, the DDS-1 and DDS-2 sensors (curves 1-4)
have significant (~20...25%) non-uniformity of the fre-
quency dependence V = V(f,). In DDS-3 (curve 5) with
the dimensions of the electrodes meeting the condition
(5), the frequency non-uniformity does not exceed of
~15%, which is confirmed by the observation of smaller
signal distortions than in DDS-1 and DDS-2.
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Fig. 8. Results of DDS tests using a quasi-harmonic
signal. 1, 2, 3 —DDS-1 (d; = 6, 10 and 30 cm);
4 —DDS-2; 5 —DDS-3; 6 —DDS-4 (I = 2 cm);
7 —DDS-4 (1 =10cm)

However, due to the absence of the output signal ca-
ble, the DDS-3 can not be used in practice. Therefore, a
more realistic design of the DDS-4 with the coaxial link
was considered, Fig.9. This design used a small-
diameter coaxial cable, which was oriented horizontally
to reduce the electromagnetic coupling to the vertically
polarized EMW. Moreover, to reduce the level of pre-
cursor-signals it was turned opposite to the direction of
arrival of the EMW.
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Fig. 9. DDS-4 with a horizontally oriented signal cable

The characteristic dimensions of the DDS-4 are:
h=05cm; d, =0.25cm; d3 =3cm; h, =1cm. Two
variants of the DDS-4 with different length of the coax-
ial link (I = 2cm and 10 cm) were tested. These two
sensors, like the DDS-3, did not practically distort the
received signal, and their amplitude-frequency charac-
teristics (Fig. 8, curves 6 and 7) had minimal nonuni-
formities, 3.6 and 7%, respectively.

3. DISCUSSION

In the study of broadband DDS, conducted on the
basis of numerical simulation, several sensor designs for
receiving SKD signals with a complex spectral compo-
sition are considered. It is known the use of DDS for
recording free space transient signals of subnanosecond
width [1, 5]. The spectrum of such signals is enriched,
mainly by HF components, which are almost not dis-
torted by a sensor having a small-size GE. Generally,
signal distortions are formed as a result of interference
of its main part and reflections from the inhomogenei-
ties of the GE, from the adjacent elements (for example,
signal cables) or from surrounding radio-contrast ob-
jects. If the scattering element is removed from the SM
by a distance z, the reflected signal lags behind the main
pulse for a sufficiently large time of ~2 z/s. This cor-
responds to the appearance of a LF component in the
signal spectrum. For example, at receiving a sub-ns sig-
nal, a DDS with the d; > 20 cm will form a response
from the GE edge, separated from the beginning of
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pulse by a time of about 1 ns. This "tail" can easily be
filtered by a time gate. Accordingly, the initial spectrum
of the USP signal having a maximum in the region of
the frontal frequencies (f = 0.35/tg), will be enriched at
the sensor output with the 1 GHz or less components,
which can also be easily filtered.

Quite a different situation arises when recording sig-
nals having a complex waveform and width, comparable
to or exceeding the electric length of the GE ~ 2d/s. In
our case, the signal width is of 12...15 ns and includes a
damped harmonic component with f = 0.5...3 GHz. Ac-
cordingly, any reflection from the edge or inhomogenei-
ty of the GE falls into the range of the fundamental fre-
quency of the signal spectrum and substantially disturbs
the waveform. Obviously, the solution to our problem is
related to a principal reduction in the GE dimension, so
that possible reflections will be outside the operation
frequency band.

The results of numerical experiments carried out
with DDS variants can be compared with formula (4),
which reflects the relationship between the amplitude
and shape of the output signal and the design character-
istics of the sensor. Obviously, the transmission factor
of the sensor K = V/E depends only on the magnitude of
the two components: the effective height of the sensor
as an antenna, h, and the capacitance of the monopole
to the ground electrode, K(p = const) ~ h 5 C. Both these
quantities are determined by the geometric features of
the DDS as a whole.

Some DDS with coaxial vertical link demonstrated
characteristic large amplitudes of the output signal
compared to the signals of flat DDS. The vertical link of
DDS-1 and DDS-2 increased the effective antenna
height ha and, correspondingly, increased the transmis-
sion factor (4).

In view of the same relation, a larger transmission
coefficient is also characteristic for DDS with a large
diameter of the GE, since the amplification of the short
monopole antenna is proportional to the capacitance of
the SM to the ground. Because of this, DDSs having
large d; showed a rise in the amplitude of the HF com-
ponents of the signal (curves 2 and 3). Accordingly, the
transmission factor of the DDS-1 with a small-diameter
GE was characterized by a weakening of the HF com-
ponents (curve 1).

Similarly to a small-diameter DDS-1, the remote ar-
eas of the DDS-2 ground electrode with a hemispherical
shape produced smaller amplification of the HF signal
components. Their capacitive coupling with the periph-
ery was attenuated by the GE curvature (curve 4). In

this case, DDS-2 clearly demonstrated a LF resonance —
the GE vertical arrangement caused a rise in ha.

Small-diameter sensors DDS-3 and DDS-4 formed
the output signal with significantly smaller amplitude
than DDS with large d (curves 5, 6 and 7). Since the
dimensions of these sensors were far from resonance
values, their spectra were generally uniform in frequen-
cy. The exception was represented by DDS-4 (curve 7)
having a long horizontal coaxial link. Due to its small
outer diameter of the cable, this link produced week
resonant increase of the LF components of the signal
spectrum.

CONCLUSIONS

The results of the numerical studying a sensor record-
ing USP signals with a complex spectral composition
including a harmonic component were used to substanti-
ate the possibility to obtain a uniform frequency response
in the frequency range 0.5...3 GHz. The results of the
numerical studying a sensor recording USP signals with a
complex spectral composition including a harmonic
component have been used to substantiate the possibility
to obtain a uniform frequency response in the frequency
range 0.5...3 GHz. It has been shown that the sensor sen-
sitivity is determined by the features of its design — the
effective height of the device as an antenna, and the elec-
tric capacitance of the monopole to the earth electrode.
The degree of distortion of the received USP signal wave-
form depends on the fulfillment of the condition for the
DDS electrode dimensions, h << d; < Agmin, Which means
the absence of resonances within the signal spectrum.
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JATYHMK YJIEKTPHYECKOI'O IIOJISI HA OCHOBE KOPOTKOM HECUMMETPUYHOM AHTEHHBI
C.1O. Kapenun, U.U. Mazoa, B.C. Myxun
PaccmarpuBaercs npruMeHeHue 30H1a E-11ois B BUe KOPOTKOI HECHMMETPUYHOW aHTEHHBI, U3BECTHOTO Kak D-dot 30H, s
pEeTUCTpalU U3TYYaeMbIX MMITYJIBCHBIX 3JEKTPOMATHHTHBIX CHTHAJIOB CBEPXKOPOTKOHM UTUTENBHOCTH. UWCICHHBIE JKCIIEpH-
MEHTBI [TO3BOJIJIM TPEUIOKUTh PEKOMEHIAIMH, KaCaIOIIUeCcsi TeOMETPHYSCKIX OCOOCHHOCTEH JaTdunKa ¢ paBHOMEPHBIM CIEK-
TPaIbHBIM OTKJIMKOM. PaccMOTpeHbl BapuaHThl KOHQUIypaluy AAaTYUKa, COOTBETCTBYIOLIME PaboTe ¢ KOPOTKOUMITYJIbCHBIMH
CHUTHAJIAMH CO CIIOXHBIM CIIEKTpoM B obiactu actoT ot 0,5...3 I'Tw, u npeacTaBneHbl pe3ynbTaThl €T0 KaTHOPOBKH.

JATYHUK EJJEKTPUYHOI'O I1OJISA HA OCHOBI KOPOTKOi HECUMETPUYHOI AHTEHU
C.1O. Kapenin, 1.1. Mazoa, B.C. Myxin
Posrisgaerbes 3acTocyBanHs 30HAa E-10Jst y BUIVISLAI KOPOTKOI HECUMETPUYHOI aHTeHH, Binomoro sik D-dot 30ux, s pe-
€ecTpaLii BUIPOMIHIOBAHHX IMITYJIbCHUX €JIEKTPOMArHiTHUX CHTHAJIB HaJAKOPOTKOI TpUBAIOCTI. UnCENbHI €KCIIEPUMEHTH J03BO-
JIMJIMA 3aIpOIOHYBAaTH PEKOMEHIALil, IO CTOCYIOThCS T'€OMETPUYHUX OCOOJMBOCTEH NaTdyMka 3 PIBHOMIPHHUM CIIEKTPaIbHUM
BiArykoM. PosrisHyTo BapianTH KOHQIrypalii faT4rKa, 0 BiAMOBIAAIOTE POOOTI 3 KOPOTKOIMITYIbCHUMH CHTHATIAMH i3 CKJIaj-
HUM CHEKTpOM B 00macTi yactot Bix 0,5 ... 3 I'T'n, i mpeacTaBneHi pe3yabTaTi HOro KaniOpyBaHHS.
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