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G /T Maximization of a Paraboloidal
Reflector Fed by a Dipole-Disk Antenna
with Ring by Using the Multiple-Reflection

Approach and the Moment Method

Per-Simon Kildal,Fellow, IEEE Svein A. Skyttemyr, and Ahmed A. Kishi§enior Member, IEEE

Abstract—A 1.8-m paraboloidal reflector fed by a dipole-disk  from computedE- and H-plane patterns. Alternatively, such
antenna with a beamforming ring is optimized for high G/T" at  an analytic extension to aj planes can be done from the co
L-band by using the moment method (MM) and the multiple and cross-polar patterns in the4glane (see, e.g., [3]). This

reflection (MR) approach. The MR approach is based on using . o . :
MM to calculate the radiation and scattering patterns of the property simplifies the calculation of the antenna noise. The

feed, using physical optics plus uniform geometrical theory of antenna is actually a typical BQRantenna as defined in [4].
diffraction (UTD) to include the reflector, and in addition to The purpose of the disk behind the dipole is to direct the
include the mutual interaction (multiple reflections) between the dipole radiation toward the paraboloid. The beam forming
reflector and the feed by using the expression for the sum of ring equalizes thes- and H-plane patterns of the dipole and

an infinite geometric series. The MR approach is shown to be - .
equally accurate as a MM solution of the complete antenna with reduces the spillover loss as shown in [1] and [2].

reflector, provided the reflector is in the far field of the feed, and The antenna picks up noise from the sky (including the
the MR approach is much faster. As a result of the calculations atmosphere), the ground and from lossy components inside
using the MR approach, design curves are presented showing the antenna itself. Both the sky noise and the ground noise

how the G/T varies as a function of antenna geometry, size, and . . o
elevation angle, all for a given noise profile of the surrounding are functions of the elevation pointing angle of the antenna,

sky and ground. The computed radiation patterns andG/Ts are the latter because the reflection coefficient of the ground is
compared with measurements for several elevation angles anda function of angle of incidence. This means that a double
surrounding terrain. integral covering all directions in space must be evaluated
Index Terms—Reflector antennas. numerically in order to find the antenna noise temperature and
this must be repeated for all elevation angles of the antenna.
To simplify this, it is possible to solve the inner integral
. ] ] _ analytically by approximating the elevation dependence of the
T HE purpose of this paper is to describe the electricglightness temperature of the sky as shown in [6]. This makes
_design of a primary-fed reflector with 1.8-m diameter anhe calculations both simpler and more efficient. Nevertheless,
a dipole feed at L-band for METEOSAT second generatiogye computed results for the noise temperatures /i in the
The design is optimized with respect to maxim@#(T for 5 esent paper are obtained only by using the exact formulas.
Iow—el_evatlon angles and linear polarization. The frequency 5 computer program that calculates t6/7 as a function
band is 1691.0+ 0.66 MHz. _ ~ of elevation pointing is developed. The inputs to the program
The antenna selected for the study is that described in Hldy the co and cross-polar radiation patterns of the antenna
and [2], a primary-fed paraboloidal reflector with a dipolef, the 45 plane, as well as the ohmic losses in the feed line
disk feed improved by a beamforming ring over the dipolg,q the nojise figure of the low-noise amplifier. The brightness
(Fig. 1). The dipole is supported by an axial tube that contaifg e ratyre of the sky is included and is considered to be a
t'he coaxial feed cable; or itself represents a rigid coaxial fegf tion of elevation, as given in Table I. The tabulated values
line. Therefore, there is no need f(_)r support struts_,, and tB'aarrespond approximately to those given in [5]. The table
antenna becomes completely rotationally symmetric (excqgtextended to negative elevation angles, i.e., ground noise.

for the d.'p°|e sc.)urce).. This Is very qdvantageo_us from Fhe table represents for negative angles typical values of the
computational point of view as the radiation pattern in this cagg

) . : i . mperature. In reality, the elevation variation will depend on
is described completely in afl planes by an analytic extensione 5ol and roughness of the ground and on the polarization.
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Fig. 1. Rotationally symmetric paraboloid with dipole-disk feed and beamforming ring.

TABLE | [I. DESCRIPTION OFCALCULATION METHODS
TYPICAL BRIGHTNESS TEMPERATURE OF THESKY AND GROUND . . . .

FOR f = 2 GHz AS A FUNCTION OF ELEVATION ANGLE [5] We will consider antennas which have rotationally symmet-
Elevation | Temp | Elevation | Temp ric structures with respect to the axis and are excited by
90 deg 77K 10 dcg 147K halfwave dipoles oriented orthogonal to thexis, chosen to
§8 ggg gé% gg§§ %gﬁ point in they direction. For such cases the radiation pattern
60 deg 3.6K -5 deg 188 K of the antenna can be completely described in terms dfits
50 deg 384K -10 deg 260 K dH-ol it (0 dH(O tivel di
40 deg 412K |-15des 280K and H-plane patterndZ(#) and H (), respectively, according
30 deg 44K -20 deg 288 K to (see [3])
20 deg 75K -25 deg 293 K
15 deg 10.2K -90 deg 293K

B(6,,7) = [E(@)sin(p)0 + H(B) cos(@)g] -, (1)

optics (PO) integration for the near-in sidelobes an@his description is exactly true only when the dipole is

uniform geometrical theory of diffraction (UTD) for the infinitely short, but represents a useful and good approximation

far-out sidelobes, e.g., as described in [9]; this givesiso for halfwave dipoles, as explained in [4].) Note that

significantly shorter computer time than the AKBORE(0) = H(0) always. Alternatively, the pattern can also be

code—the old version of the SAC code is described ifescribed by its co and cross-polar patterns in thfe plane,

[10], and the MR version includes the MR between the O(6), and XP(6), respectively, where (see also [3])

feed and the reflector, as described in [11] and [12] (see 1 1

also Section IlI). CO(8) = §[E(9)+H(9)]7 XP(#) = §[E(9) —H(0)]. (2
Both computer programs can, in principle, be used to ac- o i )
curately calculate the radiation pattern of the total antenAtennas that have radiation fields of the general forms in
including both the feed and the reflector, as all include i}) and (2) are referred to in [4] as BQRantennas due to
principle the mutual interaction (MR’'s) between the feethe first-order sine/cosine variation with These forms are
and the reflector. This effect is very important in reflectclS0 valid for the scattering patterns defined in [12]. The total
antennas that are only a few wavelengths in diameter, liR@Wer radiated by the antenna is (with the wave impedance
most antennas at L-band. The antenna described in [2] shppressed and effective values used for the field quantities)

a 90-cm diameter and the gain was improved by 1 dB over .

standard predictions by controlling these MR’s. The MR’s can Proy = / |E(0, @, r)[r? dQ

also, if not controlled, cause a gain reduction of more than poi

1 dB compared to standard predictions. For antennas with a = 7r/ [[E(6)]? + |H(6)|?] sin(8) db. (3)
0

1.8-m diameter, the effect is normally smaller, but will be

large for certain dimensions of the feed, so it still needs fthe radiation pattern of the dipole-fed reflector can be cal-
be considered. Aperture blockage is automatically included bylated in several ways by using the SAC MR and AKBOR
the MR approach (see Section IlI). codes, three of which are described below.
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1) The simplest way is to model the whole geometryhere E,(6) and H;(¢) are theE- and H-plane patterns,
including feed and reflector, by using the MM (e.g., asespectively. The scattering pattern is calculated by assuming
implemented in the AKBOR program). We refer to thign incident plane wave of unit amplitude and zero phase
as the “MMtot approach.” The computer time will, inat z = 0 propagating in negative-direction of the feed
this case, be large. An advantage with MMtot is thatoordinate system, i.e.,
even the axial support tube of the dipole feed can be - _ jken
included in the analysis. Ep(w,y,2) = ™. )

2) The standard way would be to calculate the feed patterRe scattered field of the feed due to this plane incident
by using MM and use this as input to the reflectofjave can be expressed as
antenna program for performing PO integration for theﬂ X 1
near-in sidelobes and UTD for the far-out sidelobes. W&, (6, ¢, r) = [E,(6) sin()d + H,(6) cos(y)p] =™+

refer to this as the “PO/UTD approach.” This model may ! (6)

include the center blockage by using reflector-locateghere E.(6) and H,(6) are theE- and H-plane scattering
blockage currents or more accurately by using obstaclgatterns, respectively.

located blockage currents [13]. Both these blockage The phases of;(6), H(8), E,(6), and H,(6) are referred
calculations are possible with the SAC MR code. Howp » = 0 in the coordinate system of the feed. The phase center
ever, the PO/UTD approach is, even with blockaggf the feed can be calculated by using the method in [14] and
included, not accurate since the mutual interactiorP§5]_ The phase reference points B (6), H;(6), E.(6), and
between the feed and the reflector are not accounted fpfs.(g) can be transformed to the phase center or to a point
In particular, the near-in sidelobes cannot be accurately— ., close to it by the following transformations:

predicted. , kn cos 8
3) The third alternative is to use the multiple reflection E3(6) = Ef(0)e
approach built into the SAC MR code. Herein, we H(6) = Hp(f)eIF=co®
will refer to this approach as the “MR approach.” This E/(6) = ES(Q)G_WO(HCOSQ) (7)

approach makes use of the feed pattern as well as a i ik (1cos 0)
scattering pattern of the feed, which both are easy and H(6) = Hy(0)e™"™ -

fast to calculate with MM using AKBOR. Note that theThe primed patterns are referredse= zo. These relations are
scattering pattern is herein calculated without the dipo@asny derived by equating thE-fields calculated by (4) for
present, as explained in [11]. These two patterns &i@primed and primed patterns at any observation point, where
used to form a new total feed pattern as described jnin the unprimed case is the distance from the observation
Section Il and, thereafter, PO and UTD are used as fyint to » = 0 and in the primed case the distance from the
the PO/UTD approach and the multiple reflections, ashservation point to; = z;. We see that the transformations
well as the center blockage effects, are automaticallye different for the feed pattern and the scattering pattern. This
included via the total feed pattern without introducings pecause in the latter case both the plane wave excitation of
any blockage currents in the PO analysis. The Mfpe scattering pattern in (5) as well as the scattering pattern
approach is described in [11], and a briefer descriptiqself change, whereas in the former case the excitation of the
is given below. The MR approach has about the samgeq pattern is the dipole current, which is independent of the
computer time as the PO/UTD approach, but is muygrdinate system used.

more accurate. However, it cannot include the axial \\ie are now ready to formulate the MR approach. We
support tube in the analysis as can the MMtot approacissyme that the reflector is paraboloidal and described by

ll. THE MULTIPLE REFLECTION APPROACH r(0) = F/cos*(6/2) (8)

The multiple reflection approach is based on the assumptiona reflector coordinate system located at the focal point and
that the aperture field of the paraboloid has constant phase owéh > axis pointing toward the center of the reflector. We
most of the aperture and constant amplitude over the centnall, for simplicity, assume that the phase-reference point of
region that corresponds to the diameter of the primary fedtie feed is at the focal point of the reflector, i.e., that the feed
These approximations are valid if the primary feed has a smatd reflector coordinate systems coincide. Therefore, if the
width in terms of wavelengths and is located with its phadeed is moved relative to the focal point, the phase reference
center close to the focal point of the paraboloid. point must be moved correspondingly.

To calculate the radiation pattern we need to know both theUnder these conditions, the incident field on its paraboloid
radiation pattern and the scattering pattern of ghgolarized due to the radiation pattern of the feed is

feed in the feed coordinate system. This has its posiiagis . R 1 .
pointing toward the center of the paraboloid. The radiation®: (6, ¢) = [E(6)sin(p)0 + Hs(6) COS(<P)¢]@€_W ®,
field of the feed when it is excited by the dipole current is (9)
of the form The aperture field at an axial locatianbecomes { = 0 at
B, o . :

Ey(6,p.7) = [BA(8)sin(p)d + Hy(0) cos(p)g]—e ™. e focal poiny

(4) Bo(2) = —By(8, g)e—ik(—=+r(®) cos ) (10)
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where the minus sign is due to the reflection coefficient IV. FORMULAS FOR ANTENNA NOISE
at the surface of the paraboloid. By using (8) we see thatryg ragiation field of the total antenna (reflector plus feed)

r(0)(1 + cos#) = 21" so that close to the axis (where the 41 5150 be expressed by (1) if we choose a coordinate system
copolar field dominates) we can write with a z axis along the main beam, i.e., opposite to the
. 1. axes of the feed and reflector coordinate system. The radiation
Eo(z) = —COf(O)FG_]k(QF_Z)?) (11) power intensity as a function of and ¢ is (with the wave
impedance suppressed)
where CO;(0) = E;(0) = Hy(0). This is local around the -
feed a pIaJ;(e )Wave.f1('h)is plar{e(: \Bvave aperture field will excite (0, ¢) = E(r,0,0)"r* = pe(0,¢) + pu (9, ¢)
the feed and cause feed scattering. The scattered field becomes(8, ¢) = |E(6)]? sin® ¢; pu(0,¢) = |H())? cos? ¢.
by using (6), (11), and the definition in (5) (15)
We will now show how to calculate the antenna noise from
E(8,0,7) = (E.(0) - §)[Es(8) sin(p)d + Hy(6) cos(9)p]  pr(8,$) andpg (6, ). The brightness temperatufgy, («) of
1 e the sky and the ground is a function of the elevation angle
xLe T (12) a5 discussed in Section II. The actual noise temperature seen

) ) . by the antenna will be
The backward part of this scattered field will propagate towar

the reflector, reflect, and cause another plane wave contribution Tony = TEant + THant
to the aperture field. This will also scatter from the feed,
propagate toward the reflector, reflect, and give rise to a thl\p@ere

contribution to the aperture field. In fact, we will get an infinite T )
sum of contributions to the aperture field of the form Tran = /0 /0 Ty ()pe(0, @) sinb dé df / Pro a5
T P27
Eo(2) = — Z Cof(o)%e—jk(QF—z) THant = /0 /0 Taky (@)pu (6, ¢) sin 6 de db / Prot
=0 .
1. n with
X [—COS(O)FG_JQ’“F} 0. (13) x 2
Pio, = / [pE(0,¢) +pu(0,¢)|sin b dpdb
0 J0
This is a geometric series and the sum becomes 0
= 7r/ [|E(O)]* + |H(6)|?] sin 6 d6.
B (o ~8C04(0) e M 14 0
o(2) = [1+CO,(0)LeizkF] (14) \We will now express the elevation anglein terms of the

elevation pointing directiomy; of the main beam and andy
Thereby, the total field incident on the reflector can be writtesf the coordinate system of the antenna. We assume that the
as the sum of (9) and (12) wit@a(o) given by (14). This ground is an infinite plane. The polarization is either vertical
total incident field represents a composite feed pattern.  or horizontal, the latter case is shown in Fig. 2. The coordinate
When the incident field (i.e., composite feed pattern) haystem of the ground i$’, 4,2’ and of the radiation pattern
been found, the radiation field contribution of the reflectat, %, 2. A unit vector inr direction in the coordinate system of
itself can be found by conventional PO integration over thbe antenna is described By= cos 82+sin 8(cos ¢z +sin ).
reflector for the near-in sidelobes and UTD for the far-odthe anglet’ that# makes withz’ is # = arc cos(7#-2’). Thus,
sidelobes. This must be added to the direct radiation from the ,
composite feed pattern, i.e., the sum of primary feed pattern <~ (m/2) = 6" = (r/2)
(i.e., (9) withr — c0) and the scattering pattern of the feed — arc cos(cos 0sin ] — sin 6 cos ¢ cos ae)
(i.e., (12) withr — o) to obtain the radiation pattern of the a=(n/2)—0 =(n/2)
total antenna. It is important to note that the center blockage
effect represents forward scattering from the feed when it is
excited by the aperture field, so this is already built into thfer horizontal and vertical polarizations, respectively.
composite feed pattern and must not be included additionallyEquation (16) can readily be integrated numerically. We
in the PO integral. The scattering pattern has two major lobésve implemented them in the computer program forGH&
one in forward direction representing blockage and one galculation. Testing shows that the integral is sufficiently
backward direction causing multiple reflections between tlaecurately calculated if the range is divided in 32 intervals
feed and the reflector. and the integrand is assumed constant over each; even 16
The dipole impedance and, thereby, the total radiated powetervals work. Thef integral needs 180 intervals for 90-cm
of the antenna is affected by the multiple reflections. Therefommtennas and 360 intervals for 1.8-m and 4.0-m antennas at
the total radiated power is herein found by integrating tHeband. The same numbers are needed to obtain smooth plots
radiation pattern of the total antenna using (3). The totaf the radiation patterns.
radiated power is used to present the radiation patterns a3he double integrals in (17) can be reduced to much
directive gains in dBi. more efficient single integrals if we assume that, (o) =

17)

— arc cos(cos 6 sin oo — sin #sin @ cos )
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~ negligible, so all calculations to follow are done without the
z support tube. We also tested how large effect the length of
0 the dipole had on the results and found that the differences
between infinitesimal and halfwave dipoles were negligible as
well. Further, the MMtot approach was found to be able to
n predict the decreased sidelobesfih plane due to the ring.
» X Also, when moving the feed 22 mm in and 22 mm out, so that
the multiple reflection effect changes, AKBOR was able to
predict the sidelobe changes. Calculations by using the MMtot
and MR approaches were found to be nearly identical. The

ND

¢ =0degin plane
of drawing
for hor. pol.

LNA Hcable = results obtained from the standard PO/UTD approach was not
/ ) accurate. Center blockage was not included in the PO/UTD
/ approach.
Fig. 2. Block diagram of receive antenna for noise calculation and coordinate VII. OPTIMIZATION FOR HIGH G/T

system used to derive = (., 0, ), illustrated for horizontal polarization. A standard 1.8-m reflector WitlF/D — 0.4 was chosen

of economical reasons. The remaining dimensions (i.e., feed
Tiy () fot @ > 0 and Ty, (o) = Tp = 293 K for « < 0. location and size) were optimized to get as highT as
This is done in [6], but they are not used in the present papgessible for low-elevation angles. The dimensions that have
the largest effect on th@ /T was found to be the feed location
V. CALCULATION OF G/T and the diameter of the disk. Variations of the location of

the ohmic loss, even in the feed and the reflectors, are inclu
in the cable lossed g (in dB). The corresponding transmis-
sion efficiency igj. = 10~%®/10_ The noise contribution from
the cable loss is when referred to the antenna terminal A

ne unsymmetries. Such unsymmetries cannot be used to
optimize the antenna as we need higii7" for both vertical
and horizontal polarizations (even though the antenna has
single linear polarization). The dipole length and height above
T, = To(1 = 1) /ne (18) the disk need to be close to half and quarter wavelengths,
respectively, to get a good impedance match. Small variations
with 75 = 293 K the ambient temperature. The LNA hasaround these values were found not to change the pattern and
a noise factorNFgg (in decibels). The corresponding nois&z/7 significantly.
temperature referred to the antenna terminal is The reflector is deeper than required for maximum gain,
NFyp /10 so the ring around the dipole does not have much effect on
Tree =293 K- (10 w0 - D/ te- (19) the gain, but it improved thé&'/T considerably (see Table II).
The antenna noise temperatdig, is in the computer program The reason was that the ring makes the feed pattern narrower
calculated as explained in Section NI i (c;) is found in H_plane. Therefore, we continued with optimizations with
by linear interpolation in Table I. Finally, the system nois&e ring.

temperature becomes The SAC MR program can easily be rerun several times
with the same feed pattern and scattering pattern to provide
Toyst = 1o+ Trec + Lant- (20) results for different feed locations and reflector sizes. The

reflector size is fixed in our case, but it is still of interest
]10 calculate the aperture efficiency and tH¢T as a function
of reflector diameter to see whether the chosen reflector size
corresponds to an interference maximum or minimum. Such
results are presented in Figs. 3(a) and 4(a) for the case that the
feed is located with the disk 0.2424behind the focal point
of the paraboloid. Four different feeds with beamforming ring
are studied, having different disk radii. For the smallest disk
Some initial measurements and calculations were donewe see that the aperture efficiency has a small interference
verify the software. This was done with the feed dimensiaminimum when the reflector diameter has the given value of
of [2] with and without the ring and located in a 1.8-ml0.3\. However, when we increase the disk diameter to\2.2
reflector. Severak locations of the feed were chosen to sethere is an interference maximum for our reflector. We see
if the methods could model the changes due to the multiglee same typical behavior of th&/T for both 5 and 90
reflections. The first calculations were done by using AKBOBlevation angle. The latter case is shown in Fig. 4. For the
on the total antenna, i.e., by the MMtot approach. We test@d?\ disk diameter the multiple reflections are very strong
the effect of the support tube and found it to be almosind cause deep nulls in the efficiency affd7 curves for

The gain of the antenna i§& = 7n.Gy where Gy is the
directivity which is calculated by numerical integration o
the total radiation pattern. Finally, th&€/7" becomes7/T =
G/T4ys:- We will also mention the aperture efficiengy, =
Go/(wD/A)? with D the reflector diameter.

VI. INITIAL MEASUREMENTS AND CALCULATIONS
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TABLE 1
DIMENSIONS, DIRECTIVITIES AND G/T"'s oF THE NONOPTIMUM 180-cm
ANTENNA WHEN THE FEED Is wiTHOUT (NORING) AND WITH (RING) RING AS
WELL As OF THE OPTIMUM ANTENNA (OPTIMUM). THE G/T"s ARE GIVEN FOR
HORIZONTAL POLARIZATION, BUT ARE ALMOST IDENTICAL FOR VERTICAL
(LEss THAN 0.05-dB/K DFFERENCE). THEDIRECTIVITIES AND G /T"s
ARE CALCULATED BY THE MMTOT APPROACHUSING THE AKBOR
PrOGRAM. THE G /T RESULTS HAVE BEEN CALCULATED BY USING
0.1-dB Qimic Losses AND1.1-dB Noise FIGURE OF THE RECEIVER

o

Eff lclency (dB)

d/2=.5637 A d/2=1.1 A

Case: NORING RING Optimum

Wavelength 177 mm 177 mm 177 mm

Diameter of reflector | 193151 2 1031512 1031514

Disk/refl spacing F -z, | 4.3656 ) 43656 A 43656\

Focal length F 41232 4.1232A 41232

Disk radius 0.5637 A 0.5637 & 114

Ring location no ring 0.4678 A 0.4678 A

ng radius no ring 0.5637 7\’ 0.5637 7\,

Ring thickness (radius) |no ring 0.0169 A 0.0169 A e

Calculated directivity |28.3 dBi 28.5dBi 28.9 dBi 3

Calculated G/T at5° |6.25dB/K 6.92 dB/K 7.33dB/K %;

Calculated G/T at 90 ° | 7.01 dB/K 8.25 dB/K 8.59 dB/K §
.8
5

LANLNS B B B S

some reflector diameters. It is important to note that such
variations of theGG/T are a result of the multiple reflections ]
and could not have been predicted with a standard PO/UTD _, ]
approach. ]
We have plotted similar curves as a function of the feed
location in the given 1.8-m paraboloid in Figs. 3(b) and 4(b). :
The results are similar to Figs. 3(a) and 4(a). The\2dksk B J MM— prrrrrrird N - M— M— MM—— S S S— F
is advantageous and has an interference maximum when the - %0 41 4.2 48 4L 45 46 57 8.8
dipole is located in the focal point of the given paraboloid. FSveTe speee
The optimum dimensions where chosen from Figs. 3 and ®)

4. They are summarized in Table Il and compared with tHée- 3 Aperture_efficienc_y of paraboloid vyith dipole-disk feed with beam-
. ith d with b f . . T farming ring for different diameterg of the disk computed by MR approach
nonoptimum cases without and with beamforming ring. ing AKBOR and SAC MR. Thé'/ D ratio of the paraboloid is 0.4. (a) As

calculated and measured radiation patterns for the optimuarfunction of the reflector diameter when the dipole is located in focus. (b) As

antenna are presented in Fig. 5. The discrepancy in the |?\Nanction of the spacing between the disk and the vertex of the paraboloid
. . or :fl reflector diameter oD = 10.3151A.

sidelobe regions are due to the measured accuracy. We do ho

know the reason for the discrepancies of the first sidelolie in

plane. It may be due to the axial feed-support tube or the plastic VIII. RELATIVE G/T RESULTS
supports of the beamforming ring. The radiation patterns Fig. 8 presents/T as a function of elevation for four

calculated by the MMtot approach and the MR approach aferent antennas with significantly differet/Z". The four
compared in Fig. 6. The agreement is very good. _antennas are the optimized antenna in the previous section
In Fig. 7, we have compared the optimum antenna with 8pr)MUM) and the RING and NORING cases in Table II.
antenna having exactly the same feed &hd ratio, but with In addition, we have included the/T" of the NORING case
a reflector diameter of 11)0instead of 10.3. This diameter with 0.4 dB losses in the feed instead of 0.1 dB. Fig. 8(a)
correspond; to an interference minimum in t_he eﬁicien%ows a significant difference i@/T" of the four cases. The
curve in Fig. 3(a) and we clearly see that this antenna ¢, improves by 0.6 to 0.9 dB by reducing the losses in the
nonoptimum. It has 2-dB lower directivity (even though theye jine from 0.4 to 0.1 dB, it improves by another 0.6-1.25
pllame_ter is larger) and much hlgher S|delobes. This differengg by including the ring and it improves by another 0.3-0.6
is entirely an effect of the multiple reflections. It should bgg by increasing the disk diameter to benefit from increased

mentioned that, for this interference minimum, the agreemegyiple reflections. We also see that the optimum antenna is
between the MR and MMtot approaches is not so goo@learly best at all elevation angles.

Investigations showed that the MR approach predicts too low

gain in the interference minima, mainly due to an erroneous

shape of the main lobe. The sidelobes agree better. Therefore, IX. EXPERIMENTS

the curves in Figs. 3 and 4 (which are calculated by the MR We built two different dipole-disk feeds and measured the
approach) are not accurate in their minima. The minima seerasliation patterns, gains, ar@/7’s of each of them when
to be shallower when calculated with the more correct MMtahounted in a 1.8-m reflector antenna wiffiyD = 0.4.
approach. The feeds are called OPTIMUM and NORING, respectively,
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—— MMtot
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6 . e iy T e rrrrrr e TR frrrrerh Radaniasy F T T a0 0T P a0 O 40t P ot 98 @D
.8 3.3 4.0 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8

Disk-veriex spacing (X) Theto (deg)
(b) ®)
: it i : : P Fig. 5. Measured and computed radiation patterns of optimized 1.8-m re-
Fig. 4. G/T of paraboloid with dipole-disk feed with beamforming ring for A :
different diameters! of the disk, computed by MR approach using AKBOR/€ctor with dipole-disk feed (OPTIMUM case). (&) plane. (b)H plane.
and SAC MR. TheF'/D ratio of the paraboloid is 0.4. The elevation angle

is 9¢°, there are 0.1-dB ohmic losses, and the noise figure of the receiver is . .
1.1 dB. (a) As a function of the reflector diameter when the dipole is locatsde cannot impedance match the feed in free space. The whole

in focus. (b) _As a function of th_e spacing between the disk and the vertex 8htenna system must be matched as one unit. To obtain a
the paraboloid for a reflector diameter bf = 10.3151A. . . .

good impedance match, we used a rather thick dipole (15-

mm diameter). With this dipole we got a very large return
(see Table Il). The optimum feed has a large disk andl@ss (36.7 dB) at 1690 MHz for the optimum antenna. The
beamforming ring, and the NORING feed has a small didkandwidth withVSWR. < 1.5 was 60 MHz. For the NORING
and is without ring. Otherwise, the feeds are identical, havirantenna, the return loss was smaller (20.9 dB), but it had a
a dipole fed through a coaxial line made of two coaxial metalider bandwidth (100 MHz foVSWR. < 1.5).
tubes, thereby, no lossy cable is needed. The outer tube is alsbhe gain for the optimum antenna was measured to be
the support for the feed. We have a shielded slot-type balg8.5 dBi and for the NORING antenna 27.7 dBi. This is 0.3
between the coaxial line and the dipole. The balun consistad 0.5 dB lower than the theoretical values (Table Il with
of two half-wavelength longitudinal slots. The two monopole8.1-dB loss). The measurement accuracy was not better than
that make up the dipole are connected to the outer-conduddos dB. We also calculated the directivity from the measured
orthogonal to the slots halfway between the slot ends. Onerafliation patterns and obtained 28.9 dBi for the optimum
the monopoles has a connection to the inner conductor at #r@enna and 28.1 dBi for the NORING antenna. These values
same point. To avoid undesired radiation from the balun, tlage respectively equal to and 0.2 dB lower than the directivities
slots are shielded by a third tube. Therefore, at the balun, ttelculated by the AKBOR program. We found thi&7" for
coaxial line has a smaller diameter (still with 80impedance), the 1.8-m antenna at L-band by measuring the carrier-to-noise
while the outer tube change from being the outer conductor toatio C/N and usingG/Tyg = C/Nyg — EIRPyp + Las +
shield. The two monopoles are mounted to the outer conductQi + Bqs whereEIRP 45 is the equivalent isotropic radiated
via two holes in the shield. Photos of the optimum feed ambwer in dB, Lyp is the space attenuation in dBgp is
the 1.8-m L-band antenna are shown in Fig. 1. Boltzmann’s constant in dB an8,p is the noise bandwidth

The complex feed structure makes the antenna difficult to dB. The receiver chain had a measured noisefactor of 1.0

impedance match. As the multiple reflections are important3 and we used horizontal polarization. We measutgdv

W
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Fig. 6. Radiation patterns of optimized 1.8-m reflector with dipole-disk feed (b)
(OPTIMUM case) calculated by the MMtot and MR approaches as well #3y. 8. (a)G/T as a function of elevation for different antenna solutions
by the standard PO/UTD approach. @)plane. (b)H plane. computed by MMtot approach using the AKBOR code. The solid lines
represent horizontal polarization and the dotted lines vertical polarization. The
lllll . . e ) ) ) ) ) ) receiver noise factor is 1.1 dB. The ohmic losses are 0.1 dB except for the
e 304 Epiome P - lowest NORING curves. (b) Measured and calculafédl’. The calculated
o E -~ NONOPTIMUM [ values are shown with solid lines, for the OPTIMUM antenna (upper curve)
S . E P and the NORING antenna (lower curve). The measured values for the optimum
‘8 " E antenna at sites andb are shown as dashed lines.
N
o 10.] E - . . . -
2 ] of a building in a low area with several surrounding buildings
° . 3 : (site @) and at the top of a hill with low hills and flat fields in
E : front (sited). The results are compared with calculated values
in Fig. 8. At low elevation angles we measu¥g1" values that
10 3 are 2-dB lower than the calculations for sitewhereas they
are about 0.5-dB lower for site This is reasonable, as site
-20. ¥ i b is closer to the site of the theoretical noise profile, i.e., an
B S A I R ideal case with a flat ground, no unwanted reflections and no

Theta (deg) manmade noise. At higher elevation angles $°) we avoid
Fig. 7. E-plane patterns of the OPTIMUM antenna and a NONOPTIMUMMOTre oOr less) these unwanted contributions to the noise and

antenna which has exactly the same feed as the OPTIMUM case and a refletii@ measured values approach the theoretical ones closely.
with the sameF'/ D, but the reflector diameter is 1M\ 0nstead of 10.31 as
for the OPTIMUM case.

at zero elevation angle with the transmitter and the antenna X. OTHER REFLECTOR DIAMETERS

placed on the roofs of two different buildings. The noise level When planning a microwave system it is important to know
was then measured while tilting the antennas to obtain hightesw theG/T" varies with the reflector diameter for the given
elevation angles@/T was calculated from the measurementequency. Therefore, we have included Figs. 9 and 10. The
as a function of elevation angle for two different sites, the rooésults are presented for reflectors witiD = 0.4 as above.
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20.
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25.

Please note the following: if a reflector with a given diameter
gives aG/T, which is low due to a dip on the curve, the
location of the feed can always be tuned (i.e., defocused a
little) to obtain the same&/T as at the closest:/T peak

on the left side of the low value. Therefore, the peaks of the
curves represent the beSyT values for all diameters, even
those corresponding to minima in the curves. We also see that
the peaks of the curves for small feeds occur between the
peaks of the large feeds.

The results in [6] show that both the aperture efficiencies
and theGG/T"s of the deep(#'/D = 0.33) reflectors are lower
than the more shallowWF/D = 0.4) reflectors. This means
that a deep reflector must have one to two wavelengths larger
diameter to give the sam&/T as a shallow reflector when

Fig. 9. Aperture efficiencies as a function of reflector diameter fdN€ feed is a dipole-disk feed with beamforming ring.
paraboloidal reflectors with dipole disk feed and beamforming ring, for

two different sets of feed dimensions afg D = 0.4. The small feed has a
disk radius of 0.563X and the large has 1\1 The remaining feed dimensions
are equal and the same as the RING and OPTIMUM cases in Table II.

XI.

A 1.8-m reflector with a dipole-disk feed with ring has been
optimized for highG/T at L-band for low elevation. The

CONCLUSION

¥ 20 e 7 optimization has been done by calculating the pattern using
8 8.4 f/eo.s  largefeed Py the MR approach and integrating the pattem to obtain the
16. /Q/)f& - G/T. The results have been checked by using MM on the
1a.3 90 deg elevation @f E total antenna and by measurements. The MR approach was
2. o I/J\/ 5 deg elevation g founc_i to be very accurate for the st_udied case and made it
| small feed A\~ large fesd " possible to present design curves which otherwise would have
R LAY ‘,,’ a3 taken very long time to produce. Actually, no one of the curves
8- ,*"l oy 2 in Figs. 3 and 4 and even Figs. 9 and 10 takes more than a
6. ,\/ v "' - few minutes to calculate.
.3 7 o The following conclusions are a result of the study: ¢h&r
{1 smalfeed 2 is almost identical for horizontal and vertical polarization. The

2.3+

—
20.

25.

Ref lector duameter (A)

beamforming ring of the feed gives a major improvement of
the G/T. The G/T can in addition be considerably improved
by increasing the disk diameter and controlling the multiple

Fig. 10. BestG/T as a function of reflector diameter for reflectors withreflections to obtain resonance. The resulting optimum antenna

F/D = 0.4 fed by dipole disk feed with beamforming ring, for two differentcan he called a resonant reflector antenna, as introduced in
sets of feed dimensions. The small and large feeds have the same dimen '

s oo ; .
as in Fig. 9. The upper two curves are for9@levation angle and the IowersrgT- The noise figure of the receiver has a major effect on

two for 5°.

More results for deeper reflectors witty D = 0.33 are given

in [6].

The results are shown for two different feed dimensions
referred to as the small and large feed, corresponding to {He
feed dimensions in Table Il for the RING and OPTIMUM
cases, respectively. The small feed is optimum in the reflect
with small diameters, and the large feed is optimum in lar
reflectors. The curves for the large feeds are truncated
reflector diameters smaller than nine wavelengths because the
MR approach then becomes inaccurate (the reflector co

mes..

the G/T. Low-noise amplifiers with noise figures as low as

NF = 0.4 dB are commercially available. The ohmic losses

must be kept to a minimum; 0.3-dB loss decrease Gh&

with 0.8 dB. The optimized antenna is optimum for low )5

and nearly optimum for high (99 elevation angles. If the

ultiple reflections are not controlled properly, they may cause

arge gain reductions of several decibels. THEL varies with

5rr1e surrounding terrain in particular for low-elevation angles.
3t should also be noted that the elevation dependence of

gﬁre brightness temperature of the sky that has been used is

ical (see Table I). In reality, it will depend on the ground
conditions and the polarization for low-elevation angles.
inally, it should be mentioned that the quality of an antenna

in the near field of the feed). The frequency is the same
before and the polarization is horizontal. The noise figure
the LNA is now taken to be 0.4 dB which is also commerciall
available. The ohmic losses in the feed is assumed to be .05;
dB. The noise profile in Table | is used. In reality, this noise
will depend on the surroundings of the antenna, in particular
for elevation angles below 20

The periodic peaks and dips in the efficiency aGdT The authors would like to thank C. Markland and K. van
curves are present over the whole range of reflector diameteislooster at ESTEC, Noordwijk, The Netherlands, for their

f%ff low-elevation angles also will be determined by its ability
% reduce multipath fading due to, e.g., ground reflections.
[tipath is reduced if the sidelobes are low (multipath has
been treated in the present paper).
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