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A. Introduction

One of the tasks faced by antenna designers is the accomplishment of radiation
patterns satisfying restrict specifications. Cenerally, low sidelobe levels are required
in conjunction with low spillover losses. In a dual-reflector configuration, these losses
are mainly related to the feed radiation past the subreflector (forward spillover) and
the subreflector radiation past the main reflector (backward spillover). The backward
spillover can be reduced by increasing the roll-off of the subreflector radiation, which
ig controlled by the shape of the subreflector and the associated feed illumination.
The forward spillover may then be reduced by a convenient metallic shicld placed
around the subreflector rim. However, the metallic shield can be understood as an
extention of the subrefiector, arising the possibility of shaping the whole structure
(subreflector/shicld) as & single one with a relatively larger feed taper, simultane
ously obtaining reduced forward and backward spillovers. Aiming this objective,
the present work discusses & simple formulation, besed on the Uniform Theory of
Diffraction (UTD) [1}, relating the subreflector-edge-directed feed illumination {de-
girably low enough to reduce the forward spillover} with the associated aperture-
rim electric field (preseribed for the antenna shaping), while naturally providing a
large subreflector-radiation roll-off. Although only axially-symmetric dual-reflector
Cassegrain and Gregorian systems are considered in this work, the basic principles
may be extended to more complex geometries.

B. Subreflector Roll-Off Basic Formulation

Aiming the control of the subreflector roll-off and the backward spillover, an
analytical study of the field behavior around the subreflector refiection boundary is
conducted, based on the UTD {1]. The electric ficld is then expressed as

[r(Rp,08~0) &~ Eco(Rp,88~0) + Ep(Rp,03~0), (1)

where, with the help of Figs. 1 and 2, Rp and @p locate the observation point in the
plane of incidence (noticing that €p < 0 inside the reflection region} and Fgpo and
Ep are the Geometrical Optics (GO) and diffraction components of the electric field,
respectively. Around the reflection boundary, these components are strongly related
with the scattering mechanisms associated with the subreflector edge-point 3.

The subreflector roll-off is obviously related with 8FEr/80g. This derivative is
simply obtained by noticing that, for a circularly-symmetric feed illumination upon
an axially-symmetric subreflector and around the reflection boundary (85 = 0), the
clectric-field orientation does not significantly vary with the plane of incidence [2].
Thus, the problem at hand can be treated as a scelar one and

g o o
——Fr(Rp,0p =~ 0) =. —FEgo(Rp,0p = o J = 0).
6QBE'JT( B, 85 = 0) 505 co(fp,88 = 0) + BGBED(RB,OB 0) (2)
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The derivative of Ego will be simply represented as

a , 1 - Sign(@ ,
-é-é-gbco(ﬁa,oa) = Ego(Rp,0p = 0) Dgo(Rs,08) {__;20_1(__&] )
where Dgo is assumed continuous across the reflection boundary and Sign(6p) = ~1
and +1 for 8y < 0 and g > 0, respectively. The derivative of the diffraction
component can be shown equal to [1],[2]

a . f.i RppP /A Rp Sign(9p)
weee [in{Rp,608) & ~Eco(Rp,0g = 0 - , (4
dfp p{lts.05) collin, 0 )[ Rp + pf,.r 41(Rp + p%’r) tan 8y )

where 6 is the negative angle between the reflection boundary and the symmetry
axig (sce Figs. 1 and 2) and pf and p8. arc the reflected-wavefront principal radii of
curvature in the incidence and perpendicular planes, respectively.

From IZgs. 2-4 one readily observes a discontinuity in the electric-field derivative
at the reflection boundary. This comes with no surprise, as the UTD ensures only the
field continuity across the boundary {1}. To overcome this difficulty while achieving a
simple and useful equation for the roll-off control, the above partial derivative (close
to the reflection boundary) is approximated as the geometric average of Fq. 2 at
both sides of the boundary, yielding (as | Er| = |Ego|/2 when 8g — 07) [2]

8 2RppB /A
-2 \Er(Rp, 05 2 0)| = | Er(Rg, 05 ~ 0| | Deo( R, 85) - Ir
605|Dr( 8,05 = 0)| ~ |Er(Rg, 05 )|[ co(Rg,05) st pE

C. Achievement of Reduced Forward and Backward Spillovers

The subreflector roll-off can be controlled by pf. with the help of Eqg. 5. Assuming
that a uniform-phase aperture distribution is specified (maximum gain), pfl. can be
obtained from the relation between the feed and antenna GO aperture fields {1}:

5%(pa = Du/2)| = |Er(557)| |\/p€’,/ (Row + pB) /oB [ (Rew + 7B)] . (6)

where Eﬁo is the GO aperture electric field, p4 is the distance betwoen the aperture
point and the symmetry axis, Dy is the aperture diameter, Ep(B™) is the feed
electric field just before reaching point 13, and Rpy is the distance between points
and U (see Figs. 1 and 2). From Eq. 5 and knowing that Dao is well behaved, the
achievement of a large subreflector roll-off can, in principle, be obtained in three
distinct ways. The first one (noticing that Eq. 5 varics linearly with |Er|) is to
increase the feed illumination towards the subreflector edge, which results on an
increascd forward spillover. The second option is to make pf,. = —Rpgy, in which
case a caustic is present near point U and, conscquently, the approximations used to
derive the above formulation arc not valid at this region. The third option is to make
}pB| = oo, which corresponds to a reflected wavefront with negligible curvature in
the plane of incidence (and around the reflection boundary). From Eq. 6, the last

optien is dircctly obtained when

[E52(pa = Du/2)| = |Er(87)| V10B / (Rou+ 0B (1)

821



As the shaping of a dual-reflector antenna generally departs from established fecd
and aperture ficld distributions, Eq. 7 may be used to derive the necessary conditions
to obtain a large subreflector roll-off {reduced backward spillover) together with a
desirably low subreflector-edge-directed foed illumination (reduced forward spillover).

Finally, the usc of Eq. 7 requires the valucs of Rpy and p&., which are not known
prior to the reflector shaping. However, the simple inspection of Figs. 1 and 2 shows
that both paramcters can be casily estimated. For this task, generalized classical
configurations (and their closed-form design equations} may be employed [2],{3], also
yielding an optimized starting point for the shaping procedure.

D. Numerical Results

The present formulation was applied in the GO shaping of an axially-symmetric
Cassegrain system, depicted in scale in Fig. 3. The design aimed the envelope require-
ments of the ITU Recommendations 465-5 and 580-5 for earth stations operating in
satellite communications [4], with the maximum possible gain. The main- and sub-
reflector diameters are 100 and 152, respectively, with a subreflector clearance of
2.5X. The antenna length is about 60A. To enhance the front-to-back ratio of the
antcnna pattern, the main reflector is closed by extending the corresponding surface
(dashed lines in Fig. 3). A corrugated horn with & flare semi-angle of 8° and an
aperture diameter of 3\ was adopted. The feed gain is about 18 dBi with a high
taper of 27.7 dB towards the subreflector-edge direction (8 = 35°). With the above
input paramcters, a generalized classical configuration [3] was obtained to estimate
the values of Rpy =~ 44.2A and p3,. = 7.8A. These values, together with Eq. 7 and
the known feed radiation, indicate that the GO aperture illumination (depicted in
Fig. 4) at p4 = 50X should be about 15 dB below its maximum to accomplish a large
subreflector roll-off (the final configuration has p? =2 2751). A complete presentation
of the above design is conducted in Ref. [2].

A Moment-Method analysis (accounting for the feed structure and both reflec-
tors) was performed to confirm the usefulness of the present formulation. Figures §
and 6 show the radiation patterns of the feed/subreflector configuration and of the
whole system, respectively, where 8 = 0° corresponds to the feed boresight direc-
tion. From Fig. 5 one readily observes that a large subreflector roll-off was obtained
(¢ ~ 110°). This large roll-off and the highly tapered feed radiation reduce the
spillover losses and contribute to the accomplishment of sidelobe levels mainly below
the ITU envelope (sce Fig. 6). The present configuration has a gain (inciuding the
feed return loss) of 49.0 dBi, corresponding te an antcnna efficiency of 80%.
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Fig. 1: Cassegrain Configuration.

Fig. 3: Shaped Cassegrain Geometry.
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Fig. 2: Gregorian Configuration.
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Fig. 4: Normalized GO Aperture Field.
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Fig. 5: Feed/Subreflector Pattern.
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Fig. 6: Shaped Casscgrain Pattern.
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