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This paper is dealt with a general modeling method for Time Domain analysis of aperture antenna pulse ra-
diation. Non-synchronous excitation is the main feature of the proposed approach. We solve in a closed-form the
problem of pulse radiation from the rectangular aperture with uniform amplitude distribution and linear time
delay distribution (it corresponds to excitation with travelling wave). Then we use a decomposition approach to
calculate pulse fields radiated by Tapered Slot Antenna. We decompose an aperture of TSA into elementary rec-
tangular apertures with given amplitudes (taking into account wave impedance and the fact that the power expo-
nentially decays due to radiation losses) and excitation delays. The radiated field can be obtained by totalizing
the fields from each elementary aperture. Then we calculate the fields from an array of TSA in H- and E-plane.
We set time delay for each antenna in the array to have the ability of steering the radiation pattern of such sys-
tem. Some radiation patterns for a single TSA as well as for arrays of TSA with different time delay distribution
are presented. Some physical interpretations of the obtained results are given as well.

Introduction

In light of constantly increasing interest to impulse
radiating antennas for radar, GPR, secret communi-
cation, and so on we need good steerable radiating
systems with high directivity and capable of radiating
ultra short pulses. In this paper we give some explo-
ration of a time array (Time Domain analog of
phased array) with a Tapered Slot Antenna as a basic
element.

Time arrays (i.e. arrays with the ability to set the
excitation time delay for each element separately)
allow to steer the beam in far zone and to perform 3D
scanning in near zone as well. This latter focusing
feature may be very useful in GPR applications.

We use a TSA as a basic element of the array
since it was shown [1] that end-fire antennas (such as
TSA) have some advantages in directivity over
broadside antennas (such as horn, reflector) for short
pulse radiation case.

We introduce a very simple and straightforward
decomposition scheme to model pulse radiation of
any aperture antenna. We use this approach to calcu-
late transient field radiated by TSA [2]. Though this
type of UWB antennas is known since 1979 it has
been closely investigated only in Frequency Domain
[3-7].

Pulse Radiation of an Aperture

In many cases pulse antenna can be adequately de-
scribed by current distribution on the aperture. Let us
consider an aperture with arbitrary current amplitude
and time delay distribution and arbitrary exciting
pulse shape. The field in the far zone can be obtained
as follows [8] (notations are explained in Fig. 1):
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Fig. 1. Problem geometry
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is the exciting pulse; t; (&,m) is the time delay dis-
tribution; (£,7,0) is a point on the aperture; e; is

the current unit vector (it determines polarization);
R = (z,y,z) is the vector to a point of observation;

n=R/|R|; T=t— Ry/c is the retarded time.
This is a general formula for aperture radiation

analysis (in far zone) which takes into account non-
synchronous excitation.

Decomposition. Basic Solution

Formula (1) yields a simple closed-form solution for
the case of rectangular aperture (2a x 2b) with uni-
form amplitude distribution and linear time delay
distribution (in H-plane):

Lo 2bc
E(Ry,t,0) = — 1o __20¢
(B0, t.0) = = g —a

{f(T + (siné@ —a)%)— f(T — (sin6 —a)%)}7(2)

where a@ = ¢ /v, v — the signal propagation veloc-
ity along Oz .

Now we can use this solution to calculate the
fields of any aperture, if only this aperture is repre-
sented as a number of rectangles with the given uni-
form amplitudes and the given linear delay distribu-
tion. We just need to decompose the aperture in the
above mentioned way, apply formula (2) to each rec-
tangle and totalize the fields from all the decomposi-
tion elements. Let us apply this approach to analysis
of Tapered Slot Antenna.

Tapered Slot Antenna Analysis

Tapered Slot Antenna with decomposed aperture is
shown in Fig. 2. We assume that the exciting pulse
travels along the antenna with the speed of light, i.e.
a =1 in formula (2). Besides, when determining
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Fig. 2. Tapered Slot Antenna
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Fig. 3. Time shape of radiated field in far zone

the amplitudes of each section we suppose that the
power in this transmission line decreases exponen-
tially due to radiation losses:

e—“dx

NZ o )

Z (x> is the wave impedance in the tapered slot line,
we use formulas from [3] to calculate it. The current
distribution in cross-section takes into account singu-
larities on the metal edges [4-6]. We neglect multiple
reflection in the line in this consideration mainly due
to the fact that the signal fades out significantly to the
end of sufficiently long antenna.

The antenna under consideration has the follow-
ing parameters: linearly tapered form with tapering
angle 20°; exciting pulse is of Gaussian form:

f) = exp(—(%)Q); antenna length is L = 4¢T;
substrate: ¢ = 2.22, d = 0.017c¢T .

ZI*> = P = const- ¢ 2%, I~

In Fig. 3 one can see the calculated time shape
of radiated in different directions fields. The first
derivative of the exciting pulse is radiated in the end-
fire direction (it follows from (2), where finite differ-
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Fig. 4. Peak power radiation pattern of the TSA
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Fig. 5. Geometry of the array.

ence turns into derivative for 6 = 90°), while the
time form of the field radiated in side direction is a
sum of two unequal pulses that come from the begin-
ning and from the end of the antenna.

Radiation patterns calculated for peak power:

W®©)= max E*(t,0) 4
are presented in Fig. 4.

Arrays of TSA

Let us consider now time arrays of TSA. As was
mentioned in the introduction, time arrays posses the
ability of steering the beam in far zone by setting
certain time delays for each element of an array. The
array of TSA arranged in H-plane is shown in Fig. 5.
The field radiated by such a system can be ob-
tained by summing the fields from each element with
taking into account time delays resulting from differ-
ences in propagation time dsinf/c (see Fig. 5) and

different excitation time 7, :

E,,. (t,0) =
lﬁ;E(t—k(i— N;l)(dSii(e) +7m),9). 5)
1
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Fig. 6. Peak power radiation patterns for:
1-N=2,d=4cT2-N=2,d=8¢T
3-N=3,d=4cT4-N=1

Fig. 7. Patterns for different deviation angles:
1-N=2,d=8¢T, 04ev=0° 2-N=2,d=28cT, Ogey = 30°
3-N=2,d=8cT, 04 = 60% 4~ N=3,d =4 cT, Ogey = 60°

We investigate elements arrangement effect on
the peak power radiation pattern. To this end we plot
in Fig. 6 some radiation patterns for different number
of elements N and different spacing d. We adduce the
pattern for the single element (divided by N?) to show
that after separating the pulses from individual ele-
ments the array pattern corresponds exactly to the
pattern of 1 element. It is explained in the inset with
time form at the border of main lobe. One can con-
clude from this figure that the beamwidth is defined
by the distance between outermost elements, whereas
main-lobe to sideway radiation ratio is defined by the
number of elements.

In contrast to phased arrays we haven’t any side
lobes for time arrays, so we needn’t have a dense
array elements arrangement. Moreover, sparse aperi-
odic arrangement is more desirable. Indeed, while an
array radiates one pulse in main direction, it radiates
pulse train outside of main lobe. This pulse train has a
significant power spectral density at the repetition fre-
quency (dependent on the angle) and its harmonics and
can interfere with narrowband receivers. Moreover,
aperiodic arrangement leads to reduction of ringing
resulting from multiple reflections between TSA in the
array, because this reflections will be unsynchronized.

And at the end of our consideration we plot in
Fig. 7 some radiation patterns illustrating beam steer-
ing. Note that when the deviation angle is out of the
single element main lobe, the array radiation is inef-
fective.

Conclusions

We introduce the decomposition technique for calcu-
lating the pulse field of aperture antennas. Time do-
main analysis of TSA was performed with this tech-
nique. Time array of TSA was considered as well. It
was shown that to avoid interference with narrow-
band receivers one should use aperiodic sparse ele-
ments arrangement in the array.
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MOJIEJIMPOBAHUE BO BPEMEHHOM
OBJIACTH U3JIYYEHUSA KOPOTKHUX
UMITYJbCOB METOJ0OM
JAEKOMIIO3UIINU AITEPTYPBI

A.FO. Bympuvim, B.A. Kampuu, O.B. Kazauckuil,
H.H. Konuueun, C.H. Iluenenxo

B craree ommcan oOmuii METOX MOJEIHPOBAHHS BO
BPEMEHHOI 00JaCTH HMITYJIECHOTO H3JIy4YEHHS amlepTyp-
HBIX aHTEHH. B aHanmuTHYeckoM BHIE pelleHa 3ajada H3-
Jy4eHHs] HMITyJbca HPSMOYIOJBHON alepTypoil ¢ OJHO-
POAHBIM AMIUTUTYJHBIM pAacCIHpefelIeHHeM U JUHEHHBIM
pacIpeniesiecHueM 3aAep’KKU BO30y>KAEHHS (YTO COOTBETCT-
ByeT BO30YXIeHHIO Oerymieii BomHO#). Pemienme Obuio
TIPUMEHEHO JUIS BBIYHCICHHS HMMITyJIBCHOTO MONSA, H3ITy-
YaeMoro pacumpsitomeiicss memneBoit antenHoi (PILA), c
HCTIONb30BAaHUEM IEKOMIIO3UIMOHHOTO MOAX0MAa. ANepTy-
pa PIIA mpencraensiercs B BHAe Habopa 3JieMEHTapHBIX
HPSIMOYTOJIBHBIX alepTyp C 3aAaHHBIMH 3aJepP)KKaMH BO3-
Oy’kAeHHS U aMIUTUTyJaMHu (OINpPEeAeNIEHHBIMU C Y4YEeTOM
BOJTHOBOTO COIPOTHUBIIEHHS JIMHUM U 3KCIIOHEHIUATBHOTO
3aTyXaHHsI MOIIHOCTH B JIMHHH, 00yCIOBICHHOTO MOTEpPs-
MH Ha u3nydeHue). V3mydeHHOe mojie MOXHO IOJydYHTh

Kak CyMMy IOJI€l OT 3THX 3JIE€MEHTapHBIX anepTyp. 3aTeM
MBI paccuuTanu usnydeHue ot pemerku PIIIA B H- u E-
IUIOCKOCTSIX. BpemeHHast 3aepkka BO30YKICHHS MOXKET
OBITh YCTAaHOBJICHA ISl KQXKIOTO 3JIEMEHTa MAacCHBAa — 3TO
JTaeT BO3MOXHOCTH YIPABISTh JHArpaMMON HAIPaBIECHHO-
CTH NOof00HON cucTeMsl. [IpencTaBieHbl pe3ysbTaThl pac-
YEeTOB JAuarpaMM HAaIpaBJICHHOCTH KakK JUIS OTIENIbHOU
PIIA, tak u nns pemerku PIHIA ¢ pa3nuunbiMu pacnpese-
JICHUSAMHU 3aepkeK Bo30yxaeHus. JlaHo ¢pusnyeckoe 00b-
SCHEHHE TOTYyUEHHBIX PE3yIbTaTOB M PEKOMEHAALMHU MO
BOIIPOCAM AJIEKTPOMAarHUTHOH COBMECTMMOCTH HMOAOOHBIX
AQHTCHHBIX PEIICTOK.

MOJEJIOBAHHS Y YACOBII OBJIACTI
BUIIPOMIHIOBAHHSI KOPOTKHUX
IMIYJbCIB METOJIOM
JEKOMITO3UILIT AITEPTYPH

O.1O. Bympum, B.O. Kampuu, O.B. Kazancokuii,
M.M. Konuuein, C.M. ITignenko

VY cTaTTi OonMcaHo 3arajJbHUKE METOJ MOJICTIOBAHHS Y
4acoBiil 00acTi IMITyTbCHOTO BHIIPOMIHIOBAHHS anepTyp-
HUX aHTeH. B aHamiTHYHOMY BUITIAAI pO3B’s3aHO 3aaady
BHIIPOMIHIOBAHHS IMITyJIbCY NPSIMOKYTHOIO alepTyporo 3
OJHOPITHAM AaMIUIITYAHHM pO3IOJUIOM Ta 3 JHHIHHAM
PO3MIOALIOM 3aTPUMKH 30ymKeHHs (W0 BigmoBimae 30y-
JDKEHHIO ODKy4oro XBuUJIer0). Po3B 5130k OyJi0 BUKOPHCTaHO
ULl OOYMCIICHHS (JEKOMIIO3ULIHHAM METOIOM) IMITyJIbC-
HOTO MOJIS, IKE BUIPOMIHIOETBCS IUIMHHOIO aHTEHOIO, 1110
posumproetsest (ILIAP). Aneprypa LIIAP po3buBaetbes Ha
eJIEMEHTApHI MPSIMOKYTHI allepTypH 13 3aTaHUMH 3aTPUM-
KaMu 30y/KEHHS Ta aMIUTITYJaMH, SKi BH3HAYAIOTHCS 3
ypaxyBaHHSIM XBIJICBOTO OIIOPY JIiHII Ta EKCIIOHEHIliallb-
HOTO 3racaHHs MOTY)XHOCTI XBHWJI Yy JIiHiI, 3yMOBIJICHOTO
BTpaTaMy Ha BUIIPOMiHIOBaHHS. BHUIIpOMiHEHe I0Je MOX-
Ha OTPHMATH K CyMy IIOJIB BiJl IMX €IEMEHTapHHUX arep-
Typ. Jani O6yno o6YMCICHO BUNPOMIHIOBAHHS Bifl PELIITKA
IITAP y H- ta E- nnomunax. YacoBa 3aTpuMka 30y 1KEeHHS
MO)ke OyTH BCTaHOBIICHA JUIS KOXKHOI'O €JIEMEHTa — Lie Ha-
Jla€ MOXJIMBICTh KEpyBaTH [iarpaMol0 CIPSIMOBAHOCTI
Takoi cucrtemu. IlpencraBieHO pe3ynbTaTH OOUYHMCICHHS
niarpaM crnpsiMoBaHOCTi siK mist okpemoi IIIAP, Tax 1 s
pewritku IIIAP i3 pisHMMH po3mofinamMu 3aTpuUMOK 30y-
JokeHHs. JlaHo (i3u4HEe HOSICHEHHS OTPHMAaHUX pe3yJjbTa-
TiB Ta PEeKOMEHAAL] II0J0 eIeKTPOMArHITHOI CyMiCHOCTI
TaKUX aHTCHHUX PELIITOK.
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