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"paper considers some of the design options for an antenna consisting of a parabolic
tior with a terminated TEM feed. With a fast-rising (step-like) source, this gives an
‘oximate impulse radiating antenna (IRA). Design options include cable networks for
ing the TEM feed, including dual polarization. Adjustment of the feed-termination
*Cance at low frequencies can balance the electric- and magnetic-dipole moments.
tiz media near the feed apex can aide in launching fast, high-voltage pulses in the TEM
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Abstract

This paper considers some of the design options for an antenna consisting of a parabolic
reflector with a terminated TEM feed. With a fast-rising (step-like) source, this gives an
approximate impulse radiating antenna (IRA). Design options include cable networks for
driving the TEM feed, including dual polarization. Adjustment of the feed-termination
impedance at low frequencies can balance the electric- and magnetic-dipole moments.
Special media near the feed apex can aide in launching fast, high-voltage pulses in the TEM
mode.

TEM waves, impulse radiating antenna (IRA)
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L Introduction

The basic concept' of an IRA (impulse radiating antenna) is as described in [15]. It
is more than a spherical TEM wave (non-dispersive) feeding a parabolic reflector [21], as
it includes a termination of the TEM transmission line so that the transient radiated
waveform does not include unwanted reflections on the antenna feed, but approximates an
impulse within the constraints of a finite size driven by a fast-rising finite energy source.
This termination also influences the low-frequency radiation by giving both electric- and
magnetic-dipole moments which give a radiation pattern peaking in roughly the same
direction as the high-frequency reflector pattern (or precisely the same pattern peak for
symmetric reflector and feed). The resulting waveform has some aspects associated with the
reflector (impulse part), the feed (step part), and combinations of the two (P x rii part).

This paper explores some of the possibilities for the TEM feed, in terms of geometry,
impedances, and electrical networks for driving the ifkeedr.f This involves the topology of cable
and signal sources, symmetry in thé ahtenné/feéa; &&Tspéi:ial considerations near the feed

apex and termination locations.




IL Some Feed-Network Options

As discussed in [15] we have the example of a single TEM feed, perhaps with an
offset feed for beam steering and/or reduction of feed blockage Staying with this context
for the moment, consider some of the p0551b111t1es As in Flgure 2. 1 consider some of the
simple possibilities for dr1v1ng the TEM feed. One might use charge lines (or capacitors)
on each feed arm with a switch at the apex (Figure 2.1A). Thereby a high voltage, fast-

rising wave can be launched. W1th h1gh-res1stance connecuons to power supplies one can

" avoid shorting out the terminations to ‘the reflector. An alternate approach involves high

quality coaxes made part of the feed conical conductors transmitting fast-rising pulses to the
feed conical apex (Figure 2.1B). In this case one might use high-quality inductive chokes
to avoid having the cable shields affect the terminations. Note that several kinds of signal
connections at the feed apex are possible (Figﬁre 12.1C)‘, mcludmkg single ended (for single
coaxes or charge lines) and split shield or Moebius for differential systems [1,2]. Switches
can be included as part of these connections as desired. |

Still sticking with single TEM feeds Figure 2.2 shows that symmetry can be used if

the reflector and feed have a common symmetry plane P. In this case the fields are-

antisymmetric with respect to P [1 6] which can now accommodate a thhly conductmg sheet
or other approximately planar assemblage of conductors (e 4 coamal cables) Furthermore
one can use this symmetry plane to mount half of the reﬂector/feed system on a ground
plane for various experimental purposes As 1nd1cated in Figure 2.3 one can now use the
symmetry plane to accommodate charge lines and coaxial cables instead of running them
along the conical feed arms as in Figure 2.1, l:hereb_:yravoidjng the problem of running cables
in parallel with the feed-termmatlon unpedances Figure 2. 3A shows cables on the
symmetry plane commg from below the reflector. In Figure 2.3B the cables come from the

center of the reflector allowmg one to construct movable cable bends (1f desued) wl'uch can

s T s

be combined with p1vot:s at the TEM feed terminations to pernut movement of the feed to
scan the reflector beam (in a direction along P) Figure 2.3C shows that a smgle coaxial

cable can be used (m both previous examples) by use of a smgle-ended-to differential balun.
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A. Cables below reflector B. Cables through reflector .
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C. Single cable with balun : ‘

- Figure 2.3. Signal Cables on Symmetry Plane




III.  Dual-Polarization Geometries | R

So far our examples have been for a single TEM feed. Con51der now the case that
we have two such feeds which can launch 1ndependent TEM waves toward the reflector.
For simplicity let the reflector/feed system have C,, symmetry [20], a 4-fold rotation axis
with axial symmetry planes labeled as P1 through P, in ngul‘e 3.1. One can also label
the feed arms 1 through 4 accordmg to the voltages V1 through V4 , as indicated.
Considering feed arms 1 and 2 centered on P one can set V2 = fVI w1th v, :V =0
to launch a horlzontal (parallel to Pl) electnc field. Sumlarly dnvmg between arrhs 2 and
4 launches a vertical (parallel to P,) electric field.

As 1nd1cated in Figure 3.1A the feed arms (conical plates) are oriented so that they
approximately match the reflector edge. When the wave reflects from the parabolic
reflector it interacts with the feed structure (feed blockage and scattermg) In the high-
frequency (s = ) or early-time limit one can estimate the blockage of the main beam from
optlcal considerations, basically removing the rays that are intercepted by the feed structure.
As indicated in Figure 3.1B one ¢an rotate the feed arms so that they are parallel to

(coincide with) P, and P,. From an optical point of view this mostly eliminates the feed

blockage, but as frequency is decreased so that wavelengths are of the order of the width -

of the plates (or larger), the reorientation of the plates is less s1gmficant Ohe could also

use circular-conical conductors if preferred for some reason. .

The side views show a typical reflector geometry adaf)ted to the TEM feed. The -

conical-transmission-line apexis at the reflector. focus, a dlstance F from the reflector center.
With the reflector dlarneter D, we have a typ1cal F/D of a:ound 0.4 for typical antenna

designs. Whether this ratio is optunal for our purposes is a matter for further investigation.
The width (or better angular width) of the conical plates is another variable of concern. Let
Z, be the characteristic impedance of each feed for P, or P; polarization with face-on
plates as in Figure 3.1A As calculated in [6,’7] we have Z, as afunction of the plate width
2a, plate separation 2b and length of line 2. For say b/a ~7 we have Z, = 4009. For
smaller b/a of order 1 this impedance can be lowered to say 2009, but this gives very
wide plates and lots of reflector blockage. So let us assume for present convenience a Z,
of 4000 Note that if the plates are rotated to edge-on configuration as in Figure 3.1B the
impedance will be roughly the same. One can make an. aceg;iate‘%_galgulation using the

“4a
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Figure 3.1. Dual Polarization Feeds with C,, Symmetry




’,\ combination of stereographic projection and conformal transformation as in [4] where now

the conformal transformation is for coplanar strips. Furthermore, this case has the plates

on P; not affectiﬁg the calculation of the un;;,dancé for ‘Pl ‘piéfes', béring o;thogfonalv to

the electric field. | | : : S
- ©  Withthe C,, antenna symmetry in Figure 3.1 (with either orientation of feed'pl;’atésr,f“

or even other shapes such as circular cones) consider driving the field parallel t6 P, . This

case has
Vi=-V,=V , I, =-1=0 :
1

V,=V,=0 , =1 =0 (3.1)

V,-V. 2V

Z== T

1

. where current convention is taken as positive into the feed arms. By symmetry if we drive

the field parallel to P; we obtain the same impedance, say 4000 in each case. Since the
symmetry (orthogonality) of the two configurations allows us to drive both ways
independently (without mutual interaction) consider the case in which we drive both equally

(electrically in parallel) as

SN O () 4 _%’ 32)

The radiated fields contribute equally (at right angles) on the symmetry axis giving a field
Qd_ polarized parallel to P, . Furthermore the impedance is cut in half, to say 200Q.




7 i s . S E LT PR O L8 el S TR S e

A4

can completely analyze or measure the antenna performance by cons1der1ng P,or P,
polarization (both bemg the same by a /2 rotatlon) One can then replace one of the o
symmetry planes, say Py, bya ‘conducting plane and dnve arm 2 to completely experi-

mentally characterize the antenna.
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IV.  Some More Elaborate Feed-Options Involving Cable Topology

Section II shows some ways to configure signal cables and charge lines (or capacitors)
to drive a single TEM feed, either along the feed arms with due regard to not interfering
with the feed terminations, or (perhaps with addmonal conductors) along a symmetry plane

e i

between the feed arms, In Section I1I the use of two TEM feeds was mtroduced Each feed
can be driven by the same techmques noting that cables onr ;he ongmal syrnmetry plane are

ncw restricted to the symmetry axxs (so as to 1nterfere with nelther feed) Such techmques

can be applied to cases mvolvmg P1 and P3 polar1zat10n or P, and P4 polanzatlon

 In the latter case one can use a rotatmg swuch at the mutual comca.l apex or special

transformers (with due con51derat10_n\ toxbandvvldth) to achieve both polarizations.

An increased flexibility is obtained by using both feed arms and symmetry axis for
routing cables. Figure 4.1 shows two examples of cable networks using this added flexibility.
Figure 4.1A diagrams a case where the feed characteristic impedance is assumed to be
4009, appropriate to P; and P; polarization in Figure 3.1. In this case, say for P,
polarization, 20002 coaxial cables are made parts of arms 1 and 3 with two such cables
along the symmetry axis. With 2000 for each half of the reflector, a differential pair of
such cables join in a split-shield gap near the feed apex. Behind the reflector + cables and
- cables are separately joined (with identical transit times to feed apex) in parallel into

?f:J

separate 500 cables. The + and - '509 cables form a 100q differential drive. A similar

. T A o p_,.

1000 dlfferentla.l system can drive (or recexve) for P, polarization. Note the chokes on

e

B R

the cables passing over termmatlons . o

Flgure 4. 1B dlagrams a case where the feed unpedance is taken as 200ﬂ appro-
priate to P2 and P4 polanzatlon as dlscussed in Section III. In this case let 1000 cables
be parts of, say, arm 2 and the conductor bundle on the symmetry axis. With 100a for
each half of the reflector, there are two smgle ended gaps near the feed apex. Behind the
reflector the two cables (same polarity, say +) are joined (with identical transit times to
feed apex) in parallel into a smgle SQQ cable, a smgle ended system. By connecting arms
in pairs near the feed apex (as dlse{issed in Section III) one can produce P, and P,
polarization (separately). One can also place another such cable network (say on arm 1 and
the symmetry axis) and use specml ,gensfo_rrpers near the} feed axis to operate both

polarizations simultaneously.

11
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These examples show some of the possibilities for such cable-feed networks. More
elaborate cable topologies are also possible 'ﬁsingi’swdn'ie»of ‘the concépts for loop sensors
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V. P x i Antenna at Low Frequencies

As discussed in [15] an IRA has its low frequency behavior dominated by electric-
and magnetic-dipole moments which re-enforce in the main reflector-beam direction. For
the symmetrical feed geometries in Section III, this is exactly the case with px i along

the symmetry axis. If we can balance these as

L _ 7 T _m
p—plp,ﬁi-mlm,p——;-
I x1, =1 (5.1)

then the dipole terms (r}, r% r®) give elect'ric and magnetic fields related as Z, (377%)
in the forward direction, with only an r term in the back direction [5,8]. There are ways
to design an antenna with this special balanced property [8,14]. Perhaps this can be accom-
plished in the présent case as well.

As discussed in [8,14] one can produce this special low-frequency property by driving

a terminated TEM transmission line. However, the approach involves small plate-spacing-

- to-length ratios for the simple per-unit-length considerations to apply. For the IRA concept

discussed here we have a TEM-transmission-line feed, but as in Figure 3.1 the plate
"spacing” may be greater than the length. Furthermore the reflector, while closing the
current loop, is at zero potential relative to the feed arms, giving an undesired low-frequency
charge on the reflector.

However, one can adjust the ratio of the charge (for p) to the current (for mi) by
adjusting Z~r at low frequencies. For frequencies corresponding to wavelengths of the order
of the feed length, Z, should approximate the resistive Z, (Section III). For frequencies
such that the feed length is electrically short Z', can be made resistive, but greater
than Zl. The particular value to be used depends on that required to achieve the balance
in (5.1). When this balance is achieved then the low-frequency radiation has a null behind
the reflector (on the symmetry axis), and this null can be used as an experimental way to

determine the required termination resistance.

14
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Vi, Considerations for Hign ilectric rields Near révw npex

As one goes to hfgher and higher voltage pulses launched onto the TEM feed one
eventually encounters electrical breakdown near the feed apex. As one goes to faster and
faster risetimes one needs to establish the TEM mode field distribution over the cross
section of the feed at positions close enough to the apex that such a risetime for the fields
can be effectively constructed over the entire cross section. While the conical feed can be
thought of as a transmission line, it is more than that, Itis a waveguidé which can support
higher order modes besides the TEM mode. For present purposes we would like to have
only the non-dispersive TEM mode With;é fast risetime, and suppress the unwanted higher

order modes.

Using concepts similar to those for EMP simulators one starts with the desired TEM
mode at some radial distance from theapex whére the fields are small enough (say in 1
atmosphere air). Then work backwards 3t.'ov;/arrd the apex until one arrives at a position
where the electric field is large enough that something needs to be done, while not
significantly distorting the TEM mode. Then keep going until something else needs to be
done, etc. ' ’

Figure 6.1, shows some of the things that can be done. Gomg back toward the apex

one might first construct a gas enclosure holding 1 atmosphere (absolute pressure) of a high-

dielectric-strength gas such as SF, . With no significant pressure differential (gauge

pressure) the enclosure can be made of a thin dxelectnc which will not 51gn1f1cantly perturb
the wave. Note that the conical conductors pass through the enclosure wall (with a gas
seal). This front wall, through which- the most significant part of the TEM mode passes,
requires the greatest attention to minimize interference with the TEM mode. Having passed
through the dielectric membrane on the way toward the apex, the conical conductors are
extended toward smaller cross section until the electric field is large enough that something
else needs to be done. As indicated in Figﬁre 6.1 this éould be another gas enclosure, this

time pressurized to further increase the breakdown strength, Now the enclosure needs to

be structurally stronger (but fortunately at a smaller size), giving thicker dielectric walls for

careful treatment on the front wall where the conical conductors again penetrate.
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Figure 6.1. Design for High Voltages Near Feed Apex

Going into the pressurized gas the conical conductors go even closer together until

the electric field approaches breakdown. Now one may introduce a transient lens [22]. This

lens needs a high dielectric strength (such as transformer oil, solid dielectrics, etc.) in
combination with the basic electromagnetic properties of the lens. The function of the lens
is to transition from the conical TEM wave back to yet smaller dimensions (and even higher
electric fields) where the wave is originated by say a switch (or spark gap) or array of such
switches. The lens may be rather complex in shape and constituents since its purpose is to
move the wave around in space in such a way that it matches to the desired TEM mode at

the front face of the lens without dispersion, reflections, etc.

16
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The switch can also be constructed as an array of switches usmg the dlstrlbuted-swrtch
concept [9] _Here the de51red tangenua.l elecmc fields are synthesrzed on a surface in time,

Keinmpr

vector onentatlon, and vector magmtude ThlS 1s an apprommate reahzatlon in that the

PR

surface is broken 1nto smaller patches, each patch havmg a source (sw1tch) wh1ch 1s
appropnately connected to adjacent patches and tnggered at the correct time. There are

R
,r

various ways to nnprove the performance for each patch by spec1a1 wav‘e launchers
combined with each switch [10,11,12, 13 ,17]. One m1ght even incorporate a trans1ent lens

ﬁ.v:“&.‘..,’

in each patch wave launcher. Note now that switch jitter is important in that it l1m1ts the
wave synthesis in a tune sense.

~-
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One might not use all the techmques 1n Flgure 61 for a
involves thc EM performance quahty attamable in the var1ous compo
and voltages desired.

7 partlcular de51gn ThlS

PR

nents and the rlsetlme
a2 ‘1,,4

By - S x adar o i€5a—;l< e

JER




(A

-

Mg

As we cin"diW 'see thére are many design features for an IRA. These concern |
shapes of the TEM feed arms. ‘Cable networks and switch conf1gurat1ons come in several -
varieties for feedlng the antenna. ‘The feed termmatlons ‘can be used to unprove the low-
frequency performance ina p x1fi directional sense. The feed can be made to support fast

risetimes with high voltages usmg spec:al 1nsu1atlon techmques whlch are consistent with the

B - * o N '1
TSR . H e A L 2

desired TEM mode.

ik

There are still some design variations to be considered. One can vary the feed

geometry along the feed to compromise between the 1dea1 TEM modal structure and the
aperture blockage. ~ There is also the questlon ‘of ‘sidelobe suppressmn, perhaps usmg

Hﬂy.» ¥ rif TEEL) <

strategically placed absorber materials near the reflector outer edge and/or on the feed:“

arms near the reflector.
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