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Multiple-reflector Antennas

e Casseqgrain . OH2AUE
e Gregorian | N
e Others




Parabolic
reflector

e All paths from
focus to plane

are equal length

 IN PHASE
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Review

Geometry of Parabolic Dish Antenna

Figure 4-1




Uniform lHlumination
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At feed
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Typical illumination vs. desired

ILLUMINATION
LOSS

SPILLOVER
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fiD=04

lllumination taper = 10 dB
Parabolic Dish Antenna with Typical Feed Horn lllumination
Figure 4-4 Figure 4-5. Typical vs. Desired Dish lllumination
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Deep /D vs Shallow
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f/D = 0.25: RSGB dipole-

Focus critical

splasher feed, by NEC2

Ll

f/D = 0.64: WR-90 horn for DSS offset dish at 10.368 GHz, by P.O.
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Parabolic Feed Summary

1. Feed Phase Center at Focus
B Error -> many dB

2. Match feed to f/D
B Error -> dBs

3. Minimize losses and blockage
B Error -> tenths of dB
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Why multiple reflectors?

e Reverse feed
. A convenience

 Reshape feed pattern
+ REAL ADVANTAGE

- No good prime feeds for deep dishes
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Derived from Telescopes

 Newtonian — flat subreflector
e Gregorian — elliptical subreflector
o Cassegrain — hyperbolic subreflector

o Schmitt-cassegrain — Spherical main
reflector, correcting lens
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Newtonian telescope

Liagonal mirrar,

. Frimary mirror,
Prime focus flat Y

paraboloid
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Imagﬂ/}l\ Eyepiece

NEWTONIAN TELESCOPE




Gregorian Telescope

Secondary mirror, Primary mirror,
ellipsoid paraboloid

A

! 5,

/ N

Prime focus Image

GREGORIAN TELESCOPE




Cassegrain telescope

S ] | Erimary mirror, |
econdary mirror, raraboloid Cassegrain

hyperboloid \ focus

e

Prime focus Eyepiece
CASSEGRAIN CONFIGURATION
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Schmitt-cassegrain telescope

Image surface,
Correcting plate curved

A

Primary mirror,
spherical

SCHMIDT TELESCOPE




Conic sections

Parabola
Circle

Ellipse




Geometric optics approximation

 Wavelength - zero

 Waves travel in straight lines — Rays

e Curvature >> wavelength

e Reflection from flat surfaces
—Angle of incidence = Angle of reflection

e Refraction follows Snell’'s Law
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|_aw of Reflection

Reflection:
[he angle of Incidence = the angle of reflection.




Diffraction

or
Why small dishes don’t work well

« \Wavelength Is not zero
* Objects and curvatures ~ wavelength

e J. B. Keller
— Geometric Theory of Diffraction
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Small dishes

 Feed Is not a
point source
 Huygen’s Principle:

—Each point on
feed aperture
acts as a
radiating source




Very small
dishes:
A and 2.5 A
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2.5 A Dish — Near field
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Diffraction — Keller cone

A ray difracted by a 30D edge




Edge Diffraction

Light Wave | Intensity
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Diffraction thru a slit

2 slits =




Diffraction thru a hole

N

Alry
pattern




Diffraction from a strut




Telescope picture
Diffraction from struts
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Prime focus feeds

e Good efficiency for deep dishes
—f/ID ~ 0.35 to 0.45 (circular waveguides)

* Poor efficiency for very deep dishes
—f/ID ~ 0.25 (Penny feed)

* Very good for shallow dishes
— /D > 0.5 (Dual-mode feeds)

e Subreflector reshapes shallow dish
feed pattern to illuminate deep dish
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Coffee can feed 0.6l dia, waveguide source, by HFSS
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Penny Feed

Feed Radiation Pattern

Parabolic Dish Efficiency %

G4ALN Penny feed at 10.368 GHz, by HFSS
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W2IMU dual-mode feed for 10 GHz, WG excitation, by HFSS

W2IMU dual-mode .
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Low efficiency —
where does it go?

 Energy must illuminate dish to contribute to
gain — otherwise, reduced gain and efficiency

e LOSSES:

— Sidelobes and backlobes
Poor illumination
Diffraction

Phase errors

 Power In the wrong places

W1GHZ 2004




Cassegrain Antenna Design

 Hyperbolic
subreflector

 Rays from one
focus are reflected
so that they appear

to radiate from
second focus

e Feed P.C. at first
focus

 Second focus Is
prime focus of dish

W1GHZ 2004




Small Cassegrain Antennas

e Subreflector size tradeoff
—Large subreflector - Blockage loss
— Small subreflector = Diffraction loss

 Kildal — design procedure to balance
losses

e Small I1s dish < 200A

W1GHZ 2004




Cassegrain Design Procedure

. Optimum Edge Taper

. Optimum Subreflector Size

. Estimate Subreflector Efficiency
. Choose a Feedhorn

. Hyperbola focal length

. Feed blockage

. Subreflector geometry

W1GHZ 2004
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Maximum efficiency for Cassegrain with optimum d/D
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Cassegrain
Geometry

 Ray paths must have
equal lengths

* Feed blockage less
than subreflector

e Subreflector In far
fleld of feed

Rayleigh Distance =
GHZ 2004 2D2 / }\v




Subreflector and feed blockage




Feed reshaping

Magnification factor M

M = feed /D / Dish /D




Cassegrain Examples

1. 8 footdish at 10 GHz, f/D =0.36
e 14.3 )\ subreflector

« Estimated subreflector efficiency ~ 80%
e (0.95dB loss)

2. 18 inch dish at 47 GHz, f/D = 0.25
7.7 A subreflector

Estimated subreflector efficiency ~ 86%
(0.64 dB loss)

Better feedhorn efficiency

W1GHZ 2004




Figuro 223

CASSEGRAIN ANTENNA DESIGN CALCULATOR

WIGHE 2004
ENTER INPUT PARAMETERS HERE: {Bold blue numbers)
e - e o Frequancy 10.368 GHz

Units: mm inches  Wavilengihs

Dish diamater 2438 96 0 84.3

Dish 1D 0.36

Feedhom equivalent D 0.75

Feedhorn diamater 59 232 2.03904

Feedhom Phase Canter (nagative = inside hom) =0.11

Wavelength 28.935 1.138 1

Desh Focal Length BTS2 M5 30.2

Dish [Bumination hallangle 69.7  degrees

Feedhom illumination hatfangle 368 dogroes

Redge (prima focus o rim) 1299.7 51.2 449

Space alienuation for main dish i43 dB
- T T Space attenuation for virtual dish Lz o8

Suggested iNumination taper 12.36 dg
Enter desired illumination taper: 1236 =

With desired tapar

Feadhom (lumination hatfangle 355 degrees
Faedhorn equivalent 1D 078
Minimum subreflector diametar 2007 7003 .54
Subreflector focal length iT2s 6.782 5.96
Subreflactor 1D .86
d_subvD_main 0.08
Maximum subreflector efficiency | Diffraction loss = blockage oss]  BB1%
Fedhom blockage halfangle 99  cegees
Without feedharn blockage - increase subreflector diameter to eliminate feedhorn blockage
i I = Minimum subreflecior diameter 2451 GBS0 B.4T
DESh diameter = 84.3. Subreflector focal length o7 B84 T.28
Dish D = 0.36 d_subVD_main 0.10
Subreflector diameter = 1434 Subreflecior efficiency (Diffraction plus blockage losses) B2.T%
Feedhom blockage hallangle 8.1  degress

Feed ffD = 0.75
Edge taper = 12.36 dB
e e W i e A Enter desired subreflector diameter ; 14.3 in wavelengths
or go back and change feedhom

With desired subroflector diamotor
Subraflector focal langth LT 14,001 12.29
d_sub/D_main 017
Subreflector efficiency {only blockage loss increases)  B0.4%
Cassegrain loss = -0.947 dB

For avarall afficiency, find efficiency on feadhorn PHASEPAT curve for fiD=  0.TE
and multiply by 0,804

Figure 24. Cassegrain example: 8-foot dish at 10 GHz



Dish diameter = 71.TA

Dish /iD= 0,25

Subreflector diameter = 7.74
Feed fiD = L6

Edge taper = 12.46 dB

Figure 26. Cassegrain example: 18" Edmunds dish at 47 GH

Figure 25

CASSEGRAIN ANTENNA DESIGN CALCULATOR

WIGHZ 2004
ENTER INPUT PARAMETERS HERE: {Bold biue numbers)
Fragueancy 47100 GHz
pi=
Units: mim inches  Wavelen
Digh diameter 457 18.0 nr
Dish D 0.25
Feedhorn equivalent 1D 0.6
Feedhorn diameter 8.4 0331 1.3188  Warning: feedhor
Foadhorn Phase Conter (negative = inside hom) 0
Wavelength 6,369 0251 1
Dizh Focal Length 114.3 45 17.9
Digh IBumination halfangle 900 degrees
Feedhom llumination halfangle 452  degrees
Redga (prime focus to rim) 2.5 an 549
Space altenuation for main dish .02 dB
Sﬁnﬂ atlenuation for virlual dish 130 dB
S.'.-gg ested illumination laper = 1248 d8
Enter desired illumination taper: 12.46 48
With desired tapor:
Feedhom illumination halfangle 39,1 degrees
Faedhorn equivalant fiD 0.70
Minimum subreflector diameter w0 1454 5.96
Subreflecior focal length 233 0918 3.66
Subreflector (D 0.61
d_subvD_main 0.08
Maximum subreflecior efficiency | Diffraction loss = blockage loss)  8T.8%
Feadhorn blockage hallangle 10.2  degress
Estimated Minimum feedhom blockage angle 1089  dogress
Without feedhorn I:slov.'k.'u:_;_r' = jnecrease subrefector dinmater to aliminate feedhorm tll-e:-cism:liu:-
Minimum subreflecior diameter 15 1.558 6.20 Lising estimated m
Subreflector focal length 43 0955 381
d_subvD_main 0.0a
Subreflector efficiency (Diffraction plus blockage losses)  86.9%
Feadhorn blockage halfangla 88  degess

Enter desired subreflector diameter : 7.7 in wavelengths
or go back and change feedhonm

With desired subrefiector diameter
Subreflecior focal length . LigF 4.73
d_subsD_main .11
Subrefleclor efficiency (only blockage loss mereases)  BB.2%
Cassegrain loss = -0.644 dB

For aoverall efficiency, find efficiency on fesdhorm PHASEPAT curve for fiD= 0,70
and multiply by 0,862




5.7 A Cassegrain Subreflector
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5.7 A Subreflector — Near Fie
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Cassegrain Design Summary

 Antenna efficiency =
feed efficiency X subreflector efficiency

e Spreadsheet to estimate subreflector
efficiency and iterate design

e Bottom line: Is result less than
prime feed with feedline loss?

W1GHZ 2004




Efficiency example

10 wavelength diameter dish

Efficiency 100% 80% 70% 60% 55%
Gain in dBi 29.94 28.97 28.39 27.72 27.35

dB from nominal 0.4

Efficiency 50% 40% 30% 20% 10%
Gain in dBI 26.93 2596 24.71 2295 19.94
dB from nominal 0.0 -1.0 -2.2 -4.0 -7.0

W1GHZ 2004




Efficiency — Reality

o Difference between good feed and poor feed is
only 2 or 3dB

 To measure accurately, must swap feeds on
same dish, same range

e Is 2 dB significant?

e Different answer for EME!

W1GHZ 2004







Subreflector reverse-engineering

 Measure profile — 30 points

culate hyperbola — curve fitting
Hyperbola focal length = 155 mm
M (magnification factor ) = 6.67

f/D for main reflector ~ 0.36
f/D for feed ~ 2.4 (12° half-angle)
Feed aperture ~ 6 A

Feed Rayleigh distance ~ 72 A
72 A =155 mm at 140 GHz

W1GHZ 2004




Gregorian Antenna Design

Elliptical
subreflector

Rays from one
focus are reflected
so that they appear
to radiate from
second focus

Feed P.C. at first
focus

Second focus Is
prime focus of dish




Gregorian
Design
Procedure

Similar to Cassegrain
Use same graphs

Different geometry
calculations

Note crossover —

opposite sides of
wicHyEflectors




Summary — Cassegrain & Gregorian

ADVANTAGES DISADVANTAGES
Feed pattern reshaping e« Greater blockage

Better illumination for * Higher sidelobes
deep dishes « Larger feedhorn

Convenient feed o Tighter tolerances

location, shorter
feedline

Large depth of focus

Sidelobes see cold sky
==
— Radio Astronomy

W1GHZ 2004




Other Multiple-Reflector Antennas

o Offset Casseqgrain

o Offset Gregorian

 ADE (Axially-Displaced Ellipse)
e Dielguide

e Shaped reflector

« Beam Wavequide

* Periscope

W1GHZ 2004
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Flat subreflector

Cassegrain Magnification factor M
M = feed f/D / Dish f/D
 Convex hyperbolic subreflector M > 1

e Concave hyperbolic subrefl. M<1
e Flat subreflector M=1

Follow Cassegrain design procedure,
subreflector diameter > 5\ works well

W1GHZ 2004




ADE
(Axially-
Displaced
Ellipse)




Refraction at dielectric

Hyo

shell's law T ny sinBy=n2sinbz  oF, equivalently,  sinBylsinBa=vqlva

W1GHZ 2004
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Shaped Reflector Antenna

Shape subreflector to improve illumination

Reshape main reflector to equalize path
engths

Profiles are no longer conic sections
Higher efficiency
Poor Imaging

W1GHZ 2004




Beam Waveguide Antenna

Eeam Waregquide

Antenna Design Shaped-Surface

shaped-Surface

Subrefkechor
F

|| Bearn Waveguide

Azimuth Track

Padegtal Room




JPL Beam Waveguide Antenna
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Periscope [EEuusasaEn

Antenna

System
@ W1GHZ

Figure -1
Periscope Antenna System with Offset Parabolic Dish




Summary
Multiple-reflector Antennas

Potential for improved dish performance
Better for large and deep dishes
Reduce feedline loss at upper microwaves

Tradeoff — is complexity worthwhile?

W1GHZ 2004




So, what's
the

best
antenna?

W1GHZ 2004
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ADGFP & AAGIW 10&24 GHz
feedhorn for offset dish (DSS)

e 10 GHz
— Cylindrical horn

e 24 GHz

— Dual-mode horn
(W2IMU type)

e Add output horn
for better
performance




10 GHz no horn 24 GHz




Dual-mode 10&24 feed at 10 GHz with no horn Dual-mode 10&24 feed at 24 GHz with no horn
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Corrugated horn on output




10G with Chaparral horn 24G




Dualmode 10&24 feed with Chaparall offset horn at 10 GHz | Dualmode 10&24 feed with Chaparall offset horn at 24 GHz
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